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INTRODUCTION 

The eleventh meeting of the Ozone Research Managers (ORM) of the Parties to the Vienna 
Convention for the Protection of the Ozone Layer was held online, from 19 to 23 July 2021. 
 
The meeting was organised by the Secretariat for the Vienna Convention and Its Montreal 
Protocol (the Ozone Secretariat), United Nations Environment Programme, in cooperation with 
WMO, in accordance with Decision I/6 of the Conference of the Parties to the Vienna 
Convention for the Protection of the Ozone Layer. A list of participants is provided in Annex A 
to the present report. 
 
 
OPENING OF THE MEETING 

The meeting started on Monday, 19 July 2021. 
 

Opening Remarks (Megumi Seki, Executive Secretary, Ozone Secretariat) 
 

Ms Megumi Seki, Executive Secretary of the Ozone Secretariat, welcomed the meeting 
participants, recognizing particularly the participation of the Co-Chairs of the tenth meeting of 
the Ozone Research Managers (ORM),1 the Co-Chairs of the three Assessment Panels2 under 
the Montreal Protocol on Substances that Deplete the Ozone Layer (the Montreal Protocol), the 
Chair3 and members of the Advisory Committee of the Vienna Convention Trust Fund on 
Research and Systematic Observations, and experts from various international monitoring and 
research programmes, acting as resource persons in the meeting, including Mr Shanklin who, 
together with his colleagues, discovered the Antarctic ozone hole in 1985. She also expressed 
her sincere thanks to the organizing team of colleagues from WMO, the Ozone Secretariat of 
United Nations Environment Programme (UNEP) and the National Aeronautic and Space 
Agency (NASA). 
 
Ms Seki noted that the current meeting is the second part of the eleventh meeting of the ORM. 
She explained that, owing to the coronavirus disease (COVID-19) pandemic and the resultant 
lockdowns and restrictions, the eleventh meeting of the ORM could not be held in Geneva in 
April 2020, as originally planned, and was subsequently postponed twice. In consultation with 
the Co-Chairs of the tenth meeting of the ORM, the decision was made to hold the meeting in 
an online format. 
 
Recalling that the first part of the eleventh meeting of the ORM was held in October 2020, Ms 
Seki stated that it was a special session aimed at addressing the issue of gaps in atmospheric 
monitoring of substances controlled under the Montreal Protocol. The issue was of particular 
importance to the Parties to the Montreal Protocol because of the unexpected emissions of 
trichlorofluoromethane (CFC-11) from unreported sources, detected by scientists in 2018. 
Given the Montreal Protocol Parties’ concern about those findings, the Scientific Assessment 
Panel (SAP) was asked to work with the ORM to identify such gaps, and to provide options to 
enhance the atmospheric monitoring of controlled substances. The discussion and 
recommendations on the matter were to be finalized at the current meeting for onward 
transmission to the combined meeting of the Conference of the Parties to the Vienna 
Convention (COP) and the Meeting of the Parties to the Montreal Protocol (MOP), to be held 
online in October 2021. 

                                                
1 Mr Kenneth Jucks and Mr Gerrie Goetzee 
2 Co-Chairs of the Scientific Assessment Panel (SAP): Mr Paul Newman, Mr David Fahey, Mr John Pyle 

and Mr Bonfils Safari 
 Co-Chairs of the Environmental Effects Assessment Panel (EEAP): Ms Janet Bornman, Mr Paul Barnes 

and Mr Krishna Pandey 
 Co-Chairs of the Technology and Economic Assessment Panel (TEAP): Ms Marta Pizano, Ms Bella 

Maranion, and Mr Ashley Woodcock 
3 Mr A. R. Ravishankara, Chair of the Advisory Committee of the Vienna Convention Trust Fund on 
Research and Monitoring, and all the members of the Committee 
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Ms Seki further underscored the importance of thorough discussions on all of the usual topics 
pertaining to research, systematic observations, data archiving and capacity building. The 
recommendations of the meeting under those topics also would be forwarded to the combined 
meetings in October. 
 
Noting some organizational issues, and acknowledging the many challenges associated with 
online meetings, Ms Seki expressed her appreciation to all of the delegates for attending the 
meeting, particularly those participating at inconvenient hours due to the different time zones. 
 

Welcome Statement (Petteri Taalas, Secretary-General, WMO) 
 

Mr Petteri Taalas, the Secretary-General of WMO, was happy to greet the delegates to the 
eleventh meeting of the Ozone Research Managers (ORM) from WMO headquarters in Geneva. 
He expressed his regret for WMO not being able to host the traditional face-to-face meeting of 
the ORM in Geneva, which, as all other WMO forums, is held remotely this year. He recalled 
that WMO has been a key player in ozone protection work for a long time, going back to 
Mr Rumen Bojkov, who was a very active player in the field, and the former WMO colleague, 
Mr Geir Braathen from Norway, who also promoted the ozone activities from the WMO side. 
Mr Taalas introduced the new full-time WMO ozone expert, Ms Stoyka Netcheva, who is 
continuing the important work on ozone issues. Mr Taalas noted that the new Director for the 
Science and Innovation Department, Mr Jürg Luterbacher, is also highly committed to 
promoting the ozone agenda. Mr Taalas himself used to be an active player in this field by 
leading a research unit of more than 20 scientists dealing with ozone and ultraviolet (UV) 
issues, and that is why he has such a personal connection to the ozone work. He has met a 
number of participants through projects and participation in the science panel under the 
European Commission, and had been a member of the WMO UV Scientific Steering Group. 
Mr Taalas underlined that he had personally promoted ozone observations in the old and new 
TROPOspheric Monitoring Instrument (TROPOMI) satellite programmes from the WMO 
perspective. He further mentioned that, despite some speculation about the future decrease of 
interest in ozone issues and the need to monitor the ozone layer, this work has not stopped, 
and we still are continuing to do so with a slight shift of research financing toward climate 
activities. To the contrary, in the past years we have seen record-breaking springtime ozone 
depletions in both the Arctic and Antarctica. Mr Taalas recognized that, because of the 
Montreal Protocol, we have been able to reduce the emissions of halocarbons; but, because 
climate change is having an opposite impact, he emphasized the importance of seeing what 
will happen in the future. This complexity enhances the significance of continuing research and 
related observations. The polar vortex, and especially the unusual one in the northern 
hemisphere and its interaction with the weather patterns during the recent years, is a hot topic 
of research. Mr Taalas pointed out that the link between ozone, the polar vortex and 
tropospheric weather is also a research topic of high interest. 
 
Mr Taalas recalled that WMO has a very long history of supporting ozone activities dating back 
to the predecessor of WMO, which was established in the 1870s, and has been promoting the 
Dobson observing systems since the 1920s and 1930s. When WMO was re-established after 
World War II, it promoted the establishment of the International Ozone Commission. In 1957, 
WMO had an already fairly extensive global ozone-observing network, with 17 existing stations 
and 37 new stations. In 1989, the WMO Global Atmosphere Watch (GAW) Programme was 
established, which has a wider perspective not limited to ozone-related activities. 
 
From the WMO side, the links between science, observations and operational services are 
important, including all individual components. WMO is hosting the World Climate Research 
Programme (WCRP), and Stratospheric Processes And their Role in Climate (SPARC) is one of 
the important elements of that Programme. WMO continues reporting on the status of ozone 
and, in particular, on stratospheric ozone, and still maintains the World Ozone and Ultraviolet 
Radiation Data Centre (WOUDC), which is hosted by Environment and Climate Change Canada. 
 
Mr Taalas highlighted that it is important for WMO and the ozone community to continue ozone 
observations, and to keep ozone-observing stations operational. WMO has been interacting 
with some of its members to motivate them to continue the ozone observations. It also has 
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paid attention to where gaps in the data exist, and has been interacting with some of the 
members to fill those gaps. 
 
Mr Taalas noted that one of the important political meetings this year is going to be the 
combined meeting of the Conference of the Parties to the Vienna Convention (COP) and the 
Meeting of the Parties to the Montreal Protocol (MOP). 
 
He closed his statement by expressing his sincere hope to meet the participants of the 
eleventh meeting of the ORM in person in the near future, and wishing them a most successful 
meeting. Mr Taalas ensured the participants that WMO will give its full support to the ozone 
activities for the coming years. 
 

Opening Statement (Inger Andersen, Executive Director, United Nations Environment 
Programme (UNEP)) 
 

Ms Andersen thanked the organizers for inviting her to say a few words at the eleventh 
meeting of the Ozone Research Managers (ORM), and extended her warm greetings to the Co-
Chairs of the meeting, the international experts and scientists, the Co-Chairs of the 
Assessment Panels and to colleagues of WMO and the Ozone Secretariat. She expressed her 
pride in all that has been achieved through the Vienna Convention for the Protection of the 
Ozone Layer and Its Montreal Protocol. She attributed this success to the Convention being an 
outstanding example of international cooperation for the environment guided by science, and a 
stellar example of vigilance, continued monitoring, and swift action. 
 
Recalling the 2018 alert by scientists of an unexpected increase in global CFC-11 emissions, 
Ms Andersen commended the Parties to the Montreal Protocol for taking immediate action. 
Following the further assessments produced by the Protocol’s Scientific Assessment Panel 
(SAP) and the Technology and Economic Assessment Panel (TEAP), she stated that the latest 
SAP report issued this year demonstrated positive results of such action. The findings that 
CFC-11 emission levels between 2018 and 2019 have declined to pre-2013 levels, and that we 
have remained largely on-track, were indeed very positive news. She emphasized that 
vigilance through science and atmospheric monitoring is absolutely vital, and said she was 
aware of the work that the SAP and the ORM would be undertaking to identify gaps in the 
atmospheric monitoring of controlled substances and to provide options for ways to enhance 
this monitoring. Noting that the recommendations emanating from the current meeting would 
be considered at the combined meeting of the Conference of the Parties to the Vienna 
Convention (COP) and the Meeting of the Parties to the Montreal Protocol (MOP) later this 
year, she looked forward to hearing of the outcomes of this meeting to safeguard the ozone 
layer and mitigate climate change. In the same spirit of action, she also looked forward to the 
2022 Panel assessments. 
 
In concluding, Ms Andersen pointed out that the environmental challenges we all face are so 
acute that we cannot afford to let our guard down. As we seek to overcome the triple 
planetary crisis – the crisis of climate change, the crisis of biodiversity and nature loss, and the 
crisis of pollution and waste – we only can do so with firm science. Therefore, the science that 
the ORM generates plays an absolutely critical role in the work that we all undertake, making 
sure we have a sustainable future for people, as well as for the planet on which we all rely. 
 

The 2022 WMO/UNEP Scientific Assessment of Ozone Depletion (David Fahey and 
Bonfils Safari, Co-Chairs of the Scientific Assessment Panel (SAP)) 
 

The writing of the 2022 WMO/UNEP Scientific Assessment of Ozone Depletion is underway. The 
assessment report is led by the Co-Chairs of the Scientific Assessment Panel (SAP) of the 
Montreal Protocol: Mr David Fahey (United States of America (USA)), Mr Paul Newman (USA), 
Mr John Pyle (United Kingdom of Great Britain and Northern Ireland (UK)), and Mr Bonfils 
Safari (Rwanda). The Assessment Coordinator is Ms Sarah Doherty (USA). The 2022 
Assessment will be the tenth quadrennial report provided by the SAP since 1989. The 
quadrennial assessment reports are required input to Montreal Protocol process, which 



 4 

develops control measures for ozone-depleting substances (ODSs) based on available 
scientific, environmental, technical and economic information (Article 6). The Parties to the 
Montreal Protocol provide Terms of Reference to the respective Assessment Panels to identify 
the topics and issues of importance that they would like addressed in the coming reports. The 
assessment process considers all new and existing scientific literature and data to provide a 
concise and understandable narrative that is useable by policymakers. 
 
Decision XXXI/2 of the Montreal Protocol4 provides the potential areas of focus for the 2022 
quadrennial reports. The areas for the SAP report5 are summarized as: (i) the state of the 
ozone layer and its future evolution; (ii) global and polar stratospheric ozone, including the 
Antarctic ozone hole and Arctic winter/spring ozone depletion; (iii) trends in the top-down 
derived emissions, abundances and fate in the atmosphere of trace gases of relevance to the 
Montreal Protocol; (iv) the consistency of emissions with reported production and consumption 
of those substances and the likely implications for the state of the ozone layer, including its 
interaction with the climate system; (v) the interaction between changes in stratospheric 
ozone and the climate system; (vi) any other issues of importance to the ozone layer and the 
climate system; (vii) information and research related to solar radiation management and its 
potential effect on the stratospheric ozone layer; and (viii) relevant information on any newly 
detected substances that are relevant for the Montreal Protocol. 
 
The SAP subsequently formed a Scientific Steering Committee (SSC) to guide the assessment 
process. The SSC is comprised of the SAP Co-Chairs and five additional members: Ms Julie 
Arblaster (Australia), Lucy Carpenter (UK), Mr Jianxin Hu (China), Mr Kenneth Jucks (USA) and 
Mr David Plummer (Canada). The SSC chose the following chapter titles for the 2022 report: 

1. Ozone-depleting substances (ODSs) 

2. Hydrofluorocarbons (HFCs) 

3. Global stratospheric ozone: Past, present and future 

4. Polar stratospheric ozone: Past, present and future 

5. Stratospheric ozone changes and climate 

6. Stratospheric aerosol intervention and its potential effect on the stratospheric ozone 
layer 

7. Scenarios and information for policymakers. 
 
Two Lead Authors and two Review Editors have been chosen for each chapter based on their 
expertise and experience in the chapter topic. The report includes a comprehensive 
compilation of the abundances, lifetimes, ozone depletion potentials (ODPs), radiative 
efficiencies (REs), global warming potentials (GWPs), and global temperature potentials (GTPs) 
of substances relevant to the Montreal Protocol and the future of the ozone layer. The 
assessment effort will also produce a separate document titled Twenty Questions and Answers 
about the Ozone Layer: 2022 Update, which tells the story of ozone depletion, ODSs, and the 
success of the Montreal Protocol, with an intended audience of the Parties to the Montreal 
Protocol, non-specialists and the interested public. 
 
In response to a separate request from the Parties to the Montreal Protocol, the SAP produced 
the Report on the Unexpected Emissions of CFC-11 (WMO-No. 1268)6 released in April 2021. 
The report addresses increases in CFC-11 global and regional emissions derived from 
atmospheric observations, estimates of recent changes in CFC-11 banks, future scenarios of 
CFC-11 emissions, and the implications of increased emissions for stratospheric ozone 
                                                
4 https://ozone.unep.org/treaties/montreal-protocol/meetings/thirty-first-meeting-parties/ 

decisions/decision-xxxi2-potential  (Rome, 2019) 

5 https://csl.noaa.gov/assessments/ozone/2022/orgchart.html  
6 Chipperfield, M. P., Hegglin, M. I., Montzka, S. A., Newman, P. A., Park, S., Reimann, S., … Yao, B. 
(2021). Report on the unexpected emissions of CFC-11. A report of the Scientific Assessment Panel of the 
Montreal Protocol on Substances that Deplete the Ozone Layer, WMO-No. 1268; World Meteorological 
Organization (WMO): Geneva, 2021; 70 p., available at 
https://library.wmo.int/index.php?lvl=notice_display&id=21919  
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depletion. The report provides essential information and analyses for the 2022 assessment 
report. 
 
The 2022 assessment effort began in late 2020 with a request from the SSC to the scientific 
community for input on scientific topics and prospective authors. Authors and chapter outlines 
were approved by the SSC in the early months of 2021, and authors will complete first-order 
drafts by August 2021. Following extensive peer-review and draft revisions, a plenary meeting 
in summer 2022 will approve final drafts of the chapters, an Executive Summary and the 
20 Questions and Answers booklet. The completed documents will be sent to the Ozone 
Secretariat of the Montreal Protocol in December 2022. In the following year, the three 
2022 Assessment Panel reports will be combined to form a synthesis report. 
 

The Ozone Research Managers (ORM), the Scientific Assessment Panel (SAP), and 
the Conference to the Parties (COP) of the Vienna Convention (Gerrie Coetzee and 
Kenneth Jucks, Tenth Meeting of the Ozone Research Managers Co-Chairs) 
 

The Ozone Research Managers (ORM) has a unique role in the Framework of the Vienna 
Convention and the Montreal Protocol. The ORM was established under the Vienna Convention 
for defining research needs regarding ozone and ozone-depleting substances (ODSs). It differs 
from the SAP, which produces the report on the state of the science. The meeting of the ORM 
is to be held every three years, while the SAP produces an assessment report every four years 
(see previous section). The findings from the ORM are reported to the Convention of the 
Parties for the Vienna Convention. It then is up to each Party to act upon the 
recommendations. 
 
The first part of the eleventh meeting of the ORM was held in October 2020 to discuss the 
special request from the Parties regarding gaps in the observational system for ODSs for 
detecting unexpected emissions of controlled substances. This request went to both the ORM 
and the SAP, and a joint report was discussed and assembled. A synopsis was presented in 
this meeting. The recommendations from the tenth meeting of the ORM were given at a high 
level. The participants of this meeting were directed to review the last report for full details of 
the past recommendations to provide them with the appropriate information to generate the 
current set of recommendations. 
 

Election of the eleventh ORM Co-Chairs (Megumi Seki, Executive Secretary, Ozone 
Secretariat) 
 

On the basis of a suggestion put forward by the Ozone Secretariat, the meeting decided to 
have two Co-Chairs, one from a developed-country Party and another from a developing-
country Party, to conduct the eleventh meeting of the Ozone Research Managers. Having one 
Co-Chair from an Article 5 (developing country) Party and one from a non-Article 5 (developed 
country) Party was a formula that had been used successfully in the working group meetings 
of the Montreal Protocol. 
 
Mr Kenneth Jucks (USA) and Mr Héctor R Estévez Pérez (Mexico) were elected unanimously to 
be Co-Chairs of the eleventh ORM meeting. 
 

Adoption of the eleventh ORM Agenda (eleventh ORM Co-Chairs) 
 

The agenda was unanimously adopted as contained in Annex B. The summaries of the 
presentations given under sessions 1 to 7 are provided below. Full presentations are also 
available at: 

https://ozone.unep.org/meetings/11th-meeting-ozone-research-managers-part-
ii/presentations  
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SESSION 1: ISSUES RELATED TO THE VIENNA CONVENTION FOR THE 
PROTECTION OF THE OZONE LAYER 

The Status of the Trust Fund for Financing Activities on Research and Systematic 
Observations relevant to the Vienna Convention (A.R. Ravishankara, Advisory Committee 
Chair) 
 

On behalf of the Advisory Committee of the Vienna Convention Trust Fund on Research and 
Systematic Observations (VCTF), the Chair, Mr Ravishankara, summarized the VCTF status, 
the activities under its purview and progress made by the Committee. 
 
The Trust Fund was established in accordance with Decision VI/2 of the sixth meeting of the 
Conference of the Parties to the Vienna Convention (COP). In that decision, the COP requested 
that UNEP, in consultation with WMO, establish an extra-budgetary fund for receiving 
voluntary contributions from the Parties and international organisations for the purpose of 
funding certain research and observation activities related to the Vienna Convention in 
developing countries and countries with economies in transition (CEITs). 
 
The Advisory Committee, overseeing the VCTF activities, was established pursuant to Decision 
X/3 of the tenth COP in 2014, and started its work in 2015. The Committee’s mandate is to 
develop and implement a long-term strategy for the VCTF with objectives and priorities based 
on the ORM overarching goals; to develop a short-term action plan to meet urgent needs and 
the best possible use of resources; and to control the quality of individual proposals taking into 
account regional balance, maximization of resources and possible complementary funding. 
 
Speaking about the goals of the VCTF, the Chair noted that the supported activities concerned 
mostly stratospheric and upper-tropospheric ozone measurements. Current resources did not 
allow for measuring any other climate variables. He underscored the important catalytic role of 
the VCTF, leveraging small resources to augment needed ozone observation science, enabling 
capacity building in a few developing countries and CEITs, completing many successful 
intercomparisons, and initiating new projects. Host countries cost-shared and supported the 
furtherance of projects (in-kind contributions), while top experts in stratospheric science serve 
on the Advisory Committee, with resources from their host organizations. 
 
Upon thorough consideration of the long-term vision and short-term action plan for the VCTF, 
the Committee determined that new instruments are not yet able to replace the primary roles 
of Dobson and Brewer Spectrometers, and ozonesondes (in developing countries and CEITs). 
It also reaffirmed the need for highly accurate, robust, ground-based column measurements. 
Based on these findings (and limited resources), the Committee decided to focus funding on 
intercomparisons, refurbishing and shipping available Dobson and Brewer instruments, and 
enabling ozonesondes, while encouraging the development and validation of other 
instruments. 
 
The Committee also developed proposal evaluation guidelines, created a website on VCTF 
activities,7 held several virtual meetings, and tried to pair the needs of CEIT and Article 5 
country requests with expertise. It also considered monitoring gases controlled by the Montreal 
Protocol, but decided not to pursue this given the limited resources. Importantly, the 
Committee explored increasing funding by approaching non-governmental organizations, an 
endeavour that proved to be unsuccessful. 
 
The total funds received by the Trust Fund from its inception in 2003 until July 2021 amounted 
to US$ 642,571, with contributions from 16 countries: Andorra, Australia, Austria, Czechia, 
Estonia, Finland, France, Germany, Kazakhstan, Norway, South Africa, Spain, Sweden, 
Switzerland, and the United Kingdom�of Great Britain and Northern Ireland. The total funds 
disbursed and allocated to 19 activities from 2003 to July 2021 was US$ 503,522, and the 
existing balance for disbursement to new activities is US$ 139,049. 

                                                
7 Available on the website of the Ozone Secretariat at: https://ozone.unep.org/activities  
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VCTF support has been provided to a variety of activities, including calibrations of Brewer 
instruments; intercomparisons of Dobson instruments; a workshop on data quality; training 
courses for Dobson and Brewer operators; relocations of Dobson instruments; and projects 
related to ozonesondes, capacity building on data management and instrument calibration, 
supplying a second-hand Brewer instrument, and the purchase of instrumentation. 
 
In conclusion, the Chair highlighted that, given the limited resources of the VCTF, many of its 
goals cannot be met. Requests for projects not approved or under consideration (submitted by 
nine parties from 2016 to date) amount to a total of US$ 1,566,619, outpacing the available 
funds (US$ 139,049) by factors of 5 to 10. Given the limited funds, the Committee has been 
forced to limit its focus only to ozone-measurement science. 
 

Appointment of discussion leaders and rapporteurs for the various recommendation 
areas: research areas / topics of interest; systematic observations; gaps in the 
global coverage of atmospheric monitoring of controlled substances and options to 
enhance such monitoring; data archiving; capacity building (eleventh ORM Co-Chairs) 
 

Discussion leaders and rapporteurs for the recommendation areas were selected as follows: 
 

• Research Needs / Topics of Interest – Discussion Leaders: Neil Harris (UK) and John 
Pyle (UK), Rapporteur: David Fahey (SAP Co-Chair) 

• Systematic Observations – Discussion Leaders: Irina Petropavlovskikh (USA) and 
Damaris Kirsch Pinheiro (Brazil), Rapporteur: Stefan Reimann (Switzerland) 

• Gaps in the Global Coverage of Atmospheric Monitoring of Controlled Substances and 
Options to Enhance Such Monitoring – Discussion Leaders: Paul Newman (SAP Co-
Chair), A. R. Ravishankara (Trust Fund Advisory Committee Chair), and Ray Weiss 
(USA); Rapporteur: Stephen Montzka (USA) 

• Data Archiving and Stewardship – Discussion Leaders: Martine De Mazière (Belgium) 
and John Rimmer (UK), Rapporteur: Sum Chi Lee (Canada) 

• Capacity Building – Discussion Leaders: Liana Ghahramanyan (Armenia) and Matt 
Tully (Australia), Rapporteur: Ryan Stauffer (USA) 

 
 
SESSION 2: THE STATE OF THE OZONE LAYER AND FACTORS 
IMPACTING THE SPEED OF ITS RECOVERY 

Past, current, and future states of the ozone layer (Wolfgang Steinbrecht, German 
Meteorological Office (DWD)) 
 

Thanks to the Montreal Protocol, the large past increase of ozone-depleting substances (ODSs) 
ended in the late 1990s. Since then, atmospheric concentrations of ODSs have been 
decreasing slowly. Ozone has followed these ODS changes, with large ozone decreases in the 
last millennium, and small increases, or level ozone, since about 2000. The clearest signs of 
beginning ozone recovery are seen in the upper stratosphere and above Antarctica. While ODS 
concentrations are expected to keep decreasing, the concentrations of long-lived greenhouse 
gases (carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O)) have been increasing 
steadily, and are expected to continue increasing. These gases warm the troposphere, but cool 
the stratosphere, leading to changes of the global meridional Brewer Dobson circulation, 
affecting the stability of the polar winter vortices, and changing weather patterns. All these 
changes affect the stratospheric ozone layer (CH4 and N2O also change by releasing chemically 
active molecules). Therefore, the future evolution of the ozone layer depends much more on 
the concentrations of these long-lived greenhouse gases, and on climate change, whereas the 
importance of ODSs is expected to disappear by the end of this century (assuming compliance 
with the Montreal Protocol). 
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Surface UV radiation in the 21st century: Environmental effects in response 
to changes in ozone and climate (Janet Bornman, Environmental Effects Assessment 
Panel (EEAP) Co-Chair) 
 

The Environmental Effects Assessment Panel (EEAP) evaluates seven key topics under the 
Montreal Protocol: ozone-UV radiation-climate interactions, human health, terrestrial 
ecosystems, aquatic ecosystems, biogeochemical cycles, air quality, and natural and synthetic 
materials. 
 
Some of the potential areas of concern that were addressed in the presentation include skin 
cancers, pollution, and possible implications of unexpected events, such as COVID-19. 
Ms Bornman emphasized the significant role of the Montreal Protocol in contributing to reduced 
warming through the phasing out of ozone-depleting substances (ODSs), many of which are 
potent greenhouse gases. She also highlighted the way in which the Montreal Protocol is 
contributing to many of the Sustainable Development Goals (SDGs). 
 
Several feedbacks to climate change are occurring from the effects of UV radiation on the 
biosphere. For example, the breakdown or photodegradation of dead plant material releases 
carbon to the atmosphere, increasing the amount of carbon dioxide and other greenhouse 
gases (GHGs). This feedback can be exemplified by the loss of forests in the tropics, which is 
increasing by over 2 000 square kilometres/year, exposing dead plant material to solar UV 
radiation. Increased thawing or melting of snow, ice and permafrost in the Arctic also releases 
GHGs, and has a negative effect on the exposed ecosystems. 
 
To date, there are only a few studies that include UV radiation in the predictive modelling of 
biodiversity loss of species (for example, for plants). These studies are showing that 
temperature, UV radiation and frequency of rainfall are key factors that determine the 
availability or range of suitable habitats for certain plant species to survive. 
 
For human health, UV radiation can have significant negative effects, for example, in causing 
skin cancers and certain eye diseases, such as cataracts. However, the Montreal Protocol has 
played a major role in avoiding large numbers of cases and deaths, as was reported in a recent 
study by the United States Environmental Protection Agency (EPA). 
 
With regard to pollution, UV radiation can have a substantial impact on the atmosphere, 
terrestrial and aquatic environments, and human health. For example, UV radiation appears to 
be a key driver of the breakdown of plastic pollutants with implications for health and the 
environment. 
 
Lastly, the unexpected global COVID-19 pandemic has led to intensive research in terms of 
human health. While UV radiation can deactivate the virus, it is acknowledged that the many 
positive outcomes of the implementation of the Montreal Protocol far outweigh any potential 
advantage for disinfection by higher amounts of solar UV radiation. Although UV radiation has 
been implicated in reducing the efficacy of some vaccines, in the case of the coronavirus 
(SARS-CoV-2), the role of UV radiation has yet to be determined. 
 

Links between stratospheric ozone and climate: Ozone-depleting substances and 
climate gases (John Pyle, SAP Co-Chair) 

Mr Pyle presented a brief overview of composition/climate interactions of relevance to the 
Montreal Protocol. In short, ozone-depleting substances (ODSs) can be greenhouse gases 
(GHGs); their growth in atmospheric abundance over the last 50 years has made an important 
contribution to the radiative forcing of climate. Ozone itself is also a GHG, so its changes also 
impact climate. The distribution and amount of stratospheric ozone depends on temperature 
and circulation, so changes in climate will feedback onto the distribution of ozone. We are 
dealing with a coupled chemistry/climate system. 
 
The Montreal Protocol has led to very significant avoided warming, and the Kigali Amendment 
which regulates hydrofluorocarbons (HFCs), replacement gases for chlorofluorocarbons (CFCs) 
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and hydrochlorofluorocarbons (HCFCs), adds a further layer of important climate protection. 
Monitoring the concentrations of these gases remains essential for assessing the success of the 
Protocol. 
 
Southern hemisphere ozone loss has had a clear impact on southern hemisphere tropospheric 
climate, as documented in recent ozone assessments. For example, ozone loss has led to a 
poleward shift in the southern hemisphere tropospheric jet. In contrast, no climate change in 
the northern hemisphere has been attributed to Arctic ozone loss. Recent papers, to be 
discussed in the upcoming Scientific Assessment of Ozone Depletion, have argued for a recent 
role of Antarctic ozone recovery in pausing the poleward movement of the jet, and in Arctic 
climate change between 1955 and 2005 having been driven by the increase in ODS 
concentration. The future of Arctic ozone, where there is evidence that the coldest 
stratospheric winters are becoming colder, is another area of intense scientific interest and 
debate. 
 

Unexpected emissions of controlled substances (Stephen Montzka, National Oceanic and 
Atmospheric Administration (NOAA)) 
 

In his presentation, Mr Montzka described the evidence for unexpected emissions of controlled 
substances; the role of the atmospheric science community and the Technology and Economic 
Assessment Panel (TEAP) in identifying, quantifying, and locating unexpected emissions in a 
timely fashion to the Parties to the Protocol; and the limitations in our capability to detect 
“unexpected emissions” of controlled substances. 
 
Evidence was presented that clearly demonstrates the presence of unexpected emissions of 
trichlorofluoromethane (CFC-11) in recent years, and this emission declined substantially from 
2018 to 2019 following the paper in which the unexpected emission of this ODS was first 
published8. Unexpected emissions of the other main CFCs (dichlorodifluoromethane (CFC-12) 
and trichlorotrifluoroethane (CFC-113)) have been suggested, but that evidence was only 
briefly reviewed in the presentation. 
 
The main conclusions of the presentation: 
 

• Unexpected emissions have been identified for some controlled chemicals (CFCs, 
carbon tetrachloride (CCl4), others?). After the problem was identified for CFC-11 in 
2018, emissions dropped sharply by 2019, but limitations in our scientific 
understanding and in the expected emissions prevent the conclusion that the issue by 
2019 has been resolved. It is likely that the ozone impact will be minor, but that is 
not well constrained either, for the same reasons. 

• Limits on our ability to identify in a timely fashion the presence of unexpected 
emissions, and to quantify the magnitude of the unexpected emissions (and 
ultimately the added future ozone destruction that will result) stem from: (1) 
uncertainties in trace-gas lifetimes; (2) uncertainties in our characterization of 
transport and mixing processes; and (3) uncertain expectations of emissions given MP 
controls (for example, from inventory models, assessment scenario results, or 
statistical analyses). 

• It was pointed out that global emission rates of long-lived gases derived from remote 
station observations capture emissions wherever they occur, but actionable regional-
scale information is provided only by observations near the source regions (that is, 
<1 000-2 000 km downwind). 

                                                
8 Montzka, S. A., G. S. Dutton, P. Yu, E. Ray, R. W. Portmann, J. S. Daniel, L. Kuijpers, B. D. Hall, D. 
Mondeel, C. Siso, J. D. Nance, M. Rigby, A. J. Manning, L. Hu, F. Moore, B. R. Miller, and J. W. Elkins, An 
unexpected and persistent increase in global emissions of ozone-depleting CFC-11, Nature, 557, 413-
417, https://doi.org/10.1038/s41586-018-0106-2, 2018. 
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• Gaps in the observational network limit our knowledge of emissions in many regions 
across the globe, and there are multiple technical approaches for filling those gaps, 
such as flasks, on-site instruments, and periodic surveys. 

 
 
SESSION 3: INTERNATIONAL MONITORING PROGRAMMES FOR OZONE 
AND SUBSTANCES CONTROLLED BY THE MONTREAL PROTOCOL 

International monitoring programmes for ozone and substances controlled by the 
Montreal Protocol: An introduction (Sophie Godin-Beekmann) 
 

This presentation introduced the monitoring networks that have been established for the 
monitoring of ozone, surface UV radiation and ozone-depleting substances (ODSs). The first 
long-term ozone measurement network started in the late 1920s, based on the so-called 
Dobson spectrometer. More spectrometers of this kind were deployed on a global scale during 
the International Geophysical Year in 1957. Measurements of the ozone vertical distribution 
started in the early 1960s using balloonborne in situ electrochemical sensors. After the 
discovery of the Antarctic ozone hole in the early 1980s, ozone-related monitoring activities 
were strongly enhanced. At present, monitoring of ozone, UV and related species is based on a 
variety of techniques deployed on the ground and on satellites, by a variety of networks. 
 
Two main networks constitute the backbone of the ground-based global ozone-observing 
system. The WMO Global Atmospheric Watch (GAW) network for ozone was established in 
1988. It took over the legacy of ozone total content measurements by Dobson and Brewer 
spectrometers, and observations of ozone vertical distribution by balloonborne ozonesondes. 
The Network for the Detection of Atmospheric Composition Change (NDACC, formerly the 
Network for the Detection of Stratospheric Change (NDSC)) was established in 1991. Its 
objective is the monitoring at various stations distributed around the globe of ozone and 
species involved in the atmospheric ozone equilibrium, using various techniques, such as 
microwave, Fourier transform infrared (FTIR) and UV-Visible spectrometers, and lidars. 
 
More recently established networks contribute to ozone monitoring, such as the Pandonia 
network funded by the National Aeronautics and Space Administration (NASA) and the 
European Space Agency (ESA). Pandonia is based on cost-effective and easy-to-deploy 
ground-based UV-Visible spectrometers. The SHADOZ (Southern Hemisphere ADditional 
OZonesondes) Network operates ozonesonde stations in the tropics, subtropics, and the 
southern hemisphere. In-service Aircraft for a Global Observing System (IAGOS) provides 
measurements of ozone and other species in the free troposphere and upper troposphere / 
lower stratosphere (UTLS). 
 
Surface UV measurements are made by spectrophotometers that measure spectral UV 
irradiance in the frame of NDACC, and by broadband photometers that provide UV averaged 
over the UV-B and UV-A ranges. The World Calibration Centre of UV measurements is located 
at the Physikalisch-Meteorologisches Observatorium Davos (PMOD) (Switzerland). The ODSs 
are monitored in situ by the Advanced Global Atmospheric Gases Experiment (AGAGE) and 
National Oceanic and Atmospheric Administration (NOAA) networks, based on the gas 
chromatography-mass spectrometry (GC-MS) technique. NDACC also provides measurements 
of ODS total content using FTIR spectrometers. 
 
Ground-based networks play a key role in the calibration of ground-based measurements and 
validation of new satellite instruments. Most recently, an important work on ozonesondes 
homogenization was performed in the framework of the Assessment of Standard Operating 
Procedures for OzoneSondes (ASOPOS 2.0) report. 
 
As a conclusion, only very accurate, well-maintained and well-calibrated networks can detect 
changes in ozone and related species of a few percent per decade. Thus, long-term ground-
based monitoring activities are invaluable for tracking ozone, UV, and ODS changes, and their 
link to climate change. They are essential for the validation of new satellite missions, and 
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cross-validation of successive missions. They play also a key role for ozone evaluation in the 
UTLS and lowermost stratosphere. The wealth of measurements from these networks has been 
used in the various assessments on the state of the ozone layer since 1989. It is thus essential 
to maintain the ground-based networks in the long-term, and possibly enhance their capacity 
in the tropics and southern hemisphere. 
 

Environmental agenda in the context of the Science and Innovation Department of 
WMO (Jürg Luterbacher, WMO) 
 

The presentation discussed the importance of the ozone agenda in the context of WMO 
activities. The long records that started in the mid-1950s provided crucial information in 
support of international ozone policy and research. WMO went through a reform of the 
constituent bodies that embraces an Earth System approach, and elevates the importance of 
Science for Services. Implementation of these concepts requires all WMO bodies and 
programmes to streamline their activities accordingly. 
 
WMO continues to support ozone-observation networks, and ozone-related research though 
the reform requires placing these activities in the context of the integrated and holistic 
approach to the observations and modelling. In this context, the current ozone-monitoring 
concept as a mono parameter needs revision. On one hand, the outdated manual instruments 
should be retired gradually, and a new generation of multi-species instruments should be 
introduced to the network. WMO is working on the development of the recommendations 
toward the use of alternative instruments. 
 
The Science for Services concept implementation requires putting ozone observations and 
research in the context of services. The most obvious connection is in linking ozone research 
with climate and health policy. Ozone itself is a powerful greenhouse gas, and ozone-depleting 
substances (ODSs) and substitutes also are contributing substantially to global warming. 
 
On the other hand, the UV Radiation warning service already has been established in 
collaboration with the World Health Organization (WHO). Utilization of the atmospheric 
observations of ODSs and substitutes for emission identification (combining observations and 
inverse modelling, for example as reflected in the Report on the Unexpected Emissions of CFC-
11 (WMO-No. 1268)6) fits very well in the context of the Integrated Global Greenhouse Gas 
Information System (IG3IS). To be able to utilize this approach fully, substantial expansion of 
the observational network is required. Since 1975, WMO has been coordinating greenhouse 
gas observations; it has an official mandate to do so, though the number of the stations that 
measure ODSs and their substitutes remains very small due to the cost and complexity of 
these measurements. WMO is working with a number of international partners to expand this 
observational network, and invites interested organizations to join efforts in this area. 
 
The second part of the talk presented recent SPARC activities in support of ozone research, 
including several contributions in the peer-reviewed literature on the Exceptional Arctic 
Stratospheric Polar Vortex in 2019/20209 and Polar Stratospheric Clouds: Satellite 
Observations, Processes, and Role in Ozone Depletion10. SPARC, together with GAW, also will 
provide support to the Quadrennial Ozone Symposium in October 202111 and different 
activities (such as Long-term Ozone Trends and Uncertainties in the Stratosphere (LOTUS), 
and Solar Influences for SPARC-High-Energy Particle Precipitation in the Atmosphere 
(SOLARIS-HEPPA)) that will contribute to the 2022 WMO/UNEP Ozone Assessment. 
 
The final important point of the presentation was devoted to the better and more systematic 
coordination of ozone research. The challenges include the multiple players in the field and 

                                                
9 https://www.sparc-climate.org/2020/05/18/announcement-special-sections-in-grl-the-exceptional-
arctic-stratospheric-polar-vortex-in-20192020-causes-and-consequences2/  
10 Tritscher, I., Pitts, M. C., Poole, L. R., Alexander, S. P., Cairo, F., Chipperfield, M. P., et al. (2021). 
Polar stratospheric clouds: Satellite observations, processes, and role in ozone depletion. Reviews of 
Geophysics, 59, e2020RG000702. https://doi.org/10.1029/2020RG000702. 
11 https://qos2021.yonsei.ac.kr/  
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parallel coordination mechanisms. A high-level discussion is urgently needed to streamline 
coordination of the ozone topic and its better integration with the other environmental issues 
and agendas. 
 

The Global Atmosphere Watch (GAW) Programme – Status and needs of ozone and 
UV monitoring (Matt Tully, Chair of the Scientific Advisory Group on Ozone and UV Radiation) 
 

The Vienna Convention commits Parties to undertake systematic observations of the “status of 
the ozone layer (that is, the spatial and temporal variability of the total column content and 
vertical distribution) by making the Global Ozone Observing System, based on the integration 
of satellite and ground based systems, fully operational.” 
 
The Global Ozone Observing System was developed by WMO in the 1950s, and was merged 
with the Background Air Pollution MOnitoring Network (BAPMON) to form Global Atmosphere 
Watch (GAW) Programme in 1987. GAW expanded its focus into many additional areas in the 
following decades. Further, a number of additional international networks now operate which 
also undertake systematic ozone monitoring, leading to considerable overlap, including the 
existence of multiple data centres. 
 
The core of the GAW ozone network consists of approximately 60 Dobson stations currently 
active and submitting data to the WOUDC, 66 Brewer stations, and approximately 
40 ozonesonde stations, distributed globally, although with uneven coverage. There are also 
11 Système d’Analyse par Observation Zénithale (SAOZ) sites, and 34 active sites equipped 
with filter instruments. Many of these stations are also members of the NDACC, SHADOZ or 
European Brewer Network (EUBREWNET) networks. However, a small number of members of 
these networks do not submit data to WOUDC currently. 
 
The Dobson calibration system is based on a World Standard instrument (operated by NOAA in 
the United States) and five Regional Dobson Calibration Centres (RDCCs). In addition to 
ensuring traceability of the Dobson network, the RDCCs also should provide support to 
operators within their WMO Region, although some do not have sufficient capacity to perform 
this task well. An essential activity of the Vienna Convention Trust Fund has been to sponsor 
Dobson operators to attend intercomparison campaigns in their region. Such campaigns rely 
heavily on in-kind contributions from the World and Regional Dobson Centres, particularly 
RDCC-Europe. Since 2016, such campaigns have been carried out in five different continents. 
 
For Brewers, developing countries can find calibration very expensive, and many such Brewer 
instruments are now uncalibrated or have fallen into disrepair. Addressing this situation should 
be another priority of the VCTF. 
 
The ozonesonde network has been well supported by the ASOPOS 2.0 report, “Ozonesonde 
Measurement Principles and Best Operational Practices,”12 written by a team of experts, and 
that will provide extensive guidance to operators. A systematic performance issue at a small 
number of stations has been identified, and is being investigated by experts. Generally, the 
ozonesonde network continued to operate very well during COVID-19, and was able to detect a 
significant decrease in ozone in the free troposphere as a result of pandemic restrictions in the 
mid-latitudes of the northern hemisphere, but not in the tropics or southern hemisphere. 
 
Long-standing systematic differences between Dobsons and Brewers are now largely 
understood, but updates to the traditional processing algorithms are required to bring results 
into agreement. 
 
Currently identified needs of the GAW network are as follows: 

• encouragement from the Parties to agencies within their countries for continuing 
systematic monitoring of ozone and UV; 

                                                
12 H. G. J. Smit and A. M. Thompson, Editors; WMO GAW; Report No.: 268; World Meteorological 
Organization (WMO): Geneva, in press. 
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• affordable access to calibrations for all Dobson, Brewer and broadband UV sites; 

• technical support from Regional Calibration Centres to local operators; 

• active and timely feedback to stations regarding data quality issues; and 

• scientific support for WOUDC to enable data to be processed and re-processed 
according to the current state-of-the-art algorithm. 

 

How the Network for the Detection of Atmospheric Composition Change (NDACC) 
contributes to the global observation system in support of Ozone Research and 
Monitoring, and to closing the gaps (Martine De Mazière, Royal Belgian Institute for Space 
Aeronomy (BIRA-IASB)) 
 

Ms De Mazière presented the evolution of the Network for the Detection of Atmospheric 
Composition Change (NDACC)13 since the tenth ORM, and how it contributes to ozone research 
and closing gaps in the global Earth observation system. NDACC’s capabilities encompass total 
column and vertical profile observations of a suite of many species from the ground up to the 
mesosphere; at present 151 NDACC-certified instruments are active at 73 stations spread 
worldwide. 
 
New observational variables and capabilities have been added, such as the Multi Axis 
Differential Optical Absorption Spectroscopy (MAX-DOAS) tropospheric profiling capability, lidar 
wind profiles in the stratosphere, and cryogenic frostpoint hygrometers (CFHs). New 
(candidate) NDACC stations are being considered for filling gaps in the global coverage, for 
example in China, the Amazonian forest and at urban locations. Continuous efforts are ongoing 
to improve the data quality and harmonization across the Network, such as by establishing 
central data processing systems for selected techniques and target species. Work towards 
improved consistency with other Cooperating Networks like Pandonia is ongoing. By 
embedding NDACC-Europe in the European Aerosol, Clouds and Trace gases Research 
InfraStructure (ACTRIS, to become operational in 2025), the sustainability of at least part of 
the NDACC infrastructure, monitoring activities, and data quality assurance should be 
enhanced. ACTRIS also promotes training and access to monitoring infrastructures and data. 
 
Among the most important assets of NDACC are the long-term homogeneous and high-quality 
time series of atmospheric species like ozone, ozone precursors, ODSs, pollutants, short- and 
long-lived climate forcers, and tracers for dynamics, some covering 25 years or more. One 
recent research highlight is the detection of a hemispheric asymmetry in the stratospheric 
transport trends derived from NDACC time series of nitric acid (HNO3) and hydrochloric acid 
(HCl). NDACC continues to contribute to assessments like LOTUS-II; the Tropospheric Ozone 
Assessment Report, Phase II (TOAR-II); SPARC; the Intergovernmental Panel on Climate 
Change (IPCC), and the WMO Ozone Assessments. 
 
NDACC provides an ever-growing amount of Fiducial Reference Measurements to various user 
communities like the Copernicus Atmosphere Monitoring Service (CAMS) and Copernicus 
Climate Change Service (C3S), the satellite agencies, model developers, and others, often in 
rapid delivery (RD) mode. 
 
Data access and availability are following the Findable, Accessible, Interoperable, Reusable and 
Reproducible (FAIR) data principles. NDACC has started assigning digital object identifiers 
(DOIs) and data licenses to the data sets; data are available, possibly in multiple data 
versions, from the NDACC Data Host Facility (DHF) that is being moved to NASA’s Langley 
Research Center (LaRC), and several other data portals. The goal is to provide the data, not 
only in GEOMS HDF but also in other internationally adopted standard data formats to facilitate 
their uptake by the users. 
 

                                                
13 https://www.ndacc.org/  
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EUBREWNET – The European Brewer Network: What you need to know. Status, 
activities, and future development (John Rimmer, University of Manchester) 
 

EUBREWNET, the European Brewer Network, is the result of the European Cooperation in 
Science and Technology (COST) Action ES1207, which was completed in 2016. The aim was to 
provide consistency across Brewer stations by using central processing and quality assurance / 
quality control (QA/QC) resulting in near-real-time data products available to users through a 
new dedicated data portal. This has now been achieved, with the Network extending beyond 
the boundaries of Europe. Near-real-time ozone and aerosol optical depth products are now 
available, with UV due to arrive within the next year. The data are available in a number of 
different file formats, and are linked to the WOUDC data search pages. Documentation and 
data access functions are available from the EUBREWNET Wiki.14. The operational management 
and current funding are supported by AEMET, the Spanish Meteorological State Agency. 
 

International ozonesonde activities: Updates since the tenth ORM of the Parties to 
the Vienna Convention for the Protection of the Ozone Layer (Anne Thompson and Ryan 
Stauffer, National Aeronautics and Space Administration (NASA)) 
 

The electrochemical concentration (ECC) ozonesonde instrument has been used for more than 
50 years to measure ozone concentrations in the troposphere to mid-stratosphere. The 
measurement is based on chemical reactions, avoiding sampling limitations associated with 
optical techniques. The global ozonesonde network consists of ~60 stations. Since the tenth 
ORM, the number of sonde profiles archived at the WOUDC, NDACC, NOAA/GML and SHADOZ 
websites has declined from 2 872 in 2017 to 2 200 in 2020. Major site closures were two in 
Greenland and two in Japan. 
 
Because each ozonesonde is a unique instrument, a challenge for sonde data quality assurance 
(QA) is to ensure uniform preparation and data-processing procedures at all sites. This 
includes new stations; capacity building is an essential component of efforts to enhance QA. 
Since the Jülich Ozonesonde Intercomparison Experiment (JOSIE-2000) and 2004 Balloon 
Experiment on Standards for Ozone Sondes (BESOS) campaigns that developed standard 
operating procedures (SOPs) for instrument preparation and operations15, there have not been 
consensus-based guidelines for the ozonesonde community. In the past 5-10 years, sonde 
data users have pressed for profiles to be reported with uncertainties, and for 3-5% accuracy 
throughout the reported ozone profile. Accordingly, the major focus of international activities 
in the interval from the tenth ORM to the eleventh ORM has been on ozonesonde QA. 
 
At a workshop before the 2016 Quadrennial Ozone Symposium, a team of 15-20 ozonesonde 
experts agreed to undertake a new ASOPOS with a two-pronged approach. First, JOSIE-2017 
was designed, with sensing solutions and instrument types provided by sponsors, and launch 
personnel coming from the SHADOZ network, the latter supported by the VCTF. Instrument 
and sensing solution type (SST) combinations recommended by WMO-GAW, as well as a low-
buffer variant, were tested for a total of 80 profiles. Second, GAW, along with the International 
Ozone Commission (IO3C), NDACC and the Global Climate Observing System (GCOS) Upper 
Air Network (GRUAN), sponsored a comprehensive ASOPOS 2.0 Report12 based on JOSIE-2017 
and 10 peer-reviewed studies on sonde QA that were published from 2016-2021. The ASOPOS 
2.0 Report, with 11 international co-authors was approved by a virtual meeting of ~24 data 
providers, instrument manufacturers and data users in March 2020. A draft report completed 
in August 2020 was reviewed by six ozone experts from six continents who met with the 
authors online in October 2020. Revisions and final edits were completed in June 2021. The 
report, “ASOPOS 2.0: Ozonesonde Measurement Principles and Best Operational Principles,” 
follows the outline of the WMO-GAW Report 201, but is more substantial on the topics of 
uncertainties, SOPs, data QA indicators and operational steps that feature more illustrations 
                                                
14 https://www.eubrewnet.org/  
15 Smit, H.G.J. and the Panel for the Assessment of Standard Operating Procedures for Ozonesondes 
(ASOPOS) (2014). Quality Assurance and Quality Control for Ozonesonde Measurements in GAW, WMO 
GAW; Report No.: 201; World Meteorological Organization (WMO): Geneva, 2014; 87 p., available at 
https://library.wmo.int/index.php?lvl=notice_display&id=19463  
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and a video. The instrument/sensing solution recommendations of ASOPOS 2.0 are similar to 
Report 201. New Annexes of the report are: Metadata (more parameters required to facilitate 
data reprocessing), Practical Guidelines for Determining Uncertainties, and Guidelines for Data 
Homogenization. 
 
Significant new recommendations of the ASOPOS 2.0 Report are: 

(1) reference every profile to the standard ozone photometer at the FZ-Jülich World 
Calibration Centre for OzoneSondes (WCCOS) – this traceability brings ozonesonde 
archives into conformity with NDACC and GRUAN practices; and 

(2) continuous monitoring of station QA by comparing sonde ozone amounts to ground-
based spectrometers and satellite sensors for early detection of problems like the 
post-2013 total ozone “dropoff.” 

 
With the adoption of ASOPOS 2.0 practices, it will be possible to achieve 5% or better accuracy 
and precision in the ozonesonde measurement. To maintain these successes we recommend: 

(1) regular laboratory evaluation of instruments and operational practices, that is, 
JOSIEs; 

(2) an ongoing ASOPOS process in which global data and SOPs are continually evaluated 
by a broadly based “expert team;” and 

(3) support for recommendations (1) and (2) and traceability of the sonde profiles which 
will require maintenance of a world ozone standard photometer and calibration 
centre, for example, WCCOS in Germany. 

 
In summary, dedicated attention to ozonesonde SOPs has led to significant advances in QA 
since the tenth ORM. Expect ASOPOS 2.0 guidelines to be applied to the entire global network 
before the next ORM. 
 

Overview of the links between ozone and climate research (Neil Harris, Stratosphere-
tropospheric Processes And their Role in Climate (SPARC)) 
 

SPARC was started in 1993 and focussed on the stratosphere. Its remit was to coordinate 
international research underpinning the Montreal Protocol Ozone Assessments, and to improve 
understanding of the stratospheric processes most important to climate change. This approach 
evolved to be more of a one-atmosphere approach, with an increasing focus on climate and on 
the troposphere. A major way to add value to the existing global research has been to produce 
focussed assessments and reports, many of which were aimed at providing pertinent 
information for the Ozone Assessments (for example, ozone trends16, CFC lifetimes17, CCl4 
mystery18). 
 
With the links between the stratosphere and climate, recognised from its inception, an 
important aspect of SPARC is its underpinning role supporting both the Montreal Protocol and 
the United Nations Framework Convention on Climate Change (UNFCCC). In parallel, the close 
interlinking of the underlying research tools (measurements, models and analysis approaches) 
for ozone depletion and climate change means that many of its activities are of interest to the 
same broad group of researchers. 
 

                                                
16 SPARC/IO3C/GAW, 2019: SPARC/IO3C/GAW Report on Long-term Ozone Trends and Uncertainties in 
the Stratosphere. I. Petropavlovskikh, S. Godin-Beekmann, D. Hubert, R. Damadeo, B. Hassler, V. 
Sofieva (Eds.), SPARC Report No. 9, GAW Report No. 241, WCRP-17/2018, doi: 10.17874/f899e57a20b, 
available at https://www.sparc-climate.org/publications/sparc-reports  
17 SPARC, 2013: SPARC Report on the Lifetimes of Stratospheric Ozone-Deleting Substances, Their 
Replacements, and Related Species. M.K.W. Ko, P.A. Newman, S. Reimann, S.E. Strahan (Eds.), SPARC 
Report No. 6, WCRP-15/2013, available at https://www.sparc-climate.org/publications/sparc-reports/  
18 SPARC, 2016: SPARC Report on the Mystery of Carbon tetrachloride. Q. Liang, P.A. Newman, and S. 
Reimann (Eds.), SPARC Report No. 7, WCRP-13/2016, available at https://www.sparc-
climate.org/publications/sparc-reports/sparc-report-no7  
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SPARC is contributing to the 2022 WMO/UNEP Scientific Assessment of Ozone Depletion by 
directly providing updated analyses derived from long-term measurements of ozone, water 
vapour, aerosols and solar radiation. In addition, the Chemistry-Climate Modelling Initiative 
(CCMI) models are running special simulations based on updated scenarios, including some 
exploratory ones for stratospheric aerosol geoengineering. These focussed contributions are 
produced through a loose coordination with the WMO-GAW Scientific Advisory Group (SAG) on 
ozone and UV in order to provide the most efficient support and coordination for the 
researchers actually doing the work. 
 
SPARC also contributes indirectly through promoting coordinated research activities on key 
research issues. Recent examples include a landmark review of polar stratospheric clouds; 
supporting special issues, for example, in Journal of Geophysical Research / Geophysical 
Research Letters (JGR/GRL) on the Exceptional Arctic Stratospheric Polar Vortex in 2019/2019, 
and providing an agile coordinated response through the organisation of the 2019 symposium 
on CFC-11 emissions20. 
 
Looking ahead, SPARC is producing a new strategy for the coming years. The support for the 
Montreal Protocol process through the coordination of international science will remain strong. 
The close research links for what is needed to improve understanding of (a) ozone depletion 
and (b) climate change were noted particularly in the context of promoting research beyond 
the 2022 Assessment. The value of (a) ensuring consistent measurements throughout the 
atmosphere and (b) filling the upcoming gap in upper troposphere and stratosphere limb 
measurements was emphasized. 
 

Access to in situ reference and baseline observations: Status (Fabio Madonna, National 
Research Council of Italy (CNR)) 
 

The mission of Copernicus Climate Change Service (C3S) is to support the European Union's 
adaptation and mitigation policies by providing information and authority on climate change. 
Free and open access to climate data and tools based on the best available scientific resources 
is provided. Within the C3S, the team involved in the contract C3S 311a Lot3 focused upon 
facilitating access and redistribution of harmonized data products from international Baseline 
and Reference observation networks or international programs for in situ observations of a 
subset of Essential Climate Variables (ECVs), including ozone. Datasets from several networks 
and international repositories have been considered, such as NDACC, WOUDC, SHADOZ, and 
EUBREWNET. In addition, several ancillary products, tools, and consistent quality control have 
been provided for each dataset. In situ observations for all the C3S datasets are harmonized 
using a Common Data Model for in situ observations (CDM-obs). The C3S CDM-obs is 
implemented in recognition of the importance of a few existing standards, such as the WMO 
Integrated Global Observing System (WIGOS), Binary Universal Form (BUFR), and Climate and 
Forecast (CF) conventions. 
 
A proposal to expand the service implemented within the C3S 31a Lot3 has been submitted. 
This might bring in the C3S Climate Data Store (CDS) new datasets, among the others – 
Pandonia Global Network (PGN), NDACC nitrogen dioxide (NO2) and formaldehyde (HCHO), 
and the Baseline Surface Radiation Network (BSRN). GRUAN is working to provide a new 
ozonesonde data product soon that also might be considered for the CDS. At moment, the 
GRUAN Lead Centre is already hosting a processing of the ozonesonde data. The goal is to 
provide a reference product (that is, traceable and quantified uncertainties). 
 
A proper treatment of uncertainties is still under discussion / implementation. GRUAN 
standards are expected to become consistent with the ASOPOS format and, idealistically, 
WOUDC / NDACC / SHADOZ / GRUAN ozonesondes shall provide identical profiles for the same 
flights, with interchangeable file formats. 
 

                                                
19 https://agupubs.onlinelibrary.wiley.com/doi/toc/10.1002/(ISSN)1944-8007.ARCTICSPV  
20 https://www.sparc-climate.org/meetings/meetingscfc-11-workshop-march-2019-in-vienna/  
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WMO World Ozone and Ultraviolet Radiation Data Centre (WOUDC) update (Tom 
Kralidis (WOUDC)) 
 

WOUDC continues to provide data centre capabilities for ozone and UV data in alignment with 
WMO, the GAW implementation plan (data management), national open government/open 
data activities, as well as international standards. The data centre also focuses on broad 
interoperability and lowering the barrier to ozone and UV data for both established and new 
communities, as well as the mass market. 
 
The data centre’s current focus is on providing an operational capability, user support, data 
ingest and processing, as well as website enhancements and defect management. 
 
Since the tenth ORM, WOUDC has: 

• Prioritized communication /feedback with data contributors in support of continuous 
improvement of data submissions; 

• enhanced linkages with other data centres (the European UV DataBase (EUVDB), 
NDACC, SHADOZ, EUBREWNET), providing distributed search capabilities with a focus 
on data management principles – these linkages form a basis for the data centre 
interoperability efforts (DCIO) coordinated by the Norwegian Institute for Air 
Research (NILU); 

• implemented initial DOI capability for WOUDC datasets; and 
• worked with the WMO Expert Team on Atmospheric Composition Data Management 

(ET-ACDM) to align with WIGOS requirements for station metadata management. 
 
The data centre has commenced work on ”WOUDC 2.0”, including an updated website and 
Web Application Programming Interface (API) testing tools, and continues to work on data 
centre interoperability and federation in support of sound data management principles. 
 
 
SESSION 4: INTERNATIONAL MONITORING POGRAMMES: LOOKING 
AHEAD 

 

Gaps in the global coverage of atmospheric monitoring of controlled substances and 
options on ways to enhance such monitoring (Introduction by Paul Newman and A.R. 
Ravishankara) 
 

Closing the gaps in top-down regional emissions quantification: Needs and action 
plan (Ray Weiss, Scripps Institution of Oceanography) 

 

Mr Weiss introduced the final version of the Closing the Gaps “white paper” that was revised 
following the lengthy discussions that took place at Part I of the eleventh ORM in October 
202021. As is described in the report of that meeting (UNEP/OzL/Conv.ResMgr/11(I)/2)22, only 
a few minor edits to the draft were requested, the most significant of which was to include 
units with the modelled ”footprint” contours in Figure 1. As a postscript to the presentation, 
Mr Weiss drew attention a new comment piece inspired by the “white paper” that was 
published recently in Nature23. 
 

                                                
21 https://ozone.unep.org/meetings/11th-meeting-ozone-research-managers-part-i  
22 https://ozone.unep.org/meetings/11th-meeting-ozone-research-managers-part-i/post-session-
documents  
23 https://www.nature.com/articles/d41586-021-01967-z  
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Observing System Simulation Experiment: Assess potential sites for new high-
frequency (AGAGE-type) stations using three-dimensional model simulations (Ronald 
Prinn, Massachusetts Institute of Technology (MIT)) 

 

Mr Prinn presented three new Observing System Simulation Experiments (OSSEs) to help 
assess potential sites for new high-frequency stations to fill gaps in the global ODS observing 
system. In addition to computing sensitivity (H) maps as functions of season and El Niño/La 
Niña Southern Oscillation (ENSO), he introduced new work at MIT using socio-economic data 
and machine learning to construct a global “bottom-up” emission map for CFC-11 to help guide 
the location of new stations. They train their supervised machine-learning model with CFC-11 
emissions (inferred from the AGAGE East Asia regional inversion24), satellite-observed night 
light information from the Visible Infrared Imaging Radiometer Suite (VIIRS) flying on the 
Suomi National Polar-orbiting Partnership (NPP) satellite mission, as well as economic data 
(gross domestic product (GDP) and GDP per capita). He also provided updated information 
regarding the paper in Nature on East Asia CFC-11 emissions (Park et al., 2021)22. 
 
 
SESSION 5: SATELLITE RESEARCH AND MONITORING 

NASA and NOAA stratosphere-observing missions for ozone research (Kenneth Jucks, 
NASA) 
 

The United States has a number of satellites that provide long-term records of ozone and the 
stratosphere, dating back to the late 1970s. The program of record has a number of satellites 
that use nadir sounding in the ultraviolet (UV) to observe total column and partial column 
observations of ozone, as well as a few related parameters that relate more to air quality. 
These include the Ozone Monitoring Instrument (OMI) on Aura; the Ozone Mapping and 
Profiler Suite (OMPS) on both the Suomi NPP satellite and the soon-to-be-launched Joint Polar 
Satellite System-2 (JPSS-1 and -2); and the Tropospheric Emissions: Monitoring of Pollution 
(TEMPO) mission that will operate from geostationary orbit and observe North America 
multiple times a day, concentrating on air quality. For limb-observing platforms, NASA 
supports the Microwave Limb Sounder (MLS) instrument on the Aura satellite (since 2004), the 
OMPS-Limb instrument on Suomi-NPP and JPSS-2, and the Stratospheric Aerosol and Gas 
Experiment III (SAGE III) instrument that operates from the International Space Station 
(ISS). The latter two instruments do a good job providing profiles of stratospheric ozone and 
aerosols. SAGE III observes a few other parameters, such as stratospheric water vapour, but 
not near the polar regions due to the ISS orbit. MLS provides the wealth of the unique 
information, getting global coverage of N2O, water (H2O), HCl, HNO3, and ozone on a daily 
basis. MLS observations are due to end in the 2025-2026 timeframe, as the Aura satellite is 
nearing the end of its station-keeping fuel supply. After that time, many of these key 
parameters will no longer be monitored from satellite. The only other satellite that observes 
key parameters like these that are useful for monitoring changes in Brewer-Dobson Circulation 
(BDC) is the Canadian Atmospheric Chemistry Experiment (ACE) instrument, which has a 
similar lifetime issue as Aura. No other satellite planned by any international agency will be 
able to make such observations. 
 

ESA / Copernicus ozone sensors / measurements and future planned missions (Claus 
Zehner, European Space Agency / Centre for Earth Observation (ESA/ESRIN)) 
 

This presentation was not given, due to the absence of Mr Zehner. Instead, Kenneth Jucks and 
Diego Loyola delivered a brief oral update on European satellite missions during the discussion 
period. 

                                                
24 Park, S., L. M. Western, T. Saito, A. L. Redington, S. Henne, X. Fang, R. G. Prinn, A. J. Manning, S. A. 
Montzka, P. J. Fraser, A. L. Ganesan, C. M. Harth, J. Kim, P. B. Krummel, Q. Liang, J. Mühle, S. 
O’Doherty, H. Park, M. K. Park, S. Reimann, P. K. Salameh, R. F. Weiss, and M. Rigby, Significant recent 
reductions in the emissions of CFC-11 and related ozone-depleting substances from eastern China, 
Nature, 590, 433-437, 2021, available at https://www.nature.com/articles/s41586-021-03277-w  
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Monitoring of ozone and its precursors in China (Pengfei Ma, Center for Satellite 
Application, Ministry of Environment and Ecology of China) 
 

China attaches great importance to protection of the ozone layer and air pollution reduction 
from a variety of sources that contribute to ground-level ozone. During the “14th Five-Year 
Plan” period, coordinated control of fine inhalable particles (PM2.5) and ozone will be 
performed and promoted to accelerate the elimination of ODSs. To meet the needs of 
management, we have carried out the satellite payload engineering. Through the integration of 
satellite detection and ground station monitoring data, a comprehensive monitoring application 
technology system has been established, which is gradually optimized to inform decision-
making. In the follow-up, we are going to deploy a series of in-depth utilization of 
environmental satellite observations for further study. 
 

CEOS AC-VC ozone harmonization projects (Diego Loyola, German Aerospace Centre, 
(DLR)) 
 

The Atmospheric Composition Virtual Constellation (AC-VC) from the Committee on Earth 
Observation Satellites (CEOS) coordinate, collect and deliver data to improve monitoring, 
assessment and predictive capabilities for changes in the ozone layer, air quality and climate 
forcing. 
 
Mr Loyola presented the CEOS AC-VC activities related to total ozone and tropospheric ozone 
dataset validation and harmonization 
A detailed comparison of two independent and complementary long-term total ozone satellite 
data records was performed: 

• GTO-ECV – Global Ozone Monitoring Experiment (GOME)-type Total Ozone Essential 
Climate Variable (provided by DLR/BIRA-IASB) 

• Adjusted Modern-Era Retrospective analysis for Research and Applications (MERRA) 
(provided by NASA) 

 
GTO-ECV is the combination of European sensors GOME on the European Remote Sensing-2 
(ERS-2) satellite, the Scanning Imaging Absorption Spectrometer for Atmospheric 
Chartography (SCIAMACHY) on Envisat, OMI on Aura, GOME-2 on Meteorological Operational 
satellites MetOp-A, MetOp-B, MetOp-C, and TROPOMI on Sentinel-5 Precursor (S5P). The 
merging approach is described in Coldewey-Egbers et al. (2015)25. The geophysical validation 
using ground-based data was published by Garane et al. (2018)26; a negligible long-term drift 
was found compared with Dobson (-0.1% ± 0.1% per decade) and Brewer (0.2% ± 0.1% per 
decade) measurements. 
 
Adjusted-MERRA is based on the Goddard Earth Observing System Model, Version 5 (GEOS-5) 
assimilation system, taking as input ozone profiles and total column from the Solar Backscatter 
Ultraviolet Instrument (SBUV), MLS, OMI and OMPS sensors. The results are normalized to the 
SBUV Merged Ozone Data Set (MOD) (Frith et al., 201427) to remove biases. 
 
The comparison shows an excellent agreement between Adjusted-MERRA and GTO-ECV, with a 
mean difference of -0.9% ± 1.5%, and a small negative drift in the differences not exceeding 

                                                
25 Coldewey-Egbers, M., Loyola, D. G., Koukouli, M., Balis, D., Lambert, J.-C., Verhoelst, T., Granville, J., 
van Roozendael, M., Lerot, C., Spurr, R., Frith, S. M., and Zehner, C.: The GOME-type Total Ozone 
Essential Climate Variable (GTO-ECV) data record from the ESA Climate Change Initiative, Atmos. Meas. 
Tech., 8, 3923–3940, https://doi.org/10.5194/amt-8-3923-2015, 2015. 
26 Garane, K., Lerot, C., Coldewey-Egbers, M., Verhoelst, T., Koukouli, M. E., Zyrichidou, I., Balis, D. S., 
Danckaert, T., Goutail, F., Granville, J., Hubert, D., Keppens, A., Lambert, J.-C., Loyola, D., Pommereau, 
J.-P., Van Roozendael, M., and Zehner, C.: Quality assessment of the Ozone_cci Climate Research Data 
Package (release 2017) – Part 1: Ground-based validation of total ozone column data products, Atmos. 
Meas. Tech., 11, 1385–1402, https://doi.org/10.5194/amt-11-1385-2018, 2018. 
27 Frith, S.M., N.A. Kramarova, R.S. Stolarski, R.D. McPeters, P.K. Bhartia, and G.J. Labow, Recent 
changes in column ozone-based on the SBUV version 8.6 merged ozone dataset, J. Geophys. Res. 
Atmos., 119, 9735–9751, https://doi.org/10.1002/2014JD021889, 2014. 



 20 

1% per decade. Furthermore, there is a very high correlation of the temporal and spatial 
structure, and a remarkable agreement on interannual variability. The results were published 
in Coldewey-Egbers, Loyola, Labow, and Frith (2020)28. 
 
CEOS AC-VC activities related to tropospheric ozone dataset validation and harmonization were 
initiated in 2019. During the annual AC-VC meetings from 2019 and 2020, a total of 
12 tropospheric satellite products were presented based on single satellite sensors, as well as 
combined retrievals using several sensors. 
 
The current work focuses on the geophysical validation of the different satellite tropospheric 
ozone products. The ground-based validation will be performed by BIRA-IASB using data from 
2019 as the golden-year. Initial results will be presented during AC-VC #18, scheduled in early 
2022. Moreover, the already established collaborating with the TOAR-II initiative will be 
continued during the next years. 
 
During the discussion portion of Mr Loyola’s presentation, there were questions related to the 
availability of forecast data. The GOME-2 and TROPOMI total ozone products generated 
operationally by DLR are being assimilated by different systems, including CAMS, and the 
corresponding forecast is freely available. 
 
 
SESSION 6: NATIONAL AND REGIONAL REPORTS ON OZONE RESEARCH 
AND MONITORING 

In this session, each representative of a region presented the regional and national situations 
with ozone monitoring and research, focusing on the key issues raised by the countries in the 
region based on the national reports submitted for this meeting (Annex D of this report). 
 

Region 1: Africa (Gerrie Coetzee, South African Weather Service (SAWS)) 
 

Only eight country reports were received for the eleventh ORM from the African region: Benin, 
Burkina-Faso, Comoros, Egypt, Kenya, Nigeria, South Africa, and—for the first time—from 
Mauritius. Although they did not submit reports, we also know that ozone-monitoring and 
research activities continue in countries such as Algeria, Seychelles, Uganda, Botswana, and so 
forth, and these also were mentioned in Mr Coetzee’s presentation. 
 
In general terms, the tenth ORM recommendations, were not really vigorously implemented, 
due to the existing constraints of capacity and financial constraints. These included the 
relocation of instruments and intercomparison events taking place as per international 
schedule – the South Africa Irene 2019 Dobson Calibration Event, staff from the Kenya Dobson 
program undergoing international training in Czechia, and the visits of Swiss ozone experts to 
the Nairobi station. A project application from Comoros resulted in the acquisition of funds 
from the VCTF to obtain a mini-SAOZ instrument. Work on their new atmospheric monitoring 
laboratory at Maroni continues. This all was obtained by the support rendered by the VCTF, 
without which these events would not have been possible. It is also known that Seychelles has 
decided to terminate their Dobson program, and they may in the future procure some other 
replacement instrument. 
 
The Dobson stations of Maun, Botswana and Lagos, Nigeria are in desperate need of further 
capacity building, as their current status is non-operational. It also was recommended that, 
perhaps for the African region as a whole, a Dobson training event should be conducted in the 
near future to address the needs of Dobson operators in operating their instruments and the 
use of data processing tools. 
 

                                                
28 Coldewey-Egbers, M., Loyola, D. G., Labow, G., and Frith, S. M.: Comparison of GTO-ECV and adjusted 
MERRA-2 total ozone columns from the last 2 decades and assessment of interannual variability, Atmos. 
Meas. Tech., 13, 1633–1654, https://doi.org/10.5194/amt-13-1633-2020, 2020. 
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Specific noteworthy activities have taken place in four countries, including three that manage 
official WMO Global GAW stations – Algeria (Tamanrasset), Kenya (Mt. Kenya), and Cape Point 
(South Africa)—and substantial efforts with Egypt. These countries also have strong regional 
GAW station representation, with various atmospheric parameters displaying valuable long-
term systematic monitoring records spanning 30 to 40 years. Egypt, Algeria, Kenya, and South 
Africa have well-established ground-based networks consisting of Dobson and Brewer 
instruments (Kenya and northern Africa) for monitoring atmospheric ozone, and include UV-
monitoring networks. Routine ozonesonde balloon soundings have been maintained by Kenya, 
Nairobi NMS (with MeteoSwiss twinning), and South Africa from the Irene Weather Office. Both 
of these stations remain part of the SHADOZ Network; however, funding for the future 
sustainment of ozonesondes remains worrying. 
 
Published science papers, particularly with African lead-authorship, remain difficult to find, and 
thus there still is a great lack of research capacity on the continent. It has been stated that 
capacity among many African universities does exist, but capacity building and twinning with 
developed nations or neighbouring countries still remains largely an aspiration. In the true 
spirit of capacity building, it seems that finding suitable and willing “twinning partners” for 
Africa from the developed world remains a most difficult situation. 
 

Region 2: Asia (Yousuke Sawa, Japan Meteorological Agency (JMA)) 
 

We received ten country reports from the Asian region for the eleventh ORM: Cambodia, India, 
Iraq, Japan, Kyrgyzstan, Myanmar, Russia, Sri Lanka, Thailand, and Turkmenistan. All 
countries are actively involved in environmental actions related to ozone and climate. Although 
reports were not received, ozone monitoring and research activities continue in countries such 
as China and the Republic of Korea. 
 

Status of observations and research activities 

National/institutional programs maintain observations providing valuable information with a 
long-term series of ozone, UV, and other related variables in Asia. A large part of their data is 
available through WOUDC, NDACC and other WMO data exchange systems; however, the 
decline of operational stations and delayed intercomparison/calibration activities are major 
concerns for the observing system in Asia. Some instruments in the programmes need to be 
maintained or repaired with financial and technical support. Some countries are yet to 
undertake observational activities on ozone. There still is a great lack of monitoring and 
research capacity in Asia. 
 
Many informative scientific results have been obtained from recent research activities using 
observations and model simulations. Several coupled chemistry-climate models (CCMs) are 
being developed in India, Japan, and the Russian Federation, and are contributing to the 
Chemistry-Climate Modelling Initiative (CCMI) project and the sixth phase of the Coupled 
Model Intercomparison Project (CMIP6). 
 

Future plans, needs and recommendations 

• Systematic observations to evaluate the changing state of the ozone layer, including 
detection of ozone-layer recovery, should be continued in cooperation with 
international monitoring networks. 

• Several countries have plans to start ozone / UV observations, and need financial and 
technical support to start / continue these observations. 

• Training on observation, data submission and data analysis is necessary for 
systematic ozone monitoring. 

• Systematic calibration activities on a regular basis within international programmes 
are necessary to ensure observation data quality. 

• CCMs need to be developed to predict future changes in the ozone layer, and to 
improve our understanding of chemistry-climate interactions. 
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Region 3: South America: Update 2017-2020 (Eduardo Luccini, Argentina National 
Scientific and Technical Research Council (IFIR-CONICET)) 
 

Efforts during the period 2017-2020 in Region 3 have been centred on the maintenance of the 
working networks through calibration campaigns of both local and regional character: 

• Comparison of Surface Ozone Analysers – WMO South-American Regional Calibration 
Centre (RCC-III), Buenos Aires, October 2017, jointly financed by WMO and 
Argentina. 

• Erythemal UV Radiometers Intercomparison – RCC-III, Buenos Aires, 2018. 

• Pandonia Global Network’s in situ campaign of maintenance and calibration of the 
Argentine Pandora instruments at the Buenos Aires, Comodoro Rivadavia, Bariloche 
and Pilar stations. November 2018. 

• International Comparison of Dobson Spectrophotometers – RCC-III, Buenos Aires, 
March 2019, jointly financed by the Vienna Convention Trust Fund and Argentina. 

Planned and potential activities for the period 2021-2024 are centred on the principal 
complementary activities that would complete a good monitoring base in the region: 

• Brewer instrument calibration constitutes the main activity needing urgent attention 
to complete the general maintenance of the ozone-UV monitoring conditions in 
Region 3. A solid project has been presented for consideration of support by the 
VCTF. 

• Ozone-sounding programs in Region 3 request support to maintain or to reactivate 
them, as some were supported locally by many years. 

Additionally, efforts must be made to reintegrate those countries that are not participating in 
this meeting. For example, Chile has strong precedents and extensive measurement networks. 
 

Region 4: North America, Central America and the Caribbean 
 

USA national report on surface-based ozone research (Kenneth Jucks, NASA, and 
Stephen Montzka, NOAA) 
 

The United States of America, primarily through the ongoing and sustained investments from 
NOAA and NASA, maintain their commitment to numerous observational programs, data 
analysis and modelling work, and laboratory investigations of relevant chemical kinetic and 
photolytic processes to underpin the observational and modelling research. Most of these 
programs have international participation, either at a small or major level. These programs 
include NDACC, AGAGE, NOAA (Halocarbon and other Trace Species (HATS) and Ozone and 
Water Vapour groups), and SHADOZ. The commitment to these programmes has remained 
constant over the past three years. Much of the information about these networks is outlined 
in other ORM presentations, and was not discussed in this presentation. All of these programs 
remain committed to free and open access to all of the data acquired. The United States also is 
performing several suborbital measurement campaigns over the next few years. For example, 
the Dynamics and Chemistry of the Summer Stratosphere (DCOTSS) is a several-year 
observational program funded by NASA through the Earth Venture Suborbital program to 
better understand the contributions of the North American summer monsoonal circulation on 
the stratosphere. Similarly, the Asian summer monsoon Chemical and CLimate Impact Project 
(ACCLIP) is a jointly funded National Science Foundation (NSF) and NASA funding project to 
better quantify the effects of the related, but unique, Asian monsoonal transport on the upper 
troposphere and stratosphere. All of these projects work in coordination with the significant 
satellite and data analysis programs across the United States Government to better 
understand the physics and chemistry of the stratosphere over time. 
 
Canada national report (Sum Chi Lee, Environment and Climate Change Canada (ECCC)) 
 

Canada maintains a wide range of national long-term observational activities. Environment and 
Climate Change Canada (ECCC) continues observations of total column ozone and spectral UV 
and ozone vertical profiles through the Canadian Brewer Spectrophotometer Network and 
Canadian Ozonesonde Network, including at three Canadian Arctic sites (Alert; Eureka; and 
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Resolute Bay, Nunavut). Individual Brewer measurements and their average daily values (up 
to April 2021), as well as ozone vertical profiles (up to December 2020), are available for the 
Canadian sites from the ECCC-hosted WMO World Ozone and UV Radiation Data Centre 
(WOUDC). University-based measurements of ozone and related species are made at the 
University of Toronto Atmospheric Observatory (TAO) in Toronto and the Polar Environment 
Atmospheric Research Laboratory (PEARL) at Eureka, and these data are submitted to NDACC 
and CAMS. Canadian space-based monitoring continues with the Atmospheric Chemistry 
Experiment (ACE) on the Canadian Space Agency’s (CSA) Science Satellite (SCISAT) (17-year 
dataset), and the CSA-funded Optical Spectrograph and InfraRed Imager System (OSIRIS) on 
Odin (20-year dataset). The data and their data products from these observational activities 
are used for the Quadrennial WMO/UNEP Scientific Assessment of Ozone Depletion, the annual 
Bulletin of the American Meteorological Society (BAMS) State of the Climate reports, research 
(such as the 2020 Arctic ozone hole) and satellite validation (for example, ACE, OSIRIS, 
TROPOMI). 
 
ECCC has maintained the world Brewer reference instruments since the 1980s to provide 
transferable calibration to field instruments at monitoring sites globally. In 2013, the more 
accurate double-Brewer world reference triad was formed to replace the original single-Brewer 
triad. An updated assessment of the triads’ performance was carried out. Both triads met the 
WMO requirement for better than 1% precision; the triad data are available from the WOUDC. 
ECCC had calibrations from the Brewer world reference transferred to 150+ Brewers in 
48 countries over the period 1988-2020, in addition to calibrations across the Canadian sites. 
 
Other ozone-related activities include: 

• New simulations have been produced with the Canadian Middle Atmosphere Model 
(CMAM) to provide updated guidance for the 2022 Scientific Assessment Of Ozone 
Depletion. 

• ECCC provides operational global weather forecasts involving the assimilation of 
weather measurements every six hours (in addition to higher-resolution regional 
forecasts). The addition of ozone forecasting and assimilation, as well as UV Index 
prediction, was proposed for the global forecast system. Final integration and 
evaluations were undertaken in 2020, and completion is expected in 2021. 

Capacity building activities continue with ECCC’s donation of three Brewer instruments to WMO 
for deployment in developing countries between 2018 and 2020, and ECCC’s renewal of the 
Canadian Brewer Trust Fund, a contribution agreement with WMO (2021-2025). The donated 
instruments are currently in operation at sites in Kenya, Chile and Kyrgyzstan. 
 
Central America, Mexico and the Caribbean (Héctor R Estévez Pérez, Geophysics Institute, 
National Autonomous University of Mexico (IGUM – UNAM)) 
 

This document is the synthesis of the national reports of Cuba, the Dominican Republic, 
Jamaica and Mexico. 
 
Jamaica and the Dominican Republic still do not have the necessary infrastructure to establish 
a program for the measurement and monitoring of stratospheric ozone and type B ultraviolet 
(UVB) radiation; however, the institutional work carried out to fulfil the commitments acquired 
from the Montreal Protocol is undoubtedly a great advance and a big step towards reducing 
ODSs, which also contributes to reducing global warming. 
 
Cuba and Mexico are the countries that have the instrumentation to generate monitoring 
capabilities of the ozone layer, so it is a great responsibility to give continuity to the 
measurements, as well as the fulfilment of sending them to WOUDC. This information is of 
importance because: 

• The tropical region in general is devoid of stations that measure the total ozone 
content. Measurements in this region are very useful as they serve as validation for 
satellite measurements. 
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• On the other hand, these measurements are important to corroborate the estimates 
made through CCMs about the behaviour of the ozone layer in the tropical region of 
the planet, for the present and future decades. 

Finally, in the section on needs and suggestions, the representatives of the area agree on the 
need to establish a regional program to implement not only the increase in ozone and UVB 
measurement points, but also the training of specialists who can operate and interpret the 
information. In this case, the Solar Radiation Observatory (ORS) of the Instituto de Geofísica 
Unidad Michoacán (IGUM) of UNAM is considered by WMO as a Regional Centre for Solar 
Radiation in the IV Region (AR-IV), and serves as the governing centre for these activities. 
 

Region 5: South-West Pacific (Richard Querel, New Zealand National Institute of Water and 
Atmospheric Research (NIWA)) 
 

While the South-West Pacific region has 24 potential contributors, only 4 national reports were 
received for the eleventh ORM: Australia, New Zealand, the United Kingdom, and United 
States – and the United Kingdom and United States reports contain little content specific to 
Region 5. Hence, the summary presentation consisted mostly of content from Australia and 
New Zealand, in contrast to previous meetings where additional perspectives were presented. 
 
There are several sites making ozone measurements in Region 5, and submitting their data to 
networks, but not all of those host nations submitted a national report to the eleventh ORM. It 
is important to re-engage with these members, and find out why they are not participating in 
the eleventh ORM. This outreach can be linked with instrument intercomparisons and capacity 
building in general. 
 
An Ozone Science Group meets several times per year with participation by Australian and 
New Zealand researchers, along with some government officials. It is an active research 
community, and a good interface between science and policy. 
 

Observations and instruments 

For Australia and New Zealand, the UV radiation, ozone, and trace-gas observations have 
ongoing support funding, and are continuing to operate well with minimal disruptions due to 
the COVID-19 pandemic. However, much of the effort goes into continuing the routine 
monitoring and data archiving, leaving research as a secondary exercise when possible. 

• A regional Dobson intercomparison at Melbourne is planned for 2022-2023. 

• Australia is performing long-term intercomparisons of Pandora, mini-SOAZ, and MAX-
DOAS against their Dobson and Brewer, with an eye for future-proofing their long-
term measurements. 

• New Zealand (NIWA) is developing AirCore capability in collaboration with NOAA. 

• The stratospheric ozone lidar at the NIWA Lauder atmospheric research station is 
being redeveloped to secure the future of the 30-year old instrument. 

• Satellite validation activities at Lauder are ongoing, including dedicated balloon 
launches with ozonesondes, frostpoint hygrometers (FPH) and aerosol spectrometers 
during overpasses of SAGE III on the ISS. 

Both New Zealand and Australia have active Antarctic research programmes, and the past 
couple of years have had interesting ozone holes. The 2019 ozone hole was small due to the 
sudden stratospheric warming (SSW) event, followed by the large hole in 2020 due to the 
strong vortex and colder than normal temperatures. 
 

Environmental concerns 

There is growing concern over the environmental impact of balloonborne packages. 
Regulations in New Zealand and Australia (and their Antarctic territorial claims) may 
eventually limit our ability to launch such packages if they will not be recovered. For example, 
a large fraction of the New Zealand-launched payloads land in the ocean. While biodegradable 



 25 

ozonesonde packaging is now in use at Lauder (replacing the Styrofoam box), the payload still 
contains electronics, batteries, and other non-biodegradable elements. 
 
Another concern is the HFC-23 (trifluoromethane) used as the cryogen for the CFH/FPH 
instruments, with its 100-year GWP of 12400 (approx. 500 mL are used per launch). HFC-23 is 
regulated under the Kigali Amendment and is becoming increasingly difficult to source, not to 
mention its significant impact on the atmosphere. 
 

Modelling activities 

New Zealand and Australian researchers have participated in the International Global 
Atmospheric Chemistry (IGAC)/SPARC Chemistry-Climate Model Initiative (CCMI) multi-model 
activity which, during the reporting period, has produced numerous publications. The aim of 
CCMI is to improve our understanding of these complex systems, and help inform ozone, 
climate, and air quality assessments. CCMI simulations were used in the 2018 WMO Scientific 
Assessment of Ozone Depletion report. 
 
The global climate version of the Australian Community Climate and Earth System Simulator 
(ACCESS) now has the capability to resolve stratospheric ozone depletion and recovery, and 
associated climate impacts. This model, known as ACCESS-CM2-Chem, is available to all 
academic researchers in Australia, and will be the basis for Australia’s contribution to the 
second phase of the Chemistry-Climate Model Initiative (CCMI-2). 
 
Evaluation against observations of the ACCESS-CM2-Chem model reveals improved skill in 
reproducing the stratospheric ozone hole, as compared to the previous ACCESS-CCM and 
ACCESS-UKCA models. Subsequent research will focus on timescales to ozone recovery, which 
both depend on future greenhouse gas and ODS emission pathways. 
 
University of Otago (New Zealand) is a major contributor to global climate modelling efforts. 
These climate model simulations aim to improve our understanding of solar influence (via 
energetic particle participation (EPP)) on polar ozone, and to investigate the physical 
mechanisms driving predicted and detected surface-level regional climate responses that arise 
from changes in ozone. This research is driven by the global need to improve our 
understanding of, and capability to simulate, background regional climate variability driven by 
solar activity. 
 

Developing research 

The Australian megafires of 2019/2020 also have been a topic of growing interest within the 
ozone community. The intense New Year’s fires generated pyrocumulonimbus clouds (PyroCb) 
that resulted in volcano-like injection of material into the stratosphere. These long-lived 
smoke-charged vortices maintained their integrity for several months while ascending 
vertically through solar thermal heating of the carbon aerosol (0.2 km per day). The smoke 
clouds eventually reached altitudes of 35 km. Satellite measurements, ground-based remote 
sensing and in situ ozonesonde measurements through the smoke showed ozone loss within 
the cloud. This is partly due to ozone-poor air being transported vertically, but also 
heterogeneous chemistry with the carbon aerosols present in the cloud, and is a new topic of 
research to understand better the processes in the smoke clouds. Given the increasing nature 
of these megafires under a warming climate, the observed effects of the smoke on ozone and 
stratospheric chemistry are a new area of interest that merits continued monitoring. 
 

Polar Regions 
 

Antarctica (Jonathan Shanklin, British Antarctic Survey (BAS)) 
 

No regional session took place prior to the eleventh ORM, so a comprehensive synthesis for the 
region was not available. Research stations are scattered widely across Antarctica, and provide 
an adequate network. Gaps in some aspects are beginning to appear, particularly with regard 
to radiosonde flights. There is scope for the introduction of new instrumentation for routine 
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measurement, though it will be important to ensure that novel systems can cope with low 
temperatures, particularly in the Antarctic spring. 
 
G. M. B. Dobson initiated the ozone-observing network for the International Geophysical Year 
of 1957/58. Mr Dobson sent one of his instruments to Halley, and a succession of instruments 
were used to carry out observations for over 60 years until a developing crevasse forced 
closure of the station. Subsequently, a Dobson spectrophotometer was automated for zenith 
measurements, and this now continues the sequence. The gap in the data has been “filled” by 
satellite measurements, as described in a paper by Zhang et al.29 This paper also highlighted 
the difficulty of calibration for a Dobson running purely in zenith mode. While for most regions 
calibration at a regional centre would only create a gap of a few weeks in the data, transport 
to and from Antarctica can take months, creating a difficulty unless instruments can be rotated 
in use. The WMO/GAW Dobson Handbook was last updated in 200830, and updates are 
required to cover the new ozone coefficients and use of multivariate equations for zenith 
observations. There is merit in central archiving of the raw Dobson dial readings and the 
associated Dobson metadata to allow future recalculation of ozone amounts. Documentation of 
this process could also be included in the Handbook. 
 
The 100-hPa temperature record shows a cooling associated with the growth of the ozone 
hole, but some stability over the last couple of decades. Historical major eruptions such as 
Mount Pinatubo created warming spikes in the mean curve, but there have been no eruptions 
of this magnitude this century. Even though there is a clear sign of recovery in minimum ozone 
levels, there is significant inter-annual variation, and a massive eruption could give the 
deepest ever ozone hole. 
 
There has been a decline in the ready availability of information about research and 
observation in Antarctica since the tenth ORM. The last WMO Ozone Bulletin was published in 
201631, and this provided a valuable synthesis. There is merit in resuming the publication of 
such bulletins for both poles to inform policymakers and expeditioners. Forecasts of future 
ozone distributions are available from the Tropospheric Emission Monitoring Internet Service 
(TEMIS), Copernicus and others, and these are valuable for planning purposes. The TEMIS 
forecasts are based on GOME2 data, but no comparative maps for any satellites are currently 
available from ECCC. When such maps were published, they showed that there was broad 
agreement between the satellites, but there was a difference in detail, suggesting that there is 
still need for ground truth. 
 
With many data assimilation systems now automated, there is greater chance of inadvertent 
data loss between collection on an Antarctic station and delivery and use elsewhere. 
Monitoring is needed at both ends to ensure that valuable data are not being mislaid. 
Continuity of measurement is very important in environmental monitoring, but can easily be 
interrupted by equipment failure or natural disasters. Examples of both have occurred in 
Antarctica since the tenth ORM. Contingency planning needs to be a critical part of the process 
of running observational programmes in the Antarctic. 
 
The Arctic: Status of ground-based ozone observations (Stoyka Netcheva, WMO) 
 

Large numbers of long-term observation records in the Arctic have been successfully 
maintained for more than 20 years, with the longest one at Resolute Bay, Canada, which has 
been supported for more than 60 years for total column ozone and 55 years for ozone profile 
measurements. Such long-term records are valuable to determine variability and long-term 
trends in different parts of the atmosphere through different activities, including LOTUS, TOAR, 
and studies of the tropospheric ozone and total column ozone trends that are relevant to 
climate change. 
                                                
29 Zhang, L. N., Solomon, S., Stone, K. A., Shanklin, J. D., Eveson, J. D., Colwell, S., Burrows, J. P., 
Weber, M., Levelt, P. F., Kramarova, N. A., and Haffner, D. P.: On the use of satellite observations to fill 
gaps in the Halley station total ozone record, Atmos. Chem. Phys., 21, 9829–9838, 
https://doi.org/10.5194/acp-21-9829-2021, 2021. 
30 https://library.wmo.int/index.php?lvl=notice_display&id=12630  
31 https://www.researchgate.net/publication/309188188_WMO_Antarctic_Ozone_Bulletin_no_2_-_2016  
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Examples of other applications of Arctic ground-based ozone observations include 
characterizing specific events such as springtime stratospheric ozone destruction and 
accompanying atmospheric conditions, as well as the impact of ozone loss on surface UV levels 
and long-range transport of air masses related to biomass burning and anthropogenic pollution 
originating at lower latitudes. Ground-based ozone observations have a long-standing 
important place for the validation of different satellite products, for harmonizing records from 
subsequent not overlapping space missions, and provide important independent validation 
data for forecasting services. They also help quantify model improvements. 
 
While the upgrade of the NOAA Barrow observing station was completed, and ozone-
measuring instrumentation at some observing locations was upgraded during the past three-
year period, the challenges related to the changes in supporting personnel, high/increasing 
costs, and decreases/cuts in the funding are impacting the frequency and quality of 
observations, and in some cases leading to their termination. The COVID-19 pandemic made 
those challenges even more difficult. 
 
Work by principal investigators and technicians needs to be acknowledged properly in all 
publications in order to be recognized by the public and management, and it is important for 
the future funding of the observations. Consolidating data repositories for ozonesondes and 
total column ozone would be beneficial for users and will increase data use. Existing 
opportunities for expanding observations and new collaborations at some Arctic facilities could 
enhance the science return. Despite all of the existing challenges, the improvements to 
instrumentation and retrieval skill have increased retrieval information content over the years, 
and the interest and commitment of the principal investigators remain high. Ms Netcheva 
provided examples of how recent applications of the ground-based observations demonstrate 
the high value and continued need for the systematic ground-based ozone observations, and 
for the preservation of the long-term data records. 
 

Region 6: Europe 
 

European Union: Update on ozone layer monitoring in the Copernicus Atmosphere 
Monitoring Service (Richard Engelen, European Centre for Medium-Range Weather Forecasts 
(ECMWF)) 
 

Mr Engelen provided an overview of the current status of the monitoring of the ozone layer by 
the Copernicus Atmosphere Monitoring Service (CAMS). Being part of the European Union (EU) 
Copernicus Earth Observation programme, CAMS combines satellite and ground-based 
observations with state-of-the-art computer models of the atmosphere to operationally 
monitor and forecast the composition of the atmosphere, including stratospheric ozone. The 
state of the ozone layer is illustrated through the daily production of various graphics on a 
dedicated part of the CAMS website, and all underlying output data are available through the 
Atmosphere Data Store32. This allows informing both a general audience as well as providing 
relevant data to the science community. During 2020, significant anomalies were seen both 
over the Arctic and Antarctic regions. The Arctic region showed mini ozone holes with very 
significant ozone reductions between 50 and 100 hPa. Over the Antarctic region, the 2020 
ozone hole lasted until well into December, which has not been seen on the same scale since 
at least the 1980s. The low ozone concentrations in the southern hemisphere spring resulted in 
very high UV Index (UVI) values at high-latitude stations, such as the Marambio Station in 
Antarctica. CAMS forecasted these values, which were confirmed by independent observations. 
To further improve its services, CAMS is developing more comprehensive chemical modelling 
for the stratosphere, which will allow the user to look into more detail at the relation between 
anomalous ozone concentrations and meteorological and chemical variables. 
 
Northern Europe: Ozone and UV monitoring in the Nordic countries (Nis Jepsen, Danish 
Meteorological Institute (DMI)) 
 

Mr Jepsen gave a brief description of ozone monitoring in the Nordic countries. The individual 
contributors were Arni Sigurdsson, Vedurstofa Islands (Iceland); Georg H. Hansen, NILU  
                                                
32 https://ads.atmosphere.copernicus.eu/  
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Figure 1. Chart showing the ozone column minimums (Dobson Units (DU)) for the 

southern hemisphere ozone hole. Credit: Copernicus Atmosphere Monitoring 
Service/Copernicus Climate Change Service, ECMWF. 

 
(Norway); Thomas Carlund, SMHI (Sweden); Rigel Kivi, FMI (Finland); and Nis Jepsen, DMI 
(Denmark/Greenland). The instrumentation on individual sites for each country was described, 
as were the results from recent year(s). Funding issues were mentioned where available. 
 
Western, Central, and Eastern Europe (Stefan Reimann, Swiss Federal Laboratories for 
Materials Science and Technology (Empa)) 
 

The report for Western, Central, and Eastern Europe summarized ozone and UV research 
activities from nine countries: Belarus, Belgium, Czechia, France, Germany, the Netherlands, 
Poland, Slovakia, Switzerland, and the United Kingdom. All of these countries have long-term 
monitoring programmes for ozone column and UV, and most of them also conduct regular 
ozone balloon soundings. 
 
Furthermore, European countries are key players in space-based ozone and trace-gas 
monitoring, contributing in many ways to the satellite measurements led by ESA and the 
European Organisation for the Exploitation of Meteorological Satellites (EUMETSAT) – GOME, 
SCIAMACHY, and GOME-2. This will continue with the MetOp and Sentinel satellites, using a 
TROPOMI instrument in the UV-visible and near infrared, and with the Infrared Atmospheric 
Sounding Interferometer (IASI) and IASI – Next Generation (IASI-NG) instruments operating 
in the infrared. 
 
The world's longest total ozone record dating back to 1926 at Arosa, Switzerland, shows the 
decline of total ozone caused by anthropogenic ODSs, as well as the change after the 
restrictions from the Montreal Protocol took place. Records from several European regions can 
be compared, and show specific differences, which justifies the long-term operation of several 
similar measurement stations in different parts of Europe. 
 
In addition, Europe has the densest network of sites where in situ measurements of ODSs are 
performed continuously. Five sites are combined under the AGAGE Network, which are 
regularly used for estimating emissions of ODSs and HFCs from the continental to the country 
level. 
 
European countries host a number of large observatories, monitoring a wide range of 
meteorological, chemical and other parameter related to ozone. In addition, stratospheric 
probes are regularly flown to follow the evolution of age-of-air tracers and ODSs. The IAGOS 
measurements on commercial aircrafts are another important European contribution towards 
sampling the tropopause region. 
 
For interpreting the observations, and for predicting the future climate and the development of 
the ozone layer, countries develop and use state-of-the-art CCMs and chemistry-transport 
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models (CTMs). With measurements, modelling, interpretation, and research, European 
scientists have been important contributors to the WMO/UNEP Scientific Assessments of Ozone 
Depletion, including the previous 2018 report and the ongoing 2022 activity. With these 
activities, Western, Central, and Eastern European countries have fulfilled many of the needs 
outlined in the recommendations of the tenth ORM meeting. Long-term observations of ozone, 
UV, and other climate variables have been maintained for the most part. Finally, Europe also 
provides data centre and calibration services related to ozone. 
 
Southern Europe: Spain, Italy, the State of Palestine, and the Syrian Arab Republic 
(Alberto Redondas Marrero, Meteorological State Agency, Spain (AEMET)) 
 

The State of Palestine and the Syrian Arab Republic: 

Two countries of the Eastern Mediterranean in war conflict submitted reports. The State of 
Palestine and the Syrian Arab Republic are asking for help to maintain their ozone and UV 
observations that are not currently operational. 
 
For the southern European Region, only the Spain report was submitted. The national reports 
from countries with a long tradition of the observation and research of atmospheric ozone such 
as Portugal, Italy, Turkey, and Greece were not submitted. 
 
Italy: 

The Italian polar activity includes Brewer and UV irradiance narrow-band filter radiometer 
measurements at the Dome Concordia and Belgrano stations (Antarctica), and the Arctic 
station at Ny Ålesund operated by the Italian National Research Council Institute of Polar 
Sciences (CNR ISP). These observations are used on research like the study of the Arctic 
depletion, indicating that the ozone column over highly populated European areas can be 
appreciably affected by the Arctic phenomena. 
 
Spain: 

The Spanish report describes the ozone observation network managed by AEMET and the 
Instituto Nacional de Técnica Aeroespacial (INTA), which includes the Izaña ozone supersite, 
as well as measurements in Antarctica in collaboration with Argentina and Finland. The UV 
network consists of more than 50 instruments and 2 calibration centres. These observations 
are complemented with regional networks and the Extremadura University. AEMET hosts the 
Regional Brewer Calibration Centre (for the RA/VI Region) Europe (RBCC-E) which provides 
the ozone reference for the Brewer spectrometers, and is in the process to become a Central 
Calibration Laboratory. AEMET also maintains EUBREWNET. 
 
AEMET and INTA participate in ozone research projects with universities like Universidad 
Complutense de Madrid, Universidad de Extremadura and Universidad de La Laguna, which are 
running 12 ozone research projects, and produced 57 publications during this reporting period. 
 
Spain has maintained the observation network with significant advances in QA/QC with the 
leadership role of RBCC-E, and capacity building with the organisation of training courses and 
twinning activities with Argentina, Algeria, Chile, Egypt, India, Morocco and Uruguay. 
 
 
SESSION 7: DISCUSSION ON AND ADOPTION OF THE 
RECOMMENDATIONS 

Recommendations arising from the meeting were discussed under five topics. For each topic, 
selected resource persons made a short introductory presentation based on the attendees’ 
presentations, followed by discussion. Rapporteurs for each topic led the drafting of the 
recommendations on the basis of the discussions. The national reports formed an important 
basis for the discussions and the recommendations. The resource persons and rapporteurs 
were as follows: 
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A. Research Needs / Topics of Interest: Introduction by Neil Harris, UK, and John Pyle, 
UK; Rapporteur – David Fahey, SAP Co-Chair 

 

B. Systematic Observations: Introduction by Irina Petropavlovskikh, USA, and Damaris 
Kirsch Pinheiro, Brazil; Rapporteur – Stefan Reimann, Switzerland 

 

C. Gaps in the Global Coverage of Atmospheric Monitoring of Controlled Substances and 
Options to Enhance Such Monitoring: Introduction by Paul Newman, SAP Co-Chair, A. 
R. Ravishankara, Trust Fund Advisory Committee Chair, and Ray Weiss, USA; 
Rapporteur – Stephen Montzka, USA 

 

D. Data Archiving and Stewardship: Introduction by Martine De Mazière, Belgium, and 
John Rimmer, UK; Rapporteur – Sum Chi Lee, Canada 

 

E. Capacity Building: Introduction by Liana Ghahramanyan, Armenia, and Matt Tully, 
Australia; Rapporteur – Ryan Stauffer, USA 

 
The following section introduces the final recommendations in the areas of research needs, 
systematic observations, gaps in the global coverage of atmospheric monitoring and controlled 
substances, data archiving and stewardship, and capacity building. 
 

Recommendations 
 
A. Research Needs 
 
Measurements of ozone and ozone-depleting substances (ODSs) and their replacements 
remain the cornerstone of stratospheric ozone research. These measurements are required to 
monitor the success of the Montreal Protocol on Substances that Deplete the Ozone Layer, to 
assess new influences and to allow process-based studies of ozone evolution in a changing 
climate. The understanding gained from the measurements and process-based studies are 
crucial to the development of atmospheric models, which are the primary tools for 
investigating future scenarios of stratospheric ozone. 
 
Key research needs recommendations arising from the eleventh meeting of the 
Ozone Research Managers: 
 
The delegates to the eleventh meeting of the Ozone Research Managers (ORM) continue to 
endorse the general recommendations for research needs provided by delegates to the tenth 
meeting of the Ozone Research Managers. The delegates to the eleventh meeting of the Ozone 
Research Managers continue to endorse the general recommendations for research needs 
provided by delegates to the tenth meeting of the Ozone Research Managers, which covered 
(a) chemistry-climate interactions and monitoring the Montreal Protocol; (b) processes 
influencing stratospheric evolution and links to climate; and (c) ultraviolet (UV) changes and 
other impacts of ODS changes. In the following, the delegates highlight a subset of topics for 
particular focus as research priorities for the next three years. The delegates note that these 
topics will be covered in depth in Scientific Assessment of Ozone Depletion: 2022, being 
prepared for publication by the United Nations Environment Programme (UNEP) and the World 
Meteorological Organization (WMO). 
 

(1) Improve understanding of global emissions of ozone-depleting substances and related 
gases: 

• The recent research into the unexpected trichlorofluoromethane (CFC-11) 
emissions underlines the value of improved estimates of ODS emissions globally. 
This goal should be achieved by (i) expanding the top-down emission capability 
to cover much more of the Earth’s surface and (ii) refining the bottom-up 
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emission estimates globally and regionally in conjunction with improved 
reporting of production. Using the two in combination will provide substantial 
synergistic improvements to the quality of emission estimates of ODS and their 
replacements. 

• An increasingly large fraction of the total atmospheric ODS amount comes from 
the shorter-lived ODS of both anthropogenic and natural origin. Monitoring and 
understanding their atmospheric emissions will provide underpinning information 
for any control strategies limiting future ODS concentrations. 

(2) Hydrofluorocarbons: 

• Concentrations of hydrofluorocarbons (HFCs) continue to grow in the 
atmosphere. The Kigali Amendment to the Montreal Protocol limits the 
production and use of many of the HFCs, thereby contributing to the protection 
of the climate system. Monitoring the success of the Kigali Amendment requires 
the atmospheric evolution of HFC concentrations to be monitored. It is essential 
that good geographic coverage of high-quality, systematic measurements is 
obtained to allow sectoral and regional emission information to be inferred. 

• The climate effects of HFCs require further research and evaluation, which will 
be closely coordinated with work on other non-carbon-dioxide (non-CO2) climate 
forcers (such as methane (CH4) and nitrous oxide (N2O)), all of which will affect 
the future stratosphere. 

(3) Stratospheric ozone – climate coupling: 

• It is now well established that the future evolution of the stratospheric ozone 
layer will depend not just on the decline of ODS concentrations, but also on how 
climate will affect stratospheric temperatures and circulation. While models 
predict a strengthening of the stratospheric overturning circulation (the Brewer-
Dobson circulation, BDC) under increased greenhouse gas (GHG) 
concentrations, studies (including studies using tracer data) are required to test 
projections of the increased strength of the BDC. The recent unusual behaviour 
of the quasi-biennial oscillation (QBO) also needs to be understood. Further 
research combining state-of-the-art chemistry-climate models and reference-
quality, altitude-resolved data records is needed. This will explain past changes 
and will provide an improved understanding of, and a firmer basis for, future 
projections of composition and climate. 

• Research that refines our understanding of inter-annual and long-term variability 
in loss and transport of long-lived gases will lead to better global emission 
estimates on these same scales. 

• Regional studies of stratospheric ozone processes remain crucial. The tropics are 
a key area for chemistry-climate interactions, as highlighted in the report of the 
tenth meeting of the Ozone Research Managers.33 Future ozone changes in the 
tropics will depend on climate change, affecting changes in the tropical 
circulation and tropopause temperature, as well as on tropospheric chemistry. 
Similarly, recent changes in both the Antarctic and the Arctic stratosphere may 
reflect composition-climate interactions. Understanding the evolution in the 
Arctic is a key challenge. Future research should focus on understanding the role 
of climate change in the evolution of polar stratospheric ozone. Other regional 
foci could be defined, such as the variability of the ozone layer associated with 
monsoon circulations or the mountainous regions of Central Asia and the 
Himalayas. 

(4) Aviation, rockets and climate intervention: 

• Future changes are expected in the amounts and distribution of certain trace 
gases and in the abundance and composition of aerosol particles in the 
stratosphere. These changes can result from a variety of sources and processes. 

                                                
33 https://ozone.unep.org/meetings/10th-meeting-ozone-research-managers/report-and-
recommendations   



 32 

Natural sources include emissions from ocean and coastal regions, explosive 
volcanic eruptions and intense fires. Anthropogenic sources include the 
emissions from proposed supersonic civil transport aircraft and rocket launches. 
Rockets are projected to be launched with increased frequency and with a 
variety of propulsion systems. 

• In leading climate intervention (also known as geoengineering) proposals, 
aerosol or aerosol precursors are injected into the stratosphere to increase 
Earth’s reflectivity (albedo) and thereby reduce the absorption of solar energy 
and climate forcing. 

• Increased aerosol abundance and associated reactions on or in particles are 
likely to enhance global ozone depletion in processes similar to those that lead 
to polar ozone depletion. 

 

B. Systematic Observations 
 
The science presentations for the eleventh meeting of the Ozone Research Managers and 
national reports emphasize the fact that systematic atmospheric composition observations 
remain critical for monitoring and understanding long-term changes in the ozone layer, as well 
as changes in atmospheric composition, circulation and climate. In order to verify the expected 
ozone recovery from ODS and to understand interactions with changing climate, continuing 
observations of key trace gases, UV radiation and parameters characterizing the role of 
chemical, radiative and dynamical processes will be required for many decades. 
 
Global observations have shown a steady decline of ODS abundances beginning shortly after 
the Montreal Protocol was negotiated; however, surface observations showed unexpected 
emission increases of the fully controlled CFC-11 ODS after 2012. Global monitoring networks 
(National Oceanic and Atmospheric Administration (NOAA) and Advanced Global Atmospheric 
Gases Experiment (AGAGE)) linked this CFC-11 emission increase to unexpected sources in 
eastern China. Efforts by the parties to the Montreal Protocol apparently led to a significant 
reduction of CFC-11 emission levels by 2019. This CFC-11 emission issue exposed a lack of 
stations necessary for deriving regional emissions. 
 
Observations also show that the ozone layer is recovering at the rate of one-third of the 
decline rate observed prior to the Montreal Protocol intervention. We are in a period that does 
not yet unambiguously show the response to ODS decreases and, furthermore, a period when 
gases other than ODS (especially CO2, N2O, CH4 and water (H2O)) also influence global 
stratospheric ozone changes. Future emissions of these gases, which are not controlled under 
the Montreal Protocol, are quite uncertain. Their impacts are complex and interconnected, 
influencing both climate and chemistry in the stratosphere. Robust long-term monitoring is 
therefore also essential in this period, moving towards the recovery of the ozone layer, which 
is expected in the latter part of this century. 
 
Monitoring also needs to be expanded to include important new species and parameters (such 
as emerging ODS replacements, short-lived halogenated chemicals and tracers for atmospheric 
circulation). Key measurement regions include the upper troposphere / lower stratosphere 
(UTLS) and regions of stratosphere-troposphere exchange in the extratropics such as the 
monsoon circulation region, as well as the polar caps and the upper stratosphere. 
 
There is growing concern for the end-life of satellites (for example, the Aura Microwave Limb 
Sounder (MLS)) that have been tracking some of the ODS, trace species and water vapour 
high-resolution profiles. There are no immediate plans to replace high-resolution limb-type 
satellite instruments. Therefore, the gap will have to be mitigated by the intensive use of 
ground-based observations; however, the current and new satellite instruments will continue 
ozone observations at high vertical and spatial sampling. 
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Key systematic observations achievements since the tenth meeting of the Ozone 
Research Managers: 
 

(1) Despite various difficulties, ground- and space-based measurements of ozone, most 
relevant trace gases, temperature and stratospheric aerosol have continued over the 
last years. The General Trust Fund for Financing Activities on Research and 
Systematic Observations Relevant to the Vienna Convention (VCTF) has played a 
large role in providing support, especially for the ground-based global observation 
networks, including providing intercomparisons, refurbishing and shipping available 
Dobson instruments and enabling ozonesondes, while encouraging 
development / validation of other instruments; however, several activities, such as 
calibration and intercomparison campaigns, were strongly affected by the restrictions 
imposed due to the coronavirus disease (COVID-19) pandemic situation. Furthermore, 
the limited funding for the VCTF has greatly hindered implementation of various 
worthy and needed efforts. This limitation has also negatively impacted capacity 
building in countries operating under paragraph 1 of Article 5 of the Montreal Protocol 
(Article 5 countries or developing countries) and countries with economies in 
transition (see “capacity building” section). 

(2) The limb-observing component of the Ozone Mapping and Profiler Suite (OMPS) on 
the current Suomi National Polar-orbiting Partnership (Suomi NPP) platform, and the 
planned continuation on the second Joint Polar Satellite System (JPSS-2) platform; 
the current deployment of the Stratospheric Aerosol and Gas Experiment III (SAGE 
III) solar occultation instrument on the International Space Station (ISS); and the 
planned Atmospheric Limb Tracker for the Investigation of the Upcoming Stratosphere 
(ALTIUS) satellite mission have reduced the imminent gap in atmospheric limb-
sounding instruments for ozone, aerosol and water vapour; however, as indicated in 
the key recommendations below, a significant loss of limb measurement capabilities is 
still expected for many other important gases. 

(3) Some Dobson and Brewer instruments have been refurbished and installed in Article 5 
countries; however, some are not yet in regular operation. More support, such as via 
the VCTF, might remedy this. 

(4) New UV ozone absorption cross-sections have been agreed upon and are now used in 
some applications. Several recent publications have demonstrated that the main 
differences between Dobson and Brewer can be reconciled when applying the new 
ozone cross-sections and temperature corrections. It leads to the homogenization of 
Dobson and Brewer records. 

(5) Substantial progress has been made with understanding and improving the historical 
ozonesonde records within the Ozonesonde Data Quality Assessment (O3S-DQA) 
activity. The Assessment of Standard Operating Procedures for Ozone Sondes 
(ASOPOS) 2.0 report: Updated Guidelines for Global Ozonesonde Operations is being 
finalized and will be published by WMO in 2021. 

(6) Global stratospheric aerosol records have been re-evaluated and homogenized, and 
the recently deployed SAGE III/ISS instrument has demonstrated its ability to 
continue global observations of volcanic aerosols and the impact of fires on the 
stratosphere. In addition, the OMPS Limb Profiler observations provide information on 
the aerosol vertical distributions; however, there are uncertainties associated with the 
accuracy of the altitude registration. In combination with other satellite information, 
OMPS Limb Profilers can detect the fire aerosols in the UTLS (work in progress). The 
TROPOspheric Monitoring Instrument (TROPOMI) has the ability to detect aerosols 
from fires and determine the top altitude of aerosol elevation. MLS was able to detect 
fire tracers in the UTLS. 

(7) Progress has been made in terms of timely delivery of ozone and related data from 
ground-based stations and in the use of these data for validation of services such as 
the Copernicus Atmospheric Monitoring Service (CAMS), as well as for satellite 
validation. These activities went hand-in-hand with better characterization of 
uncertainties in all data sources, with improved practices and standards, and have 
resulted in improved data quality (for example, ASOPOS 2.0; the Jülich Ozone Sonde 
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Intercomparison Experiment (JOSIE) campaign and publications; Network for the 
Detection of Atmospheric Composition Change (NDACC) rapid delivery (RD) data to 
Copernicus; the Aerosol, Clouds and Trace Gases Research Infrastructure (ACTRIS); 
European Brewer Network (EUBREWNET) error characterization analyses; link of the 
EUBREWNET data with the World Ozone and Ultraviolet Radiation Data Centre 
(WOUDC); WOUDC; Southern Hemisphere ADditional OZonesondes (SHADOZ); and 
the NDACC links). Further progress in these directions is encouraged. 

(8) New and more modern instrument types are being tested and integrated into ground-
based networks, participating in intercomparison campaigns with established 
instruments like Brewer. Examples are the new Differential Optical Absorption 
Spectroscopy (DOAS)-type instruments, Pandora and Multi Axis-DOAS (MAX-DOAS) 
spectrometers for ozone, and Air-Core samplers on small balloons for other trace 
gases. 

(9) Substantial progress has been made in assessing and improving the quality of long-
term ozone profile records from satellites. Key to this were intercomparisons of all 
existing data sources and much-improved approaches to merging the records from 
different individual instruments. Several improved records are now available, but 
comprehensive assessment of all the uncertainty sources for these long-term records 
is still required. Activities in this direction are under way (for example, in the joint 
Global Atmosphere Watch / Stratosphere-Troposphere Processes and their Role in 
Climate (GAW/SPARC) Long-term Ozone Trends and Uncertainties in the Stratosphere 
(LOTUS) and SPARC Towards Unified Error Reporting (TUNER) activities). 

(10) It is important to note the steady decline in ozonesonde profile observations since the 
report of the tenth meeting of the Ozone Research Managers. This is a warning sign 
for decline in availability of the highly resolved ground-based observations for satellite 
and model verification and trend analyses. 

(11) Ozone observations uncovered deficiencies in the general circulation models for 
capturing geographical distribution of the decline in low stratospheric ozone that point 
to the need for improved understanding of BDC processes and how they are 
represented in the models. 

 
Key systematic observations recommendations arising from the eleventh meeting of 
the Ozone Research Managers: 
 

(1) The eleventh meeting of the Ozone Research Managers recommends increasing 
funding for the VCTF. Increase resources for continuing ground-based stations, 
especially for stations producing long-term records of ozone, trace gases and UV. 
These observations provide fundamental information to the Montreal Protocol parties 
to ensure that ozone recovery continues and to minimize associated climate change. 
The steady decrease in the number of stations, mainly in the tropics and Southern 
Hemisphere, including profile measurements, is endangering the independent 
monitoring of trends and the capturing of unexpected events, as well as our ability to 
validate satellite data records. Special encouragement from the parties and WMO 
GAW to national science agencies, meteorological agencies and other institutions is 
needed to assure continued and high-quality measurements. In addition, support 
from the VCTF is needed. 

(2) Restore and expand regular, long-term monitoring where scientific needs are clearly 
identified. Key regions are those of troposphere-stratosphere exchange, such as 
monsoon regions, Southeast Asia, the maritime continent and mountainous regions 
(such as Andes, Himalayas and Central Asia). Ozone and UV measurements also 
should be targeted to data-sparse areas such as South America, Africa and Asia and 
in the inter-tropical region for accurate detection of BDC changes and other transport 
phenomena (see specific recommendations in bulleted items under “Research 
needs”). 

(3) Continue the implementation of new and cost-effective instruments towards 
harmonizing global monitoring networks for ozone and trace gases, as well as 
standard data processing. Examples include EUBREWNET, Pandora, DOAS / Système 
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d’Analyse par Observations Zénithales (SAOZ), Air-Core, ozonesondes, etc. Global 
partners should support current regional harmonization initiatives. In addition, the 
eleventh meeting of the Ozone research Managers recommends that national 
agencies in non-Article 5 countries (developed countries) be encouraged to donate 
“retired” instruments for refurbishment and redeployment by VCTF to Article 5 
countries and countries with economies in transition. 

(4) Continue limb emission and infrared solar occultation observations from space. This is 
necessary for global vertical profiles of many ozone and climate-related trace gases. 
Without such observations, assimilated data and related services for policymakers will 
degrade, the detection and interpretation of changes in atmospheric circulation will be 
hampered and events like the severe 2011 and 2020 Arctic ozone depletion will not 
be properly understood. 

(5) Continue and expand, where necessary, variables for qualifying important connections 
between changes in ozone, climate and atmospheric transport, and large-scale 
circulation. In particular, the expected changes in the global meridional BDC and 
events like the breakup of the QBO, require appropriate temperature, winds and 
trace-gas profiles, especially of dynamical tracers like N2O and sulphur hexafluoride 
(SF6), as well as ozone, aerosols and water vapour. Observations are particularly 
needed for the analysis and improvement of the BDC derived from data assimilation 
systems. 

(6) Increase efforts to monitor vertical profiles of source gases, especially N2O, CH4 and 
water vapour, through the troposphere and stratosphere to understand their changing 
fluxes and to better assess their impacts. As most of the concentrations of ODS are 
declining, others are becoming more important for their impacts on the ozone layer 
and climate change. In the light of a probable gap in satellite observations of these 
gases, how balloon (and ground-based) observations can help to fill the gap up to the 
middle stratosphere should be investigated. 

(7) Observe profiles of concentrations, size distributions and composition of stratospheric 
aerosols. They are crucial for properly simulating the stratospheric ozone layer. 
Natural processes that contribute to the Junge layer, along with volcanoes and pyro-
convection, need to be monitored, and their evolution understood. 

(8) Ensure trustworthiness of data via global and regional calibration facilities and quality 
assurance systems. This includes full support for the WMO GAW programmes and 
their endorsement by the parties to the Vienna Convention, including the 
establishment of a data curators committee in support of WOUDC, which requires 
active collaboration between data providers, data archives and data users. 

(9) Implement incorporation of new ozone cross-sections and temperature corrections by 
all established ground-based networks. This requires updating operational software, 
data processing and versioning of the data for archival. It will also require accounting 
for ozone layer temperatures and recalculation of the historic records for archival at 
WOUDC under the guidance of the WMO GAW UV and ozone scientific advisory 
groups. In order to move forward, curation of data that will guide homogenization and 
reprocessing of data is needed. The Dobson operations guide needs to be thoroughly 
updated and published at WMO. 

(10) Enhance monitoring of ongoing emissions to check for consistency with the Montreal 
Protocol for long-lived ODSs and HFCs controlled under the Protocol, so that ongoing 
emissions can be monitored to check for compliance with the Protocol (see specific 
recommendations in the bullet points under “Gaps in the global coverage of 
atmospheric monitoring of controlled substances and options to enhance such 
monitoring”). 

(11) Include measurements of very short-lived halogen-containing substances (VSLS) of 
interest to the Montreal Protocol (VSLS and hydrofluoroolefins (HFOs), including their 
degradation products) in baseline monitoring programmes at global and regional 
scales. Systematic observations should include different altitudes, as transport of 
VSLSs and their halogenated degradation products into the stratosphere is not yet 
measured regularly. 
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The eleventh meeting of the Ozone Research Managers recommends the following 
actions for observations, data analyses and curation of data related to ozone 
depletion: 
 

(1) Assure and increase funding for continuous observations, analyses and curation of 
data. 

(2) Continue efforts for supporting ongoing and new observations of ozone, GHG, ODS, 
HFCs, VSLS, aerosols, related chemical composition, and meteorological parameters 
on national and global scales, especially in Article 5 countries. Support from the VCTF 
is needed. Therefore, the delegates recommend increasing funding for the VCTF. 

(3) Open access to observation data (including metadata and calibration information) is 
required for intercomparability of networks and data analyses. Stations need to be 
supported to provide such data. 

(4) Data analyses are critical for interpretation of observations, driving future research 
and informing policy makers. 

(5) Provide support for the long-term curation of the archived data, requiring active 
collaboration between data providers, data archives and data users. 

(6) Develop common tools, formats and centralized processing for the near-real time 
ozone data submission to improve forecasts. 

(7) Encourage the twinning of observation stations in Article 5 and non-Article 5 countries 
(see further recommendations under “capacity building”). 

(8) Identify extra financial sources to support regional network calibration and data 
homogenization initiatives (such as calibration of the South America Brewer 
instruments, reprocessing Indian ozonesonde records, operational software 
upgrades). 

 

C. Gaps in the Global Coverage of Atmospheric Monitoring of Controlled 
Substances and Options to Enhance Such Monitoring 

 
The draft white paper, Closing the Gaps in Top-Down Regional Emissions Quantification: Needs 
and Action Plan,34 prepared on behalf of the Scientific Assessment Panel with extensive 
consultation among a broad range of members of the ozone research community and the 
assessment panel members, was presented and discussed at length during part I of the 
eleventh meeting of the Ozone Research Managers, held online on 7 and 8 October 2020. 
Details of the presentation and the ensuing discussions are included, together with further 
background information, in the report of the Ozone Research Managers for the meeting 
(UNEP/OzL/Conv.ResMgr/11(I)/2)35. 
 
The presentation summarized current methods for measuring atmospheric abundances of 
substances controlled by the Montreal Protocol and determining regional emission rates from 
atmospheric data, emphasizing the methods that played important roles in the recent 
discoveries and mapping of unexpected CFC-11 emissions. A key component of the white 
paper is a global map showing the very limited regions from which the current measurement 
stations can quantify regional-scale emissions. The costs and criteria for expanding 
observations at stations using flask sampling and high-frequency in situ instrumentation were 
presented, as were methods for modelling the regional emissions sensitivity for potential new 
measurement locations. 
 
The discussions that followed in October 2020 focused mainly on the range of available 
methods for sampling and measuring these substances in the atmosphere, and their relative 
advantages and disadvantages. Several minor edits to the draft white paper were 

                                                
34 https://ozone.unep.org/meetings/11th-meeting-ozone-research-managers-part-i/pre-session-
documents  
35 https://ozone.unep.org/meetings/11th-meeting-ozone-research-managers-part-i/post-session-
documents  
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recommended. The most significant one was to include sensitivity units for the modelled 
“footprint” contours for existing observations in the regional sensitivity map. The document 
was then revised accordingly, and the resulting final version 
(UNEP/OzL/Conv.ResMgr/11(II)/4)36 was posted for consideration during part II of the 
eleventh meeting of the Ozone Research Managers, held online from 19 to 23 July 2021. 
 
The presentation at part II of the eleventh meeting focused on summarizing the status of the 
white paper and advances in exploring potential measurements sites via Observational System 
Simulation Experiments (OSSEs). Mr Ray Weiss (United States) presented the first portion, 
and Mr Ronald Prinn (USA) described the second topic. Three new OSSE simulations that 
computed the sensitivity maps as functions of season and the El Niño/La Niña Southern 
Oscillation (ENSO) were examined for potential sites suggested by various interested parties. 
In addition, Mr Prinn introduced a new way to predict regions that might be adding to 
unexpected emissions using a machine learning method based on socioeconomic activities. 
This new method can be employed to help assess potential sites for new measurement stations 
to fill gaps in the global ODS observing system. He also presented updated observational data 
on recent reductions in East China CFC-11 emissions. 
 
During the discussion, Mr Stephen Montzka (United States) posed two questions, namely: 

(1) whether there were data that the parties might have that could assist the Scientific 
Assessment Panel in its deliberations regarding the optimal locations for new 
observational capabilities; and 

(2) whether the parties could provide more detailed information about past, present and 
potential future uses of controlled substances, including HFCs. 

The second question also arose during discussions at the recent sessions of the forty-third 
meeting of the Open-ended Working Group of the Parties to the Montreal Protocol, following 
the presentations of the Scientific Assessment Panel and the Technology and Economic 
Assessment Panel. An effort to expand “bottom-up” research and information on such things 
as banks, production facilities, product usage and equipment retirement could help refine 
Technology and Economic Assessment Panel modelling of emission expectations and inform 
the positioning of future observing stations. The Ozone Research Managers could encourage 
such information from the parties (in-country analyses of past and future markets, 
consumption, sales, appliance lifetimes, and so forth). This would enhance the work of the 
Scientific Assessment Panel and the Technology and Economic Assessment Panel in their 
efforts to identify and quantify gaps by comparing the atmospheric observation-based “top-
down” emissions with Technology and Economic Assessment Panel modelling of emission 
expectations. Other efforts to improve “bottom-up” emissions mapping were also described by 
Mr Philip DeCola (United States) and Mr A. Ravishankara (United States). The delegate from 
Finland suggested prioritizing observations and locations based on their importance (for 
example, expected “hot spots,” ozone depletion potential (ODP)- and global warming potential 
(GWP)-weighted emission expectations, and substances with rapidly rising trends). The 
delegate from Brazil raised additional points about station costs and funding sources, while the 
Belgian delegate inquired about whether column observations could be used for emissions 
estimates. In response to costing, it was noted that rough costing was addressed in the white 
paper, while funding sources were outside the purview of the Ozone Research Managers. 
Emission estimates on regional scales from column observations are currently not derivable, 
but research is encouraged. 
 
On the basis of the above information and discussions, draft recommendations of the Ozone 
Research Managers were proposed and discussed, leading to the adoption of the final 
recommendations. 
 

                                                
36 https://ozone.unep.org/meetings/11th-meeting-ozone-research-managers-part-ii/pre-session-
documents  
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Key white paper recommendations arising from the eleventh meeting of the Ozone 
Research Managers: 
 
Based on the discussions of the white paper (UNEP/OzL/Conv.ResMgr/11(II)4)34, the Ozone 
Research Managers: 

(1) Endorse the white paper, and forward it to the Vienna Convention and Montreal 
Protocol parties for their consideration. 

(2) Note that the activities and methodologies outlined in the white paper provide a 
sound basis for addressing the gaps in monitoring of controlled substances. 

(3) Emphasize the importance of continued monitoring of controlled substances (that is, 
ODS and HFCs) and the need to address gaps for early detection of emissions and 
their sources. 

(4) Emphasize that filling in the gaps in monitoring is resource-intensive, and 
considerable sustained funding would be required. 

(5) Note that a pilot project with European Commission funding will be undertaken by the 
Ozone Secretariat to implement some of the recommendations in the white paper, 
that the Ozone Research Managers are grateful to the European Union for such 
financing, and that additional resources would allow expansion of the initiative. 

(6) Recognize the importance of contributions from all global and regional controlled 
substance-monitoring programmes, and strongly urge their sustained support with 
effective cross-programme sharing and integration, including for calibration 
standards, data accessibility and emissions model development. 

(7) Prioritize locating any new sites and the chemicals to be measured based on 
expectations derived from the work of the Technology and Economic Assessment 
Panel, the Scientific Assessment Panel and other contributors as to where, what and 
how much is likely to be emitted in the future. 

 

D. Data Archiving and Stewardship 
 
Key data archiving and stewardship achievements since the tenth meeting of the 
Ozone Research Managers: 

(1) Central data processing systems are taken further or being set up in several 
monitoring networks, such as EUBREWNET, for selected NDACC-type data and 
Pandora data in the framework of ACTRIS; the European Space Agency (ESA) Fiducial 
Reference Measurements for Ground-Based DOAS Air-Quality Observations 
(FRM4DOAS) Programme; the NASA Making Earth System Data Records for Use in 
Research Environments (MEaSUREs) projects for harmonized satellite data sets; and 
others. They ensure harmonized data processing and quality assurance across the 
networks, operational data delivery and re-processing capabilities with full 
traceability. More data centres have implemented the option to store and provide 
access to multiple data versions with full traceability (for example, NDACC and 
EUBREWNET). These efforts should be expanded to more networks and more target 
observational variables. WOUDC needs resources for central data processing. A 
similar approach to that used in EUBREWNET still remains a desirable application to 
the Dobson network. 

• It has been noticed that some individual principal investigators have allocated 
resources to digitize and reprocess historical data according to current 
state-of-the-art procedures, but this effort remains limited because of the lack of 
resources. The Copernicus Climate Change Service (C3S) has allocated some 
resources to the digitization of historical meteorological data, but we have not 
seen a similar effort for atmospheric ozone data and related variables. 

(2) Progress has been made on enhanced linkage among data centres. WOUDC has made 
linkages available to established data centres, including the European UV DataBase 
(EUVDB) and other WMO World Data Centres, with cross-data-centre search. SHADOZ 
data have been formatted and ingested, and the pyshadoz open-source tool 
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developed. NDACC and EUBREWNET file listings are indexed into the WOUDC data 
search, with the data discoverable from WOUDC and downloaded from NDACC and 
EUBREWNET, respectively. In addition, WOUDC continues to promote interoperability 
in support of open government, open data and open software, resulting in increased 
use of the data centre. There is a data centre interoperability (DCIO) project that 
aims to federate various Earth observation (EO) data centres for cross--centre 
information sharing and harmonizing metadata exchange without copying the data 
files. 

(3) Data centres have made progress in providing data in several accepted standard 
formats. WOUDC support of open standards and interoperability allows the 
downloading of ozone/UV data in multiple formats and representations (comma-
separated values (CSV); Extensible Markup Language (XML); JavaScript Object 
Notation (JSON); and so forth). Station metadata are also available in the WMO 
Integrated Global Observing System (WIGOS) Metadata Standard. WOUDC obtains 
annual contributor contact validation, sends out contributor data submission 
reminders and provides data submission feedback (confirmation, data processing 
report) and metadata quality correction feedback. Data formats may work the other 
way, too; most data centres want data from providers in the data centre format 
rather than the provider format. Thus, there is progress with availability of data 
search, visualization and data exchange tools like Open Application Programming 
Interface (API). Nevertheless, it remains difficult to use data retrieved from different 
data centres synergistically because they are provided in different data standards 
(format, metadata). 

• The EUBREWNET data centre includes data from intercalibration campaigns, but 
the data are less prevalent from other (inter-)calibration activities or 
measurement campaigns. For the purpose of Copernicus satellite validation, an 
inventory is being made of the location and FAIRness (Findable, Accessible, 
Interoperable, Reusable and Reproducible) of the reference data sets, including 
campaign data, which are available in various data centres for the Sentinel 
satellite data. A similar effort covering data for ozone research might be useful. 

(4) Progress has been made towards ensuring the long-term sustainability of databases. 
For example, the NDACC Data Host Facility (DHF) is transitioning from NOAA to 
NASA’s Langley Research Center (LaRC). There is a move of Total Carbon Column 
Observing Network (TCCON) data from the Carbon Dioxide Information Analysis 
Centre (CDIAC) to the Jet Propulsion Laboratory (JPL). EUBREWNET is supported by 
the Spanish State Meteorological Agency (AEMET), and integrated with the Regional 
Brewer Calibration Centre for Europe (RBCC-E). Within Environment and Climate 
Change Canada (ECCC), WOUDC continues to be operated by the Meteorological 
Service of Canada (data management and access), in collaboration with the Science 
and Technology Branch (scientific expertise / recommendations). WOUDC 2.0 is being 
developed to update the website and application programming interfaces. A beta 
release will be available in late 2021 / early 2022. The long--term archiving effort 
must be sustained. 

(5) Progress has been made on data publishing with an associated digital object identifier 
(DOI). First-order DOIs are implemented for WOUDC data sets. NDACC and other 
data centres have implemented the assignment of DOI and data licenses to their data 
sets. Following the request from the WMO scientific advisory groups on ozone and UV 
for station-based DOIs, WOUDC is in discussion with the WMO Expert Team on 
Atmospheric Composition Data Management (ET-ACDM). 

(6) WMO is working on a new data policy to advance the international exchange of Earth 
system data, including atmospheric composition monitoring and research data. There 
is interest in moving towards a unified open data policy; however, the research 
community recognizes the need to acknowledge the data providers. 
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Key data archiving and stewardship recommendations arising from the eleventh 
meeting of the Ozone Research Managers: 
 

(1) The delegates re-emphasize the past recommendation regarding the continuing need 
to develop robust automated data submission with centralized and standard 
processing wherever feasible, and quality assurance schemes to ensure timely—or 
even near-real time—submission to the appropriate data centres. In particular, all 
necessary information to process and reprocess data (such as calibration histories) 
should be included in the processing facility. Scientific oversight is required. Satellite 
overpass data and metadata with tools to determine co-locations with ground- and 
aircraft-based programmes should be readily accessible to the data centre, data users 
and data providers to allow for initial quality assessments in near-real time. Vice 
versa, ground station data should be readily accessible to the satellite teams. 
Databases should be configured to store multiple versions with full traceability. 

(2) Strongly encourage the full curation of data, including historical data. In particular, 
the curated data should include all metadata and ancillary data. It is a redundant 
effort for individual users to curate the data. It is important for data centres to work 
with the scientists regarding what needs to be archived. A working group should be 
formed to discuss how data curation could be put into practice. The decision of who 
would lead this working group could be left up to WMO ET-ACDM. This topic is also 
alluded to in the “systematic observations” recommendations. 

(3) Address the urgent need to allocate resources for digitizing and curating historical 
data for ozone and related species, as well as for ancillary data (for example, 
laboratory spectroscopic data, station information), where available and before the 
information and knowledge get lost, in order to include the data in modern database 
systems. The parties are encouraged to ask their research agencies to digitize and 
quality-control data they have retrieved and to make it freely available. A call should 
be sent out to stations asking if they need help digitizing their data, with a view to 
twinning. 

(4) Continue to encourage data providers to submit or link to established databases to 
avoid a proliferation of databases, and especially to avoid the loss of data after the 
end of a measurement or (inter)calibration campaign or project, and to enable 
possible reprocessing of the data. 

(5) Further target enhanced linkage among data centres. This requires that data centres 
coordinate more and make further progress with the exchange of metadata and 
interoperability. Open and user-friendly formats and data access should be 
encouraged; data that are not open to the community should be made widely 
available. Different data levels (L0 to L3; merged data sets) may be required for 
different users. Efforts to generate homogenous long-term data records from 
available data sources should continue. 

(6) Data centres should be able to provide data in several accepted standard formats. It 
should be the data centres’ responsibility to provide tools to re-format, read and view 
the data and, if possible, carry out initial quality checks on submitted data using 
scientific oversight. Other responsibilities for data centres should be clearly 
established. The delegates recommend that WOUDC initiate requests to the Dobson 
stations to collect “raw” (for example, N-value for Dobson instruments) data for 
archival and centralized reprocessing purposes. WOUDC collects calibration 
information from Dobson calibration centres to accompany station data. 

 A decision about a common data format and metadata standard would facilitate the 
exploitation of data retrieved from different data centres. Several common data 
standards, like the Climate and Forecast Network Common Data Form (netCDF-CF) or 
the Common Data Model (CDM), are emerging; these are used by several Earth 
observation communities (such as satellite data providers and the climate modelling 
community) and are supported by a number of tools for extracting and visualizing the 
data. Work should be undertaken in the WIGOS framework or with the Generic Earth 
Observation Metadata Standard (GEOMS) Metadata Board to identify a common 
standard and recommend an approach for data format conversions. A recent study 
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determined that the various formats currently provided are the best we can do, 
although we still need to try to do better. In response to the user requests, WMO data 
centres should collaborate with other data centres (that is, NDACC) to produce data in 
a common format. 

(7) The creation of central data portals (for example, at the World Data Centres) that 
provide visibility and linkage to the ensemble of existing data centres for ozone 
research-related data would enhance the possibility of making synergistic use of all 
the data and, as such, increase the effectiveness and valorisation of data acquisition 
efforts. 

(8) Funding agencies need to continue to recognize long-term archiving as a resource-
intensive but critical part of any measurement or modelling programme. Stewardship 
and succession should be a consideration. Long-term data preservation (LTDP) should 
be supported further. For example, ESA member States have made progress in 
supporting the ESA LTDP programme. Solutions for the long-term sustainability of 
databases should be sought (for example, CDIAC, EUBREWNET). 

(9) Data availability must be implemented according to FAIR data principles. This is 
supported by the assignment of a DOI and data license to the data sets. Data 
publishing with an associated DOI (for example, in Pangaea or the Earth System 
Science Data (ESSD) journal) should be encouraged to provide data to the scientific 
community and to give recognition to scientists and the funding agencies for 
providing the data. This may also offer a good solution for the archiving (including 
traceability) of model output or single data. An open data policy is recommended, but 
with the requirement to give appropriate credit to the data originator. A way must be 
found to ensure that these credits are given, as they are often taken as a key 
performance indicator for funding agencies. 

(10) Central data archives for satellite data sets (such as the Distributed Active Archive 
Centre (DAAC) at NASA) linked via a central portal (such as the Committee on Earth 
Observation Satellites (CEOS) portal) must be supported on a sustainable basis. 
Satellite overpass data and subsets coincident with ground-based network stations 
must be readily available; for instance, facilities like the Aura Validation Data Centre 
(AVDC) and the ESA Validation Data Centre (EVDC) should be sustained. 

(11) Actions should be taken by monitoring stations operating Brewer spectrophotometers 
or other types of spectral and broadband instruments towards increasing the 
submission rate of UV index data to WOUDC. Ensuring the quality of this data is 
imperative, as their use is directly related to effects of UV radiation on human health 
and ecosystems. 

 

E. Capacity Building 
 
While capacity building for ozone monitoring and research in developing countries and 
countries with economies in transition comes from the general commitments anchored in the 
Vienna Convention, it is of itself an essential component of achieving a truly successful 
Montreal Protocol. 
 
The atmosphere covers the globe and does not recognize national borders, thus requiring 
measurements with full global coverage for proper scientific understanding of ozone. To be full 
participants in the Montreal Protocol, all countries need to be partners in our ever-growing 
scientific understanding, and the global need is for all countries to make contributions to 
research efforts, particularly in the decades to come. When this occurs, local experts will exist 
who can communicate with regional policymakers and speak with authority on the importance 
of compliance with the Montreal Protocol. 
 
One of the main goals of capacity building is the enhancement of ozone-monitoring networks, 
such as that of GAW, and the creation of local scientific communities contributing to global 
ozone science. This can be achieved through partnerships that exchange knowledge between 
the industrialized world and developing countries. The rapid advancement of modern 
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communications technology brings new opportunities to establish and conduct such 
partnerships. 
 
Paragraph 3 of decision X/2 of the Conference of the Parties to the Vienna Convention states: 
 
“To accord priority to capacity-building activities, in particular the specific projects identified 
for priority funding under the General Trust Fund for Financing Activities on Research and 
Systematic Observations Relevant to the Vienna Convention, related to the inter-calibration of 
instruments, the training of instrument operators and increasing the number of ozone 
observations, especially through the relocation of available Dobson instruments.” 
 
Key capacity building achievements since the tenth meeting of the Ozone Research 
Managers: 
 

(1) Activities completed under the General Trust Fund for Financing Activities on Research 
and Systematic Observations Relevant to the Vienna Convention 

• Activity 10: Dobson intercomparison campaign for northern Africa, El Arenosillo, 
Spain, 4–15 September 2017 

• Activity 11: Training workshop for Brewer operators, Sydney, Australia, 4–
9 September 2017 

• Activity 12: Joint project proposal by WMO/Global Atmosphere Watch and 
Southern Hemisphere Additional Ozonesondes: Jülich Ozone Sonde 
Intercomparison Experiment 2017, Jülich, Germany, 9–20 October and 
23 October–3 November 2017 

• Activity 13a: Kenya: Capacity-building on data management and instrument 
calibration: part 1, Hradec Králové, Czechia; and Payerne, Zürich and 
Dübendorf, Switzerland, 18 June–6 July 2018 

• Activity 13b: Kenya: Capacity-building on data management and instrument 
calibration: part 2, Kenya, 18–27 March 2019 

• Activity 14: Dobson intercomparison campaign for Latin America and the 
Caribbean, Buenos Aires, Argentina, 4–22 March 2019 

• Activity 15: Ecuador: The Ecuadorian Highlands Ozonesondes (ECHOZ) project, 
Cumbayá, Ecuador, 1 March 2019–30 April 2020, ongoing through 30 June 2021 
owing to COVID-19-related delays 

• Activity 16: Dobson intercomparison campaign for southern Africa, Irene, South 
Africa, 7–18 October 2019 

• Activity 18: Kyrgyzstan: Technical support, information exchange for 
atmospheric monitoring at the shore of the high mountain lake, Issyk-Kul, 
22 January 2020–31 March 2024 

• Activity 19: Comoros: Project on the establishment of an ozone observatory in 
Comoros, 11 May 2021–30 April 2022. Data will be delivered to WOUDC by 
1 February 2023. 

(2) Planned activities 

 The following activity was listed for priority funding at the ninth meeting of the Ozone 
Research Managers in 2014; it has been approved by the Advisory Committee for the 
trust fund and will be financed by the trust fund pending determination of a host 
developing country: 

• Activity 17: Relocation of available Dobson instrument 
 

 In response to the Ozone Secretariat’s invitation to all developing countries and 
countries with economies in transition for the submission of project proposals, nine 
proposals were received in 2021, and are being considered for financing by the 
Advisory Committee in 2021. In addition, the funding amount for one proposal (A) is 
currently under negotiation. Implementation depends on the availability of funds. 
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Feedback from the Advisory Committee’s evaluations is being provided to the 
proposers. The proposals are: 

• (A) Belarus: Preparing for and undertaking intercomparison sessions of three 
instruments to monitor total ozone and ultraviolet radiation in Belarus 

• Brazil: South American Brewer Spectrophotometer Network 

• China: International integration and capacity building for observations of 
controlled substances in Asian developing countries 

• China: International and domestic communication on ODS and HFC monitoring 
technology, data analysis and quality control methods 

• Ecuador: Expanding ozone sounding operations in Ecuador from the Andes to 
the Galapagos Islands: the ECHOZ-SHADOZ synergy 

• Ecuador: Exposure to ultraviolet radiation and dermatological effects on people 
linked to productive sectors of the provinces of Pichincha, Guayas, Manabi, 
Pastaza and Galápagos, in Ecuador 

• Ecuador: Implementation of the Research Centre on Solar Energy and Ozone 
“Mitad del Mundo” 

• India: Capacity-building and awareness workshop on stratospheric and 
tropospheric ozone measurements and calibration of ozone measuring 
equipment 

• India: Impact of trace gas emission changes on the stratospheric ozone layer 
and the present-day and future climate over South Asia 

• Mexico: Monitoring of solar ultraviolet radiation band “B” in Central America and 
the Caribbean 

 
Key capacity building recommendations arising from the eleventh meeting of the 
Ozone Research Managers: 
 

(1) The VCTF is the mechanism specifically established by the parties to enable global 
capacity-building activities, and must continue to be supported. While actions taken 
by individual agencies are always welcome and have proved beneficial, the VCTF is 
the global means by which all developing countries are able to receive support and 
the global ozone monitoring system can be enhanced; however, the number of 
contributions received to date has limited the impact achieved by the VCTF. Even a 
modest expansion of funding would enable deserving activities to be properly 
supported, leading to a lasting impact and development of human potential. The 
following two recommendations require continued support of the VCTF. 

(a) Maintain the quality of the global ozone-observing system through the 
continuation and expansion of regular calibrations and intercomparison 
campaigns. The quality of the data from the global ozone-observing networks 
depends on such exercises. Calibration and intercomparison campaigns also 
include a large transfer of knowledge from experts in developed countries to 
station managers in developing countries. Offering instructional courses and 
workshops alongside these campaigns would be the ideal venue for training local 
operators. The recent JOSIE-SHADOZ 2017 campaign, with VCTF support, 
gathered ozonesonde operators from developing countries to provide training 
and discussion and intercomparison of measurement techniques. Several 
ground-based total column ozone instrument (for example, Brewer, Dobson) 
intercomparison activities further indicate the success of such endeavours. 

(b) Provide ongoing training opportunities for local station operators in developing 
countries. Experience gained from training, combined with valuable local 
knowledge, will facilitate the training of others within their countries. The 
participants at the eleventh meeting of the Ozone Research Managers expressed 
the need for more training on basic measurement techniques, data handling and 
analysis methods. Participants also expressed the desire to lower the barriers for 
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data submission by providing training on data processing techniques and 
submission to data archives. Such training could be supplemented with online 
materials, videos, software tools and real-time communication with trainers. 
Virtual training sessions should also be considered, greatly reducing the cost of 
such activities. The COVID-19 pandemic has revealed the viability and success 
of virtual meetings: for instance, the SHADOZ Network held four regional virtual 
meetings that included station operators and management from developing 
countries. Following this example will improve the level of local scientific 
understanding, data-taking capabilities and quality assurance. Long-term 
support through “twinning” and having specific contact points with regional 
experts is essential. 

(2) Assist and encourage Article 5 countries and countries with economies in transition 
with limited resources to expand their scientific capacity to allow them to participate 
actively in ozone research activities, including assessment activities under the 
Montreal Protocol. Identification of points of contact and relevant stakeholders in 
developing countries are key to successful implementation of scientific research 
training activities. Participants in the eleventh meeting of the Ozone Research 
Managers noted, as an example to follow, the success of NASA’s Applied Remote 
Sensing Training (ARSET) in enabling its many participants from developing countries 
to leverage satellite data for scientific research. 

(3) WMO and the Ozone Secretariat should facilitate bridging the gap between different 
communities. Collaboration between ozone officers and the national 
meteorological / space agencies in their countries should be enhanced. In many 
Article 5 countries, there is a noticeable disconnection between the two. The Ozone 
Secretariat should establish a list of ozone / UV / climate research institutions in each 
country to ensure that communication is effective. 

(4) Increase capacity-building activities by finding alternate funding streams (for 
example, manufacturers, private sector) and helping to support development 
activities. Relationships should be developed with local chambers of commerce and 
economic agencies to foster the development of ozone measurement programmes. 

(5) Provide fellowships to support the scientific development of students from developing 
countries. These students are a critical link and will help improve the level of 
engagement and understanding in their respective countries. Student exchanges and 
knowledge transfers between developed and developing countries (twinning) are vital 
to building these relationships. It is also suggested that developing countries liaise 
with the relevant governmental bodies to popularize stratospheric ozone-related 
majors in atmospheric sciences and to propose consideration of the development of 
government support schemes to ensure a sufficient professional workforce in the 
future. 

 
 

Closure of the Meeting 

Statements of appreciation were made by Ms Stoyka Netcheva on behalf of WMO; Ms Megumi 
Seki on behalf of the United Nations Environment Programme and the Ozone Secretariat, as 
well as the Parties to the Vienna Convention; and Mr Kenneth Jucks and Mr Héctor R Estévez 
Pérez, the Co-Chairs of the eleventh meeting of the Ozone Research Managers. 
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This list of participants reflects attendance at Part II of the 11th ORM meeting 
(19-23 July 2021), where all issues of the agenda were discussed and 

recommendations were adopted. 
 

Additional contact information may be provided upon request to the 
Ozone Secretariat 

 
 
 

Argentina 
Eduardo Alfredo Luccini 
CONICET–CEPROCOR 
 
Armenia 
Liana Ghahramanyan 
National Focal Point for the Vienna 

Convention and Montreal Protocol 
 
Australia 
Annie Gabriel 
Assistant Director 
Ozone and Climate Protection Section 
Department of Agriculture, Water and the 

Environment 
 
Matt Tully 
Manager, Passive Remote Sensing 
Australian Bureau of Meteorology 
 
Azerbaijan 
Jamila Mammadova 
National Focal Point for the Vienna 

Convention 
Ministry of Ecology and Natural Resources 
 
Bangladesh 
Satyendra Kumar Purkayastha 
Senior Officer – Ozone Cell 
Ministry of Environment, Forest and Climate 

Change 
 
Rokon Rokonuzzaman 
Deputy Secretary 
Ministry of Environment, Forest and Climate 

Change 
 

Belarus 
Aliaksandr Krasouski 
Scientific Advisor 
National Ozone Monitoring Research & 

Education Center 
Belarus State University 
 
Belgium 
Martine De Mazière 
Director General ad interim 
Royal Belgian Institute for Space Aeronomy 

(BIRA-IASB) 
 
Brazil 
Damaris Kirsch Pinheiro 
Chemical Engineering Department 
Federal University of Santa Maria 
 
Cambodia 
Pak Sokharavuth 
Deputy Director General and Ozone Officer 
General Directorate of Environmental 

Protection 
Ministry of Environment 
 
Canada 
Sum Chi Lee 
Environment and Climate Change Canada 
 
China 
Ma Pengfei  
Satellite Environment Center 
Ministry of Ecology and Environment 
 
Chai Wenxuan 
Engineer, Air Monitoring Department 
National Environmental Monitoring Center 
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China (continued) 
Zhong Zhifeng 
Deputy Director 
Foreign Economic Cooperation Office 
Ministry of Ecology and Environment 
 
Colombia 
Henry Benavides 
Profesional Especializado 
Subdireccion de Meteorologia 
Instituto de Hidrologia, Meteorologia y 

Estudios Ambientales (IDEAM) 
 
Wendi Yurani Garzón Herrera 
Profesional Especializado 
Subdireccion de Estudios Ambientales  
Instituto de Hidrologia, Meteorologia y 

Estudios Ambientales (IDEAM) 
 
Comoros 
Mohamed Toihir Abdoulwahab 
Service de l’Observation, Climatologie et 

Environnement 
Agence Nationale de l’Aviation Civile et de 

la Meteorologie 
 
Croatia 
Glenda Herjavi! 
Head of Inorganic Laboratory Division 
Croatian Meteorological and Hydrological 

Service 
 
Denmark 
Nis Jepsen 
Danish Meteorological Institute 
 
Finland 
Tapio Reinikainen 
Project Manager 
Center for Sustainable Consumption and 

Production 
Finnish Environment Institute 
 
Gambia 
Alhagie Sarr 
National Ozone Officer 
National Environment Agency 
 
Germany 
Wolfgang Steinbrecht 
German Weather Service (DWD) 
Meteorological Observatory 

Hohenpeissenberg 
 

Guinea 
Ibrahima Sory Cisse 
Chimiste Environnementaliste 
Point Focal Principal, National Bureau 

Ozone 
Ministère de l'Environnement, des Eaux et 

Forêts 
 
India 
Vijay Kumar Soni 
Head 
Environment Monitoring and Research 

Center 
India Meteorological Department 
 
Iran 
Shafi Mousavi 
Tarbiat Modares University 
 
Jamaica 
Noel Brown 
Vice President 
Technology and Innovation 
Caribbean Maritime University 
 
Japan 
Yousuke Sawa 
Senior Coordinator for Global Atmosphere 
Japan Meteorological Agency 
 
Kenya 
Rose Lekalesoi 
Kenya Meteorological Department 
 
Kyrgyzstan 
Musapar Orozaliev 
Director  
Science Ozone Layer Research Station 

(Issykkul) 
 
Madagascar 
Claude Rakoto 
Ministry of Environment, Ecology and Forest 
 
Mexico 
Hector Estevez Perez 
Professor 
Instituto de Geofísica  
Universidad Nacional Autonoma de Mexico 
 
Mozambique 
Bercalito Mapulende 
Ozone Officer 
Meteorological National Institute 
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Netherlands 
Peter F. J. van Velthoven 
Royal Netherlands Meteorological Institute 

(KNMI) 
 
Guus J. M. Velders 
Atmospheric Scientist 
National Institute for Public Health and the 

Environment (RIVM) 
 
New Zealand 
Richard Querel 
Atmospheric Scientist 
National Institute of Water and Atmospheric 

Research (NIWA), Lauder 
 
Nigeria 
Mbah Edmund Kelechi 
Senior Scientific Officer 
Federal Ministry of Environment 
 
Yaru Mahmud Nurudeen 
Senior Chemical Engineer 
Federal Ministry of Environment  
 
Babatunde Rabiu 
Director 
National Space,Research and Development 
Agency 
 
Poland 
Janusz L. Borkowski 
Atmospheric Physics Department 
Institute of Geophysics 
Polish Academy of Sciences 
 
Janusz Kozakiewicz 
Head, Ozone Layer and Protection Unit 
Industrial Chemistry and Research Institute 
 
Agnieszka Tomaszewska 
Counsellor to the Minister 
Head of Ozone Layer Team 
Department of Climate and Air Protection 
Ministry of Climate 
 
Russian Federation 
Pavel Vargin 
Resesarch Associate 
Central Aerological Observatory 
 
South Africa 
Tshidi Machinini 
South African Weather Service 
 
Spain 
Alberto Redondas Marrero 
Regional Brewer Calibration Center 
Europe Izaña Atmospheric Research Center 

Sri Lanka 
Rifa Wadood 
Director 
Air Resource Management and National 

Ozone Unit 
Ministry of Environment and Wildlife 

Resources 
 
Sweden 
Thomas Carlund 
Meteorologist 
Swedish Meteorological and Hydrological 

Institute (SMHI) 
 
Ulrika Raab 
Senior Advisor 
Unit for European Union and Multilateral 

Environmental Agreements 
Swedish Environmental Protection Agency 
 
Switzerland 
Eliane Maillard Barras 
Senior Scientist 
Federal Office of Meteorology and 

Climatology, MeteoSwiss 
 
Stefan Reimann 
Swiss Federal Laboratories for Materials, 

Science and Technology (Empa) 
 
René Stübi 
Federal Office of Meteorology and 

Climatology, MeteoSwiss 
 
Henry Wöhrnschimmel 
Scientific Officer/Deputy Head of Section 
Federal Department of the Environment, 

Transport, Energy and Communication 
Federal Office for the Environment (FOEN) 
 
United Kingdom 
Alexander Adamson 
Ozone Depleting Substances and F-Gas 

Policy 
Department of the Environment, Food and 

Rural Affairs (DEFRA) 
 
Trish O’Beirne 
Stratospheric Ozone and Fluorinated Gases 

Policy  
Department for Environment, Food and 

Rural Affairs (DEFRA) 
 
John Rimmer 
School of Earth and Environmental Sciences 
University of Manchester 
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United States 
Kenneth W. Jucks 
Manager, Upper Atmosphere Research 

Program 
Headquarters 
National Aeronautics and Space 

Administration (NASA) 
 
Stephen A. Montzka 
Research Chemist 
Global Monitoring Laboratory 
National Oceanic and Atmospheric 

Administration (NOAA) 
 
 
INVITED EXPERTS 

Jessica Bevernaegie 
Royal Belgian Institute for Space Aeronomy 
Belgium 
 
Gerrie Coetzee 
Senior Scientist 
Global Atmosphere Watch 
South Africa 
 
Philip DeCola 
Professor 
University of Maryland 
United States 
 
Richard Engelen 
Deputy Director 
Copernicus Atmosphere Monitoring Service 
European Center for Medium-Range 

Weather Forecasts 
United Kingdom 
 
Sophie Godin-Beekmann 
LATMOS/IPSL 
CNRS, UVSQ 
Sorbonne Université 
France 
 
Neil Harris 
Co-chair of Stratosphere-troposphere 

Processes and their Role in Climate 
(SPARC) 

Cranfield University 
United Kingdom 
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Earth System Science Interdisciplinary 

Center 
University of Maryland 
United States 
 

INVITED EXPERTS (continued) 

Tom Kralidis 
Senior Geospatial Architect 
Meteorological Service of Canada 
Canada 
 
Diego Loyola 
Deutsches Zentrum für Luft- und 

Raumfahrt e.V. (DLR) 
German Aerospace Center 
Earth Observation Center Remote Sensing 

Technology Institute 
Germany 
 
Fabio Madonna 
Researcher 
National Research Council of Italy (CNR) 
Italy 
 
Susan McFadden 
Bay Area Environment Research Institute 

(BAERI) 
United States 
 
Irina Petropavlovskikh 
Cooperative Institute for Research in 

Environmental Sciences (CIRES) 
University of Colorado 
United States 
 
Ron Prinn 
Center for Global Change Science 
Massachusetts Institute of Technology 
United States 
 
A.R. Ravishankara 
University Distinguished Professor 
Department of Chemistry and Atmospheric 

Science 
Colorado State University 
United States 
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Emeritus Fellow 
British Antarctic Survey 
United Kingdom 
 
Ryan Stauffer 
Goddard Space Flight Center 
National Aeronautics and Space 

Administration (NASA) 
United States 
 
Cheikh Ndiaye Sylla 
Director of Cabinet 
Ministry of Environment and Sustainable 

Development 
Senegal 
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College of Science and Technology 
University of Rwanda 
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Division 
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ANNEX B 
 
 

WMO/UNITED NATIONS ENVIRONMENT PROGRAMME ELEVENTH 
MEETING OF THE OZONE RESEARCH MANAGERS 

OF THE PARTIES TO THE VIENNA CONVENTION FOR THE 
PROTECTION OF THE OZONE LAYER, PART II 

Online Meeting, 19-23 July 2021 
[Times refer to Nairobi time (UTC+3)] 

 
 

FINAL AGENDA 
 
 

Monday, 19 July 2021 
 
14:00 – 14:50 Opening of the Meeting 

• Welcome statement, Petteri Taalas, Secretary-General, World 
Meteorological Organization (WMO) 

• Opening statement, Inger Andersen, Executive Director, United Nations 
Environment Programme (UNEP) 

• The 2022 WMO/UNEP Scientific Assessment of Ozone Depletion, David 
Fahey and Bonfils Safari, Co-Chairs of the Scientific Assessment Panel 
(SAP) 

• The Ozone Research Managers (ORM), the Scientific Assessment Panel 
(SAP), and the Conference to the Parties (COP) of the Vienna Convention, 
Gerrie Coetzee and Kenneth Jucks, ORM10 Co-Chairs 

 
14:50 – 14:55 Election of the ORM11 Co-Chairs 
 
14:55 – 15:00 Adoption of the ORM11 agenda 
 
 
SESSION 1: ISSUES RELATED TO THE VIENNA CONVENTION FOR THE PROTECTION 

OF THE OZONE LAYER 
 
15:00 – 15:20 The Status of the Trust Fund for Financing Activities on Research and 

Systematic Observations relevant to the Vienna Convention, A.R. 
Ravishankara, Advisory Committee Chair 

 
15:20 – 15:30 Questions and answers 
 
15:30 – 15:45 Appointment of discussion leaders and rapporteurs for the various 

recommendation areas: research areas / topics of interest; systematic 
observations; gaps in the global coverage of atmospheric monitoring of 
controlled substances and options to enhance such monitoring; data 
archiving; capacity building 

 
15:45 – 16:00 Break 
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Monday, 19 July 2021 (continued) 
 
SESSION 2: THE STATE OF THE OZONE LAYER AND FACTORS IMPACTING THE SPEED 

OF ITS RECOVERY 
 
16:00 – 16:15 Past, current, and future states of the ozone layer, Wolfgang Steinbrecht, 

German Meteorological Office (DWD) 
 
16:15 – 16:30 Surface UV radiation in the 21st century: Environmental effects in response 

to changes in ozone and climate, Janet Bornman, Environmental Effects 
Assessment Panel (EEAP) Co-Chair 

 
16:30 – 16:45 Links between stratospheric ozone and climate: Ozone-depleting substances 

and climate gases, John Pyle, SAP Co-Chair 
 
16:45 – 17:00 Unexpected emissions of controlled substances, Stephen Montzka, National 

Oceanic and Atmospheric Administration (NOAA) 
 
17:00 – 17:30 Discussion 
 
 
TUESDAY, 20 JULY 2021 
 
SESSION 3: INTERNATIONAL MONITORING PROGRAMMES FOR OZONE AND 

SUBSTANCES CONTROLLED BY THE MONTREAL PROTOCOL 
 
14:00 – 14:15 International monitoring programmes for ozone and substances controlled by 

the Montreal Protocol: An introduction, Sophie Godin-Beekmann 
 
14:15 – 14:30 Environmental agenda in the context of the Science and Innovation 

Department of WMO, Jürg Luterbacher, WMO 
 
14:30 – 14:45 The Global Atmosphere Watch (GAW) Programme – Status and needs of 

ozone and UV monitoring, Matt Tully, Chair of the Scientific Advisory Group 
on Ozone and UV Radiation 

 
14:45 – 15:00 How the Network for the Detection of Atmospheric Composition Change 

(NDACC) contributes to the global observation system in support of Ozone 
Research and Monitoring, and to closing the gaps, Martine De Mazière, Royal 
Belgian Institute for Space Aeronomy (IASB-BIRA) 

 
15:00 – 15:15 EUBREWNET – The European Brewer Network: What you need to know. 

Status, activities, and future development, John Rimmer, University of 
Manchester 

 
15:15 – 15:30 International ozonesonde activities: Updates since the tenth ORM of the 

Parties to the Vienna Convention for the Protection of the Ozone Layer, Anne 
Thompson and Ryan Stauffer, National Aeronautics and Space Administration 
(NASA) 

 
15:30 – 15:45 Overview of the links between ozone and climate research, Neil Harris, 

Stratosphere-tropospheric Processes And their Role in Climate (SPARC) 
 
15:45 – 16:15 Break 
 
16:15 – 16:30 Access to in situ reference and baseline observations: Status, Fabio 

Madonna, National Research Council of Italy (CNR) 
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TUESDAY, 20 JULY 2021 (continued) 
 
16:30 – 16:45 WMO World Ozone and Ultraviolet Radiation Data Centre (WOUDC) update, 

Tom Kralidis (WOUDC) 
 
16:45 – 17:30 Discussion 
 
 
WEDNESDAY, 21 JULY 2021 
 
SESSION 4: INTERNATIONAL MONITORING PROGRAMMES: LOOKING AHEAD 
 
14:00 – 14:30 Gaps in the global coverage of atmospheric monitoring of controlled 

substances and options on ways to enhance such monitoring, Paul 
Newman/A.R. Ravishankara 

 • Closing the gaps in top-down regional emissions quantification: Needs 
and action plan, Ray Weiss, Scripps Institution of Oceanography 

 • Observing System Simulation Experiment: Assess potential sites for new 
high-frequency (AGAGE-type) stations using three-dimensional model 
simulations, Ronald Prinn, Massachusetts Institute of Technology (MIT) 

 
14:30 – 14:40 The way forward 
 
14:40 – 15:00 Break 
 
SESSION 5: SATELLITE RESEARCH AND MONITORING 
 
15:00 – 15:15 NASA and NOAA stratosphere-observing missions for ozone research, 

Kenneth Jucks, NASA 
 
15:15 – 15:30 ESA / Copernicus ozone sensors / measurements and future planned 

missions, Claus Zehner, European Space Agency / Centre for Earth 
Observation (ESA/ESRIN) * 

 * This presentation was not given. Kenneth Jucks and Diego Loyola delivered 
a brief oral update on European satellite missions during the discussion 
period. 

 
15:30 – 15:45 Monitoring of ozone and its precursors in China, Pengfei Ma, Center for 

Satellite Application, Ministry of Environment and Ecology of China 
 
15:45 – 16:00 CEOS AC-VC ozone harmonization projects, Diego Loyola, German Aerospace 

Centre, (DLR) 
 
16:00 – 16:30 Discussion 
 
 
THURSDAY, 22 JULY 2021 
 
SESSION 6: NATIONAL AND REGIONAL REPORTS ON OZONE RESEARCH AND 

MONITORING 
 
14:00 – 14:10 Region 1: Africa, Gerrie Coetzee, South African Weather Service (SAWS) 
 
14:10 – 14:20 Region 2: Asia, Yousuke Sawa, Japan Meteorological Agency (JMA) 
 
14:20 – 14:30 Region 3: South America: Update 2017-2020, Eduardo Luccini, Argentina 

National Scientific and Technical Research Council (IFIR-CONICET) 
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THURSDAY, 22 JULY 2021 (continued) 
 
14:30 – 15:00 Region 4: North America, Central America, and the Caribbean 

• USA national report on surface-based ozone research, Kenneth Jucks, 
NASA, and Stephen Montzka, NOAA 

• Canada national report, Sum Chi Lee, Environment and Climate Change 
Canada 

• Central America, Mexico, and the Caribbean, Héctor R Estévez Pérez, 
Geophysics Institute, National Autonomous University of Mexico (IGUM – 
UNAM) 

 
15:00 – 15:10 Region 5: South-West Pacific, Richard Querel, New Zealand National Institute 

of Water and Atmospheric Research (NIWA) 
 
15:10 – 15:30 Polar regions 

• Antarctica: The Antarctic Ozone Network (Ozone, UV), Jonathan 
Shanklin, British Antarctic Survey (BAS) 

• The Arctic: Status of ground-based ozone observations, Stoyka Netcheva, 
WMO 

 
15:30 – 15:50 Break 
 
15:50 – 16:30 Region 6: Europe 

• European Union: Update on ozone layer monitoring in the Copernicus 
Atmosphere Monitoring Service, Richard Engelen, European Centre for 
Medium-Range Weather Forecasts (ECMWF) 

• Northern Europe: Ozone and UV monitoring in the Nordic Countries, Nis 
Jepsen, Danish Meteorological Institute (DMI) 

• Western, Central and Eastern Europe, Stefan Reimann, Swiss Federal 
Laboratories for Materials Science and Technology (Empa) 

• Southern Europe: Spain, Italy, Palestine, and Syria, Alberto Redondas 
Marrero, Meteorological State Agency, Spain (AEMET) 

 
16:30 – 17:30 Discussion and formation of breakout groups to frame initial 

recommendations 

• Review of research areas / topics of interest 

• Systematic observations of ozone 

• Data archiving and stewardship 

• Capacity building 
 
 
FRIDAY, 23 JULY 2021 
 
SESSION 7: DISCUSSION ON AND ADOPTION OF RECOMMENDATIONS 
 
14:00 – 14:30 Research areas / topics of interest: Presentation and discussion of initial 

draft by Neil Harris and John Pyle 
 David Fahey, rapporteur 
 
14:30 – 15:00 Systematic observations: Presentation and discussion of initial draft by 

Irina Petropavlovskikh and Damaris Kirsch Pinheiro 
 Stefan Reimann, rapporteur 
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15:00 – 15:30 Gaps in the global coverage of atmospheric monitoring of controlled 
substances and options to enhance such monitoring: Presentation and 
discussion of initial draft by Paul Newman, A.R. Ravishankara and Ray Weiss 

 Stephen Montzka, rapporteur 
 
15:30 – 15:45 Break 
 
15:45 – 16:15 Data archiving and stewardship: Presentation and discussion of initial 

draft by Martine De Mazière and John Rimmer 
 Sum Chi Lee, rapporteur 
 
16:15 – 16:45 Capacity building: Presentation and discussion of initial draft by Liana 

Ghahramanyan and Matt Tully 
 Ryan Stauffer, rapporteur 
 
16:45 – 17:00 Adoption of the recommendations 
 
17:00 – 17:10 Thoughts on improving the process of formulating and adopting the 

recommendations 
 
17:10 – 17:20 Announcement of the twelfth meeting of Ozone Research Managers in 2024 
 
17:20 – 17:30 Other matters 
 
17:30 Closure of the meeting 
 

_________ 
 
 
Glossary 
 
CEOS AC-VC: Committee on Earth Observation Satellites, Atmospheric Composition Virtual 
Constellation 

C3S: Copernicus Climate Change Service 

EUBREWNET: European Brewer Network 

GRUAN: GCOS Reference Upper-Air Network 

 



 

 
 58 

 
 
 



 

 
 59 

ANNEX C 

 
 

WMO/UNITED NATIONS ENVIRONMENT PROGRAMME ELEVENTH MEETING OF THE 
OZONE RESEARCH MANAGERS 

OF THE PARTIES TO THE VIENNA CONVENTION FOR THE 
PROTECTION OF THE OZONE LAYER, PART II 

Online Meeting, 19-23 July 2021 
 
 

ABBREVIATIONS AND CHEMICAL NOMENCLATURE 
 
 
 

ABBREVIATIONS 

 
ACCESS Australian Community Climate and Earth System Simulator 
ACCESS-CCM ACCESS UKCA Coupled Model, a global Earth-system model aimed 

at representing interactions between atmospheric chemistry and the 
oceans 

ACCESS-CM2-Chem global climate version model of the Australian Community Climate 
and Earth System Simulator 

ACCESS-UKCA ACCESS-United Kingdom Chemistry and Aerosol model 
ACCLIP Asian summer monsoon Chemical and CLimate Impact Project 
ACE Atmospheric Chemistry Experiment 
ACP Atmospheric Chemistry and Physics journal 
ACTRIS Aerosol, Clouds and Trace gases Research InfraStructure 
AC-VC Atmospheric Composition Virtual Constellation 
AEMET Agencia Estatal de Meteorología – Meteorological State Agency, 

Spain 
AGAGE Advanced Global Atmospheric Gases Experiment 
ALTIUS Atmospheric Limb Tracker for the Investigation of the Upcoming 

Stratosphere 
AMT Atmospheric Measurement Techniques journal 
API Application Programming Interface 
AR-IV Regional Centre for Solar Radiation in the IV Region 
ARSET Applied Remote Sensing Training (NASA, USA) 
ASOPOS Assessment of Standard Operating Procedures for OzoneSondes 
AVDC Aura Validation Data Centre (NASA, USA) 
 
 
BAERI Bay Area Environment Research Institute, USA 
BAMS Bulletin of the American Meteorological Society 
BDC Brewer-Dobson Circulation 
BESOS Balloon Experiment on Standards for Ozone Sondes 
BIRA-IASB Koninklijk Belgisch Instituut voor Ruimte-Aeronomie – Institut Royal 

d’Aeronomie Spatiale de Belgique – Royal Belgian Institute for 
Space Aeronomy 

BSRN Baseline Surface Radiation Network 
BUFR Binary Universal Form 
 
 
C3S Copernicus Climate Change Service 
CAMS Copernicus Atmosphere Monitoring Service 
CCI Climate Change Initiative 
CCM coupled chemistry-climate model 
CCMI Chemistry-Climate Modelling Initiative 
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CCMI-2 Chemistry-Climate Modelling Initiative, phase 2 
CDIAC Carbon Dioxide Information Analysis Centre 
CDM Common Data Model 
CDM-obs Common Data Model for in situ observations 
CDS Climate Data Store 
CEITs countries with economies in transition 
CEOS Committee on Earth Observation Satellites 
CF Climate and Forecast 
CFC chlorofluorocarbon 
CFH cryogenic frostpoint hygrometer 
CIRES Cooperative Institute for Research in Environmental Sciences, 

University of Colorado, USA 
CMAM Canadian Middle Atmosphere Model 
CMIP6 Coupled Modelling Intercomparison Project, Phase 6 
CNR Consiglio Nazionale delle Ricerche – National Research Council of 

Italy 
CNR ISP Italian National Research Council Institute of Polar Sciences 
CNRS Centre National de la Recherche Scientifique – National Centre for 

Scientific Research, France 
CONICET-CEPROCOR Consejo Nacional de Investigaciones Científicas y Técnicas - Centro 

de Excelencia en Procesos y Productos de Córdoba - Argentinian 
National Scientific and Technical Research Council 

COP Conference of the Parties to the Vienna Convention 
COST Cooperation in Science and Technology 
COVID-19 coronavirus disease 
CSA Canadian Space Agency 
CSV comma-separated values format 
CTM chemistry-transport model 
 
 
DAAC Distributed Active Archive Centre (NASA, USA) 
DCIO data centre interoperability 
DEFRA Department of the Environment, Food and Rural Affairs, United 

Kingdom 
DCOTSS Dynamics and Chemistry of the Summer Stratosphere 
DHF Data Host Facility 
DLR Deutsches Zentrum für Luft-und Raumfahrt – German Aerospace 

Centre 
DMI Danish Meteorological Institute 
DOAS Differential Optical Absorption Spectroscopy 
DOI digital object identifier 
DU Dobson unit 
DWD Deutscher Wetterdienst – National Meteorological Service, Germany 
 
 
ECC electrochemical concentration 
ECCC Environment and Climate Change Canada 
ECHOZ Ecuadorian Highlands Ozonesondes Project 
ECMWF European Centre for Medium-Range Weather Forecasts 
ECV Essential Climate Variable 
EEAP Environmental Effects Assessment Panel (Montreal Protocol) 
Empa Swiss Federal Laboratories for Materials Science and Technology 
ENSO El Niño/La Niña Southern Oscillation 
EO Earth Observation 
EPA Environmental Protection Agency, USA 
EPP energetic particle participation 
ERS-2 European Remote Sensing-2 
ESA European Space Agency 
ESRIN ESA Centre for Earth Observation 
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ESSD Earth System Science Data journal 
ET-ACDM Expert Team on Atmospheric Composition Data Management 
EU European Union 
EUBREWNET European Brewer Network 
EUVDB European UV DataBase 
EUMETSAT European Organisation for the Exploitation of Meteorological 

Satellites 
EVDC ESA Validation Data Centre 
 
 
FAIR Findable, Accessible, Interoperable, Reusable and Reproducible 
FMI Finnish Meteorological Institute 
FOEN Federal Office for the Environment, Switzerland 
FPH frostpoint hygrometers 
FTIR Fourier transform infrared 
FRM4DOAS Fiducial Reference Measurements for Ground-Based DOAS Air-

Quality Observations Programme 
 
 
GAW Global Atmosphere Watch Programme 
GCOS Global Climate Observing System 
GC-MS gas chromatography mass spectrometer 
GDP gross domestic product 
GEOMS Generic Earth Observation Metadata Standard 
GEOS-5 Goddard Earth Observing System Model, Version 5 
GHG greenhouse gas 
GML Global Monitoring Laboratory (NOAA, USA) 
GOME Global Ozone Monitoring Experiment 
GRL Geophysical Research Letters 
GRUAN GCOS Reference Upper Air Network 
GTO-ECV GOME-type Total Ozone Essential Climate Variable 
GTP global temperature potential 
GWP global warming potential 
 
 
HATS Halocarbon and other Trace Species 
HCFC hydrochlorofluorocarbon 
HFC hydrofluorocarbon 
HFO hydrofluoroolefin 
 
 
IAGOS In-service Aircraft for a Global Observing System 
IASI Infrared Atmospheric Sounding Interferometer 
IASI-NG Infrared Atmospheric Sounding Interferometer – Next Generation 
IDEAM Instituto de Hidrologia, Meteorologia y Estudios Ambientales – 

Institute of Hydrology, Meteorology and Environmental Studies,  
Colombia 

IGAC International Global Atmospheric Chemistry 
IG3IS Integrated Global Greenhouse Gas Information System 
IGUM – UNAM Instituto de Geofísica Unidad Michoacán, National Autonomous 

University of Mexico 
INTA Instituto Nacional de Técnica Aeroespacial 
IO3C International Ozone Commission 
IPCC Intergovernmental Panel on Climate Change 
IPSL Institute Pierre Simon Laplace, France 
ISS International Space Station 
 
 
JGR Journal of Geophysical Research 
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JMA Japan Meteorological Agency 
JOSIE J"lich Ozone Sonde Intercomparison Experiment 
JPL Jet Propulsion Laboratory, USA 
JPSS-1 Joint Polar Satellite System-1 
JPSS-2 Joint Polar Satellite System-2 
JSON JavaScript Object Notation format 
 
 
KNMI Koninklijk Nederlands Meteorologisch Instituut – Royal Netherlands 

Meteorological Institute 
 
 
LaRC Langley Research Center (NASA, USA) 
LATMOS Laboratoire Atmosphères, Milieux, Observations Spatiales – 

Atmospheres, Environments, Space Observations Laboratory, 
France 

LOTUS Long-term Ozone Trends and Uncertainties in the Stratosphere 
LTDP long-term data preservation 
 
 
MAX-DOAS Multi Axis Differential Optical Absorption Spectroscopy 
MBTOC Methyl Bromide Technical Options Committee, one of the five 

Technical Options Committees of the Technology and Economic 
Assessment Panel (TEAP) 

MEaSUREs Making Earth System Data Records for Use in Research 
Environments 

MERRA Modern-Era Retrospective analysis for Research and Applications 
MetOp (A,B,C) Meteorological Operational Satellite 
MIT Massachusetts Institute of Technology, USA 
MLS Microwave Limb Sounder 
MOD Merged Ozone Data Set 
MOP Meeting of the Parties to the Montreal Protocol 
 
 
NASA National Aeronautic and Space Agency, USA 
NDACC Network for the Detection of Atmospheric Composition Change, 

formerly the Network for the Detection of Stratospheric Change 
(NDSC) 

NetCDF-CF Climate and Forecast Network Common Data Form 
NILU Norwegian Institute for Air Research 
NIWA National Institute of Water and Atmospheric Research, New Zealand 

(Taihoro Nukurangi) 
NOAA National Oceanic and Atmospheric Administration, USA 
NSF National Science Foundation, USA 
 
 
O3S-DQA Ozonesonde Data Quality Assessment 
ODP ozone depletion potentials 
ODS ozone-depleting substance 
OMI Ozone Monitoring Instrument 
OMPS Ozone Mapping and Profiler Suite 
ORM Ozone Research Managers 
OSSE Observing System Simulation Experiment 
OSIRIS Optical Spectrograph and InfraRed Imager System 
 
 
PEARL Polar Environment Atmospheric Research Laboratory 
PGN Pandonia Global Network 
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PM2.5 fine inhalable particles, with diameters that generally are 2.5 
micrometers or smaller 

PMOD Physikalisch-Meteorologisches Observatorium Davos 
PyroCb pyrocumulonimbus cloud 
 
 
QA quality assurance 
QBO quasi-biennial oscillation 
QC quality control 
 
 
RBCC-E Regional Brewer Calibration Centre (for the RA/VI Region) Europe 
RCC-III WMO South American Regional Calibration Centre 
RD rapid delivery 
RDCC Regional Dobson Calibration Centre 
RE radiative efficiency 
RIVM Rijksinstituut voor Volksgezondheid en Milieu – National Institute for 

Public Health and the Environment, Netherlands 
 
 
SAG Scientific Advisory Group 
SAGE III Stratospheric Aerosol and Gas Experiment III 
SAOZ Système d’Analyse par Observation Zénithale 
SAP Scientific Assessment Panel (Montreal Protocol) 
SARS-CoV-2 coronavirus 
SAWS South African Weather Service 
SBUV Solar Backscatter Ultraviolet Instrument 
SCIAMACHY Scanning Imaging Absorption Spectrometer for Atmospheric 

Chartography 
SCISAT-1 Science Satellite, Canada 
SDG Sustainable Development Goal 
SHADOZ Southern Hemisphere ADditional OZonesondes 
SMHI Swedish Meteorological and Hydrological Institute 
SOLARIS-HEPPA Solar Influences for SPARC-High-Energy Particle Precipitation in the 

Atmosphere 
SOP standard operating procedures 
SPARC Stratosphere-troposphere Processes And their Role in Climate 
SSAI Science Systems and Applications, Inc., USA 
SSC Scientific Steering Committee 
SST sensing solution type 
SSW sudden stratospheric warming 
Suomi NPP Suomi National Polar-orbiting Partnership 
 
 
TAO University of Toronto Atmospheric Observatory 
TCCON Total Carbon Column Observing Network 
TEAP Technology and Economic Assessment Panel (Montreal Protocol) 
TEMIS Tropospheric Emission Monitoring Internet Service 
TEMPO Tropospheric Emissions: Monitoring of Pollution 
TOAR Tropospheric Ozone Assessment Report 
TOAR-II Tropospheric Ozone Assessment Report, Phase II 
TROPOMI TROPOspheric Monitoring Instrument 
TUNER Towards Unified Error Reporting, a SPARC activity 
 
 
UK United Kingdom of Great Britain and Northern Ireland 
UNAM National Autonomous University of Mexico 
UNEP United Nations Environment Programme 
UNFCCC United Nations Framework Convention on Climate Change 
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UNV United Nations Volunteers Programme 
USA United States of America 
UTLS upper troposphere / lower stratosphere 
UV ultraviolet 
UVB type B ultraviolet, the part of sunlight that produces sunburn 
UVI Ultraviolet Index 
UVSQ Université de Versailles Saint-Quentin-en-Yvelines – Versailles 

Saint-Quentin-en-Yvelines University, France 
 
 
VCTF Vienna Convention Trust Fund on Research and Systematic 

Observations, also “Vienna Convention Trust Fund” or “Trust Fund” 
VIIRS Visible Infrared Imaging Radiometer Suite 
VSLS very short-lived halogen-containing substances 
 
 
WCCOS World Calibration Centre for OzoneSondes 
WCRP World Climate Research Programme 
WHO World Health Organization 
WIGOS WMO Integrated Global Observing System 
WMO World Meteorological Organization 
WOUDC World Ozone and Ultraviolet Radiation Data Centre 
 
 
XML Extensible Markup Language format 
 
 
CHEMICAL NOMENCLATURE 

CCl4 carbon tetrachloride, also CTC 
CFC-11 trichlorofluoromethane 
CFC-12 dichlorodifluoromethane 
CFC-113 trichlorotrifluoroethane 
CH4 methane 
CO2 carbon dioxide 
 
 
HCHO formaldehyde 
HCl hydrogen chloride (hydrochloric acid) 
HFC-23 trifluoromethane 
HNO3 nitric acid 
H2O water 
 
 
N2O nitrous oxide 
NO2 nitrogen dioxide 
 
SF6 sulphur hexafluoride 
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ANNEX D 

 
 
WMO/UNITED NATIONS ENVIRONMENT PROGRAMME ELEVENTH MEETING OF 

THE OZONE RESEARCH MANAGERS 
OF THE PARTIES TO THE VIENNA CONVENTION FOR THE 

PROTECTION OF THE OZONE LAYER, PART II 

Online Meeting, 19-23 July 2021 
 
 

NATIONAL REPORTS AVAILABLE FOR THE MEETING 
 

Due to the COVID-19 pandemic, the planned dates and locations for the Eleventh 
Meeting of the Ozone Research Managers were changed twice.  Ultimately, the 

meeting was divided into two parts, both of which were conducted online. 

The call for National Reports was sent to the Parties in advance of the first planned 
in-person meeting.  As a result, some of the reports in this section refer to those 

earlier dates and locations – Geneva, Switzerland / April 2020 and Montreal, Quebec, 
Canada / July 2020. 

 
 
 

Argentina...................................67 

Armenia .....................................85 

Australia ....................................89 

Belarus ....................................102 

Belgium ...................................109 

Benin .......................................153 

Brazil .......................................161 

Burkina Faso............................178 

Cambodia.................................181 

Canada.....................................184 

Colombia..................................204 

Comoros ..................................213 

Cuba ........................................220 

Czech Republic.........................228 

Denmark / Greenland ..............234 

Ecuador....................................238 

Egypt, Arab Republic of............243 

Germany ..................................249 

India ........................................265 

Iraq .........................................273 

Jamaica ...................................282 

Japan .......................................287 

Kenya, Republic of ...................297 

Kyrgyzstan .............................. 304 

Mauritius, Republic of.............. 314 

Mexico ..................................... 316 

Myanmar ................................. 323 

Netherlands............................. 326 

New Zealand............................ 334 

Nigeria .................................... 353 

Norway.................................... 359 

Palestine, State of ................... 372 

Poland ..................................... 374 

Russian Federation.................. 381 

Slovakia................................... 399 

South Africa............................. 404 

Spain ....................................... 416 

Sri Lanka ................................. 436 

Sweden ................................... 439 

Switzerland ............................. 444 

Syrian Arab Republic ............... 454 

Thailand .................................. 460 

Turkmenistan .......................... 466 

United Kingdom....................... 469 

United States of America ......... 487 
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11th Meeting of the Ozone Research Managers of the Parties to the Vienna Convention 
Montreal, Canada, 8 to 10 July 2020 

 
ARGENTINA National Report 

1. OBSERVATIONAL ACTIVITIES 
 

 

 

Geographical location of the present Argentine ozone-related monitoring network sites. Dark points denote 
those stations including total ozone column measurements, within a range of simultaneous solar UV 

radiation, solar total radiation and atmospheric parameters measurements. 

 
1.1 to 1.3 Sites with Ozone and UV monitoring in the period 2017-2020 
 
 

Station and 
geographical 
location 

 
Instruments 

 
Type of measurement Institutions 

Continental stations 

6767



 
 

La Quiaca 
22.11ºS, 
65.57ºW, 
3459 m a.s.l. 

YES UVB-1  
YES 940602 UV Index SMN (Argentina) 

Pyranometer 
Kipp&Zonen 

Global total shortwave irradiance 
(300-3000 nm) SMN (Argentina) 

Pyranometer 
Kipp&Zonen 

Diffuse total shortwave irradiance 
(300-3000 nm) SMN (Argentina) 

Dobson 
Spectrophotometer 
#097 

 
Total O3 column SMN (Argentina) 

TECO, TEI49C Surface O3 SMN (Argentina) 

Tucumán 
26.79ºS, 
65.21ºW, 
456 m a.s.l. 

Kipp&Zonen UVB-1  
K&Z #170213 

UV Index 

SMN/CITEDEF 
(Argentina) 

Kipp&Zonen UVA-1 
#170143  

Broadband UVA 

Pyranometer 
Kipp&Zonen CMP21 
#140455 

Global total shortwave irradiance 
(300-3000 nm) 

GUV 2511 #2511-08-
15153 

Spectral 305, 313, 320, 340 and 380, 
395 nm, Broadband PAR 

 
Pilar (Córdoba) 
31.66ºS, 
63.88ºW, 
338 m a.s.l. 

Kipp&Zonen UVB-1  
K&Z #170212 

UV Index 

SMN/CITEDEF 
(Argentina) 

Kipp&Zonen UVA-1 
#170144 

Broadband UVA 

Pyranometer 
Kipp&Zonen CMP21 
#140454 

Global total shortwave irradiance 
(300-3000 nm) 

GUV 2511 #2511-08-
15154 

Spectral 305, 313, 320, 340 and 380, 
395 nm, Broadband PAR 

MAX-DOAS, Pandora 
#125 

Total column of O3 and NO2, 
tropospheric column of NO2 and 
surface concentrations of NO2  

Pyranometer 
Kipp&Zonen 

Global total shortwave irradiance 
(300-3000 nm) 

Pyranometer 
Kipp&Zonen 

Diffuse total shortwave irradiance 
(300-3000 nm) 

TEI49C Surface O3 

Mendoza 
32.88ºS, 
68.87ºW, 
704 m a.s.l. 

Solar Light 501 UV Index 

SMN (Argentina) 
Pyranometer 
Kipp&Zonen 

Global total shortwave irradiance 
(300-3000 nm) 

Pyrgeometer 
Kipp&Zonen 

Thermal Infrared radiation 
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Buenos Aires 
(Villa Ortuzar) 
34.59ºS, 
58.48ºW, 
25 m a.s.l. 

Solar Light UVB-1 UV Index 

SMN (Argentina) 

Pyranometer 
Kipp&Zonen 

Global total shortwave irradiance 
(300-3000 nm) 

Pyranometer 
Kipp&Zonen 

Diffuse total shortwave irradiance 
(300-3000 nm) 

Pyrgeometer 
Kipp&Zonen Infrared 

Dobson 
Spectrophotometer 
#070 

Total O3 column 

 
 
Buenos Aires 
(Villa Martelli) 
34.57ºS, 
58.30ºW, 
15 m a.s.l. 

YES UVB-1 #130804 UV Index 

SMN/CITEDEF 
(Argentina) 

 

YES UVA-1 #120214-4 Broadband UVA 

Pyranometer 
Kipp&Zonen CMP21 
#120926 

Global total shortwave irradiance 
(300-3000 nm) 

GUV 2511 #2511-07-
13154 

Spectral 305, 313, 320, 340 and 380, 
395 nm, Broadband PAR 

MAX-DOAS, Pandora 
#114 

Total column of O3 and NO2, 
tropospheric column of NO2 and 
surface concentrations of NO2 

 
 
Tandil 
37.32ºS, 
59.08ºW, 
205 m a.s.l. 

EKO UVB #S97088.02  UV Index 

CITEDEF/IHLLA 
(Argentina) 

EKO UVA #S99014.06  Broadband UVA 

Pyranometer 
Kipp&Zonen CM11 
#830288 

Global total shortwave irradiance 
(300-3000 nm) 

GUV 541 #29242 Spectral 305, 313, 320, 340 and 380 
nm 

Neuquén 
38.95ºS, 
68.14ºW, 
271 m a.s.l. 

YES UVB-1 #60703 UV Index 

SMN/CITEDEF 
(Argentina) 

YES UVA-1 #060428-2 Broadband UVA 

Pyranometer 
Kipp&Zonen CMP21 
#120924 

Global total shortwave irradiance 
(300-3000 nm) 

Bariloche 
41.15ºS, 
71.16ºW, 
840 m a.s.l. 

YES UVB-1 #130805 UV Index 

SMN/CITEDEF 
(Argentina) 

YES UVA-1 #120214-1 Broadband UVA 

Pyranometer 
Kipp&Zonen CMP21 
#120928 

Global total shortwave irradiance 
(300-3000 nm) 
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GUV 2511 #2511-07-
13149 

Spectral 305, 313, 320, 340 and 380, 
395 nm, Broadband PAR 

 
 
 
 
 
 
Playa Unión 
43.30°S, 
65.03°W, 
10 m a.s.l. 

ELDONET surface 
spectrometer 

Surface broadband UVB, UVA and 
PAR 

EFPU (Argentina) 

ELDONET 
submersible 
spectrometer 

Underwater broadband UVB, UVA 
and PAR 

Ocean Optics 
spectroradiometer 

Resolution: 1nm. Range: 190-1100 
nm 
 

Ocean Optics 
submersible 
radiometer 

Underwater solar irradiance 

Automatic weather 
station 

Meteorological parameters 

Laboratory equipment Biological and chemical analysis 

Comodoro 
Rivadavia 
45.78ºS, 
67.50ºW, 
46 m a.s.l. 

YES UVB-1 #130803 UV Index 

SMN/CITEDEF 
(Argentina) 

YES UVA-1 #120214-3 Broadband UVA 

Pyranometer 
Kipp&Zonen CMP21 
#120925 

Global total shortwave irradiance 
(300-3000 nm) 

GUV 2511 #2511-
0713150 

Spectral 305, 313, 320, 340 and 380, 
395 nm, Broadband PAR 

MAX-DOAS, Pandora 
#124 

Total column of O3 and NO2, 
tropospheric column of NO2 and 
surface concentrations of NO2 

Dobson 
Spectrophotometer 
#133  

Total O3 column SMN (Argentina) 

Río Gallegos 
51.60ºS, 
69.32ºW, 
15 m a.s.l. 

DIAL LIDAR O3 profile between 15-45 km CITEDEF 
(Argentina) 

YES UVB-1 #130806 UV Index 

SMN/CITEDEF 
(Argentina) 

YES UVA-1 #120214-2 Broadband UVA 

Pyranometer 
Kipp&Zonen CMP21 
#120927 

Total shortwave irradiance (300-
3000 nm) 

GUV 2511 #2511-07-
13148 

Spectral 305, 313, 320, 340 and 380, 
395 nm, Broadband PAR 

Brewer #229 Total O3, NO2 and spectral UV CITEDEF 
(Argentina) 
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SAOZ UV-Vis. 
Spectrometer #26 

O3 and NO2 total column LATMOS-CNRS 
(France)/CITEDEF 

(Argentina)  
Milimetric waves 
radiometer 

Upper stratospheric-mesospheric O3 

profiles between 35 and 80 km 
ISEE/CITEDEF 

(Argentina) 

Ushuaia 
54.85ºS, 
68.31ºW, 
17 m a.s.l. 

Pyranometer 
Kipp&Zonen 

Global total shortwave irradiance 
(300-3000 nm) 

SMN (Argentina) 

Pyranometer 
Kipp&Zonen 

Diffuse total shortwave irradiance 
(300-3000 nm) 

Kipp&Zonen UVB-1  UV Index 

GUV 2511 Spectral 305, 313, 320, 340 and 
380, 395 nm, Broadband PAR 

Dobson 
Spectrophotometer 
#131 

 
Total O3 column 

ozone-soundings O3 profile 
TECO, 2 TEI49C Surface O3 

NEVA-III, DOAS MAX O3, NO2, and IO profiles 
AEMET, INTA Spain, 

GTF and SMN 
Argentina 

Antarctic stations 

 
 
 
Marambio 
64.24ºS, 
56.62ºW, 
300 m a.s.l. 

Hukseflux Thermal 
Sensors 
NR01 
4-component net 
radiometer 

Global solar radiation 
Reflected solar radiation 
 

IFAR (Italy) 

AT Sunshine 
Pyranometer type 
SPN1 

Global (Total) and Diffuse 
radiation and Sunshine Duration 

EVA (DOAS) O3, NO2 

INTA (Spain) 

NEVA DOAS 
(Differential optical 
absorption 
spectroscopy) 

O3, NO2, OClO, BrO 

NEVA III (MAX DOAS) O3, NO2, OClO, BrO 

NILU-UV Radiometer Spectral 302, 312, 320, 340, 380 nm 
and sensor PAR 

IAA (Argentina) 

Dobson 
Spectrophotometer 

 
Total O3 column 

SMN (Argentina) TEI49C Surface O3 
ozone-soundings O3 profile 
Solar light 501 UV Index SMN 

(Argentina)/FMI Solar light 501 Surface-reflected UV Index 
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(Finland) 

Brewer #199  Total O3 column, spectral UV CHMI (Czech 
Republic) 

San Martín 
 68.13ºS, 
 67.13ºW, 
 40 m a.s.l. 

Brewer #162 Total O3 column, spectral UV IFAR (Italy) 

Belgrano II 
77.86ºS, 
34.62ºW, 
250 m a.s.l. 

Brewer #99 Total O3 column, spectral UV IFAR (Italy) 

MPL-4 Micropulse 
LIDAR 

detection of PSC (Polar 
Stratospheric Clouds) 

INTA (Spain) 
 

EVA DOAS 
(Differential optical 
absorption 
spectroscopy) 

O3, NO2 

NEVA II (MAX DOAS) O3, NO2, OClO, BrO 

TECO TEI49i, TEI49C 
and TEI49i-PS 

Surface O3 

ozone-soundings with 
Vaisala System 

O3 profile, temperature, relative 
humidity 

 
 
 
Argentine institutions and contacts: 
 
● SMN (Servicio Meteorológico Nacional - Argentine National Weather Service)  
 
SMN is the WMO South-American Regional Calibration Centre (RCC III) for Dobson 
spectrophotometers, surface ozone analysers and solar UV-Biometers. 
 
Contacts:  MSc. Gerardo Carbajal Benítez (gcarbajal@smn.gov.ar) 
      Lic. Fernando Nollas (fnollas@smn.gov.ar) 
 Dr. Elian Wolfram (ewolfram@smn.gov.ar) 
 Servicio Meteorológico Nacional. Av. Dorrego 4019 (C1425GBE), Ciudad Autónoma 

de Buenos Aires. Phone: 54-911-51676767 ext. 18456. 
 
● CEILAP (Centro de Investigaciones en Láseres y Aplicaciones - Center for Laser 
Research and its Applications) UNIDEF (CONICET-CITEDEF) 
 
Contacts:  Dr. Pablo Facundo Orte (pfacundo.orte@gmail.com) 
 Dr. Jacobo Salvador (jacosalvador@gmail.com) 
 División Atmósfera. Phone: 54-11-47098100 int. 1410. Juan B. de La Salle 4397. 

B1603ALO - Villa Martelli, Buenos Aires. Argentina. 
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IAA (Instituto Antártico Argentino - Argentine Antarctic Institute) 
 
Contacts:  Téc. Héctor A. Ochoa1 (haochoa@dna.gov.ar) 
 Dra. Adriana Gulisano2 (atmosfera@dna.gov.ar) 
 Dirección Nacional del Antártico - Instituto Antártico Argentino. 1Laboratorio de 

Electrónica, 2Dpto. Ciencias de la Atmósfera. 25 de Mayo 1143, San Martín, Provincia 
de Buenos Aires, Phone: +54 (11) 2033-1420. 

 
● EFPU (Estación Fotobiológica “Playa Unión” - “Playa Unión” Photo-biological 
Station) 
 
Contact:  Dr. Walter Helbling (whelbling@efpu.org.ar, efpu@efpu.org.ar) 
 Estación de Fotobiología Playa Unión. Casilla de Correos N°15 (9103). Rawson, 

Chubut, Argentina. Te: 54-280-4498019. 
 
1.4 Calibration and audit activities 
 
● V Comparison of Surface Ozone Analysers. WMO South-American Regional Calibration 
Center (RCC-III) Buenos Aires, October 2017. 
(https://www.empa.ch/documents/56101/250799/RCC-III_2017/b3f8cae4-54fb-4005-8a7d-
74f5c3162ed9?version=1.0). Jointly financed by WMO and Argentina. 
  
● V Erythemal UV Radiometers Intercomparison. WMO South-American Regional Calibration 
Center (RCC-III), Buenos Aires, 2018. 
(https://library.wmo.int/doc_num.php?explnum_id=5772). 
 
● Pandonia Global Network’s in-situ campaign of maintenance and calibration of the Argentine 
Pandora instruments at stations Buenos Aires, Comodoro Rivadavia, Bariloche and Pilar. November 
2018. 
 
● IV International Comparison of Dobson Spectrophotometers. WMO South-American 
Regional Calibration Center (RCC-III) Buenos Aires, March 2019. 
(https://www.esrl.noaa.gov/gmd/annualconference/abstracts/92-190404-B.pdf). Jointly financed by 
the Vienna Convention Trust Fund and Argentina. 
 
 
 
2.  SELECTED RESULTS FROM OBSERVATIONS AND ANALYSIS 
 
● Analysis of a southern sub-polar short-term ozone variation event (Orte et al., 2019) 
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Left-top: MWR location (blue dot, OAPA) and MLS measurement location (yellow crosses) used in the inter-comparison. The numbers 

below crosses indicate the quantity of MLS measurements. Left-center: Time series of MLS (red dots) and MWR (blue dots) ozone 
mixing ratios for three altitudes: 27, 37 and 65 km between October 2014 and December 2015 (the MWR was inoperative during March 

and July 2015 due to technical problems). Left-bottom: Atypical event of Antarctic ozone hole influence over Río Gallegos. (a) Time 
evolution of the MWR ozone mixing ratio at 27 km (red line) and 37 km (blue lines). Light red and light blue areas represent the ozone 
mixing ratio zonal climatology at both altitudes calculated using the MLS database (2004–2016). (a) Time evolution of the total ozone 
column measured with the ground-based SAOZ instruments (green dots) and OMI (purple dots) in Dobson units. White line and grey 
area represent the climatology and 1-SD calculated using the OMI database (2004–2017). (b) Time evolution of the daily maximum 

Ultraviolet Index measured with the YES UVB-1 ground-based solar radiometer at the OAPA. White line and grey area represent the 
climatological UVI at noon in Río Gallegos. Right: Advected potential vorticity maps assimilated with the MIMOSA model. Maps show 

the evolution of the polar vortex for two isentropic levels with potential temperatures of 675K (left) and 950K (right). 
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● Insights of total ozone recovery inside the Antarctic vortex (Pazmiño et al., 2018) 
 

  

 
Left: Evolution of total ozone of MSR-2 dataset inside the vortex averaged each year on 15 September–15 October period for different 
classifications: standard method at 475 and 550 K represented by black and blue lines, respectively, and method considering the 400–

600 K altitude range by the red line. Error bars represent twice the standard error. Right: As in left figure, but only for 400–600 K 
classification on different periods: September and mid-September to mid-October. Error bars represent 2-std. 

 

● Ushuaia GAW Station under ozone hole conditions during year 2019 
 

 

The Argentine Ushuaia GAW Station is placed at the southern continental South America. Both total ozone column with Dobson 
spectrophotometer and vertical ozone profile with ozonesondes are part of its regular measurement program. 

 
 

Dobson spectrophotometer #131 measurements at Ushuaia during year 2019 (red). Left: daily ozone column compared with the 
average (1994-2018), including several days (3 to 10 and 14 to 16) of September 2019 with Antarctic ozone hole overpass denoted with 

values below 220 DU. Right: monthly mean values. 
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Ozone (blue) and temperature (red) vertical profiles from ozonesondes at Ushuaia for six days of September 2019 including Antarctic 
ozone hole overpass in days 03, 09 and 16 September 2019 (total ozone of 187.7, 201.7 and 182.0 DU, respectively), evident in the 

ozone depletion in altitudes between 15 and 19 km. 

 
 
3.  THEORY, MODELLING, AND OTHER OZONE RELATED RESEARCH 
 
● Modelling of the stratospheric dynamics is accomplished mainly in collaboration with the 
Laboratoire Atmosphère, Milieux, Observations Spatiales (LATMOS), Centre National de la 
Recherche Scientifique, France, through the use of the Modélisation Isentrope du transport Méso-
échelle de l’Ozone Stratosphérique par Advection (MIMOSA). Contacts in this subject: Dr. Elian 
Wolfram (ewolfram@smn.gov.ar), Dr. Pablo Facundo Orte (pfacundo.orte@gmail.com). 
 
● Modeling of UV radiative transfer in the atmosphere based on 1-D codes using principally 
the Discrete Ordinates algorithm with semi-spherical correction in the direct component, which is 
useful for cases of homogeneous-layers composition of the atmosphere. Applications include the 
SMN daily forecasted UV Index. Contacts in this subject: Dr. Eduardo Luccini 
(eluccini@ceprocor.uncor.edu), Dr. Elian Wolfram (ewolfram@smn.gov.ar), Lic. Fernando Nollas 
(fnollas@smn.gov.ar), Dr. Pablo Facundo Orte (pfacundo.orte@gmail.com). 
 
 
4. DISSEMINATION OF RESULTS 
 
4.1 Data reporting 
 
n SMN and CEILAP send regularly their data (ozonesondes, UV-B Radiation, total ozone 
column, surface ozone, Lidar profiles) to the corresponding global gathering centres: WOUDC 
(Canada), WDCGG (Japan), NILU (Norway), etc. 
 
n Data obtained by Pandora MAX-DOAS instruments are sent to the Pandonia Global Network 
(https://www.pandonia-global-network.org/). These data are used to validate satellite data (Sentinel 
5P - ESA). 
 
n Data from the Ozone Differential Absorption Lidar of Rio Gallegos station are regularly 
submitted to the Network for the Detection of Atmospheric Composition Change (NDACC/NOAA). 
 
4.2 Information to the public 
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n SMN UV daily forecast web site was updated in 2018 adopting both the official World Health 
Organization risk color scale and risk numeric scale, including the implementation of a novel tone 
degradation for UV Index values larger than 11 up to the highest registered on the Andean Plateau 
reaching values of 22 or even higher (See figure). 
 

 

 
Maps of SMN daily forecasted UV Index around solar noon for Argentina (http://www.smn.gov.ar/), day 09 March 2020. Left: for 

uncovered direct sun and Right: the expected average UVI including the forecasted noontime cloud field along the country. 

 
 

n Additionally, SMN implemented since 2016 the real-time online availability of UV Index 
measured by UVBiometers at their stations of Buenos Aires and Ushuaia (presently in update 
process for the new SMN web platform) 
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Real-time online UV Index measurements at Buenos Aires (Left) and Ushuaia (Right) stations during 08 March 2017. 

 
 
n SMN elaborates seasonal Ozone Hole Bulletins during the Southern springtime for 
dissemination in Latin-America (Four bulletins and one final report). 
https://www.smn.gob.ar/sites/default/files/Boletin%204%20Agujero%20de%20Ozono%202019.pdf 
 
n SMN also translates the WMO Ozone Hole Bulletin into Spanish and puts it at the disposal 
of the Spanish speaking countries. 
 
4.3 Relevant scientific papers 2017-2020 
 
Orte Facundo; Elian A Wolfram; Jacobo Salvador; Akira Mizuno; Nelson Begue; Hassan Bencherif; 

Lucas Bali; Raul D'elia; Andrea Pazmiño; Godin-beekmann, Sophie; Hirofumi Ohyama; 
Jonathan Quiroga. “Analysis of a southern sub-polar short-term ozone variation event using a 
millimetre-wave radiometer”. Annales Geophysicae; vol. 37 p. 613 - 629. 2019. 

 Herman,Jay ,Nader Abuhassan, Jhoon Kim, Jae Kim, Mavendra Dubey, Marcelo Raponi and Maria 
Tzortziou. Underestimation of column NO2 amounts from the OMI satellite compared to diurnally 
varying ground-based retrievals from multiple PANDORA spectrometer instruments. Atmos. 
Meas. Tech., 12, 5593–5612, 2019. https://doi.org/10.5194/amt-12-5593-2019 

Orte, P. F. Wolfram, E., Bali, J.L.,Carmona, F.,Lusi, A, D’Elia, R., Liberteli, C., “Comparison of 
monthly means daily UVA from CERES with ground-based measurements”, IEEE Biennial 
Congress of Argentina, ARGENCON 2018, Article number 8646239, ISBN 978-153865032-5. 
Doi: 10.1109/ARGENCON.2018.8646239, 2019. 

Orte, F., Wolfram, E., Salvador, J., Mizuno, A., Bègue, N., Bencherif, H., Bali, J. L., D'Elia, R., 
Pazmiño, A., Godin-Beekmann, S., Ohyama, H., and Quiroga, J. “Analysis of a southern sub-
polar short-term ozone variation event using a millimetre-wave radiometer”, Ann. Geophys., 37, 
613–629, Doi: 10.5194/angeo-37-613-2019, 2019. 

Wolfram, E. A., Orte, P. F., D’Elia, R., Cabezas, M., Carmona, F., Rivas, R., Luccini, E.: “Tandil, 
nuevo sitio de la red SAVER-Net de monitoreo de radiación solar(UV-Total) en la Provincia de 
Buenos Aires”. Revista Proyecciones, UTN-FRBA, 17, 2, 
https://drive.google.com/file/d/1A4IhKGl46u2P3JjDOeKuZUtusYDGLOQg/view, 2019.  

Owen R. Cooper et. al “Multi-decadal surface ozone trends at globally distributed remote locations” 
Elem Sci Anth. Under review. 2019. 
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Adame J.A., M. Cupeiro, M. Yela, E. Cuevas, G. Carbajal, “Ozone and carbon monoxide at the 
Ushuaia GAW-WMO global station”. Atmospheric Research, 
doi:10.1016/j.atmosres.2018.10.015. 2018. 

Pazmiño, Andrea; Godin-beekmann, Sophie; Hauchecorne, Alain; Claud, Chantal; Khaykin, Sergey; 
Goutail, Florence; Wolfram, Elian; Salvador, Jacobo; Quel, Eduardo. “Multiple symptoms of total 
ozone recovery inside the Antarctic vortex during austral spring”. Atmospheric Chemistry and 
Physics; vol. 18 p. 7557 - 7572. 2018. 

Prados-Roman Cristina, Laura Gómez-Martín, Olga Puentedura, Mónica Navarro-Comas, Javier 
Iglesias, José Ramón de Mingo, Manuel Pérez, Héctor Ochoa, María Elena Barlasina, Gerardo 
Carbajal, and Margarita Yela “Reactive bromine in the low troposphere of Antarctica:estimations 
at two research sites” Atmos. Chem. Phys., 18, 8549–8570. Doi: 10.5194/acp-18-8549-2018. 
2018. 

Hirofumi Ohyama, Akira Mizuno, Félix Zamorano, Takafumi Sugita, Hideharu Akiyoshi, Katsuyuki 
Noguchi, Elian Wolfram, Jacobo Salvador, and Gerardo Carbajal Benítez. “Characteristics of 
atmospheric wave–induced laminae observed by ozonesondes at the southern tip of South 
America” Journal of Geophysical Research: Atmospheres. Doi: 10.1029/2018JD028707. 2018. 

Cabrerizo, Marco J.; Carrillo, Presentación; Villafañe, Virginia E.; Medina-sánchez, Juan Manuel; 
Helbling, E. Walter. “Increased nutrients from aeolian-dust and riverine origin decrease the CO2-
sink capacity of coastal South Atlantic waters under UVR exposure”. Limnology and 
Oceanography; vol. 63 p. 1191 - 1203. 2018. 

Raponi M., Cede A., Santana Diaz D., Sánchez R., Salvador J., Otero L., Ristori P., Quel E. Columna 
total de ozono medida en Buenos Aires entre marzo y noviembre de 2017, empleando un 
sistema espectrométrico Pandora. Anales AFA (Asociación Física Argentina), Vol. 29 (2), 46-
50, 2018. ISSN: 1850- 1168, DOI: https://doi.org/10.31527/analesafa.2018.29.2.46. 

Durán Romero, C., V.E. Villafañe, M.S. Valiñas, R.J. Gonçalves & E.W. Helbling - Solar UVR 
sensitivity of phyto- and bacterio-plankton communities from Patagonian coastal waters under 
increased nutrients and acidification. ICES Journal of Marine Sciences. 2017. 

Wolfram, Elian A.; Orte, Facundo; Salvador, Jacobo; Quiroga, Jonathan; D'elia, Raúl; Antón, 
Manuel; Alados-arboledas, Lucas; Quel, Eduardo. “Study of UV cloud modification factors in 
Southern Patagonia”. AIP Conference Proceedings; vol. 1810. 2017. 

Orte, Facundo; Wolfram, Elian; Salvador, Jacobo; D'elia, Raúl; Quiroga, Jonathan; Quel, Eduardo; 
Mizuno, Akira. “Attenuation by clouds of UV radiation for low stratospheric ozone conditions”. 
AIP Conference Proceedings; vol. 1810. 2017. 

Antuna, J., E. Landulfo, R. Estevan, B. Barja; A. Robock; Elian A Wolfram; Pablo Ristori; B. 
Clemesha, F. Zaratti, R. Forno, E. Armandillo, A. Bastidas; David Whiteman; David Witheman; 
Eduardo Quel; H. Barbosa, F. Lopes, E. Montilla-rosero, And J.Guerrero-rascado. LALINET: 
The first Latin American-born regional atmospheric observational network. Bulletin of the 
American Meteorological Society; p. 1255 - 1275. 2017. 

Bali Lucas; E. A. Wolfram; Alejandro Acquesta; Mariano Gonzalez, Graciela Defeo,Fernando Alonso 
Silva; Mariano Gonzalez; Raul Delia; Facundo Orte. “Plataforma interoperable para la 
visualización de niveles de radiación UV en superficie: GeoUV”. SADIO Electronic Journal of 
Informatic and Operation Research; vol. 16 p. 73 - 77. 2017. 

Nollas F. M., Carbajal Benitez G. Análisis de los valores diarios y mensuales de radiación solar 
global obtenidos por piranógrafos y piranómetros en la ciudad de Buenos Aires. E-ICES12, 
ISBN 978-987-1323-61-6, 2017. 

Carmona, F., R. Rivas, Orte P.F., Rivas R., Wolfram E., Kruse, E., Development and analysis of a 
new solar radiation Atlas for Argentina from ground based measurements and 
CERES_SYN1deg data. Egyptian Journal of Remote Sensing and Space Sciences. 2017. 
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4.3.1 Technical reports 
 
● Results and Recommendations of the 5th Comparison of Surface Ozone Analysers RCC III, 

WMO Buenos Aires, Argentina. WCC-Empa Report 17/3. Octubre 2017. 
https://www.wmo.int/pages/prog/arep/gaw/documents/RCC-III_2017.pdf 

● Intercomparación de Radiómetros UV Eritémicos. Nota Técnica SMN 2018-49, Agosto 2018. 
http://repositorio.smn.gob.ar/bitstream/handle/20.500.12160/768/Nota_Tecnica_SMN_2018-
49.pdf?sequence=1&isAllowed=y 

● Report of the Fifth Erythemal UV Radiometers Intercomparison, Buenos Aires, Argentina. 
Editado por la Organización Meteorológica Mundial (OMM) Report 243, 2018. 
https://library.wmo.int/doc_num.php?explnum_id=5772 

● SMN/WMO/GAW Region III, International Comparison of Dobson of Spectrophotometers, Villa 
Ortuzar Observatory, Argentina, 2019. 

● Aseguramiento de la calidad en la obtención de datos de ozono superficial en la red de 
estaciones del SMN. Nota Técnica SMN 2019-60. 
http://repositorio.smn.gob.ar/bitstream/handle/20.500.12160/1186/Nota_Tecnica_SMN_2019-
60.pdf?sequence=1&isAllowed=y 

● Mantenimiento y verificaciones del analizador de ozono superficial Thermo Environmental 
Instruments modelo 49C. Nota Técnica SMN 2019-55. 
http://repositorio.smn.gob.ar/bitstream/handle/20.500.12160/1000/Nota_T%c3%a9cnica_SMN_
2019-55.pdf?sequence=3&isAllowed=y 

● Análisis de las condiciones de background de la estación VAG Ushuaia. Nota Técnica SMN 
2019-62. 
http://repositorio.smn.gob.ar/bitstream/handle/20.500.12160/1218/Nota_Tecnica_SMN_2019-
62.pdf?sequence=4&isAllowed=y 

● Orte, F. Wolfram, E., D’Elia, R., Liberteli, C.: Procesamiento de datos de radiación solar y 
calibración instrumental del nodo Tandil de la red Saver-Net. CITEDEF, Villa Martelli, Argentina, 
ISSN 0325-1527, 2018. 

● Orte, F. Wolfram, E., D’Elia R., Carmona F., Rivas R., Libertelli C., Amanchantoux, G.,  
Procesamiento de datos de radiación solar y calibración instrumental del nodo Tandil de la red 
Saver-Net. CITEDEF, Villa Martelli, Argentina, ISSN 0325-1527, 2018. 

 
 
5. PROJECTS, COLLABORATION, TWINNING AND CAPACITY BUILDING 
 
● SMN Projects in collaboration with Finnish Meteorological Institute, through the ozone-

soundings programme in Antarctic Marambio Station.  
 
● SMN agreement with the Agencia Estatal de Meteorología (AEMet, Spain), Instituto Nacional 

de Técnica Aeroespacial (INTA, Spain), and Tierra del Fuego Province through MAX-DOAS 
(O3, NO2 and IO Column) spectrophotometer and ozone-soundings at Ushuaia GAW Station.  

 
● Agreement between Argentine institutions: SMN, CONICET and CEPROCOR, for technical 

and research collaboration about ozone and solar UV radiation for period 2017-2020. 
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● CEILAP Projects in collaboration with: Laboratorio de Investigaciones Atmosféricas de la 
Universidad de Magallanes, Punta Arenas - Chile, and Nagoya University in Japan. The main 
project that the three institutions hold is the SAVER-Net project (http://www.savernet-
satreps.com supported by Japan International Cooperation Agency (JICA) and Japan Science 
and Technology (JST). 

 
● Argentina integrates the Pandonia Global Network of Pandora instruments since December 

2016. 
 
● IAA Projects in collaboration with: National Meteorological Service (Argentina), Institute of 

Atmospheric Physics of Rome (IFAR, Italy), National Institute of Aerospace Technique (INTA, 
Spain), National Institute of Meteorology (INM, Spain), Finnish Meteorological Institute (FMI, 
Finland), Solar and Ozone Observatory of the Hydrometeorological Institute of the Czech 
Republic. 

 
 
6. IMPLEMENTATION OF THE RECOMMENDATIONS OF THE 10th OZONE RESEARCH 
MANAGERS MEETING 
 
Ø Commitment with the Montreal Protocol: 

○ Argentina has ratified the Kigali Amendment (2016) to the Montreal Protocol. On November 22, 
2019, the Instrument of Ratification was presented and deposited with the United Nations Treaty 
Section. Pursuant to Article IV, paragraph 4, the Kigali Amendment entered into force for the 
Argentine Republic on the 90th day after the date of deposit of the instrument, February 20, 
2020, becoming the 89th Party to ratify the Kigali Amendment. 

 
Ø Calibration and comparison activities: 

○ Accomplishing its responsibilities as WMO South-American Regional Calibration Center (RCC-
III), the SMN Buenos Aires Central Observatory acted as headquarters for the three main 
calibration activities on ozone-related parameters: V Comparison of Surface Ozone Analysers 
(October 2017), V Erythemal UV Radiometers Intercomparison (2018), and IV International 
Comparison of Dobson Spectrophotometers (March 2019). Additionally, the Pandonia Global 
Network’s in-situ campaign of maintenance and calibration of the Argentine Pandora 
instruments was developed at stations Buenos Aires, Comodoro Rivadavia, Bariloche and Pilar 
(November 2018). 

 
Ø Collaborations and participation in international projects: 

○ Active participation in the creation of the project Tropospheric Ozone Assessment Report 
(TOAR) (IGAC-NOAA-WMO), to generate easily accessible, documented data on ozone 
exposure and dose metrics at hundreds of measurement sites around the world (urban and non-
urban), freely accessible for research on the global-scale impact of ozone on climate, human 
health and crop/ecosystem productivity. https://igacproject.org/activities/TOAR. SMN 
contributed with surface ozone data to the Tropospheric Ozone Assessment Report (TOAR) 
(https://join.fz-juelich.de/access/). 
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○ SMN contributed with surface ozone data in near-real-time for the validation of analysis and 
forecast of global atmospheric composition developed by the Copernicus Atmosphere 
Monitoring Service (CAMS), European Union. 

 
Ø Attendance at international training courses: 

○ GAWTEC 31th training session, October 30th - November 12th, 2016. Main topics: UV radiation. 
Data handling and quality assurance. Precipitation chemistry (& sampling). 15 years of 
GAWTEC celebration. Attending from Argentina: Lic. Fernando Nollas (SMN - Mendoza 
Station). 

○ GAWTEC 32th training session, April 30th - may 13th, 2017. Main topics: Greenhouse gases 
(esp. CO2, H2O, SF6, CH4). Data handling and quality assurance. Attending from Argentina: 
Mr. Jonathan Ferrara (SMN - Buenos Aires Central Observatory at Villa Ortuzar). 

○ GAWTEC 34th training session, May 13th - 26th, 2018. Main topics: UV Radiation. Data quality 
assurance and control. Attending from Argentina: Mr. Hernán Salutto (SMN - Pilar regional GAW 
Station). 

 
Ø Prevention of UV radiation effects on human health: 

○ National Campaign for the Prevention of Skin Cancer. Developed by the Argentine Society of 
Dermatology. November of years 2017, 2018 and 2019. Participating more than 220 health 
centers along the whole country. (http://www.cancerdepiel.org.ar/). 

 
Ø Historical milestones: 

○ November 2019: 25th anniversary of Ushuaia GAW Station. 

○ October 2019: 54th anniversary of continuous total ozone column measurements at SMN 
Central Buenos Aires Observatory (Dobson #097 1965-2010, except years 1992-1993 replaced 
by Dobson #099, followed by Dobson #070 2010-present. 

○ October 2019: 32th anniversary of the start of Dobson spectrophotometer (#099) measurements 
at Antarctic Marambio Station.  

○ July 2019: 113th anniversary of the SMN Central Buenos Aires Observatory, presently WMO 
South-American Regional Calibration Center (RCC-III). 

 
 
7. FUTURE PLANS 
 
n Principal objectives for period 2020-2023 

○ Maintain the activities of monitoring ozone and UV radiation existing in the Argentine territory. 

○ Planify and execute calibration tasks for Dobson instruments and UV radiometers to maintain 
traceability of measurements associated with these instruments with the World Calibration 
Centers. This activity would require the help and support of the WMO. 
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○ Consolidate an inter-institutional committee formed by the principal investigators of the primary 
institutions that today carry out the monitoring of ozone and UV radiation in Argentina. 

○ Carry out a series of periodic meetings by this committee with the aim of expanding activities 
related to the ozone problem and its relationship with Climate Change in our region. It is 
proposed to set the first meeting for the first half of the year 2021 in the dependencies of the 
National Meteorological Service (Headquarters). 

○ Promote awareness activities and responsible use of the sun by implementing the inter-
institutional UV risk management protocols in force in Argentina. 

 
 
8. NEEDS AND RECOMMENDATIONS 
 
● The first need at present for Argentina is to maintain their current monitoring networks in 

qualified operation. Argentina is aware of the importance of their data in view of the strategic 
geographical location to study the atmospheric ozone problem, and will continue supporting with 
their own funds many of the activities in this sense to maintain their databases within high quality 
standards, but coordination and support from the international scientific and funding institutions 
is primordial to avoid declives up to a critical situation. 

 
● Additionally, Argentina is making their own efforts to develop sophisticated instruments that 

contribute to widen their present networks, such as atmospheric Lidars, whole-sky cameras, 
etc., some of them in strong international cooperation. 

 
● Training courses and scientific workshops on ozone- and UV- related international activities and 

support should be maintained, devoted specifically to developing countries, and particularly to 
Region III South America. 

 
Other scientific concerns are still common to previous reports and must consider the strategic 
geographical location of Argentina to study and to understand the consequences of this global 
environmental problem: 
 
− Antarctica and Southern South-America must be still for many years considered the most critical 

region in the world related to ozone depletion and its consequences. 
 
− The Antarctic Ozone Hole must be continuously monitored by all means for many years. 

Permanent ground-based and satellite-based instruments are an essential complement for this 
task. 

 
− There is growing evidence that the ozone layer is both acting in response to current climate 

variability and change as well as affecting climate over the Southern Hemisphere. Such coupled 
studies are an important component of understanding needed to assess climate variability and 
climate change processes. Hence it is important to strength all atmospheric measurements 
relevant to both processes. This also requires a strong support in capacity building at the 
technician and research levels to continue both with monitoring and relevant research. 

 
− It is essential that research activities being enhanced regionally and globally in the double-

pronged aspect of ozone depletion and variability within the framework of Climate Change due 
to the many joint aspects and couplings that are starting to be understood. Hence it is essential 
to sustain national and international projects regarding these as relevant issues.  

 
− Until the recovery of the ozone layer does not become evident and sustained in time and as 

long as the international scientific community does not have a clear and fully developed picture 
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of the linkages between the ozone layer, the stratosphere and the troposphere, within the scope 
of climate change and variability such research must be supported nationally, regionally and 
internationally. 
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National Report of the Republic of Armenia  

11th WMO/UNEP Ozone Research Managers Meeting 
Geneva, 1-3 April 2020  

    

1. OBSERVATIONAL ACTIVITIES 
 

1.1   Column measurements of ozone and other gases/variables relevant to ozone loss. 
The Global Atmosphere Watch (GAW) regional meteorological station #410 in Amberd, 
Armenia, carries out regular measurements of total ozone since 2000. The station is 
equipped with the  Dobson spectrophotometer D-044 (Fig.1). Location: 40.38N, 44.25E, 
2070. 
 

 
 

Figure 1: Dobson Spectrophotometer at the GAW 
Regional Station #410 Amberd 

 
 

  1.2 Profile measurements of ozone and other gases/variables relevant to ozone loss 
No profile measurements of ozone and other gases/variables relevant to ozone loss are 
carried out in Armenia. 
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   1.3 UV measurements 
 No UV measurements are currently carried out in Armenia due to the insufficient technical 
base (lack of equipment). It has been planned to equip the stations carrying out 
actinometric observations, with UV measuring equipment (radiometers) to carry out UV 
measurements in future (subject to funding availability).   
 

 
   1.4  Calibration activities 

The calibration of Dobson spectrophotometer D-044 in European RDCC was held in 
Hohenpeisenberg in June 2017. Next calibration service of Dobson D-044 shall be 
organized in Hohenpeisenberg in 2023 (subject to funding availability). 

 
 
2.  RESULTS FROM OBSERVATIONS AND ANALYSIS 

The results of measurements of total ozone at Dobson-station (Amberd) showed that during 
2009-2019 the minimal value of total ozone was observed in 2010, and maximum values in 
2016. These data can be interpreted as testifying about gradual recovery of ozone layer in 
middle latitudes of the Northern Hemisphere of the Earth.  
 

 
Table 1. Dynamics of total ozone over Armenia during 2009-2019 

 
 

3.  THEORY, MODELLING, AND OTHER OZONE RELATED RESEARCH 
Research on the correlation of changes in the ozone layer and skin cancer rates was  
carried out for the period of 1990-1995 jointly with the National Center of Oncology: To  
update the research, a cooperation between the Ministry of Environment and the Ministry of  
Health of the Republic of Armenia was initiated by the end of 2019 based on the  
recommendations developed by the Stakeholder Consultation 2019. The actual research is  
planned for 2020.     
 
 

4. DISSEMINATION OF RESULTS 
 

200

220

240

260

280

300

320

340

360

380

400

2
0
0
9
/ 

1

2
0
1
0
/1

2
0
1
1
/1

2
0
1
2
/1

2
0
1
3
/1

2
0
1
4
/1

2
0
1
5
/1

2
0
1
6
/1

2
0
1
7
/1

2
0
1
8
/1

2
0
1
9
/1

year / month 

 - monthly
valuesD.u. 

8686

https://www.google.ru/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwi_oe6ajbXSAhVhJJoKHSbxCDkQFggeMAA&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FHohenpei%25C3%259Fenberg&usg=AFQjCNEb1MvqRqcPtZYUy-qsQek17oH8Fw&bvm=bv.148441817,d.bGs
https://www.google.ru/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwi_oe6ajbXSAhVhJJoKHSbxCDkQFggeMAA&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FHohenpei%25C3%259Fenberg&usg=AFQjCNEb1MvqRqcPtZYUy-qsQek17oH8Fw&bvm=bv.148441817,d.bGs


 
 

    4.1 Data reporting 

 Results of monthly measurements of total ozone at Amberd station are regularly submitted  
to  the WMO/GAW, World Ozone and UV radiation Data Centre WOUDC as per the due  
procedure. 

 
 
    4.2 Information to the public 

The model was developed to calculate intensity of solar radiation and distribution of UV 
Indexes using the forecasts of total ozone distribution above northern hemisphere from 
WMO/GAW ozone maps.  The estimations and forecasts of UV Indexes for different 
regions of Armenia were calculated according to "UV Index for Public" (COST-713 Action 
UVB Forecasting) using local forecast of cloudiness.  Forecasted and observed results are 
included in the daily hydrometeorological bulletin.  
The Bulletin is submitted to decision makers as well as disseminated to public via internet, 
TV, and radio. Additionally, the bulletin including the map of Armenia with regional 
segments is uploaded to the new official website of the National Ozone Unit on a daily 
basis: www.saveozone.am .   In case of high UV index a special warning is announced to 
avoid direct solar radiation. 
Additionally, a short video was prepared jointly with the National Ozone Unit of Armenia 
(NOU) in September 2017 to present on the ozone layer observation activities in Armenia 
for wider public. The video is available on the official website of the NOU Armenia: 
http://saveozone.am/post/ozonayin-sherti-ditarkovmner . 
 
Representatives of the Hydrometeorological Service of the Republic of Armenia regularly 
participate in the press conferences dedicated to the International Ozone Day organized by 
the NOU Armenia to reflect on the ozone layer observations in Armenia and current status 
of the ozone layer.  
 

4.3  Relevant scientific papers 
 

No new scientific papers have been developed during the reporting period.   
 
 
5. PROJECTS, COLLABORATION, TWINNING AND CAPACITY BUILDING 

Measurements on concentrations of pollution in precipitations and on solid particles in the 
air, including SO2, NO2 and surface ozone O3 are continuously carried out at the Amberd 
Hydrometeorological station under the commitments of Long range Transboundary Air 
Pollution Convention ratified by the Republic of Armenia in 1997.  
 

6.       IMPLEMENTATION OF THE RECOMMENDATIONS OF THE 10th  OZONE RESEARCH 
           MANAGERS MEETING 

 
 Existing observation capabilities for the ozone layer were duly maintained, and 

ozone measurements were accurately performed. 
 Understanding the complex coupling of ozone, atmospheric chemistry, transport, 

and climate changes, and its high priority, ozone data were included in the Climate 
change projects in Armenia.  

 Following the recommendation that maintaining long-term, research-quality 
observational data requires continued calibrations and intercomparisons, calibration 
of Dobson spectrophotometer D-044 in European RDCC was held in 
Hohenpeisenberg in June 2017. 
 

 
7. NEEDS AND RECOMMENDATIONS 
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 Technical assistance is requested to allow UV measurements, and the Republic of  
Armenia would like to request the Ozone Secretariat to investigate the opportunities 
of providing technical assistance and procuring the UV measuring equipment. 

 A training course at the WMO training centres for ozone experts is desirable.  
 It is recommended to use the capacities of Amberd meteorological station in order 

to monitor solar radiation and vertical distribution of ozone.  
 Bearing in mind that Amberd Ozone Measuring Station is unique and the only one 

in the region, it is recommended to equip the station with the Brewer 
spectrophotometer to carry parallel measurements with the Dobson 
spectrophotometer until the latter one is transferred to another country wishing to 
initiate ozone measurement.  

 Based on the recommendations of the Stakeholder Consultation 2019, it has been 
planned to initiate ozone measurements through satellite borne instruments 
including Sentinel-2.  
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Australian National Report 

for the 11th WMO/UNEP Ozone Research Managers Meeting 

 Geneva, 1-3 April 2020 

 

1. OBSERVATIONAL ACTIVITIES 
 

 1.1 Column measurements of ozone and other gases/variables relevant to ozone loss. 
The Australian Government’s Bureau of Meteorology (BoM) has primary responsibility for 
monitoring total column ozone.  

• The BoM Dobson network consists of stations located at Darwin, Brisbane, Melbourne and 
Macquarie Island. NOAA also operate a Dobson at Perth supported by BoM staff. Brisbane, 
Macquarie Island and Melbourne have records dating back to 1957. 

 
Total column ozone is also measured by: 

• A Brewer spectrophotometer operated by the University of Tasmania (financially supported by 
the BoM). 

• Remote sensing FTIR measurements at Wollongong, operated by the University of 
Wollongong (the measurements are made as part of the Network for the Detection of 
Atmospheric Composition Change, NDACC). 

 

NIWA operates a zenith viewing spectrometer at Macquarie Island for NO2 column and profile 
information. 

 
 
  1.2 Profile measurements of ozone and other gases/variables relevant to ozone loss 

Weekly ozonesonde measurements are taken by the BoM at: 

• Broadmeadows (Melbourne)  

• Macquarie Island  

• Davis station, Antarctica, in conjunction with the Australian Antarctic Division (AAD) and the 
Chinese Academy of Meteorological Sciences (CAMS)  
 

The ozonesonde program at Davis dates from 2003, Macquarie Island from 1994, and 
Broadmeadows continues the program originally located in Aspendale (1965-1982) and Laverton 
(1983-1998). Collaboration with CAMS includes information exchange and research associated with 
atmospheric chemistry measurements at China’s Zhongshan station, near Davis. 
 

• In conjunction with some of these ozonesonde flights, the AAD has operated a 
Rayleigh/Mie/Raman lidar at Davis to measure temperature and aerosol loading in the 
stratosphere (the lidar operated from 2001-2012). A depolarisation lidar for troposphere-
stratosphere measurements, including studies of Polar Stratospheric Clouds, began continuous 
operations in November 2018, and will continue taking data until late 2020. 

• Coarse vertical resolution profiles from Dobson Umkehr measurements have been made at 
BoM Dobson network sites dating back to 1962. Umkehr observations are still made at 
Brisbane, Darwin and Perth.  (Stone et al., 2015). 

• The FTIR operated by the University of Wollongong also reports course vertical resolution 
profiles (4 to 5 degress of freedom) from the mid-IR spectra, which are provided along with total 
columns to the NDACC archive. 
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   1.3 UV measurements 
    1.3.1 Broadband ultraviolet 

The Australian Radiation Protection and Nuclear Safety Agency (ARPANSA) has maintained a 
network of UV detectors in capital cities around Australia since 1989. In 1996 the instruments were 
changed over to Solar Light UVB 501 broadband biometers. Kingston, Tasmania was added in 
2007, Canberra was added in 2010, and Alice Springs was added in 2011. Biometers have also 
been collecting data at Macquarie Island since 2001 and the Australian Antarctic stations Mawson, 
since 2002, and both Davis and Casey since 1996. The biometers are intercompared at Yallambie 
before placement in the field.  
 
In 2017 ARPANSA began replacing the existing biometers with SiC photodiode UV sensors (sglux 
ERYCA) at all network sites.  There are currently thirteen measurement sites in Australia that have 
been upgraded to the new sensors: Adelaide, Alice Springs, Brisbane, Canberra, Darwin, Emerald 
(new site 2019), Gold Coast (new site 2018), Kingston, Melbourne, Newcastle, Perth, Sydney and 
Townsville.  In addition, the biometers at the Australian Antarctic Division (AAD) research stations 
of Mawson and Macquarie Island have been upgraded to the new UV sensors.  Biometer detectors 
are still in place at the remaining two AAD stations of Casey and Davis. 
 
1.3.2 Spectral ultraviolet 
The BoM owns and operates two NIWA-designed spectroradiometers at Alice Springs and 
Broadmeadows (Melbourne).  
 

Measurements of spectral irradiance have been made at Cape Grim by the University of Wollongong 
since 2000 and archived at WOUDC for 2000 - 2005. The measurements were stopped by a failure 
of the instrument. A new instrument is now operational. 

 
ARPANSA currently uses a Bentham spectroradiometer based at the Melbourne site to 
simultaneously measure solar UVR and transfer a traceable calibration to the broadband detectors 
before installation at network sites. This instrument commenced measurements in December 2008 
and has been operating continuously since then. Spectral measurements with traceable 
calibrations at Antarctic mainland stations commenced in 2010 at Davis and Mawson. In 2011 a 
Bentham spectral system was installed at Davis with the aim of providing a longer duration series 
of calibrated spectral measurements. This instrument failed in 2012, but was replaced in 2013 and 
is still recording UV spectral data.  Another Bentham spectral system was installed in Casey in 
December 2012 and removed in May 2014.  

 
 
   1.4  Calibration activities 

The BoM holds the Region V Dobson standard and operates the Regional Dobson Calibration Centre 
(RDCC) for the south-west Pacific. The regional standard Dobson is inter-compared regularly with 
the world standard Dobson, most recently in Boulder in August 2013 and in Melbourne in February 
2017. ARPANSA meets the WMO’s instrument specifications and characterization as a health 
advisory agency that provides the daily UV levels. CSIRO/BoM ODS measurements employ 
calibration standards supplied by the Scripps Institution for Oceanography (USA) and the data are 
regularly compared to data collected at Cape Grim by NOAA (USA) and University of East Anglia 
(UK). 
 
In Melbourne in 2013 ARPANSA was involved with an international intercomparison of solar UVR 
spectral measurements involving the ARPANSA Bentham spectroradiometer intercompared with the 
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BoM owned NIWA-designed spectroradiometer and solar UVR spectroradiometer from Public Health 
England (PHE) (Gies et al. 2015). 
 
The ARPANSA travelling Bentham spectroradiometer was involved in an intercomparison at NIWA 
Lauder, New Zealand 29 January to 12 February 2016 with two NIWA spectroradiometers and the 
travelling reference spectroradiometer QASUME from PMOD/WRC. 
 
A Regional Dobson Intercomparison was held in Melbourne in February 2017, including participation 
from the Philippines supported by the Vienna Convention Trust Fund for Research and Systematic 
Observations, as well as Japan, New Zealand and the USA.  

 
 
1.5  Ozone Depleting Substances 

Australian activities in ODS research are focused on in situ ODS observations at the WMO GAW 
Global Baseline Station at Cape Grim, Tasmania (funded and managed by the Australian Bureau of 
Meteorology, with the science program jointly undertaken with CSIRO) and at the CSIRO Oceans 
and Atmosphere laboratory at Aspendale, Victoria, analysing air samples from the Cape Grim Air 
Archive, from the CSIRO Australian and global flask sampling networks and from firn air samples 
from Antarctica. Australian activities also include ODS modelling, and all ODS observational and 
modelling research involve collaborations with AGAGE (Advanced Global Atmospheric Gases 
Experiment) and other colleagues in the USA, Europe (Germany, Norway, Switzerland, UK) and Asia 
(China, Japan, South Korea). 

 

ODSs monitored and modelled in the Australian program include species from all the major ODS 
groups – CFCs (chlorofluorocarbons), HCFCs (hydrochlorofluorocarbons), halons, chlorocarbons, 
bromocarbons and nitrous oxide. HFCs (hydrofluorocarbons), which are regulated under the 
Montreal Protocol following the Kigali Amendment (2016), are also monitored and modelled. 

 
2.  RESULTS FROM OBSERVATIONS AND ANALYSIS 
 
2.1 Ozone Depleting Substances 

 

Australian research on ozone depleting substances (ODSs) made major contributions to the 
WMO/UNEP Scientific Assessment of Ozone Depletion: 2018 (Engel, Rigby et al., 2018; Montzka, 
Velders et al., 2018). 

 

Cape Grim ODS data have been included in several reviews of the evolution of ODS measurements 
and their global and regional emissions since the mid-1970s through to the late-2010s (Fraser et al., 
2018; Prinn et al., 2018; Reimann et al., 2018). Cape Grim ODS data have made a significant 
contribution to the compilation of global greenhouse gas data for the forthcoming IPCC 6th 
Assessment Report on Climate Change (Meinshausen et al., 2017).  

 

New research on the global and regional estimates of the abundances and emissions of several ODSs 
- CFC-11 (CCl3F), CFC-13 (CClF3), CFC-113a (CCl3CF3), CFC-114 (CClF2CClF2), CFC-114a 
(CCl2FCF3), CFC-115 (CClF2CF3), HCFC-22 (CHClF2), HCFC-141b (CH3CCl2F), HCFC-142b 
(CH3CClF2), HCFC-124 (CHClFCF3), carbon tetrachloride (CCl4) and chloroform (CHCl3), using data 
from Asian observatories (China, Japan, S. Korea, Taiwan), from Cape Grim and other global sites, 
and from aircraft, has been published. Thanks to the Montreal Protocol, the atmospheric abundances 
of the major CFCs, most HCFCs and CCl4 have stopped growing or are in decline, whereas CFC-
113a, CFC-114, CFC-114a and HCFC-22 are still increasing, but with declining growth rates. These 
latest results have identified east Asia, in particular China, as the major source region for recent, 
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renewed emissions of most of these ODSs and their possible impact on the recovery of the 
stratospheric ozone layer (Adcock et al., 2018; Fang et al., 2019; Lunt et al., 2018; Rigby et al., 2019; 
Simmonds et al., 2017, 2018; Stanley et al., 2019; Vollmer et al., 2018). 

 

Cape Grim and other global data have been used to show that there are several short-lived ODSs 
(CHCl3, dichloromethane – CH2Cl2, perchloroethylene - CCl2CCl2, dichloroethane (CH2ClCH2Cl) 
whose contribution to stratospheric chlorine has almost doubled (<2% to approaching 4%) for the 
period 2000-2017 (Fang et al., 2019; Hossaini et al., 2019).  

 
2.2 Ozone & UV 
 

The GAW/IO3C/SPARC activity Long-term Ozone Trends and Uncertainties in the Stratosphere 
(LOTUS) made use of Australian ozone profile data from ozonesondes, FTIR and Umkehr 
observations (SPARC/IO3C/GAW, 2019), which in turn made a substantial contribution to the 2018 
WMO/UNEP Scientific Assessment of Ozone Depletion (Braesicke, P., & Neu, J., 2018). The 
Australian measurements represent a substantial fraction of the long-term datasets available for 
southern hemisphere mid-latitudes. 
 
Analyses of Australian ozonesonde data are used in the following areas: 

• Investigation of ozone loss processes and variability (e.g. Klekociuk et al., 2018, 2019; 
Krummel et al., 2018; Tully et al., 2019a,b).  

• Long-term monitoring of Antarctic ozone (e.g. under Australian Antarctic Science (AAS) 
project 4293; 
https://secure3.aad.gov.au/public/projects/report_project_public.cfm?project_no=4293&sea
son=1516).https://secure3.aad.gov.au/public/projects/report_project_public.cfm?project_no
=4293&season=1516). 

• Near real-time analyses of ozone in the Southern Hemisphere winter (WMO Antarctic 
Ozone Bulletins; see http://www.wmo.ch/pages/prog/arep/gaw/ozone/index.html) 

• Satellite and instrument validation (e.g. Sofieva 2017).  

• Assimilation into global atmospheric composition reanalysis (e.g. Benedictow et al., 2013). 
 
An assessment was made by Greenslade et al. (2017) of the stratospheric intrusion of ozone into 
the troposphere, making use of ozone sonde data from Davis, Macquarie Island and Melbourne 
(Broadmeadows). 

 

Measurements at Cape Grim, Tasmania (2000 – 2005) of the UV-B driven photolysis of ozone 
producing reactive oxygen atoms have been analysed to quantify the impact of the key drivers (ozone, 
solar zenith angle and cloud) (Wilson 2015). 

 

 Antarctic and Arctic ozonesonde data are being used to develop a database of information for the 
upper troposphere and lower stratosphere region as part of an Action group in the Scientific 
Committee on Antarctic Research (https://www.scar.org/science/pact/home/). 

 

 Course resolution ozone profiles from the University of Wollongong FTIR are now delivered to the 
Belgium Institute for Space Aeronomy on a monthly basis as part of the follow on EU FP7 programme, 
the Copernicus Atmosphere Monitoring Service (CAMS). These profiles are used to help validate the 
CAMS model. Data from the BoM Dobson network and MAX-DOAS instrument is also provided to 
CAMS via NDACC rapid delivery. 
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 Data from UV spectral measurements at Alice Springs and Melbourne (Broadmeadows) were used 
by McKenzie et al. (2019) to establish the success of the Montreal Protocol in preventing long-term 
increases in UV irradiance.  

 
 

 
3.  THEORY, MODELLING, AND OTHER OZONE RELATED RESEARCH 
      

The global climate version of the Australian Community Climate and Earth System Simulator 
(ACCESS) now has the capability to resolve stratospheric ozone depletion and recovery, and 
associated climate impacts. This model, known as ACCESS-CM2-Chem, is available to all academic 
researchers in Australia, and will be the basis for Australia’s contribution to the second phase of the 
Chemistry-Climate Model Initiative (CCMI-2). 
 
ACCESS-CM2-Chem is based on the ACCESS-CM2 climate model, which is one of Australia’s 
submissions to the Coupled Model Intercomparison Project 6 (CMIP6). This development approach 
ensures availability to the community and ongoing technical support. The full chemistry configuration 
of ACCESS-CM2 can run with or without an interactive ocean, and can be nudged to meteorological 
reanalyses to suit the experimental application. 
 
Evaluation against observations of the ACCESS-CM2-Chem model reveals improved skill in 
reproducing the stratospheric ozone hole as compared to the previous ACCESS-CCM and 
ACCESS-UKCA models. Subsequent research will focus on timescales to ozone recovery, which 
both depend on future greenhouse gas and ODS emission pathways. 
 
ACCESS-CM2-Chem model runs on the new NCI Gadi supercomputer, under projects p66 and q90. 
Knowledge, data sharing, and collaborative activities are occurring between NIWA, the AAD, the 
BoM, domestic universities, and international collaborators (e.g. UK Met Office). 
 

Simulations performed with the previous version of the model (ACCESS-UKCA) contributed to 
CCMI1 and  have been archived at the British Atmospheric Data Centre. Studies based on analysis 
of these model runs are listed in 4.3.  (See https://blogs.reading.ac.uk/ccmi/badc-data-access/ ). 

 

Gillet et al. (2019) has recently studied the relation between  interannual variations of Antarctic 
ozone and surface temperature in spring and summer, while Lim et al. (2019) examined the impact 
on Australian temperature and rainfall of a weaker Antarctic vortex.  

 
 
4. DISSEMINATION OF RESULTS 
 
    4.1 Data reporting 
      

Ozonesonde and Dobson data from all Bureau of Meteorology stations are archived at the World 
Ozone and UV Data Centre (WOUDC) and widely used in the literature, including for satellite 
validation and model comparisons. Ozonesonde and Dobson data are also being progressively 
archived at NDACC.  
 
Measurements of column amounts from the FTIR system at Wollongong are reported via the 
Network for Detection of Atmospheric Composition Change (NDACC) database (see 
http://www.ndsc.ncep.noaa.gov/data/), as are spectral UV data from Alice Springs.  Spectral UV 
data from Broadmeadows are archived at WOUDC.  
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Cape Grim and AGAGE global ODS data, and N2O data from the CSIRO global flask monitoring 
network are regularly archived at the WMO World Data Centre for Greenhouse Gases (WDCGG) in 
Japan: https://gaw.kishou.go.jp/.  https://gaw.kishou.go.jp/. AGAGE data can also be found on the 
MIT AGAGE website: https://agage.mit.edu/https://agage.mit.edu/ 
 
ARPANSA provides UVR data from its broadband detectors in Casey, Davis, Mawson and 
Macquarie Island to the Australian Antarctic Division Data Centre. 
https://data.aad.gov.au/metadata/records/ARPANSA_BIO 

Broadband UV data collected since 2007 from all other ARPANSA network sites is archived at the 
Australian Government data portal https://www.data.gov.au/. 

 
 
    4.2 Information to the public 
           

A UV forecast (based on data from the Copernicus Atmospheric Monitoring Service) is issued daily 
by the Bureau of Meteorology, and provided to the media as part of the weather report, and on the 
BoM weather app. The forecast is used extensively in Australia’s SunSmart promotional and 
educational campaigns.  

 
ARPANSA provide measured real-time UV levels which are updated every minute. A plot of the UV 
levels for all network sites is available on the ARPANSA web site at: 
https://www.arpansa.gov.au/our-services/monitoring/ultraviolet-radiation-monitoring/ultraviolet-
radiation-index. Historical UV index data since 2007 is also available on the Australian Government 
data portal at https://www.data.gov.au/. The ARPANSA real-time UV measurement data are also 
provided as an xml format file for application developers at 
https://uvdata.arpansa.gov.au/xml/uvvalues.xml.  This file is updated approximately once every 
minute with the most recent UVR levels and is used in many mobile apps (such as the SunSmart 
app). 

 

The University of Melbourne Earth Sciences’ website provides five-minute UV index updates for 
Melbourne: http://earthsci.unimelb.edu.au/engage/dynamic-earth-updates/weather-station  

  
Ozone analyses and forecasts are used by a number of groups to issue statements on the 
development of the ozone hole each year. 

 
During spring of each year, CSIRO provides a weekly update on the status of the ozone hole, 
based primarily on satellite data from OMPS, OMI and TOMS, which is posted on the Department of 
Environment and Energy website and publicly available. 
 
Figures showing Cape Grim and global levels of ODSs can be found on the AGAGE website: 
https://agage.mit.edu/data/agage-data https://agage.mit.edu/data/agage-data while the levels of 
N2O at Cape Grim can be found on the Cape Grim greenhouse gases webpage: 
https://www.csiro.au/en/Research/OandA/Areas/Assessing-our-climate/Latest-greenhouse-gas-
datahttps://www.csiro.au/en/Research/OandA/Areas/Assessing-our-climate/Latest-greenhouse-gas-
data 
 
Information on Antarctic ozone depletion was provided in the 2016 Australian State of the 
Environment Report (Klekociuk and Wienecke, 2017). 
 
General information to the public is also disseminated from time to time in the form of general 
articles (e.g. Klekociuk and Krummel, The Conversation, 15 September 2017). 
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and institutions in both Australia and New Zealand, and is appreciated by all.  
 
A number of Australian scientists contributed as members of the steering committee, lead-authors, 
co-authors, contributors or reviewers of the WMO/UNEP 2018 Scientific Assessment of Ozone 
Depletion, with some support from the Department of Agriculture, Water and Environment. 
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Similarly, the assessment of the Environmental Effects of Ozone Depletion has a significant number 
of Australian scientists involved.  
 
The Bureau of Meteorology has ongoing collaboration projects with the Australian Radiation 
Protection and Nuclear Safety Agency (ARPANSA) on UV Index validation against surface 
measurements and with SunSmart (Cancer Council Australia) on the use of the UV Index to promote 
sun protection.  
 
The BoM/AAD ozonesonde and AAD lidar measurements at Davis station in Antarctica have 
contributed to the International Polar Year cluster project ORACLE-O3, and the CONCORDIASI 
and MATCH campaigns. 
 
ARPANSA has an ongoing collaborative project with the Australian Antarctic Division entitled 
Determination of the ultraviolet radiation environment at the Australian Antarctic Stations using 
broadband and spectral instrumentation (AAS 4115). 
 
The Australian Research Council has funded a 5 year project looking at a number of atmospheric 
“grand challenges” in the southern hemisphere involving the University of Wollongong, the 
University of Melbourne and several overseas collaborators. (2016 – 2020, DP160101598). 
 
Short-term summer research intern positions which allow graduate university students to work 
alongside researchers over periods of several weeks are run annually in conjunction between 
various universities, the Centre of Excellence for Climate Extremes and research organisations 
(e.g. CSIRO, AAD, BoM) and are funded by the Department of Agriculture, Water and 
Environment. Several students have worked on projects directly related to ozone science (e.g. 
Greenslade et al., 2017). 

 
Other projects and collaborations are also discussed above in Section 3. 

 
 

6. IMPLEMENTATION OF THE RECOMMENDATIONS OF THE 10th OZONE RESEARCH 
MANAGERS MEETING 

  
Progress towards implementing the specific recommendations of the 9th ORM include the following 

actions: 
- Research work has continued regarding the development and validation of Chemistry-Climate 

models in Australia, recognising the interactions between ozone and climate. The ACCESS-
CM2 will contribute to CCMI2.  

- Long-term ozone monitoring sites have continued, in particular total ozone and ozonesonde 
programs at Macquarie Island 

- High quality baseline measurements of emerging ODS substitutes such as HFOs are being 
made by CSIRO at Cape Grim 

- The BoM is conducting intercomparisons of modern instrumentation for ozone measurement 
alongside the Dobson and Brewer, including a "Pandora", mini-SAOZ and MAX-DOAS.  

- Digitisation of historic (1960s and 1970s) Dobson umkehr observations has now been 
completed (University of Melbourne and BoM).  

- A Region V Dobson intercomparison was held in Melbourne (February 2017), including 
participants from the Philippines, supported by the Vienna Convention Trust Fund. 

- An Asia/Pacific Brewer Workshop was held in Sydney in September 2017, hosted by the BoM, 
with support from the Vienna Convention Trust Fund and the Canadian Brewer Trust Fund. 

- Spectral UV data from Broadmeadows (NIWA) and Cape Grim (University of Wollongong) are 
now archived at WOUDC 
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- Capacity for inverse modelling to determine regional emissions of ODSs and substitutes has 
progressed. 

 
 
7. FUTURE PLANS 

Chemistry-climate simulations using the ACCESS model will be archived for the CCMI-2 project. 
 

The historic Umkehr Dobson record is to be reanalysed for the Australian region (BoM – University 
of Melbourne). The Dobson total ozone record is also being progressively reprocessed as is the 
ozonesonde dataset according to the international O3S-DQA homogenisation project. 
ARPANSA intend to install UV spectroradiometers at Casey and Davis stations in Antarctica as 
part of the Australian Antarctic Division collaborative research project (AAS 4115). 

 
Proposals are being discussed for the development of a national atmospheric chemistry network 
for rapid data delivery for research and operational purposes. 

 
8. NEEDS AND RECOMMENDATIONS 

It is recommended that the ORM urge the Parties to continue long-term ozone observations, and 
request the Parties remind responsible agencies and institutions in their own countries of the 
importance of continuing long time-series, and also of supporting the global calibration systems of 
the respective networks.  
 
Continued financial support for the Vienna Convention Trust Fund for Research & Systematic 
Observations is important to continue the work of building capacity and improving the global ozone 
observing system. 
 
Space agencies are requested to make more effort to explicitly support the ground-based 
measurements required for calibration and validation, either by making a financial contribution to 
their operation or simply by directly communicating with the relevant agencies.  
 
In light of the unexpected emissions of CFC-11, recommendations on how to improve coverage 
and quality of measurements of emissions of ozone depleting substances should be considered.  
This might also extend to consideration if any existing global monitoring networks which have 
chemical monitoring capabilities could be utilised for this purpose.  
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Belarus National Report for the 11th WMO/UNEP Ozone Research Managers Meeting Geneva, 1-3 
April, 2020 

In the Republic of Belarus, ozone layer protection activities are regulated by the Law “On 
Protection of the Ozone Layer" adopted on 12.11.2001 (last version of 2014) aimed to further 
development of ozone research efforts. The Ministry of Education of Belarus is in charge of ozone 
monitoring procedures, whereas the international cooperation is assigned to the Ministry of 
Environmental Protection and Natural Resources. 
1. OBSERVATION ACTIVITIES  

1.1 Column measurements of ozone and other gases/variables relevant to ozone loss.  

1.1.1 Total Ozone 

Total Ozone (TO) monitoring has been maintained in Belarus for more than 20 years. At the 
Minsk Ozone Station (53.83 °N, 27.46 °E, № 354) of the National Ozone Monitoring Research and 
Education Center of the Belarusian State University (NOMREC BSU), “direct-sun” and “zenith-sky” 
column measurements of ozone were performed by means of a spectrometer-ozonometer PION 
during the period of 1998-2002. Since  2002,  column  ozone  values  have been retrieved  using  a 
specially elaborated technique  from  spectral  irradiance  measurements  made  with  a  
spectroradiometer PION-UV as well as PION-F and PION-FN photometers (see Fig.1). All 
instrumentation is designed in NOMREC BSU.  

 
Figure 1. Average monthly TO values for 2016−2019, Minsk. Data obtained from instrumental and satellite 

measurements. 
 
TO monitoring is also conducted at the Georgy Winberg Naroch Biological Station (53.89 

°N, 27.55 °E) and at the Francisk Skorina Gomel State University (52.44 °N, 31.00 °E). Both 
monitoring sites are equipped with double-channel filter photometers Pion-F, and are the part of 
the NOMREC monitoring network. Measurements are performed continuously throughout the 
daylight hours with ~ 5 min intervals. Registered data scope is used to determine the average daily 
column ozone values. 
1.1.2 Total Ozone in Antarctic 

Since 2007, total ozone monitoring is periodically carried out within the annual seasonal 
Belarusian Antarctic Expeditions (BAE) at the Antarctic Stations: Molodiozhnaya (67°41′ S, 46°08′ 
E), Gora Vechernyaya (67°41′ S, 46°10′ E) and Progress (69°23′ S, 76°23′ E). Seasonal 
expeditions usually cover December - March period. In addition to the spectroradiometer PION-UV 
(in a polar modification) and photometers PION-F and PION-FN, a modified M-124 filter 
ozonometer is used for “direct-sun” and “zenith-sky” control measurements [2]. Also, at the Station 
Vostok (78°27′ S, 106°50′ E) the PION-FN instrument was exploited during 2017−2019. 

1.1.3 Surface Ozone 

The concentrations of surface ozone and other pollutants are measured at 15 automated 
continuously operating stations of the atmospheric air monitoring system located in the regional 
centers of Belarus and other major cities as well as in the Berezinsky Biosphere Reserve and at 
the Ozone Station of NOMREC BSU (see Fig.2). Currently, the following air pollutants are 
monitored: O3, Pm2.5, Pm10, SO2, CO, CO2, NO2, NO, benzene, toluene, and xylene. 
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Monitoring of surface O3 concentrations during the seasonal BAEs (in Antarctica) is realized 
with a surface ozone concentration meter "Pion-PO" engineered at NOMREC BSU on the basis of 
a semiconductor SnO2 gas sensor. 

 

 
Figure 2. Local noon surface ozone concentrations of 2013-2019 in Minsk measured at NOMREC BSU. 

Monthly means of the noon data are presented as well. 

 

1.1.4 Nitrogen Dioxide 

Since 2010, at the Minsk Ozone Station the basic monitoring of nitrogen dioxide total 
amount (NDTA) has been maintained. During the summer time, measurements of NO2 amount are 
also sporadically performed for experimental purposes at the Naroch Biological Station. 

The measurements of nitrogen dioxide total amount in the vertical atmosphere column were 
started on a regular basis at the Minsk Ozone Station in January, 2017, by means of a multi-axis 
spectrum recorder MARS-B employing the multi-axis differential optical absorption spectroscopy 
technique (MAX-DOAS) (see Fig.3) [9,10]. 
 

 
 

Figure 3. Results of 2019 observations in Minsk employing the MAX-DOAS procedure: nitrogen dioxide 
tropospheric amount. 

 
The MAX-DOAS method used at NOMREC BSU allows retrieving vertical profiles of 

aerosol optical absorption as well.  
 
1.2 Profile measurements of ozone and other gases/variables relevant to ozone loss  

At the Minsk Ozone Station, the procedure of retrieving vertical profiles of atmospheric 
ozone and nitrogen dioxide was launched. 

The retrieval of vertical profiles is realized employing a modified method on spectra 
recorded by the Spectroradiometer Pion-UV, the instrument on the basis of the image 
spectrometer Oriel 260i and the instrument MARS-B. The MAX-DOAS method allows retrieving 
vertical profiles of total ozone amount as well. Figure 4 displays the results of stratospheric ozone 
retrieval from zenith spectra of the MARS-B device in comparison with the data from the OMI. 

 

103103



  

 
 

Figure 4. Total ozone measurements by blue points (MARS-B) and purple lines (OMI), Minsk, 2019. 
 

1.3 UV measurements  
 
In the Republic of Belarus monitoring of the levels and biological doses of the surface solar 

radiation (see Fig.5)  is maintained at three sites as follows: the Minsk Ozone Station, the Naroch 
Biological Station and the Gomel State University as well as at the places of the location of the 
seasonal Belarusian Antarctic Expeditions (BAE).   

A double diffraction spectrophotometer "Pion-UV" and its polar modification "Pion-UV-II", 
engineered at NOMREC BSU, enable to record irradiance spectra (IS) in the range of λ = 290 − 
450 nm with a spectral resolution of Δλ = 0.8 nm. The device is equipped with a "reference" 
channel to monitor the state of clouds. 

The measurements were continued to study the UV transparency of water media in the 
lakes of the Naroch group as well as some Belarusian rivers.   

 

 
Figure 5. UV Index (Minsk/Naroch) and Monthly Erythema Doses in Minsk  

1.4 Calibration activities 

The instruments for total  ozone  measurements (ozonometer M-124, spectroradiometer 
Pion-UV, and photometers)  were  calibrated  using  a  WMO  regional  standard (Dobson  N108  
spectrophotometer)  in  Voejkov  Main  Geophysical  Observatory (MGO), St. Petersburg, Russia.  

The device MARS-B participated in the intercomparison campaign of Cabauw 
Intercomparison of Nitrogen Dioxide Measuring Instruments 2 (CINDI-2), which was conducted 
under the auspices of the Royal Netherlands Meteorological Institute in August-October, 2016, in 
Kaba (Cabauw), The Netherlands. During participation in CINDI-2 campaign based on the principle 
of half-blind comparison of the measurement data, the instrument demonstrated high quality of 
nitrogen dioxide (NO2), ozone (O3), formaldehyde (HCHO) and oxygen dimer (O4) measurements 
in a UV range of 320 − 390 nm. 
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2. RESULTS FROM OBSERVATIONS AND ANALYSIS  

 The analysis of average annual TO values for the period of 2000 − 2019 showed that a 
low, negative trend of ozone amount at the level of 0.3 DU per year, remains in the stratosphere 
over the territory of Belarus. 

 
Figure 6. Annual monthly average TO values and linear trend for the period of January and June 

2000−2019. 
 
During the 2000-2019 period, there was a minor but stable positive trend in winter, most 

clearly revealed in January and the first half of February (0.9 DU per year), and a negative trend, 
expressed quite strongly in early summer (-1.6 DU per year). A negative trend of TO is observed in 
all seasons except for winter, being most characteristic of late spring and early summer (see Fig. 
6). 
           Analysis of seasonal long–term trends of total ozone retrieved by the method of dynamical 
normal for the period of 1978–2000 for the latitude band of 30°N–60°N at different regions (see 
Fig.7) are qualitatively in a good agreement with those described in Zou et al. (2005). In particular, 
before 2000, total ozone decreased in all seasons, most rapidly in spring, and slower in summer 
and autumn [1].  
 

 
 

Figure 7. Seasonal total ozone variability at different regions: (a–f) refer to latitude zone of 30°N–40°N; (g–l) 
to latitude zone of 40°N–50°; (m–r) to latitude zone of 50°N–60°N. Additionally, (a), (g) and (m) refer to the 

all latitude zones; (b), (h) and (n) to America; (c), (i) and (o) to Atlantic; (d), (j) and (p) to Europe; (e), (k) and 
(q) to Asia; (f), (l) and (r) to Pacific. 

 
The strongest decline occurred in the spring period over the Asian region. After 2000, in 

winter, ozone amount over all regions has been growing, except for the Atlantic region in the 
latitudes interval of 30°N – 40°N. In spring, it rises everywhere, except for the European region in 
the latitudes interval of 50°N – 60°N and for the Asian and Pacific zones in the interval of 40°N – 
60°N. In summer, an overall decrease in ozone is observed, and only over America (50°N – 60°N) 
‘summer ozone’ has stabilized. In autumn, the total ozone amount is also reducing over majority of 
the regions, and the signs of stabilization and growth are visible only in the northernmost latitude 
band and in the latitude band of 40°N – 50°N over Asia. 
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3. THEORY, MODELING, AND OTHER OZONE RELATED RESEARCH  

3.1 Atmosphere process modeling  

According to the recommendations of the 9th and 10thORM, Belarus (NOMREC BSU) 
studies the possibilities of the numerical modeling of the processes in the upper atmosphere 
including the state of the ozone layer and the interaction between the troposphere and the 
stratosphere. 

In collaboration with the Main Geophysical Observatory (Russia), the analysis of solar-
terrestrial relationship, in particular, stratospheric-tropospheric interactions is conducted. 

On the bases of the numerous instrumental and satellite observations of stratospheric 
ozone, the calculations of numerical models over Belarus, the Northern Hemisphere and 
Antarctica, the theory of the ozone mechanism has been developed. The theory is regarded as 
one of the possible explanations for the transfer of atmospheric changes in the upper atmosphere 
(stratosphere and mesosphere) into the troposphere and the surface layer of the atmosphere [3, 
5]. The proposed mechanism may well match the conditions of the upper stratosphere in winter 
period over Belarus. 

 The influence of stratospheric ozone distribution on the characteristics of the tropospheric 
circulation and related weather and climatic conditions is analyzed. Particular attention is paid to 
stationary atmospheric fronts, jet streams, location of the tropopause level and the Inter Tropical 
Convergence Zone [4, 6]. 

While conducting the research, two numerical atmospheric models are employed at 
NOMREC BSU. To study mesoscale interactions of the stratosphere and the troposphere, the 
high-resolution regional modeling is realized in a modified (extended to stratosphere) WRF model, 
whereas for the global simulation of the atmospheric processes and the transfer of rare species of 
gases in the stratosphere (in particular, O3 and NO2), the ECMWF Open IFS general circulation 
model is used [7, 8]. 
 
4. DISSEMINATION OF RESULTS  

4.1 Data reporting  

The data derived by NOMREC BSU was submitted to and archived in the database of the 
National Environmental Monitoring System (NEMS). 

In accordance with the recommendations of the 9th and 10th ORM, NOMREC BSU has 
formed a special data bank of the monitoring results obtained in Belarus and the East Antarctic 
region for the whole period of ozone and UV observations.  

The monitoring results are submitted to the MIAC of NEMS, and regularly published in 
annual collections: Results of Monitoring of NEMS, NEMS Bulletin, Bulletin of the Ecological State 
of the Naroch Lake system and others. 
 
4.2 Information to the public  

Mapping and UV Index forecast generated specifically for different regions have been 
realized since 2006. The data are available on the NOMREC site at http://ozone.bsu.by (now in 
upgrade) and on the official site of the National Hydrometeorological Agency of Belarus at 
http://www.pogoda.by. 
 
4.3 Relevant scientific papers   

1. Bozhkova V., Liudchik A., Umreiko S. Long-term trends of total ozone content over mid-latitudes of 
the Northern Hemisphere, International Journal of Remote Sensing. To link to this article: 
https://doi.org/10.1080/01431161.2019.1579384, 2019. 

2. Aerosol profile measurements in the coastal zone of Antarctica: instrumentation and preliminary 
results / I. Bruchkouski, A. Krasouski, L. Turishev, S. Umreika, A. Elokhov, O. Postylyakov, Y. 
Wang. // Proceedings of SPIE. – Vol. 10786. – P. 107860M-1 – 107860M-9, 2018. 

3.  Krasouski A., Zenchanka S. Ozone layer depletion, climate change, risk and adaptation. In: Alves F, 
Leal Filho W., Azul A M, Azeiteiro U M, McGhie H (eds) Theory and practice of climate adaptation. 
Climate Change Management, Springer International Publishing. 2018. P. 137-150, 
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4.  Shlender T, Zhuchkevich V, Umreika S, and Krasovski A. Revealing a Role of Stratospheric 
Processes in the Development of Weather of the Republic of Belarus Employing Monitoring Data. J. 
Climatol. Weather Forecasting  6 (1), P. 1-8, 2018. 

5.  Krasouski A., Zenchanka S., Loginova E., Andreev M. Biodiversity Risks for Belarus Connected with 
the UV Climate Change. In: Leal Filho W, Barbir J, Preziosi R, (eds) Handbook of Climate Change 
and Biodiversity. Climate Change Management, Springer International Publishing, Cham, 2019. P. 
137-150. 

6.  Krasouski A., Zenchanka S., Zhuchkevich V., Sсhlender T., Sidsaph H. Ozone layer holes, regional 
climate change and possible ways for their forecasting. In: Leal Filho W, Nagy G, Borga M, Pastor 
Chavez D, Magnuszewsk A, (eds) Climate Change, Hazards and Adaptation Options: handling the 
impacts of a changing climate, Springer International Publishing, 2020. 

7.  S. Barodka, A. Krasouski, P. Lapo, A. Svetashev, T. Shlender, L. Turishev, Y. Yakautsava, and V. 
Zhuchkevich / Dynamical structure and formation mechanisms of local ozone anomalies // 
Quadrennial Ozone Symposium 2016, Edinburgh, Scotland, UK. - Abstract QOS2016-349. - 2016. 

8.  S. Barodka, A. Krasouski, Y. Mitskevich, and A. Shalamyansky / A Mechanism of Stratospheric 
Ozone Influence on Tropospheric Circulation Patterns // Quadrennial Ozone Symposium 2016, 
Edinburgh, Scotland, UK. - Abstract QOS2016-359. - 2016. 

9.  Peters, E., Pinardi, G., Bruchkouski, I. et al. Investigating differences in DOAS retrieval codes using 
MAD-CAT campaign data, Atmos. Meas. Tech., 10, 955-978, [DOI] 10.5194/amt-10-955-2017, 
2017. 

10. Wang, Yang, Ilya, Bruchkouski et al. Intercomparison of MAX-DOAS measurements of tropospheric 
HONO slant column densities and vertical profiles during the CINDI-2 Campaign. 10.5194/amt-
2019-464,2020. 

5. PROJECTS, COLLABORATION, TWINNING AND CAPACITY BUILDING  

There are some relevant research international projects currently underway. These are as follows: 
 

1. Institute of Atmospheric Physics (Russia) – study of trace gases of the atmosphere. 
2. Voejkov Main Geophysical Observatory (Russia) – TO monitoring, instrumentation design, 

research in the area of stratosphere-troposphere links and impact of ozone on climate and 
atmospheric processes (ozone mechanism), regular calibrations. 

3. Institute of Arctic and Antarctic (Russia) – research in the Antarctic region. 
4. Max Planck Institute (Germany) – DOAS study of atmospheric gases, the development of 

software. 
5. European Center for Medium-range Weather Forecasts, ECMWF (Reading, UK) – using 

Open IFS model in current research activities. 
6. Within the framework of state research programs – “Informatics, Space and Security”, and 

“Environmental Management and Ecology” are carrying out three national projects. 
 
6. IMPLEMENTATION OF THE RECOMMENDATIONS OF THE 10th OZONE RESEARCH MANAGERS 
MEETING  

 All the main recommendations of the 10th and 9th Ozone Research Managers Meetings   
are implemented, as shown in the sections of the National Report. 
 
7. FUTURE PLANS  

NOMREC BSU is planning to renew collaboration with WOUDC (Toronto, Canada) in the 
field of data submission as well as to start cooperation with GAW SIS. 

In according with the 10th ORM recommendations we would ask for possible cooperation 
with some developed countries of Western or Central Europe. 
 
8. NEEDS AND RECOMMENDATIONS 

Currently, the originally designed PION-UV spectroradiometer and PION-F double-channel 
photometers are used both for measuring TO and controlling UV radiation, while the PION 
spectrometer-ozonometer is undergoing the upgrade procedure.  

In this regard, we need the help of the Ozone Secretariat and the Advisory Committee of 
the Trust Fund for Research and Systematic Observations Relevant to the Vienna Convention to 
consider the possibility and conditions of supplying a Brewer ozonometer (within the grant funds) 
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to the Republic of Belarus (namely, to the Institution of the Belarusian State University - NOMREC 
so that a national standard could be created on its basis. 
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FOREWORD 

This report compiles contributions provided by four Belgian research institutes, whose contact details 
will be found in ANNEX F: 

 the Institute of Astrophysics and Geophysics of the University of Liège (ULiège), 
 the Service de Chimie Quantique et Photophysique of the Université Libre de Bruxelles (ULB), 
 the Royal Meteorological Institute (RMI) and 
 the Royal Belgian Institute for Space Aeronomy (BIRA-IASB). 

1 OBSERVATIONAL ACTIVITIES 

All four institutes are actively involved in the long-term monitoring of atmospheric ozone, gaseous 
species important for the ozone chemical budget, e.g. catalyst reservoirs and ozone-depleting 
substances (ODS), aerosol properties or ultra-violet radiation. Measurements of chemical species 
include the vertical distribution as well as partial and total columns, and they use IR and UV-Visible 
spectrometry or electrochemical cells. Measurements are performed at or from ground-based 
stations and from satellites. Data are exploited by the four institutions for budget, process, validation, 
ozone-climate interactions and long-term trend studies. 

The list of the twenty-eight stations hosting instruments operated and exploited by the four Belgian 
scientific institutes is displayed in ANNEX A (Table A 1). The table provides the station geolocation 
and the type of data collected. Details on the instruments, the retrieved physical quantities, the time 
record duration, the data usage and other observational information is also provided in ANNEX A 
(Table A1, Table A2 and footnotes). Ten of these stations are affiliated with international monitoring 
networks and report data to shared central databases. 

ULiège, ULB and BIRA are involved in several satellite missions measuring ozone and ozone 
relevant species (halogens, NOy, BrO, HCFC, CFC…). The detail of the satellite missions with which 
the institutes are associated is provided in ANNEX B. 

1.1 Column measurements of ozone and other gases/variables relevant to ozone loss 

The vertical column of ozone and other species is monitored at eleven of the ground-based stations 
(ANNEX A, Table A 1) by ULiège, BIRA-IASB and RMI (see ANNEX A, Tables A2 and A3). 

ULiège, ULB and BIRA-IASB are involved in several satellite missions measuring the total column 
of ozone and of ozone relevant species – see detail in ANNEX B. 

1.2 Profile measurements of ozone and other gases/variables relevant to ozone loss 

The vertical profile of ozone and other species is monitored from the ground or from balloons at eight 
of the stations (ANNEX A, Table A 1) by ULiège, BIRA-IASB and RMI (see ANNEX A, Tables A2 
and A3). Some of the instruments also provide aerosol optical depth (AOD) data or aerosol 
backscatter profiles (see ANNEX A,Table A 2). 

ULB and BIRA-IASB are involved in satellite missions measuring the vertical distribution of ozone, 
ozone depleting substances (ODS) and other species relevant to ozone chemistry – see detail in 
ANNEX B. 

1.3 UV measurements 

RMI and BIRA-IASB monitor the UV irradiance and ancillary parameters by spectroradiometers in 
Belgium and in Antarctica (see detail in ANNEX A,Table A 2). 
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At Uccle, RMI’s two Brewer spectrophotometers are also used to monitor the UV-B radiation 
intensities. They perform several scans per day (number depending on the time the sun is above the 
horizon). 

Since January 2011, also the Brewer in Antarctica performs UV spectral measurements during its 
operational periods in the austral summer. 

1.4 Calibration / Validation activities 

Calibration / validation activities of the four institutes are enumerated in detail in ANNEX C. In 
summary, they can be divided in three types of activities: 

 In compliance with the international network requirements, ULiège, BIRA-IASB and RMI regularly 
calibrate the ground-based and balloon-borne instruments they operate (listed in ANNEX A, Table 
A 2), and perform uncertainty analyses and budgets 

 ULB and BIRA-IASB are actively involved in Cal/Val activities of atmospheric composition satellite 
missions and data retrievals 

 ULB and BIRA-IASB are actively involved in the evaluation and ground-based validation of the 
Copernicus Atmospheric Monitoring Service (CAMS) and of the Copernicus Climate Change 
Service (C3S). 

 BIRA-IASB is involved in several initiatives and projects to harmonise retrievals, data products 
and validation procedures across networks, measurement platforms and EO thematic domains, 
and to define data and service quality standards in compliance with the GEO-CEOS Quality 
Assurance Framework for Earth Observation (QA4EO). 
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2 RESULTS FROM OBSERVATIONS AND ANALYSIS 

2.1 The Royal Meteorological Institute (RMI) 

 
Figure 1. Running annual mean of total ozone (in Dobson Units) from Dobson and Brewer 

spectrophotometers at Uccle, together with a stepwise regression. The times of major volcanic 
eruptions, affecting the ozone layer are also indicated. 

Research on the evolution of total atmospheric ozone and its distribution versus altitude at northern 
mid-latitudes, in particular above Belgium revealed a mean temporal decrease in ‘good’ ozone in the 
stratosphere and an increase in ‘bad’ ozone in the troposphere. With the help of model calculations 
it was shown that both changes are primarily of anthropogenic origin. Further observations in Uccle 
(Brussels) showed that observed levels of harmful UV-B irradiance at ground level anti-correlate with 
levels of stratospheric ozone. Initiatives have been taken to warn the general public about health 
risks resulting from excessive exposure to the sun in summertime. 

Figure 1 shows the time evolution of the ozone column over Uccle based on the combined data of 
the Dobson (1971-1989) and the Brewer Instruments (1990-now). The ozone column decreased 
about 2.3% per decade in the period 1980-1997 and afterwards there are signs of an increase of 
about 2.0% per decade. The ozone soundings have shown us that the decrease occurs in the lower 
stratosphere, especially during winter and early spring. In the troposphere, on the contrary, the ozone 
concentrations tend to increase due to photochemical reactions in polluted air. 

The ozone measurements at the Antarctic Station princess Elisabeth are reported to the WOUDC 
as they become available. 
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Figure 2. Vertical trends of stratospheric ozone concentrations at Uccle for different time 

periods and at De Bilt (2000-2018). The trends are calculated with the LOTUS multiple linear 
regression model, with an independent linear trend term, with the exception of the Uccle 1969-2018 

time series, where one linear trend term is included in the model. 

The Uccle ozonesonde series span a time period of 50 years (since 1969) and are, because of their 
homogeneity, a valuable dataset for vertical ozone trends assessment. The statistical model used to 
calculate trends is the Long-term Ozone Trends and Uncertainties in the Stratosphere (LOTUS) 
multiple linear regression model (SPARC/IO3C/GAW, 2019). This model uses an independent linear 
trend (ILT) method as a trend term, which is based on two different, independent, unlinked trends to 
describe the ozone decrease until 1997 and the slow ozone increase since the early 2000s. 
Additionally, the LOTUS regression includes two orthogonal components of the QBO, the solar 10.7 
cm flux, ENSO without any lag applied, and the GISS AOD (extended past 2012 by repeating the 
final available value from 2012 as the background AOD). The vertical ozone trends are shown in Fig. 
2. From 1969 to 1997, stratospheric ozone concentrations decrease almost uniformly (and 
significantly) at a rate between -4 and -3 %/decade, except at the layers just above the tropopause. 
Since 2000, the stratospheric ozone concentrations rise at 2 to 3%/decade, but only significantly at 
the layers below and at the ozone maximum (from 6 to 13 km above the tropopause, or 17 to 24 km 
for an average tropopause height of 11 km at Uccle). As a consequence, the overall 1969-2018 
stratospheric ozone vertical trends are negative (around -2%/decade). When we compare the post 
2000 trends with these from the ozonesondes launched at De Bilt (The Netherlands), the overall 
stratospheric positive insignificant trends are found back at both stations, and also at the higher 
altitude levels at De Bilt. Both the Uccle and De Bilt time series do not show a significant decline in 
lower stratospheric (13-24 km) ozone amounts, as reported by Ball et al. (2018, 2019) for the periods 
1998-2016 and 1998-2018 respectively, from multiple (merged) satellite measurements in the lower 
stratosphere between 60°N and 60°S. 
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2.2 Results from studies by the Royal Belgian Institute for Space Aeronomy (BIRA-IASB) 

BIRA-IASB is a coordinator of the SPARC/IO3C/GAW initiative on Long-Term Ozone Trends and 
Uncertainties in the Stratosphere (LOTUS, https://www.sparc-climate.org/activities/ozone-trends/ 
and http://lotus.aeronomie.be/), a follow-on of the SPARC/IO3C/IGACO-O3/NDACC SI2N initiative. 
BIRA-IASB has also contributed significantly to the 2018 WMO Scientific Assessment of Ozone 
Depletion (WMO 2018) as co-author of several chapters. . 

BIRA-IASB has also contributed to the SPARC activity Towards Unified Uncertainty Reporting 
(TUNER, https://www.sparc-climate.org/activities/tuner) which aims at providing a complete and 
consistent data characterization in terms of uncertainty, resolution and content of a priori information, 
for the largest possible number of space-borne temperature and composition sounders. 

The FTIR ozone data sets have been extended up to end of 2018, and collected by BIRA-IASB for 
the updated stratospheric trend studies published in Steinbrecht et al. (2017), in the 
SPARC/IO3C/GAW LOTUS Report (Petropavlovskikh et al., 2019) and in Chapter 3 of the 2018 
Ozone assessment (WMO2018). These FTIR time-series have been used as well in the 
Tropospheric Ozone Assessment Report (TOAR), Chapter 2 (Tarasick et al., 2019) and Chapter 6 
(Gaudel et al., 2018). 

BIRA-IASB has been the coordinator of ESA’s CCI Ozone Phase II project and its follow-on CCI+ 
Ozone, in which it contributes to the production and validation of homogenised total ozone data 
records from all European UV-visible nadir satellites and also some US nadir sounders: GOME, 
SCIAMACHY, GOME-2A/B/C, OMI, TROPOMI and the Suomi-NPP OMPS-nadir. 

BIRA-IASB coordinates ECMWF’s C3S Ozone project (2016-2019), and the ozone part of its current 
successor, which are to procure the Copernicus Climate Data Store (CDS) with ozone profile and 
column data records suitable for climate change research and monitoring and for long-term trend 
studies. 

BIRA is involved in the Copernicus Climate Change Service for the development and delivery of 
climate data records from reference networks, in particular from NDACC (C3S-BARON). 

BIRA-IASB has contributed to the GOMOS, MIPAS and SCIAMACHY Quality Working Groups 
(QWGs) aiming at the post-mission refinement of the Envisat satellite data products, at the 
improvement of the long-term stability of the data records, and at the production of Fundamental 
Climate Data Records for long-term ozone and other species from SCIAMACHY (FDR4ATMOS). 

2.3 University of Liège (ULiège)  

The Jungfraujoch FTIR observational data set from ULiège now covers more than 35 years. It is the 
longest available worldwide and hence is particularly appropriate for long-term trend investigations. 

Recent relevant trend results derived from multi-decadal timeseries of organic chlorine source gases 
and stratospheric reservoirs have been included in the latest edition of the WMO assessment of 
ozone depletion, and more specifically in its Chapter 1 entitled “Update on Ozone-Depleting 
Substances (ODSs) and Other Gases of Interest to the Montreal Protocol” (see Figures 1-2, 1-13, 
1-20 and Table 1-2). 

An improved strategy for the retrieval of HCFC-22 (CHClF2) has been developed, allowing for the 
first time to track from the ground the long-term evolution of this ODS in the troposphere and in the 
stratosphere (Prignon et al., 2019). 

Jungfraujoch FTIR data have also been included in recent studies dealing with the ozone profile 
trend in the stratosphere (Steinbrecht et al., 2017) or of its abundance in the troposphere 
(Tropospheric Ozone Assesment Report, Gaudel et al., 2018). 

2.4 Université Libre de Bruxelles (ULB)  

In the last years, the ULB has been involved in the monitoring of global ozone distributions using 
IASI, both in terms of columns and vertical profiles. Time series are available from 2007, from 2012 
and from 2019 onwards, for IASI-A, -B and –C, respectively. 
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2.4.1 Validation results 

Based upon previous validation exercises (e.g. Boynard et al., 2016), we developed an improved 
version of the FORLI algorithm (v20151001). Several corrections (e.g. to emissivity integration, 
continua region, look-up-table – LUT- construction) have been brought. A bigger LUT range for O3 
and an updated version of the HITRAN spectroscopic database have also been used. That new 
reference FORLI algorithm brings considerable improvements for the O3 retrievals above 20 km 
leading to a decrease of the bias in the total ozone by ~4-5%, on average (Boynard et al., 2018). On 
the contrary, the positive bias that was already reported from the previous validation is still observed 
(~20-40%) and requires further investigations, in particular the impact of the a priori.  

The validation exercises of that reference FORLI-O3 product has overall demonstrated a high degree 
of precision with excellent consistency between the measurements taken from the two IASI 
instruments on Metop-A and -B, as well as a good degree of accuracy with biases lower than 20% 
in the stratospheric layers (Boynard et al., 2018; Keppens et al. 2017). The validations have, however, 
reported a drift in the middle-upper stratospheric time series from comparison with O3 sondes in the 
northern hemisphere (~3.53±3.09 DU.decade-1 on average over 2008–2016; Boynard et al., 2018). 
Further comparisons with CTM simulations (Wespes et al., 2019) have shown that it results from a 
pronounced discontinuity (“jump” on 15 September 2010) rather than from a progressive 
“instrumental” drift. This is verified by the absence of drift in the O3 time series after the jump and is 
in line with the excellent stability of the Level-1 radiances of the three IASI instruments over the full 
period of measurements.The discontinuity is suspected to result from updates in level-2 temperature 
data from Eumetsat that are used as inputs into FORLI (see Hurtmans et al., 2012).  

A recently updated version of FORLI (v20191122) which brings up a series of improvements (e.g. 
use of the latest available version of the Hitran database, time-varying CO2 concentrations, 
corrections in the computation of absorbance look-up tables …) is now processing forward and 
backward and will then require a new validation exercise.  

2.4.2 Results from trend studies 

Many efforts were devoted to derive accurate trends in tropospheric and stratospheric O3 levels 
using dedicated multivariate regression methods. Recently, eight years (January 2008 – March 2016) 
of daily O3 observations in the troposphere (from ground to 300hPa) from IASI have been analyzed 
to identify the geophysical mechanisms conducting the O3 variability (Wespes et al., 2017). Global 
patterns of the main geophysical parameters (including NAO, QBO and ENSO) adjusted by the 
regression model are obtained. They provide a meaningful view of the chemical and dynamical 
mechanisms driving the tropospheric O3 variations in line with the current knowledge of these 
mechanisms. Based on on these results, the first global patterns of tropospheric trends were 
obtained and allowed us to identify negative trends in the Northern mid-latitudes (45°N-75°N) in 
summer which could be possibly associated with the decline of ozone precursor emissions (Wespes 
et al., 2018). 

The trend study has been expanded to the stratospheric columns using a regression model adapted 
for the stratosphere with the use of appropriate drivers, in an effort to unambiguously discriminate 
anthropogenic trends from the various modes of natural variability. The results have verified the 
performance of the regression model to properly discriminate between natural and anthropogenic 
drivers of O3 changes. The main conclusive results are summarized as follows: 

(i) A significant O3 recovery is categorically found in the two stratospheric layers (>~35°N/S in the 
MUSt and >~45°S in the LSt) as well as in the total column (>~45°S) during the winter/spring 
period, which confirms the healing in the Antarctic O3 hole. These results verify the efficacy of 
the ban on O3 depleting substances imposed by the Montreal protocol and its amendments, 
throughout the stratosphere and in the total column, from only one single satellite dataset for 
the first time. 

(ii) A clear and significant speeding up (within 95%) in stratospheric and total O3 recovery is 
measured at southern latitudes (e.g. from ~1.5±0.4 DU/yr over 2008-2017 to ~5.5±2.5 DU/yr 
over 2015-2017 in the LSt), which translate to trend values that would be categorically 
detectable in the next few years on an annual basis. It demonstrates that we are currently 
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progressing towards a substantial emergence in O3 healing in the stratosphere over the whole 
year in the S.H. 

(iii) The decline observed in LSt O3 at northern mid-latitudes is unequivocal over the available IASI 
measurements in winter/spring of the N.H. The exact reasons for that decline are still unknown 
but O3 changes in the LSt are estimated to be mainly attributable to dynamics which likely 
perturbs the healing of LSt and total O3 in the N.H. A significant speeding up (within 95%) in that 
decline is measured in LSt and total O3 over the last 10 years, but cannot be categorically 
confirmed yet.  

It is of particular urgency to understand the causes of the decline for apprehending its possible impact 
on the O3 layer and on future climate changes.  

The activities on the tropospheric ozone data record within the first phase of TOAR (TOAR-I), which 
highlights strong discrepancies in tropospheric O3 trends between satellite datasets, including IASI, 
came to an end in 2019. The IGAC Scientific Steering Committee has approved the second phase 
of TOAR (TOAR-II) that aims at identifying and understanding the sources of the biases in 
tropospheric O3 trends, for another five years (2020-2024). A Satellite WG workshop is foreseen 
mid-2020 to plan the scientific activities during TOAR-II. 

 
Figure 3. Evolution of estimated linear trend (DU/yr) and associated uncertainty accounting for the 
autocorrelation in the noise residuals (DU/yr; in the 95% confidence level) in (a) total, (b) MUSt and 

(c) LSt O3 columns, as a function of the covered IASI measurement period ending in December 2017, 
with all natural contributions estimated from the whole IASI period (2008-2017). Note that the scales 

are different between the columns. 
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The inter-annual variability in CO and several volatile organic compounds over the IASI period is 
currently being investigated. For CO this is achieved with the MOPITT team; a paper has been 
submitted at the end of 2019. 

3 THEORY, MODELLING AND OTHER RESEARCH 

3.1 The Royal Meteorological Institute (RMI) 

The Brewer data have been analysed for aerosol information in the UV. These AOD data at 320 nm 
are available now (Cheymol and De Backer, 2003). Special measurements with Brewer instrument 
#178 (and later also with #100 in Antarctica) were started to measure also the AOD at 340 nm (De 
Bock et al, 2010). 

3.1.1 Satellite data validation and characterisation 

RMI is partner in the Ozone SAF (Science application facility) of EUMETSAT. The main task here is 
the validation of the ozone profiles retrieved from satellite observations.  

3.1.2 Ozone characterisation 

The RMI is highly involved in the characterization and understanding of the ozonesonde instrument.  

First of all, RMI is the lead author of the chapter on Standard Operation Procedures in the foreseen 
update of the WMO GAW report on Quality Assurance and Quality Control for Ozonesonde 
Measurements by Panel for Assessment of Standard Operating Procedures for Ozonesondes.  

Secondly, the RMI participated as ozone expert in the Jülich OzoneSonde Intercomparison 
Experiment (JOSIE) in 2017, which was devoted to test all the different instrument methods used at 
sonde stations with experimenters who are associated with the tropical SHADOZ (Southern 
Hemisphere Additional Ozonesondes) network. As most of the SHADOZ stations operate with WMO-
recommended solutions and preparation and calibration procedures also, the current WMO-
recommended Standard Operating Procedures could be evaluated. Specific instrumental aspects 
examined in these tests were details of preconditioning, background current, response time, pump 
flow efficiency, and sensing solution strengths (SSTs). In addition to two WMO-recommended SSTs, 
two alternatives, one of which is employed at several SHADOZ stations, were included in the tests. 
For these alternatives, agreement of sonde ozone data with the vacuum chamber reference 
instrument in the tropical tropopause layer regions was improved. However, sensitivity to 
stratospheric ozone is reduced, so that total column ozone from these tests averaged 3% lower than 
the reference instrument.  

Thirdly, in close collaboration with the Forschungszentrum Jülich, , we try to derive “calibration 
functions” to refer all ozonesonde measurements to a common reference instrument - the dual-beam 
UV absorption photometer at Jülich – after using the recent measurements of the decreasing 
ozonesonde pump efficiencies with pressure. Another research topic of this collaboration involves 
the study of the slow (20-25 minutes) reaction pathway in the ozonesonde cell, which was commonly 
named “the background current”, both from an experimental (a simulation chamber campaign with a 
changed composition of the sensing solution) and data correction strategy point of view. 

3.2 The Royal Belgian Institute for Space Aeronomy (BIRA-IASB) 

3.2.1 Modelling 

(D33) BIRA-IASB has developed since many years now a 3D chemistry transport model (CTM) with 
a data assimilation system associated to it. The CTM is based on an advection system and a 
chemical solver accounting for around 200 stratospheric photo-chemical reactions. The CTM also 
includes heterogeneous reactions occurring at the surface or in the bulk of stratospheric aerosols 
and polar stratospheric clouds. Since 2017, we have augmented our CTM to be force different solar 
irradiance spectra. While in the past, our simulations were based on the so cold NRLSSI which 
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consider the solar iradiance at solar minimun, the current version allow us to use NRLSSI v2 which 
consider observation of the past or solar irrandiance spectra recommended for CMIP6 simulations. 

The heterogneous reactions and the aerosol climatology have also been revised to more up-to-date 
values. 

Using the assililation system, a reanalysis of Aura MLS observations has been carried out covering 
the period Sept 2004-Aug 2019 (Errera et al., ACP, 2019). 

Studies of biogenic volatile organic compounds emissions and their dependence on short-term 
climate variability. Biogenic emission models accounting for land-use change and meteorological 
variability are evaluated in a tropospheric global model (IMAGES) against formaldehyde spaceborne 
(OMI) measurements. Inverse modelling techniques are applied to constrain the emissions of ozone 
precursors such as CO, NOx and volatile organic compounds. 

3.2.2 Instrument developments 

ALTIUS (Atmospheric Limb Tracker for the Investigation of the Upcoming Stratosphere): initiated as 
a national development of a limb sounding mission responding to the requirements resulting from 
the three last ORM Meetings in 2008, 2011 and 2014, respectively (WMO GORMP Report No. 51, 
No. 53 and No. 54): “Satellite observations of high vertical resolution profiles using limb viewing for 
O3 and key molecules are required in order to more accurately understand the changes in O3 as 
CFCs decline and climate change occurs.” (Annexe B). ALTIUS is presently implemented as an 
operational  element of the ESA EarthWatch programme with a 2023/2024 target launch date. 

 (D33) Using its data assimilation system’s, BIRA-IASB has made an observations system simulation 
experiment (OSSE) to measure the value of future ALTIUS observation compared Aura MLS. The 
experiement show that ALTIUS is close to MLS and that all ALTIUS mode of observations – UV limb 
scatter, and occultations from the Sun, stars, planets and Moon – are necessary to provide a 
complete picture of the evolution of ozone during polar winter and spring. 

MAX-DOAS instruments and associated data analysis algorithms. The MAX-DOAS technique has 
the capability of determining vertical distributions in the troposphere and lower stratosphere up to 35 
km altitude. 

3.2.3 Ground-based data retrieval algorithm developments 

Similar harmonization work is being performed for UV-Vis measurements as part of the NDACC UV-
Visible Working Group (UVVISWG) where a BIRA-IASB member is co-chair since 2004. These 
efforts including the development of a facility for MAXDOAS centralised processing and automated 
quality control are supported by ESA in the FRM4DOAS project (2016-2018). 

3.2.4 Satellite data retrieval algorithm developments 

Data retrieval algorithms and prototype data processors have been developed and implemented for 
the next generation of nadir and limb satellite sounders: Sentinel-5p (launched in 2017) and the 
Sentinel-4 and Sentinel-5 to be launched after 2023.  

BIRA-IASB/B.USOC will host the data processing segment of the ALTIUS mission and will be 
responsible for the  processing chains in near real time and in consolidation. BIRA-IASB will develop 
and prototype limb and occultation data for ozone (primary products) and several other trace gases 
(secondary products). 

Development, validation and implementation of harmonised satellite data retrieval algorithms for 
ERS-2 GOME, Envisat SCIAMACHY, MetOp-A GOME-2, MetOp-B GOME-2 and Copernicus 
Sentinels 4/5/5p total O3, NO2, BrO, HCHO, SO2…; data processing and dissemination. 

Development, validation and implementation of satellite data retrieval algorithms for aerosols and 
trace gases from GOMOS. 

Development, validation and implementation of retrieval algorithms for IASI/MetOp for mineral 
aerosols and CH4 : data processing and dissemination. 
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3.2.5 Satellite data validation and characterisation 

BIRA-IASB has continued the geophysical validation of satellite data records for O3, NOy, CH4, CO, 
N2O, H2O, HNO3…: GOME, SCIAMACHY, OMI, GOME-2, IASI, and 14 limb/occultation sounders 
including SCIAMACHY, GOMOS, MIPAS, ACE-FTS…. Validation studies are based on independent 
ground-based network data collected from network data archives like NDACC, SHADOZ, TCCON 
and WOUDC. In the reporting period it has designed, implemented and operated the automated 
Validation Data Analysis Facility (VDAF) performing the routine operations validation service of 
ESA’s Mission Performance Centre (MPC) for the Copernicus Sentinel-5 Precursor mission. 
Validation of upcoming missions like the Copernicus Sentinel-4 (UVN) and Sentinel-5 (UVN and 
IASI-NG instruments) and ESA’s Earth Watch mission ALTIUS are in preparation. 

A multi-purpose simulator of global measurement systems for atmospheric composition with full 
metrology description has been built at BIRA-IASB (Verhoelst et al., 2015):  OSSSMOSE (Observing 
System of Systems Simulator for Multi-mission Synergies Exploration). This versatile environment 
provides realistic simulations of the output of real and hypothetic global observing systems and of 
their data comparison. It combines various state-of-the-art components, such as multi-dimensional 
observation operators mapping in 2D/3D the real sensitivity of a measurement system to 
atmospheric gradients, cycles and trends. OSSSMOSE is used to investigate and quantify 
smoothing and sampling properties of ozone measurement systems and to close the error budget of 
data comparison (e.g., Cortesi et al., 2007; Lambert et al., 2012; Verhoelst et al., 2012, 2015).  

BIRA-IASB contributes to the detection of a negative drift on IASI tropospheric ozone data (Boynard 
et al., 2018), and SCIAMACHY ozone column data, through IASI and SCIAMACHY validation with 
correlative data (sondes and FTIR for IASI, Brewer/Dobson/SAOZ for SCIAMACHY). 

3.2.6 Validation of Copernicus Atmospheric Monitoring Service (CAMS) and Copernicus 
Climate Change Service (C3S) products 

In the CAMS-84 project. BIRA-IASB is responsible for the validation of the CAMS data products 
using the NDACC and TCCON data. 

BIRA-IASB is the coordinator of all ozone related validation activities In the C3S_312a_Lot4 Ozone 
(2016-2019) and C3S_312b_Lot2 O3-AER-GHG (2018-2020) procurement services feeding the 
Climate Data Store with satellite atmospheric composition data. 

3.3 University of Liège (ULiège)  

3.3.1 Trend studies 

Numerous relevant long-term trend studies have been performed over the period under review here, 
on the basis of ground-based data recorded at Jungfraujoch and at other FTIR sites (see e.g. section 
2.3) or using satellite products (inorganic chlorine and fluorine, organic chlorine and fluorine, source 
gases relevant to stratospheric and tropospheric ozone (HCl, ClONO2, CFCs and HCFCs, CCl4, 
C2H6, OCS, …). 

3.3.2 Modelling 

The 3-D Chemistry Transport Model GEOS-Chem, developed and maintained at Harvard University, 
is in operation at ULiège since 2013, in order to ease the interpretation of FTIR time series acquired 
at the Jungfraujoch and elsewhere. The more recent versions of this model natively allow modelling 
the stratosphere and a suite of ODSs.  

3.4 Université Libre de Bruxelles (ULB/SQARES) 

3.4.1 Laboratory experiments 

The atmospheric spectroscopy group at ULB (SQUARES) has established expertise in the 
measurement of accurate absorption line parameters (positions, intensities and widths) for 
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atmospheric trace gases in the infrared (far-, mid- and near-) and visible ranges, using high-
resolution Fourier transform spectroscopy. Analysis of spectra is carried out using software written 
in the laboratory. The contribution of ULB to international spectroscopic databases remains at the 
forefront. 

3.4.2 Retrieval algorithm developments 

The group has acquired a leading position for the atmospheric radiative transfer modelling in the 
thermal infrared and also for the development of atmospheric trace gases retrieval methods. It owns 
and maintains sophisticated algorithms, for research and operational applications in atmospheric 
chemistry and physics. They include: 

 The Atmosphit line-by-line radiative transfer model, which allows simulation of spectra recorded 
under various geometries and/or with different instruments. Accurate and versatile, it has been 
used in most studies prior to IASI launch, and for IASI local analyses. A module using an 
advanced doubling-adding method to account for multiple scattering was coupled to Atmosphit, 
allowing simultaneous retrieval of gas and aerosol properties. 

 The FORLI series of software specific to IASI (Hurtmans et al., 2012). These rely on fast radiative 
transfer calculations using look-up-table (LUT) approaches. The LUT compile absorbance spectra, 
pre-calculated on a given spectral range and on well-defined temperature/pressure/humidity grids. 
FORLI versions are currently in place for O3, HNO3, CO and in addition NH3. The FORLI series 
allow NRT processing of the huge IASI data flow to provide global distribution of concentrations 
twice daily. The FORLI retrieval algorithms developed in the group are the official operational 
processors implemented in the EUMETSAT ground-segment to serve various users, notably the 
Copernicus Atmosphere Monitoring (CAMS) and Climate Change (C3S) services  

 Radiance indexing schemes for IASI, which are used to track reactive species, among which SO2, 
PAN, CH3OH, HCOOH, and aerosols, including volcanic ash (e.g. Franco et al., 2018; Clarisse 
et al., 2019a; 2019b). 

3.4.3 Satellite data retrievals 

Development, upgrade and maintenance of the NRT processing chains for IASI-A, -B and –C, 
namely FORLI. Processing started by receiving of the calibrated L1C radiances from Eumetcast, 
which are transformed in suitable format and quality-flagged using available ancillary information 
(e.g. cloud coverage). The retrievals are performed on a large cluster of 24 nodes with a total of 357 
threads. Large storage capabilities (above 230 TB) allow archiving of all data for scientific analyses, 
including long-term time series studies on global datasets.  

Retrieved products from FORLI include O3, HNO3 and CO profiles on the global scale (cloud-free 
data). Every new FORLI algorithm development delivered to EUMETSAT is also validated with that 
implemented in the EUMETSAT CAF (Central Application Facility). 

Additional products from the offline processing (BRESCIA-SO2, ANNI-NH3, ANNI-PAN …) are based 
on the calculation of hyperspectral radiance indices combined with an artificial neural network in 
some cases, to convert the spectral signature into columns using appropriate look-up-tables.  

We have also developed a new global IASI Climate Product (Donikis et al., 2015): the ozone 
longwave radiative effect (LWRE) (in W/m2), i.e., the radiative impact in the outgoing longwave 
radiation (OLR) flux due to absorption by ozone, for both tropospheric and total columns with respect 
to the retrieved FORLI-O3 vertical distribution. This product opens perspectives for studying the 
impact of O3 changes on the radiative forcing of climate at local and global scales. The derivation of 
trends in the O3 LWRE is under development.  

3.4.4 Satellite data validation and characterisation 

ULB/SQUARES contributes to the validation activities of IASI chemistry products, in particular O3, 
HNO3, CO and SO2 in the frame of the AC-SAF activities and of the O3-CCI+ and C3S programs for 
O3, but also NH3 and other retrieved products. 

ULB/SQUARES also continues cross-comparisons between satellites, in particular for CO and O3. 
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4 DISSEMINATION OF RESULTS 

4.1 Data reporting 

 RMI 

The ozone data (columns and profiles) are regularly deposited in the WOUDC of WMO. Uccle is also 
affiliated to NDACC. Therefore the data are also made available in that network. In near real time 
the data are also distributed via NILU, where the data can be used for campaigns (e.g. Match 
campaigns to determine ozone losses in the polar and sub polar winter atmosphere, see Streibel et 
al, 2005). The data are also stored and used in databases for the validation of satellite data 
(EUMETSAT). Total ozone values are exchanged daily with the WMO ozone mapping centres in 
Canada and Greece for the production of daily ozone maps. The ozone profiles corrected according 
to the recommendations of the O3S-DQA activity are also distributed to this panel. 

Data of the ceilometers are exchanged via the data-hub of the EUMETNET programme E-profile. 

 BIRA-IASB 

NDACC FTIR and UV-visible data are submitted on a regular basis by BIRA-IASB to the NDACC 
Data Host Facility (DHF) established at NOAA NCEP (http://ndacc.org). 

BIRA-IASB is deeply involved in the ESA CCI programme (Ozone, Aerosols, GHG, water vapour), 
providing high quality datasets for climate modelling applications and available on the CCI open data 
portal (http://cci.esa.int). Reprocessed satellite ozone data generated as part of the CCI Ozone 
project are also available publicly from the project site hosted at BIRA-IASB: http://www.esa-ozone-
cci.org/ 

Satellite ozone data records and ground-based data records processed at BIRA-IASB as part of the 
C3S procurement are available on the Copernicus Climate Data Store hosted at ECMWF 
(https://cds.climate.copernicus.eu). 

(D33) Reanalysis of Aura MLS observations are available here: http://strato.aeronomie.be/ 

 ULiège 

Time series of NDACC-relevant molecules (e.g., HCl, ClONO2, HF, HNO3, NO2, O3, ) are archived 
routinely by ULiège at the NOAA Data Host Facility (Washington, DC, USA), with the ozone data 
mirrored to the WOUDC archive in Toronto. These data are available in the hdf format which provides 
the available vertical information and uncertainties on the retrieved products. 

In addition, important results deduced by ULiège from Jungfraujoch observations have been included 
in successive editions of the scientific assessment of ozone depletion (UNEP/WMO), with ULg 
scientists involved as co-author or contributors in all recent volumes. 

 ULB 

Datasets produced by the ULB are documented in the scientific literature. 

Operational dissemination by ULB/SQUARES of the FORLI-CO, -O3, -HNO3, BRESCIA-SO2 are 
occuring within the AC-SAF (data processed at EUMETSAT-CAF and disseminated through 
EUMETCAST system). This has started in 2017 with CO, followed by SO2 in 2018 and O3 and HNO3 
both expected in the course of 2020. The ANNI-NH3 product will be also dessiminated through 
EUMETCAST in the future. 

Archives of the IASI retrieval datasets generated by ULB/SQUARES (FORLI-O3, -CO, -HNO3, 
BRESCIA-SO2, ANNI-NH3 and other products) for IASI-A, -B and -C are made available to the user’s 
community in NetCDF (v4) format from the French Aeris data portal at: http://iasi.aeris-data.fr/. IASI 
CO distributions of profiles are distributed in NRT by ULB to ECMWF in the frame of the Copernicus 
Atmosphere Monitoring Service (CAMS). Satellite ozone data records processed as part of the C3S 
procurement are available on the Copernicus Climate Data Store hosted at ECMWF. 

Spectroscopic information obtained by ULB/SQUARES is disseminated through various channels. 

 
123



Page 16 of 44 

 

4.2 Information to the public 

 RMI 

Daily UV forecasts are produced and disseminated with the weather forecasts. They are also 
available at the internet (www.meteo.be). 

Ozone and UV data of Uccle were also used in yearly reports on the environment (successive MIRA 
reports). 

 BIRA-IASB 

Relevant information is available on different web pages hosted by BIRA-IASB: 

 CCI Ozone website, including documentation and data: http://www.esa-ozone-cci.org/ 
 NDACC Satellite Working Group website, with catalogues and relevant information on 

atmospheric composition satellites: http://accsatellites.aeronomie.be  
 Sentinel-5 Precursor TROPOMI data quality assessment (http://mpc-vdaf.tropomi.eu) 
 Ozone monitoring and research activities on the BIRA-IASB website: 

http://www.aeronomie.be/en/topics/naturalhazards/ozone-bira-iasb.htm  
 Article on “BIRA-IASB monitors effect of Montreal Protocol”: 

http://www.aeronomie.be/en/topics/globalchange/montrealprotocol.htm  

A new website for UV radiation and indexes monitoring is under development at BIRA-IASB. 

BIRA-IASB publishes press releases on ozone related subjects and activities. 

BIRA-IASB contributes to WMO Ozone Depletion Assements, to the LOTUS stratospheric ozone 
trend report, and to the Tropospheric Ozone Assessment Report (TOAR).  

BIRA-IASB contributes to WMO Antarctic Ozone Bulletins and WMO Arctic Ozone Bulletins 
(http://www.wmo.int/pages/prog/arep/gaw/ozone).  

BIRA-IASB disseminates relevant information to the public through lessons and seminars in most of 
the major Belgian universities, through large public events like the Annual Open Doors organised at 
BIRA-IASB premises, through participation in public exhibitions at the Planetarium in Brussels and 
the Euro Space Centre in Redu. 

Lectures about the history of ozone research was organised at BIRA-IASB for non-scientific and 
scientific personal in French and Dutch. 

4.3 Relevant scientific papers 

A list of relevant scientific papers published or submitted by the reporting teams after the issue of 
the Belgian National Report for the 10th WMO/UNEP Ozone Research Managers Meeting is provided 
in ANNEX D. 

5 PROJECTS, COLLABORATION, TWINNING AND CAPACITY BUILDING 

Projects and collaborations involving the four institutes are listed in ANNEX E. 

6 IMPLEMENTATION OF THE RECOMMENDATIONS OF THE 10TH OZONE RESEARCH 
MANAGERS MEETING 

6.1 Overarching goals  

 Goal (2) – Maintain and enhance existing observation capabilities for climate and ozone 
layer variables 
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RMI continued the ozone observing program with spectroscopic ozone column and UV 
measurements and 3 times per week ozone profile measurements with balloons. Also the 
ceilometer measurements are continued. 

6.2 Research needs  

(i) Chemistry-climate interactions and monitoring the Montreal Protocol 

 Specific recommendation (4) – Ozone in climate models 

ULB/SQUARES has undertaken several projects in partnership with BIRA-IASB focusing on 
the link between chemistry and climate, where, in particular, both FORLI-O3 and O3 LWRE 
are key products to evaluate the evolution of O3 and its radiative forcing in climate models. 

BIRA-IASB coordinates the Data Assimilation activity of the international programme 
Stratosphere/Troposphere Processes and their Role in Climate (SPARC). 

BIRA-IASB participates to the SPARC Reanalysis Intercomparison Project (S-RIP) with a 
focus on the use of chemical tracers to better understand how the past changes of 
stratospheric circulation are represented in modern reanalyses. 

BIRA-IASB participates to the validation and development of the global model used for the 
Copernicus Atmosphere Monitoring Service (CAMS) with a strong focus on stratospheric 
ozone. 

BIRA-IASB continuously improves its data assimilation system BASCOE and the chemical 
transport model associated with it, which includes detailed microphysics description.The 
Near-Real-Time analyses of stratospheric composition generated by BASCOE are often 
used in the WMO Antarctic Ozone Bulletins and for validation of the ozone forecasts delivered 
by the CAMS. 

 Specific recommendation (7) – Trends in ozone 

ULB/SQUARES continues the retrieval/measurement of ozone columns and profiles from 
IASI, and applies state-of-art statistics to the FORLI-O3 data sets to retrieve accurate trends 
(cf. Section 2.1). 

ULB/SQUARES also actively contributes to other international ozone trend assessment 
initiatives, namely, the O3-CCI+ and the second phase of TOAR, which aims at understanding 
biases between trends derived from O3 datasets and at improving confidence in trend 
estimates. 

RMI continues the measurement of ozone columns and profiles, and applies state-of-art 
statistics to the data sets to retrieve trends (cf. Section 2.1). 

BIRA-IASB conducts studies of ozone variabilities and trends, using ground-based and 
satellite data. RMI is part of the Ozondesonde Data Quality Assessment Working Group and 
with conducts studies of ozone variabilities and trends, using those ozonesonde data. 

BIRA-IASB also actively contributes to other international ozone trend assessment initiatives, 
namely, LOTUS (a SPARC Activity coordinated by BIRA-IASB, aiming at improving 
confidence in trend estimates), the 2018 WMO Assessment of Ozone Depletion, the 
Tropospheric Ozone Assessment Report (TOAR). 

 Long-term recommendation (1) – Constructing data records 

ULB/SQUARES is deploying efforts to develop a climate version of FORLI which will provide 
homogeneous IASI-O3 record by using ERA-5 reanalysis as new input parameters for the 
temperature and humidity profiles. 

BIRA-IASB coordinates ESA’s CCI Ozone project Phase II (2014-2017) and CCI+ (2019-
2021), in which RMI is a partner, which aims at improving ozone data products from European 
satellites in order to provide harmonised ozone data records suitable for climate change 
studies. This project includes specific effort on the improvement of ozone profile data in the 
upper troposphere and lower stratosphere, to improve our evolving understanding of the 
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coupling and exchange in this particular altitude region. BIRA-IASB is also responsible for 
the operational generation of ozone Climate Data Records (CDRs) in support of the 
Copernicus Climate Change Service (C3S), service started in the C3S_312a_Lot4 project 
(2016-2018) and continued in the C3S_312b_Lot2 project (2018-2020). 

In C3S-BARON, BIRA-IASB was responsible for the development and delivery of ozone data 
records from NDACC, and auxillary data for trend studies (solar cycle, QBO, …). 

 Long-term recommendation (2) – Data quality 

RMI participated as referee in intercomparison campaigns of ozone sondes; regular 
calibration of the Brewer spectrophotometers were performed. 

(ii) Processes influencing stratospheric evolution and links to climate 

 Recommendation (5) – Stratospheric aerosols 

BIRA-IASB actively participated in the ESA Aerosol_cci project, and this activity is currently 
continued in the framework of the Copernicus Change Change Services (C3S). This work 
focuses on the production of stratospheric aerosol time series based on the GOMOS 
experiment on ENVISAT. The development and improvement of time series of extinction and 
size information is of high importance to provide reference datasets to the climate modelling 
community. Currently, the large uncertainties and the poor agreement of size information 
derived from different techniques is a major issue impacting atmospheric chemistry and 
climate modelling, that has to be better understood. This requires progresses in the 
improvement of the retrieval algorithms and of aerosol characterisation. Combined with 
precursor work on the SAGE II experiment (1984-2005), these times series also offer useful 
datasets for aerosol studies, e.g. in the framework of geoengineering. 

(iii) UV Changes and other impacts of ODS changes 

 Recommendation (1) – Factors affecting UV 

RMI studies the effects of aerosol on UV radiation. 

6.3 Systematic observations  

 Key Recommendation (1) – Monitoring of temperature, winds, trace-gas profiles, especially 
dynamical tracers (N2O, SF6), ozone and water vapour, to support assessment of expected 
changes in global meridional BDC and unexpected events like the recent break of the QBO 

ULB/SQUARES is progressing on the identification of the causes of the bias that characterizes 
the FORLI-O3 measurements in the UTLS region. Retrievals with new sets of a priori matrices 
have been tested on a restricted IASI number of Level-1C radiances, co-located with O3 sonde 
stations for validation purpose. It tends to identify the a priori as a main cause of the bias in the 
UTLS FORLI-O3 profile that was reported earlier (Boynard et al., 2018). 

The ozone and water vapour profiles obtained simultaneously with the RMI balloon-borne 
ozonesondes. Data are archived and are available.  

 Key Recommendation (2) – Continuation of ground-based stations with long-term records 

ULiège’s primary aim will be to maintain the operation of the FTIR instrumentation at the 
Jungfraujoch station. 

RMI continues the observations of the ozone layer at Uccle, and in Antarctica during the manned 
period of the Princess Elisabeth station. 

Efforts have been made by BIRA-IASB to maintain operation of existing instrumentation, and to 
increase the use of more sophisticated instrumentation, mainly FTIR spectrometers and UV-
visible instruments. BIRA-IASB has continued operation of its FTIR and UV-visible instruments 
which contribute to the NDACC and TCCON global monitoring networks. 

 Key Recommendation (3) – Continuation of limb emission and infrared occultation observations 
from space 
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RMI is a partner in the EUMETSAT O3SAF, and is responsible for the validation of the operational 
ozonesonde profiles and aerosol products of the GOME2 instruments on board of the 
meteorological satellites. 

The work performed at BIRA-IASB on GOME/SCIAMACHY/OMI/GOME-2/TROPOMI total ozone 
retrieval algorithms is a response to the requirement to continue the key baseline set of solar 
backscatter UV observations. In particular, the development of the GODFIT-3 direct fitting 
algorithm has led to improvements needed to expand capabilities at high latitudes and high solar-
zenith angles (Lerot et al., 2014). 

In anticipation of the upcoming gap in limb viewing satellites, BIRA-IASB has proposed the new 
satellite mission ALTIUS, a limb scattering and occultation satellite instrument addressing directly 
the 7ORM requirements, reiterated at 8ORM, 9ORM and 10ORM, for limb viewing observations 
of high vertical resolution profiles of ozone and key ozone related parameters that are critical for 
understanding the science behind changes in ozone in the context of changing climate – see 
ANNEX B. This instrument concept combines the technique of limb scattering observation with 
an imaging capacity when operating on the day side. At the terminator and in the eclipse phase, 
the spectrometer would be used in solar and stellar occultation modes respectively. This 
instrument is designed to infer from UV-visible-NIR radiance measurements from the upper 
troposphere to the mesosphere the vertical distribution of ozone, NO2, BrO, H2O, OClO, aerosols 
and PSCs… In 2016, the ALTIUS mission was accepted by the ESA-Earth Observation 
programme board as an element of the EarthWatch programme and definitely approved at the 
last ESA ministerial council in Dec 2016. The instrument and the ground segment are in 
development, with a launch targeted in 2023. 

A PICo-satellite for Atmospheric and Space Science Observations (PICASSO) is an ESA project 
led by BIRA-IASB, in collaboration with VTT Technical Research Centre of Finland Ltd, Clyde 
Space Ltd. (UK), Centre Spatial de Liège (BE) and the Royal Observatory of Belgium – see 
ANNEX B. PICASSO is a three-unit CubeSat, for which VTT will develop the main payload,Visible 
Spectral Imager for Occultation and Nightglow (VISION). VISION will primarily target the 
observation of the Earth's atmospheric limb during orbital Sun occultation. By assessing the 
radiation absorption in the Chappuis band for different tangent altitudes, the vertical profile of the 
ozone is retrieved. A secondary objective is to measure the deformation of the solar disk so that 
stratospheric and mesospheric temperature profiles are retrieved by inversion of the refractive 
ray-tracing problem. PICASSO has now passed the Critical Design Review. Its launch, foreseen 
initially for February 2020, has been postponed due to delays associated with the COVID-19 
pandemic. 

 Key Recommendation (4) – Maintenance of regular, long-term monitoring in key regions for 
troposphere stratosphere exchange 

ULB/SQUARES ensures the maintenance of the processing chains for IASI-A, -B and –C with the 
updated FORLI version, allowing long-term time series studies on the global datasets. 

BIRA-IASB has maintained the additional ground-based instruments previously deployed in the 
Tropics: NDACC/TCCON certified FTIR instruments on Reunion Island (Indian Ocean), and 
NDACC certified (MAX)DOAS UV-visible instruments on Reunion Island and in Bujumbura 
(Burundi). It has deployed a new FTIR instrument at Porto Velho (Brazilian Amazonian forest) in 
July 2016. 

RMI is taking steps to start an ozone sounding program in Nigeria, in an African region with very 
few ozone observations from the ground. 

 Key Recommendation (8) – Implementation of new and cost-effective instruments for ozone and 
trace gases, as well as data analysis protocols, including  further progression with network 
harmonisation 

RMI participates in the efforts of homogenizing ozone profile data records. 

 Other systematic observations 

ULB/SQUARES has expanded IASI data dissemination to a variety of users, notably the 
Copernicus Atmosphere Monitoring (CAMS) and Climate Change (C3S) services. 
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ULB/SQUARES verifies the consistency between the FORLI datasets retrieved from IASI-A, -B, 
and -C. Every new FORLI algorithm development comes with the reprocessing of the whole IASI 
dataset for consistency purposes. 

ULB/SQUARES is also deploying efforts to provide homogenized IASI datasets through the 
development of a climate version of FORLI. 

RMI continues the UV observations with Brewer spectrophotometers in Uccle and in Antarctica. 

6.4 Data archiving and stewardship 

 Key Recommendation (1) – Develop robust automated data submission with centralised 
processing and QA schemes 

In the frame of the CAMS-84 NDACC-based validation project for the Copernicus Atmosphere 
Monitoring Service (CAMS), data archiving of NDACC and TCCON observations has been 
accelerated for a set of stations, data being now submitted within 1 day to 1 month after 
acquisition. Tools for the evaluation of the quality and consistency of NDACC data files have also 
been developed. Procedures and tools that have been developed for NORS and CAMS-84 are 
being extended to other NDACC key species. 

Similarly, data archiving of EUBREWNET, NDACC, SHADOZ, WOUDC and other ozone and 
related observations have been accelerated and quality assured in order to meet operational 
requirements of the routine validation service operated at BIRA-IASB on behalf of ESA’s 
Copernicus Sentinel-5 Precursor Mission Performance Centre (S5P MPC). 

 Key Recommendation (3) – Encourage data providers to submit to existing databases 

ULiège performs regular data archiving at NDACC. 

RMI archives the data regularly in the well-established network databases at WOUDC and 
NDACC. It also submitted homogenized ozonesonde data to the database set up within the 
O3SDQA Working Group. It submits Brewer data to the database created within the framework 
of the COST action ES1207 EUBREWNET. 

 Key Recommendation (6) – Enhanced linkage among data centres 

BIRA-IASB is ECMWF’s prime contractor coordinating the collaborative project Production of 
Essential Climate Variable Datasets based on Earth Observations (Ozone), Ref. C3S_312a_Lot4, 
to populate the European Copernicus Climate Change Service (C3S) Data Store with Level 3 
data products. 

BIRA-IASB provides advice to the definition and improvement of ESA’s Validation Data Centre 
operated at NILU (EVDC, https://evdc.esa.int/), which interconnects several data centres for the 
purpose of harmonised satellite validation. 

 Other data archiving and stewardship activities 

ULB/SQUARES stores raw IASI L1C and L2 data locally so that reprocessing of historical IASI 
data with an improved FORLI version can easily be performed. Through collaborations with 
LATMOS, ULB/SQUARES archives continuously the in-house IASI retrieved datasets (FORLI-
O3, -CO, -HNO3, BRESCIA-SO2, ANNI-NH3 and other products) into the Aeris portal at: 
http://iasi.aeris-data.fr/.  

The backprocessing of the whole IASI FORLI datasets with the last v20191122 is ongoing and 
will be archived on the Aeris portal in the future. 

In addition to submitting them to WOUDC and NDACC, RMI stores raw data and metadata locally 
so that reprocessing of historical data is easily established. 
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6.5 Capacity building 

 Key Recommendation (2) – Provide training opportunities for station operators in developing 
countries 

RMI will provide the hardware, equipment, and training to the National Space Research and 
Development Agency of Nigeria to launch ozonesondes at Abuja. The exploitation of this dataset 
will be done in close collaboration between the partners. 

BIRA-IASB provides training to the local operators of the new Porto Velho site in Brazil, and 
hosted a second Chinese PhD student for training on NDACC and TCCON operations and data 
analysis and validation procedures. 

 Other capacity building activities 

The relocation of the unused Dobson instrument from Uccle to Kyev is explicitly mentioned on p. 
38 of the WMO report of the 8th session N° 53. 

In response to the need to further develop methods and tools for a better-integrated use of 
complementary data with different scale, resolution etc., BIRA-IASB has developed the multi-
purpose simulator of global measurement systems for atmospheric composition with full 
metrology description (Verhoelst et al., 2015): OSSSMOSE (Observing System of Systems 
Simulator for Multi-mission Synergies Exploration). This versatile environment provides realistic 
simulations of the output of real and hypothetic global observing systems and of their data 
comparison. It combines various state-of-the-art components, such as multi-dimensional 
observation operators mapping in 2D/3D the real sensitivity of a measurement system to 
atmospheric gradients, cycles and trends. OSSSMOSE has been applied with success to the 
validation of Envisat and MetOp to close the error budget of data comparisons (e.g., Cortesi et al., 
2007; Lambert et al., 2012; Verhoelst et al., 2012, 2015). OSSSMOSE is also being used for 
optimisation studies and gap analysis of measurement systems in the GAIA-CLIM project and 
implemented partly in the Virtual Observatory being built at EUMETSAT. - See Section 3.2.6. 

7 FUTURE PLANS 

7.1 Royal Meteorological Institute (RMI) 

Continuation of the observations at Uccle (ozone column, ozone profile, Spectral UVB, aerosol) and 
at the Antarctic station (Ozone column, Spectral UVB and aerosol). 

Continuation of the automatic lidar ceilometer observations 

Analysis of the data obtained at the Belgian Antarctic station. 

Participation in the validation and quality assurance of satellite observations (AC SAF CDOP-4 of 
EUMETSAT and Ozone CCI of ESA). 

The RMI has recently signed a Memorandum of Understanding with the National Space Research 
and Development Agency of Nigeria to launch ozonesondes at Abuja, Nigeria. The hope is to have 
the first launches there at the end of 2020.  

The RMI will take the lead in the homogenization of the European ozonesonde station time series, 
which is lagging behind for some stations in comparison with e.g. the tropical, American and 
Canadian networks. Use of these homogenized data for trend analysis and validation of satellite 
retrievals of ozone. 

At the occasion of the International Polar Year 2007, the Belgian government decided to build a new 
scientific summer station at Utsteinen, East Antarctica and committed the International Polar 
Foundation to design and build this new base.  

A Brewer ozone spectrophotometer was installed mid-January 2011 and was able to measure until 
14 February 2011. It measured the total column amount of ozone and the UV radiation in the UV-A 
and UV-B bands. It was successfully set up for the first time. It was mounted on the northern roof of 
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the station. It needs sun and regular maintenance for operation and was therefore de-installed at the 
end of the season. First analyses of the data show that it made very good and interesting 
measurements of total ozone and the UV index at Utsteinen. Since then the instrument was 
operational during each manned period at the station. 

Besides this, a suite of aerosol instruments are in use at the station, some of which are also 
operational, under remote control, during the unmanned (winter) period. 

7.2 Royal Belgian Institute for Space Aeronomy (BIRA-IASB) 

Preparation of a large scale Sentinel-5 Precursor Cal/Val campaign to be organised in 2020-2021. 
For this campaign, both ground-based and aircraft experiments will be deployed in synergy. These 
will build on preparatory airborne and ground-based activities developed as part of the successive 
AROMAT, AROMAT-2, CINDI-2, AROMAPEX and RAMOS campaigns, most of them coordinated 
by BIRA-IASB.   

Development of a centralised and automated processing system for UV-visible MAXDOAS 
observations to be hosted at the ESA Cal/Val facilities, in support of multi-mission programmes 
(FRM4DOAS project, 2016-2021). 

BIRA-IASB has developed the instrument concept of Atmospheric Limb Tracker for the 
Investigation of the Upcoming Stratosphere (ALTIUS) – see ANNEX B and Section 6.3. This 
instrument consists of a limb viewing atmospheric sounder designed to operate on board a micro-
satellite like the PROBA platform. This instrument combines the technique of limb scattering 
observation with an imaging capacity when operating on the day side. At the terminator and in the 
eclipse phase, the spectrometer will be used in solar and stellar occultation modes respectively. This 
instrument is designed to infer from UV-visible-NIR radiance measurements from the upper 
troposphere to the mesosphere the vertical distribution of ozone, NO2, BrO, CH4, H2O, OClO, 
aerosols and PSCs… BIRA-IASB is the PI of this instrument, which has now received definite 
approval as an element of the EarthWatch programme at the last ESA ministerial council in Dec 2016 
and is being developped. 

A PICo-satellite for Atmospheric and Space Science Observations (PICASSO) is an ESA project led 
by BIRA-IASB, in collaboration with VTT Technical Research Centre of Finland Ltd, Clyde Space 
Ltd. (UK), Centre Spatial de Liège (BE) and the Royal Observatory of Belgium – see ANNEX B and 
Section 6.3. PICASSO is a three-unit CubeSat, for which VTT will develop the main payload,Visible 
Spectral Imager for Occultation and Nightglow (VISION). VISION will primarily target the observation 
of the Earth's atmospheric limb during orbital Sun occultation. By assessing the radiation absorption 
in the Chappuis band for different tangent altitudes, the vertical profile of the ozone is retrieved. A 
secondary objective is to measure the deformation of the solar disk so that stratospheric and 
mesospheric temperature profiles are retrieved by inversion of the refractive ray-tracing problem. 
PICASSO will be launched on VEGA return flight in 2020. 

The Tropospheric Monitoring Instrument (TROPOMI) aboard ESA’s Copernicus Sentinel-5 
Precursor satellite was aunched in October 2017. Since April 2018 it acquires measurements of the 
troposphere down to the boundary layer and quantify emissions and transport of anthropogenic and 
natural trace gases and aerosols, which impact stratospheric ozone air quality and climate. BIRA-
IASB is one of the key TROPOMI level-2 algorithm developers, being responsible for the prototyping 
of three important products: ozone, SO2 and HCHO. BIRA-IASB is also the coordinator of its 
operational validation service 

Continued participation and/or coordination of validation and quality assurance of satellite 
observations in the context of the EUMETSAT AC-SAF CDOP-2/3, ESA Multi-TASTE Phase F, ESA 
Ozone_cci and CCI+ (ozone and water vapour), C3S_312a_Lot4, ESA Aerosol_cci, EXPANSION 
(ESA Living Planet Fellowship), MIPAS and SCIAMACHY Quality Working Groups Phase-F, and EU 
FP7 QA4ECV. 
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7.3 University of Liège (ULiège) 

The continuation of the NDACC observations at the Jungfraujoch station remains the primary 
objective of the team. 

7.4 Université Libre de Bruxelles (ULB) 

On the remote sensing side, IASI-related activities will be strengthened through the participation of 
ULB researchers in international programs, including the continuation of the ESA Climate Change 
Initiative (O3-CCI+), the EUMETSAT SAF (Satellite Application Facility) on Atmospheric Composition 
Monitoring and the C3S programs. 

The NRT FORLI processing chain for IASI-A, -B and -C are being upgraded with the improved FORLI 
v20191122 that is planned to be implemented in the future at the EUMETSAT CAF (Central 
Application Facility) for wider dissemination of the IASI L2 products to the user’s community.  

The group will continue to contribute to various international efforts for providing long-term quality-
assured information on essential climate variables, e.g. in the frame of the O3-CCI+ and C3S 
programs. 

The group will foster activities with IASI in the context of chemistry and climate, including O3-HNO3 
correlations; link to O3 and precursor emissions in the troposphere; STE; O3 long-wave radiative 
effect.  

The group will pursue its activities around the preparation of the future infrared components of the 
Sentinel 4 and 5, via the active contribution to the IASI-NG and IRS-MTGS mission advisory groups. 

8 NEEDS AND RECOMMENDATIONS 

There is an urgent need to secure financial support for laboratory spectroscopic activities supporting 
investigations of the terrestrial atmosphere. 

There is a need for technical staff to maintain the preparation and execution of balloon soundings. 

There is also a need for structural logistical, technical and financial support of the activities at the 
Antarctic station Princess Elisabeth. 

 

* 

 *          * 
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ANNEX A. LONG-TERM TIME SERIES OF GROUND-BASED MEASUREMENTS 

ULiège, BIRA and RMI are involved in instrument operation at twenty-eight stations located in 
various parts of the world and at different altitudes (Table A 1), including the ten stations belonging 
to the Meteo-Wing network of the Belgian Defence, which are operated by RMI and are equipped 
with ceilometers providing aerosol backscatter profiles from the ground to 7 km altitude. Detail of the 
station networks, of the instruments and platforms, of the observation record duration, of the nature 
of the species observed and physical quantity retrieved, and of which institute is involved is provided 
in Table A 2 while Table A3 provides the complete list of species monitored with the FTIR instrument 
operated by ULiège at the Jungfraujoch. 

Table A 1. Geolocation of ground-based stations and type of data collected. Col = column(s); 
Prof = profile(s); Aer = aerosol properties; UV = UV radiation. 

Station 
Country / 
Continent 

Latitude Longitude 
Altitude 

a.s.l. 
Type of data 

Beauvechain (*) Belgium 50.78°N 4.77°E 108 m   Aer  

Bujumbura Burundi 3°S 21°E 774 m Col Prof Aer  

Casteau (*) Belgium 50.52°N 4.01°E 80 m   Aer  

Chièvres (*) Belgium 50.59°N 3.81°E 56 m   Aer  

Diepenbeek Belgium 50.9°N 5.4°E 42 m   Aer  

Elsenborn (*) Belgium 50.46°N 6.22°E 560 m   Aer  

Florennes (*) Belgium 50.25°N 4.6°E 280 m   Aer  

Harestua Norway 60.2°N 10.8°E 596 m Col Prof   

Humain Belgium 50.2°N 5.25°E 240 m   Aer  

Houthalen-Helchteren (*) Belgium 51.02°N 5.37°E 57 m   Aer  

Jungfraujoch Switzerland 46.55ºN 7.98ºE 3580 m Col Prof Aer  

Kleine-Brogel (*) Belgium 51.17°N 5.47°E 58 m   Aer  

Koksijde (*) Belgium 51.1°N 2.4°E 8 m   Aer  

La Réunion France DOM/TOM 20.9°S 55.5°E 10 m Col Prof   

Le Port, La Réunion France DOM/TOM 20.56°S 55.17°E  Col    

Mol (**) Belgium 51.19°N 5.11°E 27 m    UV 

Mount Maïdo, La 
Réunion 

France DOM/TOM 21°S 55.3°E 2200 m Col    

Mount Rigi (**) Belgium 50.5°N 6.1°E 674 m    UV 

Observatoire de Haute 
Provence (OHP) 

France 43.94°N 5.71°E 650 m Col Prof   

Porto Velho Brazil 8.77°S 63.87°W 87 m Col Prof   

Princess Elisabeth1 (**) Antarctica 71°S 23°E 1397 m Col   UV 

Redu (**) Belgium 50°N 5.15°E 325 m    UV 

Schaffen (*) Belgium 51°N 5.06°E 95 m   Aer  

Semmerzake (*) Belgium 50.95°N 3.67°E 35 m   Aer  

Uccle2 (**) Belgium 50.8°N 4.35°E 100 m Col Prof Aer UV 

Virton (**) Belgium 49.57°N 5.53°E 226 m    UV 

                                                 
1 Station n° 499 in the WOUDC list. It is operational during the manned periods in the austral summer. 
2 A complementary NDACC station, Uccle is Staion n° 053 in the WOUDC list. 
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Station 
Country / 
Continent 

Latitude Longitude 
Altitude 

a.s.l. 
Type of data 

Xianghe3 PR of China 39.75°N 116.96°E 46 m Col Prof Aer  

Zeebrugge Belgium 51.3°N 3.2°E 3 m   Aer  

(*) Part of the Belgian Meteo-Wing military network. 
(**) While being completely refurbished, the UV observation network is currently down. It will be completed 
by a new station in Oostende (the old station in Oostende has been dismantled). 

Table A 2.  Long-term time series of measurements at ground-based stations. 

Station Network Technique Start End Species Physical quantity 
Belgian 
institutes 
involved 

Jungfraujoch NDACC 
Alpine 

FTIR Early ‘80 / Detail in Table A3  total & partial columns, 
vertical profile 

ULiège 
BIRA 

SAOZ UV-
Vis DOAS 

1990 / O3, NO2 column BIRA 

MAXDOAS 2010 / BrO, NO2, O3 stratos. vertic. profile BIRA 

NO2, H2O, O3, H2CO tropospheric abundance 

aerosol tropospheric AOD 

Harestua NDACC 
Arctic 

UV-Vis 
DOAS 

1994 / O3, NO2, OClO, BrO column BIRA 

NO2, BrO stratos. vertic. profile 

Observatoire 
de Haute 
Provence 
(OHP) 

NDACC 
Alpine 

UV-Vis 
MAXDOAS4 

Summer 
1998 

/ O3, NO2, BrO column BIRA 

NO2, BrO stratos. vertic. profile 

2000 / NO2, H2CO tropospheric abundance 

La Réunion 
Saint-Denis 

NDACC 
SH 
tropical 

FTIR 
(Bruker 
120M) 

May 
20095 

Dec 
2011 

O3, halogenated and 
nitrogenated source 
and reservoir gases, 
volatile organic 
compounds, … 

total & partial columns, 
vertical profile 

BIRA 

TCCON 
& 
NDACC6 

FTIR 
(Bruker 
125HR) 

Sep 
2011 

/ As above 
+ CO2, CH4 

column BIRA 

O3 total & partial columns, 
vertical profile 

/ UV-Vis 
MAXDOAS 

Aug 
2004 

Jul 
2005 

O3, NO2, BrO, H2CO, 
CHOCHO 

column, 
tropospheric abundance 

BIRA 

                                                 
3 Approximately 50 km East of Beijing. This area is not strongly affected by local emissions but still 

largely under the influence of pollutants transported from three surrounding major cities: Beijing, Tianjin and 
Tangshan. 

4 Initially a standard UV-Visible DOAS instrument, upgraded with off-axis capability (MAXDOAS) in 
2000. 

5 Initially FTIR observations were made during campaigns in Sept.-Oct. 2002, Aug.-Nov. 2004 and 
May-Nov. 2007. During the first FTIR campaign in 2002, simultaneous measurements at sea level and at high 
altitude (2200 m asl) were performed, allowing inferring columns in the boundary layer/low troposphere, via a 
differential approach. 

6 The instrument is switched regularly between the TCCON Mode (greenhouse gas measurements in 
the near-IR) and the NDACC mode (measurements of O3 and related key species). The instrument got the 
official certification of being affiliated to the Total carbon Column Observing Network (TCCON) in summer 
2012. As the evolution of the stratospheric ozone layer is influenced by climate changes, these measurements 
are relevant indirectly for understanding ozone in the future. 
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Station Network Technique Start End Species Physical quantity 
Belgian 
institutes 
involved 

La Réunion 
Mount Maïdo 

NDACC 
SH 
tropical 

FTIR 
(Bruker 
125HR)7 

Feb 
2013 

/ O3, 
halogenated and 
nitrogenated source 
and reservoir gases, 
volatile organic 
compounds 

total & partial columns, 
vertical profile 

BIRA 

La Réunion 
Le Port 

/ MAXDOAS/
direct-sun 

Apr 
2016 

/ O3, 
O3-related key 
species 

column, 
tropospheric abundance8 

BIRA 

Porto Velho /  FTIR 
(Bruker 
125M) 

Jul 
2016 

/ O3, halogenated and 
nitrogenated source 
and reservoir gases, 
volatile organic 
compounds, … 

total & partial columns, 
vertical profile 

BIRA 

Xianghe / UV-Vis 
MAXDOAS 

Feb 
20109 

/ NO2, O3, H2CO, SO2, 
HONO, BrO, 
CHOCHO,  H2O 

tropospheric and/or 
stratospheric column 

BIRA10 

NO2, H2CO, SO2, 
CHOCHO 

tropospheric vertical 
profile 

BIRA 

NO2, BrO stratos. vertic. profile BIRA 

aerosol AOD BIRA 

/ FTIR 
(Bruker 
125HR) 

Jun 
2018 

/ O3 

+ HCHO, CO2, CH4 
total & partial columns, 
vertical profile 

CAS11, 
BIRA 

Bujumbura / UV-Vis 
MAXDOAS 

Nov 
2013 

/ O3, NO2, HCHO, 
CHOCHO, SO2, BrO, 
H2O 

column BIRA 

NO2, BrO stratos. vertic. profile BIRA 

/ CIMEL sun 
photometer 

Nov 
2013 

/ aerosol AOD BIRA 

Uccle NDACC 
NH 
Mid-lat. 

Mini-
MAXDOAS
12 

Apr 2011 / NO2 tropospheric column BIRA13 

aerosol AOD 

WOUDC 
Station 
053 

Brewer n°16 
14 

1983 / O3 column15 RMI 

UV spectral irradiance16 

2001 / O3 column RMI 

                                                 
7 Solar absorption in the mid-IR. 
8 These observations will be exploited in cooperation with the Univerity of Colorado which will install 

another MAXDOAS system at the Maido site (2200 m asl) in January 2017. The combination of both systems 
will allow for better separation of the boundary layer, free-troposphere and stratospheric composition. 

9 Following a campaign based in Beijing (July 2008 to April 2009). 
10 Six years of observations are now available allowing for the study of a number of trace gases (NO2, 

O3, H2CO, SO2, HONO, BrO, CHOCHO, and H2O) and aerosols in the troposphere and/or the stratosphere. 
These measurements are being exploited in support of various projects, serving in particular the validation of 
tropospheric measurements from recent satellite sensors (GOME-2, OMI and SCIAMACHY) and various 
modelling projects dealing with the determination of trace gas emissions in China. 

11 CAS (Chinese Academy of Sciences) is owning and operating the FTIR instrument at Xianghe. BIRA 
collaborates with CAS for the exploitation of the data. 

12 Time resolution : approximately 20 minutes. 
13 In support of the Copernicus Atmosphere Monitoring Service (CAMS) and for satellite validation 

purposes. 
14 Single monochromator, refurbished with new electronics in 2017. 
15 Daily. 
16 Several scans per day, number depending on the time the sun is above the horizon 
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Station Network Technique Start End Species Physical quantity 
Belgian 
institutes 
involved 

Brewer 
n°178 17 

UV spectral irradiance 

Dobson 
n°40 18 

1971 May 
2009 

O3 column RMI 

Balloon-
borne 
ozone-
sondes19 

1969 20 / O3 vertical profile21 RMI 

Uccle EUMET
NET 
E-Profile 

Automatic 
Lidar 
Ceilometer 

 / aerosol backscatter profile 
(0-14 km) 

RMI 

Zeebrugge 

Diepenbeek 

Humain 

Beauvechain Meteo-
Wing 
(Belgian 
Defence) 

ceilometer  / aerosol backscatter profile 
(0-7 km) 

RMI 

Casteau   

Chièvres   

Elsenborn   

Florennes   

Houthalen-
Helchteren 

  

Kleine-Brogel   

Koksijde   

Schaffen   

Semmerzake   

Princess 
Elisabeth22 

WOUDC 
Station 
499 

Brewer  
n°100 23 

Jan 
2011 

/ O3 column RMI 

UV spectral irradiance 

(*) UV-B, UV-A 
sensors, 
pyranometer 

2012 / UV global solar spectral 
irradiance, broadband 
data, filter radiometer 
data, sunshine duration 

BIRA 

Mol (*) UV-B, UV-A 
sensors, 
pyranometer 

1995 / UV global solar spectral 
irradiance, broadband 
data, filter radiometer 
data, sunshine duration24 

BIRA 

Mount Rigi 

Redu 

Uccle 

Virton 

(*) No more contribution to the EUVDB European Database since 2016. 

 

                                                 
17 Double monochromator. 
18 In agreement with WMO-GAW the instrument is now loaned to the University of Kiev (Ukraine) and 

is operational there. 
19 Three times per week.  
20 Ozone profile data in the period 1969-1997 were obtained with Brewer-Mast sensors. ECC ozone 

sensors have been used since 1997. Special care is taken to ensure the homogeneity of the time series, not 
only between the two types of ozone sensors, but also between soundings using one single type of sensor. 

21 Resolution: a few hundred metres. 
22 The Antarctic station is operational during the manned periods in the austral summer 
23 Put at RMI’s disposal by KNMI (The Netherlands). 
24 Plus associated cloud and meteorological parameters. 
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Table A 3. Molecules currently studied in FTIR solar spectra recorded at the Jungfraujoch 25 

Reference gas:  N2 

Minor constituents:  CO2, N2O, CH4, CO, O3 

Trace constituents: Halogenated species: HCl, ClONO2, HF, COF2, 

  CCl2F2, CHClF2, CCl3F, CH3CClF2, CCl4, CF4, SF6, CH3Cl 

 Nitrogenated species: NO, NO2, HNO3, ClONO2, NH3
 

 Others: H2O, C2H6, C2H2, C2H4, HCN, OCS, H2CO, H2CO2, CH3OH 

  Isotopologues of CO, CH4, H2O, O3 

 

 

                                                 
25 Species typed in italic are primarily present in the stratosphere, while the other ones are tropospheric 

source gases. 
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ANNEX B. SATELLITE OBSERVATIONS 

ULiège, ULB and BIRA-IASB are involved in several satellite missions relevant to atmospheric ozone 
and connected issues, the detail of which is provided below. 

B.1 Column measurements of ozone and other gases/variables relevant to ozone loss 

ULiège, ULB and BIRA-IASB are involved in several satellite missions measuring the total column 
of ozone and of ozone relevant species (halogens, NOy, BrO, HCFC, CFC…). 

 Royal Belgian Institute for Space Aeronomy (BIRA-IASB) 

 Global Ozone Monitoring by Occultation of Stars (GOMOS), on board of ESA’s Envisat, measured 
the vertical profile of O3, NO2, NO3, aerosols, OClO and other trace gases from August 2002 till 
April 2012 (end Envisat mission). BIRA-IASB is a co-proposer of the instrument, an expert support 
laboratory (ESL) certified by ESA, and has been active in the development of retrieval algorithms 
(IPF, AerGOM) and validation of O3, NO2, aerosols, OClO and temperature data products. 

 Global Ozone Monitoring Experiment-2 (EUMETSAT GOME-2), aboard EUMETSAT MetOp-A 
platform since October 2006 and MetOp-B platform since September 2012, measures the column 
of O3, NO2, BrO, SO2, OClO and other trace gases. Partner of the EUMETSAT Satellite 
Application Facility on Atmospheric Composition (AC-SAF), BIRA-IASB plays a key role in 
scientific developments, evolution and geophysical validation of the operational GOME-2 Data 
Processor for the column of ozone, NO2, BrO, H2CO and SO2 established at DLR (Germany) as 
part of the AC-SAF (Loyola et al. 2011; Lerot et al. 2010b; Lerot et al. 2014; Koukouli et al. 2014).    

 Tropospheric Moniroting Instrument (TROPOMI), launched in October 2017 on board of the 
Copernicus Sentinel-5 Precursor mission (S-5p). Member of the S-5p Mission Advisory Group, 
BIRA-IASB is involved in scientific developments and evolution of the operational algorithms for 
the column of ozone, NO2, H2CO, CO, CH4 and SO2. BIRA-IASB host and operate parts of the 
ground-segment for data processing, and it is the coordinatior and host of the Validation Data 
Analysis Facility (VDAF) of the S-5p Mission Performance Centre (MPC) for all data products. 

 Copernicus Sentinel-4 and Sentinel-5, planned for after 2023. Member of the Sentinel-4/5 Mission 
Advisory Group, BIRA-IASB is involved in scientific developments, evolution and geophysical 
validation of the operational algorithms for the column of ozone, NO2, H2CO, CO, CH4 and SO2. 

 Université Libre de Bruxelles (ULB) 

The Atmospheric Spectroscopy group (Service de Chimie Quantique et Photophysique) at ULB is 
heavily involved in the IASI/MetOp satellite mission, being member of its Science Working Group 
(ISSWG-2), under auspice of CNES and EUMETSAT. IASI is a sounder that measures the thermal 
infrared radiation of the Earth/atmosphere in nadir geometry (Hilton et al., 2012), at fairly high spatial 
(12 km diameter circular pixel on-ground) and spectral (0.5 cm-1) resolutions (Clerbaux et al 2009).  

The IASI mission consists of a series of three identical infrared nadir-looking sounders (IASI-A, -B 
and -C), each providing high-resolution global daily maps of numerous species, amongst which 
ozone throughout the troposphere and the stratosphere. Launched successively in 2006, 2012 and 
2018 onboard the meteorological Metop platforms, IASI is part of the EPS system. 

As compared to UV sounders but also precursor infrared sounders (IMG and TES), IASI has the 
advantage of high spatial and temporal sampling, providing global measurements twice daily, once 
in the morning and once in the evening. The small pixel allows capturing fine concentration variations 
of several trace gases. The ULB group has set-up, in collaboration with the French LATMOS, a near-
real time processing chain for IASI. Of particular relevance here are: 

 Ozone total columns distributions, which are retrieved global twice a day, in near-real time using 
FORLI-O3. The reference version (v20151001) has undergone validation against a series of 
independent observations (GOME-2, Dobson, Brewer, SAOZ and ozonesondes data) on the 
global scale for the two IASI instruments (Boynard et al., 2018). The added value of IASI 
exceptional frequency sampling has been demonstrated to be of particular importance for 
monitoring medium to long-term changes in global ozone concentrations (Wespes et al., 2019). 
FORLI-O3 is being implemented in the EUMETSAT Central Application Facility and is expected 
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to become the operational processing chain for IASI O3. FORLI-O3 v20151001 is also the 
reference algorithm for the work performed under the O3-CCI+ and the C3S programs.  

 Nitric acid total columns distributions, which have an important role in regulating the ozone hole, 
and a sensitive species to monitor its development. The first characterization and validation of the 
FORLI-HNO3 vertical profile product with FITR instruments at 6 stations has been previously 
published (Ronsmans et al., 2016). Analysis of the IASI HNO3 variations with a focus on the Polar 
Regions and the influence of PSCs has also been reported (Ronsmans et al., 2018). FORLI-HNO3 
is being implemented in the EUMETSAT Central Application Facility and is expected to become 
the operational processing chain for IASI HNO3. 

 Aerosols from various types, including volcanic ash and sulfuric acid droplets (Clarisse et al., 
2013). Note that BRESCIA-SO2 is implemented in the EUMETSAT Central Application Facility 
since 2018. 

 In addition a series of column measurements of tropospheric species, strongly involved in the 
ozone budget by being ozone precursors, are provided. These include in particular CO and 
volatile organic compounds (e.g. Franco et al., 2018). FORLI-CO is implemented in the 
EUMETSAT Central Application Facility since 2017. 

 University of Liège (ULiège) 

ULiège is involved in the Canadian ACE satellite mission (Bernath et al., 2005), which includes an 
FTIR instrument on operation from space since early 2004. ULiège contributes to the scientific 
exploitation of the ACE-FTS data, especially for ODS substances. 

B.2 Profile measurements of ozone and other gases/variables relevant to ozone loss 

ULB and BIRA are involved in several satellite missions measuring the vertical distribution of ozone 
and of ozone relevant species (halogens, NOy, BrO, HCFC, CFC…). 

 Royal Belgian Institute for Space Aeronomy (BIRA-IASB) 

 Global Ozone Monitoring by Occultation of Stars (GOMOS), on board of ESA’s Envisat, measured 
the vertical profile of O3, NO2, NO3, aerosols, OClO and other trace gases from August 2002 till 
April 2012 (end Envisat mission). BIRA-IASB is a co-proposer of the instrument, an expert support 
laboratory (ESL) certified by ESA, and has been active in the development of retrieval algorithms 
(IPF, AerGOM) and validation of O3, NO2, aerosols, OClO and temperature data products. 

 Tropospheric Moniroting Instrument (TROPOMI), launched in 2017 on board of the Copernicus 
Sentinel-5 Precursor mission (S-5p). Member of the S-5p Mission Advisory Group, BIRA-IASB is 
involved in scientific developments and evolution of the operational algorithms for the vertical 
distribution of ozone. BIRA-IASB coordinates the ozone profile and tropospheric ozone validation 
for TROPOMI and operates the Validation Data Analysis Facility (VDAF) of ESA’s S-5p Mission 
Performance Centre (MPC). 

 Copernicus Sentinel-4 and Sentinel-5, planned for after 2023. Member of the Sentinel-4/5 Mission 
Advisory Group, BIRA-IASB is involved in planning the geophysical validation of the operational 
algorithms for the vertical distribution of ozone. 

 Atmospheric Limb Tracker for the Investigation of the Upcoming Stratosphere (ALTIUS): national 
development of a limb viewing satellite instrument responding to the requirements resulting from 
the 7th, 8th and 9th ORM Meetings in 2008, 2011 and 2014, respectively (WMO GORMP Report N° 
51, N° 53 and N° 54): “Satellite observations of high vertical resolution profiles using limb viewing 
for O3 and key molecules are required in order to more accurately understand the changes in O3 
as CFCs decline and climate change occurs.” In 2016, the ALTIUS mission was accepted by the 
ESA-Earth Observation programme board as an element of the EarthWatch programme and 
definitely approved at the last ESA ministerial council in December 2019. The instrument and its 
ground segment are now in development and implementation phase. 

 PICASSO - A PICo-satellite for Atmospheric and Space Science Observations is an ESA project 
led by BIRA-IASB, in collaboration with VTT Technical Research Centre of Finland Ltd, Clyde 
Space Ltd. (UK), Centre Spatial de Liège (BE) and the Royal Observatory of Belgium. PICASSO 
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is a three-unit CubeSat, for which VTT will develop the main payload,Visible Spectral Imager for 
Occultation and Nightglow (VISION). VISION will primarily target the observation of the Earth's 
atmospheric limb during orbital Sun occultation. By assessing the radiation absorption in the 
Chappuis band for different tangent altitudes, the vertical profile of the ozone is retrieved. A 
secondary objective is to measure the deformation of the solar disk so that stratospheric and 
mesospheric temperature profiles are retrieved by inversion of the refractive ray-tracing problem. 
PICASSO is on way toward a launch in 2020.  

 Université Libre de Bruxelles (ULB) 

 The Atmospheric Spectroscopy group at ULB/SQUARES tackles several chemistry-related 
activities around the IASI/MetOp satellite mission. The researchers take active part in the IASI 
Sounder Science Working Group (ISSWG-2), under auspice of CNES and EUMETSAT, for IASI 
and preparation of IASI on EPS-SG. In addition to providing information on total columns (see 
above), IASI has also profiling capabilities at least equal if not superior to most instrument 
currently in operation. With the FORLI processing chain set-up at ULB, the following products are 
available in near-real-time: 

o Ozone vertical profiles, which are retrieved in 40 layers of 1km thickness starting from the 
ground, with 3-4 independent pieces of information. Upper stratospheric, middle-low 
stratospheric, UTLS and tropospheric contributions are well decorrelated. The maximum 
sensitivity of IASI to the ozone profile extends from the mid-troposphere to the lower 
stratosphere, and the product is thus of high relevance for monitoring the vertical structure of 
the ozone hole, the contribution of tropospheric ozone to climate, as well as the impact of 
ozone in the lowest layers on air quality. 

o Nitric acid vertical profiles. The vertical information is low with only one level of information on 
the vertical profile and negligible sensitivity near the surface in most cases but the retrieval of 
vertical profiles improves on the columns measurements by accounting for changes in 
tropopause height. Vertical profiles are available in NRT. The maximum sensitivity is in the 
upper troposphere/lower stratosphere (10-20km). A partial de-correlation between 
tropospheric and stratospheric HNO3 is possible in the best cases. 

 In addition to IASI, the ULB researchers are involved SCISAT-1 ACE-FTS Science Team, 
although their active contribution has decreased in the last years due to their large involvement 
in IASI. They have contributed to several profile studies with ACE-FTS. 
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ANNEX C. CALIBRATION / VALIDATION ACTIVITIES 

C.1 Ground-based and balloon-borne instrument calibration 

 RMI 

Before the transfer to Ukraine, the Dobson instrument nr 40 was refurbished and calibrated at the 
Regional Calibration Centre of WMO in Hohenpeißenberg in 2009-2010. It turned out that the 
instrument has been very stable since the last calibration. Therefore no reprocessing of the data set 
at Uccle was necessary. 

The Brewer instruments #016 and #178 were compared with the travelling reference instrument #017 
in 2006 and 2008.  In 2010 the instruments were calibrated in Uccle together with Brewer #100 
(before it was sent to Antarctica) against Brewer reference instrument #158. The cosine response of 
Brewer #178 was measured in co-operation with BIRA in 2011. Other calibrations against reference 
instrument #158 took place in 2012, 2014, 2016 and 2018. The results of the calibrations are always 
immediately implemented, and recalculation of ozone values are done if needed. 

The ozone sondes are carefully prepared and calibrated with a reference instrument in the laboratory 
before launch. A correction procedure is applied to minimise the inhomogeneity that could have been 
introduced at the change of the sonde type in 1997. The ozonesonde data are corrected according 
to the standard operating procedures and algorithms from the Ozone Sonde Data Quality 
Assessment (O3S-DQA) activity. In a more global context, the RMI participated in an international 
4-week campaign (Jülich OzoneSonde Intercomparison Experiment in 2017) to compare different 
ozonesonde measurements in a simulation chamber with a reference instrument, to study the impact 
of different preparation procedures and sensing solution strengths. Additionally, the RMI and 
Forzungcentrum Jülich set up another intercomparison campaign in September 2018 with a modified 
sensing solution composition. The UV-B calibration of the Brewer instruments was checked with 
1000W lamps in 2006, 2008, 2010, 2012, 2014, 2016 and 2018 during the calibration visits. In 2004 
the special comparative observations were performed with a travelling reference UV instrument of 
the Joint Research Centre (JRC in Ispra) in the frame of the Qasume project (Gröbner et al, 2004). 
All the 1000W calibrations were consistent with the calibrations based on the monthly tests with 50W 
lamps within the expected errors. 

 BIRA-IASB 

Different calibration facilities are available at the BIRA-IASB for the radiometric characterization (for 
example: angular response, relative spectral response, wavelength scales,…) and absolute 
calibration (using standard of spectral irradiance) of pyranometers, filter radiometer and 
spectroradiometer. The spectral range is 200-3000 nm. 

A facility for electro-optical characterization of detectors in the VIS and NIR is available at BIRA-
IASB (MAJIS project). 

The BIRA-IASB MAX-DOAS instruments have participated to several calibration/intercomparison 
campaigns, e.g., the CINDI-2 campaign in Cabauw (NL) in September 2016 (Kreher et al., 2019). 

The calibration of the BIRA-IASB FTIR instruments at La Réunion is verified on a daily basis by doing 
HBr (for NDACC) and HCl (for TCCON) cell measurements. BIRA-IASB also participates in the data 
processing standardisation procedures that are on-going in the frame of the NDACC Infrared 
Working Group and the TCCON network. 

 ULiège 

Calibration of the Jungfraujoch FTIRs is performed according to NDACC recommendations, in order 
to characterize the instrument performance and stability. This is done by regularly recording HBr cell 
measurements. Also, N2 (whose vertical distribution and concentration are well known) absorption 
features are further used to check the instrumental consistency, in particular for time periods for 
which regular cell measurements are unavailable. 
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C.2 Calibration / validation activities in the context of satellite missions and data retrieval 

ULB participates in the AC-SAF activities in CDOP-2 and CDOP-3. In this framework, it plays a key 
role in the implementation of algorithms (including for FORLI-O3, -HNO3, -CO, BRESCIA-SO2 and 
ANNI-NH3) at the EUMETSAT Central Application Facility, and on the quality assurance of the 
retrieved products.  

Based upon previous validation exercises of FORLI-O3 (v20151001) using independent 
measurements (cf. Section 2.4.1 and Annex B), an updated version of FORLI retrievals has been 
developed (v20191122). The IASI dataset using the updated FORLI algorithm is now processing 
forward and backward at ULB.  

An improved version of the SO2 retrieval method has been developed in parallel and it will be ready 
by 2020. 

For FORLI retrievals (O3, CO and HNO3) as well as for BRESCIA-SO2 comparison between the 
processing chains operating in parallel at ULB and at EUMETSAT is being performed in the frame 
of the AC-SAF.  

ULB is strengthening its calibration/validation activities within the O3-CCI+ program for which 
constructing long-term data records of stratospheric and tropospheric ozone profiles is the major 
requirement. This is also further reinforced by dedicated validation activities in the frame of the 
second phase of the TOAR project (TOAR-II) that has been approved for another five years (2020-
2024). 

C.3 Product and validation harmonisation, quality standards 

BIRA-IASB has contributed to the international implementation of the global Quality Assurance 
framework for Earth Observation (QA4EO, http://qa4eo.org/) for the GEOSS, an effort coordinated 
by the CEOS WGCV. At European level it is active in the system engineering for the Copernicus 
Atmospheric Monitoring Service (CAMS) and the Copernicus Climate Change Service (C3S), where 
it ensures coordination and harmonisation of the data quality strategy between, on one hand, 
Copernicus pioneering projects of the EC (MACC-II/III, PASODOBLE, EVOSS, QA4ECV, GAIA-
CLIM) and ESA (CCI-ozone, CCI-GHG), and on the other hand, ECMWF sponsored procurement of 
CAMS (CAMS-84) and C3S (C3S-ozone). In particular, BIRA-IASB coordinates stratospheric ozone 
validation activities in the CAMS-84, CCI-ozone and C3S-ozone procurement projects, including 
organisation of NDACC data provision on a rapid delivery basis (less than 1 month after acquisition) 
for the validation of the CAMS and C3S products. 

In the EU projects FP7 QA4ECV (2014-2018) and H2020 GAIA-CLIM (2015-2018), BIRA-IASB 
coordinated the development, implementation and application of a Quality Assurance system 
(Nightingale et al., 2018) for atmospheric Essential Climate Variables (ECVs). Thioseprojects aimed 
at developing a robust generic system for the QA of satellite and in-situ retrieval algorithms and multi-
decadal data records that can be applied virtually to all ECVs in a prototype for future sustainable 
services in the frame of the Copernicus Climate Change Service (C3S). Multi-use tools and 
SI/community reference standards are publicly available. More details on http://www.qa4ecv.eu/ and 
http://www.gaia-clim.eu and in Nightingale et al. (2018). 

BIRA-IASB is involved in the harmonisation of data products from NDACC and TCCON, especially 
regarding uncertainty budget evaluations. Developments for better traceability to standards are 
ongoing.
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ANNEX E. PROJECTS AND COLLABORATION 

Only projects and collaborations that are ongoing or have been running after the issue of the Belgian 
National Report for the 10th WMO/UNEP Ozone Research Managers Meeting are listed in the top 
three tables below.  A list of agency and programme acronyms is provided in Table E 4. 

Table E 1. Projects in partnership. 

Table E 2. Participation to working groups and collaborative initiatives. 

Table E 3. Membership of international organisations and committees. 

Table E 4. Acronyms of agencies, programmes, working groups. 

Table E 1. Projects in partnership. 

Acronym / Title / Objective / URL 
Agency / 

Programme 
Start End 

Belgian 
partners 

ACCROSS - Atmospheric Composition and Circulation 
investigated with meteorological Reanalyses, Observational 
datasets and models for the Study of the Stratosphere and its 
changes 

F.R.S. - FNRS 2016 2021 ULiège 

AC-SAF - Satellite Application Facility on Atmospheric 
Composition Monitoring 

EUMETSAT 2017 2021 ULB 
BIRA 

AEROCLOUD BELARE field campaign to monitor solar UV-
VIS global irradiance in Antarctica 

BELSPO 2014 2020 RMI 
BIRA 
KU Leuven 

Aerosol_CCI Phase II 
http://www.esa-aerosol-cci.org/ 

ESA CCI 2014 2018 BIRA 

BACCHUS - Impact of Biogenic versus Anthropogenic 
emissions on Clouds and Climate: towards a Holistic 
UnderStanding 
http://www.bacchus-env.eu/ 

EU FP7 2013 2017 BIRA (PI) 

B-ACSAF - Belgian Contribution to the AC SAF activities 
(see AC-SAF below) 

ESA, 
BELSPO 
PRODEX 

2017 2021 ULB 

CAMS-84 - Global and regional a posteriori evaluation and 
quality assurance 

ECMWF  2015 2018 BIRA 

CLIMB - How do aerosol-CLoud Interactions influence the 
surface Mass Balance in East Antarctica? 

BELSPO 2019 2021 RMI 

C3S-BARON (C3S_311a_Lot3) -  Baseline And Reference 
Observations Network for C3S 

ECMWF C3S 2017 2020 BIRA 

C3S_Ozone (C3S_312a_Lot4) - Production of Essential 
Climate Variable Datasets based on Earth Observations 
(Ozone) 
– to feed the C3S Data Store (CDS) with Level 3 data 

ECMWF C3S 2016 2018 BIRA (prime 
contractor) 

CDOP-3 - Continuous Development and Operation 3 EUMETSAT 2017 2022 BIRA 

ECVs-C3S_312a_Lot5 - Copernicus Climate Change Service, 
Atmospheric composition 

 2016 2018 BIRA 
ULB 

ECVs-C3S_312b_Lot2 - Copernicus Climate Change Service, 
Atmospheric composition 

 2019  ULB 
BIRA 

EXPANSION – ESA Living Planet Fellowship ESA 2016 2018 BIRA 

GAIA-CLIM - Gap Analysis for Integrated Atmospheric ECV 
CLImate Monitoring 
http://www.gaia-clim.eu/ 

EU H2020 Mar 
2015 

Feb 
2018 

BIRA 

GAW-CH 4 - FTIR measurements at the Jungfraujoch WMO GAW 2018 2021 ULiège 
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Acronym / Title / Objective / URL 
Agency / 

Programme 
Start End 

Belgian 
partners 

IASI-Flow - Infrared Atmospheric Sounding with IASI and 
Follow-on missions 

ESA, 
BELSPO 
PRODEX 

2019 2021 ULB 

Ozone_CCI+ 
http://www.esa-ozone-cci.org/ 

ESA CCI 2019 2022 BIRA 
(coordinator) 
ULB 

QA4ECV - Quality Assurance system for Essential Climate 
Variables 
http://www.qa4ecv.eu/ 

EU FP7 2014 2018 BIRA 
ULB 

Sentinel-5 Precursor Mission Performance Centre (S5P MPC) 
Validation Data Analysis Facility (http://mpc-vdaf.tropomi.eu) 

ESA, 
BELSPO 
PRODEX 

2016 2021 BIRA 

TROVA BELSPO 
PRODEX 

2016 2018 BIRA 

Table E 2. Participation to working groups and collaborative initiatives. 

Working group / Initiative 
Belgian 
partners 

ECUVM BIRA 

ESA Quality Working Groups (GOMOS, MIPAS, SCIAMACHY, Sentinel-5p) BIRA 

ESA Sentinel-5 Precursor Validation Team (S5PVT) BIRA 

ESA Satellite validation projects RMI 

EUBREWNET - A European Brewer Network – ESSEM COST Action ES1207 
http://www.eubrewnet.org/cost1207/ 

RMI 

EUMETNET E-profile programme to exchange data from lidar-ceilometers RMI 

EUMETSAT Satellite validation projects RMI 

JOSIE - Jülich Ozonesonde Intercomparison Experiment (Oct-Nov 2017) RMI 

LOTUS - Long-term Ozone Trends and Uncertainties in the Stratosphere – SPARC Activity 
http://www.sparc-climate.org/activities/ozone-trends/ 

RMI 

Science and processing teams of several satellite missions BIRA, ULB 

SPARC / IO3C / IGACO / NDACC (SI2N) assessment of trends in the vertical distribution of ozone BIRA, RMI 

SPARC / IO3C / GAW (LOTUS) Long-term Ozone Trends and Uncertainties in the Stratosphere 
https://www.sparc-climate.org/activities/ozone-trends/  

BIRA, RMI 

SPARC Towards Unified Error Reporting (TUNER) activity 
https://www.sparc-climate.org/activities/tuner/  

BIRA 

STCE (Support of the ozone research programme) RMI 

TOAR - Tropospheric Ozone Assessment Report – IGAC Activity 
http://www.igacproject.org/TOAR 

ULB 

TOPROF – COST Action to use aerosol profile information from lidar-ceilometers RMI 

WCCOS - collaboration with the Forschungszentrum Jülich (FZJ) to sustain the World Calibration 
Centre for Ozonesondes hosted at FZJ (Forschungszentrum Jülich)  

RMI 

Table E 3. Membership of international organisations and committees. 

International organisation / International committee 
Belgian 

members 

ACTRIS BE to build a National Facility for ins situ aerosol observations RMI 

Atmospheric Chemistry Experiment (ACE) Science Team ULiège, ULB 

ASOPOS RMI 
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International organisation / International committee 
Belgian 

members 

Committee on Earth Observation Satellites (CEOS) Virtual Constellation for Atmospheric 
Composition (AC-VC) 

BIRA, ULB 

Committee on Earth Observation Satellites (CEOS) Working Group on Cal/Val (WGCV) BIRA 

EUBREWNET Management Committee (COST ES1207 - A European Brewer Network) RMI 

EUMETNET General Assembly RMI 

EUMETNET Policy and Finance Advisory Committee (PFAC) RMI 

EUMETNET Scientific and Technical Advisory Committee (STAC) RMI 

EUMETSAT Council RMI 

EUMETSAT O3MSAF Project Team RMI 

EUMETSAT O3MSAF Steering Group RMI 

EUMETSAT O3MSAF Validation Team RMI 

EUMETSAT Policy Advisory Committee RMI 

EUMETSAT Scientific and Technical Group RMI 

GEOS-Chem Carbon Gases & Organics working group ULiège 

GEOS-Chem Stratosphere ULiège 

IASI Conference Scientific Committees ULB 

IASI Sounder Science Working Group–II ULB 

International Scientific Station Jungfraujoch and Gornergrat (ISSJG) Astronomic Commission ULiège 

Mission Advisory Group for Sentinel-5p TROPOMI, Sentinel 4, Sentinel 5 and ALTIUS  BIRA 

NDACC-Infrared working group ULiège 

NDACC steering committee ULiège 

WMO GAW Brewer sub-committee RMI 

Table E 4. Acronyms of agencies, programmes, working groups. 

AC-SAF EUMETSAT Satellite Application Facility on Atmospheric Composition 

ACTRIS European Research Infrastructure for the Observation of Aerosol, Clouds and Trace Gases 

ASOPOS Panel for the Assessment of Operating Procedures for Ozone Sondes 

BELSPO Belgian Science Policy 

BELSPO PRODEX BELSPO’s PROgramme de Développement d'EXpériences scientifiques 

BELSPO SSD BELSPO’s Science for a Sustainable Development programme 

CEOS Committee on Earth Observation Satellites 

COST European Cooperation in Science and Technology 

ECMWF European Centre for Medium-Range Weather Forecasts 

ECUVM European Conference on Solar UV Monitoring 

C3S European Union’s Copernicus Climate Change Service 

ESA European Space Agency 

ESA CCI ESA’s Climate Change Initiative 

EU FP7 European Union’s Seventh Framework Programme 

EU H2020 European Union’s Horizon  2020 research and innovation programme 

F.R.S. - FNRS Fonds National de la Recherche Scientifique, entité francophone 

IAMAS International Association of Meteorology and Atmospheric Sciences 

IGAC International Global Atmospheric Chemistry 
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IGACO Integrated Global Atmospheric Chemistry Observations 

IO3C International Ozone Commission  

IPCC Intergovernmental Panel on Climate Change 

IUGG International Union of Geodesy and Geophysics 

JOSIE Jülich Ozonesonde Intercomparison Experiment 

MPC Mission Performance Centre 

O3MSAF EUMETSAT Satellite Application Facility on Ozone and Atmospheric Chemistry Monitoring 

OSSSMOSE Observing System of Systems Simulator for Multi-mission Synergies Exploration 

QA4EO Quality Assurance framework for Earth Observation 

S5P Sentinel-5 Precursor 

SADDU SCIAMACHY Algorithm Development and Data Usage 

SCIAVALIG SCIAMACHY Validation and Interpretation Group 

SPARC Stratosphere-troposphere Processes And their Role in Climate (WCRP’s core project) 

SSAG SCIAMACHY Science Advisory Group 

STCE Solar Terrestrial Centre of Excellence 

UNEP United Nations Environment Programme 

WCCOS World Calibration Center for Ozone Sondes 

WCRP World Climate Research Programme 

WGCV Working Group on Calibration and Validation 

WMO World Meteorological Organisation 

WMO GAW WMO’s Global Atmosphere Watch 
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ANNEX F. CONTACT DETAILS OF BELGIAN INSTITUTES AND SCIENTISTS INVOLVED IN 
OZONE RELATED RESEARCH 

University of Liège (ULiège) - Institute of Astrophysics and Geophysics 
19, Allée du 6 Août (Bât. B5a) 
BE-4000 LIEGE 
BELGIUM 
Tel.: 32-4-366 97 86 
Fax:  32-4-366 97 47  
http://labos.ULiège.ac.be/girpas/en/   

Dr. E. Mahieu - Emmanuel.Mahieu@uliege.ac.be (Remote sensing of the Earth composition using 
infrared instruments from the ground and from space, validation of space-sensors, data analysis, 
exploitation, interpretation and archiving) 

Dr. C. Servais - Christian.Servais@uliege.ac.be (FTIR Instrumentation development and 
improvement (electronic, optic, remote control…), maintenance and observations)  

Royal Meteorological Institute (RMI) 
Ringlaan 3 
BE-1180 Brussels 
Tel: +32-2-373 06 11 
Fax: +32-2-375 50 62 
http://www.meteo.be/ 

Dr. Hugo De Backer - Hugo.DeBacker@meteo.be (Measurements of ozone column and profiles and 
UVB, Member of WMO-GAW Brewer sub-committee, Scientific and Technical Group of EUMETSAT, 
Steering Group of O3M SAF/AC SAF of EUMETSAT, Belgian representative in EUMETNET STAC)  

Dr. Alexander Mangold - Alexander.Mangold@meteo.be (Measurements on the Princess Elisabeth 
Station Antarctica, MC member of COST action ES1207 EUBREWNET)  

Dr. Roeland Van Malderen - Roeland.VanMalderen@meteo.be (Analysis of ozone time series, MC 
member of COST action ES1207 EUBREWNET, member of the panel for the Assessment of 
Standard Operating Procedures for Ozone Sondes)  

Dr. ir. Andy Delcloo - Andy.Delcloo@meteo.be (Validation of satellite ozone data, Member of project 
team of O3M SAF/AC SAF of EUMETSAT)  

Ms. Veerle De Bock - Veerle.DeBock@meteo.be (Retrieval of aerosol optical parameters from 
Brewer observations, MC member and workgroup leader in COST action ES1207 EUBREWNET)  

Dr. Quentin Laffineur - Quentin.Laffineur@meteo.be (Maintenance of the network of Lidar-
ceilometers and retrieval of aerosol backscatter profiles)  

Dr. Steven Dewitte - Steven.Dewitte@meteo.be (Head of the scientific service “Observations”)  

Royal Belgian Institute for Space Aeronomy (BIRA-IASB) 
Avenue Circulaire 3 
BE-1180 Brussels 
Tel: +32-2-373 04 04 
Fax: +32-2-374 84 23 
http://www.aeronomie.be 

Dr. Martine De Mazière - Martine.DeMaziere@aeronomie.be (Satellite and ground-based remote 
sensing measurements of the atmospheric composition, especially with infrared spectrometric 
techniques, implementation and testing of retrieval algorithms to invert observations into geophysical 
data, remote-sensing instrument developments, data validation, coordinator of the EU FP7 
Copernicus Atmosphere data infrastructure project NORS, Co-chair of NDACC). 

Dr Corinne Vigouroux – corinne.vigouroux@aeronomie.be 
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Dr. Jean-Christopher Lambert - J-C.Lambert@aeronomie.be (Satellite and ground-based remote 
sensing of the atmospheric composition, coordinator of Copernicus operational validation services 
(Sentinel-5p MPC, CCI/CCI+ ozone, C3S_312a/b ozone); current member of Sentinel-4/5 Mission 
Advisory Group, of Sentinel-5p Quality Working Group and of EUMETSAT AC-SAF team; former 
member of the International Ozone Commission (2008-2016); Co-chair of the NDACC Satellite 
Working Group, Vice-chair of the CEOS Working Group on Cal/Val / Atmospheric Composition).  

Dr. Daan Hubert – Daan.Hubert@aeronomie.be (Coordinator of SPARC/IO3C/GAW activity LOTUS, 
coordinator of limb/occultation satellite ozone validation in CCI/CCI+ projects and C3S_312a/b 
procurement services, Sentinel-5p tropospheric ozone validation coordinator). 

Dr. Michel Van Roozendael - Michel.VanRoozendael@aeronomie.be (Satellite and ground-based 
remote sensing measurements of the atmospheric composition, implementation and testing of 
retrieval algorithms to invert radiance observations into geophysical data, remote-sensing instrument 
developments, data validation, member of EUMETSAT O3M-SAF project team, coordinator of the 
ESA CCI and ECMWF C3S procurement O3 projects, Co-chair of the NDACC UVVIS Working Group, 
member of several satellite Mission/Science Advisory Groups). 

Dr. Quentin Errera - Quentin.Errera@aeronomie.be (stratospheric modelling, chemical data 
assimilation, reanalysis of long-term atmospheric data records, leader of the SPARC Data 
Assimilation activity). 

Dr. Simon Chabrillat - Simon.Chabrillat@aeronomie.be (stratospheric modelling, chemical data 
assimilation, chemical weather, Stratospheric Ozone Service of the Copernicus Atmosphere 
Monitoring Service CAMS). 

Dr. Jean-François Müller - Jean-Francois.Muller@aeronomie.be (Global tropospheric ozone 
modelling, inverse source/sink modelling). 

Dr. Christine Bingen - Christine.Bingen@aeronomie.be (stratospheric aerosol retrievals and 
characterization). 

Dr. Charles Robert – Charles.Robert@aeronomie.be (retrieval of chemical species and particulate 
matters from satellite measurements (UV-Vis, IR)). 

Dr. David Bolsée - David.Bolsee@aeronomie.be (Ground- and space-based measurement of 
ultraviolet solar radiation: UV-B). 

Dr Didier Fussen – Didier.Fussen@oma.be (PI of the ALTIUS and of the PICASSO/VISION 
missions). 

Université Libre de Bruxelles (ULB) 
Service de Chimie Quantique et Photophysique 
C.P. 160/09, Université Libre de Bruxelles 
50 avenue F.D. Roosevelt, B-1050 Brussels, Belgium 
http://www.ulb.ac.be/cpm/  

Dr. P.F. Coheur - pfcoheur@ulb.ac.be  
Dr. C. Wespes - cwespes@ulb.ac.be 
Dr. D. Hurtmans - dhurtma@ulb.ac.be 

(Satellite remote sensing of atmospheric composition, radiative transfer, inverse methods, 
atmospheric chemistry and environmental processes) 

Belgian Federal Public Planning Service Science Policy (BELSPO) 
Louizalaan 231, Avenue Louise 
BE-1050 Brussels  
Tel: +32-02-23 83 610 
Fax: +32-02-23 05 912 
http://www.belspo.be 

Mrs. M. Vanderstraeten - Martine.Vanderstraeten@belspo.be (Advisor for Scientific Affairs, IPCC 
Focal Point) 
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1. Introduction 
  
La production de froid occupe une place importante dans les sociétés humaines. Force est de 
constater qu’il n’est pas de société moderne sans équipements frigorifiques. Le froid est utilisé 
dans la recherche et l’innovation, le transport et la logistique, l’agriculture et l’industrie agro-
alimentaire, les établissements de santé, les laboratoires pharmaceutiques, le commerce, les 
logements, l’aéronautique et le spatial, l’énergie, les industries etc. Le froid est présent sur 
toutes les chaines de productivités artisanales et industrielles, et l’industrie, grosse utilisatrice 
de froid, n’échappe pas à cette règle. Apparu au milieu du XIXe siècle, la production de froid  
a connu un essor rapide et continu. Les brasseries ont été parmi les premières utilisatrices, et 
ensuite les industries agro-alimentaires, les mines, l’industrie chimique etc. Ces derniers 
temps, la production de froid a beaucoup évolué. La machine à compression de vapeur a pris 
le dessus sur les autres technologies de production de froid. L’impact sur la couche d’ozone 
dans un premier temps, puis sur l’effet de serre dans un deuxième temps, a conduit à 
l’interdiction progressive de certaines molécules à travers les protocoles de Montréal. Depuis 
plus de trois décennies, l’industrie du froid a opéré d’importants changements avec le 
remplacement consécutif de trois générations de fluides frigorigènes. Mais ce travail n’est pas 
terminé. Le monde du froid doit et devra dans les prochaines années relever de nombreux 
défis environnementaux et concilier le développement de son utilisation et la réduction de ses 
impacts sur l’environnement. L’avenir du froid dépend de sa capacité à s’adapter aux 
exigences d’un environnement durable. Le froid devra être moins gourmand en consommation 
d’énergie, plus respectueux de l’environnement pour un développement à faible émission de 
carbone. Pour relever le défi de l’environnement et plus particulièrement des performances 
énergétiques, les acteurs du froid, les pouvoirs publics et les citoyens doivent connaître et 
comprendre les enjeux et les solutions techniques et scientifiques disponibles et 
envisageables. Les performances énergétiques et environnementales des réfrigérants utilisés 
jusqu’alors sont peu respectueux de l’environnement. Une solution alternative pour endiguer 
ce problème est l'utilisation de mélange de dioxyde de carbone (CO2) et  d’hydrocarbure (HC) 
qui serait un fluide frigorigène moins inflammable ou ininflammable, à un meilleur coefficient 
de performance énergétique (COP) et à faible pouvoir de réchauffement global (PRG). L’étude 
a permis de faire le point de l’état de l’art et d’étudier des mélanges de fluides frigorigènes CO2 
et HC condensables aux températures ambiantes de fonctionnement en milieu tropical. Les 
études ont été menées sur des mélanges de CO2 et HC à différentes fractions molaires de 
CO2 (0 à 100%). L’équation de Van Poolen et al a permis de prédire les coordonnées des 
points critiques des différents mélanges et  de déterminer  les mélanges potentiellement 
utilisables en Afrique.  
 
2. Revue de littérature 
Des mélanges à base de CO2 ont été largement étudiés dans le contexte des procédés 
d’extraction, par exemple dans les procédés utilisés dans les secteurs du pétrole, des 
cosmétiques et de l'agro-alimentaires (Zancan et al. 2002), et surtout à des températures 
élevées. Toutefois, peu d’études ont porté sur des systèmes de réfrigération ou des pompes 
à chaleur utilisant de tels mélanges. L’utilisation de mélanges de CO2 et propane (J. H. Kim et 
al. 2007; J. H. Kim, Cho, et Kim 2008; X. P. Zhang et al. 2013) a permis de montrer que 
l’efficacité de tels systèmes peut être améliorée par rapport à celle d’un cycle au CO2 pur. Les 
mélanges de CO2 avec des HFC ont également été étudiés dans le domaine de la climatisation 
automobile (Meunier, Terrier, et Toublanc 2005). Cette dernière étude a démontré une 
augmentation significative du COP du cycle frigorifique, par exemple en abaissant le rapport 
de pression du compresseur. L’amélioration expérimentale du COP constatée n’a pas été 
prévue, car les simulations à l’aide du logiciel REFPROP avaient tendance à être en 
contradiction avec les résultats expérimentaux. Par ailleurs, on ne disposait pas de mesures 
de la composition du mélange circulant. D’autres études plus récentes ont évalué des 
mélanges à base de CO2 (Dai et al. 2014) mais s’appuient principalement sur REFPROP pour 
les données calorimétriques de ces mélanges encore peu courants et dont les données 
calorimétriques sont trop peu fournies.   
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3. Matériels et méthodes  
3.1. Matériels  

La réalisation de ce travail a besoin de plusieurs matériels dont les plus usuels sont: 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

a- Bouteille de mélange de dioxyde de carbone (CO2) et hydrocarbures (HC) 

b- Bouteille de dioxyde de carbone CO2 

c- Bouteille de R290 

d- Bouteille de R600a  

e- Manifolds 5 voies 

f- Pèse numérique 

g- Pompe à vide 

L’ensemble du materiel utilisé dans le processus du mélange de mélange de CO2 et HC.  

3.2. Méthodes 

L’équation de Van Poolen et al (1988), est une corrélation qui permet de représenter la ligne 

des points critiques. Pour cela il faut effectuer des mesures expérimentales de quelques points 

critiques  (au moins trois points (Pc, xc)), pour en déduire les coefficients des corrélations 

suivantes : 
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4. Résultats et discu ssion 
L’une des caractéristiques thermodynamiques les plus importantes d’un fluide frigorigène en 

cycle Compression/Evaporation est le point critique.  

La figure 2  montre la variation de la pression critique des mélanges en fonction des 

températures critiques. Lorsque la température critique du mélange CO2 et R600a croit de 

31,0°C à 135,85°C, la pression critique du mélange CO2 et R600a décroit de 73,825bar à 

38bar. En considérant un mélange CO2 et R600a avec une fraction molaire de CO2, xi=26%, 

on obtient un point critique (Tc=100,8°C, Pc=49,4bar). Ce mélange pourrait remplacer le fluide 

frigorigène R22. Plusieurs d’autres possibilités seraient offertes selon l’application envisagée.  

 

Figure 2 : Evolution de la pression critique des mélanges CO2 et HC en fonction des 
températures critiques 

La figure 3  montre la variation de la pression critique des mélanges en fonction des 

températures critiques. Lorsque la température critique du mélange CO2 et R290 croit de 

31,0°C à 97,85°C, la pression critique du mélange CO2 et R290 décroit de 73,825 à 44bar. En 

considérant un mélange CO2 et R290 avec une fraction molaire de CO2, xi=21%, on obtient un 

point critique (Tc=84,07°C, Pc=49,554bar). Ce mélange pourrait remplacer le fluide frigorigène 

R410A. Plusieurs d’autres possibilités seraient offertes selon l’application envisagée. 
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Figure 3 : Evolution de la pression critique des mélanges CO2 et HC en fonction des 
températures critiques. 
 
La figure 4  montre la variation du coefficient de performance, de la puissance frigorifique 
fournie, la quantité de chaleur dissipée au condenseur et la quantité d’énergie électrique 
consommée par le compresseur en fonction des fractions molaires de CO2 dans le mélange 
CO2/R290. Le coefficient de performance relevé est supérieur à 2,5. 

 
Figure 4 : Evolution de la puissance frigorifique, la puissance thermique, la 
consommation d’énergie électrique et du coefficient de performance d’un système de 
conditionnement d’air au mélange CO2 et R290 (B. Yu,   D. Wang et al. 2018) 
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5. Information au grand public 

On a réalisé : 

� une communication à la conférence de la ‘4è édition des Journées Scientifiques du 

CAMES (Ouidah 2019) en Décembre 2019’ 

«Investigation sur la modélisation et simulation des performances énergétiques de l’habitacle 

d’un véhicule automobile climatise au fluide frigorigène « CO2 et HC » »: Conférence ‘4è édition 

des Journées Scientifiques du CAMES (Ouidah 2019) en Décembre 2019. 

� Une publication d’un article : «  Assessment of the Use of Natural Refrigerants and 

Their Mixtures for Vehicle Air Conditioning: A Review Study  »: International 

Journal of Research and Review Vol.7; Issue: 1; January 2020. 

6. Bésoins 
Dans le cadre de ce travail on a besoin des équipements pour l’expérimentation tels que: 
� Une installation complete de production de froid au CO2 
� Une installation de production de froid au HC 
� Une station de mélange de CO2/HC 
� Des bonbons de CO2 et HC. 
� Des logiciels: Prosim, EES etc. 

 

Conclusion  

Dans cette étude on a fait une synthèse de l’état de l’art sur  les performances énergétiques 

du dioxyde de carbone (CO2), des hydrocarbures  (HC), les propriétés des mélanges des 

fluides et la prédiction des points critiques des mélanges de CO2 et R600a puis CO2 et R290. 

Il a permis  de constater qu’on peut faire des mélanges CO2 et R600a à une fraction molaire 

de CO2, xi=26% pourrait remplacer le R22. De même un mélange de CO2 et R290 à une 

fraction molaire de CO2, xi=21% pourrait remplacer le R410A. On pourra dans la suite réaliser 

une étude approfondie des  performances énergétiques de ces mélanges ciblés.  
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THE BRAZILIAN NETWORK FOR OZONE AND UV RADIATION 
 
1. OBSERVATIONAL ACTIVITIES 
 
In 1974 ozone research started in Brazil with Dr. Yogeshwar Sahai, with the first Dobson 
Spectrophotomer installed in Cachoeira Paulista. In 1978, the Ozone Laboratory at Natal was 
created by Dr. Volker Kirchhoff, with the installation of a second Dobson, thus establishing two 
ozone monitoring stations in the tropics. Therefore, Brazil has 45 years of ozone research 
providing continuous data for national and international researchers. 
 
Nowadays, the ozone layer observations in Brazil are made by National Institute for Space 
Research (INPE) using a network of ground based spectrophotometers Dobson and Brewer types. 
This network has two Dobson Spectrophotometers at Natal and Cachoeira Paulista, and five 
Brewer Spectrophotometers in the sites: Natal (#073), Cuiabá (#081), Cachoeira Paulista (#124), 
Santa Maria (#167), La Paz (Bolivia, #056). These instruments also operated in São José dos 
Campos and Brazilian Antarctic Station Comte. Ferraz (CFAS) for several years. Special field 
campaigns have also been made at other sites, especially in Antarctica, Punta Arenas (Chile) and 
Rio Gallegos (Argentina). Biomass burning effects are observed by satellite. More recently, 
instruments to measure the UV-B radiation have been added to the network. The list of ozone 
instruments and period of time per location are described in Table 1. As it can be seen in Table 1, 
four of the Brazilian Brewers stop working in the last three years for technical problems. We need 
urgently help to fix and calibrate these instruments. In the moment, we don’t have financial support 
for these activities. 
  

Table1 – INPE’s Network Spectrophotometers Dobson and Brewer  
 

Site  Lat. 
(S) 

Long. 
(W) 

Dobson 
Number 

Brewer 
Number 

Period and Type 

Natal, Brazil 
 

5.84º  35.21º  093  
since 1978  

110  
073  

1994 – 1996 Mark IV  
1996 – 2019 Mark IV  

Cuiabá, Brazil 15.3º  56.1º  -  056 
081  

1991 – 1997 Mark II 
2002 – 2017 Mark IV 

La Paz, Bolivia  16.5º  68.06º  - 
 

110 
056  

1996 – 2004 Mark II 
2006 – today Mark IV  

Cachoeira 
Paulista, Brazil  

22.7º  45.00º  114  
since 1974  

124 
 

1997 – 2019 Mark IV 

São José dos 
Campos, 
Brazil 

23.2º  
 

45.86º   
 

 - 
 

056 
 

2002 - 2006 Mark II  
 

Santa Maria, 
Brazil 

29.3º 53.48º    081 
056 
167  

1992 – 1998 Mark IV 
2000 – 2002 Mark II 
2003 – 2018 Mark III 

CFAS 62.1° 58.39°       068 2002 – 2010 Mark IV 
 

 

In addition, ozone concentrations are also measured by the ECC sounding technique on balloons 
at Natal and Santa Maria. Natal station participates in the SHADOZ Project (The Southern 
Hemisphere Additional Ozonesonde Network - http://croc.gsfc.nasa.gov/shadoz). A long term 
measurement program at Natal has been operational since 1974, while Santa Maria since 2015. 
The balloon launching is biweekly at Natal, while at Santa Maria it is concentrated in the months of 
August to November to study the influence of Antarctic Ozone Hole over the region. 

 
 
 

1.1 Calibration activities 
 
Five Brewer spectrophotometers were calibrated by International Ozone Services Inc. (IOS) in 
2004, 2007 and 2009. Therefore, urgent calibrations are needed for Brazilian Brewers. In the 
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moment, only one Brewer Spectrophotometer is working and four are out of order. 
 
The two Dobson Spectrophotometers installed at Natal and Cachoeira Paulista were calibrated 
during WMO Region Campaign of Intercomparison for Ozone Instruments in 2001, 2003, 2006, 2010 
and 2019.  
 
 
2. RESULTS FROM OBSERVATIONS AND ANALYSIS 
 
2.1 Ozone Total Column Observations 
 
Recently works published some climatological results from Brazilian stations like Peres et al. 
(2017) and Sousa et al. (2020). Below are some of their results. 
 
Figure 1 shows a comparison of the time series data from several instrument (ground and satellite) 
used for total ozone column monitoring over Santa Maria at Southern Space Observatory between 
1979 and 2018 (Bittencourt, 2020). Peres et al (2017) published a very similar study with a 
comparison between Brewer and satellite instruments from 1992 to 2014 which showed an 
excellent agreement between simultaneous Brewer and satellite measurements of TOMS (Meteor-
3 and Earth Probe) and OMI was verified by high correlation coefficient R2 values (0.88 and 0.93, 
respectively) and a small spread in both datasets, with the root mean square error RMSE smaller 
than 3%.   

 
Figure 1: Time series data from several instrument (ground and satellite) used for total ozone column 

monitoring over the Santa Maria at Southern Space Observatory between 1979 and 2018. Nimbus 7 
data see in green line, Meteor 3 in yellow line, Earth Probe in red line, OMI in blue line and Brewer 

data in black line. Results obtained by Bittencourt (2020). 
 
Figure 2 shows ozone total column monthly climatology means for the period between 1992 and 
2018 by Brewer spectrophotometer (black) and from 1979 to 2006 by TOMS different satellites 
(blue) and from 2005 to 2018 by OMI (red) satellite instruments over Santa Maria. 
 

 
Figure 2: Ozone Total Column monthly climatology for the period between 1992 and 2018 by Brewer 
spectrophotometer (black) and from 1979 to 2006 by TOMS different satellites (blue) and from 2005 
to 2018 by OMI (red) satellite instruments over Santa Maria. Results obtained by Bittencourt (2020). 
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Sousa et al. (2020) compared time series from Dobson Spectrophotometer and TOMS and OMI 
satellites data for Cachoeira Paulista (CP) and Natal (NT). The results show agreement and strong 
coefficient of determination between Dobson (at CP and at NT) and TOMS, with values of 0.78 
and 0.83, respectively, and very strong coefficient of determination between Dobson and OMI (at 
CP and at NT), with values of 0.93 and 0.91, respectively. The difference in estimated (RMSE) 
values between Dobson at CP and at NT, considering the TOMS are about 3 % (3.22 % and 2.81 
%, respectively) and about 2 % with OMI (2.02 %, 1.94 %, respectively). 
 
 

 
Figure 3: (a) Monthly percentage differences between Dobson spectrophotometer and satellite 

instruments TOMS (1979-1993) in red dots and OMI (1996-2013) in green dots at Cachoeira Paulista 
(CP) and at Natal (NT). (b) Monthly mean TOC amounts (DU) observed by Dobson, TOMS and OMI at 
CP (1974-2013) and Natal (1978-2013). The black lines are the TOC trends related to Dobson, TOMS 
and OMI data for the period of study, (c) TOC monthly climatology means for the period between 
1974/1978 and 2013 by Dobson spectrophotometer (black), TOMS (blue) and OMI (green) satellite 

instruments over CP and NT respectively. Results obtained by Sousa et al. (2020). 
 
2.2 Ozone Profile Observations 
 
From 1978 to 2002, weekly ozonesondes were launched in Natal, Rio Grande do Norte, Brazil 
and, from 2002 to 2015, in Maxaranguape, a city near Natal. In 07/23/2015 the laboratory in 
Maxaranguape was closed and the launches returned to Natal. Since 2015, ozonesondes were 
launched in Santa Maria, Rio Grande do Sul, Brazil, mainly from August to November each year 
for monitoring the influence of Antarctic Ozone Hole over south of Brazil. Figures 4 and 5 show 
examples of the ozone profiles over Natal and Santa Maria, respectively. 
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Figure 4: The ozone concentration profile measured in Natal with the ozonesonde, for 
31/01/2020 (http://www.crn.inpe.br/lavat). 

 
 

 
Figure 5: The ozone concentration profile measured in Santa Maria with the ozonesonde, for 

21/08/2015. Results obtained by Silva (2016). 
 
 
2.3 UV Radiation Observations 
 
The UV radiation is monitored by INPE in São José dos Campos, Cachoeira Paulista, Cuiabá, 
Santa Maria, Natal, Angicos, Caicó and Currais Novos. The UV measurements in Rio Grande do 
Norte (the last four stations) are made by Davis meteorological stations located in the followed 
sites: Natal (since 01/25/2016), Angicos (since 02/14/2015), Caicó (since 02/06/2014) and Currais 
Novos (since 12/09/2016). In the first four stations, UV measurement are made by Brewer 
Spectrophotometer. Other types of UV instruments managed by universities are installed in some 
Brazilian cities like Itajubá, Belo Horizonte, São Paulo.  
UV radiation measurements are very important for Brazil, since our country has continental 
extension and its territory is almost entirely between equator and tropics. Figure 6 shows the 
maximum UV Index forecast for South America on February 13th, 2020 where it is possible to see 
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all Brazil with extreme UV conditions, above UV Index 11. Its extreme conditions also can be see 
in Figure 7, which shows the diurnal UV variation measured at Natal by Davis meteorological 
station on February 11th, 2020. 
 
 

 

 
 

Figure 6: Maximum UV Index forecast for South America on February 13th, 2020 
(http://satelite.cptec.inpe.br/uv). 

 
 

 
 

Figure 7: UV Radiation Index obtained per hour at Natal by Davis meteorological station on February 
11th, 2020 (http://www.crn.inpe.br/lavat) 

 
The UV monitoring at Santa Maria are been realized since 1994 at the Southern Space 
Observatory by Brewer Spectrophotometers. The Figures 8 and 9 show the daily mean of UV 
index and the monthly mean from 2002 to 2017 obtained by Brewer Spectrophotometer #167. 
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Figure 8: Daily mean of UV index from 2002 to 2017 at Santa Maria obtained by Brewer 
Spectrophotometer #167. Results obtained by Lopes (2020) 

 
 

 
 

Figure 9: Monthly mean of UV index from 2002 to 2017 at Santa Maria obtained by Brewer 
Spectrophotometer #167. Results obtained by Lopes (2020) 

 
 

3.     THEORY, MODELLING AND OTHER OZONE RELATED RESEARCH 
 
3.1 Influence of Antarctic Ozone Hole over South of Brazil 
 
The influence of Antarctic Ozone Hole over South of Brazil was first observed by Kirchhoff et al. 
(1996). Poor ozone air masses are released from the interior of the Antarctic polar vortex, the edge 
of the ozone hole, being carried by the polar filaments in these regions (Marchand et al., 2005) in a 
phenomenon called the secondary effect of the Antarctic ozone hole (OSE - Ozone Secondary 
Effects) that causes a temporary fall in ozone content. OSE are responsible for sudden drops on 
the stratospheric ozone concentration that may reach subtropical latitudes, exposing densely 
populated areas to important Ultraviolet (UV) irradiation. OSE are formed when the Ozone-
depleted air masses over the Antarctic polar vortex are deformed and detached, migrating 
therefore to lower latitude areas. These events are regularly observed by in situ and satellite 
measurements, presenting a seasonal behavior due to the dynamics of the atmosphere and the 
natural ozone production and destruction cycle. However, several factors impacting the OSE like 
the preponderant air masses and eventual interactions with the terrain are not detailed enough. 
 
Recently, some works like Bittencourt et al. (2019), Peres et al. (2019) and Peres (2016) showed 
the effects of this secondary event on mid-latitude regions such as the southern region of Brazil, 
where ozone content falls for some days over the region from August to November. Also, 
Bittencourt et al. (2018) and Bresciani et al. (2018) reported on the second most intense event 
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ever recorded in the southern region of Brazil, occurred at October 20th, 2016. In this event, the 
reduction of 23 % on ozone total column comparing to climatological average was observed. Some 
results of these papers are reproduced in the Figures 10, 11, 12 and 13.  
 

 

 
 

Figure 10: Ozone partial pressure profile as obtained by the ozonesonde (black), AURA/MLS (red), 
TIMED/SABER (blue) and climatology from ozonesonde balloons campaigns between 1996 and 

1998 (grey) (following Guarnieri et al., 2004). Analysis report by Bresciani et al. (2018). 
 
 

 
 

Figure 11: Potential vorticity for the potential temperature levels of 530 K (a, b, and c), 600 K (d, e, 
and f), and 700 K (g, h, and i). The color scale ranges from 0 to 260 and shows the increase in 

Absolute Potential Vorticity. Analysis report by Bittencourt et al. (2018). 
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Figure 12: MIMOSA model for the analysis period showing the connection between the ozone hole 
and the study region. Published by Bittencourt et al. (2018). 

 
 

 
Figure 13: Backward trajectories from NOAA’s HYSPLIT model. The trajectories are shown according 

to height levels: 28 (green), 24 (blue), and 22 km (red). Published by Bresciani et al. (2018). 
 
 
3.2 Modelling and Forecast of Ozone and UV Radiation 
 
The forecast of the concentration of the Ozone Layer and UV radiation can be obtained from 
INPE/CPTEC site (http://satelite.cptec.inpe.br/uv), which used satellite data NOAA 16, sensor 
SBUV/2. Figure 14 shows the website for Ozone and Maximum UV Index forecast for South 
America on February 11th, 2020. Each point shows the UV Index forecast for Brazilian states 
capitals and South America countries capitals. Figure 15 shows ozone forecast for South America 
on February 13th, 2020. Maximum UV for February 13th is showed in Figure 6. 
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Figure 14: UV Index forecast for South America on February 11th, 2020 
(http://satelite.cptec.inpe.br/uv). 

 
 
 

 

 
 

Figure 15: Ozone forecast for South America on February 13th, 2020 (http://satelite.cptec.inpe.br/uv). 
 
 
3.2 Artificial Intelligence in the Prediction of Ozone 

 
Steffenel et al. (2019) examine the interest of using Deep Learning techniques (more specifically, 
Long Short-Term Memory recurrent neural networks) to forecast Ozone Secondary Effects (OSE) 
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events. For this experience, it was selected the PredRNN++ model proposed by Wang et al. 
(2018), which has been successfully applied to the analysis of video images. In this study, 
however, the input data is composed by historical data for the Total Column of Ozone (TCO), 
obtained by satellites. This is a first experiment towards the use of Artificial Intelligence in the 
detection and prediction of OSE. The work aims at using the resulting forecasts to detect, monitor 
and classify OSE by isentropic levels, latitudinal bands and geographical areas. 
 
The authors preliminary work gives some insights on the efficiency and precision of Deep Learning 
forecasts for Ozone Secondary Effects. The obtained results are encouraging since it was able to 
obtain some predictions with similar forms and intensities than the observed events. The work also 
helped to improve data extraction and feature selection techniques, and to understand the impact 
of different parameters such as the number and size of hidden convolution layers. Hence, it is 
necessary to investigate how to better tune the Deep Learning network, as well as trying other 
algorithms adapted from the video frame. 
 
 
4. DISSEMINATION OF RESULTS 
 
4.1 Data Reporting 
 
The Brewer data have been submitted for the WOUDC since 2004 and the Dobson data since 
1978. 
 
4.2 Information to the public  
 
The Ozone e UV forecasts are available to public in the websites: www.crn.inpe.br/lavat and 
http://satelite.cptec.inpe.br/uv. 
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5. PROJECTS, COLLABORATIONS, TWINNING AND CAPACITY BUILDING 
 
Some of the Brazilian Projects and International Cooperation are listed below: 
 
Ø INPE/NOAA project with air sample collection in order to measure gases: CO2, CH4, H2, CO, 

N2O and SF6 (May / 2010 in Maxaranguape - RN and November / 2015 in the Lighthouse of 
Mãe Luiza - Natal- RN). 
 

Ø INPE/NASA Southern Hemisphere Additional Ozonesondes Project (SHADOZ), PI Anne M. 
Thompson. 
 

Ø Collaboration INPE with the Centro de Investigaciones en Láseres y Aplicaciones, CEILAP-
UNIDEF (MINDEF-CONICET), Argentina. 
 

Ø Collaboration INPE with the San Andres University, La Paz, Bolivia. 
 

Ø Collaboration INPE with the Magallanes University, Punta Arenas, Chile. 
 

Ø Collaboration INPE with the Takushoku University, Tokyo, Japan. 
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Ø Scientific Cooperation between Federal University of Santa Maria and Université de La 
Réunion, Réunion Island, France. 
 

Ø  Scientific Cooperation between Federal University of Santa Maria and Université de Reims 
Champagne-Ardenne, Reims, France. 
 

Ø Project in the Brazilian Antarctic Program: National Institute of Science and Technology for 
Antarctic Environmental Research (INCT-APA) 

 
The Project Antarctic Atmosphere and Environmental Impacts in South America is operated 
through the knowledge and monitoring of Antarctic atmosphere and its environmental impacts on 
South America. The objectives of the atmospheric area of the project are: 
 
1. To monitor and evaluate: 
 

• The regions of movement of Antarctic Cold Fronts as far as South America, especially 
Brazil; 

• The greenhouse effect perceived in Antarctic. 
• The chemical changes of the atmosphere and their influence on the climate, involving: 

the interaction Sun - Earth, the temperature of the mesosphere and the hole in the 
ozone layer; 

 
2. To offer supporting information to numerical models of climate and weather forecasting. 
 
Ø CAPES-COFECUB MESO Project - Modeling and Forecasting the Secondary Effects of the 

Antarctic Ozone Hole 
 
Affiliate Institutions, Laboratories and Project Coordinators: 
- Federal University of Santa Maria, Brazil - Prof. Damaris Kirsch Pinheiro 
 GruMA, Grupo de Modelagem Atmosférica 
 PMOA, Programa de Monitoramento do Ozônio Atmosférico 
 LSC, Laboratório de Sistemas de Computação 
- University of La Réunion, France - Prof. Hassan Bencherif 
 Lacy, Laboratoire de l'Atmosphère et des Cyclones 
- University of Reims Champagne-Ardenne, France - Prof. Luiz Angelo Steffenel 
 CReSTIC, Centre de Recherche en STIC 
- Federal University of Western of Pará, Brazil - Prof. Lucas Vaz Peres 
 
CAPES-COFECUB is an international collaboration program between Brazil and France. The 
MESO project was approved for a 4-years term, starting in 2017. The project aims at studying and 
modelling the secondary effects of the Antarctic Ozone Hole (OSE - Ozone Secondary Effects). At 
the end of this project the main goal is to contribute with more precise atmospheric models capable 
of detailing the interaction between several isentropic levels in the stratosphere, but also provide 
numerical tools that can forecast the occurrence of OSE from the analysis of historical data. 
Hence, the MESO gathers Brazilian and French researchers with complementary expertise: 
meteorologists and geophysics working on the stratospheric Ozone transportation problem, as well 
as computer scientists with strong skills in Big Data, Data mining and Deep Learning. More 
information can be obtained at MESO website (https://meso.univ-reims.fr/), Figure 16.  
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Figure 16: MESO Project website (https://meso.univ-reims.fr/). 
 
 

Another main goal of MESO Project is Human Resources Capacity Building. From 2017 to the 
moment, there was 3 PhD thesis been developed in co-tutelage between Federal University of 
Santa Maria and Université de La Réunion (UR), and Federal University of Santa Maria and 
Université de Reims Champagne-Ardenne (URCA), and 3 post-doctoral works developed by 
Brazilian professors in URCA and UR. Three MESO Workshops were already organized with 
training for Brazilian students and 12 short time work missions developed by Brazilian and French 
professors. 
 
 
6. IMPLEMENTATION OF THE RECOMMENDATIONS OF THE 10th ORM 
 
Regarding the recommendations of the 10th ORM of systematics observations, the observations of 
ozone, UV radiation, GHG and climate variables were maintained in Brazil as much as possible. In 
the moment we have four Brewer Spectrophotometers out of order for technical problems, which 
will need international assistance to fix and calibrate these instrumentations. Because of the 10th 
ORM recommendation of “measurements also should be targeted to data-poor areas like South 
America, Africa, and Asia, and in the inter-tropical region for accurate detection of BDC changes 
and other transport phenomena” (WMO, 2017), it is very important to maintain Brazilian Brewer 
network, since these are the majority of the Brewer Spectrophotometer instruments installed in 
South America. 
 
Efforts have been made to increase the number of UV radiometers in the tropics like Tropical 
Environmental Variables Laboratory (Laboratório de Variáveis Ambientais Tropicais - 
LAVAT/INPE) instruments installed at Rio Grande do Norte Stations and Federal University of 
Itajubá UV radiation instruments. 
 
Regarding the recommendations of the 10th ORM for increase capacity buildings on ozone related 
issues, Brazilian scientific expertise is expanded by several PhD thesis and master’s degree 
students, including in co-tutelage with French Universities. The linkage between climate changes, 
atmospheric dynamic and ozone depletion is part of the main researches in Brazil. 
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7. FUTURE PLANS 
 
The current ozone and UV monitoring networks must be maintained in operation. However, we 
don’t have financial support for this maintenance at the moment. Our primary goal is to fix and 
calibrate the Brewer network. 
 
Also, Federal University of Western Pará and Federal University of Santa Maria are trying to install 
an ozone ground instrument in the Amazon region but didn’t find yet an international partner to 
support this research. 
  
The partnership between France and Brazil made by MESO Project are very fruitful for building 
new capacities to conduct ozone and UV radiation researches. Some efforts are made to 
continuing the project after 2020, final date for CAPES – COFECUB support. 
 
 
8. NEEDS AND RECOMMENDATIONS 
 
We need international assistance to fix and calibrate the four Brazilian Brewer Spectrophotometers 
out of order for technical problems. It is very important to maintain Brazilian Brewer network, since 
these are the majority of the Brewer Spectrophotometer instruments installed in South America. 
 
It is very important the support for the annual calibrations and maintenance of the Brewer 
Spectrophotometers. Financial support for trips techniques and participation in Ozone and UV 
Meetings are also needed. 
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Burkino Faso National Report for the 
11th WMO/UNEP Ozone Research Managers Meeting 

 Geneva, 1-3 Avril 2020 
 

 
 
1. OBSERVATIONAL ACTIVITIES 
 
1.1 Column measurements of ozone and other gases/variables relevant to ozone loss. 

Burkina Faso does not proceed to any column measurement of ozone. 
However, the country does daily Observation of ozone concentration in the stratosphere, using 
the EUMETCast and Satellite Channel 8 (Meteosat 8) 

 
1.2 Profile measurements of ozone and other gases/variables relevant to ozone loss 

Observation of ozone layer by Satellite on METEOSAT Channel 8(Meteosat 8), that of CO2 on 
Channel 11, and of Water Vapour on channel 5 of METSOSAT.  

 
1.3 UV measurements 
 Due to lack of instrument of measurement, No UV measurement was done 
 
1.4 Calibration activities 

Calibration concerns only basic sensors (Temperature, humidity, Rain, Wind speed and 
Direction, Pressure). 8 maintenance (4 preventive and 4 curative maintenances) are carried out 
yearly by the National Meteorological Agency to ensure good quality of the data. 

 
 
2. RESULTS FROM OBSERVATIONS AND ANALYSIS 
 
No UV observation is carried; Therefore, no data and no result concerning UV radiation 
 
 
3. THEORY, MODELLING, AND OTHER OZONE RELATED RESEARCH 
 (e.g., 3-D CTM modelling, data assimilation, use of satellite data, UV effect studies) 
 
The National Meteorological Agency has procured a High-Performance computing System to perform 
weather and climate modelling, hydrological forecasting as well as pollution and aerosols dispersion 
forecasting. Currently, WRF and ICON models are being run in a daily basis for Modelling. However, 
only weather data are concerned (Temperature, rain, humidity, pressure, wind). Due to lack of pollution 
and ozone monitoring system, there is no data collection to validate the model, WRF-Chem is not yet 
run.  
 
A dust model has also been implemented with the support of the Simulation Center of Barcelona and 
provides daily forecasting on dust dispersion. 
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4. DISSEMINATION OF RESULTS 
 
4.1 Data reporting  
 (e.g., submission of data to the WOUDC and other data centres) 
 
No Data reporting yet 
 
4.2 Information to the public 
 (e.g., UV forecasts) 
 
Public receive information about: 
 

• Traditional weather forecast which includes temperature (mean, minimum and maximum), 
rainfall (only during rainy season), humidity, potential evapotranspiration and wind. 

• Agro-climatic information for agriculture 
• Dust suspension provided though visibility estimate and dust model outputs. 
• Fumes from vehicles 
• Bio-meteorological information related to health (meningitis-related and malaria related 

meteorological parameters) 
 

4.3 Relevant scientific papers 
 
No scientific papers yet 
 
 
5. PROJECTS, COLLABORATION, TWINNING AND CAPACITY BUILDING 

(e.g., national projects, international projects, other collaboration (nationally, internationally)) 
 

All projects and collaboration concern:  
• Agro meteorological sector 
• Climate change 
• Health sector 
• Twinning with the Barcelona Center for Dust forecasting 
• Twinning with Meteo-France for weather and climate forecasting. 

 
 
6. IMPLEMENTATION OF THE RECOMMENDATIONS OF THE 9th OZONE RESEARCH 

MANAGERS MEETING 
 
 
7. FUTURE PLANS 
 
With the support of the WMO and the Ozone Secretariat, we aimed to receive a deployment of an 
instrument, such as Dobson, for Ozone and UV measurement, and Air quality monitoring equipment. 
 
Furthermore, after installation of the equipment, we intend to do daily monitoring and use the data to do 
air quality forecasting, starting from the big cities (Ouagadougou and Bobo Dioulasso); the products will 
be used by decision makers (mayors, planners) as a guidance, and warning could be issued for the 
public. 
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8. NEEDS AND RECOMMENDATIONS 
• Need more cooperation and training to implement Ozone monitoring in Burkina Faso. 
• Need equipment and training for measurement and ozone forecasting, and UV.  
• Need for equipment for pollution monitoring 
• Partnership with an advanced Air quality monitoring institutes/center. 
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State of Observational activities on Ozone Layer in Cambodia 

The 11th WMO/UNEP Ozone Research Managers Meeting 
Geneva, 1-3 April 2020 

 
Introduction 

Cambodia is a Party to the Montreal Protocol having acceded to the Vienna Convention and the 
Montreal Protocol on 27 June 2001 and the four amendments on 31 January 2007.  Cambodia is a 
developing country and has been classified as an Article 5(1) country. 

The HCFC Phase-out Management Plan have been prepared and Implemented by Cambodia 
National Ozone Unit of the Ministry of Environment of the Kingdom of Cambodia. The HCFC Phase-
out Management Plan explains the policies and programs that the Royal Government of Cambodia 
has both adopted and intends to adopt to ensure Cambodia’s compliance with the Montreal Protocol 
on HCFC phase-out schedule.  Many of these activities presume that financial and technical 
assistance for Cambodia’s efforts provided from the Multilateral Fund. 

Under Cambodia’s Hydro-Chlorofluorocarbon Phase-out Management Plan (HPMP) Cambodia’s 
consumption of HCFCs in 2008 was 165 metric tons. Thus, Cambodia has complied with the freeze 
schedule in 2013 and phase-down HCFC consumption by10% in 2015 and will face the challenges 
to phase-out 35% by 2020 and 67.5% by 2025, and finally the 97.5% reduction from the base line 
by 2030 for Annex-C Group-I substances (HCFCs). 

1. Observational activities 

Cambodia is yet to undertake observational activities on ozone using methodologies including 
Column Measurement, Profile measurements of ozone and other gases /variables relevant to ozone 
loss. Our ozone office is not yet equipped with Narrowband filter instruments or Spectroradiometers 
and other necessary instruments for measurement of UV through Broadband. 

2. Result from Observation and Analysis 

Cambodia is not an ODS producing country, but as an ODS import-dependent country.  Based on 
the historical data reported to the Ozone Secretariat, only HCFC-22 and HCFC-123 have been 
imported into Cambodia.  Given that there is no manufacturing sector in Cambodia; HCFC-22 and 
HCFC-123 imported into the country has been solely used for servicing sector of refrigeration and 
air-conditioning equipment.  In the past, Cambodia also imports HCFC-141b pre-blended polyol for 
producing the panel and roof; however, since March 2019, the company has converted the 
production line to the other alternative. The other foam products are imported from other countries, 
especially those from the Southeast Asia region. Cambodia uses CFC, HFCs and HCFCs only in 
the installation and servicing of refrigeration and air conditioning equipment. 

Based on data survey for end-users in 2009, Cambodia used about 311 MT of HCFC-22 and 1.2 MT 
of HCFC-123. The HCFCs were used in sub-sectors such as air conditioning, chiller, commercial 
refrigeration and transportation refrigeration. There are also HFC-blended refrigerants (R-404A, R-
407C, and R410A) being used. 

Based on data of importation in 2019; there are about 5 companies were registered and applied for 
imported permission from NOU/MoE; and there also the importation of HFCs refrigerant, air 
conditioning equipment contained HCFC-22, R-32,  air conditioning equipment contained HFC-410a 
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as blend refrigerant and others RAC equipment were imported by those companies into Cambodia. 
However, the trend of the importation of the R22 based equipment has been reduced to 12%, while 
R410a has increased to 82% in the year of 2018.  In recent year, after the Kigali Amendment in place 
R-32 based air conditioner has been entered Cambodian market, the growing proportion of this 
equipment is still low compare with R-410a. There are 7 importers have been applied for the quota 
in 2020 for ODS importation, all companies are based in Phnom Penh.  The source of imported 
HCFCs in 2019 was mainly from China, India, and Singapore. 

The phase-out of HCFC has led the consumption of HFCs increased, which are used as alternatives 
to HCFCs in a number of applications such as air-conditioners, chiller and commercial refrigerators. 
In 2015, Cambodia received financial support co-financed by MLF and the Climate and Clean Air 
Coalition to Reduce Short-Lived Climate Pollutants (CCAC) to conduct a national wide survey1 to 
understand the usage of ODS alternatives from 2012-2015 by application and by substance; and to 
forecast the future growth of these substances by application and by substance from 2016-2030 
under business-as-usual (BAU) scenario. 

The survey revealed that Cambodia’s consumption of HFC and low-GWP alternatives have been 
steadily increasing, and the trend will continue in the next decades. In particular: 

o The share of HFC-134a was the highest at 73% of total amount of ODS alternatives usage 
followed by ammonia (18%). The third largest ODS alternative was R-410A, which had 7% 
share in total usage of ODS alternatives. 

o The higher growth of ODS alternatives usage is anticipated during 2016-2030 due to the 
rapid economic growth and the government plan to ban the import of HCFC-based 
equipment by 2020. Among the ODS alternatives, HFC-134a will continue to be 
predominant (40% of total estimated usage). Ammonia, R-410A and HFC-32 will be the 
second (25%), third (16%) and the fourth (11%) largest ODS alternatives consumed in 
Cambodia by 2030. 

Production 

Cambodia does not produce any ODS and all ODS must be imported. The total amount of ODS 
imported to Cambodia is used only to meet its local demand.  There is no known branch/subsidiary 
of foreign fluorochemical manufacturers in the country. 

For the HFCF consumption, there is no manufacturing of HCFC-dependent RAC equipment such as 
air conditioners in Cambodia.  All RAC equipment is imported into Cambodia. 

Levels of HCFCs in blends and as feedstock 

There is no HCFC used as feedstock in Cambodia nor is there any record of import of HCFC in 
blends.  The data survey did not find any use of HCFC blends by the servicing workshops.  The NOU 
also has not issued any import license for HCFC blends. 

3. Theory, Modelling and Other Ozone related Research 

Cambodia is one of the article 5 country with the low volume consumption country, the research on 
stratospheric ozone have not been conducted; therefore, the data on the stratospheric ozone is not 
available, we join the meeting as we would like to learn the process of the monitoring and analysis 

 
1 General Directorate of Environment Protection, ODS Alternative Survey at the National Level in Cambodia, July 2017 
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of ozone layer depleting as well as how the scientist have been done, while we expected that we 
can do some works on such research in the future in cooperation with the Ministry of Water 
Resources and Meteorology. 

4. Dissemination of results 

The National Ozone Unit under the Institutional Strengthening Program being assisted by UNEP. 
The NOU has raised awareness on ozone related issues, published awareness materials for 
distributing to the public, relevant institutions and stakeholders. In addition, the National Ozone Unit 
conducted the Inter-ministerial Meeting, awareness workshops for the participants from relevant 
institutions and stakeholders attended these workshops. 

5. Project Collaboration, twinning and capacity building 

Currently, we don’t have any project or activities relating to research/monitoring on the status of 
ozone over Cambodia as well as to determine the level of ground UV/ozone. 
6. Implementation of the recommendations of the 9th Ozone Research Management Meeting 

Due to Cambodia is yet to undertake observational activities on ozone using methodologies as well 
as not yet equip with Narrowband filter instruments or Spectroradiometers and other necessary 
instruments for measurement of UV through Broadband; therefore, Cambodia still not yet implement 
through the recommendations of the 9th Ozone Research Management Meeting. 

7. Future Plans 

Since Cambodia is the one of the developing countries; therefore, Cambodia are very keen to 
participate in the research program in other countries as well as to set up the instrument to monitor 
the ozone level that can effect to human health, crop, etc,. As the instrument are very technical and 
costly; therefore, Cambodia need to have support from international communities. In this regard, 
Cambodia would like to take any steps/projects related to ground ozone Monitoring in Cambodia. 

8. Needs and Recommendations 
- To stablish a center for research, calibration, and validation in each developing countries if 

possible 
- There is the need to install the equipment to monitor the ground ozone monitoring in place 
- Training on the scientific, technical training and more international collaboration 
- Need the financial support for exchange visit among the countries in the region at the 

monitoring station to improve the knowledge and experiences 

Finally, we would like to express our sincere thanks to WMO/UNEP to give an opportunity for 
Cambodia delegate to participate in the meeting and to show up the national report on the 
implementation of the Montreal Protocol related issues in Cambodia and we hope that we will get 
more other support on this activity in the near future. 

- References 
- HCFC Phase Out Management Plan for Cambodia 
- Terminal Phase out Management Plan for Cambodia 
- Country Program for Montreal Protocol Implementation 
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Canadian National Report  
for the 11th WMO/UNEP Ozone Research Managers Meeting 

Geneva, 1-3 April 2020 
 
 
1. OBSERVATIONAL ACTIVITIES 
 

1.1. Column measurements of ozone and other gases/variables relevant to ozone loss 
 

1.1.1. Canadian Brewer Spectrophotometer Network 
 
The operations of Environment and Climate Change Canada (ECCC)’s Canadian Brewer 
Spectrophotometer Network continues with no major changes to the program. The network 
consists of eight main observing sites, monitoring total column ozone and spectral ultraviolet 
(UV) radiation. Each of the network’s mid-latitude stations (Saturna Island, British Columbia; 
Stony Plain, Alberta; Churchill, Manitoba; Toronto, Ontario; and Goose Bay, Newfoundland 
and Labrador) operates two Brewer spectrophotometers, and each Arctic station (Resolute, 
Eureka and Alert in Nunavut) has three instruments on-site. The additional instruments 
provide redundancy; minimize operational downtime, and thus, reduce likelihood of long 
gaps in the data due to logistical difficulties (transportation of goods, and technician travel 
time for repairs) associated with monitoring in the Canadian Arctic. They also provide means 
of optimizing the observations of both column ozone and UV spectral irradiance; and are for 
quality assurance purposes. Since the 1990s, ECCC has been replacing the single 
monochromator spectrophotometers with double monochromator instruments through 
network lifecycle management.  Currently, one double monochromator Brewer 
spectrophotometer is operating per station. The advantage of using double monochromator 
Brewers is the expansion of the daily hours of data collection by also including low sun 
conditions, particularly important for the winter, spring and autumn observations from the 
Canadian Arctic. All Canadian stations have been visited for service, upgrade and calibration 
in the fiscal years 2017-2020, meeting a two-year cycle maintenance target. Of the four 
double Mark III Brewers, which were acquired in 2014 and 2017 as part of lifecycle 
management, three have been deployed (#223, #235 and #239) into the network during the 
2018-2019 period. (Eureka, Resolute and Churchill). 
 
ECCC, in collaboration with the U.S. National Oceanic and Atmospheric Administration 
(NOAA), maintains two Brewer spectrophotometers (one single and one double) at the 
Mauna Loa Observatory (MLO) in Hawaii and one Brewer instrument at South Pole 
Observatory (SPO) in the Antarctic. There is a continuous record for the South Pole station 
since 2008. The current instrument at SPO has been in operation since 2015. 
 
Total column ozone and UV data from the Canadian Brewer Spectrophotometer Network 
are available at the World Meteorological Organization (WMO) World Ozone and Ultraviolet 
Radiation Data Centre (WOUDC). 
 

1.1.2. Pandora measurement program 
 
ECCC’s Pandora measurement program began operations in 2013. It focuses primarily on 
long-term monitoring of air quality and atmospheric composition using Pandora spectral 
sunphotometers. ECCC has eight Pandora instruments, with two additional ones being 
delivered by March 2020. These instruments not only measure nitrogen dioxide (NO2), 
sulphur dioxide (SO2) and formaldehyde (HCHO), but also are capable of producing high 
quality total column ozone data. Comparison of the Pandora spectrometer with the World 
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Brewer Triad (consisting of two triads of single and double monochromator instruments) in 
Toronto showed that the Pandora instrument’s accuracy and precision of total ozone column 
measurements are comparable with those for the Brewer (Zhao et al. 2016). The Pandora 
instrument’s precision is similar or even better than that for the Brewer instrument; however, 
there is a large dependence on stratospheric temperature for which has to be accounted. 
 
As a research partner to the National Aeronautics and Space Administration (NASA)’s 
Pandora Project and the European Space Agency (ESA)’s Pandonia, ECCC has Pandora 
instruments operating at six monitoring sites across Canada (three sites in the Greater 
Toronto Area; one in Egbert, Ontario; and one each in Stony Plain and Fort McKay, Alberta). 
In addition, ECCC deployed a Pandora instrument at Eureka, Nunavut as part of the 2019 
Canadian Atmospheric Chemistry Experiment (ACE) / Optical Spectrograph and Infrared 
Imager System (OSRIS) validation campaign, and will participate again in the 2020 
campaign. One of the motivations is to investigate tropospheric ozone depletion events. 
Total column ozone and other atmospheric composition data from ECCC’s Pandora 
measurement program can be accessed via the Pandonia Global Network 
(http://pandonia.net/data/). 
 

1.1.3. University of Toronto Atmospheric Observatory and Polar Environment Atmospheric 
Research Laboratory 

 
University-based measurements of column ozone are made at the University of Toronto 
Atmospheric Observatory (TAO) and the Polar Environment Atmospheric Research 
Laboratory (PEARL) by instruments affiliated with the Network of the Detection of 
Atmospheric Composition Change (NDACC).  
 
At TAO, column ozone is measured by a Fourier transform infrared (FTIR) spectrometer. 
At PEARL, column ozone is measured by an FTIR spectrometer and two UV-visible grating 
spectrometers. 
 
More details are provided in Section 2 below. 
 

1.2. Profile measurements of ozone and other gases/variables relevant to ozone loss 
 

1.2.1. Canadian Ozonesonde Network 
 

ECCC’s Canadian Ozonesonde Network continues its operations with no major changes to 
the program. ECCC launches electrochemical concentration cell ozonesondes on a weekly 
basis across Canada at five mid-latitude sites (Kelowna, British Columbia; Stony Plain, 
Alberta; Churchill, Manitoba; Goose Bay, Newfoundland and Labrador; Yarmouth, Nova 
Scotia) and three Arctic sites (Resolute, Eureka and Alert in Nunavut). In June 2018, there 
was the relocation of the southern mid-latitude western Canadian site from Kelowna to Port 
Hardy that is on the northern tip of Vancouver Island. All ozonesonde sites in the network are 
co-located with the stations of the Canadian Upper Air Observing program where 
ozonesondes are flown coupled to radiosondes. 
 
The Canadian Upper Air program changed to a new supplier of ground systems and 
radiosondes in 2018.  The switchover provided an opportunity to extend the number of 
parameters recorded by the ozonesondes, and this extra data is being used to improve the 
quality assurance of the estimated ozone profiles. 
 
A limited number of higher frequency launches were carried out at the Arctic stations during 
Match campaigns (in collaboration with the Alfred Wagner Institute in Bremerhaven, 
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Germany) and at Eureka during the polar sunrise period for the Canadian ACE/OSRIS 
validation campaigns. All Canadian ozonesonde data are archived in the WMO WOUDC. A 
caution has been placed for ozonesonde data after 2014 (see Section 2). 
 
1.2.2. Polar Environment Atmospheric Research Laboratory 
 
At PEARL, ozone profiles are measured by an Ozone Differential Absorption Lidar. 

 
1.3. UV measurements 
 

1.3.1. Broadband measurements and narrowband filter instruments 
 
ECCC does not make broadband observations; however, commercial forecasting 
companies have developed their own broadband UV network for observing erythemal-
weighted UV at major Canadian cities. In addition, the United States Department of 
Agriculture (USDA)’s UV-B Monitoring and Research Program (UVMRP) is co-located with 
the Canadian Brewer spectrophotometers at the monitoring site in Toronto. As part of their 
measurement program, the UVMRP obtains erythemal-weighted UV-B irradiance using a 
Yankee Environmental Systems UVB-1 pyranometer. Further information on UVMRP can 
be found at http://uvb.nrel.colostate.edu/UVB/index.jsf. 
 

1.3.2. Spectroradiometers 
 
Observations of spectral UV-irradiance are made using Brewer spectrophotometers. 
Approximately five UV spectra are obtained each hour. All eight Brewer sites are equipped 
with double Brewer spectrophotometers that measure UV in the 286-363 nm spectral range. 
Collected data are used for UV index forecast validation purposes. UV spectral data are 
available in the WMO WOUDC. 
 

1.4. Calibration activities 
 

1.4.1. World Brewer Triad 
 
ECCC has been hosting the Brewer World Calibration Centre (WCC) for more than 30 years. 
In addition, ECCC operates and maintains the WMO Global Atmosphere Watch (GAW) world 
reference standard for Brewer instruments, known as the World Brewer Triad. The World 
Brewer Triad consists of two triads of Brewer spectrophotometers for total column ozone, 
with one triad consisting of single monochromator Brewer spectrophotometers (#008, #014 
and #015), and the other, double monochromator Brewer instruments (#145, #187 and 
#191). Brewers #015 and #191 were absolutely calibrated at MLO in November 2017, and 
Brewers #190 and #145 in October 2019. The next calibration of triad instruments at MLO 
will be carried out in the summer/fall 2021. 
 
Prior to transitioning from the single triad to the double triad, ECCC is evaluating the data 
from both triads. 
 
ECCC, with Toronto Brewer #190, participated in the 14th Regional Brewer Calibration Center 
for Europe (RBCC-E) inter-comparison campaign that was held at Huelva, Spain between 
June 11-27, 2019. Results are under review. 
 
WMO recognizes ECCC’s Brewer #017 as the global traveling standard instrument. It has 
been used for more than 30 years and is directly linked to the global stratospheric monitoring 
program coordinated by WMO. Ozone calibrations have been transferred from the World 
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Brewer Triad in Toronto to instruments in various countries with the travelling standard 
instrument. 
 
1.4.2. Ozone sounding 
 
ECCC provided scientific/technical support as well as sondes and test equipment to the 2017 
campaign of the WMO-sponsored Jülich Ozone Sonde Intercomparison Experiment (JOSIE) 
that was held in October/November 2017.  Canada has been a key participant in these 
experiments over the last 25 years with this latest event focused on validation of the current 
WMO recommendations for sonde operations. The results will contribute directly to the 
ASOPOS-2 report (see section 2.1). 
 
 

2. RESULTS FROM OBSERVATIONS AND ANALYSIS 
 

2.1. Ozonesonde records 
 
The Tropospheric Ozone Assessment Report (TOAR) has completed its first phase, with a 
number of papers and the world’s largest database of ozone exposure and dose metrics. The 
Long-term Ozone Trends and Uncertainties in the Stratosphere (LOTUS) group will use these 
results to attempt to resolve inconsistencies in stratospheric ozone trend analyses. 
 
The Assessment of Standard Operating Procedures for Ozone Sondes has begun a second 
phase (ASOPOS-2). A new report, with updated standard operation procedures (SOPs), is 
scheduled to be announced at the QOS2020 in Seoul. The ASOPOS and continuing work on the 
Ozonesonde Data Quality Assessment (O3S-DQA) have improved ozonesonde precision by a 
factor of 2 (Tarasick et al., 2020). To date, about 35 stations (including those stations in Canada) 
have reprocessed their records. 
 
As part of a Canadian Space Agency (CSA) project (“Ozone Time Series Analysis Using OSIRIS, 
ACE-FTS and MAESTRO Satellite Measurements, Ozonesondes and the CMAM Model”, 
http://www.asc-csa.gc.ca/eng/sciences/atmosphere-satellites.asp#ozone), the Trajectory-
mapped Ozonesonde dataset for the Stratosphere and Troposphere (TOST) has been updated 
to 2018 to merge ozonesonde data with OSIRIS and SAGE (Stratospheric Aerosol and Gas 
Experiment) satellite data (Moeini et al., 2020). 
 
Canadian profile data continue to show ozone decline in the lower stratosphere (Tarasick et al., 
2016). The decline from 1997 through 2014 appears at all six long-term stations. However, an 
apparent change in ozonesonde response has impacted the global network, including most 
Canadian stations, rendering data after early 2015 uncertain (Stauffer et al., 2020). The 
resolution of this issue is a topic of active research, given the network’s importance for verifying 
the expected stratospheric ozone recovery under the Montreal Protocol on Substances that 
Deplete the Ozone Layer. 
 
2.2. Comparison with Brewer observations 
 
For ground-based validation of the TROPOMI/S5P (TROPOspheric Monitoring 
Instrument/Sentinel 5 Precursor) total ozone column data, daily ground-based quality-assured 
Brewer and Dobson total ozone column measurements available in WOUDC, including 
measurements from the Canadian Brewer Spectrophotometer, were compared to TROPOMI 
near real time and offline total ozone column products (Garane et al. 2019). 
 
As part of the study on harmonizing total ozone assimilation with multiple satellite sensors, 
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OMI-TOMS (Ozone Monitoring Instrument– Total Ozone Mapping Spectrometer) column ozone 
data were evaluated using ground-based Brewer, Dobson, and filter ozonometer observations 
(Rochon et al., 2019). 
 
2.3. Pandora spectrometers and World Brewer Triad 
 
Comparison of total column measurements between the Pandora spectrometer and the World 
Brewer Triad at Toronto is ongoing with the goal of evaluating the instrument for its suitability for 
long-term monitoring of total ozone column. 
 
2.4. Satellites (space-based monitoring and research) 
 

2.4.1. OSIRIS 
 

The Optical Spectrograph and Infrared Imager System (OSIRIS), a Canadian instrument on 
Odin satellite since 2001, measures spectra of limb scattered sunlight from the ultraviolet to 
the near-infrared that are primarily used to retrieve ozone, NO2 and aerosol extinction. The 
instrument has 2-km vertical resolution and good accuracy and long-term stability with 
respect to altitude registration. The instrument continues to operate in 2020 with operations 
funded by the CSA through to at least March 31, 2022. 
 
The OSIRIS data record, consisting of vertical ozone profiles, is used within many 
international endeavours including the LOTUS initiative that feeds information related to long-
term changes in the vertical ozone profile directly into the WMO ozone assessments. The 
OSIRIS time series is the longest currently active set of ozone measurements, spanning 
almost two decades, and is used extensively to bridge gaps from the original SAGE 
occultation instruments through to the current OMPS –LP (Ozone Mapping and Profiler 
Suite–Limb Profiler). 
 
The OSIRIS ozone data is featured in CSA-funded Earth System Science Data Analysis 
grants designed to provide a merged satellite-ozonesonde data record for use in Canadian 
Middle Atmosphere Model (CMAM) comparison studies. This work is carried out in 
collaboration with ECCC scientists. 
 
The OSIRIS ozone data is used as a validation data set by the NASA Langley SAGE III ISS 
team and the NASA Goddard OMPS-LP team helping to bridge the gap from the original 
SAGE instruments to the future operational OMPS-LP instruments. 

 
2.4.2. SCISAT/ACE 

 
Launched in August 2003 for a two-year mission, the SCISAT/ACE (Atmospheric Chemistry 
Experiment) satellite continues to perform very well. The instruments and satellites are 
functioning nominally with only minor degradation in performance, which will not limit 
continued operations. There are two instruments: the infrared ACE-Fourier Transform 
Spectrometer (FTS) produces profiles of nearly 60 different species and isotopologues, and 
the MAESTRO focuses in visible-near infrared for ozone, NO2 and water vapour. The 
SCISAT/ACE is in a highly-inclined orbit that was chosen as the initial focus of the mission 
was on polar ozone chemistry.  This mission has expanded and currently SCISAT/ACE 
contributes to studies related to ozone recovery and chemistry, climate science and air 
pollutants. The instruments continue to operate in 2020 with operations funded by the CSA 
through to at least March 31, 2021. 
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The broad range of species from the ACE-FTS allows a more complete picture of ozone loss, 
and provides attribution of changes with measurements of a wide range of chlorine species 
(sources, breakdown products and reservoirs). The vertical resolution of ACE-FTS is 
approximately 3 km (from field-of-view), and of MAESTRO is about 1.5 km. One example of 
results is from a recent study of different ozone depletion calculation methods (e.g., tracer-
tracer). By employing the ACE-FTS data set for all of the methods, an unbiased assessment 
and comparison could be made between the different methods. 
 
The on-going validation of ozone, NO2 and other trace gas profiles from the ACE-FTS, 
MAESTRO and OSIRIS satellite instruments is being performed using measurements from 
PEARL, with support from the CSA. A recent validation study showed no temporal change in 
the comparisons between the ground-based instruments at PEARL and the ACE-FTS and 
ACE-MAESTRO sensors. 
 
The ACE-FTS chlorine containing species data set is being compared with the CMAM 
‘Specified Dynamics’ simulation (described below) as part of a CSA-funded Earth System 
Science Data Analysis grant. This project has generated a climatology of inorganic chlorine 
using ACE-FTS, NASA’s Aura Microwave Limb Sounder (MLS) and JAXA’s SMILES 
(Superconducting Submillimeter-Wave Limb-Emission Sounder). 
 
Begun in 2004, ECCC is continuing to provide temperature and pressure profiles from 
weather analyses for use in ACE-FTS retrievals. 
 
ECCC is making use of SCISAT/ACE measurements to assess the quality of stratospheric 
ozone model predictions, which is a central component of the next version of Canada’s UV 
forecasting system. 

 
2.5. Polar Environment Atmospheric Research Laboratory (PEARL) 
 
The Polar Environment Atmospheric Research Laboratory (PEARL) is a Canadian Network for 
the Detection of Atmospheric Change (CANDAC) facility for atmospheric research in the High 
Arctic, located at Eureka, Nunavut (80N) near ECCC’s Weather Station. It began measurements 
in 2005-2006, and continues to carry out research on large number of atmospheric constituents, 
including the partial and total column measurements of trace gases. The PEARL instrument suite 
is being used to examine trends in halogen-containing species and other atmospheric 
constituents / parameters that control both the ozone budget.  These measurements are being 
used to quantify the contributions from dynamics, chemistry, and climate change to stratospheric 
ozone depletion and recovery, and to study the tropospheric ozone budget. 
 
PEARL-based observations have been used to validate SCISAT/ACE and Odin/OSIRIS data. 
The Ozone Differential Absorption Lidar (DIAL) has been refurbished, and has made 
measurements in winter/spring 2017-2019 as part of the Canadian Arctic ACE/OSIRIS Validation 
Campaigns. Other instrumentation includes UV-visible and Fourier transform infrared (FTIR) 
spectrometers that measure ozone and related species (e.g., hydrochloric acid, hydrofluoric acid, 
chlorofluorocarbons, bromine oxide). The UV-VIS and FTIR data are contributed to the Network 
for the Detection of Atmospheric Composition Change (NDACC – see 
ftp://ftp.cpc.ncep.noaa.gov/ndacc/station/eureka/hdf/ftir/ and 
ftp://ftp.cpc.ncep.noaa.gov/ndacc/station/eureka/hdf/uvvis/). DIAL data from 2017-2019 were 
archived at NDACC in October 2019 – see 
ftp://ftp.cpc.ncep.noaa.gov/ndacc/station/eureka/hdf/lidar/). 
 
Bromine explosions and tropospheric ozone depletion events are regularly observed at PEARL 
in the springtime. Data from an in-situ surface ozone analyzer (from a NOAA instrument installed 
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at PEARL), the UV-visible spectrometers, and ozonesondes are being used to characterize these 
events, along with complementary measurements such as aerosol properties. PEARL data are 
being utilized for satellite validation, scientific studies, instrument development and 
demonstration. PEARL is a very well-used and well-equipped facility, and is part of the validation 
program for the TROPOMI mission on ESA’s Sentinel-5 Precursor. 
 
2.6. The University of Toronto Atmospheric Observatory (TAO) 
 
The University of Toronto Atmospheric Observatory (TAO) houses a Bomem DA8 high-resolution 
FTIR spectrometer that has been operational since 2002.  This instrument acquires solar infrared 
absorption spectra for long-term measurements of stratospheric and tropospheric trace gases. 
The TAO FTIR is an NDACC instrument and regularly measures ozone (see 
ftp://ftp.cpc.ncep.noaa.gov/ndacc/station/toronto/hdf/ftir/). TAO data have contributed to 
validation of ACE-FTS, SCIAMACHY, and OSIRIS, the first detection of NO in the mesosphere 
and lower thermosphere using ground-based FTIR spectroscopy, and studies of chlorine trends, 
polar intrusions, and tropospheric transport of pollutants over Toronto. TAO is also part of the 
validation program for TROPOMI. 
 
 

3. THEORY, MODELLING, AND OTHER OZONE RELATED RESEARCH 
 

3.1. Stratospheric ozone related modelling 
 
The latest version of the Canadian Middle Atmosphere Model (CMAM) was used to produce a 
large number of simulations requested for the first phase of the Chemistry Climate Model 
Initiative (CCMI-1). These simulations, along with those from approximately 15 other chemistry 
climate models participating in CCMI-1, provided updated model guidance on the future evolution 
of ozone for the 2018 Scientific Assessment of Ozone Depletion. 
 
In addition, the CMAM model produced a series of simulations that were combined with similar 
simulations made with the Whole Atmosphere Community Climate Model (WACCM) of the 
National Centre for Atmospheric Research (NCAR) in the United States to produce the specified 
ozone dataset for the Sixth Coupled Model Intercomparison Project (CMIP6). The CMIP6 project 
is coordinating climate model simulations that will form the basis of the next IPCC Assessment 
Report, with the CMIP6 specified ozone dataset covering the historical period (1850 – 2014) and 
eight Tier-1 and Tier-2 climate change scenarios for 2015 – 2100 to be used by CMIP6 models 
that do not calculate ozone interactively. 
 
Lastly, a revised version of a ‘Specified Dynamics’ simulation, one where the CMAM’s 
meteorology is constrained to follow the observed historical meteorology (as given by a 
meteorological reanalysis dataset), was completed. The original version, CMAM30, has been 
extensively and directly compared to satellite observations because the model meteorology 
could be expected to be similar to the actual historical variability. The revised version, CMAM39, 
has been made using an updated version of the model that includes the effects of solar variability 
on chemistry, and extends the CMAM30 simulation from 2010 to 2018, allowing for a more 
extensive comparison to observations. Work is on-going to compare the new CMAM39 
simulation against SCISAT/ACE observations of the distributions of stratospheric organic and 
inorganic chlorine and against the combined TOST/OSIRIS/SAGE ozone database. 
 
3.2. Chemical data assimilation 
 
A priority activity over the recent years has been to incorporate the capability for chemical data 
assimilation (CDA) into ECCC’s integrated global-regional EnVar-based (ensemble-variational) 
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assimilation system. The EnVar is to be applied with the global and regional versions of the GEM-
MACH air quality forecast model in addition to the GEM weather forecasting model with 
incorporated prognostic ozone (section 3.3). While GEM-MACH includes a comprehensive set 
of photochemistry reactions, the applied GEM model version comprises a linearized ozone 
module to improve the representation of the ozone radiative coupling. The EnVar software is 
now part of ECCC’s Modular and Integrated Data Assimilation System (MIDAS). The baseline 
integration to the MIDAS EnVar for CDA without constituent ensembles was completed 
2017/2018 following different incorporation phases in earlier years. Another high priority activity 
undertaken in 2017/2018 was the adaptation for CDA of the latest cycling and task sequencing 
software used by the assimilation and forecasting systems at ECCC, these being referred as 
Maestro suites. 
 
The applications of the developments focused first on the global analysis variational solver for 
stratospheric ozone and on the regional optimum interpolation analysis for air quality purposes. 
The global assimilation component shall provide lateral conditions of most chemical constituents 
to the regional air quality system. It will also provide UV Index forecasts through ozone-radiation 
interaction. In a later phase, tropospheric-stratospheric data assimilation will feed analysis 
increments to either global or regional versions of GEM-MACH. The assimilation will make use 
of both surface and satellite observations. 
 
A column ozone assimilation study, using multiple satellite instruments and involving bias 
correction, was completed in early 2018 with the task sequencing software available prior to 
Maestro. This involved the assimilation of total column ozone data from the GOME-2 instruments 
of the Metop-A and B satellites, OMI on Aura, and OMPS-NM on Suomi-NPP and use of various 
other sources for validation, including ground-based Brewer and Dobson instruments. The 
following ozone plus weather data assimilation experiments conducted in 2018 with the global 
system, and using both MIDAS and Maestro, assimilated combinations of the above satellite-
based total column ozone measurements, partial column profiles from the SBUV/2 and OMPS-
NP satellite instruments, and MLS-Aura ozone profiles.  These experiments were designed to 
evaluate the impact of different scenarios on the resultant ozone field and on the temperature 
through ozone-radiation interaction in addition to evaluating the UV Index forecasts. They 
included adaptive bias correction of total column ozone relying on the preceding two weeks of 
data and used static background error covariances for ozone. These applications are part of the 
UV Index prediction project described in section 3.3. 
 
The near-real-time research application of this system was undertaken as of early summer 2019 
and is still running. The assimilated ozone data include data from the following instruments: 
TROPOMI from Sentinel 5P, OMI-Aura, GOME-2 from MetOp-A and -B, OMPS-NM from Suomi-
NPP and NOAA-20 and OMPS-NP from NPP, MLS-Aura and SBUV/2 from NOAA-19. 
 
3.3. New UV index prediction project 
 
The current UV Index prediction system relies on the total column ozone derived from statistical 
regression based on ECCC GEM weather forecast conditions with scaling to ground-based total 
column ozone values from the Canadian Brewer measurements. The new system relies on the 
surface irradiances provided by the same weather forecast model with added radiatively active 
prognostic ozone. The model ozone field is improved through assimilation (section 3.2). It 
provides diurnally varying clear-sky and all-sky UV Index forecasts and related mapping, with 
forecasts available beyond the current two-day range. Optimizations were performed in 2016-
2017 and 2018 for calculating the clear-sky UV Index from surface UV broadband irradiances for 
cases of four and seven bands, respectively. The near-real-time UV Index forecasts being 
generated in research mode as of early summer 2019 (section 3.2) rely on the four-band UV 
irradiance model. The analysis of these forecasts, and others produced for summer 2016 and 
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winter 2017, is in progress. This is to serve toward a proposal for operational implementation as 
part of the weather Global Deterministic Prediction System (GDPS). 
 
3.4. UV effects studies 

 
For UV radiation studies, scientists at ECCC had developed the ambient UV radiation 
climatological dataset that represents estimated hourly UV radiation doses related to the two 
important biological effects of UV radiation: sunburn and vitamin D production for each month of 
the year for any place in Canada. This dataset is derived from a statistical model that is based 
on measurements of the sun’s radiation at the Earth’s surface and satellite observations for 
ozone.  It was developed and validated using UV radiation measurements made by the Canadian 
Brewer Spectrophotometer Network. 
 
ECCC, in collaboration with Statistic Canada, spatially linked and examined this UV radiation 
dataset together with datasets from Canadian population and health-related surveys. The 
researchers arrived at new insights into Canadians’ risk of developing melanoma from UV 
exposure, and steps Canadians are taking to protect themselves. These findings from two 
studies were published in the May 2017 Health Reports (Pinault et al, 2017a, b). One study, the 
first in Canada, shows a strong linkage between UV exposure and melanoma risk on a large 
Canadian population group based on where they live in Canada. It was found that a 1% increase 
in UV exposure led to a 3% increase in melanoma risk. The ozone depletion is still responsible 
for UV radiation levels being elevated by 2-3% leading to an increase by up to 9% in melanoma 
risk. The second study evaluated links between UV exposure (estimated at a person’s place of 
residence) and sunburn and sun protection behaviours based on sex, age, and socioeconomic 
characteristics. One finding is women living in areas with higher summer UV radiation levels 
were more likely to protect themselves against the sun; no such link was observed among men. 
The findings from these studies benefit Canadians by showing them the importance of sun 
protection against UV exposure to minimize the risk of getting sunburns and developing 
melanoma, the deadliest form of skin cancer with about 1,250 Canadians expected to die from it 
in 2017 (http://www.cancer.ca/en/cancer-information/cancer-101/canadian-cancer-statistics-
publication/). They also demonstrate the importance of public UV awareness initiatives and the 
UV Index forecasts as ways to help Canadians protect themselves from the harmful effects of 
the sun’s UV radiation. 
 
Although overexposure to the sun’s UV radiation can cause negative health effects, a small 
amount is essential for the production of vitamin D. Vitamin D is needed by Canadians to absorb 
calcium for stronger, healthier bones, and helps immune functions and blood cell formation. In 
the following Health Canada study (Brooks et al. 2017), the UV radiation climatological dataset 
was used to investigate the relative importance of environmental factors (e.g., sun exposure) 
and food and oral vitamin D supplement intake in vitamin D levels in Canadians. The researchers 
found that vitamin D supplement intake was an important factor in determining the vitamin D 
levels in Canadians, but it does not explain the difference in vitamin D levels between winter and 
summer. The impact of UV exposure on vitamin D levels during the summer is comparable to 
that of taking supplements. 
 

4. DISSEMINATION OF RESULTS 
 

4.1. Data reporting 
 
Brewer ozone and UV data are available in near real-time, and used for various applications. 
They are produced as hourly bulletins for UV index forecasts, and used for satellite data 
validation. Brewer data also are used in WMO Arctic and Antarctic Ozone Bulletins, NOAA Arctic 
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Report Cards, the Bulletin American Meteorological (BAMS) State of the Climate reports and 
other publications. 
 
Total column ozone and ozonesonde data from the Canadian Brewer Spectrophotometer 
Network, and the Canadian Ozonesonde Network, respectively, are submitted to the WMO 
WOUDC. 
 
Real-time profile data from the Canadian Ozonesonde Network are disseminated to forecast 
centres around the world via the WMO Global Telecommunications System (GTS). In addition, 
the data are provided to the Network for the Detection of Atmospheric Composition Change 
(NDACC). 
 
Total column ozone and other atmospheric composition data from the Canadian Pandora 
measurement program can be accessed the Pandonia Global Network 
(http://pandonia.net/data/). 
 
TAO and PEARL FTIR, UV-VIS, and DIAL ozone data are contributed to NDACC as noted in 
Section 2 and are publicly available. 
 
4.2. Information to the public 
 
Canada publishes a daily UV index forecasts bulletins through ECCC’s daily UV Index forecast 
bulletins (https://weather.gc.ca/forecast/public_bulletins_e.html?Bulletin=fpcn49.cwao). If the 
maximum UV Index value for the day is expected to reach 1 or greater, it is also included in 
Environment and Canada's daily weather forecast (https://weather.gc.ca/canada_e.html). 
Typical summer values for the UV index across North America are summarized at Canada.ca 
(https://www.canada.ca/en/environment-climate-change/services/weather-health/uv-index-sun-
safety/how-to-find.html#X-201701131109103). 
 
UV Index are also provided by organizations such as the Weather Network: 
http://www.theweathernetwork.com/uvreport/canuv_en/?ref=topnav_homepage_uvrepo. 
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5. PROJECTS, COLLABORATION, TWINNING AND CAPACITY BUILDING 
 
The following are a select number collaborative projects: 

• PAHA (Probing the Atmosphere of the High Arctic) project with three themes, one of which 
is Composition Measurements (CM), which includes a project on Ozone and Related 
Species (CM-O3).  PAHA is funded by the Natural Sciences and Engineering Research 
Council of Canada (NSERC): http://www.candac.ca/candacweb/content/paha. 

• Collaboration on Arctic Monitoring and Assessment Program model-measurement 
comparisons for short-lived climate forcers (including ozone) using ACE-FTS results. 

• Discussions currently underway toward a data access cooperation arrangement between 
ECCC and Copernicus Atmosphere Monitoring Service (CAMS). This includes atmospheric 
composition and solar UV products among others. 

• Continuing collaboration on the O3S-DQA for uncertainties in ozonesonde measurements, 
and on the ASOPOS, to improve the reliability of the global network. 

• Continuing collaboration on MATCH. 
• “Ozone Time Series Analysis Using OSIRIS, ACE-FTS and MAESTRO Satellite 

Measurements, Ozonesondes and the CMAM Model”, collaboration with the University of 
Saskatchewan and the CSA, to merge OSIRIS, ACE-FTS, MAESTRO and ozonesonde 
data to produce a merged ozone dataset from the surface to 50 km. 
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6. IMPLEMENTATION OF THE RECOMMENDATIONS OF THE 10TH OZONE RESEARCH 

MANAGERS MEETING 
 

6.1. Research needs 
 

6.1.1. Climate-ozone coupling 
 
Two papers by Ménard et al. (2019, 2020; see section 4.3) describe work from a study 
completed in 2007 and funded by the European Space Agency/ESTEC (contract No. 
18560/04/NL/FF "Coupled 828 Chemistry-Dynamics Data Assimilation"). This work was 
supported in kind from ECCC. It involves use of a coupled stratospheric chemistry-
meteorology model developed by combining the Canadian operational weather prediction 
model Global Environmental Multiscale (GEM) with a comprehensive stratospheric 
photochemistry model from the Belgian Assimilation System for Chemical ObsErvations 
(BASCOE). The study examined data assimilation coupling between meteorology and 
chemistry in the stratosphere from both weak and strong coupling strategies. The Canadian 
Meteorological Centre’s operational variational assimilation system was extended to include 
errors of chemical variables and cross-covariances between meteorological and chemical 
variables in a 3D-Var configuration, and we added the adjoint of tracer advection in the 4D-
Var configuration. the added value of limb sounding temperature observations on 
meteorology and transport is shown to be significant. Weak coupling data assimilation with 
ozone–radiation interaction is shown to give comparable results on meteorology whether a 
simplified linearized or comprehensive ozone chemistry scheme is used. Strong coupling 
data assimilation, using static error cross-covariances between ozone and temperature in a 
3D-Var context, produced inconclusive results with the approximations we used. We have 
also conducted the assimilation of long-lived species observations using 4D-Var to infer 
winds. Our results showed the added value of assimilating several long-lived species, and 
an improvement in the zonal wind in the Tropics within the troposphere and lower 
stratosphere. 4DVar assimilation also induced a correction of zonal wind in the surf zone and 
a temperature bias in the lower tropical stratosphere. 

 
6.2. Systematic observations 
 
Systematic observations are ongoing, especially ground-based sites with long records and in the 
Arctic region. All Dobson/Brewer and ozonesondes sites open in the 1950s and 1960s are 
operational. ECCC, within its resources, continues to work on improving the measurements of 
ozone and UV radiation, which includes any technical issues related to instrument performance 
and data analysis. The testing and evaluation of the Pandora spectrometer continue for remote 
sensing of atmospheric composition, including ozone. Comparison of total column ozone 
between the Pandora and Brewer instruments is ongoing. 
 

  

201201



 
 

6.3. Data archiving and stewardship 
 
The WOUDC is operated by the Meteorological Service of Canada at ECCC.  WOUDC continues 
to run in stable operation focusing on contributor support, user inquiries and data 
processing/ingest.  The data centre also continues to focus on standards and interoperability. 
Key enhancements to the WOUDC are as follows: 

• Automated contributor notifications to data providers to encourage ongoing data 
submission 

• Annual contributor verification 
• Website: 

o Improved station information page (displaying data holdings summary) 
o Search improvements (country filtering) 

• Data ingest metadata quality assessment control / correction 
• Nightly dataset snapshots for convenient download of full 
• Centralized Umkehr processing (thank you to NOAA and USask) 
• Release of free and open source tools for data format conversion (SHADOZ/NASA 

AMES/BAS format conversions 
• User support and documentation area (guidebook, working examples and Howtos) 
• New and updated products 

o Trajectory-mapped Ozonesonde dataset for the Stratosphere and Troposphere 
(TOST) 

o Global and zonal total ozone variations estimated from ground-based and satellite 
measurements 

• Interoperability: continued development on data centre interoperability (DCIO) in 
alignment with the GAW Implementation Plan, WMO and Open Data initiatives 

• Website security updates. 
 
6.4. Capacity building 
 
Canada continues to be committed to supporting developing countries to carry out systematic 
observations of the ozone layer. 
 
One tool to support capacity building is Canada’s sponsorship of the Brewer Trust Fund, a multi-
year contribution agreement between ECCC and WMO. The Brewer Trust Fund is valid from 
April 1, 2015 to March 31, 2020, and provides $37,500 CAN per year. It is used for maintaining 
the high quality data collected by Brewer spectrophotometers in developing countries by 
supporting maintenance and calibration of Brewer instruments; participation of personnel at inter-
comparison campaigns; and training on operations and data processing. Between fiscal years 
2017-2020, the Brewer Trust Fund contributed to the following: 

• Attendance of local station operators from developing countries at the 16th and 17th 
WMO-GAW Brewer Operator courses in 2017 and 2019, respectively 

• Participation of local station operators from developing countries at the 14th Regional 
Brewer Calibration Center for Europe (RBCC-E) inter-comparison campaign in 2019. 

 
Moreover, in support of capacity building, ECCC donated three Brewer spectrophotometers to 
WMO for deployment in developing countries as part of the GAW ground-based global ozone 
program. These instruments, no longer used in ECCC’s Brewer network operation, continue to 
be technically viable for monitoring. Prior to donation, the instruments underwent a full technical 
review and were calibrated against the World Brewer Triad. In spring 2019, one donated 
instrument was deployed at the Nairobi regional GAW station by the Kenya Meteorological 
Department with the technical expertise of MeteoSwiss. The WMO Scientific Advisory Group for 
Ozone and UV recommended the deployment of the remaining two instruments at sites in 
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northern Chile and Kyrgyzstan. Implementation of the donated instruments at these sites is 
planned for 2020. Data collected at the Nairobi station and two pending sites will be submitted 
to the WOUDC. 

 
 
7. FUTURE PLANS 
 
One of the main applications ECCC’s ground-based remote sensing network, which includes ozone 
monitoring, is validation of satellite measurements of atmospheric composition related to air quality 
and stratospheric ozone. The satellite validation activities relate to TROPOMI and NASA’s TEMPO 
(Tropospheric Emissions: Monitoring Pollution) mission are as follows: 

• Validation of ozone, NO2, SO2, HCHO, and perhaps other species using Pandora 
instruments, which assures the quality of satellite data over Canada. 

• Validation of ozone and UV index products using the Canadian Brewer Spectrophotometer 
Network as well as ECCC’s ozone data assimilation output and UV index forecasts. 

• Validation of ozone profiles using ozonesonde measurements from Canadian stations to 
ensure satellite stratospheric and tropospheric ozone measurements are suitable for ECCC’s 
UV Index and Air Quality Health Index (AQHI) applications (assimilation, validation, research, 
trend studies, etc.) 

 
Updating of the current ECCC operational UV Index forecasts with the existing research and 
development system is targeted for 2021 to 2022. The new system is anticipated to provide hourly 
forecasts for clear-sky and all-sky UV Index as well as ozone layer forecasts as part of the global 
weather forecasting system. Depending on availability, the assimilated ozone data are expected to 
initially include data from the TROPOMI, OMI, GOME-2, OMPS, MLS-Aura and SBUV/2 instruments 
if not others. These or similar sources will also be incorporated for assimilation as part of the regional 
(and possibly global) air quality forecasting system(s) in the following 3-5 years in combination with 
surface observations. The assimilation of satellite measurements for other constituents will be 
progressive added, beginning with the assimilation of surface observations. While initially using static 
background error covariances with horizontally isotropic and homogeneous correlations, the 
background error covariances will gradually include spatially varying ensemble-based covariances.  
 
 
8. NEEDS AND RECOMMENDATIONS 
 
Recent work from the O3S-DQA and ASOPOS groups has detected an apparent step change in 
ozonesonde response of 2-8% in much of the global network, including most Canadian stations, 
rendering data after early 2015 uncertain (Stauffer et al., 2020). The cause may be an unknown 
change at the manufacturer, or procedure changes, or both. This underlines both the importance of 
continuing the Julich Ozone Sonde Intercomparison Experiment (JOSIE) studies, which replaced 
the older WMO-sponsored periodic field intercomparisons, and the necessity of developing the 
capacity to compare sonde profiles with satellite instruments (both limb and nadir) on an ongoing 
basis, so that such shifts can be detected and investigated promptly. 
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REPORTE NACIONAL PARA LA REUNIÓN No. 11 OMM/UNEP DE LOS 
ENCARGADOS EN LA INVESTIGACIÓN DEL OZONO 

REPÚBLICA DE COLOMBIA 
 
 
1. ACTIVIDADES DE OBSERVACIÓN 
 
El IDEAM es una institución pública de apoyo técnico y científico al Sistema Nacional 
Ambiental del Gobierno Nacional de la República de Colombia, el cual genera 
conocimiento, produce información confiable, consistente y oportuna, sobre el estado y 
las dinámicas de los recursos naturales y del medio ambiente, que facilite la definición y 
ajustes de las políticas ambientales y la toma de decisiones por parte de los sectores 
público, privado y la ciudadanía en general. En ese marco, la Subdirección de 
Meteorología es la dependencia a cargo de producir información sobre el estado de la 
atmósfera, los fenómenos del tiempo, el clima, la variabilidad climática y al cambio 
climático con la resolución espaciotemporal suficiente para garantizar un adecuado grado 
de certidumbre en la toma de decisiones de política económica, social y ambiental en las 
escalas local, regional, nacional y global. Esta Subdirección es la encargada de realizar el 
seguimiento al ozono y la radiación ultravioleta en Colombia y en la actualidad solo 
cuenta con un profesional (funcionario de planta) y un técnico (contratista) encargados, 
entre otras actividades, de este tema. 
 
Respecto al seguimiento del ozono en el país, el IDEAM lo realiza a través de: 
 
- Medición satelital del ozono total, que expresa la cantidad total de ozono contenido en la 
columna vertical de la atmósfera sobre la superficie de la Tierra 
- La medición del perfil vertical del ozono, utilizando ozonosondas que miden las 
concentraciones de ozono en función de la altura o la presión. 
 
 
1.1 SEGUIMIENTO DEL OZONO TOTAL EN COLOMBIA 
 
El IDEAM realiza el seguimiento del ozono total para todo el territorio nacional a través de 
medidas satelitales. Las mediciones de ozono a partir de espectrómetros portados por 
satélites de la NASA, como los mostrados en la figura 1, son usuales hoy en día, ya que 
permiten una visión global de la distribución de la columna de ozono. 
 

 
c. Satélite Earth Probe portador del sensor TOMS 

 
d. Satélite AURA portador del sensor OMI 

 
Figura 1. Equipos empleados en la medición del perfil de ozono y del ozono total. 
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Estas mediciones fueron posibles desde finales del año 1978, fecha en la cual entró en 
operación el satélite Nimbus-7, cuya misión fue observar la Tierra. Este satélite estaba 
dotado de un instrumento para la medida del ozono: el Espectrómetro Cartográfico Total 
de Ozono (Total Ozone Mapping Spectrometer - TOMS), el cual medía la distribución 
global del ozono total. La misión del Nimbus-7 ha sido permanente hasta la fecha 
mediante la prolongación de sus programas con el lanzamiento de otros satélites, como 
el Meteor-3, lanzado en 1991, el Earth Probe en 1996 (con datos disponibles desde el 22 
de julio de 1996 hasta el 14 de diciembre de 2005) y el AURA que porta el Instrumento 
para el Monitoreo del Ozono (OMI - Ozone Monitoring Instrument), el cual se encuentra 
en operación. 
 
El TOMS y el OMI son instrumentos que pueden medir la cantidad total de la columna de 
ozono, desde la superficie hasta el tope de la atmósfera, bajo cualquier condición 
geofísica y a cualquier hora del día. 
 
 
1.2 MEDICIÓN DEL PERFIL VERTICAL DEL OZONO 
 
El IDEAM comenzó a realizar mediciones de la columna vertical de ozono, desde el mes 
de noviembre de 1998, en la estación meteorológica ELDORADO en Bogotá, la cual se 
localizaba en: 
 
Estación	  	   Latitud	   	   Longitud	   	  Altura	  
Bogotá	   	   04°43°N	   74°03°W	   2.546	  m	  
 
Las observaciones de ozono en superficie y altura se efectúan mediante la ozonosonda 
(Ver figura 2), el cual es un analizador de ozono acoplado a una radiosonda, que permite 
medir la concentración del ozono en función de la altura mediante el muestreo del aire 
mientras asciende el globo y que puede llegar hasta altitudes de 30 o 40 Km. La señal del 
analizador de ozono es leída por la radiosonda y transmitida telemétricamente a la 
estación terrena. 
 

 
a. Sensor de ozono (al frente) y equipo calibrador 

(al fondo) 
 

b. Ozonosonda 

 
Figura 2. Equipos empleados en la medición del perfil vertical del ozono. 

 
El ozono es muestreado continuamente durante el ascenso del globo y se obtienen 
perfiles de ozono a partir de la superficie de la Tierra (ver figura 3). El sensor de ozono 
usado en el programa de mediciones en Colombia corresponde a la categoría de Celdas 
de Concentración Electroquímicas (ECC) producido por Vaisala (denominada 
ozonosonda OES - Model 6ª ECC), las cuales, son analizadores que utilizan yoduro de 
potasio, que al reaccionar con el O3 produce yodo libre. En efecto, cada molécula de 
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ozono introducida dentro de la celda produce dos electrones. El aire tomado como 
muestra es bombeado a través de la solución en la celda de reacción y la señal de salida 
es proporcional al número de moléculas de ozono (definida por la cantidad de electrones 
producida) presentes en la muestra de aire. Con una conversión apropiada, la medida de 
ozono es determinada en unidades de presión parcial de ozono. Si la ozonosonda supera 
los 28 Km de altura, se puede determinar el ozono total en Unidades Dobson, calculado 
como la suma del ozono residual más el ozono medido. El ozono residual es una 
estimación del ozono que no fue alcanzado a medir por la ozonosonda y que se 
encuentra en la capa de la atmósfera superior a donde el equipo dejo de enviar 
información, mientras que el ozono medido, es el correspondiente al ozono agregado en 
la columna de la atmósfera que fue analizada. 
 
Los ozonosondeos se realizaron en Bogotá una vez al mes desde noviembre de 1998 
hasta septiembre de 2011, llegándose a obtener 66 lanzamientos exitosos. Estos dejaron 
de realizarse debido a que los ozonosondeos se realizaban en el parqueadero del 
aeropuerto Eldorado y en el año 2012, debido a su ampliación, la infraestructura de los 
sondeos (radio y ozono) fue trasladada a un lugar más céntrico de la ciudad, lo cual 
puede ser riesgoso en el momento de la caída de la ozonosonda. Sus valores, hasta el 
momento, no muestran ningún adelgazamiento de la capa de ozono en esta zona tropical 
y se han presentado dentro de lo normal (entre 230 y 285 U.D. a lo largo del año). 
Además de las concentraciones de ozono, en los ozonosondeos se mide la presión 
atmosférica, altura, temperatura y humedad del aire, así como la velocidad y dirección del 
viento. 

 
Figura 3. Ozonosondeos de Bogotá que han alcanzado mayor altura: el realizado el 22 de 
diciembre de 2005 con 35424 m (azul) y el del 8 de mayo de 2001 con 34247 m (rojo). (Fuente: 
IDEAM, 2010). 

 
En el país solo se han realizado ozonosondeos en la ciudad de Bogotá, aunque existe la 
infraestructura para efectuarlos en las ciudades de Leticia y Riohacha, sin embargo, por 
falta de personal capacitado para llevarlos a cabo y la falta de insumos no se han 
realizado los ozonosondeos en estos sitios. Por otro lado, no se tienen estaciones en el 
país que midan otros gases relevantes para el seguimiento del ozono. 
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1.3 PROGRAMA NACIONAL DE MEDICIÓN DE LA RADIACIÓN ULTRAVIOLETA 

 
El IDEAM ha establecido una red nacional para la vigilancia y monitoreo de la radiación 
ultravioleta, con cinco estaciones convencionales de superficie en el país, ubicadas en: 
Riohacha, Bogotá, Pasto, Leticia y San Andrés. Los lugares fueron escogidos por su 
posición geográfica representativa, tomando en cuenta las variaciones latitudinales a lo 
largo del territorio nacional. 
 
Estación   Latitud  Longitud   Altura 
Riohacha   11° 32ʹ′ N  72° 56ʹ′ W       4 m 
Bogotá    04° 42ʹ′ N  74° 09ʹ′ W  2546 m 
Pasto    01° 11ʹ′ N  77° 18ʹ′ W  2580 m 
Leticia    04° 33ʹ′ S  69° 23ʹ′ W      84 m 
Isla de San Andrés  12° 35ʹ′ N  81° 42ʹ′ W        2 m 

 
Cada estación cuenta con un espectrorradiómetro con cuatro rangos espectrales de 
medida de la radiación ultravioleta en las bandas UV-A, UV-B y la banda integral de la 
radiación activa en fotosíntesis (PAR, por sus siglas en inglés). El espectrorradiómetro 
utilizado es el ultravioleta Biospherical GUV-511 (ver Figura 4a), el cual cuenta con cinco 
canales de medida distribuidos así: UV-B (305 nm), UV-B (320 nm), UV-A (340 nm), UV-
A (380 nm) y el rango entre 400 nm y 700 nm para la radiación visible o activa en 
fotosíntesis (PAR). Los instrumentos realizan medidas puntales en fracciones de segundo 
para cada canal de medida y las integra en intervalos de un minuto; las medidas luego se 
almacenan en valores máximos, integrales horarios y totales diarios. 
 

 (a)  (b) 
 

Figura 4. a) Dos de los Espectroradiómetros Biospherical GUV-511 utilizados por el IDEAM. b) 
Espectroradiómetro Biospherical GUV-2511 utilizado por la Fundación Universitaria Los 

Libertadores. 
 

El espectroradiómetro físicamente consiste en un sensor de cinco canales a temperatura 
controlada, por medio de una interfase que también permite la comunicación con un 
computador personal. Este instrumento ha sido utilizado con éxito en todo el mundo bajo 
las más adversas condiciones climáticas, siendo considerado como un sistema de punta 
en el monitoreo a largo plazo de la radiación ultravioleta y la radiación fotosintéticamente 
activa del espectro solar. 
 
La mayoría de las estaciones fueron instaladas en el año 1998, como se observa en la 
siguiente tabla, pero por diferentes razones dejaron de funcionar en el año 2010. Desde 
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septiembre de 2019 se están reinstalando los sensores de Leticia, la isla de San Andrés y 
Bogotá, a los cuales se les están realizando algunas adecuaciones y pruebas y 
esperamos contar con datos confiables y continuos desde abril del presente año. Sin 
embargo, no se cuenta con mediciones de radiación visible y ultravioleta para el periodo 
2017 – 2020. 
 
 

Tabla 1. Estaciones convencionales de radiación visible y ultravioleta 

Estación 
Inicia 

Información hasta 
Bogotá 1 de enero de 1998 Actualmente se están reinstalando 
Riohacha 1 de agosto de 1998 9 de abril de 2001 
Pasto 1 de enero de 1998 2003 
Leticia 1 de marzo de 1998 Actualmente se están reinstalando 
Isla de San Andrés  18 de noviembre de 1999 Actualmente se están reinstalando 

 
 
1.4 ACTIVIDADES DE CALIBRACIÓN 
 
En los lanzamientos de las ozonosondas se realizaba una precalibración de la celda 
electroquímica el día anterior y otra calibración el día del lanzamiento, según 
procedimiento sugerido por la empresa que suministra los equipos (Vaisala). En la 
calibración de los tres sensores de radiación ultravioleta que se están reinstalando se 
está usando como patrón el sensor GUV 2511 de la Fundación Universitaria Los 
Libertadores, el cual fue enviado en el año 2018 para su calibración a la empresa 
Biospherical en EEUU. Las calibraciones de los tres se realizaron en 2019. 
 
 
2. RESULTADOS DE OBSERVACIONES Y ANÁLISIS 
 
Con base en la información satelital se ha logrado generar la climatología del ozono total 
en el país. Cabe resaltar que el ozono total en la atmósfera varía a lo largo del año sobre 
el país y el mes de enero se caracteriza por presentar los valores más bajos, en el rango 
de 230 a 245 Unidades Dobson (U.D. unidad de medida para determinar la cantidad de 
ozono en toda la columna atmosférica); a partir de febrero se presenta un aumento 
gradual del ozono total sobre el territorio nacional hasta agosto, mes en el que se 
presentan los máximos valores durante el año, en el rango de 265 a 285 UD. A partir de 
septiembre empieza nuevamente la disminución del ozono total hasta el mínimo que se 
presenta en enero. 
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Figura 5. Mosaico de la distribución Promedio de la columna total de ozono en Unidades Dobson. 
Fuente: IDEAM a partir de datos de la NASA 

 
Teniendo en cuenta la información de los espectrorradiómetros Biospherical GUV-511 
utilizados por el IDEAM, en la Figura 6 se presenta el comportamiento del promedio 
mensual del índice UV, obtenido a partir del máximo promedio horario durante el día, en 
las ciudades de Bogotá, Pasto y San Andrés. 
 

 
 

Figura 6. Promedio mensual del índice UV, obtenido del máximo promedio horario en el día en las 
ciudades de Bogotá, San Andrés y Pasto. (Fuente: IDEAM). 
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3. OTRAS INVESTIGACIONES RELACIONADAS CON EL OZONO 
 
Se publicó una Nota Técnica1 en la cual, se presentan los siguientes análisis que se 
efectuaron a partir de 73 ozonosondeosque se realizaron en Bogotá desde 1998: 
 
-  Temperatura de la tropopausa (ºC) 
-  Altura de la tropopausa (metros) 
-  Altura base de la capa de ozono (metros) 
-  Altura de la máxima concentración de ozono y su valor (metros y milipascales) 
-  Ozono superficial (promedio y máxima) 
-  Gradientes de Temperatura 
 
En la mayoría de los análisis se trató de determinar el promedio mensual de la variable 
para poder definir su comportamiento durante el año. 
 
 
4. PUBLICACIÓN DE RESULTADOS 
 
 
4.1 REPORTE DE DATOS 
 
En la décima reunión de investigadores de ozono, se hizo entrega al WOUDC de los 
archivos de los 66 ozonosondeos exitosos realizados en Bogotá hasta el año 2011. 
Desde ese año no hay nuevas mediciones por lo relacionado en la sección 1.2. 
 
 
4.2 INFORMACIÓN AL PUBLICO 
 
• Desde el año 2011 hasta el 2019, se realizó la publicación de los pronósticos del 

índice IUV para 42 puntos (en las 32 capitales de los departamentos del país y en 
otros municipios importantes) a 7 días. Desde el segundo semestre de 2019 se realizó 
la implementación de la nueva versión del modelo GFS en el IDEAM, con el cual se 
pronostica la cantidad de ozono en los 42 puntos, lo que afectó la automatización del 
pronóstico del índice IUV, debido a lo anterior, actualmente no está disponible para 
consulta del público. En el presente año aspiramos a volver publicar el pronóstico del 
índice UV, así como mejorar el pronóstico del índice UV mediante la actualización de 
la versión del modelo TUV y la inclusión de la nubosidad pronosticada por el modelo 
GFS en el modelo TUV. 
• En junio de 2012, la Unidad Técnica Ozono (UTO) del Ministerio de Ambiente y 

Desarrollo Sostenible (MADS), en cooperación con el IDEAM y el PNUD, instaló el 
primer solmáforo en la ciudad de Bogotá, en el recinto ferial CORFERIAS. 
Asimismo, durante el mes de septiembre, como parte de la celebración del Día 
Internacional de la Preservación de la Capa de Ozono, se instalaron cinco 
solmáforos en las ciudades de Cartagena, Cali, Medellín, Pereira y Pasto. El 
Solmáforo (ver figura 7) es un dispositivo que además de permitir la medición 
instantánea de la radiación ultravioleta (UV, entre 280 y 390 nm), empleando 
sensores ópticos, entrega el índice UV mediante el uso del código internacional de 
colores definido por la OMS, la OMM, el PNUD y la Comisión Internacional de 
Protección contra la Radiación no Ionizante. El código de colores en el solmáforo 
hace muy sencillo alertar a la gente sobre la peligrosidad de la radiación 
ultravioleta y sirve para concientizarlos sobre la exposición saludable al Sol. A 

                                                        
1 IDEAM, (2010). Análisis de variables en altura con base en los ozonosondeos realizados en Bogotá. Nota 
técnica: IDEAM–METEO/004-2010. http://www.ideam.gov.co/web/tiempo-y-clima/notas-tecnicas 
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partir de este código, se pueden dar recomendaciones a la población sobre las 
medidas de protección necesarias, tal como están impresas en el pedestal en el 
que se colocaron los solmáforos instalados en el país. Estos equipos no están 
transmitiendo la información a la sede del IDEAM o algún computador para 
almacenamiento, por lo tanto, no está disponible en línea los datos capturados por 
dichos solmáforos. De los 6 solmaforos instalados, actualmente están 
funcionando el de Bogotá (Los Héroes), Cali, Pasto y Medellín. 
 

 
 

Figura 7. Solmáforo instalado en Cartagena. (Fuente: IDEAM). 
 
 
• En el año 2018 el IDEAM presenta la versión en PDF del Atlas de Radiación Solar, 

Ultravioleta y Ozono de Colombia2, con mayor análisis e información actualizada, con 
respecto al atlas del 2015 (en su versión virtual). Este atlas es una herramienta 
fundamental para la valoración de la disponibilidad de la energía solar en el territorio 
nacional y para conocer el comportamiento de la radiación ultravioleta, el ozono y sus 
relaciones, que contribuyen a entender sus efectos en la salud humana. 
 

 
 
5. PROYECTOS, COLABORACIÓN Y CONSTRUCCIÓN DE CAPACIDADES 
 
En la actualidad no tenemos ningún proyecto de colaboración en el tema del ozono. En 
cuanto a radiación ultravioleta solo está la reinstalación de los 3 equipos de radiación UV. 
 
 
6. IMPLEMENTACIÓN DE LAS RECOMENDACIONES DE LA DECIMA REUNIÓN DE 

INVESTIGADORES DE OZONO 
 
Teniendo en cuenta las limitadas capacidades técnicas y de medición para la realización 
de las investigaciones de ozono en el país, Colombia continúa trabajando, pero por el 
momento no podría pronunciarse sobre acciones de implementación realizadas sobre las 
recomendaciones de la reunión anterior. 
 
 

                                                        
2 http://www.ideam.gov.co/web/tiempo-y-clima/atlas-de-colombia 
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7. PLANES FUTUROS 
 
Se tiene el interés gestionar recursos de entidades nacionales o financiamiento externo 
de cooperación internacional, para fortalecer el seguimiento a la radiación ultravioleta y el 
ozono en el país, con el fin de promover la exposición saludable al Sol y evitar sus 
efectos nocivos como el cáncer de piel. 
 
El objetivo es entregar información meteorológica oportuna y de calidad al sector salud, 
mediante la mejora de la disponibilidad de la información de la radiación ultravioleta (UV) 
en el país. Esto contribuye a mejorar la oferta de datos, productos y servicios al sector 
salud  y la posibilidad de hacer mediciones de ozono totales en el proyecto dentro del 
desarrollo del Marco Nacional de los Servicios Climáticos. 
 
Las actividades propuestas son: 
 
ü Adquirir 12 espectroradiometros que midan la radiación ultravioleta y visible, el ozono 

total y generen el índice IUV para reactivar y mejorar la Red Nacional de radiación 
ultravioleta. 

ü Procesar los datos de radiación ultravioleta, visible y ozono de estos sensores (análisis 
y validación de la información) y generar productos en la página web del IDEAM 
(tiempo real, climatologías y mejoramiento del pronóstico del índice UV). 

ü Desarrollar e implementar un aplicativo tecnológico (APP), para la publicación de los 
productos que se generen en el objetivo anterior. 

 
Coordinación: Grupo de Climatología y Agrometeorología de la Subdirección de 
Meteorología del IDEAM 
Valor total estimado: 1.900 MILLONES DE PESOS (MIL NOVECIENTOS MILLONES DE 
PESOS). Aproximadamente 600.000 dólares. 
Tiempo estimado de ejecución: 24 MESES 
 
 
8. NECESIDADES Y RECOMENDACIONES 
 
Como se presenta a lo largo de este reporte nacional, en el tema de seguimiento del 
ozono total y la radiación ultravioleta, se necesitarían construir capacidades en el país en 
lo relacionado con equipos (principalmente para reactivar, mejorar y ampliar la red 
nacional de radiación ultravioleta); insumos para realizar los ozonosondeos en Bogotá, 
Leticia y Riohacha, así como para fortalecer el recurso humano profesional y técnico que 
realizaría las investigaciones en estos temas. El IDEAM viene adelantando la creación de 
un Centro de formación para promover los conocimientos en sus áreas misionales, 
promoviendo programas de pregrado y postgrado de la mano del SENA, la Universidad 
Nacional y la Organización Mundial de Meteorología. 
 
Se recomienda considerar la posibilidad de intercambios de experiencias sobre las 
mejores prácticas y de programas regionales de fortalecimiento de capacidades en 
relación con las investigaciones en ozono, teniendo en cuenta las brechas de medios 
para la implementación y de capacidades institucionales en los países de América Latina 
y el Caribe que pudieran existir en los institutos de investigación de los Gobiernos 
Nacionales de nuestros países. Colombia tendría una iniciativa en sus planes futuros que 
se podría explorar, con la visión de construir capacidades replicables a terceros países, 
más adelante. 
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COMOROS 

1. OBSERVATIONAL ACTIVITIES 

Ozone monitoring and research activities are planning to be achieved by the National agency 
of Civil Aviation and Meteorology (ANACM) in collaboration with Comoros Ozone office located 
in the ministry of Environment. Thus a research project aiming to implement an ozone 
observatory is submitted in 2017 for funding under the Vienna Convention named “General 
Trust Fund for Financing Activities on Research and Systematic Observations Relevant to the 
Vienna Convention”. The objective of the project is to use a new ground based instrument as 
known as SAOZ in order to measure Total Colum Ozone and NOx.  The project is approved 
by the Advisory Committee of the Trust Fund during its last meeting held on 20 February 2019. 
Here the committee decided to support the proposal by Comoros at the amount of US$ 45,000. 
Note that this amount is less than that requested (US$72,000), Thus National agency of Civil 
Aviation and Meteorology (ANACM) are looking for other way to find the additional fund to 
complete the project. Meanwhile, researchers from the ANACM in collaboration with the South 
Africa Weather Service, are carrying out research on the analysis of tropospheric and 
stratospheric ozone variability and trend in South Africa, notably on Pretoria where 
measurements of the TCO have been performed since the 90s. Some obtained results of this 
study will be presented in this report. 

Regarding UV monitoring and research activity, the ANACM is part of UV indien Network 
since September 2019 and UV index over Moroni is measured by using a broadband UV 
radiometer since 7 December 2019. Additional parameter as known as cloud nebulosity is 
also observed in order to well monitor UV and to make research on UV index evolution and 
its impact on biosphere 

1.1. Ozone  observation 

Total column of Ozone is planned to be measured by a SAOZ instrument.  The SAOZ operates 
in the visible and ultraviolet spectral bands in which measures the sunlight scattered from the 
zenith sky in the wavelength range between 300 nm and 600 nm.  The spectral resolution 
value is evaluated to 0.8 nm.  SAOZ instrument is dedicated to measure total ozone and 
nitrogen columns under a solar zenith angle up to 91°.  Observation are planned to be 
performed during sunrise and sunset with a precision of 3 and 5% respectively. The daily 
average will be taken as the mean of sunrise and sunset measurements. 

However in the framework of research collaboration with SAWS (South Africa weather Service) 
Total column and tropospheric partial column of Ozone are observed using AURA satellite 
instruments (OMI and MLS) overpass over Irene (Pretoria station). Data retrieved from satellite 
are validated by inter-comparison with data from SHADOZ ozonesonde or from Dobson 
instrument operational at Irene 

1.2. UV observation 

UV index measurements are achieved at Moroni station using a SUV (Smart Ultraviolet) 
Radiometer.  The UV radiometers SUV series is designed to measure global UV irradiance in 
the different UV bands: 

- SUV-A covers the range between 315 and 400 nm 
- SUV-B covers the range between 280 and 315 nm 
- SUV-E is designed to match the sensitivity of the human skin with regard to the ISO 

1766:1999 / CIE S 007 / E-1998. 
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The UV-Index can be calculated from the SUV-E output. The radiometers are designed for 
continuous outdoor use in routine monitoring applications with the sun as a source. It can also 
be used in indoor applications, bearing the specifications of the source (generally a lamp) and 
of the radiometer in mind. 

Cloud nebulosity measurement are achieved via imagery camera as known as the SkyCam 
vision. 

The SkyCam Vision is a camera system used by the InstaCast firmware, which provides 
forecasts every 30 seconds from whole-sky images acquired in the visible waveband using a 
fisheye lens. The camera sensor is set in a high definition range (HDR) mode to construct a 
fused image from intermediate images at different exposure times. The resulting image shows 
enhanced contrasts and illuminations of cloud scenes as compared to cameras with no HDR 
mode. The camera includes a global horizontal irradiance (GHI) sensor used as a “truth” 
measurement basis to perform the forecasts. The camera also includes an onboard mini-PC 
together with a data storage device to perform a local processing of the images. The forecasts 
are communicated directly over the local network of the power plant to the energy management 
system (EMS) through Modbus TCP/IP protocol. The cloud fraction and nebulosity are 
retrieved using a cloud classification method 

2. RESULTS 
 
2.1. Ozone evolution and trend 

Work presented here is the first result obtained from analysis of tropospheric and stratospheric 
partial columns of ozone obtained from 20 years (1998-2017) of observation over the southern 
Africa and especially at Irene station. The stratospheric partial ozone are obtained by 
subtracting the tropospheric partial column of ozone from the total column of ozone. 

20 years’ time-evolution of total column ozone is constructed by merging monthly data 
recorded from TOMS (January 1998-december 2005) and OMI (august 2004- December 2017) 
satellite instruments. A preliminary work is performed to assess the agreement between OMI 
and TOMS observation using comparative method. Good agreement is found between the two 
observations which is highlighted by  a bias of 2.42% ±1.34 (1σ) and correlation coefficient 
higher than 0.98 during the over-lap period where the two instruments are operational. Due to 
this agreements, TOMS data are adjusted to OMI in order to harmonise the two observations. 
Total column ozone time-evolution is obtained by averaging TOMS adjusted data and OMI 
data. The merged satellite time-evolution data are shown as a dotted blue line in Fig 1 

 
Figure 1: time-evolution of total column of ozone observed by TOMS (black) and OMI (red). The combination of the 
two observation is in blue dotted line. 
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Previous studies (Toihir et al., 2018, Thompson et al. 2014) were shown that the total column 
of ozone increase over the site. Toihir et al. (2018) have found an upward trend of about 1.7% 
per decade over Irene from 1998 January to December 2012. However many question remain 
on sources of the positive observed trend. Additional details were necessary to define if the 
observed trend is due to an increase of stratospheric ozone as a result of a success 
implementation of the Montreal protocol or to a systematic increase of the tropospheric ozone 
as consequence of anthropogenic emission of ozone precursors (NOx , COV , CO). The 
present work is a continuity of Toihir et al. (2018) on Irene station. The aims are (i) to extend 
the ozone dataset until December 2017 in order to construct 20 years of observation, to (ii) 
explore methodology allowing to separate tropospheric and stratospheric partial column ozone 
and (iii) to evaluate the new trends of each partial column of ozone. 

Tropospheric column of ozone time-series is constructed by merging OMI/MLS tropospheric 
ozone data and tropospheric column ozone retrieved from SHADOZ ozone profile recorded 
over Irene. Note that the ozonesonde profile from SHADOZ match well MLS profile. One can 
see from Figure 2 the existing of good agreement between the two observations.  The 
tropospheric column of ozone is retrieved by integration the ozone concentration (mol.cm-3) 
from ground to ozone tropopause height which vary at Irene as mentioned in Table 1: 

 
Figure 2: monthly ozone profile measured by SHADOZ ozonesonde (blue) and MLS satellite 
instrument in February 2017. 

 

Table 1: climatological variation of the height ozone tropopause. 

Month 1 2 3 4 5 6 7 8 9 10 11 12 
Height  14.85 15.35 15.44 14.20 15.03 14.75 14.47 13.79 13.61 13.36 13.66 14.61 
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The construction of 20 years evolution of tropospheric column of ozone consist to average 
SHADOZ data with the adjusted satellite data recording during the  period from august 2004 
to December 2007. 

 
Figure 3: time-evolution of the tropospheric column of ozone recorded by ozonesonde (blue) and OMI/MLS (black) 
satellite instrument. 

The time-series of stratospheric column of ozone (SCO) is obtained by subtracting the 
tropospheric partial column of ozone from the total column of ozone. The obtained SCO time-
evolution data are shown as blue line in Figure 5 while the TCO is marked in black line. SCO 
over Irene has annual variability with maximum and minimum in winter and spring respectively 

 

 

Figure 4: time-evolution total column of ozone (red) and stratospheric column of ozone (magnate) recorded obtained 
by subtracting of the tropospheric partial ozone to total column of ozone. 

 

2.2. Ozone trend 

The trend analysis has been achieved using a multivariate model including dynamical, 
parameters (ENSO, QBO, solar flux, seasonal oscillations) having influence on ozone 
variability and trend over the site. The model generate a long-term linear function to define the 
trend index. This function is used among the model parameters to calculate the trends. The 
trend value   is assessed basing on the slope of the normalized trend function. 
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Obtained results are presented in Figure 6. 

 
Figure 6: time-evolution and trend as defined by the model (black) and observation. 

One can see through Figure 6 that model fit well observation and the correlation between 
model and observation are very significant and apparent. The calculated trends from the 
multivariate model are presented in table 2 

Trend in % per decade  Total Column of 
Ozone 

Stratospheric 
Column of Ozone 

Tropospheric 
Column of Ozone 

Trend  0.86% -0.025% 6.45% 
Error  ±0.55 ±0.01 ±1.13 

 

The presented results highlight an increase of total column ozone during the study period 
which is expressed by a slight upward trend assessed at 0.86%±055 (1σ) per decade, while 
the stratospheric ozone decrease with a rate of -0.025%±0.01(1σ) per decade. Note that 90% 
of ozone is found in the stratosphere. Thus the slight increase observed in total column of 
ozone in this area is due to a significant increase of tropospheric ozone, probably as a result 
of an increase of greenhouse gases from industrial activity or  and the biomass burning activity 
over Africa. Here the tropospheric column ozone increases with a rate of 2DU (6.45% ±1.13 
(1σ)) par decade. This results indicate that declining of effective equivalent stratospheric 
chlorine (EESC) is not significant up to now, stratospheric ozone continuous to decrease. Thus 
many efforts have to be deployed for the ozone layer recovery 

2.3. UV result 

Ultraviolet measurements are achieved at Moroni station (-11.71, 43.24) since 7 December 
2019 in the framework of UV-indien project. Here we present the first result obtained from the 
L2 product recorded in January 2020 a month in which clouds and rains are often observed 
over the site due to deep atmospheric convection. The mean daily of UV Index is calculated 
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by averaging UVI values recorded between 5am and 5pm. The figure present the daily value 
of UV index time evolution in January 2020 

 
Figure 7: UVI time evolution in January 2020 at Moroni Station 

 

This value varies from 0.15 to 6.23. Lower and higher UV index values are observed during 
cloud and clear sky respectively. The January 2020 mean value is around 4. Thus a protection 
is required especially during the clear sky time. Note that the UV index value increase with the 
increase of altitude. Experience has been performed the 12 January by measuring the 
evolution of UV index from 300m to 2300m using a UV detector type “solar meter Model 6.5 
UV index”. The experience consist to measure the UVI each 10min from 7am to 2pm.  The 
vertical resolution is assessed at 43m.  The results are presented in this figure. 

 
Figure 8: UVI profile recorded the 12 January 2020 from 7 am to 2 pm with a time resolution of 10min. 
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It is clear from the figure that UVI increase with altitude and can reach a value higher than 20 
at 2000m. We can conclude from this experience that Comoros is among the tropical countries 
where ultraviolet radiation is very high. 

3. FUTURE PLANS, NEEDS AND RECOMMENDATIONS 

The agency of civil aviation and meteorology of Comoros (ANACM) in collaboration of 
Comoros ozone office are planning to implement an ozone observatory where many 
parameters can be observed.  In addition to UV index and cloud nebulosity, the ANACM make 
a plan to develop observation and research on ozone, NO2, aerosol and ozone precursor 
particles such as CO, VOC. 

 We need 

- a SAOZ for total column ozone and NO2 measurements 
- a Sun-Photometer for aerosols measurement 
- a CO and COV analysers 

Capacity building is required to increase capabilities of the preparation and submission of the 
ORM Comoros national report and support high quality data collection and research on 
modelling ozone variability and trend. 
 

 

 

 

 

 

 

 

 

 

 

 

 

ABDOULWAHAB Mohamed Toihir 
PhD in Atmospheric Physics 
Responsible of ANACM climate and environment service 
Comoros Ozone Research Manager 
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11th Meeting of the Ozone Research Managers of the Parties to the Vienna 

Convention 

Geneva, Switzerland, 21 to 23 July 2021 

National Report from CUBA 

OBSERVATIONAL ACTIVITIES  

Measurements of total ozone content carried out with Dobson Spectrophotometer 

No. 67 in Havana were restarted beginning 1 March 2021, after having been interrupted 

for some time due to various causes. In 2021, despite the COVID pandemic, the 

specialists involved in the ozone measurements made a special effort to restore 

continuity to the program of ozone monitoring in Havana. 

The latest data from ozone measurements in Havana, covering the period March 

through June of 2021, were forwarded recently to the WOUDC. 

The Atmospheric Optics Group of the Meteorological Center in Camagüey has 

complied with the measurements program for the Province of Camagüey with the 

CIMEL Solar Photometer, as a part of the Aeronet international network. 

UV measurements 

As regards measurements of solar UV radiation, there is at present no Monitoring 

Program in effect in Cuba. 

Recently, a Proposal entitled “Monitoring of Solar Spectral Radiation in the City of 

Havana” was submitted to the Montreal Protocol Trust Fund for the purpose of 

acquiring an Array Spectroradiometer. This instrument will be used to measure solar 

UV radiation in Havana and to validate UV forecasts made with radiative transfer 

models such as TUV1 and libRadtran2, which in turn will be used to provide national 

UV Index estimates for the Cuban population and for tourists visiting the country.  

Calibration activities 

In March 2019, Dobson Spectrophotometer No. 67 participated in the intercomparison 

carried out in Buenos Aires, Argentina. Cuba was unable to send any specialists to the 

 
1 https://www2.acom.ucar.edu/modeling/tropospheric-ultraviolet-and-visible-tuv-radiation-model 
2 http://www.libradtran.org/doku.php?id=start 
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intercomparison, but the instrument was operated by our colleagues in the Argentinian 

Meteorological Service, to whom we are deeply grateful. 

Data reporting 

As previously noted, the data for the period March-June, 2021 have been forwarded to 

WOUDC. The CIMEL solar photometer, which is part of the Aeronet network and is 

installed at the Camagüey Meteorological Center, continues to operate without 

problems3. 

Public Information 

Up to this point we have not been able to provide public information on UV Index 

values for the entire country. We expect that the acquisition of the Array 

Spectrophotometer under the proposal to the Montreal Protocol Trust Fund will allow us 

to validate and tune the output of the TUV model, which can then be used to forecast 

UV radiation and UV Index values for the entire island.  

Relevant scientific papers 

Following is a list of the most relevant scientific reports, papers in refereed journals, and 

conference presentations.  

Contribution to the UNEP Integrated Assessment of Short-Lived Climate Pollutants for 

Latin America and the Caribbean: 

Gallardo, L., O. Mayol-Bracero and L. C. Belalcazar, Eds., 2018, Integrated Assessment 

of Short-lived Climate Pollutants in Latin America and the Caribbean. Improving 

air quality while contributing to climate change mitigation. United Nations 

Environment Programme, Climate and Clean Air Coalition, ISBN: 978-92-807-

3549-9, 194pp. 

Contribution to the Green Paper on NASA TEMPO (Tropospheric Emissions: 

Monitoring of Pollution) Satellite Mission: 

Chance, K. et al., TEMPO Green Paper: Chemistry, physics, and meteorology 

experiments with the Tropospheric Emissions: monitoring of pollution instrument, 

 
3 https://aeronet.gsfc.nasa.gov/cgi-
bin/data_display_aod_v3?site=Camaguey&nachal=2&level=1&place_code=10 
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Proc. SPIE 11151, Sensors, Systems, and Next-Generation Satellites XXIII, 

111510B (10 October 2019), http://doi.org/10.1117/12.2534883  

Papers Published in Peer Reviewed Journals: 

Rodriguez, A. and Antuña-Marrero, J. C., 2017, Standardizing the determination of the 

molecular backscatter coefficient profiles for LALINET lidar stations using ERA-

Interim Reanalysis,  Opt. Pura y Aplic., 50, pp. 103-114, 

http://doi.org/10.7149/OPA.50.1.49013 

Antuña-Marrero, J.  C. et al., 2017, LALINET: The First Latin American–Born 

Regional Atmospheric Observational Network. Bull. Amer. Meteor. Soc., 98, 

1255–1275, https://doi.org/10.1175/BAMS-D-15-00228.1 

Rodriguez-Vega, A., Antuña-Marrero, J. C., Mesquita, M. D. S., Robock, A., Toniazzo, 

T. and Otterå, O. H., 2017, How well does the European Centre for Medium-

Range Weather Forecasting Interim Reanalysis represent the surface air 

temperature in Cuban weather stations?  Int. J. Climatol. 

https://doi.org/10.1002/joc.5239 

Domínguez-Castro, F., J. et al., 2017, Early meteorological records from Latin-America 

and the Caribbean during the 18th and 19th centuries, Scientific Data Journal, 4, 

170169  https://doi.org/10.1038/sdata.2017.169 

Landulfo, E., et al., 2018, Lalinet status stations expansion and lidar ratio systematic 

measurements. EPJ Web of Conferences, v. 176, p. 09002, 

https://doi.org/10.1051/epjconf/201817609002 

Antuña-Marrero, J. C., V. Cachorro Revilla, F. García Parrado, Á. de Frutos Baraja, A. 

Rodríguez Vega, D. Mateos, R. Estevan Arredondo, and C. Toledano, 2018, 

Comparison of aerosol optical depth from satellite (MODIS), sun photometer and 

broadband pyrheliometer ground-based observations in Cuba. Atmos. Meas. Tech., 

11, 2279–2293, https://doi.org/10.5194/amt-11-2279-2018 

Lopes, J. S., F. Silva, J. J., Antuña-Marrero, J. C., Taha, G., Landulfo, E., 2019, 

Synergetic Aerosol Layer Observation After the 2015 Calbuco Volcanic Eruption 

Event. Remote Sens. 2019, 11, 195. https://doi.org/10.3390/rs11020195 

Antuña-Marrero, J. C., F. García, R. Estevan, B. Barja and A. Sánchez-Lorenzo, 2019, 

Simultaneous dimming and brightening under all and clear sky at Camagüey, 

Cuba (1981–2010), Journal of Atmospheric and Solar-Terrestrial Physics, 190, 1 

September 2019, 45-53. https://doi.org/10.1016/j.jastp.2019.05.004 
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Workshop for GOAC, 30th Anniversary: 

Antuña-Marrero, J. C., A. Rodriguez-Vega, and A. Robock (2019), Three decades of 

atmospheric optics research in Camagüey, Cuba, Eos, 100, 

https://doi.org/10.1029/2019EO116899 

Presentations in International Meetings and Conferences: 

Antuña-Marrero, J. C., M. d. S. Mesquita, O. H. Otterå, A. Robock and A. Rodriguez, 

2016: Bilateral collaboration between Norway and Cuba: From research to 

informed climate change adaptation measures for food security, 4th NORDIC 

CONFERENCE ON CLIMATE CHANGE ADAPTATION, “From Research to 

Actions and Transformation”, Bergen, Norway, August 29 -31, 2016. 

Antuña-Marrero, J. C., 2017: Instrumental facilities at Camagüey Meteorological Center 

(CMC), Cuba. GRUAN ICM-9, June 12-17, Helsinki, Finlannd. 

Antuña-Marrero, J. C., V. Cachorro, F. García-Parrado, A. Frutos, A. Rodríguez, C. 

Toledano, R. Arredondo. D. Mateos, A. Calle, 2017:  An intercomparisom of 

aerosol optical depth (AOD) measurements in Cuba from MODIS satellite sensor 

and ground-based sun-photometer and pyrheliometers, 5th International 

Symposium Recent Advances in Quantitative Remote Sensing, September 18-23, 

Torrent, Spain, Poster. 

Antuña-Marrero, J. C., 2017: Facilities at Camagüey Meteorological Center (CMC), 

Cuba. Regional Steering Group Meeting of the Pan American Sand and Dust 

Storm Warning Advisory and Assessment System (WMO SDS-WAS), October 4 – 

5, Bridgetown, Barbados. 

Antuña-Marrero, J. C., E. Landulfo, H. M. Barbosa, F. Lopes, J. L. Guerrero-Rascado, 

R. Estevan-Arredondo, A. Rodríguez Vega, B. Barja Gonzalez and D. Alves 

Gouveia, 2018: One step further in the objectives of LALINET: preparation for 

the next major volcanic eruption & validations of the UTLS aerosols 

measurements from EarthCare and Sage III satellite missions.  Chapman 

Conference on Stratospheric aerosol in the post-Pinatubo era: Processes, 

Interactions and Importance, Poster, 18-23 March, Puerto de la Cruz, Tenerife, 

Spain. 

Antuña-Marrero, J. C., A. Rodríguez Vega, R. Estevan-Arredondo, F. Garcia Parrado, J. 

R. Lachicott and J. C. Antuña-Sánchez, 2018: Long-term strategy for sustainable 

223223



 

 
 

scientific research on atmospheric radiative transfer in Cuba: GOAC’s 30-year 

experience.  Oral, International Conference on the Management of Energy, 

Climate and Air for a Sustainable Society, MECAS2018. July 4 – 6, Havana, 

Cuba. 

Antuña-Marrero, J. C., A. M. de Frutos, A. Rodríguez Vega, V. E. Cachorro, R. 

Estevan-Arredondo, F. Garcia Parrado, J. R. Lachicott and J. C. Antuña-Sánchez, 

2018: Data rescue and calibration facilities to support sustainable scientific 

research on solar radiation in Cuba.  Poster, International Conference on the 

Management of Energy, Climate and Air for a Sustainable Society, MECAS2018. 

July 4 – 6, Havana, Cuba. 

Antuña-Sánchez, J. C., R. Estevan, J. C. Antuña-Marrero, V. E. Cachorro, R. Román, A. 

M. de Frutos, A. Rodríguez Vega, F. García Parrado and C. Toledano, 2018: 

Climatology of solar radiation in the actinometrical station of Camagüey, Cuba, 

1981-2016.  Poster, International Conference on the Management of Energy, 

Climate and Air for a Sustainable Society, MECAS2018. July 4 – 6, Havana, 

Cuba. 

Rodríguez Vega A. and J. C. Antuña-Marrero. Rescued Laser Radarmeasurements of 

the Mount Agung 1963 volcanic eruption. Poster, São Paulo School of Advanced 

Science on Frontiers in Lasers and their Applications and 16th edition of the 

Swieca School on Non-Linear and Quantum Optics. Center for Laser and 

Aplications - CLA. Institute for Nuclear and Energy Research – IPEN/SP. São 

Paulo, Brazil, July 16th to 27th, 2018. 

Antuña-Marrero, J. C., 2018: “LALINET Phase II: Lidar measurements of upper 

tropopspheric and lower stratospheric aerosols.", Center for Laser Applications, 

Instituto de Pesquisas Energéticas e Nucleares, September 7th , São Paulo, Brazil. 

Antuña-Marrero, J. C., 2018: “Research uses of broadband aerosol optical depth.” 

School of Atmospheric Measurements in Latin America and the Caribbean: 

Atmospheric Particles and Reactive Gases (SAMLAC), Nov. 11 – 17, San Juan, 

Puerto Rico 

Antuña-Marrero, J. C., 2018: “Long-term strategy for sustainable scientific research on 

atmospheric radiative transfer in Cuba:  GOAC’s 30-year experience”, X 

Workshop Lidar Measurements in Latin America (X-WLMLA), November 19 to 

23, 2018, Medellín, Colombia 
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Antuña-Marrero, J. C., G. Mann, D. Winker, S. Young, N. Bellouin, S. Dhomse, and L. 

Thomason, 2019, Combining ship-borne, airborne and early Southern Hemisphere 

ground-based lidar measurements with global model predictions to improve early 

phase dispersion in an improved aerosol extinction data sets for the 1991 Mount 

Pinatubo aerosol cloud, EGU General Assembly 2019, Geophysical Research 

Abstracts, Vol. 21, EGU2019-18021, 2019 

García, F, J. C. Antuña-Marrero and A. Rodríguez, 2019. Aerosol optical depth 

properties climatology over Cuba derived from satellite and groundbased 

instruments. PICO Presentation. EGU General Assembly 2019, Viena, Austria, 

April, 2019. 

García, F., 2019. Trends of Broadband Aerosol Optical Depth and solar radiation 

variables at four surface stations in Cuba. Poster. São Paulo School of Advanced 

Science on Atmospheric Aerosols:  Properties, Measurements, Modelling and 

Effects on Climate and Health, July 21st – August 2nd, 2019, São Paulo, Brasil. 

Antuña-Marrero, J. C., A. Rodríguez Vega, R. Estevan Arredondo, F. Garcia Parrado, J. 

Ri. Lachicott, J. E. Díaz Vener y J. C. Antuña-Sánchez, 2019, Tendencias de las 

temperaturas del mar y la radiación solar en el Gran Caribe. XV CONGRESO 

INTERNACIONAL DE INVESTIGACIÓN CIENTÍFICA Simposio: ESTADO DEL 

CLIMA EN EL CARIBE HISPANO, Santo Domingo, República Dominicana, 

Junio 5-7, 2019, http://doi.org/10.13140/RG.2.2.32365.64485 

Antuña-Marrero, J. C., A. Rodríguez Vega, R. Estevan Arredondo, F. Garcia Parrado, J. 

Ri. Lachicott, J. E. Díaz Venero y J. C. Antuña-Sánchez, 2019, 30 años de 

investigaciones de Óptica Atmosférica en Cuba. XV CONGRESO 

INTERNACIONAL DE INVESTIGACIÓN CIENTÍFICA Simposio: ESTADO DEL 

CLIMA EN EL CARIBE HISPANO, Santo Domingo, República Dominicana, 

Junio 5-7, 2019, http://doi.org/10.13140/RG.2.2.27332.48007 

Antuña-Marrero, J. C., V. Cachorro, A. Rodríguez Vega, A. de Frutos, F. García 

Parrado, y J. C. Antuña-Sánchez, 2019, Comparación de las mediciones del EOA 

de MODIS con instrumentos en superficie en Cuba: garantía de consistencia en las 

investigaciones, XVIII Conferencia de la Soc. de Teledetección Española, (Eds. 

Luis A. Ruiz, Javier Estornell, Abel Calle y Juan Carlos Antuña-Sánchez). pp. 

185-188. 2019. ISBN: 978-84-1320-038-5. 
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Mogo S., B. Barja, V. Cachorro, R. Barroso, R. Monteiro, Á. de Frutos, R. Estevan, J. 

C. Antuña-Marrero, 2019, Spectral dependence of aerosol light absorption over 

Camagüey obtained from an integrating sphere spectral system. Proc. SPIE 11207, 

Fourth International Conference on Applications of Optics and Photonics, 

112070F (October 3rd 2019); http://doi.org/10.1117/12.2526552 

K. Chance et al., "TEMPO Green Paper: Chemistry, physics, and meteorology 

experiments with the Tropospheric Emissions: monitoring of pollution 

instrument," Proc. SPIE 11151, Sensors, Systems, and Next-Generation Satellites 

XXIII, 111510B (October 10th 2019); http://doi.org/10.1117/12.2534883 

E. Landulfo at al., LALINET network status. In: 29th ILRC, Hefei, China, 24-28 June 

2019. 

PROJECTS, COLLABORATION, TWINNING AND CAPACITY BUILDING 

At this time, we have no twinning collaborations with any foreign institution. However, 

we intend to accept the invitation from our Mexican colleagues to participate in the 

network for monitoring UV radiation in Central America and the Caribbean that is 

being planned by the Solarimetric Network of Mexico. 

FUTURE PLANS 

We expect to consolidate a stable program of ozone measurements at the station in 

Havana and to install the Array Spectroradiometer that we have solicited under our 

proposal to the Montreal Protocol Trust Fund described above. This instrument will 

allow us to measure spectrally-resolved UV radiation and to prepare UV Index 

forecasts, to be made public through the website of the Institute of Meteorology and 

other public information media, like TV and radio. 

The Atmospheric Optics Group in Camagüey will continue their research into the 

optical properties of atmospheric aerosols. 

NEEDS AND RECOMMENDATIONS 

We would like to point out that the Solar Radiation and Ozone Monitoring Group at the 

Institute of Meteorology, as well as the Optics Group at the Camagüey Meteorological 

Center are interested in establishing collaborations with any willing foreign institutions. 

226226



 

 
 

 
This report was prepared by: 
Juan Carlos Peláez Chávez 
Group on Solar Radiation and Monitoring of the Ozone Layer 
Center for Atmospheric Physics 
Cuban Institute of Meteorology 
Contact email: juan.pelaez@insmet.cu 
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Czech Republic – National Report for the 11th WMO/UNEP 
Ozone Research Managers Meeting 

Geneva, 1-3 April 2020 
	  
	  

In the Czech Republic (CR), the ozone and UV monitoring and research activities are 
mostly carried out at the facilities of the Czech Hydrometeorological Institute (CHMI). In the recent 
years, the scientists from the Institute of Atmospheric Physics of the Czech Academy of Sciences, 
Prague (IAP-CAS) were involved in investigation of the relation between ozone and the processes 
in the upper atmosphere. 
	  
1. OBSERVATIONAL ACTIVITIES 
	  
Long-term monitoring of the ozone layer started in CR six decades ago, in 1961, as a contribution 
to the initiative of the International Geophysical Year and later to the GAW Programme of WMO. In 
1994, measurements of UV spectral and erythemal radiation have been implemented at the Solar 
and Ozone Observatory (SOO-HK) to couple the monitoring of both important environmental 
parameters. Currently these activities become more integrated into the projects and in-situ 
infrastructure of the European Union. Significant attention is paid to the scientific presentation of 
the outputs and to the public information. 
	  
1.1 Column measurements of ozone and other gases/variables relevant to ozone loss. 
	  
Uninterrupted daily observations of total ozone column (TOC) by the Dobson D#074 (since 1961), 
Brewer MK-IV B#098 (since 1994) and MK-III B#184 (since 2004) spectrophotometers have been 
performed at SOO-HK in Hradec Kralove. The TOC measurements are regularly deposited into the 
World Ozone and UV Data Center (WOUDC) in Toronto as free available data sets and to the 
Total Ozone Mapping Center operated by Environment Canada for the daily mapping of the TOC 
geographical distribution. 
	  
The results of O3M-SAF for Central Europe were made available for the public at the CHMI web 
portal (http://portal.chmi.cz/files/portal/docs/meteo/sat/data_jso3msafview.html). 
	  
Since 2010, the Brewer MK-III spectrophotometer B#199 of CHMI has been operated at the station 
Marambio Base in Antarctic Peninsula, under the bilateral cooperation of CR and Argentina. All 
available functions of the Brewer spectrophotometer are implemented in the measurement 
schedule (TOC, UV, Umkehr). This international project is supported by the Ministry of the 
Environment of the Czech Republic and the State Environmental Fund of the Czech Republic as a 
contribution of CR to the monitoring of the ozone layer in the polar regions.	   This project was 
finished in early 2020. 
	  
1.2 Profile measurements of ozone and other gases/variables relevant to ozone loss 
	  
Since 1978 the balloon-borne ozone profiles monitoring programme using the electrochemical 
ozone sondes has been performed at the Upper Air Department (UAD) of CHMI in Prague. 
Currently the ECC 6A ozone sensors connected with VAISALA RS41 radiosondes monitored by 
the VAISALA MW 41 ground sounding system are launched three times a week from January to 
April. The vertical profiles of ozone from the ground to about 30 km, with a vertical resolution of 
approx.30 m are submitted to the WOUDC and NDACC data bases, as well. 
	  
Regular daily measurements of the vertical distribution of ozone to about 50 km by the Umkehr 
inverse technique are performed at SOO-HK by the Brewer spectrophotometers. A special 
software package was developed by the experts from SOO-HK and NOAA Boulder that is used for 
operation of the instruments and data processing. 
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Umkehr measurements continued at the Marambio Base, Antarctica, with the help of B#199 
(MKIII) till the end of the project in January 2020. 
	  
1.3 UV measurements 
	  
1.3.1 Broadband measurements 
	  
The UV-Biometers were operating at three CHMI stations (Hradec Králové, Košetice and 
Kuchařovice), which are located in three typical climate and geographical regions of CR. The 10-
minute erythemal irradiances (EUV) are collected in the near-real-time at SOO-HK, archived in the 
CHMI CLIDATA database and presented at the web Portal of CHMI (http://portal.chmi.cz/aktualni-
situace/aktualni-stav-pocasi/ceska-republika/ozonove-a-uv-zpravodajstvi) together with the actual 
TOC and UV-Index values. 
	  
In November 2020, the 4th UV biometer was installed at mountain station Luční bouda (Krkonoše 
mountains, 1415 msl) 
 
1.3.2 Narrowband filter instruments 
 
Since January 2013, the narrowband spectral measurements of the solar radiation have been 
carried out at SOO-HK using the 10-channel SPUV-10 filter sun photometer (Yankee Env. 
Systems, Inc, USA). The instrument measures irradiances at 10 selected wavelengths from UV to 
IR parts of the solar spectrum (316.6, 331.7, 367.3, 413.4, 495.8, 613.4, 672.0, 869.4, 938.3 and 
1023.6 nm). This enables the calculation of atmospheric parameters related to ozone (AOD, NOx, 
vertically integrated water vapor amount, SO2). 
 
1.3.3 Spectrophotometers 
 
Spectral measurements of UV solar radiation are performed with both Brewer spectrophotometers 
at SOO-HK (B#098 MK-IV 290-325 nm, B#184 MK-III 290-363 nm). The measurement with B#199 
MK-III at Marambio Base was finished in January 2020. The high-quality and evaluated scans from 
B098 and B184 are submitted also to the European UV Data Base (EUVDB) at FMI, Helsinki. The 
Brewer MK-III operated at SOO-HK is used as the national reference for calibration of the 
operational UV-Biometers. 
 
1.4 Calibration activities 
 
The Dobson D#074 instrument is regularly compared towards the regional standard D064 at the 
Regional Dobson Calibration Center – Europe (RDCC-E), Hohenpeissenberg. The 
spectrophotometer is maintained as the secondary reference for Europe. D074 was repaired at 
Hohenpeissenberg observatory in 2019 (new electronic, mirrors, photomultiplier) and calibrated 
against D064. 
 
The Brewers at SOO Hradec Kralove (B#098 and B#184) are regularly calibrated every two years 
by the travel reference B#017 that represents the calibration scale of the World Triad maintained 
by EC, Canada. In 2015. The last calibration was carried out at SOO-HK in 2019. 
Brewer B#199, operating at the Marambio Base, Antarctica, was serviced every year and in 2016 it 
was calibrated with the help of the travel reference B#017. 
 
The ozonesondes are properly calibrated in the pre-launch preparation procedures defined by the 
SOPs. Ozone tester Model TSC-1 Ozonizer from the Science Pump Corporation is being used at 
UAD-PR since 2012. 
 
Calibration of all spectrophotometers and UV-Biometers may be now performed even by the UV 
calibration unit (dark box, precise power supply and sets of the PTB standard lamps) that is 
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available at SOO-HK. In the future, the calibration activities are to expand, in cooperation with the 
Czech Metrological Institute within the framework of the European Metrology Research 
Programme EMRP that is currently underway. 
 
 
2. RESULTS FROM OBSERVATIONS AND ANALYSIS 
 
Changes of vertical distribution of ozone over the Czech Republic are currently studied within 
cooperation between SOO-HK and CHMI-UAD on CHMI’s project “Analysis of vertical ozone 
profiles obtained by various measurement methods”. The project is based on data analysis for the 
period 1992-2018 and is solved in three parts: 
 

Part 1: Analysis of vertical ozone profiles from Umkehr measurements at SOO Hradec 
Králové and from AURA-OMI overpass data 
 
Part 2: Analysis of vertical ozone profiles from ozone-sounding measurements at the station 
Prague-Libuš, focusing on the occurrence of secondary maxima. 
 
Part 3: Analysis of vertical ozone variability on Umkehr results and AURA-OMI overpass 
measurements. 

 
It is expected to present some results during Quadrennial Ozone Symposium 2020. 
 
Time series of erythemal UV radiation for Hradec Kralove over the past 50 years has been 
reconstructed and analysed, the results were published in ACP. 
 
Several studies were focused on the processing of the results of measurement at Marambio base 
(both TOC, UV and Umkehr measurements). Some of them were already published, the other are 
in preparation (review process). 
	  
	  
3. THEORY, MODELLING, AND OTHER OZONE RELATED RESEARCH 
 
IAP dealt with the impact of the planetary (PW) and gravity (GW) waves on laminae in the ozone 
vertical profile obtained from ozonesonde stations in the Central Europe [1]. First the laminae 
were searched in the ozone profile, and then the method for detection of PW and/or GW lamina 
origin (PL and GL, respectively) was used. We selected the ozone laminae into three groups: 
laminae induced by planetary waves, by gravity waves and of indistinguishable origin. There are 
several differences between the characteristics of PL and GL. We show that the dependence of 
the lamina number on the vertical resolution of sondes is significant for the small (<1 mPa) and 
medium (1-4 mPa) laminae, but not for the large laminae (>4 mPa).  PL have much larger annual 
variation than GL. The share of the GL decreases with the increasing lamina size and the 
opposite is true for the planetary wave laminae. Maximal occurrence of large laminae is observed 
in the lower stratosphere and there are no large laminae in the troposphere. The behaviour of the 
large PL is similar to the large GL. GL have maximal occurrence in the troposphere where the 
occurrence of PL is small.  Small PL have the maximal occurrence in the lower stratosphere, 
where the small gravity wave laminae are rare. In the troposphere there is local minimum in small 
PL and the main maximum in the small gravity wave laminae. 
 
We treated also the occurrence of discontinuities in the ozone concentration data from MERRA-2 
reanalyse in the period 1980-2017 in several layers above 500 hPa with the help of the Pettitt 
homogeneity test. This occurrence is important for trend analyse because the presence of 
discontinuities in the time series influences the trend value and significance. These discontinuities 
are present predominantly above 5 hPa, where the ozone concentration is low. In the lower 
stratosphere, where the ozone concentration is high, their number is much lower. In the 
troposphere the number of discontinuities increases, but they are predominantly insignificant. The 
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vertical profile of discontinuity occurrence is similar in each month. MERRA-2 captures well the 
average ozone concentration in the stratosphere but in the uppermost model layers the winter 
subpolar maximum of ozone is seen, which cannot be explained by the theory. This winter 
maximum is seen both in the Northern and the Southern Hemisphere. 
 
 
4. DISSEMINATION OF RESULTS 
	  
4.1 Data reporting 
 
The CHMI facilities continue the deposition of the ozone observations mainly to the WOUDC 
Toronto and the high quality UV spectral irradiances into the European UV Data Base (EUVDB) at 
FMI, Helsinki. The daily representative values of TOC are submitted to the World Ozone Mapping 
Centre of the Environment Canada via the GTS/VIS telecommunication system using the CREX-
BUFER codes. 
 
Ozone sonde observation are regularly submitted to the WOUDC, Toronto and also to other 
partner institutions and projects - e.g. NDSC data base, GAW cooperating stations in Central 
Europe, MATCH campaigns and satellite validating teams (e.g. currently are ozonesonde data 
used to validate The Stratospheric Aerosol and Gas Experiment III on the International Space 
Station (SAGEIII/ISS) products). 
 
4.2 Information to the public 
 
For a long time, the actual values of total ozone and the UV-Index at the territory of CR and their 
comparison with the long-term averages have been presented daily in mass media and at the 
CHMI web portal: http://portal.chmi.cz//files/portal/docs/meteo/ozon/o3uvb.html.  In this way, the 
public has the access to the actual information related to the condition of the ozone layer and 
harmful UV irradiances at our territory. From 2015 to February 2020, the actual data of total ozone 
from the Marambio station also have been presented at the CHMI web portal. 
 
The results of O3M-SAF for Central Europe were also made available for the public at the CHMI 
web portal (http://portal.chmi.cz/files/portal/docs/meteo/sat/data_jso3msafview.html). 
 
Actual ozone profiles are presented at the web site of CHMI: http://portal.chmi.cz/aktualni-
situace/aktualni-stav-pocasi/ceska-republika/sondazni-mereni/vertikalni-profil-ozonu. 
	  
4.3 Relevant scientific papers 
 
• Yamazaki, Y., Matthias, V., Miyoshi, Y., Stolle, C., Siddiqui, T., Kervalishvili, G., Laštovička, 

Jan, Kozubek, Michal, Ward, W., Themens, D.R., Kristoffersen, S., Alken, P., 2020: 
September 2019 Antarctic Sudden Stratospheric Warming: Quasi-6-Day Wave Burst and 
Ionospheric Effects, Geophysical Research Letters, 47, 1 

• Laštovička, Jan, Jelínek, Š., 2019: Problems in calculating long-term trends in the upper 
atmosphere, Journal of Atmospheric and Solar-Terrestrial Physics, 189, Aug 2019, pp. 80-86 

• Laštovička, Jan, 2017: A review of recent progress in trends in the upper atmosphere, 
Journal of Atmospheric and Solar-Terrestrial Physics , 163, pp. 2-13 

• Kozubek, Michal; Križan, Peter; Laštovička, Jan, 2017: Comparison of the long-term trends in 
stratospheric dynamics of four reanalyses, Annales Geophysicae, 35, pp. 279-294 

• Aun M., Lakkala K.,Sanchez R., Asmi E., Nollas F., Meinander O., Sogacheva L., De Bock 
V., Arola A., de Leeuw G., Aaltonen V., Bolsee D., Čížková K., Mangold A., Metelka L., 
Jakobson E., Svendby T., Gillotay D.,Van Opstal B.: UV radiation measurements in 
Marambio, Antarctica during years 2017–2019 in a wider temporal and spatial context. 
Atmos. Chem. Phys. Discuss., https://doi.org/10.5194/acp-2019-896. 
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• Čížková K., Láska K., Metelka L., Staněk M.: Reconstruction and analysis of erythemal UV 
radiation time series from Hradec Králové (Czech Republic) over the past 50 years. Atmos. 
Chem. Phys., 18, 1805–1818, 2018. https://doi.org/10.5194/acp-18-1805-2018	  

• Križan, P.: Assessing the role of planetary and gravity waves in the vertical structure of ozone 
over midlatitudinal Europe, Ann. Geophys., 37, 525–533, https://doi.org/10.5194/angeo-37-
525-2019, 2019. 

• Križan, P., Kozubek, M., Laštovička, J.: Discontinuities in the ozone concentration time series 
from MERRA-2 reanalysis, Atmosphere, 10, art. #812, doi: 10.3390/atmos10120812, 2019. 

	  
	  
5. PROJECTS, COLLABORATION, TWINNING AND CAPACITY BUILDING 
 
In cooperation with RDCC-E Hohenpeissenberg, the training of Dobson operators from Kenya took 
place in Hradec Kralove in June 2018. Four operators from the Kenya Meteorological Department 
(KMD) Nairobi were trained in the operation of both Dobson and Brewer spectrophotometers at the 
SOO-HK to improve their routine procedures of measurement, testing and reporting. The action 
was recommended by the SAG-Ozone and organized under the umbrella of the Global 
Atmosphere Watch Programme (GAW) of the WMO as the activity of the Regional Dobson 
Calibration Centre – Europe on the capacity building. 
 
Currently the experts from Czech institutions participate in the following research and development 
projects that are focused both on scientific topics, analyses of observations and cooperation on 
maintenance of the international ozone monitoring systems. 
	  
§ “Contribution of CR to detection of the stage of the Ozone Layer and UV Radiation in 

Antarctica”. Research project No. 034621022 funded by the State Environmental Fund of the 
Czech Republic. Measurements of total ozone, Umkehr ozone profiles and solar UV spectra 
by the Brewer spectrophotometer at the Marambio station. Co-operation of CHMI with the 
Direccion Nacional del Antartico / Instituto Antartico Argentino. Ended in January 2020. 

§ MATCH: International ozonesonde campaigns for the quantification of polar chemical ozone 
loss since 1998. Participation in yearly campaigns by alert ozonesonde flights. Multinational 
funding. CHMI, UAD-PR. Continued. 

§ COST-ES1207 „A EUropean  BREWer NETwork – EUBREWNET“: Research and 
development project implemented by the European Union (2013-2017). The creation of a 
joint infrastructure for the operation of the Brewer spectrophotometers in Europe is the main 
goal of the project. Experts from CHMI-SOO-HK are involved mostly in creation and 
implementation of the operational software and calibration procedures of the instruments. 
Data submission continued. 

§ NDACC: “The Network for the Detection of Atmospheric Composition Change”. Contribution 
to ozone monitoring infrastructure. CHMI-UAD. Continued. 

§ WMO/GAW/RDCC-E: “The Regional Dobson Calibration Centre – Europe”. Bilateral 
cooperation between the German Weather Service, Meteorological Observatory 
Hohenpeissenberg, and the CHMI, SOO-HK on activities of RDCC-E, since 1999. Calibration 
campaigns, re-location of instruments, training of operators, software for the GAW Dobson 
network. Continued. 

• Sub-regional calibration campaigns of the Brewer spectrophotometers from Central Europe 
(CR, Hungary, Poland, Slovakia) towards the travel reference of the IOS. Continued. 

 
 
6. IMPLEMENTATION OF THE RECOMMENDATIONS OF THE 10th OZONE RESEARCH 

MANAGERS MEETING 
 
In the recent years, the organizations in the Czech Republic were active in a number of areas in 
accordance with the recommendations of the 10.ORMM, namely: 
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• Capacity building: training of 4 Dobson operators from Kenya in 2018. 
• Studies of factors affecting UV radiation: cooperation with Faculty of Science, Masaryk 

University, Brno (diploma and doctoral theses focused on this topic were entered and are 
being processed). 

• Systematic observations: continuation in high-quality TOC and UV measurements in both 
Czech republic (SOO Hradec Kralove, UAD Prague) and Antarctica (Marambio Base – ended 
in 2020). 

• Continuation of measurements of vertical ozone profiles at UAD Prague. 
• Active work on ATMOZ project in cooperation with CMI (Czech Metrological Institute). 
• Research: activities of IAP-CAS on ozone laminae and stratospheric meridional wind 

research. 
	  
	  
7. FUTURE PLANS 
 
For upcoming years we plan 
 
§ to continue all the activities related to running projects and cooperations (see chapter 5), 

including RDCC-E and RBCC-E activities; 
§ to continue all running ozone and UV measurements (D#074, B#098, B#184, 4 UV-

Biometers, ozonesondes); 
§ to take active part in the implementation of new ozone absorption coefficients 

(Serdyuchenko) in Europe; 
§ to modernize continuously the instruments for ozone and UV measurements; and 
§ CHMI-UAD plans to contribute to homogenization of the European Ozonesonde Station 

Network (Ozone Sonde Data Quality Assessment: Homogenization of long term 
ozonesonde). Up to now about 30 stations have done the homogenisations and from their 
time series have been removed all known bias effects and improved significantly the ozone 
sonde performance by 5-10%. 

	  
	  
8. NEEDS AND RECOMMENDATIONS 
	  
Implementation of traceable calibration systems/chains, SOPs and maintenance of relevant 
metadata files is needed for observation technologies used for monitoring of ozone vertical 
profiles. 
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Denmark/Greenland	  
 

National report to the Ozone Secretariat, UNEP, for the 11th 
WMO/UNEP Ozone Research Managers Meeting April 2020, 

Geneva, Switzerland 
 
Compiled by 
Nis Jepsen, DMI	  
 
1. OBSERVATIONAL ACTIVITIES	  
 
Total ozone is monitored at one site in Denmark by DMI (Danish Meteorological 
Institute) and at two sites in Greenland. The Greenland ozone monitoring is funded 
by the Danish Environmental Protection Agency.	  
 
The two sites in Greenland are situated in Kangerlussuaq (Sondre Stromfjord, 67N, 
51W) and Ittoqqortoormiit (Scoresbysund, 70N, 22W). The site in Demark is in 
Copenhagen at DMI (55N, 12E).	  
 
The instrumentation in Kangerlussuaq consists of two Brewer spectrometers (#053 
and #202), a SAOZ spectrometer and an AERONET Sun Photometer (NASA).	  
 
Every 2 years Brewer #202 is participating in a comparison campaign in Spain, led 
by AEMET. On this campaign the ozone and UV performance is checked and 
corrected if necessary. Brewer #053 is corrected according to this. The SAOZ 
spectrometer is owned by DMI but all data handling is taken care of by LATMOS 
(France).	  
 
The instrumentation in Ittoqqortoormiit consists of an ozone sounding station 
(currently using Vaisala radiosondes and EnSci ozonesondes). A broadband UV 
instrument (GUV2511) is also situated here along with a AERONET Sun 
Photometer (NASA). Also a SAOZ spectrometer owned by LATMOS is situated 
here. Ozone soundings take place once a week all year. In case of a depletion event 
more soundings may be performed.	  
 
The instrumentation in Copenhagen consists of two Brewer spectrometers (#082 
and #228) and a YES UVI instrument.	  
 
As for Brewer #202 Brewer #228 also participates in the comparison campaign 
every two years.	  
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2. SAMPLE RESULTS	  

Ozone measurement in Kangerlussuaq 2020. Brown dots are SAOZ measurements 
whereas black dots are Brewer measurements. The depletion event in March and 
April is clearly visible.	  
 

 
The Ozone measurements in Ittoqqortoormiit 2020. Black dots are SAOZ 
measurements and red dots are ozone soundings (total column value). The 
depletion event in March and April is clearly visible. Unfortunately the computer 
running the SAOZ broke down and due to corona it was impossible to replace it.	  
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This figure shows the calculated area of the PSC’s in the Winter and Spring of 2020. 
To include all of the winter the Day number in 2020 starts at -60 corresponding to 1st 
of November. Usually the PSC’s disappear in the early spring but in 2020 they kept 
going until April. As the ozone depletion process takes using PSC’s as a catalyst the 
overall depletion was larger than ever seen before.	  
 

 
To compare the area of PSC’s in 2021 were much smaller as may be seen in the 
figure. This is the more usual situation.	  
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To be able to judge any trends in the total ozone column the yearly averaged ozone 
values are depicted season by season. The above Figure is from Kangerlussaq 
which is slightly North of the Polar circle so (apart from moon measurements) just a 
few valid ozone measurements are achieved in the period from November to 
February. Therefore only three seasons are included. The grey dots are values 
obtained from the TOMS instrument on Nimbus-7. No significant trends can be 
found.	  
 

 
This is the similar figure from Copenhagen. In this case also no significant trend may 
be detected.	  
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Ecuadorian National Report 
for the 11th WMO/UNEP 

Ozone Research Managers Meeting 
 

 
 
1. OBSERVATIONAL ACTIVITIES 
 
1.1 Column measurements of ozone 

Ecuador’s National Institute of Meteorology and Hydrology (INAMHI, Spanish 
acronym) has a Brewer spectrophotometer (Izobamba station, Quito) capable of 
measuring total column ozone. However, this instrument is in current need of 
calibration, which is discussed further below in this document. 

 
1.2 Profile measurements of ozone and other gases/variables relevant to ozone 

loss 
Universidad San Francisco de Quito (USFQ) launches ozonesondes from its 
Atmospheric Measurement Station (EMA, Spanish acronym) at coordinates 0° 11' 
45.6" S, 78° 26' 9.6" W, and 2414 masl (meters above sea level). The ozone 
sounding capability was implemented in 2014, but frequency of launches for the 
2014-2019 time series was limited to less than 7 per year, on average. Currently, the 
ECHOZ (Ecuadorian Highlands Ozonesondes) project, under the financial support of 
the Vienna Convention Trust Fund, is being fully implemented at EMA USFQ (PI M. 
Cazorla). ECHOZ objective is to produce high resolution ozone profiles over the 
tropical Andes twice per month starting March 2020. This capability will augment 
ozone measurements in the region. The Quito profiles taken at USFQ are of high 
quality and already have been used to produce peer reviewed publications (1, 2, 3 in 
section 4.3). The EMA station also has ground ozone sensors and a fully equipped 
meteorological station. More information can be found at: 
https://www.usfq.edu.ec/programas_academicos/colegios/politecnico/institutos/iia 
 
In the Galapagos Islands, a province of Ecuador, there is a record of SHADOZ 
(Southern Hemisphere Additional Ozonesondes) profiles from 1998 to 2016. 
Ozonesondes were launched in cooperation with INAMHI. The launching station is 
located at INAMHI’s San Cristobal meteorological station. Profiles and data are 
available from the SHADOZ website: https://tropo.gsfc.nasa.gov/shadoz/ 

 
1.3 UV measurements 
 

INAMHI operates a network of UV index sensors distributed within continental 
Ecuador. There is a total of 11 stations, whose real time data are available online at 
INAMHI’s website: http://186.42.174.236/IndiceUV2/. Stations are distributed as 
follows: 7 over the Ecuadorian highlands, 3 in coastal provinces, and 1 in the 
Ecuadorian Amazon. As presented in Ecuador’s report for the 10th ORM, data records 
began in 2013 and most of the sensors are Kipp&Zonen UV-S-AE-T, except for the 
sensor at the Izobamba station (Quito), which is a Brewer spectrophotometer (#218). 
INAMHI issues public advisories using this UVI network. 
 
In addition, the city of Quito, through the Secretary of Environment, operates a 
Biospherical Instruments Inc. / GUV 2511 radiometer that takes measurements in 6 
UV channels and 1 visible channel, as presented in their 2017 Air Quality Report. 
Measurements are available since 2010. Real time data, reports, and other 
information for the public are available at: 
http://www.quitoambiente.gob.ec/ambiente/ 
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In regard to other UV measurements, USFQ operates two CIMEL sun photometers at 
two official AERONET (Aerosol Robotic Network) sites: EMA USFQ in Quito and at 
USFQ Galapagos campus on San Cristobal Island. Data from San Cristobal was 
published in a recent paper (4 in 4.3). Sun photometers take measurements in three 
UV channels (340, 380, and 440 nm) in addition to 2 visible and 3 infrared channels. 
AOD and water vapor column measurements are available from USFQ sites since 
2017. Data are available from the AERONET website: https://aeronet.gsfc.nasa.gov/ 

 
1.4  Calibration activities 
 

Ozonesondes at EMA USFQ are prepared following NOAA’s protocols (1 in 4.3). 
Thus, electrochemical cells are conditioned with saturated potassium iodide solution 
three times prior to launch. On the day of the launch (third conditioning), all 
measurements (P-T-U and ozone) are compared against EMA’s ground sensor 
observations. In particular, ozone measurements are compared to a Thermo 49i UV 
photometer. Ozonesonde and ground sensor measurements usually agree within a 
difference (1-σ) better than 5%. Measurements from the 49i sensor are continuously 
intercompared against measurements from a neighboring station (Tumbaco, online 
data) run by Quito’s air quality network. For the ECHOZ project, a 2B Technologies 
ozone sensor was acquired to be used as an independent standard. Measurements 
of the 49i Thermo analyzer and the new 2B Technologies sensor agree within less 
than a 5% difference (1-σ) . 

 
INAMHI’s Brewer spectrophotometer is a critical piece of instrumentation for 
monitoring total column ozone in Ecuador. However, this instrument is in need of 
calibration as reported in a recent meeting (02/18/2020) held with INAMHI’s 
representatives and other government authorities prior to the execution of the ECHOz 
project. Ecuador’s report to the 10th ORM already emphasizes on this significant 
need. 

 
 
2.  RESULTS FROM OBSERVATIONS AND ANALYSIS and 
3.  THEORY, MODELLING, AND OTHER OZONE RELATED RESEARCH 
 

In 2019, Parra et. al. (5 in 4.3) analyzed the 2010-2014 UVI data record measured by 
the city of Quito’s monitoring network as well as the trend from TEMIS 1979-2014 
reanalysis time series. This study demonstrates that UVI>11 is often common in 
Quito (40.0–76.1% of the days per month), while UVI>16 is also frequent (varies 
between 0.7% and 32.0% days per month). 

 
The study published by M. Cazorla in 2016 (1 in 4.3) showed interesting features of 
ozonesonde profiles measured over the tropical Andes. First, it was shown that the 
TTL is thin as in most soundings the difference between the cold point tropopause 
level and the ozone tropopause level was minimal. Second, ozone profiles have a 
well-mixed structure through the troposphere and lack the common “S” shape 
reported at other stations in the tropics. Third, stratospheric column ozone over the 
tropical Andes is similar to measurements over the Pacific and Atlantic (San Cristobal 
and Natal, SHADOZ), but tropospheric column ozone is significantly lower than at 
both sea level stations. This difference is due to high altitude (less tropospheric 
column) as well as from a lower contribution from the boundary layer. 
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Figure 1 Taken with permission from the paper by Parra et. al (2019): monthly UVI means 
from TEMIS 1979 to 2018 data record. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2 From the paper by Cazorla (2016): Total, stratospheric, and tropospheric column 
ozone at San Cristobal, EMA, and Natal. a) AMJ (April, May, June) and b) JAS (July, August, 
September). In a and b top panel is total column, middle panel is stratospheric column, and 
bottom panel is tropospheric column. 

 
 
4. DISSEMINATION OF RESULTS 
 

INAMHI publishes online (web address in section 1.3) real time data of UVI 
measurements as well as data from the national network of automatic weather 
stations. INAMHI also disseminates their measurements by issuing public advisories 
of high UVI indexes and forecasts. Results from INAMHI’s continuous monitoring and 
modeling activities are also issued to the public via social networks and on the media. 
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Quito’s monitoring network, through the Secretary of Environment, also publishes 
online (website in 1.3) UVI measurements and issues advisories to the public. 

 
USFQ’s measurements are posted on daily figures on the web address indicated in 
1.2. Ozone profiles from the ECHOZ project will be posted online soon after each 
launch. Production of academic papers is a major commitment at USFQ. Thus, 
results are disseminated through peer reviewed publications and conference papers. 
Furthermore, a significant effort is put forth by USFQ to produce a yearly conference 
on Meteorology and Air Quality, CAMCA (Spanish Acronym). The event on 17 April 
2020 will be the seventh year in a row. This is a major opportunity to disseminate 
research results to the public. 

 
4.3 Relevant scientific papers. 
 

(1) Cazorla, M., Ozone structure over the equatorial Andes from balloon-borne 
observations and zonal connection with two tropical seal level sites, J. Atmos. 
Chem., 2016. DOI 10.1007/s10874-016-9348-2 

(2) Cazorla, M., Juncosa, J., Planetary boundary layer evolution over an equatorial 
Andean valley: a simplified model based on balloon-borne and surface 
measurements. Atmospheric Science Letters. 2018. DOI: 10.1002/asl.829 

(3) Cazorla, M., Air quality over a populated Andean region: Insights from 
measurements of ozone, NO, and boundary layer depths, Atmospheric Pollution 
Research, 7, 66-74, 2016. 

(4) Cazorla, M., Herrera, E., Air quality in the Galapagos Islands: a baseline view 
from remote sensing and in situ measurements. Meteorological Applications. 
2020. DOI: 10.1002/met.1878 

(5) Parra, R., et. al., Maximum UV Index Records (2010–2014) in Quito (Ecuador) 
and Its Trend Inferred from Remote Sensing Data (1979–2018). Atmosphere. 
2019. DOI:10.3390/atmos10120787 

 
 
5. PROJECTS, COLLABORATION, TWINNING AND CAPACITY BUILDING 

 
The ECHOZ project, currently in execution, has brought together academia and 
government institutions towards pursuing a goal of national and regional relevance. 
Though this project there is significant potential to continue to develop opportunities 
for future scientific collaborations. 
 
USFQ recently invested significant resources to expand and better equip EMA 
station. With the resources and the leverage of the VCTF for the ECHOZ project, 
capacity building for atmospheric monitoring has been greatly improved. At the 
moment, EMA USFQ is the only station in the tropical Andes that in situ monitors the 
ozone layer. 

 
 
6. IMPLEMENTATION OF THE RECOMMENDATIONS OF THE 10th OZONE 

RESEARCH MANAGERS MEETING 
 

Ecuador has implemented the ECHOZ project for producing high quality profiles of 
ozone over the tropical Andes throughout the atmospheric column with a frequency of 
two soundings per month. This major scientific effort meets recommendations of the 
10th ORM as it will contribute with data from a relevant region of the world in order to 
better understand variability of ozone amounts under the current regime of changing 
climate. In addition, this project fulfills the 10th ORM recommendations in regard to 
maintaining and enhancing existing observation capabilities for climate and ozone 
variables. 
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7. FUTURE PLANS 
 

An important scientific aspect that needs to be developed for the tropical Andes 
region is validation of satellite ozone products. While there are numerous sources of 
ozone profiling in the Northern Hemisphere, in the tropical Andes in South America, 
validation is lacking significantly. At USFQ research is being develop towards 
advancing this endeavor. It is important that government and academia in Ecuador 
continue to work together in relevant scientific projects of national and regional 
importance. 

 
 
8. NEEDS AND RECOMMENDATIONS 
 

INAMHI needs international assistance to provide maintenance and calibration to the 
Brewer spectrophotometer (#218). This is a major need not only for the importance of 
this piece of instrumentation for the country, but also because its correct functioning 
would greatly augment balloon-borne ozone measurements done at USFQ. 
 
Given the scarcity of ozone observations in South America, Latin American countries 
would greatly benefit from fostering scientific networking in a more active manner in 
order to  effectively achieve common environmental goals in the face of climate 
change. 
 
This national report was written by Dr. Maria Cazorla, Professor at Universidad San 
Francisco de Quito USFQ, Director of the Institute for Atmospheric Research, and 
Principal Investigator of the ECHOZ project. 
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National Report 

11th WMO/UNEP Ozone Research Managers Meeting 
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Compiled by 
Ayman E. Badawy and Zeinab Salah (Egyptian Meteorological Authority - EMA) 
Ezzat Lewis H. Agaiby and Mounir W. Labib (Egyptian Environmental Affairs 
Agency -EEAA) 
 
INTRODUCTION: 
 
Egypt lies in the northern corner of Africa. It is bounded by the international frontiers of 
the Mediterranean Sea in the North, the Red Sea in the East, Libya in the west and 
Sudan in the south. The total area of Egypt is about 1.02 million Km2 and the Capital is 
Cairo. Egypt is geographically divided into four main divisions: The Nile Valley and Delta 
(approx. 33,000 Km2) - The Western Desert (approx. 680,000 Km2) - The Eastern 
Desert (approx. 325,000 Km2) - Sinai Peninsula (approx. 61,000 Km2). 
 
1. OBSERVATIONAL ACTIVITIES 
Egyptian Meteorological Authority regularly monitors the column atmospheric ozone, UV 
solar radiation at different stations representing different regions in Egypt, and stores 
the data in the central database of EMA. 
 

1.1. Column Measurements of Ozone 
EMA has been involved in the long-term monitoring of the ozone layer for more than 
40 years. Measurements of the total ozone amount and ozone vertical profile using 
the Umkehr method by means of the Dobson spectrophotometer No.96 started in 
1967 at Cairo, and in 1973 Cairo became a Regional Ozone Center (ROC) for 
ozone stations in North Africa and the Middle East. After discovering the ozone 
depletion, in 1984 EMA established another ozone observatory at Aswan, 
measuring the total ozone amount and ozone vertical profile closed to the tropics 
region by means of the Dobson spectrophotometer No.69.  In 1998 and 2000, EMA 
established another two ozone observatories in both Matrouh and Hurghada, 
respectively to enhance its ozone-monitoring network covering the Egyptian sky. 
Table (1) illustrates the information of the Egyptian ozone-monitoring network. 

 
1.1. Profile Measurements of Ozone 
Both Dobson and Brewer Spectrophotometers (Umkehr method) are used to 
measure the ozone vertical profile at stations of Aswan, Matrouh and Hurghada. The 
N-values are stored in the ozone database at EMA and they are deposited in (World 
Ozone and Ultraviolet Radiation Data Centre) in Toronto, Canada (WOUDC) for final 
processes. 
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Table (1): The total ozone-monitoring network in Egypt 

 Cairo Aswan Matrouh Hurghada 
WMO No. 62371 62414 62306 62464 
Ozone ID. 152 245 376 409 
Latitude 30.08°N 23.97°N 31.33°N 27.28°N 
Longitude 31.28°E 32.78°E 27.22°E 33.75°E 
Height  (m) 037 193 035 007 
Instrument Dobson #096 Dobson #069 Brewer #143 Dobson #059 
Elements O3 O3 O3,UVB, AOD, SO2 O3 

Started at October 
1967 

December 
1984 November 1998 November 2000 

 
1.2. UV measurements 
EMA measures the broadband UV solar radiation due to its biological effect at 
different sites. In addition, EMA in cooperation with University of South valley have 
measured the broadband UV radiation at Qena since 2000. The general information 
of Egyptian network for monitoring the UV and UVB radiation at Cairo, Aswan, Qena 
(26.20ºN, 32.75ºE), and Rafaah (31.22ºN, 34.20ºE) is illustrated in Table (2). 

Table (2): The Egyptian UV and UV-B radiation Stations 

  Cairo Aswan Qena Rafaah Matrouh 

UV 
Instrument 

Epply 
Radiometer 

Epply 
Radiometer 

Epply 
Radiometer 

- - 

Started at Mar. 1989 Aug. 1989 Apr. 2000 - - 

UV-B 
Instrument 

UVB-1 
Pyranometer 

UVB-1 
Pyranometer 

UVB-1 
Pyranometer 

UVB-1 
Pyranometer 

Brewer MII 

Started at May 1996 Sep. 1998 Apr. 2000 Jun. 2000 Jan. 1998 

 

1.3. Calibration activities 
• The Dobson spectrophotometers have been regularly calibrated using 

Mercury and Standard lamps to adjust ETC, R-N tables and Q-table. In this 
way, their intercomparison stability can be checked and evaluated (4). 

• Dobson spectrophotometers No.96 has been participated in different 
international intercomparisons which  took place at  Poland in 1974, at 
Boulder Colorado (USA) in1977, at Arosa Observatory (Swiss 
Meteorological Institute) in 1986, at Greece in 1997, at Germany 2001, at 
Dahab (Egypt) in 2004, and  at Hohenpeissenberg Observatory (Germany) 
in 2011 and Spain in 2017. 

• The Brewer spectrophotometer mark II No.64 was calibrated against the 
reference instrument Brewer No.17 maintained by the International Ozone 
Corporation (Canada) at the Matrouh observatory in 2005 and 2008, 2015. 
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• EMA organized a national calibration in Hurghada station in September 
2019 for all Egyptian Dobson instruments using the Dobson No#096 as the 
standard with the two other (Dobson)s No#069  and No#059, according to 
the requirements and technical support of WMO Regional Dobson 
Calibration Center for Europe (RDCC-E). 

 
 
2. RESULTS FROM OBSERVATIONS AND ANALYSIS 
 

2.1. Variation of ozone over Egypt 
Annual variation and trend of ozone for long records over Egypt are presented in 
Figure (1), which shows that the linear trend is positive at all stations except over 
Matrouh, it is slightly negative. 

 

 
Fig.(1): Annual variation and trend of ozone at Egyptian ozone stations 

 
2.2. UV index at northwest of Egyptian 
Hourly UV radiation was determined for the entire period evaluated in this study. 
Figure (2) presents the hourly variation of dangerous UV with its Index over coastal 
northwest of Egypt (Matrouh). The amount of UVB light at ground level is 
determined by the solar elevation, the amount of ozone in the atmosphere and the 
cloudiness of the sky. When the sun rises higher in the sky the amount of 
atmosphere its rays have to pass through before striking the ground lessens. 
Therefore, UVB protection is critical in the hours around solar noon. A person being 
out in the sun during midday hours more than ten minutes if you are without 
protection. A person should wear protective clothing and use sunscreen, a hat with a 
brim and sunglasses [4]. 
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Fig. (2): Diurnal variation of Dangerous UV on a clear summer day over Matrouh 

3. THEORY, MODELLING, AND OTHER OZONE RELATED RESEARCH 
 
Surface ozone measurements are conducted by EMA in Cairo station, and outside 
urban regions at Hurghada, Qena, El-Farafra (27.05ºN, 27.99ºE), and Sidi Branni 
(31.37ºN, 25.53ºE), and by EEAA through the urban monitoring network. Monthly and 
annual reports issued by EMA and EEAA on the levels of surface ozone and other 
reactive gases. Besides, EMA has a system of numerical weather prediction including 
air quality models to forecast the concentrations of other gases. 
 
 
4. DISSEMINATION OF RESULTS 
 

4.1. Data reporting 
All total column ozone data are regularly submitted to WOUDC. Besides EMA 
measures the surface ozone and submits the data to WDCRG (World Data Center 
of Reactive Gases) in Norway. 

4.2. Information to the public 
EMA publishes a quarterly Ozone report containing measurements of UV index over 
the North of Egypt. Also EMA issues a daily air quality report containing a forecast 
for Air Quality Health Index based on surface ozone concentration. 

4.3. Relevant Scientific Papers 
● Mostafa, A., Zakey, A. S., Alfaro, S., Wheida, A., Monem, S., Abdul 

Wahab, M. M. (2019): Validation of RegCM-CHEM4 model by comparison 
with surface measurements in the Greater Cairo (Egypt) megacity. 
Environmental Science and Pollution Research, 26:23524–23541.   
 https://doi.org/10.1007/s11356-019-05370-0. 

● Abdel Basset, H., Badawy, A., Eid, M. (2017): Impact of heat waves on 
total ozone amount. Al Azhar bulletin    of science, vol.9th, conf., March 
2017, p.1-17. 

● Abdel Basset, H., Badawi, A., Eid, M. (2019): Ozone variation during a 
case of cyclogenesis. Atmósfera, 
https://doi.org/10.20937/ATM.2019.32.04.04. 

● Badawy, A., Abdel Basset, H., Eid, M. (2017): Spectral analysis and 
forecast of ozone over Egypt. Global journal of advanced research, Vol-3, 
Issue-10 PP. 907-920. 
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● Badawy, A., Abdel Basset, H., Eid, M. (2017): Spatial and temporal 
variations of total column ozone over Egypt. Journal of Earth and 
Atmospheric Sciences, Vol.2,pp-1-16. 

 
 
5. PROJECTS, COLLABORATION, TWINNING AND CAPACITY BUILDING 
 

● ROC researchers in EMA promote the main activities in ozone research, with 
collaboration with few academic institutions such as Cairo University, EL Azhar 
University and South Valley University. 

● EMA in co-operation with WMO carries out a training program for operators of 
ozone Arab countries. 

● EMA must also acknowledge its many international collaborators with specific 
references to international programs as: 
o The World Meteorological Organization (WMO) for support to attend 

international intercomparisons and training courses, and to organize the 
intercomparison of the Dobson ozone instruments operated in the Africa 
region at Dahab from 22/2-12/3/2004.n which 21 specialists and 11 
instruments from 10 countries. 

o USA NOAA ESRL, Boulder for maintenance of the ozone instruments. 
o WOUDC, Toronto, Canada for scientific cooperation. 
o Training assistance from the CZECH  SOO-HK, in Hradec Kralove 
o Germany DWD (European Dobson Calibration facility). 
o The state Meteorological Agency of Spain (AEMET) for offering the Brewer 

training course. 
 
 
6. IMPLEMENTATION OF THE RECOMMENDATIONS OF THE 10th OZONE 

RESEARCH MANAGERS MEETING 
 
 

7. FUTURE PLANS 
● EMA aims to strengthen the network of ozone with a new device (Brewer 

spectrophotometer) in the regional GAW station of El-Farafra in the West 
Desert of Egypt. 

● Brewer 143 will be calibrate on site with a regional calibration supported by 
WMO 

● EMA aims to issue the daily UVI forecast over Egypt 
 
 
8. NEEDS AND RECOMMENDATIONS 
 

8.1. Training, Maintenance and Calibration 
● EMA needs more financial support for training to increase efficiency of 

station observers. In addition, to increase the efficiency of the 
instruments, EMA needs a continued maintenance and calibration of 
instruments such as Dobson, Brewer spectrophotometers and UV sensor 
with the support of WMO is important. 
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● In order to provide more opportunities for maintenance and calibration for 
the African and Middle East countries, Egypt welcomes host international 
calibration of ozone measurement. 

 
8.2. Systematic Observation 

● It is highly appreciated to get financial support to start measuring ozone 
vertical distribution by ozone-sond in both Aswan and Matrouh and 
Farafra upper air stations. 

● It is recommended to take care of problems on operation of instruments 
and stability of data quality persist at some strategic ozone stations 
located mainly in developing countries in the tropics and in the Southern 
Hemisphere. To solve the situation the WMO/GAW and the UNEP 
Programs should reinforce their key role in the capacity building and in 
maintenance of the global ozone and UV monitoring infrastructure. 

 
8.3. Research and Collaboration 

● Participate in a scientific research program for ozone and climate change 
based on observations and climate models. 

● It is recommended to support awareness programs to increase the use of 
ODS alternative substances with low or negligible global warming potential. 
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Ozone Research Activities in Germany (2017 – 2020) 
Report to the 11th WMO/UNEP Ozone Research Managers Meeting 

 
1. OBSERVATIONAL ACTIVITIES 
 
1.1 Column measurements of ozone and other gases/variables relevant to ozone loss. 
(e.g., Dobson, Brewer, DOAS, FT-IR, Satellite; also include any measurements of 
meteorological parameters that are critical to the interpretation of your ozone and ozone-relevant 
data) 
 
1.1.1 Stations (only long-term, ongoing) 
A number of German institutes run ground-based long-term observation programs at stations in 
Germany, the Arctic and Antarctic, and at some lower latitude stations. 
 

Table 1: Stations with long-term column observations 
Name Organization Instruments Gases Years 
Ny Ålesund – 
AWIPEV, 
Spitzbergen 

U. Bremen, AWI 
 
 
 
U. Bremen 

FTIR 
 
 
 
DOAS/SAOZ 

Total O3, HCl, 
ClONO2, HF, HNO3, 
N2O, NO2 
 
O3, NO2,  

1992 – now 
 
 
 
1992 – now 

Kiruna, Sweden KIT 
 
 
 
MPI-C, U. 
Heidelberg 

FTIR 
 
 
 
 
DOAS 

Total O3, HCl, 
ClONO2, HF, HNO3, 
N2O, NO2, COS 
 
O3, NO2 

1996 – now 
 
 
 
 
2015 – now 

Bremen U. Bremen FTIR 
 
 
DOAS 

Total O3, HCl, HF, 
HNO3, N2O, NO2 

O3 ;NO2 

2002 – now 

Lindenberg / 
Potsdam 

DWD Dobson, 
Brewer 

Total O3 1964 – now 

Hohenpeißenberg DWD Dobson, 
Brewer 

Total O3 1968 – now 

Garmisch / 
Zugspitze 

KIT FTIR Total O3, HCl, 
ClONO2, HF, HNO3, 
N2O, NO2, COS 

1995 – now 

Izaña, Canary 
Islands 

KIT FTIR Total O3, HCl, 
ClONO2, HF, HNO3, 
N2O, NO2, COS 

1999 – now 

Paramaribo, 
Suriname 

U. Bremen, AWI FTIR Total O3, HCl, 
ClONO2, HF, HNO3, 
N2O, NO2 

2004 – now 

Palau, West 
Pacific 

AWI FTIR Total O3, HCl, 
ClONO2, HF, HNO3, 
N2O, NO2 

2016 - now 

Neumayer, 
Antarctica 

U. Heidelberg DOAS Total O3, NO2 1999 – now 
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1.1.2 Satellite Column Data 
Germany provides major contributions to European satellite programs, including those targeting 
the stratospheric ozone layer. Key players are U Bremen (research, processors, processing, 
especially UV/VIS), DLR (research, processors, processing, data centers), KIT (research, 
processors, especially thermal IR), as well as EUMETSAT in Darmstadt and a number of 
companies building satellites and space equipment. 
 
Table 2: Long-term column observations from satellites with large German contribution.  
Satellite(s) Organization Instruments Gases Years 
ESA 
ERS-2 
ENVISAT 
METOP-A,B,C 

U Bremen, DLR 
 
DLR/EUMETSAT 
AC-SAF 

GOME 
SCIAMACHY 
GOME-2A,B,C 

Total O3, SO2, 
NO2, BrO, 
OClO, …, 
tropospheric O3 

1996 – 2002 
2003 - 2012 
2007 – now 

ESA 
Sentinel-5P 

DLR/ESA, U 
Bremen 

TROPOMI Total O3, SO2, 
HCHO, NO2, …, 
tropospheric O3 

2018 – now 

Suomi NPP U Bremen OMPS - N Total O3 2012 - now 
 
1.2 Profile measurements of ozone and other gases/variables relevant to ozone loss 
(e.g., Satellite, OMI, aircraft, ozonesondes, ozone lidar etc; also include any measurements of 
meteorological parameters that are critical to the interpretation of your ozone and ozone-relevant 
data) 
 
1.2.1 Stations with profile measurements (only long-term, ongoing) 
 
Table 3: Stations with long-term profile observations 
Name Organization Instruments Gases Years 
Ny Ålesund – 
AWIPEV, 
Spitzbergen 

AWI 
 
 
U Bremen 

ECC-Sonde 
Frostpoint-
Sonde 
Lidar 
µWave 

O3, temperature 
H2O 
aerosol 
O3 

1992 – now 
2002 - now 
1991 - now 
2004 - now 

Jülich / Frankfurt U Frankfurt Whole air 
sampler 
Aircore-Sonde 

CFCs, SF6, CO2, 
many more 

1975 – 2005 
 
2016 - now 

Lindenberg DWD B/M-Sonde 
ECC-Sonde 
Frostpoint 
Sonde 

O3, temperature 
O3, temperature 
H2O 

1974 - 1993 
1994 – now 
1999 - now 

Hohenpeißenberg DWD B/M-Sonde 
Lidar 

O3, temperature 
O3, temperature 

1967 – now 
1987 - now 

Garmisch / 
Zugspitze 

KIT Lidar aerosol 1977 – now 

Palau, West 
Pacific 

AWI ECC-Sonde 
Frostpoint 
Sonde 

O3, temperature 
H2O 

2016 - now 

Neumayer, 
Antarctica 

AWI ECC-Sonde O3, temperature 1992 – now 
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1.2.2 Satellite Profilers (non-nadir) 

Table 4: Long-term profile observations from satellites with large German contribution.  
Satellite(s) Organization Instruments Gases Years 
ESA ENVISAT U Bremen SCIAMACHY 

(UV-VIS Limb) 
O3, SO2, NO2, 
H2O, BrO, OClO 

2003 - 2012 

ESA ENVISAT KIT MIPAS (IR Limb) O3, F11, F12, 
F22, CCl4, ClO, 
ClONO2, 
BrONO2, SO2, 
OCS, H2SO4, 
N2O, NO2, NO, 
N2O5, HNO3, 
HNO4, HOCl, 
H2O, CH4, CO, 
NH3, SF6, 
Temperature, 
aerosol, PSCs 

2003 - 2012 

Suomi NPP U Bremen OMPS-L O3 and aerosol 2012 - present 
 
 
Table 5: Long-term tropospheric ozone from satellites with large German contribution.  
Satellite(s) Organization Instruments Gases Years 
ESA ENVISAT U Bremen SCIAMACHY 

(UV-VIS Limb) 
Tropospheric 
O3, NO2,  

2003 - 2012 

Suomi NPP U Bremen OMPS -L + -N Tropospheric O3  2012 - present 
METOP-A,B,C DLR/EUMETSAT 

AC-SAF 
GOME-2A,B,C tropospheric O3, 

NO2, … 
2007 – now 

 
 
1.2.3 Profile measurements from airplanes 
 
German institutions are major contributors to the European research infrastructure IAGOS (In-
Service Aircraft for a Global Observing System, https://www.iagos.org/). Flying on commercial 
airliners, IAGOS provides a comprehensive set of routine trace-gas and aerosol measurements 
in the upper troposphere and lower stratosphere. Involved German institutions are  

 Lufthansa (aircraft & operation), Lufthansa Technik (engineering) 
 Enviscope (engineering), Safran (engineering) 
 FZ Jülich (IAGOS-CORE: H2O, NOx, NOy, IAGOS-CARIBIC: aerosol) 
 MPI-Biogeochemistry  (IAGOS-CORE: CO2, CH4, CO, IAGOS-CARIBIC: CO2, CH4) 
 KIT (IAGOS-CARIBIC: O3, H2O, cloud H2O, ~5 VOCs,   …) 
 MPI-C (IAGOS-CARIBIC: CO, CO2, CH4, N2O, SF6, NMHCs, soot, aerosol composition) 
 TROPOS (IAGOS-CARIBIC: aerosol size distribution / number concentration) 
 DLR (IAGOS-CARIBIC: NOx, NOy) 
 U Heidelberg (IAGOS CARIBIC, HALO, Balloon: O3, BrO, IO, OClO, total Bry, NO2, 

HONO, CH2O, C2H2O2, C3H4O2, …) 
 U Frankfurt (IAGOS CARIBIC, HALO: Halocarbons) 

 
For dedicated research campaigns, Germany operates the "High Altitude and Long Range 
Research Aircraft" (HALO, https://www.halo.dlr.de), a Gulfstream G550 research aircraft 
adapted for atmospheric research and earth observation. HALO offers technical infrastructure for 
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very diversified scientific payloads, including lidars, 1 and 2-D IR and UV/VIS spectrometers, 
halocarbon measurements (GhOST-MS, Gaschromatograph for Observational Studies using 
Tracers - Mass Spectrometer), as well as standard trace-gas and aerosol instrumentation. HALO 
is operated by a consortium of German research centers (DLR, KIT, FZ Jülich, MPG, TROPOS 
Leipzig, GFZ Potsdam) and the DFG (Deutsche Forschungsgemeinschaft, representing German 
universities). HALO consortium members are the main scientific users of the aircraft, but, in 
principle, HALO is open to other users as well. See Section 5 for a list of recent HALO 
campaigns. 
 
1.2.4 Balloon measurements 
 
While the current focus of atmospheric measurement campaigns is on the HALO research 
aircraft, a number of German institutes have instruments for flying on large stratospheric 
balloons. Examples are the MIPAS-Balloon IR emission spectrometer (KIT, providing data on 
many species), UV/VIS/NIR Differential Optical Absorption Spectrometers (U Heidelberg, 
providing profiles of H2O, O3, NO2, HONO, BrO, IO, OClO, CH2O, C2H2O2 ...), whole-air 
samplers (U Frankfurt, whole air sampling for halocarbons, SF6, CO2, age-of-air and other 
species). U Frankfurt is also flying Air-Core samplers on small balloons on a reasonably regular 
schedule. 
 
1.3 UV measurements 
(e.g., broadband, narrowband, Spectroradiometers, etc) 
 
UV measurements in Germany are coordinated by the Federal Office for Radiation Protection 
(Bundesamt für Strahlenschutz, BfS). Currently, 27 stations, distributed over Germany, take 
routine measurements. Half of the sites use spectroradiometers (double monochromators and 
diode array radiometers with BTS technology), the other half use broadband filter radiometers 
only. See https://www.bfs.de/uv-aktuell for data and more information. 
 
1.4 Calibration activities 
 
1.4.1 World Calibration Centre for Ozone Sondes 
Since 1995, FZ Jülich hosts the World Calibration Centre for Ozone Sondes (WCCOS). WCCOS 
is part of the quality assurance for balloon borne ozone sondes in WMO GAW. WCCOS 
provides an experimental chamber simulating the atmosphere as a balloon ascends from the 
surface to the stratosphere. These Jülich Ozone Sonde Intercomparison Experiments (JOSIE) 
have evaluated and substantially improved the performance of ozone sondes, most recently in a 
cooperation with the largely tropical SHADOZ network in 2017/18. WCCOS also leads the 
“Ozone Sonde Data Quality Assessment (O3S-DQA)” activity with the primary goals of 
homogenizing selected long-term ozone sonde data sets. In addition, the ongoing Assessment 
of Standard Operating Procedures (ASOPOS) will provide revised and more strict Standard 
Operating Procedures (SOP's) to reduce uncertainties of ozone sounding records, from currently 
10-20 % down to the 5 % level. 
 
1.4.2 Regional Dobson Calibration Centre 
Since 1999, DWD, in cooperation with Czech CHMI, is hosting the WMO RA VI Regional 
Dobson Calibration Centre (RDCC-E). Connected to the World Dobson Calibration Center 
(NOAA Boulder), and other regional Dobson Calibration Centers, RDCC-E provides calibration, 
maintenance, refurbishment and training for about 20 Dobson spectrometers/ stations in Europe 
and neighboring regions (including the British Antarctic Dobsons). RDCC-E hosts calibration 
campaigns at least once a year. In 2019, RDCC-E also supported the African Regional Dobson 
Calibration Center during a campaign in Irene, South Africa.  
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2. RESULTS FROM OBSERVATIONS AND ANALYSIS 
(e.g., trend analyses, UV doses (annual, monthly etc.), UV maps) 
 

Figure 1: Top panel: Observed annual mean total ozone columns at Hohenpeißenberg, Germany 
(black dots), and reconstruction of the observed time series by multiple linear regression (grey 
circles). The colored lines in top panel and lower panels give the ozone variations attributed to 
different influence factors in the regression. 
 
As one example, Fig. 1 shows the observed evolution of total ozone at a German station, along 
with results from a multilinear regression, which attributes the observed variations and long-term 
trends to a number of influencing factors. The observed data are consistent with long-term 
ozone decline due to increasing ozone depleting substances (ODSs) from 1968 until the late 
1990s, and a beginning slow recovery of ozone since the late 1990s. The observed rates of 
change in both periods (red line in Fig. 1) are consistent with the evolution of ODSs or 
stratospheric halogen loading (e.g. given by Equivalent Effective Stratospheric Chlorine = 
EESC). Note also that the long-term behavior of total ozone above Germany is very similar to 
the general behavior at Northern mid-latitudes, and even very similar to near global total ozone. 

To
ta

l  
O

zo
ne

 [D
U

] 
 

O
zo

ne
 C

ha
ng

e 
 [D

U
]

253



German National Report 2017 - 2020 

6 of 16 

 
Similar trend analyses, also using satellite data, are carried out by a number of German groups, 
e.g. at Bremen University, KIT, DLR and FU-Berlin. 
 
To our knowledge there have not been any recent studies looking at changes in UV doses, 
largely because UV over Germany is influenced by many more factors than stratospheric ozone 
alone. Thus, ozone- or ODS-related long-term UV changes are generally small and hard to 
detect over Germany. It is, however, noteworthy that due to the still quite enhanced ODS levels, 
large polar ozone depletion can occur in the Arctic spring, e.g. in years like 2011 or 2016. In 
such years, ozone poor air can reach Germany, and in combination with clear weather and a 
high tropopause, can result in substantially enhanced UV doses from March to May or June. 
Usually UV-warnings will be issued in such cases, see also 4.2 below. Apart from BfS, the 
University of Hannover is an important center for UV research in Germany. 
 
For more information on German ozone data analysis and ozone research see the list of 
publication topics and publications in Section 4.3.  
  
 
3. THEORY, MODELLING, AND OTHER OZONE RELATED RESEARCH 
(e.g., 3-D CTM modelling, data assimilation, use of satellite data, UV effect studies) 
 
A number of German groups use a range of models, including chemistry transport (CTM) and 
chemistry-climate models (CCMs), to simulate and understand changes and trends of 
stratospheric ozone, and to predict the future evolution of the ozone layer. German activities are 
well interfaced to international programs like the SPARC/IGAC Chemistry-Climate-Modelling 
Initiative (CCMI), which has been co-led by DLR. 
 
ECHAM-MESSY (=EMAC), an improved CCM has been established by a consortium from DLR, 
MPI for Chemistry, the University in Mainz, MPI for Meteorology in Hamburg, FU Berlin, and KIT. 
EMAC has simulated decadal trends from the 1960s to 2100. These results have contributed 
significantly to WMO/UNEP Scientific Assessments of Ozone. Using EMAC, DLR also published 
the first study on effects of recent illegal ODS emission on the future ozone layer (Dameris et al., 
2019). At MPI for Chemistry a version of EMAC with interactive stratospheric and tropospheric 
aerosol, including volcanic effects, has contributed to the SPARC-Initiative SSIRC. The working 
group Atmospheric Dynamics at the Institut für Meteorologie of Freie Universität Berlin (head: 
Prof. Dr. Ulrike Langematz) also uses EMAC, as well as observations, to study the effects of 
changes in anthropogenic emissions of ozone depleting substances (ODSs) and green-house 
gases (GHGs) on stratospheric ozone. 
 
AWI is developing and employing the ATLAS CTM, e.g. for modeling polar ozone depletion and 
transport pathways from the troposphere to the stratosphere. AWI is also developing SWIFT, a 
fast but accurate ozone chemistry scheme intended for use in Earth System and Climate Models 
(e.g. for IPCC). 
 
FZ-Jülich regularly performs simulations of polar ozone depletion and its interaction with other 
processes like vertical NOy redistribution using the Lagrangian CTM CLaMS, also used 
extensively for various aircraft campaigns (e.g. POLSTRACC, StratoClim).  
 
DLR runs the SACADA 4D-Var chemistry data assimilation system which provides consistent 
and continuous daily global stratospheric analyses since July 2013 based on Microwave Limb 
Sounder (MLS) profile data of O3, HNO3, H2O, N2O and HCl. Recently, results were used for 
calculating the global erythemal UV-radiation for 2019. 
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At KIT, chemistry-climate interactions and ozone relevant VOC distributions in the UTLS region 
are simulated with the ICON-ART model (Weimer et al., 2017; Schröter et al., 2018). In the 
future, ICON, developed by DWD and MPI-M, and used for weather forecasting by DWD, will 
deliver UV forecasts (via KIT's ART module).  
 
UV studies by the Leibniz University of Hannover (Prof.Dr.Seckmeyer) show that UV radiation is 
reduced by more than 60% in urban areas, where a large fraction of the population lives. 
U Hannover has also explained the significant increase in skin cancer rate with altitude (by as 
much as 30% per 100 m altitude) through modeling of UV exposure. 
 
 
4. DISSEMINATION OF RESULTS 
 
4.1 Data reporting 
(e.g., submission of data to the WOUDC and other data centres) 
 
Routine ozone layer data are submitted to the WOUDC, to NDACC and to the NILU data center 
(e.g. MATCH campaigns). In addition, DLR hosts the World Data Center for Remote Sensing of 
the Atmosphere, and provides operational processing and data delivery for total ozone columns 
and other traces gases from European satellites. Results and data are also available from most 
institutes (see Section 9 for websites). 
 
4.2 Information to the public 
(e.g., UV forecasts) 
 
BfS and DWD provide the public with UV-information including warnings and daily forecasts of 
the UV-index. UV-forecasts for clear sky and cloudy conditions are available for free on a global 
scale (http://kunden.dwd.de/uvi /) and nationally (http://www.uv-index.de , 
http://www.bfs.de/DE/themen/opt/uv/uv-index/prognose/prognose_node.html ).  
 
A wealth of general information and educational material on atmospheric constituents and the 
ozone layer is available from German institutes (see Section 9 for websites). 
 
4.3 Relevant scientific papers (2017 to 2019) 
 
Ozone Depleting Substances and Very Short Lived Substances 
Adams, C., Bourassa, A. E., McLinden, C. A., Sioris, C. E., von Clarmann, T., Funke, B., Rieger, L. A., and Degenstein, D. A.: Effect 

of volcanic aerosol on stratospheric NO2 and N2O5 from 2002–2014 as measured by Odin-OSIRIS and Envisat-MIPAS, Atmos. 
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5. PROJECTS, COLLABORATION, TWINNING AND CAPACITY BUILDING 
(e.g., national projects, international projects, other collaboration (nationally, internationally)) 
 

Germany is collaborating in the large European Infrastructure Projects, especially In-service 
Aircraft for a Global Observing System (IAGOS), Integrated Carbon Observation System (ICOS), 
Aerosol, Clouds and Trace gas Research Infra-Structure (ACTRIS), Integrated access to 
balloon-borne platforms for innovative research and technology (HEMERA), the Copernicus 
Climate Change Service (C3S), and in the Copernicus Atmospheric Monitoring System (CAMS). 

Germany is actively involved in the European satellite projects AC-SAF from EUMETSAT and 
Sentinel-5P from ESA. 
 
In the EU project StratClim (coordinated by AWI) aircraft measurements were carried out in 
summer 2017 in the upper troposphere and lower stratosphere of the Asian Summer Monsoon 
region, using the high altitude research aircraft M55 Geophysica, along with regular balloon 
soundings. A large number of profiles and horizontal segments of ozone, aerosol and cloud 
particles, and a complete set of relevant gaseous species were measured (see 
www.stratoclim.org ). The aircraft campaign was led by FZ-Jülich, DLR, and CNR (Italy). Other 
partners were MPI-C, KIT, AWI, the Universities Mainz, Darmstadt, and Wuppertal, as well as 
six other European institutes. The balloons were launched by ETH-Z (Switzerland) and AWI. 
 
The SPARC-OCTAV activity (Observations and Trends And Variability) uses a multiplatform 
approach to determine trends in the UTLS. To reduce the influence of dynamical variability, all 
observations (balloon, aircraft, satellite) are put on a coordinate system relative to the 
tropopause and to the jet-streams, using consistent reanalysis data and tropopause metrics. 
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SPARC-OCTAV is co-lead by U-Mainz, NASA-JPL, and NOAA Boulder, and is supported by 
WMO’s GAW program. 
 
Large national projects have centered around the HALO research aircraft:  
 

 HALO 2019 SouthTRACC, Transport, Dynamics and Chemistry in the SH UTLS  
 HALO 2018 CAFE, "Chemistry of the atmosphere: African Field Experiment”, 

Atmospheric oxidation capacity over the tropical and South Atlantic Ocean 
 HALO 2018 EMeRGe "Effect of Megacities on the Transport and Transformation of 

Pollutants on the Regional to Global Scales" 
 HALO 2017 WISE, "Wave-driven ISentropic Exchange", Dynamics & chemistry of mid-

latitude upper troposphere / lower stratosphere 
 

 
A number of German research projects are financed by BMBF within the Role of the Middle 
Atmosphere in Climate (ROMIC and ROMIC II) initiative. 
 
BfS is supporting Leibniz University of Hannover for a feasibility study on microscale modelling 
of UV exposure in urban environments for skin cancer prevention. 
 
 
6. IMPLEMENTATION OF THE RECOMMENDATIONS OF THE 10th OZONE RESEARCH 
MANAGERS MEETING 
(e.g., specifics on progress towards such implementation, difficulties encountered, near-term 
plans, etc.) 
 
Germany has followed many of the recommendations of the 10th ORM by  

 continuing systematic long-term observations and maintaining their quality 
 funding and carrying out extensive research on ozone layer processes, ozone layer 

recovery and climate change, as evidenced by Section 4.3 
 continuing QA/QC tasks and capacity building, e.g., through JOSIE ozone sonde 

chamber experiments, as well as RDCC calibration campaigns in Germany, Spain, and 
South Africa 

 contributing to the Vienna Convention Trust Fund 
 regular data submission to the international data centers 
 participation in internationally coordinated modelling activities like the Chemistry-Climate 

Modelling Initiative (CCMI) 
 contributing substantial man-power and expertise to the 2018 WMO/UNEP ozone 

assessment. 
 
 
7. FUTURE PLANS 
(e.g., new stations, upcoming projects, instrument development) 
 
Germany plays a leading role in the upcoming ESA / EUMETSAT satellite missions Sentinel-4 
and Sentinel-5. It will continue contributing to EU initiatives, especially the Copernicus Climate 
Change Service (C3S), the Copernicus Atmospheric Monitoring System (CAMS), and to 
European Research Infrastructures, especially In-service Aircraft for a Global Observing System 
(IAGOS), Integrated Carbon Observation System (ICOS), and Aerosol, Clouds and Trace gas 
Research Infra-Structure (ACTRIS). 
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U Bremen and DLR are contributing to the generation of long-term consolidated ozone time 
series under the ESA Ozone-Climate Change Initiative in Germany. 
 
National DFG Research Unit Vol-Impact (FOR 2820): Revisiting the volcanic impact on 
atmosphere and climate – preparations for the next big volcanic eruption. Participants: 
GEOMAR Kiel, KIT, MPI-M, U Bremen, U Greifswald, U Hamburg, U Leipzig, U Edinburgh, 
NASA Langley Research Center. 
 
 
8. NEEDS AND RECOMMENDATIONS 

 Monitoring the expected recovery process of the ozone layer remains essential for the next 
decades. It requires continuing high-quality measurements of total ozone, ozone profiles 
and other key constituents and atmospheric parameters (e.g. stratospheric temperature). 

 To achieve the required accuracy, multiple redundant satellite and ground-based 
observations have to be maintained. Comprehensive quality assurance and quality control 
activities have to be continued (standard operating procedures, calibration centres, inter-
comparison exercises, best possible absorption cross sections, …). 

 The scarcity of future limb sounding satellite instruments remains a great concern. Vertically 
resolved profiles, not only of ozone, but also other key constituents, are essential for 
monitoring and attributing future ozone changes, under recovery from man-made halogen 
loading, but also under the influence of a changing climate. 

 The complex interactions of climate change, ozone recovery, UV-radiation and changes in 
the atmospheric large-scale circulation remain uncertain, as does the future evolution of 
anthropogenic emissions. High quality, long-term data sets and continued modelling efforts 
are key prerequisites for understanding the observed past and predicting the future. 

 Not all processes controlling the future of the ozone layer are fully understood, or properly 
modelled. Dedicated measurement campaigns, e.g. from special balloons and research 
aircraft, and accompanying model simulations and model improvement remain important to 
improve our process understanding and, ultimately, our predictive capabilities. 

 

9. INSTITUTIONS 
 
AWI, Alfred Wegener Institut für Polarforschung, https://www.awi.de/ 

BfS, Bundesamt für Strahlenschutz, https://www.bfs.de/  

DLR, Deutsches Zentrum für Luft- und Raumfahrt, Earth Observation Center, 
https://www.dlr.de/eoc/; Institut für Physik der Atmosphäre, https://www.dlr.de/pa/  

DWD, Deutscher Wetterdienst, www.dwd.de/ozon 

FU Berlin, Institut für Meteorologie Freie Universität Berlin, https://www.geo.fu-berlin.de/met  

FZ Jülich, Forschungszentrum Jülich, IEK7 Stratosphäre, https://www.fz-juelich.de/iek/iek-
7/DE/Home/home_node.html; IEK8 Troposphäre, https://www.fz-juelich.de/iek/iek-
8/DE/Home/home_node.html  

KIT, Institut für Meteorologie und Klimaforschung, Karlsruhe Institute of Technology, 
http://www.imk.kit.edu/  

MPI-BGC, Max Planck Institut für Biogeochemie, https://www.bgc-jena.mpg.de  

MPI-C, Max Planck Institut für Chemie, https://www.mpic.de/  
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MPI-M, Max Planck Institut für Meteorologie, https://www.mpimet.mpg.de/startseite/  

U Bremen, Institut für Umweltphysik Universität Bremen, https://www.iup.uni-bremen.de/deu/  

U Frankfurt, Institut für Atmosphäre und Umwelt Universität Frankfurt, https://www.uni-
frankfurt.de/41121398/Institut_f%C3%BCr_Atmosph%C3%A4re_und_Umwelt  

U Hannover, Institut für Meteorologie und Klimatologie, https://www.muk.uni-
hannover.de/244.html?&L=1  

U Heidelberg, Institut für Umweltphysik Universität Heidelberg, https://www.iup.uni-
heidelberg.de/de/institute/atmosphere  

U Mainz, Institut für Physik der Atmosphäre Universität Mainz, https://www.ipa.uni-mainz.de 

TROPOS, Leibniz Institut für Troposphären Forschung, https://www.tropos.de/  
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INDIA 
 
 
 
INTRODUCTION 
 
In India, ozone and UV-related monitoring and research is mainly undertaken by the India 
Meteorological Department and some of other Institutions such as Indian Institute of Tropical 
Meteorology (IITM), National Atmospheric Research Laboratory (NARL), National Physical 
Laboratory (NPL) and Indian Space Research Organisation (ISRO) etc. Total Column Ozone is 
measured using a variety of techniques including Dobson spectrophotometer, Brewer 
spectrophotometer, Ozone Sunphotometer and Satellites. Vertical profile is mainly monitored using 
electrochemical ozonesondes. Solar UV radiation is measured at a number of sites across India. 
There also are ozone measurement activities at two Indian stations in Antarctica. Specific work in 
support of environmental conventions is also taking place. 
 
 
1. OBSERVATIONAL ACTIVITIES 
 
1.1 Column measurements of ozone and other gases/variables relevant to ozone loss. 
 
Ozone measurements in India were first made during 1928-29, as part of Dobson's programme of 
world-wide total ozone measurements with photographic ozone spectrophotometer. The first 
Dobson ozone spectrophotometer used for regular measurements of ozone was acquired in 1940 
by the India Meteorological Department (IMD). Systematic measurements of total columnar ozone 
were started by IMD from 1957 onwards at Srinagar, Delhi, Varanasi, Pune, and Kodaikanal using 
Dobson spectrophotometers (Table-1). The National Standard D112 is calibrated against World 
standard in various WMO organized international intercomparison campaigns held at Belsk / 
Poland (1974), Boulder / USA (1977), Melbourne / Australia (1984), Tsukuba / Japan (1996, 2006), 
Irene / South Africa (2019). IMD, New Delhi is the National Ozone Centre for India and the 
Regional Ozone Centre for the Regional Association-II (Asia) of the World Meteorological 
Organization (WMO). D36 has been sent to Regional Dobson Calibration Center (RDCC) at the 
Meteorological Observatory Hohenpeissenberg, Germany for refurbishment and calibration with 
the support from WMO and is likely to be operational in June, 2020 at New Delhi. 
 
IMD was also operating five Brewer Spectrophotometers at different location for varying period as 
mentioned in Table-2 which are not operational at present. IMD is making serious efforts to put 
these instruments in operation. Recently, Mr Alberto Redonas Merreo, Head, Ozone & UV 
Division, AEMET, Spain visited IMD and examined these instruments to assess status of these 
instruments. 
 
National Atmospheric Research Laboratory (NARL), Gadanki (13.48oN, 79.18oE) is operating 
Brewer MKIII spectrophotometer (#221) since September 2014. 
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Table-1: Details of Dobson Spectrophotometers in India 

S.No. Name of Station Lat. Long. since when Status 
1 New Delhi (D36) 28°35'

N 
77°12'E Jan. 1955 – till date Working 

2 New Delhi (D112) 
Standard 

28°35'
N 

77°12'E Apr, 1969 – till date Working 

3 Varanasi (D55) 25°18'
N 

83°01'E Dec, 1963 – May, 2019 Working,need 
maintenance 
and calibration 

4 Pune (D39) 18°32'
N 

73°51'E Mar, 1973 – May 2003  Not Working, 
Repairable 

5 Kodaikanal (D45) 10°14'
N 

77°28'E Jul, 1957 – Apr, 1998 Not Working, 
Repairable 

6 Srinagar (D10) 34°05'
N 

74°50'E Nov, 1955 – Aug, 1989 Not Working. 

 
 

Table-2: Details of Brewer Spectrophotometers in India 

S.No. Name of Station Lat. Long. since when Status 

1.  New Delhi (#89) 28°35'N 77°12'E Aug, 1994 - Oct, 2002 

2.  New Delhi (#164) 28°35'N 77°12'E Jan, 2006 - Feb, 2011 

3.  Pune (#170) 18°32'N 73°51'E Oct, 2005-Jul, 2010 

4.  Kodaikanal (#94) 10°14'N 77°28'E Mar, 1994 - Nov, 2005 

5.  Maitri, Antarctica (#153) 70°45′S 11°43′E Jan, 1994 - Nov, 2011 

Not 
Operational 

 
 
1.1.1 Satellite measurements 
 
The geostationary meteorological satellite INSAT-3D launched in July 2013 and INSAT-3DR 
launched in August 2016 by Indian Space Research Organisation (ISRO) have onboard 19 
channel sounder. The infrared radiation sounder channel centred in the 9.67 µm ozone absorption 
band provides the total columnar ozone both day and night during the clear sky conditions on 
hourly basis at 10 km x 10 km spatial resolution covering 5-40oN and 60-100oE over the Indian 
region. Geostationary satellite INSAT-3D can be a promising tool to study the ozone at high 
temporal and spatial resolution. 
 
1.2 Profile measurements of ozone and other gases/variables relevant to ozone loss 
 
The first successful sounding using was Indian ozonesonde carried out in September, 1964. The 
performance of the electrochemical concentration cell (ECC) and the Indian ozonesonde were 
assessed in several intercomparisons (WMO, 1994; Smit et al., 1996) and it is found that the 
precision of a measurement at the ozone layer peak is better than ±2% (WMO, 1994). The sondes 
were subsequently intercompared in WMOIIO3C. Further, comparisons were also held in West 
Germany in 1970 and 1980; in 1991 (Canada) and 1996 (Germany). IMD started regular 
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measurements of vertical distribution of ozone  every fortnight from 1971 onwards at New Delhi, 
Pune, Thiruvanathapuram and Maitri (Antarctica). The locations considered roughly along the 75oE 
meridian. Apart from this, the NARL started regular ozonesonde launches every fortnight from 
October 2011 onwards. IMD stopped manufacturing ozonesonde instrument in 2012-13. The 
Ozonesonde observations continued at New Delhi with Graw, Germany make ozonesonde system. 
 
India established Meteorological Observatory at Indian Antarctic station ‘Bharati (69°24.41'S, 
76°11.72' E, WMO Index Number 89776)’ in eastern Antarctica during 2015. Regular Ozonesonde 
and surface ozone measurement started at the station from 2015. 
 
1.3 UV measurements Broadband measurements 
 
India Meteorological Department is monitoring UV radiation from its network of 45 stations since 
2010. Regular measurements of UV radiation by filter photometer were started in 1979 at National 
Physical Laboratory, New Delhi. 
 
1.4 Calibration activities 
 
The network instruments are calibrated against the National Standard at regular intervals. The 
National Standard D112 is calibrated against World standard in various WMO organized 
international intercomparison campaigns held at Belsk / Poland (1974), Boulder / USA (1977), 
Melbourne / Australia (1984), Tsukuba / Japan (1996, 2006), Irene / South Africa (2019). 
 
 
2. RESULTS FROM OBSERVATIONS AND ANALYSIS 
 
Total ozone over the Indian region is mostly in the range of 235–300 DU (Dobson Unit). The 
highest ozone is observed over Delhi and the lowest over Kodaikanal. Further, the highest ozone 
is observed during April–June period and the lowest during winter. After June, the total column 
ozone is affected by mixing of lower ozone air from the lower heights (<3 km). Lower ozone levels 
during winter are caused by lesser photochemical production. A small shift in the pattern of 
monthly changes in ozone from Delhi to Kodaikanal is also noted due to the latitudinal change. 

§ An extensive validation was performed between Dobson Spectrophotometer TCO 
measurements with TOMS (OMI) retrieved TCO data over New Delhi, Varanasi, Pune and 
Kodaikanal. The correlations are significant with r values of 0.87 (0.88), 0.84 (0.82), 0.91 
(0.80) and 0.84 (Data not available) respectively. 

§ The climatological mean (N = 43 to 61 years) TCO at New Delhi, Varanasi, Pune and 
Kodaikanal are observed to be 276.0 ± 6.7 DU, 266.7 ± 8.0 DU, 260.8 ± 5.1 DU and 258.7 ± 
6.4 DU respectively. 

§ Statistically significant increasing climatological trends were observed over New Delhi, Pune, 
and Kodaikanal with annual rates 0.23 DU year-1, 0.18 DU year-1 and 0.14 DU year-1 
respectively. Lower Stratospheric Temperature was found to have positive relationship with 
Total Column Ozone and Stratospheric Ozone over different geographical locations. 

§ The maximum ozone concentration occurs over Delhi, Pune, and Trivandrum at about 23–24, 
25–26, and 26–27 km, respectively. 
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§ Depletion of ozone over Antarctica is observed confirming occurrence of the AntarcticOzone 
hole. The ozone hole phenomenon has also been observed over the Indian Antarctic station 
at Maitri and Bharati where IMD monitors ozone amount throughout the year. 

 
 

 
 

Figure-1: Left: Monthly mean total ozone measured with the Dobson spectrophotometer at New 
Delhi; Right: year round trend estimates of monthly mean of total ozone for the period 1958-2018. 

 

 
 
Figure-2: Annual mean of Total Column Ozone (TCO) from INSAT-3D Satellite over the Indian region. 

Filled gray circles represent the New Delhi and Varanasi stations. 
 
 
3. THEORY, MODELLING, AND OTHER RESEARCH 
 
The Air Quality Early Warning System (AQ-EWS) has been developed under the aegis of Ministry 
of Earth Sciences, jointly by Indian Institute of Tropical Meteorology (IITM), Pune, India 
Meteorological Department, and National Centre for Medium-Range Weather Forecasting 
(NCMRWF). The System is designed to predict air quality including ozone for next 3 days and 
further outlook for next 7 days) of air pollutants from different air quality prediction systems based 
on state-of-the-art atmospheric chemistry transport models (WRF-Chem and SILAM). 
 
Indian Institute of Tropical Meteorology, Pune, India, has developed Earth System Model 
(IITM-‐ESMv2) by transforming a state-of-the-art seasonal prediction model Climate Forecast 
System (CFSv2) into a radiatively balanced climate modeling framework suitable for investigating 
long-term climate variability and change. The IITM-‐ESMv2 is a prototype of an Earth system model 
with atmosphere, land, sea ice, ocean, and interactive ocean biogeochemistry.The IITM-ESM is 
the first climate model from India to contribute to the CMIP6 for the IPCC-AR6. 
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3.1 Surface Ozone Monitoring: 
 
During the 1970s, the ECC based surface ozone measurement system was successfully 
developed. The system is successfully operating at seven stations (New Delhi, Pune, Kodaikanal, 
Thiruvanathapruam, Nagpur, Srinagar, Jammu and Maitri). Surface ozone is being monitored 
extensively in India. A network of ten Ambient Air Quality Monitoring Stations (AAQMS) in each 
major city Delhi, Pune, Mumbai and Ahmedabad has been established under the System of Air 
Quality and Weather Forecasting And Research (SAFAR) programme. The SAFAR system is 
developed by Indian Institute of Tropical Meteorology (IITM), Pune, along with India Meteorological 
Department (IMD) and National Centre for Medium Range Weather Forecasting (NCMRWF). Each 
AAQMS is equipped with Ozone photometer for monitoring surface ozone. 
 
 
4. DISSEMINATION OF RESULTS 
 
4.1 Data reporting 
 
Total Columnar Ozone and related data are regularly submitted to the World Ozone and UV Data 
Centers at Toronto (WOUDC). The data are also archived at National Data Centre, India 
Meteorological Department, Pune. 
 
4.2 Information to the public 
 
At present UVI-information for Pune, Mumbai and Ahmedabad cities are provided to public via 
several formats; website (http://safar.tropmet.res.in/), mobile App and IVRS. When necessary, 
press releases and dedicated warnings are published by the appropriate agencies and institutes. 
In addition, outreach activities include open houses, tours, events and internship programs. UV-A 
and UV-B radiation data from IMD network of 45 stations are available on the website of India 
Meteorological Department (www.imd.gov.in). 
 
4.3 Relevant scientific papers published recently 

§ Chakraborty, T., Beig, G., Dentener, F. J., Wild, O. (2015) Atmospheric transport of ozone between 
Southern and Eastern Asia. Science of the Total Environment, 523, 28-39. 

§ Das, S.S., Suneeth, K.V., Ratnam, M.V. et al. (2019) Upper tropospheric ozone transport from the sub-
tropics to tropics over the Indian region during Asian summer monsoon. ClimDyn 52, 4567–4581. 
https://doi.org/10.1007/s00382-018-4418-6 

§ Fadnavis, S., Dhomse, S., Ghude, S. et al. (2014) Ozone trends in the vertical structure of Upper 
Troposphere and Lower stratosphere over the Indian monsoon region. Int. J. Environ. Sci. 
Technol. 11, 529–542 https://doi.org/10.1007/s13762-013-0258-4 

§ Jindal, P., Shukla, M. V., Sharma, S. K., Thapliyal, P. K. (2016) Retrieval of ozone profiles from 
geostationary infrared sounder observations using principal component analysis. Q. J. R. Meteorol. 
Soc. 142, 3015–3025, DOI:10.1002/qj.2884 

§ Jindal, P., Thapliyal, P. K., Shukla, M. V., Mishra, A. K., Mitra, D. (2014) Total column ozone retrieval 
using INSAT-3D sounder in the Tropics: A simulation study. J. Earth Syst. Sci. 123: 1265–1271. 
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§ Lal, S., Venkataramani, S., Chandra, N., Cooper, O. R., Brioude, J., Naja, M. (2014) Transport effects 
on the vertical distribution of tropospheric ozone over western India, J. Geophys. Res., 119, 10012–
10026, https://doi.org/10.1002/2014JD021854 

§ Mallik C., Lal, S., Venkataramani, S., Naja, M., and Ojha, N. (2013) Variability in ozone and its 
precursors over the Bay of Bengal during post monsoon: Transport and emission effects. J. Geophys. 
Res. Atmos., 118, 10,190-10,209. doi:10.1002/jgrd.50764. 

§ Meena, G. S., Devara, P. C. S. (2011) Zenith scattered light measurement: observations of BrO and 
OClO. Int. J.  Rem. Sensing, 32:23, 8595-8613, DOI: 10.1080/01431161.2010.542621 

§ Ojha, N., Naja, M., Sarangi, T., Kumar, R., Bhardwaj, P., Lal, S., Venkataramani, S., Sagar, R., Kumar, 
A., Chandola, H. C. (2014) On the processes influencing the vertical distribution of ozone over the 
central Himalayas: Analysis of yearlong ozonesonde observations. Atmos.  Environ., 88, 201-211. 

§ Panicker,A. S.,Pandithurai, G., Beig, G., Kim, D., Lee, D. (2014) Aerosol Modulation of Ultraviolet 
Radiation Dose over Four Metro Cities in India, Advances in Meteorology, Article ID 202868, 5 pages 
http://dx.doi.org/10.1155/2014/202868 

§ Pathakoti, M., Asuri, L. K., Venkata, M. D., Peethani, S., Gaddamidi, S., Soni, V. K., Peshin, S. 
K. (2018) Assessment of total columnar ozone climatological trends over the Indian sub-continent. Int. 
J. Rem. Sensing, 39:12, 3963-3982, DOI: 10.1080/01431161.2018.1452066. 

§ Pawar,V. S., Domkawale, M. A., Pawar, S. D., Salvekar, P. S.,  Pradeep Kumar, P. (2017) Inter annual 
variability of tropospheric NO2 and tropospheric ozone over Maharashtra (India): the role of 
lightning. Remote Sensing Letters, 8, 11, 1015-1024, DOI: 10.1080/2150704X.2017.1346398 

§ Ramachandran, S., (2015) New Directions: Mineral dust and ozone-heterogenous chemistry. Atmos. 
Environ., 106, 369-370. 

§ Ratnam, M. V., Kumar, A. H., Jayaraman, A. (2016) Validation of INSAT-3D sounder data with in situ 
measurements and other similar satellite observations over India. Atmos. Meas. Tech., 9, 5735–5745, 
2016. doi:10.5194/amt-9-5735-2016 

§ Roy, C., Fadnavis, S., Müller, R., Ayantika, D. C., Ploeger, F., Rap, A. (2017) Influence of enhanced 
Asian NOx emissions on ozone in the upper troposphere and lower stratosphere in chemistry–climate 
model simulations, Atmos. Chem. Phys., 17, 1297–1311, https://doi.org/10.5194/acp-17-1297-2017. 

§ Ghude, S. D., Singh,S., Kulkarni, P. S.,  Kumar, A., Jain, S. L.,  Singh, R., Arya, B. C., 
Shahnawaz (2008) Observations and model calculations of direct solar UV irradiances in the 
Schirmacher region of east Antarctica, International Journal of Remote Sensing, 29:20, 5907-
5921, DOI: 10.1080/01431160802108505 

§ Sahu, L. K., Sheel, V., Kajino, M., Deushi, M., Gunthe, S. S., Sinha, P. R., Sauvage, B., Thouret, V., 
and Smit, H. G., (2014) Seasonal and interannual variability of tropospheric ozone over an urban site 
in India: A study based on MOZAIC and CCM vertical profiles over Hyderabad, J. Geophys. Res., 119, 
3615-3641. doi:10.1002/2013JD021215. 

§ Srivastava, R. K., Sarkar, S., Beig, G. (2015) Brief Review: The study of Ozone and its Precursors 
Gases. International Journal of Environmental Sciences and Research, 4, 166-173. 

§ Surendran, D. E., Ghude, S. D., Beig, G., Emmons, L. K., Jena, C., Rajesh, K., Pfister, G. G., Chate, 
D. M. (2015) Air quality simulation over South Asia using Hemispheric Transport of Air Pollution 
version-2 (HTAP-v2) emission inventory and Model for Ozone and Related chemical Tracers 
(MOZART-4). Atmospheric Environment, 122. pp. 357-372. 
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§ Swapna P., Krishnan R., Sandeep N., Prajeesh A.G., Ayantika D.C., Manmeet S., Vellore R., et 
al,. (2018) Long-term climate simulations using the IITM Earth System Model (IITM-ESMv2) with focus 
on the South Asian Monsoon, Journal of Advances in Modeling Earth Systems, 1-23, 
DOI:10.1029/2017MS001262 

§ Swapna, P., Roxy, M. K., Aparna, K., Kulkarni, K., Prajeesh, A. G., Ashok, K., et al. (2015) The IITM 
earth system model: Transformation of a seasonal prediction model to a long term climate model. Bull. 
Am. Met. Soc., 96, 1351–1368. https://doi.org/10.1175/BAMS-D-13-00276.1 

§ Thankamani A. R. S., Venkat Ratnam, M., Narayana Rao, D., Venkata Krishna Murthy, B.(2018) Long-
term trends in stratospheric ozone, temperature, and water vapor over the Indian region, Annales 
Geophysicae 36, 149. 

§ Yadav, R., Sahu, L. K., Beig, G., Jaaffrey, S. N. A. (2016) Role of long-range transport and local 
meteorology in seasonal variation of surface ozone and its precursors at an urban site of India”, 
Atmos. Res., 176–177, 96-107. http://dx.doi.org/10.1016/j.atmosres.2016.02.018. 

 
 
5. PROJECTS, COLLABORATION, TWINNING AND CAPACITY BUILDING 
 
The on-site Dobson Spectrophotometer and Ozonesonde training on practical measurements of 
ozone, regular tests and data processing are organized periodically. Close cooperation is 
established with PMOD/WRC in order to assure high quality of the calibration of the radiation 
instruments. Field observers from India Meteorological have been trained at WMO-GAWTEC. 
 
 
6. IMPLEMENTATION OF THE RECOMMENDATIONS OF THE OZONE RESEARCH 

MANAGERS MEETING 

§ IMD will continue to maintain existing observation capabilities for climate and ozone layer. 
Further, enhancement in observation has been initiated. Vertical distribution and surface 
ozone measurement started at recently established Indian Antarctic station ‘Bharati 
(69°24.41'S, 76° 11.72' E)’ in eastern Antarctica. The data will be submitted to WOUDC. The 
GHGs and Ozone measurement will commence from 2020 at IMD station Ranichauri, a 
background location in Himalayan region of India. 

§ IMD has two non-operational Dobson Spectrophotometers (D39 and D45) which can be put 
in operation after refurbishment and calibration with the technical support from WMO. 

§ NIST Standard Reference Photometers (SRP) is acting as the primary standard for all the 
national and international Ozone monitoring network. Various units of these SRP instruments 
are located worldwide which are maintained by respective National metrology institutes of 
different countries for ambient ozone analyzers calibration. The NIST SRP, serial number 43 
(SRP43) has been setup at CSIR, National Physical Laboratory-India. It works on the 
principle of the absorption of 253.7 nm UV-light by Ozone molecule. The objective is to 
provide the facility for Quality assurance and apex level traceability in ground level Ozone 
measurements in the Country and South Asian Region. 

§ Indian Institute of Tropical Meteorology, Pune, India, has developed Earth System Model 
(IITM-‐ESMv2) by transforming a state-of-the-art seasonal prediction model Climate Forecast 
System (CFSv2) into a radiatively balanced climate modeling framework suitable for 
investigating long-term climate variability and change. The IITM-‐ESMv2 is a prototype of an 
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Earth system model with atmosphere, land, sea ice, ocean, and interactive ocean 
biogeochemistry.The IITM-ESM is the first climate model from India to contribute to the 
CMIP6 for the IPCC-AR6. 

 
 
7. FUTURE PLANS 

• Ongoing monitoring of ozone, water vapor, UV radiation and other species will continue along 
the expected line to improve our understanding of the chemistry–climate interactions. 

• Study on atmospheric chemistry in relation to ozone layer depletion and climate change will 
continue in India and Indian stations in Antarctica. Analysis of long term UV variations for all 
solar network sites in India. 

• IMD has two non-operational Dobson Spectrophotometers which will be put in operation after 
refurbishment and calibration with the technical support from WMO. 

• IMD is exploring possibilities for putting all the 5 old Brewer Spectrophotometers back into 
the operation. 

• IMD will participate in the international intercomparison campaigns of Dobson 
Spectrophotometer. 

• Expand UV monitoring at twenty more stations in India. Dissemination of information on UVI 
through mobile app, website and IVRS. Augmentation of Ozone monitoring programme in 
India is being taken up. 

• To develop climate models to predict the climatic change over India. 
 
 
8. NEEDS AND RECOMMENDATIONS 

• Quality Assurance/Quality Control activities like Dobson intercomparison campaigns are 
essential in order to achieve the required accuracy of the global ozone observing system. 
They lay the foundation for satellite validation, for ozone monitoring, and for trend analyses. 

• IMD acknowledges the support provided by WMO for refurbishment and calibration of 
Dobson Spectrophotometer D112 and D36. IMD requests further support from WMO for 
refurbishment and calibration of Dobson Spectrophotometer D39, D49 and D55. 

• IMD was operating five Brewer Spectrophotometers at different location for varying period as 
mentioned in India which are not operational at present. IMD is making efforts to put these 
instruments back in operation. IMD requests technical support for maintenance and 
calibration of these instruments. 
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IRAQ NATIONAL REPORT 

1. OBSERVATIONAL ACTIVITIES 
 
1.1 Stratosphere-troposphere exchanging variables: 

There are many different variables that affect the ozone layer, these variables are 
combined and connected effected directly to the ozone chemistry in the stratosphere, 
such as wind, dust, NO2, CO2 ambient temperature, climate change as well as 
ODSs and HFCs circulation and exchange of these gases and elements between 
stratosphere and the ground surface will decrease and maybe increase the 
stratospheric and the tropospheric ozone, 
 
Iraq is very active regarding all the environmental issues one of the important 
priorities is observation and monitoring all the elements that affect the environment 
by providing labs and equipment to monitor air, water, land and all the biological 
existence in our country by joining all environmental treaties and providing local and 
international funding and capacity building to increase monitoring and decrease 
impact on the environment, 
 
Since Iraq joined protocol Montreal the first goals is monitoring ODSs by the phase-
out schedules, capacity building for customs officers and standardization authority 
and rising awareness between end-users for the environmental friendly alternatives 
and by ratifying Kigali amendment with the national community to start phasedown 
substances that studies proved their destruction to the ozone layer and to the earth 
climate directly such as HFCs. 
 
1.1.1 Pollutants ( GHGs ) 
 
Many labs is distributed all over the country to monitor elements that pollute the air 
quality in Iraq In operated by different institutions : 
 
 

Average monthly data in 2017 (PPM) 
 CH4 CO NO NO2 NOX O3 CO2 SO2 NMHC 
January  1.725 0.843 0.025 0.041 0.031 0.031 401.35 0.040 0.815 
February 1.564 0.496 0.024 0.035 0.020 0.027 310.62 0.021 0.783 
March  1.834 0.460 0.012 0.032 0.034 0.037 380.41 0.032 0.752 
April 2.354 4.045 0.037 0.097 0.006 0.045 500.60 0.056 0.720 
May 1.536 0.581 0.006 0.039 0.018 0.032 473.2 0.066 0.681 
June 2.423 0.390 0.034 0.047 0.052 0.022 379.35 0.144 0.801 
July 2.594 9.056 0.531 0.433 0.095 0.071 633.48 1.048 0.960 
August 1.133 0.512 0.051 0.030 0.036 0.039 461.60 0.011 0.670 
September 1.687 0.523 0.062 0.009 0.070 0.023 514.51 0.029 0.590 
October 1.961 1.304 0.018 0.253 0.026 0.006 405.15 0.027 0.770 
November 1.003 0.764 0.033 0.461 0.044 0.014 438.06 0.036 0.842 
December 2.001 0.611 0.042 0.026 0.048 0.052 385.54 0.035 0.652 
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Average monthly data in 2018 (PPM) 
 CH4 CO NO NO2 NOX O3 CO2 SO2 NMHC 
January  1.468 0.458 0.023 0.040 0.046 0.021 435.21 0.052 0.639 
February 1.361 0.694 0.042 0.056 0.038 0.014 465.65 0.046 0.726 
March  1.630 0.631 0.061 0.052 0.019 0.036 358.38 0.026 0.659 
April 2.012 0.617 0.054 0.123 0.050 0.026 365.32 0.031 0.694 
May 1.224 0.374 0.033 0.210 0.032 0.030 321.46 0.041 0.597 
June 1.549 0.590 0.024 0.069 0.035 0.038 301.69 0.022 0.763 
July 1.721 0.745 0.008 0.048 0.033 0.033 423.36 0.144 0.634 
August 1.189 1.365 0.014 0.169 0.021 0.041 510.62 0.075 0.671 
September 2.454 0.322 0.018 0.033 0.050 0.048 523.69 0.074 0.741 
October 2.548 0.411 0.055 0.021 0.003 0.016 498.32 0.168 0.745 
November 1.250 0.536 0.042 0.094 0.063 0.035 326.91 0.033 0.765 
December 1.684 0.378 0.035 0.088 0.036 0.032 364.15 0.026 0.586 
 
 

Average monthly data in 2019 (PPM) 
 CH4 CO NO NO2 NOX O3 CO2 SO2 NMHC 
January  2.365 0.516 0.046 0.058 0.062 0.034 490.99 0.057 0.587 
February 2.154 0.431 0.041 0.046 0.053 0.035 416.83 0.066 0.645 
March  1.009 0.433 0.048 0.074 0.045 0.031 338.88 0.035 0.598 
April 1.210 0.594 0.032 0.030 0.065 0.006 334.00 0.068 0.684 
May 1.369 0.355 0.021 0.041 0.071 0.046 386.97 0.059 0.784 
June 2.197 0.768 0.027 0.119 0.066 0.045 454.58 0.046 0.695 
July 2.034 0.965 0.052 0.029 0.043 0.026 513.98 0.231 0.569 
August 2.011 0.812 0.039 0.256 0.035 0.023 501.61 0.201 0.528 
September 1.719 0.700 0.060 0.054 0.044 0.023 446.93 0.090 0.642 
October 1.118 0.511 0.024 0.066 0.054 0.051 302.80 0.098 0.856 
November 1.964 0.539 0.011 0.095 0.099 0.048 496.32 0.033 0.768 
December 1.896 0.321 0.049 0.006 0.064 0.029 420.54 0.012 0.722 
 
 

Methane ( CH4 ) 
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Carbon Monoxide ( CO ) 

 

 
Nitrogen Monoxide ( NO ) 

 

 
Nitrogen Dioxide ( NO2 ) 
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Nitrogen Oxide ( NOX ) 

 

Tropospheric Ozone ( O3 ) 

 

 
Carbon Dioxide ( CO2 ) 
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Sulfur Dioxide ( SO2 ) 

 

Non-methane Hydrocarbons ( NMHC ) 

 

Observations Analysis 
 
Rapid increasing of old generation of transportation vehicles import in Iraq in the 
last years especially the main cities was one of the big causes of the high 
concentration of pollutants and that push the government to legislate a law to limit 
the import of cars to the modern generation only and ban the old cars which 
produce less emissions and high in energy efficiency, 
 
The other cause of pollution is the oil electricity power plants which produce high 
concentration pollutants and the increasing demand for electricity especially in 
summer pushed the end-users to use private medium size generators in the city 
streets, 
 
As well as the crude oil mining companies, bricks manufacturing factories which 
uses oil to produce heat to transfer clay into sold bricks, the government is 
working strongly to resolve these problems. 
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1.1.2. Ozone Depleting Substances ( ODSs ):  Observations Analysis 
 
• CFCs 

Since Iraq joined Montreal protocol,  CFCs has been banned from import and use 
since 2010 and importers start to import alternatives and alternative based 
equipment, ozone legislation in Iraq issued and put in force, national ozone 
center started a monitoring programme with the relative associations and 
institutions such as customs clearance, ministry of trade and standardizations 
and quality control to increase monitoring and minimizing illegal trade of ODSs. 

 
All the foam production lines in foam factories that was using R-11 will be 
converted soon using alternatives, the other new founded foam manufactures  is 
using alternatives and pre-blended cells and materials using environmentally 
friendly substances. 

 
• Carbon Tetrachloride ( CTC ) 

CTC is used in small amounts in Iraq, in laboratories used as a solvent for oils 
and fats, as a dry-cleaning agent, 
after CTC is prohibited in Iraq it was easy to be converted to alternatives and 
there is no essential use for CTC in Iraq. 

 
• Methyl Bromide ( MB ) 

Methyl bromide was used in different sectors especially in agriculture sector, date 
fumigation sector was the main consumption of MD and fumigation of soil, after 
2015 MB is banned in Iraq, date packing companies moved to alternatives to 
fumigate and clean dates. 

 
• Halons 

After 2010 and according to protocol Montreal Iraq banned Halons and stop 
import and use of Halons in fire extinguishing and converted all fire extinguishing 
systems to alternatives. 

 
• HCFCs 

Iraq is high ambient temperature country, air-conditioning is one of the essential, 
life-existence demand in our region needing high performance high efficiency 
refrigerant for AC systems, R-22 is the dominate refrigerant since many years, 
 
As HCFCs ozone depleting substances Protocol Montreal scheduled phase out 
of HCFCs since 2015, Iraq is phasing out HCFCs, year after year according to 
phase out schedule through registration the importers and monitor them in the 
market and monitor the imported shipments of HCFCs to keep with protocol 
Montreal, with assistance of customs and ministry of trade, 
 
This year 2020 Iraq cut down 38.8 % from import of HCFCs, informing all the 
importers with their new quota share of HCFCs for 2020 and the years above and 
Iraq will increase monitoring, 
 
If alternatives is available and efficient as R-22 in AC applications that will 
simplify the total phasing out process of HCFCs. 

278



 
 

 

*imports of HCFCs in Iraq will reduced totally to all registered importers to 66.4 ODP 

On the basis of the trends in economic growth in Iraq, HCFC import and consumption 
is expected to grow on a yearly basis by 6 per cent using an unconstrained growth 
scenario from 2014 to 2020. The chart below presents the forecast on HCFC import 
up to 2020: 
 

 

1.1.3 Hydrofluorocarbon ( HFCs ) 

In 2010 banning R-12 made R-134a the number one alternative in RAC applications 
in Iraq, HFC dominate the refrigeration market, after a couple of years it become 
known that HFCs is destroying the ozone layer not in chemically reaction with the 
ozone atoms but in many another ways, most important way is by warming the global 
atmosphere, 
 
Now a days HFCs is becoming the only alternative for HCFCs in both RAC 
applications, import and consumption of HFCs is increasing rapidly the last years and 
that has bad impact on the ozone and the environment in general. 
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• 
 
Observations Analysis 
 
The data collected include all relevant technical, commercial, policy, institutional, 
legal and regulatory information on the current status of ODS alternative across all 
sectors where they are used, such as data being maintained by Iraqi national ozone 
center, Department of Customs, importers of ODS alternatives and equipment, the 
servicing workshops, end-users of refrigeration/air conditioning equipment, etc. 
 
HFC-134a is highly used in domestic refrigeration sector. HFC-134a is a major 
alternative in refrigeration in all sectors at the moment with increasing use of R-404A 
and R-410A, while Iraq form the high ambient temperature countries that reaches to 
55 c in July that led to wide use of AC systems and for about nine months in the year 
and that increases refrigerant consumption in the servicing sector. the use of R-404A 
has been found in many large refrigeration system and cold storage. In chiller sector, 
HFC-134a is the dominate alternative use.  R-410A is increasing rapidly as a major 
ODS alternatives in air-conditioning systems. MAC system only consumes HFC-134a 
at the moment. 
 
1.2 UV Measurements 
 
Iraq doesn’t have spectral UV measurements equipment which is very important 
devices to measure on land real delivered UV especially UV spectroradiometers and 
UV radiometers. 
 
 
2. FUTURE PLANS, NEEDS AND RECOMMENDATIONS 
 
• This national report based on the 10th ORM recommendations, capacity building is 

required to increase capabilities of the preparation and submission of the ORM 
Iraq national report and support high quality data collection of the ozone-climate 
variables. 

 
• Supporting ministry of environment and Iraqi meteorological organization and 

seismology in collaboration with WMO and ozone secretariat to facilitate a 
continuous data collection by providing high end land statins and monitoring 
equipment such as Pandora and Multi Axis Differential Optical Absorption 
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Spectroscopy (MAX-DOAS) spectrometers for ozone, and Air-Core samplers on 
small balloons for other trace gases. 

 
• Funding the purchase of spectral UV measurements equipment which is very 

important devices to measure on land real delivered UV radiation especially UV 
spectroradiometers and UV radiometers devises and provide long-term changes 
in UV radiation data. 

 
• Increase funding regarding number of delegates attending the ORM meetings. 
 
• Giving Iraq one of the relocated of Dobson and Brewer instruments and providing 

capacity building to operate and calibrate these instruments. 
 
• Providing capacity building and technical assistance to understanding ozone 

observations from space. 
 
• Urge the protocol assistant panels to find an efficient suitable alternative 

refrigerants good enough to replace HCFCs and HFCs. 
 
 
 
 
 
 
 
 
 
Environmental Engineer 
SAAD HUSHAM MULLA 
Deputy Ozone Coordinator 
Ministry Of Health and Environment 
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National Reports Jamaica 
11th WMO/UNEP Ozone Research Managers Meeting 

Geneva, 1-3 April 2020 
 
 
INTRODUCTION 
 
The National Ozone Unit (NOU) was established in 1997 to facilitate the phase out of 
chlorofluorocarbons (CFCs) and other Ozone Depleting Substances (ODSs) in Jamaica. The 
phase out is part of Jamaica's obligations under the Montreal Protocol on substances that deplete 
the ozone layer. 
 
Jamaica became a party to the agreement in 1993 and phased out the use of ozone depleting 
refrigerants known as Chlorofluorocarbons (CFCs) as at 1 January 2006, four years ahead of the 
Montreal Protocol schedule for developing countries. 
 
The NOU also acts as a liaison between the Jamaican Government and international bodies such 
as the United Nations Environment Programme (UNEP) and the United Nations Development 
Programme (UNDP). 
 
The role of the NOU includes: 

• creating and increase national awareness on ozone depleting substances 
• reporting on the consumption of ODSs in Jamaica 
• guiding timely phase out of ODS consumption through the implementation of 

projects through assistance from the Multilateral Secretariat Fund. 
• collaborating with the relevant ministries and agencies with respect to the establishment of 

policy instruments and relevant legislation concerning controls on ODS. 
 
The country is also on a path to phase out the alternatives to CFCs, the Hydrofluorocarbons 
(HCFCs) which are also ODS. This work is being done in collaboration with the UNEP and UNDP. 
More recently, Jamaica agreed to work with the UNDP to ratify the Kigali Amendment to phase 
down Hydrofluorocarbons (HFCs), which are not ODS, but are powerful greenhouse gases which 
cause global warming. Critical to sustaining the excellent compliance record with the Montreal 
Protocol is the execution of three projects: 
 

1. The Institutional Strengthening Project (ISP) 
2. The Hydrochlorofluorocarbon Phase Out Management Plan (HPMP) 
3. The Ratification of the Kigali Amendment to the Montreal Protocol 

 
In so far as reporting is concerned, the NOU has complied with the reporting requirements as 
stipulated by the UNDP and the UNEP. All activities under the UNEP Institutional Strengthening 
Project (ISP) (funded 2017-2019) were completed, reports submitted and the project closed. 
 
All sectoral workshops organised for October-November 2019 under the UNEP HPMP, Third 
Tranche Stage I (funded 2018-2020) have been completed and payment made to the consultant 
who was contracted to deliver these workshops. The NOU is currently making plans to complete 
the UNEP HPMP, Third Tranche Stage I (funded 2018-2020) project in advance of the scheduled 
July 2020 end date by organising a review of the policy and legal framework supporting the 
implementation of the HPMP. The NOU will be making a request for the additional tranches on the 
basis of work completed under this Small Scale Funding Agreement (SSFA). 
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The ISP is key to the national phase out programme of ODS as it provides financial support for the 
National Ozone Unit (NOU). The United Nations Environment Programme (UNEP) is the 
implementing agency. 
 
The main objectives of the ISP are as follows: 
 

• Adoption/implementation of ODS legislation and regulation to control and monitor ODS  
consumption; 

• Efficient and timely data collection and reporting; 
• Consultations and coordination with other national agencies/stakeholders; 
• Supervision of timely implementation of phase-out activities and reduction in ODS 

consumption; 
• Awareness raising and information exchange; 
• Regional cooperation and participation in Montreal Protocol meetings 

 
To date, all ISP activities have been completed successfully. Approval of extension of the 
Institutional Strengthening Project phase X for the period January 2020 - December 2021 for 
Jamaica was given at the 84th meeting of the Executive Committee (ExCom) of the Multilateral 
Fund (MLF) of the Montreal Protocol held 16-20 December 2019 in Montreal Canada. 
 
 
OBSERVATIONAL ACTIVITIES 
 
Currently Jamaica is not involved in any projects or activities that conduct Profile or Column 
measurements of ozone and other gases or variables relevant to ozone loss. The Meteorological 
Services Division within the Ministry of Economic Growth and Job Creation (MEGJC) is mainly 
concerned with weather measurements and collection of data such as wind speed and direction; 
number of hours of sunshine per day, amount of rain fall, etc. 
 
Jamaica has a UV index of 9 based on information sourced from 1999 – 2020 Weather Online. 
 
 
PROJECTS, COLLABORATION, TWINNING AND CAPACITY BUILDING 
 
Industry conversion project 
Seal Sprayed Solutions Limited is a private, limited liability corporation involved in the 
waterproofing and insulation of buildings, various structures, and equipment using PU Foam. Seal 
Sprayed Solutions was formed in December of 2002 and went into full operation by January of 
2003, with one mobile plant and five full-time employees. Over the years the company has 
expanded rapidly and currently has one office in Trinidad and Tobago. 
 
Up to 2012 the company consumed in excess of 30 metric tons of HCFC 141b annually for its 
operation. In 2012, an agreement was signed between Seal Sprayed Solutions and the National 
Environment and Planning Agency (NEPA) to effect the conversion of Seal Sprayed Solutions, the 
only ODS based (HCFC141b) foam manufacturing facility in the region to a non - ODS based 
facility. The non - ODS alternative used was methyl-formate. The project cost over US$95,000. 
 
Ratification of the Kigali Amendment 
In 2018, the Government of Jamaica implemented the project known as Implementing Enabling 
Activities for the ratification of the Kigali Amendment to ratify the Kigali Amendment to phase down 
the consumption of Hydrofluorocarbons (HFCs). The Amendment entered into force on 1 January 
2019. 
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The project has three (3) outputs: 
 

1) Output 1 – Strengthened legal and regulatory framework for the ratification and 
implementation of the Kigali Amendment. 

 
2) Output 2 – Harmonised Customised Codes aligned with new series of pure and blended 

HFCs 
 

3) Output 3 – Increased public awareness of the Kigali Amendment 
 
The UNDP Jamaica Country Office (CO), using the Direct Implementation (DIM) Modality, leads 
the project implementation process and manages the Montreal Protocol budget in full consultation 
with the UNDP-Regional Technical Adviser and NEPA. 
 
A Country Working Group (CWG) is established to guide the project team, and review and 
endorse the deliverables. The Working Group is responsible for ensuring that the deliverables 
outlined in this Implementation Plan are completed on time and in line with UNDP and Montreal 
Protocol requirements and are aligned with national priorities. Along with UNDP Jamaica CO, the 
National Environment and Planning Agency co-chairs the Working Group which includes 
representatives from: Ministry of Economic Growth and Job Creation (Environment Management 
and Risk Division), Ministry of Finance and the Public Service, Planning Institute of Jamaica, 
Ministry of Health and Wellness, Climate Change Division, Jamaica Customs Agency, The Trade 
Board, Jamaica Air Conditioning Refrigeration and Ventilation Association and the Maritime 
Authority of Jamaica. 
 
HPMP Phase II 
Although Jamaica is currently pursuing activities to complete phase I of the HPMP, the NOU 
provided technical assistance to guide the preparation of phase II of the HPMP; the Executive 
Committee of the Multilateral Fund of the Montreal Protocol has approved the allocation of funding 
for this project. The strategic objectives of the first phase are as follows: 
 

• Development of the technical capability of refrigeration service personnel to comfortably 
make the transition away from HCFC based technologies to ozone friendly technologies 
with reduced carbon footprints 

 
• Develop national capability to reduce demand for virgin refrigerant through retrofitting and 

recovery schemes 
 

• Build understanding of the choice of refrigerants for specific applications 
 

• Provide the tools and equipment necessary to facilitate the transition 
 
The strategy for the Second Stage of the HPMP will follow the successful strategic lines 
implemented in the First Stage, namely technical assistance to the RAC sector, strengthening of 
regulatory framework and awareness campaigns aimed to promote all initiatives involving HCFC 
phase out in the country. 
 
Jamaica National Cooling Strategy 2019 (proposed) 
The National Cooling Strategy was developed through the Caribbean Cooling Initiative (CCOOL), 
which was launched in 2017 by UN Environment’s United for Efficiency initiative. 
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The purpose therefore of a National Cooling Strategy for Jamaica is to provide context and a 
vision for transforming Jamaica’s market for refrigerators and air conditioners, away from the use 
of less efficiency systems which have impacts on the environment, to more efficient systems which 
are benign in their impacts on the climate.  The National Cooling Strategy will be in line with 
Regional and international trends for modern and energy efficient cooling technologies, modern 
and benign refrigerants and specifically aligned to national energy efficiency, climate change and 
ozone protection mandates of the State as expressed by policy, development plans and national 
goals. 
 
A National Cooling Strategy as proposed provides technological, financial, and capacity pathways 
for accelerating the desired changes in the cooling industry.  With the support of provisions 
available through the Kigali Cooling Efficiency Program (K-CEP) of the Kigali Amendment and this 
CCOOL initiative, additional expertise and resources become available for achieving a predictable 
and sustainable application of more energy efficient and climate friendly cooling technologies. 
 
The proposed National Cooling Strategy therefore emerges from an assessment of the local 
cooling market, including suppliers, users and state actors, seeking to understand the actions 
already taken, barriers to achieving desired goals and the opportunities which may be available 
from local and international sources for change. 
 
The Jamaica National Cooling Strategy (JNCS) developed under this Caribbean Cooling Initiative 
will therefore consider commercial and logistical requirements of various key stakeholders in the 
public and private sector, and the drivers, challenges and opportunities that need to be considered 
in advancing a JNCS. 
 
 
FUTURE PLANS 

Hitherto, Jamaica has fulfilled all its obligations under the Montreal Protocol to phase out the 
consumption of Ozone Depleting Substances (ODS). However, it is still difficult to quantify the 
benefits of the actions taken to the ozone layer under programmes such as the Refrigerant 
Management Plan (RMP), the Terminal Phase Out Management Plan (TPMP) and the 
Hydrochlorofluorocarbon Phase out Management Plan (HPMP). Therefore, Jamaica, led by the 
National Ozone Unit (NOU) is desirous of conducting ozone related research to determine the 
health and sustainability of the ozone layer, through column and profile measurements. This will 
help us to better understand the ozone layer and also to develop correlations between our action 
and the health of the ozone layer. 
 
Since the start of the Jamaica’s Refrigerant Management Plan (RMP), service technicians and 
other stakeholders were provided with equipment and encouraged to recover, recycle and reuse 
refrigerants whenever possible. However, as part of good practices, if during servicing it was 
discovered that these refrigerants were at the end of useful life, they were to be recovered and 
stored in approved labelled cylinders and marked for disposal. While this practice was followed, 
there is currently no disposal facility in Jamaica or the region. As a result, there are a large 
quantity of ODSs being stored across the island in “less than ideal conditions” waiting for disposal. 
The concern is that if a solution is not quickly developed, the gasses will be vented to the 
atmosphere either due to a lack of storage capacity or accident. 
 
This underscores request for a recycling centre, which is important to the sector and the protection 
of the Ozone layer; as such the need for a recycling centre in Jamaica and the region should be 
revisited. 
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Since the start of the RMP, TPMP and the HPMP the skillset and technologies required to 
maintain good practices have changed considerably. Over time, service technicians were required 
to upskill and retool at their own expense which has created a large financial burden. Forcing 
some technicians towards other professions and others to contravene the Montreal Protocol best 
management practices. In the past, the NOU has tried to ease the burden by providing speciality 
tools for sale to trained technicians for a fraction of the cost in addition to ongoing capacity building 
training for some technicians. 
 
Currently, the RAC industry is transitioning to the use of natural refrigerants. This decision has 
lead to the need for very expensive specialized tools. The NOU will lobby the multilateral funding 
agencies to provide assistance to technicians and service agencies for the acquisition of these 
tools. 
 
 
NEEDS AND RECOMMENDATIONS 

1) The NOU will solicit the assistance of the University of Technology, the Caribbean Maritime 
University and the Meteorological Service of Jamaica to develop proposals to seek support 
to conduct ozone related research. 

2) The NOU will determine the quantity of ODS stored across the island to determine the 
feasibility of establishing a refrigerant destruction facility in Jamaica or the region. 

3) Ongoing capacity building programmes. 
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JAPAN 
 
 
 
1. OBSERVATIONAL ACTIVITIES 
 
1.1 Column measurements of ozone and other gases/variables relevant to ozone loss 
 
Total column ozone and Umkehr measurements were conducted by the Japan Meteorological 
Agency (JMA) at three sites in Japan (Sapporo, Tsukuba, and Naha) and at Syowa Station in 
Antarctica (Table 1). These measurements at Minamitorishima were concluded in January 2018. 
Brewer spectrophotometers have been used for measurements at Sapporo, Tsukuba, and Naha 
since February 2018 replacing Dobson spectrophotometers, whereas a Dobson 
spectrophotometer is used at Syowa Station. 
 

Table 1. Locations of column ozone and Umkehr measurement sites operated by JMA 

Observati

on site 

Lati

tude 

Long

itude 

Altitu

de (m) 

WMO station 

number 

Sapporo 
43° 

04′ N 

141° 

20′ E 
26 47412 

Tsukuba 
36° 

03′ N 

140° 

08′ E 
31 47646 

Naha 
26° 

12′ N 

127° 

41′ E 
28 47936 

Syowa 
69° 

00′ S 

39° 

35’ E 
26 89532 

 
Concentrations of ozone-depleting substances and other atmospheric constituents are monitored 
by the Center for Global Environmental Research (CGER) of the National Institute for 
Environmental Studies (NIES) and JMA. The monitoring sites are listed in Table 2. CGER/NIES 
monitors ozone-depleting substances (CFCs, CCl4, CH3CCl3, and HCFCs), HFCs, surface ozone, 
CO2, CH4, CO, N2O, SF6, NOx, H2, the O2/N2 ratio, and aerosols at remote sites (Hateruma and 
Ochiishi). JMA measures surface concentrations of ozone-depleting substances (CFCs, CCl4, and 
CH3CCl3) and other atmospheric constituents (surface ozone, CO2, N2O, CH4, and CO) at Ryori, a 
Global Atmosphere Watch (GAW) Regional Station in northern Japan. The concentrations of 
surface ozone, CO2, CH4, and CO are also monitored at Minamitorishima (GAW Global Station) 
and Yonagunijima (GAW Regional Station). 
 
The Japanese Ministry of the Environment (MOE) monitors concentrations of halocarbons (CFCs, 
CCl4, CH3CCl3, halons, HCFCs, and CH3Br) and HFCs at remote sites around Wakkanai and 
Nemuro, far from their emission source, and at an urban site (Kawasaki). 
 
JMA also monitors CFCs, CO2, N2O, and CH4 concentrations in both the atmosphere and 
seawater of the western Pacific on board the research vessels Ryofu Maru and Keifu Maru. 
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Table 2. Locations of monitoring sites for ozone-depleting substances and other minor 
atmospheric constituents 
 
Monitoring site Latitude Longitude Altitude (m) Year Organization 

Ochiishi 43° 10′ N 145° 30′ E 45 Oct 1995 - CGER/NIES 

Hateruma 24° 03′ N 123° 49′ E 10 Oct 1993 - CGER/NIES 

Ryori 39° 02′ N 141° 49′ E 260 Jan 1987 - JMA 

Minamitorishima 24° 17′ N 153° 59′ E 7 Mar 1993 - JMA 

Yonagunijima 24° 28′ N 123° 01′ E 30 Jan 1997 - JMA 

Syowa 69° 00′ S 39° 35′ E 26 Jan 1997 - JMA 

 
 
1.2 Profile measurements of ozone and other gases/variables relevant to ozone loss 
 
1.2.1 Ground-based and sonde measurements 
 
From October 1990 to March 2011, CGER/NIES measured vertical profiles of stratospheric ozone 
at Tsukuba with an ozone laser radar (ozone lidar); these data were registered in the Network for 
the Detection of Atmospheric Composition Change (NDACC) database. CGER/NIES also 
measured vertical profiles of ozone with millimetre-wave radiometers from September 1995 to 
March 2011 at Tsukuba. The ozone measurements with millimetre-wave radiometers were 
conducted by CGER/NIES from March 1999 to March 2011 at Rikubetsu, and the Nagoya 
University has been conducting them since April 2011 (Ohyama et al., 2016). 
 
JMA has been monitoring vertical ozone profiles weekly by an ozonesonde at Tsukuba in Japan 
and Syowa Station in Antarctica. Ozonesonde monitoring at Sapporo and Naha was concluded in 
January 2018. 
 
Surface ozone concentrations are measured in operational networks at more than 1000 sites by 
the MOE, Japan, and at several rural or remote sites by the JMA.  Additionally, research-based 
observations or long-term monitoring are conducted by NIES and the Japan Agency for Marine-
Earth Science and Technology (JAMSTEC). NIES measures surface ozone and its ancillary 
species such as NOx and SO2 at Ochiishi and Hateruma. Over-ocean atmospheric trace species, 
including ozone, have been observed during more than 20 cruise legs on board R/V Mirai of 
JAMSTEC, from 67°  S to 75°  N. Ozone mixing ratios <10 ppb were more frequently observed than 
found in model simulations over the western Pacific equatorial region, suggesting a missing sink 
due to halogen chemistry (Kanaya et al., 2019). 
 
1.2.2 Airborne measurements 
 
Since 2011, JMA has conducted monthly airborne in-situ measurements (flask sampling) of CO2, 
CH4, CO, and N2O concentrations at an altitude of ~6 km along the flight path from the main island 
of Japan to Minamitorishima. 
 
Atmospheric greenhouse gases have been measured by a commercial airliner with Continuous 
CO2 Measuring Equipment (CME) and Automatic air Sampling Equipment (ASE) under the 
CONTRAIL project managed by NIES and the JMA’s Meteorological Research Institute (MRI), 
since 2005. 
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1.2.3 Satellite measurements 
 
The Superconducting Submillimeter-Wave Limb-Emission Sounder (SMILES) was developed for 
deployment in the Japanese Experiment Module (JEM) on the International Space Station (ISS) 
with cooperation from the Japan Aerospace Exploration Agency (JAXA) and the Japanese 
National Institute of Information and Communications Technology (NICT). SMILES conducted 
atmospheric observations for approximately six months, from October 2009 to April 2010, to 
measure concentrations of minor species in the stratosphere and mesosphere. Processing of 
SMILES data provided global and vertical distributions of atmospheric constituents related to 
ozone chemistry (e.g., O3, HCl, ClO, HO2, HOCl, BrO, O3 isotopes, HNO3, and CH3CN); these data 
have been distributed by ISAS/JAXA from DARTS (Data ARchives and Transmission System; 
https://darts.isas.jaxa.jp/stp/smiles/; DOI:10.17597/ISAS.DARTS/STP-00001) for use by the 
scientific community. 
 
SMILES observations have been extensively used for comparison with other satellite data due to 
their high sensitivity measurements (e.g., Sheese et al., 2016; López-Puertas et al., 2018). They 
have also been used as good reference data for chemistry-climate models (e.g., Akiyoshi et al., 
2016) and basic validation data for the international modelling community, such as the Chemistry-
Climate Model Initiative (CCMI), as well as for reanalysis data including chemical species (Errera 
et al., 2019). 
 
1.3 UV measurements 
 
1.3.1 Broadband measurements 
 
CGER/NIES has used broadband radiometers to monitor surface UV-A and UV-B radiation at five 
observation sites in Japan since 2000. CGER/NIES calculates the UV Index from observed data 
and makes it available to the public, hourly, via the Internet. 
 
1.3.2 Spectroradiometers 
 
JMA monitors surface UV-B radiation with Brewer spectrophotometers at Tsukuba in Japan and 
Syowa Station in Antarctica. UV-B monitoring at Sapporo and Naha was concluded in January 
2018. 
 
1.4 Calibration activities 
 
1.4.1 International center activities 
 
JMA operates the Quality Assurance/Science Activity Centre (QA/SAC) and the Regional Dobson 
Calibration Centre (RDCC) under the GAW programme of the World Meteorological Organization 
(WMO) to ensure the quality of ozone observations in WMO Regional Associations (RA) II (Asia) 
and V (South-west Pacific). The Regional Standard Dobson instrument (D116) is calibrated against 
the World Standard instrument (D083) every three years. The most recent calibration was 
performed in February 2017 in Melbourne, Australia. 
 
1.4.3  National standard 
 
The National Standard Brewer instrument is calibrated against the World Standard Triad, 
maintained by Environment and Climate Change Canada (ECCC), every four years. The more 
recent calibrations were performed in March 2018 in Toronto, Canada and in June 2019 in Huelva, 
Spain. 
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2. RESULTS FROM OBSERVATIONS AND ANALYSIS 
 
Trend analyses of total ozone concentrations at three sites (Sapporo, Tsukuba, and Naha), 
eliminating solar activity, QBO, ENSO, and stratospheric aerosol variations, show an overall 
decrease in total ozone from 1979 to 1996 at Sapporo and Tsukuba; however, no marked changes 
have been observed since 2000. Vertical ozone profiles from Umkehr and sonde measurements 
from 1979 to 1996 show decreasing trends of ozone levels at altitudes below 35 km at Sapporo, 
above 20 km at Tsukuba, and between 20 and 25 km and 35 and 38 km at Naha. In contrast, 
increasing trends of ozone levels since 2000 have been identified at altitudes above 30 km at 
Sapporo, and between 32 and 38 km at Tsukuba. 
 
Ozone concentration in the upper stratosphere measured by millimetre-wave radiometers at 
Rikubetsu was analyzed for the period 1999–2017. The analysis shows that the interannual 
variation in the winter ozone maximum was caused by interannual variation in planetary wave 
activity over Rikubetsu, which results from interannual variation in the Arctic polar vortex (Ohyama 
et al., 2019). They suggest that planetary wave activity over Japan should influence the long-term 
trend in ozone over Rikubetsu. 
 
UV radiation levels at three sites in Japan (Tsukuba, Naha, and Sapporo) have increased since 
the early 1990s. UV radiation levels in terms annual cumulative daily erythemal UV radiation at 
Tsukuba is virtually certain to have increased for the whole of the observational period by ratios of 
4.5% per decade. At Sapporo, UV radiation levels increased from the mid-1990s to the 2000s. At 
Tsukuba, UV radiation levels increased in the 1990s. At Naha, data show no marked changes 
since the increase observed in the 1990s. This phenomenon may be attributable to a decreasing 
tendency of aerosols and air pollution. 
 
The duration of solar exposure required for vitamin D3 synthesis in the human body was estimated 
by using a radiative transfer calculation and UV-B and UV-A data recorded at five locations in 
Japan, i.e., Ochiishi, Rikubetsu, Tsukuba, and Hateruma (Miyauchi and Nakajima, 2016). The 
quasi-real time data were acquired from the website of Center for Global Environmental Research, 
National Institute for Environmental Studies; titles “Information on Vitamin D Synthesis / Erythemal 
UV” at: http://db.cger.nies.go.jp/dataset/uv_vitaminD/en/index.html. The exposure time for 
erythemal UV dose to reach 1 Minimal Erythema Dose (MED) is also provided on this website. 
 
Atmospheric measurements of halocarbons at three sites (Hateruma, Ochiishi, and Ryori) were 
used to estimate halocarbon emissions from Japan (Saito et al., 2015). The study suggested that 
Japanese emissions of several halocarbon species substantially increased after the 2011 
earthquake. The extraordinary halocarbon emissions were likely due to the destruction of building 
components containing halocarbons, such as air conditioners, foam insulation, and electrical 
equipment. Hateruma measurements were also used to estimate emissions of the banned ozone-
depleting substance, CFC-11, in east Asia (Rigby et al., 2019). The study showed that CFC-11 
emissions from eastern China have increased approximately since 2013, and that these increased 
emissions account for a large fraction of the global emission increase identified recently. 
 
Ozone, HCl, and HNO3, measured by Fourier-transform infrared spectroscopy (FTIR) at Syowa 
Station, Antarctica in 2007 and 2011, were analyzed together with the satellite data of ClO 
measured by MLS, ClONO2 by MIPAS, PSCs by CALIOP (Nakajima et al., 2020). The analyses 
confirmed that during ozone hole period, ozone concentration changed according to the distance 
between Syowa Station and the polar vortex edge, and deactivation process of chlorine species 
differed at 18 km and 22 km, depending on the degree of ozone depletion. The observations and a 
nudged chemistry-climate model (CCM) simulation suggested that ClONO2 should be transported 
from the polar vortex edge region to the inside of the vortex, which resulted in the continuous 
decrease of HCl inside the polar vortex during the ozone hole period. 
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3. THEORY, MODELLING, AND OTHER OZONE RELATED RESEARCH 
 
The NIES, MRI, JAMSTEC, and Nagoya University have been developing chemistry-climate 
models. These institutes in Japan provided their simulation results of recent past and future 
evolution of chemical species and climate to an international project, the Chemistry Climate Model 
Initiative (CCMI) (Morgenstern et al., 2017). The NIES primarily developed simulations of the 
stratospheric process, JAMSTEC for the tropospheric process, and MRI for both the stratospheric 
and tropospheric processes. 
 
The latest version of the NIES CCM is CCSRNIES-MIROC5, which has been developed based on 
MIROC5 GCM by introducing stratospheric chemical process. The total ozone distribution has 
improved from that of MIROC3.2, particularly in Northern Hemisphere high latitude winter and 
spring. An ocean coupled version of the MIROC5 CCM has also been developed. In addition to the 
chemistry-climate interaction simulation recommended by CCMI, these models are also used as a 
chemical transport model (CTM). They assimilate meteorological data by a method of nudging for 
ozone simulation in the past. 
 
MRI has developed both a CTM and CCM to study stratospheric and tropospheric ozone. The 
current version of the model, MRI-CCM Version 2 (MRI-CCM2; Deushi and Shibata, 2011), 
includes detailed tropospheric ozone chemistry as well as stratospheric chemistry. The model has 
been used at JMA to simulate ozone distributions by incorporating total ozone data from the 
Ozone Mapping & Profiler Suite (OMPS) instruments on board the Suomi NPP since 2016, and 
has produced several-day ozone forecasts. These calculated ozone distributions can be used to 
monitor variations in stratospheric and tropospheric ozone as well as total column ozone, and to 
provide a UV forecast service. The MRI-CCM2 is also an important component model of the MRI 
earth-system model version 2.0 (MRI-ESM2.0; Yukimoto et al., 2019), which participated in the 
sixth phase of the Coupled Model Intercomparison Project (CMIP6). MRI-ESM2.0 has been 
developed based on a previous model, MRI-ESM1 (Yukimoto et al., 2011; Adachi et al., 2013), 
which participated in CMIP5 and CCMI. 
 
Nagoya University, NIES, and JAMSTEC developed a CCM in 2011 (Watanabe et al., 2011), 
based on the climate model MIROC. The chemistry part of this CCM was developed by extending 
the upper boundary of the CHASER model from the lower stratosphere to the mesosphere and 
includes stratospheric chemistry and PSC processes. The CHASER model has been continuously 
participating in the CMIP-related model intercomparison projects (MIPs) such as CCMI and 
AerChemMIP by performing hindcast and future projection of global tropospheric and stratospheric 
ozone and aerosols (Morgenstern et al., 2017,2018; Anderson et al., 2017; Dhomse et al., 2018; 
Hakim et al., 2019). CHASER also contributed to an investigation of chemistry-aerosol interaction 
(Bian et al., 2017) and to the evaluation and projection of human health impacts of ozone and 
related species (Silva et al., 2017; Liang et al., 2018; Susan et al., 2018) which are partly linked to 
the above referenced MIPs and Source-Receptor (S-R) simulations of the Hemispheric Transport 
of Atmospheric Pollutants Phase-II (HTAP2) experiment (Stjern et al., 2016; Huang et al., 2017). 
The chemical data assimilation system based on the CHASER model (Miyazaki et al., 2012, 2017) 
was further developed by increasing the spatial resolution (Sekiya et al., 2018) and was validated 
in detail against the surface, vessel, and aircraft observations in Asia and the Arctic (Miyazaki et 
al., 2019; Kanaya et al., 2019). 
 
 
4. DISSEMINATION OF RESULTS 
 
4.1 Data reporting 
 
Observational data recorded at stations of JMA are submitted monthly to the World Ozone and UV 
Data Centre (WOUDC) in Toronto, Canada. Provisional total ozone data are also delivered daily at 
the Character Form for the Representation and Exchange of Data (CREX) through the WMO 
Global Telecommunication System (GTS), and used at the WMO Ozone Mapping Centre in 
Thessaloniki, Greece, to map total ozone distribution over the Northern Hemisphere. Total ozone 
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and ozonesonde data recorded at Syowa Station during the Antarctic winter and spring are 
submitted weekly to the WMO Secretariat for incorporation in the Antarctic Ozone Bulletins. 
 
The NIES and Institute for Space-Earth Environmental Research (ISEE) of Nagoya University 
have established stations at Tsukuba and Rikubetsu, equipped with NDACC instruments including 
lidar systems, millimetre-wave radiometers, and FTIR spectrometers. Some activities undertaken 
by organizations have been incorporated in NDACC measurements in Japan. 
 
4.2 Information to the public 
 
JMA data summaries of total ozone, ozonesonde, and UV-B measurements are published monthly 
in Japanese at: https://www.data.jma.go.jp/gmd/env/ozonehp/info_ozone.html. An annual report 
that includes detailed trend analyses of ozone over Japan and globally is also published for both 
government and public use in Japanese at:  
https://www.data.jma.go.jp/gmd/env/ozonehp/annualreport_o3uv.html. Since 2005, JMA has been 
providing an Internet-based UV forecast service (in the form of an hourly UV-index map) based on 
UV-B observations and ozone forecast modelling techniques at: 
https://www.data.jma.go.jp/gmd/env/uvindex/en/. Analytical UV maps and UV observations are 
also posted hourly at the same webpage. MRI-CCM UV forecasts were replaced by MRI-CCM2 
forecasts in 2014. 
 
The Japanese MOE publishes an annual report on the state of the ozone layer, surface UV-B 
radiation, and atmospheric concentrations of ozone-depleting substances (in Japanese) at: 
http://www.env.go.jp/earth/ozone/o3_report/index.html. 
 
The MOE supports research on preserving the environment in Japan and around the world 
(including ozone layer depletion) through the Environment Research and Technology 
Development Fund (ERTDF); their results are published in Annual Summary Reports. 
 
 
5. PROJECTS, COLLABORATION, TWINNING, AND CAPACITY BUILDING 
 
A research project, A Research for Validity Evaluation of HFC and GHG Reducing Measure for 
Ozone Layer Recovery, was undertaken as an ERTDF project by NIES during 2017–2019. This 
project investigates dependence of ozone amount on ODS, GHG, and HFC globally by performing 
multi-ensemble CCM simulations. 
 
An international project of the Science and Technology Research Partnership for Sustainable 
Development (SATREPS), Development of the Atmospheric Environmental Risk Management 
System in South America, was conducted by Nagoya University and NIES during 2012-2017. In 
this project, lidar for measuring aerosols and ozone, and millimetre-wave radiometers for 
measuring ozone and chlorine monoxide were deployed in Argentina and Chile. Advection of 
ozone-depleted airmasses from Antarctica has been recorded by these instruments in the recent 
austral spring and simulated by a nudged version of MIROC3.2 CTM (Sugita et al., 2017). An 
ozone laminae structure was recorded by ozonesondes near the edge of the Antarctic polar vortex 
at the southern tip of South America, and it is found that this was caused by planetary wave and 
gravity wave activities around the polar vortex (Ohyama et al., 2018). An analysis of low ozone air 
mass advection towards South America, associated with the Antarctic polar vortex breakdown in 
2009, was conducted using ERA-Interim reanalysis data and a nudged version of CCSRNIES-
MIROC3.2 CCM, and a relationship with a blocking event in the troposphere was investigated 
(Akiyoshi et al., 2018). 
 
The research activity of the SATREPS project continues with a project of Grants-in-Aid for 
Scientific Research for strengthening international joint research. 
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6. IMPLEMENTATION OF THE RECOMMENDATIONS OF THE 10th OZONE RESEARCH 
MANAGERS MEETING 

 
Observational data acquired from all stations of JMA are submitted monthly to WOUDC. 
 
JMA provides technical support on ozone observation to Asian and South-West Pacific countries 
via email upon their request as a part of the QA/SAC activities. 
 
A MIROC5-base CCM coupled with an ocean model has been developed. This CCM will be used 
for the next round of CCMI experiments and for future projection of global warming with chemistry-
climate interaction. In addition to this CCM, a new CCM based on MIROC6 GCM is being 
developed. 
 
The MIROC3.2 CCM outputs of ozone change in the past and future were used for many 
chemistry-climate interaction studies in the CCMI community, and the results have been published. 
Dynamical analyses associated with ozone variation in the Southern Hemisphere were performed 
in the international project, SATREPS. These studies contribute to the understanding of the 
chemistry-climate interaction. 
 
 
7. FUTURE PLANS 
 
The ongoing monitoring of ozone, water vapor, and other species levels near the tropical 
tropopause will continue to improve our understanding of the role of the tropical transition layer in 
chemistry–climate interactions. Precise measurements of trace gas concentrations in the 
stratosphere will continue to provide key information on physical, chemical, and dynamical 
processes in the stratosphere. For example, precise monitoring of trace gases in the middle 
atmosphere enables identification of mean age of air variability and an evaluation of the ability of 
current models to reproduce changes in dynamical atmospheric processes. 
 
Development and improvement of CCM and CTM numerical models will continue, which will allow 
better prediction of future changes to the ozone layer and improve our understanding of the 
mechanisms of chemistry–climate interactions. 
 
Research on the effect of solar activity change on ozone and a large ensemble simulation of ozone 
variation in the global warming is planned as part of the chemistry-climate interaction study in the 
near future. 
 
As one of the satellite missions under planning, based on the SMILES heritage, we prepare for a 
mission that proposes to observe temperature and wind fields as well as distributions of 
atmospheric minor species for the full diurnal cycle from the middle atmosphere (stratosphere and 
mesosphere) to the upper atmosphere (thermosphere and ionosphere) for a period of five years. 
SMILES-2 observations will enable us to obtain global information with unprecedented accuracy 
on the whole atmosphere including upper mesosphere and lower thermosphere where observation 
data have been missing (Shiotani et al., 2019). 
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8. NEEDS AND RECOMMENDATIONS 
 
Systematic observations to evaluate the changing state of the ozone layer, including detection of 
ozone layer recovery, should continue in cooperation with international monitoring networks, such 
as NDACC and the WMO/GAW program. 
 
A systematic calibration program and well-coordinated monitoring network should be established 
to detect variations and long-term trends in ground-level UV radiation. 
 
Reliable observation data for ozone and other chemicals in the upper middle atmosphere are 
required, especially for HOx species such as OH and HO2. 
 
CCMs need to be developed to accurately simulate stratospheric water vapor amount from a point 
of view of chemistry-climate interaction. CCM updates based on the newest global circulation 
model are required. 
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PREAMBLE 
 
The developing countries in the tropics can play a major role in the global initiatives to achieve a 
better understanding of the atmospheric changes and the effects on the environment linked to 
ozone changes. Consequently, Kenya, through Kenya Meteorological Department, initiated its 
active involvement in the World Meteorological Organization (WMO) Global Ozone Observing 
System (GO3OS) with the launching of its total column ozone monitoring programme in 1984. The 
ozone monitoring programme has since expanded and the country additionally monitors vertical 
profile and surface ozone. 
 
1. OBSERVATIONAL ACTIVITIES 
 

1.1 Column Measurements of Ozone 
	  

Nairobi regional Global Atmospheric Watch (GAW) station (Altitude: 1795m asl, Latitude: 1.30 
S, Longitude: 36.75 E) monitors the total column of ozone using Dobson spectrophotometer 
number 18 since year 2005. However, these measurements commenced at the University of 
Nairobi in 1984 until year 2005 when the instrument was transferred to Kenya Meteorological 
Department. The Department also monitors total column of ozone using the Brewer instrument 
that was install on 18 March 2019. The station is within Kenya Meteorological Departments and 
therefore all weather parameters are observed. 

	  
1.2 Profile Measurements of Ozone 

	  
The Nairobi regional GAW station also monitors the vertical profile of ozone since 1996. It uses 
a Lightweight, balloon-borne instrument attached to a conventional meteorological radiosonde. 
It has an electrochemical concentration cell (ECC) that senses ozone as it reacts with a dilute 
solution of potassium iodide to produce a weak electrical current proportional to the ozone 
concentration of the sampled air. During its ascent through the atmosphere, the ozonesonde 
transmits readings of ozone and standard meteorological parameters (Ambient temperature, 
relative humidity, and wind speed and wind direction) to the ground receiving station. These 
measurements are performed once every week. 
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!

1.3 Ultra Violet (UV) Measurements 

!
There are no UV measurements in the country. 

!
1.4 Calibration Activities 

!
Since the inception of the Nairobi Ozonesonde Observatory Station, MeteoSwiss has 
supported the station with all the necessary equipment coupled with biannual instrument 
calibrations and audit missions. 

!
The Dodson spectrophotometer number 18 participated in the International Intercomparison 
campaign conducted in Irene Institute in Pretoria South Africa from October 7th to 18th 2019, 
under the auspices of the World Meteorological Organization (WMO). 

!
!
2. RESULTS FROM OBSERVATIONS AND ANALSYSIS 
 
Figure 1 below shows annual total column of ozone at Nairobi regional GAW station. Preliminary 
investigations indicate a decreasing trend of ozone from 1984 to 2019. The annual mean is 255.6 
DU. 
 
 

 
 

Fig: 1. Annual total column of ozone in Nairobi, Kenya 
 
The mean monthly total column of ozone is indicated in figure 2. The figure shows a seasonal 
variation of ozone. There is a slight peak during the long rains in March-May and a major peak in 
August-October just before the commencement of the short rains. Minimum values are realized in 
December-February with corresponding maximum values in August-October. The difference in 
ozone amount is attributed to stratospheric ozone fluctuations due to the variation of the height of 
the tropopause (Muthama, 1989). The mean monthly standard deviation is 5.9. 
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Fig: 2. Mean monthly total column of ozone 
!
 
Statistical analysis of ozone profiles over Nairobi split into 3 layers reveals strong yearly variation 
in the free troposphere and the tropopause region, while ozone in the stratosphere appears to be 
relatively constant throughout the year. Total ozone measurements by Dobson instrument confirm 
maximum total ozone content during the short-rains season and a minimum in the warm-dry 
season (Ayoma et al, 2002). 

!
!
!

 

 

 

 

 

 

 

 

 

 

 

Fig: 3. Mean “Seasonally averaged” ozone profile over Nairobi based on 8 years of ozone 
sounding, for respectively long-rains, short-rains, warm-dry and cold-dry season. 
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As a first output of this analysis, there is indication that the relative ozone variability in the 
“stratosphere” is weak, thus indicative of small changes in the ozone concentration in the 
stratosphere over Nairobi during the last 8 years. On the contrary in the “free troposphere” and 
“tropopause” regions, observations have shown significant changes: up to 40% of peak to peak 
variation with a well-defined yearly cycle. This tropospheric ozone variability is higher than expected 
and may partially be attributed to turbulent air motions.	  

	  
 
3. THEORY, MODELLING, AND OTHER OZONE RELATED RESEARCH 
	  
Surface ozone measurements are conducted both in Nairobi (since 2012) and Mt. Kenya GAW 
station (since 2000). Several reports on the ozone levels including publications in journals have 
been produced. 
	  
 
4. DISSEMINATION OF RESULTS 
 
4.1 Data Reporting 
	  

Both column and profile ozone measurements are submitted to our twinning partners 
(MeteoSwiss) on weekly basis for onward submission to the World Ozone and UV Data 
Centre (WOUDC). 

 
SHADOZ (Southern Hemisphere ADditional OZonesondes) have been archiving, in a central 
location ozone profile since 1998 and surface ozone since 2012. 

	  
4.2 Information to the Public 
	  

The country does not monitor UV and therefore no UV forecast is issued. However, Kenya 
monitors surface ozone in Nairobi. The public, through the relevant government ministries is 
informed when the levels are high. 

 
4.3 Relevant Scientific Papers 
 
Ayoma, W., Gilbert,  L., and Bertrand,  C., : Variability in the observed vertical Distribution of ozone 
over equatorial Eastern Africa: an analysis of NairobiOzonesonde data 2002 

Henne, S., Klausen, J., Junkermann, W., Kariuki, J. M., and Aseyo, J.: Representativeness and 
climatology of carbon monoxide and ozone at the global GAWstation Mt. Kenya in equatorial Africa. 
J. of  Atmos. Chem. Phys., 8, 3119-3139, 2008 

Henne, S., Junkermann, W., Kariuki, J. M., Aseyo, J.and  Klausen, J.: Mount Kenya 
globalAtmosphere watch (MKN) installation and meteorological characterization,J. of Applied 
meteorology and climatology, Vol 47, 2008 

Muthama, N.J., 1989: Total atmospheric ozone characteristics over a tropical region. Msc. Thesis, 
University of Nairobi 

Thompson, A. M., J. C. Witte, C., Sterling, A., Jordan, B. J., Johnson, S. J. Oltmans, ... Thiongo, K. 
(2017). First reprocessing of Southern Hemisphere Additional Ozonesondes (SHADOZ) ozone 
profiles (1998-2016): 2. Comparisons with satellites and ground-based instruments. Journal of 
Geophysical Research: Atmospheres, 122, 13,000-13,025. https://doi.org/10.1002/2017JD027406. 

300



	  
	  

Witte, J.C., A. M. Thompson, H. G. J. Smit, M. Fujiwara, F. Posny, Gert J. R. Coetzee, ... F. R. da 
Silva (2017), First reprocessing of Southern Hemisphere ADditional OZonesondes (SHADOZ) 
profile records (1998-2015): 1. Methodology and evaluation, J. Geophys. Res. Atmos., 122, 6611-
6636. https://doi.org/10.1002/2016JD026403. 
	  
	  
5. PROJECTS, COLLABORATION, TWINNING AND CAPACITY BUILDING 
 
There is long-standing and good collaboration between Kenya Meteorological Department and 
MeteoSwiss in the context of the WMO Global Atmosphere Watch (GAW) programme.  
MeteoSwiss conducts biannual station audit that also include training of GAW staff. 
	  
	  
6.  IMPLEMENTATION OF THE RECOMMENDATIONS OF THE 10th OZONE RESEARCH 

MANAGERS MEETING 
	  
6.1 Research Needs 
	  

There has been minimum implementation of the recommendations of the 10th ORM on 
research. However, awareness to conduct research on ozone has been enhanced through 
seminars and workshops. This has led to publication of research findings in reports and 
journeys (Witte, J.C., 2017). 

	  
6.2 Systematic Observation 
	  

Systematic observations are critical to understanding and monitoring long-term changes in 
atmospheric composition. Kenya has been monitoring, on long term basis both total column 
and vertical profile of ozone since 1984 and 1996 respectively. On March 2019, Brewer 
instrument was installed at regional GAW station in Nairobi. Kenya has been keen in 
maintenance of existing facilities and expansion of observing stations. These networks are 
maintained above a critical level of data quality. 

	  
6.3 Data Archiving 
	  

The government provides funding for archiving all raw data from ozone monitoring stations. 
Raw data is also submitted on a weekly basis to MeteoSwiss for onward submission to the 
WOUDC. Southern Hemisphere ADditional OZonesondes (SHADOZ) programme also 
archive Kenya vertical profile of ozone data since 1998. However, development of a robust 
automated data submission with centralized processing and Quality Assurance (QA) 
schemes has not been realized. 

 
6.4 Capacity Building 
	  

Kenya has established a regional and bilateral cooperation and collaboration (twinning) with 
Swiss Federal Laboratories for Material Testing and Research (EMPA). 

	  
EMPA provide resources and opportunities for scientific and technical training, at and beyond 
the instrument-operation level, thereby allowing instrument operators and other scientific 
personnel in Kenya to use their data, other available data, and models in both regional and 
international research areas. EMPA conducts a biennial system and performance audit of 
surface in GAW stations. 
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The WMO-GAW Training and Education Centre (GAWTEC) established in Germany has 
been successful in providing training in measurements and instrument calibration to all our 
staff involved in ozone measurements. 

	  
	  
7. FUTURE PLANS 
 
Kenya plans to implement the National Flagship Programmes under Kenya’s Vision 2030 which 
include establishment of climate monitoring stations for air pollution monitoring and climate change 
detection.	  
 
KMD proposes the establishment of new stations across the country that will monitor ozone 
amongst other pollutants. However, establishment of new station may take a long time to realize 
due to financial limitation.	  
	  
 
8. NEEDS AND RECOMMENDATIONS 
 
8.1 Research 
	  

There are several factors that inhibit research activities in Kenya. These include: 
	  

•  Lack of an establishment in Africa of a regional center for research on ozone-climate 
interactions. 

• There are inadequate computing facilities especially for research that involve Global 
models. Twinning with more advanced research centers to be encouraged. 

	  
8.2 Systematic Observation 
	  

Recommendations that will enhance systematic observation in the country are; 
	  

There is poor spatial distribution of ozone observing stations in the tropics especially in 
Equatorial Africa. Governments in this region to be sensitized on the need to establish more 
ozone monitoring stations. This would require both infrastructure and equipment support in 
order to establish new stations. 

	  
• There is urgent need to start UV measurement in the country. 
• Redistribution of instruments from instrument-rich sites to those areas that are poorly 

populated with instruments to be fast-tracked. 
	  

8.3  Data Archiving 
	  

• Participation in regular workshops that provide training on metadata collection and 
processes for archiving data may support the effort to improve these activities within the 
ozone and research community. 

• It is acknowledged that obtaining data of high quality is costly and time-consuming but is 
nonetheless an essential task and so data providers should be adequately funded and 
recognized for their efforts in providing this data to global archives for the furtherance of 
ozone and UV science. 
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8.4 Capacity Building 

	  
• Establishment of regional centers for research, calibration, and validation in developing 

countries to be encouraged. 
• Develop programs for the operators of ozone monitoring stations so that they can produce 

high quality, uniform data across the globe. 
• Resources for the exchange programs and visits of personnel from monitoring stations from 

developed to developing countries to be increased in order to ensure technology and 
knowledge transfer and sustained measurement programs. 
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LONG TERM MONITORING (40 YEARS) OF OZONE AND OTHER CLIMATE ACTIVE 
IMPURITIES IN THE ATMOSPHERE OF MOUNTAINOUS REGION OF CENTRAL ASIA 

(KYRGYZSTAN) 
  
 

INTRODUCTION 
Monitoring of the atmospheric ozone, greenhouse gases and optical features of aerosols in 

the atmosphere of mountainous region of Central Asia has been conducted at Issyk-Kul Station 
(lat. 42.62; long.76.98; m.a.s.l. 1640 m.) since 1980.  There were received a unique experimental 
database on TO and other climate active impurities of the atmosphere, which complimented the 
measurement results of the monitoring network managed by the World Meteorological 
Organization (WMO). 

Unlike the vast majority of stations of the global network located in the oceanic and coastal 
regions of the planet, the Issyk-Kul station is located in the inland, poorly studied mountainous part 
of Central Asia (Fig. 1). The exclusivity of the station’s location is determined by the fact that this 
inland mountain ecosystems of Central Asia (Himalayas, Tien Shan, Pamir-Alai, Tibet Plateau), 
generating powerful orographic waves, have a significant effect on the turbulence of the 
troposphere and stratosphere and high-altitude jet streams, that play a special role in the 
spatiotemporal variability of ozone content and other climatically active minor impurities in the 
atmosphere. 

 

 
 

Figure 1. The location of Issyk-Kul OMD Station relatively to other GAW monitoring stations  
 
 
1. OBSERVATION 

1.1 Monitoring of total ozone 
Measurements of total ozone (TO) were carried out by a spectrophotometric scanning set 

(SPS), developed by Kyrgyz State University, which was modernized in 1999 (SPS-99) and in 
2011 (SPS-11). The total ozone content in the atmospheric column was determined by the multi-
wave method, according to the results of measurements of the absorption of solar radiation by the 
atmosphere at six wavelengths: 303,3; 305,2; 308,6; 311,0; 313,8 and 315,0 nm. A detailed 
description of the measurement procedure is given in [1-18]. 

In order to increase the efficiency and reduce the complexity of obtaining information on TO 
using SPS, in 1999, a transition to the automated control system of the ozonometric complex was 
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made, which consists of a digital measurement module, a spectrum scanning module, a solar 
tracking system, a controller, and a central computer. 

In 2011, the synchronous engine of the scanning system was replaced by a step-by-step 
one. This reduced the measurement time of one spectrum by 3-4 times and amount of processed 
and stored information and, thereby, significantly reduced the systematic errors associated with the 
scanning time of one spectrum. The systematic measurement errors that appeared in 1999 and 
their reduction in 2011 are well demonstrated in Fig. 2, where the results of comparing the data of 
the Issyk-Kul station and satellite data (www.acd-ext.gsfc.nasa.gov) above the observation point 
are presented. 
 

 
 

Figure 2.  Deviations ∆% of  TO measured by SPS (1) compared to satellite data (sbuv). (2) – average 
values of deviations TO by SPS from satellite data (sbuv) for periods of: (SPS) 1985-1999,  

∆av.= 1,29 %; (SPS 99) 2000-2010, ∆av. = -3,1 % and (SPS 11) 2011-2016, ∆av. = 2,19 % 
 

The corrected results of TO monitoring for the period from 1980 to 2019 are presented in 
Figures 3, 4, 5, 6. The figures show that TO variability has a complex oscillatory character with 
pronounced seasonal (Fig. 3, 4), quasi-biennial cycles (Fig. 5, 6). Analysis of the distribution of 
seasonal components (Fig. 4) in TO fluctuations shows that the maximum values of standard 
deviations occur in February and April, and the minimum - in August and September. The 
amplitude of fluctuations in the rate of TO change (Fig. 6) varies widely, with an increase in the 
amplitude range at the beginning, and then its decrease at the end of the observation period, 
similar to a beating of amplitudes. 
 

   
Figure 3. Temporal variations of monthly average (1) and 
inter annual values of TO (2) according to data measured 

at Issyk-Kul station 

Figure 4. Mean (1981-2013) seasonal 
change of TO (2) in comparison to 

model (curve 1), the correlation 
coefficient between (1) and (2) r= 0.99 
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Figure 5. Variations of inter-annual (2) and average 
annual (3) TO (DU) values with parabolic trend (4)   

Figure 6. Fluctuation of TO change rate (1), 
smooth (2) for 12 months and trend (3)  

 
1.2 Monitoring of surface ultraviolet radiation (UV-B) 
The monitoring of the total erythema ultraviolet radiation at the Issyk-Kul station has been 

carried out using an automatic 501 model UV Biometer since 2003. 
Fig. 7 depicts interannual variations in surface UV-B radiation (curve 2) and TO polynomial 

trends of 3rd orders (red and blue dashed lines) and monthly average values of fluctuations in 
sunspot number SSN (curve 3). An analysis of interannual variations in TO and UV-B and their rate 
of change shows that the intensity of ultraviolet radiation reaching the earth's surface depends on 
both TO and solar index fluctuations (Fig. 8). 
 

 

 

 
Figure 7. Inter annual variation of TO (1), surface UV-

B radiation (2) with polynomial trends of 3rd order 
and variation of monthly average fluctuations in 
sunspot number (SSN) value (3) and its smooth 

(smooth)  

 Figure 8. The rate of inter annual variations 
in TO (1) and UV-B (2) 

 
1.3 Monitoring of total nitrogen dioxide (NO2) 
Monitoring of the total nitrogen dioxide (NO2) at the Issyk-Kul station has been carried out 

since 1983. Based on the duration of measurements the Issyk-Kul station is a leader in the former 
USSR and the second in the world. In terms of NO2 measurement, the station is included in the 
NDACC network (www.ndsc.ncep.noaa.gov/sites/stat_reps/issykkul/). The need for constant 
monitoring of the atmospheric NO2 content is dictated by the fact that NO2 plays a crucial role in 
radiation and chemical processes in the atmosphere, including in the photochemistry of ozone.  
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Fig. 9 shows the temporal variations of the monthly and interannual values of total NO2 for 
the period from 1983 to 2019. The methodology for calculating the monthly average values of NO2 
using the data of morning and evening measurements, the values of which differ significantly, is 
given in [5, 6, 14]. Rapid and significant changes during sunrise and sunset are associated with 
rapid transformations between NO and NO2. 

During the observation period the growth rate of total NO₂, according to a linear trend, in 
the atmospheric column was v = 11,7 * 1012 mol./cm2 or 0,37% per year. Total NO2 content over 
this period increased by 12,7%. 
 

 
Figure 9. Time series of monthly average values of total NO2 (1), obtained from average daily data, 

smooth (2) and linear trend (3)  
 

1.4 Monitoring of aerosol optical depth  
From 1984 to 2009, the AOD value was calculated using the value of the atmospheric 

transparency measured at the Issyk-Kul station [12,13]. Since August 2007, the monitoring of the 
optical characteristics of aerosols has been carried out by the modern automatic radiometer 
CIMEL, CE 318N-V8S5-M9 model. The results of these measurements are published on the 
AERONET NASA website [http://aeronet.gsfs.nasa.gov]. 

Fig. 10 and 11 show, as an example, AOD values measured in 2017, as well as in January 
2019, respectively. 
 

 

 

 
Figure 10. AOD in 2017  Figure 11. АOD in January 2019  

 
To study the localization of aerosol sources that affect the atmospheric AOD over the 

aquatic area of Issyk-Kul Lake, we analyzed the trajectories using the HYSPLIT model 
(https://www.arl.noaa.gov/HYSPLIT_pubs.php), which describes atmospheric transport, dispersion 
and sedimentation of pollutants (aerosols) from various stationary and mobile sources of various 
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kinds of aerosols. As an example, fig. 12 depicts the trajectories of aerosol transport by air masses 
for 10 days from a reference source to the region of the Issyk-Kul station at altitudes of 1,500, 
3,500, 5,500, 7,500 and 9,500 m, which had a significant impact on AOD recorded on 08.01.2019. 
It can be seen that for an altitude of 9500 meters, the aerosol trajectory begins from the territory of 
China and, almost rounding the globe, reaches the waters of Issyk-Kul Lake. 
 

 

 
 

 
Figure 12. Altitude transport paths of aerosol 

particles from a reference source to the 
region of Issyk-Kul station from 12/30/2018 to 
01/08/2019 according to the HYSPLIT model 

Figure 13. Comparison of inter annual values of 
AOT (1) and NO2 (2) (r = - 0.7) based on data of 

Issyk-Kul station 
 

 
Comparison of inter annual AOD and NO2 variations based on data of synchronous 

measurements at the Issyk-Kul station (Fig. 13) shows a good inverse correlation (r=-0,7) in their 
dynamics. 

Basically, an increase in AOD is accompanied by a decrease in NO2 in the atmosphere. 
The value of the correlation coefficient r=-0,7 is high enough, because the correlation procedure 
was carried out for the entire time series of AOD and NO2 without sampling. This dependence is 
most pronounced in the period from 1991 to 1996, when the Pinatubo volcano erupted in 1991, 
and about 10 km3 of gas and dust clouds emitted to altitudes of 19-34 km. Synchronous 
measurements of small impurities (O3, NO2, CO2, H2O, AOD, UV-B, etc.) in the atmosphere at the 
Issyk-Kul station showed abnormal changes in their content during the eruption of the Pinatubo 
volcano. 
 
 
2. RESULTS OF OBSERVATIONS AND ANALIYSIS 

Fig. 14 shows the deviations of the average monthly TO values (1), expressed in % relative 
to the average annual TO cycle for 1980. The second-order polynomial trend (3) shows the 
depletion of the ozone layer until 2008 and its recovery in subsequent years. It is seen that the 
depletion of the ozone layer for the period 1980 - 2008 was an average of 8%. According to a trend 
estimate, the recovery of the ozone layer over the northern Tien Shan to the level of 1980 is 
expected approximately in 2029 - 2032. However, at various periods during observation, the 
depletion and recovery of the ozone layer occurred at different rates (Fig. 5, 14,15). So, in 1980-
1984 the rate of depletion was approximately 4.24 DU/year, in 1984-1989 the recovery rate was 
1.14 DU/year, in 1989-1994 the depletion rate was 2.13 DU/year, in 1994-1998 the recovery rate 
was 1.72 DU/year, in 1998-2007 the depletion rate was 0.58 DU/year, in 2007-2015 the recovery 
rate was 0.31 DU/year, in 2015-2019 the depletion rate was 0.39 DU/year. 
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It should be noted that world community has made undeniable contribution to the recovery 
of the ozone layer on a regional and global scale, due to successfully implementation of programs 
on reduction of ozone-depleting substances emissions listed in the Montreal Protocol (1987) of 
parties to the Vienna Convention, UNEP. However, in recent years, despite the reduction of ozone 
depleting substances in the atmosphere, significant depletion of the ozone layer has been 
observed, such as in July 2011, April and December 2012, February and March 2016, December 
2019 (Fig. 14). As a result of such failures in TO, the rate of TO recovery slowed down (Fig. 14,15). 
Finding out the causes of such failures in the atmospheric ozone content requires further thorough 
studies of the influence of various solar geophysical processes, as well as the mutual influence of 
climate variability and the ozone layer. Amongst other things, the studies of the dynamics of the 
troposphere and stratospheric exchange over the mountain regions of Central Asia and the 
Himalayas, where powerful orographic waves are generated, affecting the features of turbulence 
and high-altitude stream flows, which play a significant role in the spatial and temporal distribution 
of ozone, are of special actuality.  
 

  
Figure 14. TO value deviation in %  (1) relatively to 

TO values in 1980 and smooth (2) and parabolic 
trend (3) 

Figure 15. TO evolution: model based 
calculations with (1) and without (3) quasi-
biennial content in inter annual fluctuations 
of TO; experimental data for 1980-2019 (2) 

 
To conduct a comparative analysis Fig. 16 shows the features of quasi-biennial oscillations 

of TO for 1980-2019 based on the data of Issyk-Kul (ISK), Xianghe (XIA), Arosa (ARO), Mauna-
Loa (MLO), Brisbane (BBN) and quasi-biennial zonal wind velocity oscillations (V QBO) at the level 
of 20 hРа (m/s) (www.fu-berlin.de), as well as fluctuations in sunspot number (SSN) 
(http://www.sidc.be). The methodology for studying quasi-biennial oscillations of TO is described in 
[6, 9]. 

An analysis based on the latest data confirms the forequoted conclusions [6, 8, 9], that the 
close relationship between QBC of TO and the velocity of the zonal wind oscillations (V QBO) is 
disturbed during years of abnormally high atmospheric aerosol content (volcanic activity), and 
during solar magnetic polarity change and high solar flare, even to a change of a sign of the 
correlation coefficient. 
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Figure 16. Comparison of quasi-biennial oscillation in TO of the station ISK, MLO, ARO, XIA, BBN in 

DU with quasi-biennial oscillation of the zonal wind velocity (m/s) (V QBO) at the level of 20 hPa 
 
 
3. DISSEMINATION OF RESULTS 

The results of monitoring (TO, H2O, CO2, CH4, NO2, AOD and UV-B, etc.), obtained at 
Issyk-Kul station are used:  

- to expand the databases of world centers: on ozone (Issyk-Kul No. 347-WOUDC, 
www.woudc.org); on greenhouse gases (ISK 242 NOO WDCGG, www.ds.data.jma.go.jp); on 
nitrogen dioxide (NDACC - Issyk-Kul, www.ndsc.ncep.noaa.gov) and on aerosols (NASA, Aeronet 
- Issyk-Kul, www.aeronet.gsfc.nasa.gov); to develop and adjust models for predicting the state of 
the ozone layer and climate change; 

- for comparative analysis and validation of satellite measurements [4, 5, 13-17]; 
- for the development and adoption by international organizations (UNEP, WMO, etc.) and 

government bodies (Kyrgyzstan, Russia, China, etc.) of strategic programs and recommendations 
for preservation of the ozone layer and reducing the rate of climate change, as well as for 
addressing regional environmental and economic problems associated with abnormal changes in 
weather and climate. 

The results of the study are published in scientific journals [1-18]. 
 
 
4. PROJECT, COLLABORATION, TWIINING AND CAPACITY BUILDING 

With the support of UNEP, WMO, the Government of Canada and the Trust Fund of the 
Vienna Convention the project "Technical support for equipping Issyk-Kul OMD station, 
Kyrgyzstan, with modern measuring equipment for monitoring the ozone layer in the atmosphere of 
the mountainous region of Central Asia" (2019-2020) has been realized. 

With the support of the Government of the Kyrgyz Republic, the project “Variability of the 
ozone layer, surface ultraviolet radiation and aerosol optical thickness in the atmosphere of Central 
Asia” has been realized for 2019-2021. 
 
 
5. IMPLEMENTATION OF THE RECOMMENDATIONS OF THE 10th OZONE RESEARCH 
MANAGERS MEETING  

Within the framework of the project "Technical support for equipping Issyk-Kul OMD station 
with modern measuring equipment for monitoring the ozone layer in the atmosphere of the 
mountainous region of Central Asia" the ozone meter Brewer Mk IV was delivered to Issyk-Kul 
OMD station. 

Based on the results of forty years monitoring at the Issyk-Kul station, a database of minor 
gas and aerosol components of the atmosphere has been developed. An analysis of the 

311



 
 

monitoring results revealed features in the variability of ozone and other minor gases and aerosol 
components of the atmosphere. The results of studies will be used to adjust existing and develop 
new atmospheric models, which take into account inland mountain effects. 
 
 
6. FUTURE PLANS 

Equipping the Issyk-Kul OMD station with a modern high-precise measuring equipment, 
which will ensure the formation of high-quality experimental database, the value of which will 
increase as the observation period increases. 

Continuous monitoring of the total atmospheric ozone at the Issyk-Kul OMD station with a 
Brewer Mk IV spectrophotometer. 

The resumption of monitoring of greenhouse gases and atmospheric pollutants, which was 
interrupted in 2016, by acquiring and commissioning a modern measuring devices at the Issyk-Kul 
OMD station. 

Extension of studies of regional features in the variability of the gas and aerosol 
composition of the atmosphere of the mountain region of Central Asia at modernized Issyk-Kul 
OMD station. 
 
 
7. NEEDS AND RECOMMENDATIONS 

Needs for modernization of the Issyk-Kul OMD station: 
- a modern spectrometric complex that allows monitoring of greenhouse gases and 

pollutants in the atmosphere during the daytime and in air samples; 
- a device for measuring the concentration of surface ozone. 
Recommendations. To renew and expand experimental studies of the variability of the 

ozone layer and climatically active atmospheric impurities in the mountainous regions of Central 
Asia and the Himalayas. The relevance of these studies is based on the fact, that the powerful 
mountain systems of the Tien Shan, Pamir-Alai and the Himalayas have a significant impact on the 
turbulence characteristics in the troposphere and stratosphere and high-altitude stream flows, and 
as a consequence, on the spatial and temporal distribution of ozone and other climatically active 
impurities in the atmosphere. 

Particular attention should be paid to studies of the influence of solar and geophysical 
processes with long-period cycles on inter annual and decadal variations in the content of ozone 
and other climatically active impurities in the atmosphere. The importance of such studies is 
determined by the relevance of differentiating the contributions of natural and anthropogenic 
factors in the variability of the ozone layer and climate. 
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National Reports for the 11th WMO/UNEP Ozone Research Managers Meeting  
Republic of Mauritius 

 
 
A. INTRODUCTION 
 
Mauritius became a party to the Vienna Convention and Montreal Protocol on Substances that 
Deplete the Ozone Layer, on 18 August 1992. Since the adherence to the protocol, Mauritius 
completely phased out CFCs in 2005 in the refrigeration & Air-conditioning sector. 
 
Since 2011, Mauritius embarked on HPMP (HCFC phase out management plan for complete 
Phase out of HCFCs by the year 2030.  By this time, Mauritius have already achieved 35% 
reduction of HCFCs consumption in 2019 and is targeting to achieve 50% reduction in 2020. 
 
Mauritius ratified the Kigali Amendment on 01 October 2019. This shows the Government’s 
commitment to protect the stratospheric ozone layer and tackle climate change. 
 
 
1. OBSERVATIONAL ACTIVITIES  
 
Mauritius is yet to undertake observational activities on ozone using methodologies including 
Column Measurement, Profile measurements of ozone and other gases /variables relevant to 
ozone loss. Mauritius is not yet equipped with Narrowband filter instruments or Spectroradiometers 
and other necessary instruments for measurement of UV through Broadband. 
 
 
2. RESULTS FROM OBSERVATIONS AND ANALYSIS 
(e.g., trend analyses, UV doses (annual, monthly etc.), UV maps) 
 
Not applicable 
 
 
3. THEORY, MODELLING, AND OTHER OZONE RELATED RESEARCH 
(e.g., 3-D CTM modelling, data assimilation, use of satellite data, UV effect studies) 
 
Not applicable 
 
 
4. DISSEMINATION OF RESULTS 
 
Not applicable 
 
 
5. PROJECTS, COLLABORATION, TWINNING AND CAPACITY BUILDING  
(e.g., national projects, international projects, other collaboration (nationally, internationally)) 
 
Currently, we don’t have any project or activities relating to research/monitoring on the status of 
ozone over Mauritius as well as to determine the level of ground UV/ozone. 
 
 
6. IMPLEMENTATION OF THE RECOMMENDATIONS OF THE 10th OZONE RESEARCH 
MANAGERS MEETING 
 
We didn’t participate to the 10th Ozone research Managers meeting  
 
 

314



 

  
 

7. FUTURE PLANS 
 
The Mauritius Meteorological Services (who is also a member of the WMO) has historical 
experience in meteorological observation and monitoring.  Given that the National Ozone Unit, the 
climate Change Division and the Mauritius Meteorological Service (MMS) falls under the aegis of 
the Ministry of Environment, the National Ozone Unit office has a great interest in starting ozone 
research activities and enhance observational capacities in terms of column measurements, profile 
measurements and also for ground UV measurements by utilizing the skill and present 
infrastructure of MMS, subject to the procurement of necessary instruments for the purpose. The 
NOU will coordinate and facilitate the activities.   
 
With the support of the WMO, the Ozone Secretariat and General Trust Fund for Financing 
Activities on Research and Systematic Observations Relevant to the Vienna, we aimed to receive 
a deployment of an instrument, such as Dobson, for Ozone and UV measurement.   
 
 
8. CONCLUSION 
 
Mauritius has never participated in this meeting. It’s the first time that Mauritius will participate in 
the meeting and upcoming efforts of Mauritius on Ozone Research if materialized will strengthen 
NOU to contribute significantly by providing with the surface data in WMO format to the World 
Ozone and Ultraviolet Radiation Data Centre (WO3UDC) 
 
Necessary funds for procurement of instruments and operational costs along with necessary 
human resource development are utmost necessary for the said activities. 
 
 
 
 
14 February 2020 
National Ozone Unit 
Mauritius 
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Myanmar  

1. INTRODUCTION (Country’s Review) 

Myanmar ratified Vienna Convention for the protection of Ozone Layer and the 

Montreal Protocol on 24 November, 1993. Country Programme preparation was 

approved in 1994.  

Previously, the national lead agency that took responsibility for the 

implementation of the Montreal Protocol related activities was the National 

Commission for Environmental Affairs (NCEA). NCEA was established in 1990 and 

the National Ozone Unit (NOU) was established under NCEA since 2004. The NOU 

is the key to successful implementation of Montreal Protocol activities and 

Environmental Conservation Department (ECD) under Ministry of Natural 

Resources and Environmental Conservation plays as leading agency in current 

condition. After ratification of Montreal Protocol, Myanmar phased out CFCs, 

Halons, Carbon tetrachloride in 2010 and methyl chloroform and methyl bromide 

in 2015.  

Myanmar started HCFCs Phased out Management Plan in 2012 and the quota 

system of HCFCs has been implemented since 2015. The current licensing system 

in Myanmar is implementing through the Ozone Order 2014.  The Ozone Order 

2014 is to be promulgated under the Environmental Conservation Rule, which is 

regulated under the Environmental Conservation Law. The Ozone Order 2014 

empowered the Environment Conservation Department (ECD) to control the 

import and export of ODSs including HCFCs.  Myanmar is now trying to ban the 

import of HCFC-based room air-conditioners with cooling capacity less than 2.5 

HP and continuously will ban the import of all types of HCFC-based RAC 

equipment from January 2021. 

In current situation, Myanmar developed in using non- ODS such as HFCs as the 

cooling reagents in air-conditioning and refrigeration sectors and also starting to 

develop the environmental friendly substances such as hydrocarbons (HCs) and 

blended HFCs. 
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2. OBSERVATIONAL ACTIVITIES  

Even though Myanmar has National Ozone Unit, we do not have any 

OBSERVATIONAL ACTIVITIES for UV measurement, Column measurement and 

Profile measurement of ozone and other gases/variables relevant to ozone loss. 

NOU has been organized with participants from Department of Trade, the Custom 

Department, Ministry of Education, Ministry of Agriculture, Livestock and 

Irrigation, Ministry of Hotels and Tourism, Ministry of Industry, City Development 

Committees (CDCs). NOU has not yet technical capacity related with UV 

measurement and also not yet equipped with Narrowband filter instruments or 

Spectroradiometers and other necessary instruments for measurement of UV 

through Broadband. 

For the meteorological observation and monitoring, Independent Burma 

Meteorological Department (BMD) was established on 1 April 1937 and Myanmar 

became the member of International Meteorological Organization since 1938. 

BMD was re-organized on 23 October 1972 and renamed as Department of 

Meteorology and Hydrology (DMH) in the year 1974. Myanmar Daily Weather 

Report was issued by DMH.  

Although DMH was issued Daily Weather Report and Weather forecast, it is still 

trying for UV measurement in time series.  

3.  PROJECTS, COLLABORATION, TWINNING AND CAPACITY BUILDING 

Myanmar has no research projects or collaboration programme for ozone 

research and monitoring activities in current condition. 

4. IMPLEMENTATION OF THE RECOMMENDATIONS OF THE 9th OZONE 

RESEARCH MANAGERS MEETING 

Myanmar still needs the capacity on the research and monitoring to 

measurements of meteorological parameters that are critical to the 

interpretation of country ozone and ozone-relevant data.  Therefore, technical 

capacity, finical requirement for supporting equipment and technical build up 

programme become the needs and challenges for Myanmar to implement the 

recommendations of the 9th ozone research manager meeting.  
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5. FUTURE PLAN 

Although NOU leads to implement the Montreal Protocol activities, DMH is the 

focal and authorized department for weather and meteorological monitoring and 

measurement. NOU has been trying to organize the technical unit for more 

effective and encouraging technical capacities to control Ozone Depleting and 

monitoring system. DMH will become the main participant of this technical unit 

and enhance observational capacities for research and monitoring activities 

through the future national or international support projects. 

6. IMMEDIATE NEEDS 

As Myanmar is very initial stage on UV measurements, Column measurement and 

Profile measurement of ozone and other gases/variables relevant to ozone loss, 

technical capacity development, budget requirement for instrument and 

infrastructure and cooperation between international organizations are 

immediate needs to develop the research and monitoring activities.  
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NATIONAL REPORT – THE NETHERLANDS 
 
 
 
1. OBSERVATIONAL ACTIVITIES 
 
1.1 Column measurements of ozone and other gases/variables relevant to ozone loss 
 
The Brewer measurements at station “De Bilt” in in the Netherlands by KNMI with  Brewer #189 
have been continued into 2020. Brewer #189 has been operated continuously since 1 October 
2006. It replaced Brewer #100 which provided observations since 1 January 1994.“De Bilt” had the 
longest record of ozone measured with an MKIII instrument in the WOUDC database. The Brewer 
ozone column data from 1994-2018 are presently available from WOUDC. 
 
Measurements at station “Paramaribo” in Surinam with Brewer #159 have been continued into 
2020. After careful cleaning, the ozone column dataset from1999-2018 has been submitted to 
WOUDC and NDACC 
 
The Netherlands was and is involved in satellite measurements with several instruments: GOME, 
SCIAMACHY, OMI, GOME-2 and TROPOMI. These are UV-visible satellite spectrometers, from 
which ozone and several other trace gases, like NO2, SO2, HCHO, are determined. The OMI and 
GOME-2 instruments are operational. The TROPOMI instrument is presently being prepared for 
launch in 2017. 
 
SCIAMACHY (July 2002-8 April 2012) was contributed by Germany, the Netherlands, and Belgium 
to ESA’s Envisat satellite. OMI (1 October 2004 onward) is a contribution from the Netherlands and 
Finland to NASA’s EOS-Aura satellite. TROPOMI is the successor instrument of OMI and 
SCIAMACHY. TROPOMI was developed by the Netherlands and ESA, and was launched on the 
ESA Sentinel-5 Precursor mission on 13 October 2017. KNMI has the PI-role of OMI as well as 
TROPOMI. 
 
1.2 Profile measurements of ozone and other gases/variables relevant to ozone loss 
 
The ozone sounding program at station “De Bilt” in the Netherlands by KNMI has been continued 
up to present, with at least one launch per week, and more when special events or campaigns 
occurred. The data from 1992-2018 are available from WOUDC. 
 
The ozone sounding program in Paramaribo, Surinam has been continued with one launch per 
week. Paramaribo station is part of the SHADOZ network. The observations at Paramaribo are 
performed by staff of the Meteorological Service of Surinam and co-processed by KNMI. 
Reprocessed data from 1999-2018? are available in the SHADOZ archive 
 https://tropo.gsfc.nasa.gov/shadoz/Paramaribo.html. 
 
After 25 years of operation, during recent years RIVM has gradually handed over responsibility for 
the stratospheric ozone lidar at the NDACC station in Lauder, New-Zealand to NIWA. 
Measurements have continued without interruption and will continue. The new instrument PI is now 
Dr Richard Querel of NIWA. 
 
The measurements from the above under 1.1 mentioned satellite instruments GOME, 
SCIAMACHY, OMI, GOME-2 and TROPOMI are also used to retrieve profiles of ozone and other 
trace gases (see table 1) 
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1.3 UV measurements 
 
RIVM has continued monitoring spectral UV irradiance at Bilthoven, the Netherlands. The overall 
UV data record now spans 26 years (1994-2020). The solar UV spectrum is recorded at ground 
level, every 12 minutes, from sunrise to sunset. More than 20 000 spectra are recorded each year. 
The spectral data are automatically processed with a quality control and data analysis software 
package (SHICrivm). 
 
 
2. RESULTS FROM OBSERVATIONS AND ANALYSIS 
 
2.1 Assessment contributions, input to negotiations on the amendment of the Montreal 

protocol 
 
Netherlands scientists (Guus Velders from RIVM, and Jos de Laat and Ronald van der A from 
KNMI)  have contributed to several chapters of the last UNEP/WMO Scientific assessment report. 
 
Guus Velders has for many years provided important information on the future atmospheric 
abundances and climate forcings from scenarios of global and regional HFC emissions. The 
Montreal Protocol has been very successful in phasing out the global production and consumption 
of ozone-depleting substances (ODSs). In response, the use of HFCs as ODS replacements has 
increased strongly since the mid-1990s for refrigerants and foam blowing agents, medical aerosol 
propellants and miscellaneous products. HFCs do not deplete the ozone layer, but are greenhouse 
gases and therefore contribute to the radiative forcing of climate. Almost all HFCs currently used 
as CFC and HCFC replacements have high (100-yr time horizon) global warming potentials 
(GWPs) ranging from about 150 to 8000. Observations show that the abundances of many HFCs 
are increasing in the atmosphere. Therefore without regulations, HFCs would contribute 
significantly to future climate forcing. 
 
Velders et al. (2015) formulated baseline (or business-as-usual) scenarios for 10 HFC compounds, 
11 geographic regions, and 13 use categories. The scenarios rely on detailed data reported by 
countries to the United Nations; projections of gross domestic product and population; and recent 
observations of HFC atmospheric abundances. In the baseline scenarios, by 2050 China (31%), 
India and the rest of Asia (23%), Middle East and northern Africa (11%), and USA (10%) are the 
principal source regions for global HFC emissions; and refrigeration (40-58%) and stationary air 
conditioning (21-40%) are the major use sectors. The corresponding radiative forcing could reach 
0.22-0.25 W m-2 in 2050, which would be 12-24% of the increase from business-as-usual CO2 
emissions from 2015 to 2050. Using the climate model MAGICC6 it was calculated that under the 
baseline scenario HFCs would contribute 0.35 to 0.5 oC to global surface temperatures in 2100 
(Figure 1). 
 
In Oct. 2016 the Kigali amendment of the Montreal Protocol has been agreed by all Parties to the 
protocol. With the amendment HFCs are included in the Protocol and their use will be reduced 
globally by 80-85% from baseline levels before 2050. The contribution from HFCs to global surface 
temperatures is now expected to be reduced from 0.35-0.50 oC to about 0.06 oC in 2100. 
 
2.2 UV trend analysis 
 
As mentioned above, RIVM has continued monitoring the spectral UV irradiance in Bilthoven, the 
Netherlands. Moreover, it has recently secured funding for a new UV monitoring system. This new 
system is expected to become operational within the next two years. 
 
RIVM uses its measurements to calculate the yearly dose of UV radiation, as received on a 
horizontal plane (see Figure 1, upper panel). A second set of yearly UV doses is constructed by 
excluding the effects of clouds (Figure 1, lower panel). These two procedures enable a separation 
of trends caused by the combined effects of change in total ozone column and cloud cover, and 
trends caused by the trend in the total ozone column alone. 
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Figure 1.  Observed UV radiation trends and variations in the Netherlands (Bilthoven) in past 

decades. All values are relative to the modelled average for the years 1979-1981. Trends are based 
on RIVM’s UV monitoring data (circles) and a comparison with modelled UV radiation levels using a 

combination of ozone data (techniques described by Den Outer et al., 2010) and global solar 
irradiation measurements as a cloud effect proxy. The upper panel shows the relative doses received 

at the ground including changes and variations caused by clouds and ozone; the lower panel is 
corrected for cloud effects and thus shows the ozone related changes in UV irradiation at ground 

level. Data for the recent period are preliminary. 
 
 
When cloud effects are excluded (‘clear sky’), the maximum UV doses were found in the mid-
nineties of the last century (see Figure 1,  lower panel). Since that period, the ozone values slightly 
increased and consequently the clear sky UV levels decreased. The three-year running average 
(red line in Figure 1.  lower panel) follows the calculated values using the AMOUR-model that 
implements the anticipated influence of the Montreal Protocol plus amendments (van Dijk et al., 
2013; not shown here). Thus, observations of the UV-radiation in the Netherlands are in line with 
an expected recovery of the ozone layer. 
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However, the actual UV doses measured at ground level (Figure 1,  upper panel) show maxima 
more recently (2003, 2009 and 2018). This has to come from a change in cloudiness compared to 
the early seventies. Whether less clouds, a change of cloud type or seasonal changes play a role 
has still to be determined. The apparent change in clouds negates, in part, the decrease in UV due 
to increased total ozone column (Figure 1,  upper panel). 
 
Looking at the skin cancer incidence in the Netherlands it is noted that the increase in the 
incidence since 1990 is twice as strong as expected from ageing of the population and the 
increased UV radiation levels shown here. Ageing has a stronger effect than increased UV levels. 
This implies that behaviour of people increases the UV exposure at present, and dominates the 
effects of ozone and clouds changes on the skin cancer risks. However, risks might further 
increase due to the presently observed increase in UV radiation levels. Furthermore, climate 
change might indirectly, through higher temperatures, add to behavioural changes that further 
increase UV exposure and subsequent future skin cancer risks. 
 
 
3. THEORY, MODELLING, AND OTHER OZONE RELATED RESEARCH 
 
De Laat et al. (2015) evaluated the long-‐term changes in ozone depletion within the Antarctic 
ozone hole using a 37 years (1979–2015) of daily ozone mass deficits (OMDs) derived from 
assimilated total ozone column data. For each year an “average daily OMD” was calculated over a 
60 day preferential time period (day of year 220–280). Excluding years with a reduced polar 
stratospheric cloud (PSC) volume (the so-‐called PSC-‐limited years), the 1979–2015 time series of 
spatially integrated average daily OMD correlates very well with long-‐term changes in equivalent 
effective stratospheric chlorine (EESC; R2 = 0.89). They found a statistically highly significant 
post-‐2000 decrease in OMD of −0.77 ± 0.17 megaton (trend significance of 9.8σ), with an 
associated post-‐2000 change in OMD of approximately −30%, consistent with the post-‐2000 
change in EESC relative to 1980 EESC levels of approximately −30%. The post-‐2000 trend 
significance is robust to the choice of start year. The spatial distribution of the average daily OMD 
trends reveals a vortex-‐core region (approximately covering the region [90°W–0°–90°E/75°S–
85°S]) largely unaffected by dynamics with a post-‐2000 trend significance of >8σ, and a 
vortex-‐edge region in which the trend is locally strongly affected by vortex dynamics though not 
spatially integrated over the whole vortex-‐edge region (trend significance >9σ). For the trend 
significance they did not find consistent evidence for long-‐term changes in wave driving, vortex 
mixing, pre-ozone hole conditions, or the applied assimilation method, playing a role. Their 
observation/assimilation-‐based analysis provides robust evidence of a post-‐2000 statistically highly 
significant decrease in the average daily OMD that is consistent with the long-‐term decrease in 
ozone-‐depleting substances since 2000, following international emission regulations. 
 

329



 
 

 
 
Figure 2.  The spatial distribution of (a) the 2000–2015 average daily OMD trend significance; (b) the 
September to October 2000–2015 average total ozone column with the trend significance contours 
from Figure 2a displayed on top; (c) the fractional annual change in OMD between 2000 and 2015 

compared to the 1995–2000 average OMD, with the September to October average total ozone 
column contours displayed on top; and (d) the September to October 2010–2015 minus 1995–2000 

average total ozone columns. In Figures 3a and 3c the statistically significant trends (>2σ) are color-
coded, whereas the statistically insignificant trends are shown in grey. The PSC-‐ limited years 2002, 

2004, 2010, and 2012 are excluded. 
 
 

4. DISSEMINATION OF RESULTS 
 
4.1 Data reporting 
 
4.1.1 Ozone column reporting 
 
The ozone column data from Brewer #189 in De Bilt for 1994-2018 are available from WOUDC. 
The ozone column data from Brewer #159 in Paramaribo for 1999-2018 are available from both 
WOUDC and NDACC. 
 
4.1.2 Ozone profile reporting 
 
The ozone sounding data from De Bilt  for 1992-2018 are available from WOUDC. 
The ozone sounding data from Paramaribo for 1999-2018 are available in the SHADOZ archive 
https://tropo.gsfc.nasa.gov/shadoz/Paramaribo.html and from WOUDC. Ozone lidar data from 
Lauder, New-Zealand Data have been archived in international databases since the start of the 
measurements in 1994 up till December 2019, with the exception of a 3-year period that needs 
further work on analysis.  (ftp://ftp.cpc.ncep.noaa.gov/ndacc/station/lauder/ames/lidar/). 
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4.1.3 Satellite data processing and reporting 
 
At KNMI near-real time and off-line data processing of satellite ozone columns and ozone profiles 
is taking place; see Table 1. Also data assimilated products are made. Most of the products are 
being delivered to users via the web portal www.temis.nl. The multi-sensor reanalysis 1 (MSR1) 
which covered 1978-2008) has recently been extended to 1970-2012 and refined (Van der A, 
2015). This version 2 (MSR2) is available at http://www.temis.nl/protocols/O3global.html 
 
The OMI ozone products are being delivered via the GSFC Data and Information Services Center 
(DISC). GOME-2 data processing at KNMI (January 2007 onward)  is performed in the framework 
of the Ozone and Atmospheric Chemistry Monitoring Satellite Application Facility (O3MSAF) of 
EUMETSAT. Data delivery of near-real-time ozone profile products is done via EUMETCast 
broadcasting. The TROPOMI ozone products are being delivered via the ESA Copernicus Open 
Access Hub. 
 
There are many users of the satellite ozone data; for example, OMI ozone column data is being 
delivered in near-real-time to ECMWF for assimilation in the model, amongst others for the 
Copernicus Atmosphere Monitoring Service (CAMS) forecasts and reanalyses. 
 
 

Table 1: Near-real-time and offline satellite ozone products made by KNMI 
 
Instrument Product Period Data delivery 
GOME Ozone 

column 
1995 – 
2011 
(global 
until 
2003) 

http://www.temis.nl 
 

SCIAMACHY Ozone 
column 

2002 – 
2012 

http://www.temis.nl 
 

OMI Ozone 
column, 
Ozone 
profile, 
Assimilated 
ozone 
column 

2004 – 
now 

http://www.temis.nl 
 
http://disc.sci.gsfc.nasa.gov/Aura 
 

TROPOMI Ozone 
column, 
Ozone 
profile, 
Assimilated 
ozone 
column 

2017-
now 

https://scihub.copernicus.eu/ 
 

GOME-2 Ozone 
profile, 
Assimilated 
ozone 
column  

2007 – 
now 

http://www.temis.nl 
http://o3msaf.fmi.fi 
http://wdc.dlr.de/data_products/SERVICES/GOME2NRT/o3.php 
EUMETCast 
 

Multi-Sensor 
Reanalysis2 
(MSR2) 

Assimilated 
ozone 
column 

1970- 
2018 

http://www.temis.nl 
 

 
 

331



 
 

4.2 Information to the public 
 
The Netherlands satellite ozone observations have been used in the Antarctic and Arctic Ozone 
Bulletins given out by WMO. Each year on World Ozone Day a national news item is published on 
the website of KNMI about the status and evolution of the ozone layer and UV, e.g.: 

• in 2017 https://www.knmi.nl/over-het-knmi/nieuws/ozonlaag-begint-zich-te-herstellen 
• in 2018: https://www.knmi.nl/over-het-knmi/nieuws/cool-verdrag-beschermt-meer-dan-de-

ozonlaag 
• in 2019: https://www.knmi.nl/over-het-knmi/nieuws/ozonlaag-begint-te-herstellen-

waakzaamheid-is-nodig 

A  near-real time solar UV index (or zonkracht in Dutch) based on observations is presented on the 
RIVM website (www.rivm.nl/zonkracht). Forecasts of the solar UV index are daily presented on the 
KNMI website (https://www.knmi.nl/nederland-nu/weer/waarschuwingen-en-
verwachtingen/zonkracht). 
 
4.3 Scientific papers 
 
Cortesi, Ugo & Ceccherini, simone & Del Bianco, Samuele & Gai, Marco & Tirelli, Cecilia & Zoppetti, Nicola 

& barbara, Flavio & Bonazountas, Marc & Argyridis, Argyros & Bos, A. & Loenen, Edo & Arola, Antti & 
Kujanpää, Jukka & Lipponen, Antti & Wandji, William & van der A, Ronald & Peet, Jacob & Tuinder, Olaf 
& Farruggia, Vincenzo & Vincenzo, Zito. (2018). Advanced Ultraviolet Radiation and Ozone Retrieval for 
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332



 
 

M. O'Sullivan and L. Zgaga, Sunshine is an important determinant of vitamin D status even among high-
dose supplement users: secondary analysis of a randomised controlled trial in Crohn's disease patients. 
Photochem. and Photobiol., 2019, 95, 1060-1067, doi:10.1111/php.13086. 

den Outer P.N., Slaper H., Lindfors A, Kaurola J, Bais A, Kazantzidis A, Feister U, Junk J, Janouch M, 
Josefsson W., Reconstructing of erythemal ultraviolet radiation levels in Europe for the past 4 decades, 
(2010) J. Geophys. Res.,115, D10102, doi:10.1029/2009JD012827. 

Peet, J.C.A. van, R.J. van der A, H.M. Kelder and P.F. Levelt, Simultaneous assimilation of ozone profiles 
from multiple UV-VIS satellite instruments. Atm. Chem. Phys., 2018, 18, 1685-1704, doi:10.5194/acp-18-
1685-2018. 

Shah, S., O.N.E. Tuinder, J.C.A. van Peet, A.T.J. de Laat and P. Stammes, Evaluation of SCIAMACHY 
Level-1 data versions using nadir ozone profile retrievals in the period 2003–2011. Atmospheric 
Measurement Techniques, 2018, 11, 2345-2360, doi:https://doi.org/10.5194/amt-11-2345-2018. 

Thompson, A.M., H.G.J. Smit, J.C. Witte, R.M. Stauffer, B.J. Johnson, G. Morris, P. von der Gathen, R. Van 
Malderen, J. Davies, A. Piters, M. Allaart, F. Posny, R. Kivi, P. Cullis and  Et al, Ozonesonde Quality 
Assurance: Th 3 e JOSIE-SHADOZ (2017) Experience. Bull. Amer. Meteor. Soc., 2018, 
doi:10.1175/BAMS-D-17-0311.1. 

Tilstra, L.G., O.N.E. Tuinder, P. Wang and P. Stammes, Surface reflectivity climatologies from UV to NIR 
determined from Earth observations by GOME-2 and SCIAMACHY. J. Geophys. Res., 2017, 122, 
doi:10.1002/2016JD025940. 

Velders, G.J.M., D.W. Fahey, J.S. Daniel, S.O. Andersen, M. McFarland, Future atmospheric abundances 
and climate forcings from scenarios of global and regional hydrofluorocarbon (HFC) emissions, Atmos. 
Env., 123, 200-209, doi: 10.1016/j.atmosenv.2015.10.071, 2015. 

Zempila,  Geffen,  Taylor,  Fountoulakis,  Koukouli,  Weele,  A,  Bais,  Meleti and  Balis, TEMIS UV product 
validation using NILU-UV ground-based measurements in Thessaloniki, Greece. Atm. Chem. Phys., 
2017, 17, 7157-7174, doi:10.5194/acp-17-7157-2017. 

 
 
5. PROJECTS, COLLABORATION, TWINNING AND CAPACITY BUILDING 
 
The Brewer observations and ozone soundings at Paramaribo are performed by and analysed 
together with the staff of the Meteorological Service of Surinam. In the past several training 
sessions have been organized by both KNMI and SHADOZ (NASA). 
 
After 25 years of operation, during recent years RIVM has gradually handed over responsibility for 
the stratospheric ozone lidar at the NDACC station in Lauder, New-Zealand to NIWA. 
Measurements have continued without interruption and will continue. The new instrument PI is now 
Dr Richard Querel of NIWA. A 2-year ESA-funded transition project was executed, including 
schooling, instrument upgrades and data-analysis. By the end of 2019 the transition was complete 
and the involvement of the founding PI Daan Swart from RIVM had come to an end. 
 
 
6. IMPLEMENTATION OF THE RECOMMENDATIONS OF THE 10th OZONE RESEARCH 

MANAGERS MEETING 
 
Nothing reported. 
 
 
7. FUTURE PLANS 
 
Nothing reported. 
 
 
8. NEEDS AND RECOMMENDATIONS 
 
Nothing reported. 
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Introduction 

In New Zealand, ozone- and UV-related research is undertaken by the National Institute of Water & 
Atmospheric Research (NIWA), the University of Canterbury, the University of Otago, and Bodeker 
Scientific. Many relevant observations are taken at the Lauder Atmospheric Research Station in Central 
Otago. Lauder station, located at the Southern mid-latitudes (45°S, 170°E, 370 meters above sea level) 
is a rural and clean background-level site. It is a “Global” station of the World Meteorological 
Organization’s Global Atmosphere Watch Programme, and is also part of several networks including 
the Network for the Detection of Atmospheric Composition Change (NDACC), GCOS Reference Upper 
Air Network (GRUAN), Baseline Surface Radiation Network (BSRN), etc. Ozone and several 
parameters related to ozone depletion are measured using a variety of techniques including Dobson 
spectrophotometry, UV-visible spectroscopy, infrared spectroscopy, microwave radiometry, 
electrochemical ozonesondes flown on balloons, ozone and aerosol LIDARs, in situ sampling, and frost-
point hygrometers. Solar UV radiation is measured at several sites across New Zealand. There also are 
measurement activities outside of New Zealand, such as in Antarctica (Scott Base and Arrival Heights) 
and some sites in the Pacific Islands. Due to its location in the Southern Hemisphere and proximity to 
Antarctica, New Zealand is particularly interested in the effects of stratospheric ozone depletion. The 
“Deep South” National Science Challenge is a 10-year research programme (started in 2014) that aims 
to improve our understanding of how changes in the Antarctic region affect New Zealand; the effect of 
ozone depletion and recovery on climate is part of this programme. 

1. OBSERVATIONAL ACTIVITIES 
 

Ozone Research in New Zealand 

Of the more than 70 active NDACC measurement sites in the world, only Lauder is equipped 
with a full complement of the five standard ground-based ozone profile measuring techniques: 
ozonesondes, Dobson Umkehr, LIDAR, FTS, and microwave radiometry.  Total column ozone 
is also measured at Lauder using UV/vis spectrometers and surface in situ observations are 
made using UV photometers.  Other sites across New Zealand also have active surface ozone 
measurement programmes, including city council sites in Auckland and Christchurch as part of 
their urban air quality instrumentation. 
High quality, long time-series measurements are key to identifying trends; the Lauder 
measurement site hosts several on-going multi-decadal data sets relevant to ozone research.  
New Zealand’s Arrival Heights Research facility in Antarctica also hosts a similar suite of 
instruments that measure ozone and compounds relevant for ozone production and destruction. 

 
 1.1 Column measurements of ozone and other gases/variables relevant to ozone loss. 

The following measurement programmes are all located at the Lauder research station: 
• Stratospheric NO2 since 1981 
• Dobson Total Column Ozone since 1987 
• UV Spectrometers since 1989 
• FTS, ozone total column and other ODS measurements since 1990 
• TEI in situ ozone analyser since 2004 
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At Arrival Heights, Antarctica: 
• Dobson Total Column Ozone since 1988 
• TEI in situ ozone analyser since 2003 
• FTS, ozone total column and other ODS measurements since 1996 
• UV/vis total column NO2 since 1991 

 
  1.2 Profile measurements of ozone and other gases/variables relevant to ozone loss 

           The following measurement programmes are all located at the Lauder research station: 
• Ozonesondes, weekly launches since 1986 which included radiosonde measurements 

of pressure, temperature and humidity 
• Dobson Umkehr since 1987 
• Ozone LIDAR since 1994 
• Microwave radiometer profiling since 1994 
• FTS (ozone and other ODSs) since 1990 
• NOAA frost-point hygrometers since 2004 

At Arrival Heights, Antarctica: 
• Microwave radiometer profiling (ClO) since 1996 
• FTS, ozone profile measurements since 1996 

 
   1.3 UV measurements 

Activities from NIWA’s UV radiation programme are summarized at 
https://www.niwa.co.nz/our-services/online-services/uv-ozone 
 
Spectral: 
NIWA maintains spectral measurements at Lauder, as well as at Mauna Loa O bservatory 
Hawaii, Boulder Colorado, Alice Springs and Melbourne, Australia. Data from these NDACC 
sites are archived at the NDACC database, and spectral data are archived from in the WOUDC 
database. Historical spectral data are also available from Tokyo, Japan, and Darwin, Australia. 
 
Broadband: 
NIWA maintains 6 Yankee UVB-1 pyranometers (i.e., new generation Robertson Berger “RB-
type” meters) in New Zealand and the South Pacific region. Data from these are archived in the 
NIWA climate database, and are used in regular reports by the New Zealand Ministry for the 
Environment (http://www.mfe.govt.nz/publications/environmental-reporting/environment-
aotearoa-2015-atmosphere-and-climate/state-our ). NIWA also assists Callaghan Innovation to 
process and archive data from their UVB-1 meters at 6 other sites in New Zealand. 
 
Complementary Measurements:  
In support of NIWA’s UV measurement programme, the following are also available at Lauder: 

• TCCON (Total Carbon Column Observation Network) 
• BSRN radiation suite (direct, diffuse, and global short-wave radiation) 
• Aerosol optical depth at several wavelengths, and from LIDAR 
• All sky cameras 
• Direct beam spectral irradiances (285-600 nm) 
• Actinic flux measurements (JNO2) 
• Sunshine recorders 
• USDA radiation suite 
• Meteorological data 
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• Trace gas measurements 

 
Additionally, NIWA has been closely involved with the development and use of personal UV 
dosimeters. 
 
The new version of the Scienterra UV Dosimeter is currently in development, thanks to R&D 
funding from Callaghan Innovation. The new instrument is 60% smaller, and measures 
concurrent UVA, UVB, red, green, blue, and broadband white/IR wavebands, covering between 
280-1000 nm. The SRF of the UVB channel matches the erythemal action 
spectrum, the green channel matches the photopic eye response, and the blue channel matches 
the melatonin suppression action spectrum. Additional functions include orientation, pedometry 
and GGIR-type motion analysis. This suite of measurements was designed by a panel of 
researchers to help untangle the convoluted influences of UV and other radiation, sleep, and 
exercise, and how they affect human health. Data are provided over Bluetooth to a 
smartphone app, with daily uploads to a cloud-based database. More information can be found 
at:  http://scienterra.com/. 

 
          
   1.4  Calibration activities 
 

• NIWA UV spectrometers are used to cross calibrate other spectrometers in Australasia. 
• Broadband meters are cross calibrated against spectroradiometers at Lauder. 
• Lauder Dobson (D072) NDACC calibration to the regional standard in Melbourne, Feb. 

2017. 
• Arrival Heights Dobson (D017) NDACC calibration to the regional standard in 

Melbourne, Nov. 2017. 

 
 
2.  RESULTS FROM OBSERVATIONS AND ANALYSIS 

 
Results are disseminated through numerous publications (see below), conference 
presentations, seminars, and web pages.  Results are updated at quadrennial NIWA Workshops 
(UV).  https://www.niwa.co.nz/our-services/online-services/uv-and-ozone/workshops 
 
 

3.  THEORY, MODELLING, AND OTHER OZONE RELATED RESEARCH 
      

New Zealand efforts in theory and modelling, as with the measurements, are disseminated 
through research papers, UNEP EEAP Reports, and WMO Ozone Assessment Reports. 
UNEP: https://ozone.unep.org/science/assessment/eeap  
WMO: https://ozone.unep.org/science/assessment/sap  
 
One example of this work is the Deep South-funded research whereby scientists at Bodeker 
Scientific have developed updated versions of the long-term homogeneous databases of (1) total 
column ozone and (2) vertically resolved monthly mean zonal mean ozone. Described here: 
 
Total Column Ozone: The latest version 3.4 of the National Institute of Water & Atmospheric 
Research - Bodeker Scientific (NIWA-BS) total column ozone database is available from 
http://www.bodekerscientific.com/data/total-column-ozone. The database is constructed by 
combining measurements from 17 di fferent satellite-based instruments and extends from 1 
November 1978 to 31 December 2016. Offsets and drifts between the different data sets are 
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resolved through comparisons with the Dobson and B rewer ground-based instruments and 
through inter-satellite instrument comparisons. This version of the database improves on 
previous versions by providing a ‘machine-learning’ based filled version of the total column 
ozone fields as described at http://www.bodekerscientific.com/data/total-column-
ozone/tcofillingalgorithm. 
 
Vertically resolved ozone database: The latest version of the Bodeker Scientific Vertically 
Resolved Ozone Database (BSVerticalOzone) is available on t he Bodeker Scientific website 
(http://www.bodekerscientific.com/data/monthly-mean-global-vertically-resolved-ozone) and the 
database has been archived on Zenodo (https://zenodo.org/record/1217184). This database is 
constructed by combining measurements from several satellite-based instruments and 
ozonesondes and extends from 1979 to 2016. Monthly mean zonal mean ozone concentrations 
in mixing ratio and number density are provided in 5° latitude bins, spanning 70 altitude levels 
(1 to 70 km), or 70 pressure levels that are approximately 1 km apart (878.4 to 0.046 hPa). A 
gap filling technique is used to generate different data sets or ‘Tiers’. The different Tier 1.X data 
sets can be used for comparisons with chemistry–climate model (CCM) simulations that do not 
exhibit the same unforced variability as reality (unless they are nudged towards reanalyses). 
 
IGAC/SPARC Chemistry-Climate Model Initiative (CCMI): New Zealand has participated in this 
multi-model activity which during the reporting period has produced numerous publications. The 
aim of CCMI is to improve our understanding of these complex systems and help inform ozone, 
climate, and air quality assessments. CCMI simulations were used in the 2018 WMO Scientific 
Assessment of Ozone Depletion report.  
 
NIWA is involved in the Aerosols and Chemistry Model Intercomparison Project (AerChemMIP) 
which amongst other topics assesses the role of ozone depletion in climate change. Partnering 
with the UK Met Office, UK Universities, and t he Korean Meteorological Agency, NIWA has 
produced several climate model simulations using the UKESM1 model and is now participating 
in the evaluation of these simulations. 
 
University of Otago was a key participant in the development of the first solar forcing proxy for 
energetic particle precipitation (EPP) to be used in chemistry-climate models. EPP influences 
polar mesospheric and upper stratospheric ozone variability, particularly during winter and spring 
seasons, with demonstrated links to regional climate variability. This proxy is used in the CMIP6 
(Coupled Model Intercomparison Project Phase 6) global simulations. The CMIP6 EPP proxy is 
available from: https://solarisheppa.geomar.de/cmip6. 
 
University of Otago is a major contributor to global climate modelling efforts. These climate model 
simulations aim to improve our understanding of solar influence (via EPP) on polar ozone, and 
to investigate the physical mechanisms driving predicted and detected surface level regional 
climate responses that arise from changes in ozone. This research is driven by the global need 
to improve our understanding of, and capability to simulate, background regional climate 
variability driven by solar activity. 
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4. DISSEMINATION OF RESULTS 
 
    4.1 Data reporting 
 

See above. NIWA UV data are archived at: 
NDACC: http://www.ndaccdemo.org/ (spectral summaries) 
WOUDC: http://woudc.org/ 
NIWA: https://cliflo.niwa.co.nz/ (broad band) 
Surface in situ ozone: https://www.esrl.noaa.gov/gmd/ozwv/surfoz/data.html 

 
Scientific papers, etc. (see 4.3 below) 

 
 NDACC, WOUDC: Dobson total column ozone and Umkehr profiles 
 NDACC, WOUDC: Stratospheric microwave radiometer profiles 
 NDACC, WOUDC, GRUAN: Ozonesonde profiles 
 NDACC, GRUAN:  Frost-point water vapour profiles 
 NDACC: FTS ozone & ODSs, total column and profiles 
 NDACC: LIDAR ozone profiles 
 
 
    4.2 Information to the public 
 
 Information to the public are provided by: 

• data archived at NDACC, WOUDC, GRUAN, etc., are all publicly accessible. 
• NIWA provides information about UV forecasts, maps of ozone and UV, time series of 

ozone on their publicly available web pages. 
• UV Index displays are located in public places, together with behavioural advice 
• Smartphone Apps that show the UV variation during the course of the day and include 

cloud effects and corresponding behavioural advice.  
(https://www.niwa.co.nz/node/111461 ). 

o The uv2Day app (NZ – Australia – South Pacific – Antarctica only) 
o The GlobalUV app (Global, but with daily noon cloud cover only) 

• Interaction with New Zealand health providers regarding both positive and negative 
effects of UV. For example: 

o https://www.health.govt.nz/system/files/documents/publications/vitamind-sun-
exposure.pdf 

o http://www.sunsmartschools.co.nz/PS_RisksBenefits_SunExposureSept08.pdf 

 
 
    4.3 Relevant scientific papers 

Since 2017: 
 

1. Anderson, Daniel C., Julie M. Nicely, Glenn M. Wolfe, Thomas F. Hanisco, Ross J. Salawitch, Timothy 
P. Canty, Russell R. Dickerson, Eric C. Apel, Sunil Baidar, Thomas J. Bannan, Nicola J. Blake, Dexian 
Chen, Barbara Dix, Rafael P. Fernandez, Samuel R. Hall, Rebecca S. Hornbrook, L. Gregory Huey, 
Beatrice Josse, Patrick Jöckel, Douglas E. Kinnison, Theodore K. Koenig, Michael Le Breton, Virginie 
Marécal, Olaf Morgenstern, Luke D. Oman, Laura L. Pan, Carl Percival, David Plummer, Laura E. 
Revell, Eugene Rozanov, Alfonso Saiz-Lopez, Andrea Stenke, Kengo Sudo, Simone Tilmes, Kirk 
Ullmann, Rainer Volkamer, Andrew J. Weinheimer, and Guang Zeng. “Formaldehyde in the Tropical 
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Western Pacific: Chemical Sources and Sinks, Convective Transport, and Representation in CAM-Chem 
and the CCMI Models.” Journal of Geophysical Research: Atmospheres 122, no.20 (2017): 11,201-
11,26. http://dx.doi.org/doi:10.1002/2016JD026121. 

2. Andersson M.E., P.T. Verronen, D.R. Marsh, A. Seppälä, S.-M. Päivärinta, C.J. Rodger, M.A Clilverd, N. 
Kalakoski, and M. van de Kamp, Polar ozone response to energetic particle precipitation over decadal 
time scales: the role of medium-energy electrons. J. Geophys. Res., 123, 607-622, 
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5. PROJECTS, COLLABORATION, TWINNING AND CAPACITY BUILDING 

 
National Projects 
Ozone and related research in New Zealand are undertaken primarily through the Understanding 
Atmospheric Composition and Change programme (NIWA), which includes various 
measurement activities of ozone and associated compounds, primarily at Lauder, New Zealand, 
and Arrival Heights, Antarctica, measurement of physical variables such as UV, as well as global 
chemistry-climate modelling at NIWA and New Zealand’s Universities. UV measurements at 
Lauder are part of a larger research effort, spanning the physical and m edical sciences 
communities, on the impact of UV on hum an health (both positive and neg ative effects), 
materials, and the biosphere. This research is informing health organizations such as the New 
Zealand Cancer Society. 
 
MBIE Endeavour project ‘Extreme events and the emergence of climate change’ led by Dave 
Frame at Victoria University, will be looking at the role of ozone destruction and recovery in 
climate change emergence patterns. 
 
 

International Projects 

Ozone research in New Zealand is undertaken in close collaboration with many international 
partners and contributes to a wide range of international projects. Selected current international 
projects are: 
 
• NDACC (Network for the Detection of Atmospheric Composition Change), for which Lauder 

is the primary Southern mid-latitude site, has been the principal focus of ozone-related 
work by NIWA at Lauder for more than three decades. NIWA reports a variety of profile, 
total column, and surface in situ measurements of ozone and associated compounds to 
NDACC, taken at its primary locations at Lauder, New Zealand, and Arrival Heights, 
Antarctica, and also UV/Vis measurements of total-column NO2 from Macquarie Island, 
Australia, taken in collaboration with the Australian Bureau of Meteorology. 
 

• Tropospheric Ozone Assessment Report (TOAR), data submission and participation. 
 
• SPARC LOTUS activity (Long-term Ozone Trends and Uncertainties in the Stratosphere), 

data submission and participation. 
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• CAMS project (Copernicus Atmosphere Monitoring Service), data submission. 
 
• TROLIX’19 (TROPOMI Validation Experiment 2019), MAXDOAS participation. 

 
• IGAC/SPARC CCMI-1 (Chemistry Climate Modelling Initiative phase 1): Contributing CCM 

simulations to the CCMI archive and participating in process-oriented validation of CCM 
output. CCMI is the latest in a series of chemistry-climate modelling activities involving 
NIWA; previously, NIWA contributed to CCMVal-1 (informing the 2006 WMO Ozone 
Assessment), CCMVal-2 (informing the 2010 Ozone Assessment), and ACCMIP (informing 
the 5th Assessment Report of the Intergovernmental Panel on Climate Change (IPCC) on 
tropospheric composition change). Unlike these predecessor activities, the aim of CCMI is 
to perform and assess whole-atmosphere chemistry-climate model simulations that will 
inform upcoming ozone, tropospheric air quality, and climate assessments, all with the 
same class of model. NIWA is participating in the development of the MetOffice Unified 
Model which, in different versions, has been used for all of these purposes, and is also 
working with Australian partners on their contribution to CCMI, using the ACCESS model. 
Through a sub-contract with ETH Zurich (Switzerland), Bodeker Scientific has also 
contributed simulations to CCMI with the SOCOLv3 (Solar Climate Ozone Links version 3) 
chemistry-climate model. 
 

• GRUAN (GCOS Reference Upper Air Network): Measurements of ozone, water vapour and 
meteorological parameters using ozonesondes and high-quality radiosondes are made at 
Lauder, a site hosting a GRUAN-certified measurement programme.  Radiosonde 
measurements at Invercargill are submitted to GRUAN as a collaboration between NIWA 
and the New Zealand MetService. In support of GRUAN activities, NIWA has introduced 
additional quality checks to radiosonde preparations and has installed a GPS/GNSS 
receiver used for measuring total water vapour column abundance. 

 
• BSRN (Baseline Surface Radiation Network): Measurements of global, diffuse, and direct 

radiation at Lauder, to the standards of BSRN, have been made continuously at Lauder 
since 1999, with the results available from the BSRN archive used in satellite validation and 
studies of global radiative energy balance. They also support the understanding of UV 
measurements at Lauder and other NDACC sites. 

 
• SAGE-III-ISS Validation: An ongoing validation effort is underway at Lauder with several 

balloon payloads launched annually in coordination with ISS overpasses.  These payloads 
included ozonesondes, frost-point hygrometers, and more recently a P OPS aerosol 
measuring instrument. 
 

• SOLARIS-HEPPA - Solar influences for SPARC (Stratosphere-troposphere processed and 
their role in climate): University of Otago is a key participant in the development of solar 
forcing parameters used by the so-called high-top models with interactive ozone chemistry 
CMIP6 simulations. 

 
• A continuous record of stratospheric aerosol profiles over Lauder, started in November 1992, 

continues thanks to support from MRI and NIES in Japan. The lidar was upgraded in 2009 
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for dual-wavelength and depolarisation in daytime to support Total Carbon Column 
Observing Network (TCCON) measurements of GHG over Lauder by near-infrared. 

 

 

National collaborators 

NIWA 

Richard Querel, Lauder:  Ozonesondes, ozone LIDAR, Dobson; GRUAN 
Ben Liley, Lauder:  UV, clouds, aerosols 
Richard McKenzie (Emeritus), Lauder:  UV 
Olaf Morgenstern, Wellington:  Chemistry-climate modelling 
Guang Zeng, Wellington:  Chemistry-climate modelling 
Mike Harvey, Wellington:  Atmospheric emissions 
Dan Smale, Lauder:  In situ ozone (TEI) measurements, FTS column and profile measurements 
Penny Smale, Lauder:  Ozonesondes, Dobson, TEI 
Michael Kotkamp, Lauder:  Ozone microwave radiometer, UV instrumentation 
Alex Geddes, Lauder:  UV measurements, ozonesonde processing 
Sylvia Nichol, Wellington:  Dobson measurements 
Hisako Shiona, Christchurch: Dobson measurements, ozonesonde processing 
 
Adrian McDonald, University of Canterbury:  Stratospheric ozone and dynamics, model analysis. 
Tony Reeder, University of Otago:  Effects of UV overexposure in humans. 
Annika Seppälä, University of Otago: Space weather (EPP) effects on the stratosphere and 
ozone. Chemistry-climate modelling. 
Martin Allen, Univ Canterbury:  UV dosimetry 
Barbara Hegan, Cancer Society:  UV Public health advisory 
Karin Kreher, BK Scientific:  UV/Vis measurements of atmospheric composition 
Greg Bodeker, Bodeker Scientific:  Ozone database construction 
Stefanie Kremser, Bodeker Scientific:  Ozone database construction 
Laura Revell, Univ Canterbury: Chemistry-climate modelling, stratospheric ozone chemistry. 
Dave Frame, Victoria University:  Climate dynamics 
Robert Scragg & Alistair Stewart, Univ Auckland:  UV, vitamin D and Health 
Kathy Nield & Neil Swift, Callaghan Institute/MSL:  Irradiance calibration issues, RB meters 
Martin Allen, Univ Canterbury:  Dosimeters 
Zim Sherman, Scienterra, Timaru:  Dosimeters 
 
Health agencies including HPA and Cancer Society, Melnet, NZ Dermatological Association 
NZ Meteorological Service (provision of UVI forecasts) 
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Australian collaborations 

Peter Gies, Australian Radiation Protection and Nuclear Safety Authority:  UV and behavioural 
studies 
David Griffith & Nicholas Jones, University of Wollongong:  Collaboration on FTS measurements, 
especially related to biomass burning 
Stephen Wilson, University of Wollongong:  MAXDOAS measurements 
Bruce Forgan, Bureau of Meteorology:  Spectral and broadband radiation and aerosols 
Matt Tully, Bureau of Meteorology:  Ozonesondes, Dobson intercomparison 
Steve Rhodes, Bureau of Meteorology:  Dobson intercomparison, MAXDOAS 
David Karoly, U Melbourne:  Collaboration on coupled chemistry climate modelling 
Andrew Klekociuk, Australian Antarctic Division:  Collaboration on coupled chemistry-climate 
modelling. 
Janet Bornman (Curtin, Australia), United Nations UNEP:  Environmental Effects of UV radiation 
Robyn Lucas (ANU):  UNEP also UV Workshop 
Michael Kimlin (QUT):  UV Workshop 
Robyn Schofield, Univ Melbourne:  MAXDOAS measurements 
 
USA and Canada collaborations 

NOAA 

Dale Hurst, GMD:  Fun der and co-investigator on frost point hygrometer flights at Lauder, 
provision of surface ozone instruments, data sharing and interpretation 
Audra McClure, GMD:  In situ ozone measurements 
Patrick Disterhoft, CSD, CUCF:  Global variability of UV (Mauna Loa and Boulder), Calibration 
of spectroradiometers 
Irina Petropavlovskikh, GMD: Dobson total-column ozone measurements 
Glen McConville, CIRES, GMD:  Dobson 
Koji Miyagawa, NOAA, GMD:  Dobson 
 
GMD = Global Monitoring Division (was CMDL); CSD = Chemical Sciences Division (was 
aeronomy laboratory); CUCF = Colorado Ultraviolet Calibration Facility; CIRES (Cooperative 
Institute for Research in Environmental Sciences) 
 
NASA 

Anne Thompson, GSFC:  Ozonesondes 
Richard McPeters, GSFC:  Provision of Total Ozone Mapping Spectrometer (TOMS) satellite-
based total column ozone measurements 
Jay Herman, GSFC:  Validation of satellite derived UV, UV units  
Larry Thomason, LaRC: Provision of Stratospheric Aerosol and Gas Experiment (SAGE) 
satellite-based measurements of trace gases and aerosols. Lead investigator of the SAGE-III 
campaign. 
Jeannette Wild, NDACC:  NDACC data archival, meta data 
Qing Liang, Margaret Hurwitz, Paul Newman, GSFC: Chemistry-climate modelling 
Susan Strahan, GSFC: Modelling activities 
Thierry Leblanc, JPL:  Ozone LIDAR 
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GSFC = Goddard Space Flight Center; LaRC = Langley Research Center; NDACC = Network 
for the Detection of Atmospheric Composition Change; JPL = Jet Propulsion Laboratory 
 
USA Universities 

Wei Gao & Marek Uliasz, Colorado State University/USDA:  Global variability of UV, USDA 
radiation suite; collaboration on dispersion modelling 
Alan Parrish, University of Massachusetts:  Co-investigator on microwave radiometers for ozone 
profiling 
Darryn Waugh, Johns Hopkins University:  Collaboration on chemistry-climate modelling 
USDA = United States Department of Agriculture 
 
Other USA and Canada 

Daniel R. Marsh, NCAR (also University of Leeds, UK): Chemistry-Climate modelling 
Gerald Nedoluha, Naval Research Laboratories (NRL):  Co-investigator on microwave 
radiometers 
R Booth & G Bernhard, Biospherical Instruments:  Validation of UV from spectrometers 
Sasha Madronich, NCAR:  TUV Radiative transfer model, aerosol studies, UNEP 
Sancy Leachman, Utah:  UV dosimeters and health 
Tracy Petrie, Oregon:  UV dosimeters and health 
Vitali Filetov, Environment Canada:  UVI 
Jim Hannigan, NCAR: FTS measurements. 
NCAR = National Center for Atmospheric Research 
 
Collaborations with Europe 
Christoph Zellweger. WCC-Empa, Empa Dübendorf, Switzerland. In situ ozone calibration 
Wolfgang Steinbrecht, Germany.  Ozone LIDAR 
Monika Szelag (previously Andersson), Niilo Kalakoski, Johanna Tamminen, Finnish 
Meteorological Institute: Chemistry-Climate modelling, satellite observations of stratospheric 
composition.  
Pekka T. Verronen, Esa Turunen, Jia Jia, Sodankylä Geophysical Observatory: Ion-Chemistry 
modelling, mesospheric ozone observations. 
Mark A. Clilverd, David A. Newnham, British Antarctic Survey: Radiometer observations of polar 
mesosphere composition, development of solar forcing proxies for climate models. 
Neal Butchart & Fiona O'Connor, UK Met Office:  Collaboration on chemistry-climate modelling 
John Pyle, Alex Archibald, Luke Abraham, University of Cambridge:  Chemistry-climate 
modelling 
Ann Webb (and several others), Univ Manchester:  Rationalising UV units for CIE 
Jordi Badosa, Laboratoire de Meteorologie Dynamique (LMD), Ecole Polytechnique, Palaiseau, 
France:  Radiation Studies 
Josep Calbo, Departament de Fısica, Universitat de Girona (UdG), Girona, Spain:  Radiation 
Studies 
Daan Swart: National Institute for Public Health and Environmental Protection, The Netherlands:  
Ozone LIDAR measurements of vertical ozone profiles at Lauder 
Ulrich Platt, University of Heidelberg, Germany:  Development of instruments and techniques, 
data sharing and interpretation 
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Martin Dameris & Hella Garny: DLR-Institut für Physik der Atmosphäre, Germany:  Collaboration 
on chemistry-climate modelling 
Dietrich Häder: University of Erlangen, Germany:  Global variability of UV Eldonet instrument 
network 
Günther Seckmeyer: University of Hannover, Germany:  Sky imagery and pollution effects 
Michel van Roozendael, Belgium Institute of Space Aeronomy:  Maintain UV/Visible trace gas 
standards and development of new techniques (NDACC) 
Martine de Mazière, BIRA, Belgium:  Interpretation of FTS measurements and validation of 
satellite data 
Corinne Vigouroux, BIRA, Belgium:  FTS, MAXDOAS 
Daan Hubert, BIRA, Belgium:  LOTUS, satellite ozone trends 
Emmanuel Mahieu, Univ. Liege, Belgium: FTS measurements 
Herman Smit, Research Centre Juelich GmbH, Germany:  Ozonesondes  
Alkis Bais (Thessaloniki, Greece):  UNEP 
Lars Olof Bjørn, Lund Univ, Sweden:  UNEP FAQs 
FMI, Finland. Data for UVI Apps (uv2Day and GlobalUV) 
Thomas Peter, Andrea Stenke, Will Ball (ETH Zurich) and Eugene Rozanov and Timofei 
Sukhodolov (ETH/PMOD), Switzerland: Collaboration on chemistry-climate modelling. 
 
Collaborations with Africa 

Piet Aucamp (Private consultant, South Africa):  UNEP FAQs 
Caradee Wright, South African Medical Research Council:  UV dosimeters 
 
Collaborations with Southeast Asia and Japan 

Tetsu Nagai, Meteorological Research Institute of Japan:  Aerosol LIDAR 
Osamu Uchino, National Institute of Environmental Studies, Japan:  Aerosol LIDAR 
Yoshihiro Kondo: University of Tokyo, Japan:  Spectral irradiance & actinic flux in polluted sites, 
aerosol studies 
 
Collaborations with South America 

Francesco Zaratti, Univ San Andreas, La Paz, Bolivia:  Dissemination of UVI information 
Sergio Cabrera, Univ de Chile, Santiago, Chile:  Dissemination of UVI information 
Ruben Piacentini, CONICET, Rosario, Argentina:  Dissemination of UVI information 
Hector Guillen, Soc Photobiology, Arequipa, Peru:  Dissemination of UVI information 
Susana Diaz, CONECIT, Buenos Aires, Argentina:  UVI/WMO 
 
 

6. IMPLEMENTATION OF THE RECOMMENDATIONS OF THE 10th OZONE RESEARCH 
MANAGERS MEETING 
In line with the recommendations of the 10th ORM, New Zealand is continuing to fund high-
quality trace gas measurements being made at atmospheric research facilities around the 
country. 
 
Work is underway at NIWA to continue to future-proof and modernise aging instrumentation to 
ensure continuity of the ozone measurement time-series datasets. 
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In response to the call for ‘studies characterising and better quantifying the measurement 
uncertainties of ozone and associated parameters by various monitoring instrument types’, 
scientists from Bodeker Scientific have been working with Dr Larry Thomason (NASA) to develop 
new data-screening recommendations for SAGE II ozone measurements which are based on 
how the measurements were made. Our ability to accurately detect small, but important, 
changes in concentrations of constituents, such as ozone, is challenged by measurement 
uncertainties. Since SAGE II measurements of ozone started, a plethora of ‘generally accepted’ 
screening methods have been developed. These methods are often inconsistent, ad-hoc, and 
untraceable and seldom revised even after significant revisions to the data themselves. A 
publication is currently in development and will be submitted at the end of February 2020.  
 
The construction of the homogenized total column ozone and v ertically resolved ozone 
databases (see above) responds to the call for ‘continued studies for homogenising long-term 
ozone data records obtained from various measurement systems’. The Weatherhead et al. 
(2017) paper listed above on which Bodeker Scientific scientists collaborated, also responds to 
this recommendation. 
 
In response to ‘Improve the understanding and accuracy of future projections of global ozone 
amounts,’ work at NIWA and the University of Canterbury has contributed to future ozone 
projections via the framework of CCMI, including the roles of GHGs and ODSs in ozone recovery. 
Recent research led by the University of Canterbury resulted in an improved representation of 
tropospheric ozone in a chemistry-climate model. 
 
 

7. FUTURE PLANS 
• Use long-term stratospheric trace gas measurements to observe global circulation (Brewer-

Dobson) dynamical changes, in combination with chemistry-climate modelling study. 
• Updating NIWA UV spectrometer systems at Lauder (and abroad), including the conversion 

of legacy control and processing software and all custom hardware as required. 
• Maintain and continue operation of all ozone and ODS measuring instrumentation at Lauder, 

Baring Head, and Arrival Heights. 
• Participate in instrument intercomparison and calibration campaigns 
• Upgrade the Lauder stratospheric ozone LIDAR (LauSOL) that is nearing end-of-life 
• Continue weekly ozonesonde launches at Lauder. 
• An intercomparison study of UV and ozone measuring instrumentation at Lauder is currently 

underway. 
• A new diode-array UV spectrometer at Lauder will be used to study cloud effects on UV, 

including wavelength dependence of enhancement, in the vicinity of clouds as they transit 
the sun. 

• University of Canterbury: producing chemistry-climate model projections of stratospheric 
ozone in response to changing GHG and ODS concentrations; understanding how 
stratospheric chemistry influences surface climate and the emergence of climate change in 
the Southern Hemisphere.  
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8. NEEDS AND RECOMMENDATIONS 

The following needs and recommendations require attention: 
• Polar ozone plays a critical role in regional climate variability at high and mid-latitude regions. 

With decreasing stratospheric ozone depleting substances (ODSs) and the projected 
strengthening Brewer-Dobson circulation due to climate change, the role of solar forcing 
(including energetic particle precipitation) is likely to become more pronounced. To quantify 
the impact on polar ozone, continued, long term (over decades), high quality, polar 
stratospheric and mesospheric profiles of ozone, dynamical tracers, and ozone depleting 
nitrogen family gases such as NO and NO2 are needed from both satellite and ground-based 
instruments. This includes observations made during polar night conditions. 

• Particularly in the tropics, there is some disagreement between different datasets and model 
results, regarding the trends since 2000 of total column ozone. Detection of ozone recovery 
in this region would benefit from resolving these discrepancies. 

• The effects of stratospheric change on surface climate change, and the mechanisms 
involved, need to be better quantified. There is now a scientific consensus in the literature 
that seasonally past ozone depletion has been the dominant driver of climate change in the 
Southern Hemisphere, and future ozone recovery will remain an important driver of climate 
change, but large uncertainties remain about the regional impacts of both.  

• In particular, the links, if any, between ozone depletion and ex panding sea ice around 
Antarctica remain poorly understood and are generally not captured by general circulation 
models. This casts doubt on the model projections of Southern Hemispheric climate. 

• Changes in ozone in the upper troposphere and lower stratosphere, especially in the tropics, 
and its effect on atmospheric temperature need to be better quantified. 

• An ongoing debate about ‘optimal’ levels of UV exposure indicates that further research on 
vitamin D production and its health effects would be useful. 

• A better quantification of natural sources of bromine in the troposphere is needed. The 
possible intensification of kelp aquaculture for food production and/or carbon capture would 
cause a potentially significant increase in the production of bromocarbons which can affect 
the stratospheric ozone layer. This risk needs to be understood. 

• Continuing support for long-term, high quality measurement sites. 
• Continued monitoring of unexpected emissions. 
• Understand the effect of ozone and ODSs on radiative forcing, their role in Arctic warming. 
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Report on Ozone Monitoring in Nigeria 
for the 11th WMO/UNEP Ozone Research Managers Meeting 

Geneva, 1 - 3 April 2020 
 

 
 
1. OBSERVATIONAL ACTIVITIES 
 
The main agency responsible for carrying out research and monitoring on ozone, UV radiation and 
related atmospheric constituents is the Nigeria Meteorological Agency (MIMET). However, other 
government agencies such as the Centre for Atmospheric Research of the National Space 
Research & Development Agency also carry out some researches on ozone. Researchers from 
some universities such as the Department of Meteorology and Climate Science, Federal University 
of Technology, Akure, Nigeria have also carried out researches to monitor column Ozone, among 
other ozone researches. 
 
The aim is to support government policies on environment and thereby contribute positively to the 
implementation of the Vienna Convention for the protection of the ozone layer and it’s Montreal 
Protocol. The increasing involvement of these institutions has greatly enhanced the development 
of the national programme on ozone monitoring and research in Nigeria. 
 
The Nigerian Meteorological Agency (NIMET) which was then known as Department of 
Meteorological Services in the Ministry of Aviation has been monitoring total column ozone since 
1993 with the establishment of a GAW station each in Lagos (Latitude06°36°N; Longitude 
03°26°E; Elevation 10m) and Oshogbo (Lat.07° 47°N; Long.04° 29°E; Elevation 304.5m). 
 
1.1 Column Measurements of Ozone and other Gases/Variables relevant to Ozone Loss. 
 
Total Column Ozone is measured at the GAW stations in Oshodi, Lagos and Oshogbo. Subject to 
the state of the atmosphere, daily routine measurements up to a maximum of ten observations are 
made with the Dobson spectrophotometer #5703 (Shimatzu type). Total ozone measurements are 
archived in the database of the Nigerian Meteorological Agency (NIMET). 
 
1.2 Profile Measurements of Ozone and other Gases/Variables relevant to Ozone Loss 
 
Nigeria has a high population density and large fossil fuel resources but very poorly managed 
energy infrastructure. Satellite observations of formaldehyde (HCHO) and glyoxal (CHOCHO) 
reveal very large sources of anthropogenic non methane volatile organic compounds (NMVOCs) 
from the Lagos megacity and oil/gas operations in the Niger Delta. This is supported by aircraft 
observations over Lagos and satellite observations of methane in the Niger Delta. Satellite 
observations of carbon monoxide (CO) and nitrogen dioxide (NO2) show large seasonal emissions 
from open fires in December–February (DJF). Ventilation of central Nigeria is severely restricted at 
that time of year, leading to very poor ozone air quality as observed from aircraft (MOZAIC) and 
satellite (TES). Simulations with the GEOS-Chem chemical transport model (CTM) suggest that 
maximum daily 8-h average (MDA8) ozone exceeds 70 ppbv over the region on a seasonal mean 
basis, with significant contributions from both open fires (15–20 ppbv) and fuel/industrial emissions 
(7–9 ppbv). The already severe ozone pollution in Nigeria could worsen in the future as a result of 
demographic and economic growth, although this would be offset by a decrease in open fires (E.A. 
Marais et al, 2014) 
 
Field and model studies have found elevated surface O3 concentrations in Nigeria in December to 
February due to seasonal open fires (Helas et al., 1995; Marufu et al., 2000; Sauvage et al., 2005; 
Aghedo et al., 2007). Following testing of the GEOS-Chem simulation of O3 with aircraft 
observations from MOZAIC (Thouret et al., 1998) and satellite observations from TES, a thermal 
IR instrument with sensitivity to O3 in the lower free troposphere and examine the implications for 
O3 pollution over Nigeria now and in the future. MOZAIC observations of vertical O3 profiles from 
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commercial flights are available for Lagos and Abuja in January to February, 2003 - 2004 at 18 - 
21 and 18 - 19 local time, respectively. These are shown in Fig. 1 together with the corresponding 
mean model profiles for January to February 2006 sampled at the same local time. 
 
 

 
 

Fig. 1: Mean vertical profiles of O3 concentrations over Abuja and Lagos in January to 
February. 

 
 
MOZAIC observations are for 3 descent flights over Abuja and 16 over Lagos at 18 - 19 and 18 - 
21 local time, respectively, in 2003 - 2004. Horizontal lines are 1s standard deviations. 
Corresponding GEOS-Chem profiles are means for January – February 2006 at the same local 
time. 
 
The observations at Abuja show mean concentrations of 60 - 75 ppbv from the surface to 700 hPa. 
Such high values are due to a combination of fires and anthropogenic emissions. It does not 
capture the drop at the surface, which could be due to poor model representation of stratified 
conditions near the surface after sunset (Jacob et al., 1993). Lower O3 concentrations in the Abuja 
profile above 700 hPa are associated with the African Easterly Jet (AEJ) (Sauvage et al., 2007). 
Concentrations over Lagos differ from those over Abuja mostly below 900 hPa, reflecting the influx 
of clean oceanic air 
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1.3 UV Measurements 
 
NIMET has since commenced measurements of surface UVB and Solar radiation at several 
locations in Nigeria in addition to the GAW stations in Lagos and Oshogbo. The automatic weather 
stations that measure these parameters and some meteorological variables were set up as part of 
the implementation of the Agency’s programme on studies relating to the effects of UV-B on 
human health and the ecosystems. The UV is measured with silicon photodiode sensor. 
 
1.4 Calibration Activities 
 
The Dobson spectrophotometer at NIMET is calibrated (mercury lamp and standard lamp tests) 
every month and the calibration data are documented. The instrument has also successfully 
participated in two international intercomparisons organized by WMO for all the Dobson 
instruments operated in Africa. These took place in Pretoria, South Africa in 2000 and Dahab in 
Egypt in 2004. The good state of the facilities at NIMET Training Centre in Lagos earned it a re-
accreditation status by the WMO in 2017. 
 
 
2. THEORY, MODELLING, AND OTHER OZONE RELATED RESEARCH 
 
Emmanuel G.O. carried out research on the relative contribution of individual volatile organic 
compounds (VOC) species to photochemical ozone formation. The contribution of volatile organic 
to photochemical ozone formation depends on their atmospheric concentrations and their oxidation 
mechanism. In an attempt to evaluate the ozone creation potential of ambient VOCs captured in 
an urban settlement of Benin City, Nigeria, the VOCs concentrations data collected in field studies 
at nine measurement sites of different air quality in the city and a background site were analysed. 
Air samples were collected at human breathing height of 1.5 meters from ground level at each site. 
Active sampling method using the low volume sampling pump (Acuro, Drager, Lubeck, Germany) 
was used to draw the air into the tube; the absorbent was Chromosorb 106. The sampling periods 
were between May 2010 and June 2011; the period covered both dry and wet seasons. The 
adsorbed gases were desorbed using solvent extraction method with carbon disulphide as solvent. 
The extracted solutions were analyzed with gas chromatography and mass spectrometer. The 
observed concentrations of individual VOCs were determined and maximum incremental reactivity 
(MIR) coefficient along with rate constants of VOC-OH reactions were applied to assess the ozone 
formation potential of individual VOC in the ambient atmosphere. Sixteen VOC species were 
observed at various sites with mixing height in decreasing order: toluene (5.82), mp-xylene (3.58), 
ethylbenzene (3.46), benzene (2.29), and n-butane (0.84). The ozone formation potential study 
revealed that, ranking by propyl-equivalent, the alkanes included in this study account for 58% of 
the total propyl-equivalent concentration. The total ozone creation potential in the atmosphere of 
the Benin City was calculated to be 281.1𝜇g/m3. A comparison of total ozone formation potential 
(OFP) with results obtained from other cities of the world revealed that the total concentration of 
ozone production is threefold lower than the values reported in China city of Foshan. It is 
suggested that the sources of this pollutant need to be monitored in the area as a way of curtailing 
the impact of ozone in this city. 
 
 
3. DISSEMINATION OF RESULTS 
 
3.1 Data Reporting 
 
Total ozone data measured in Lagos are transmitted monthly to the World Ozone and Ultra-Violet 
Data Centre (WOUDC) in Toronto, Canada. 
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3.2 Information to the public 
 
Information dissemination to the public on ozone research is not adequate as NIMET usually 
disseminates through publications, workshops and upon request. As such, only few research 
minded individuals have access to such information. 
 
At the National Ozone Office (NOO) of the Federal Ministry of Environment, the Designated 
National Authority for the implementation of the Montreal Protocol in Nigeria, priority attention is 
given to public awareness campaign on the consequences of ozone layer depletion. The NOO 
annually commemorates the International Day for the preservation of the Ozone Layer. This 
usually include press release by the Honorable Minister of Environment on the importance of the 
ozone layer, the need to preserve it, national and international efforts in the preservation of the 
ozone layer and implementation of the Montreal Protocol in Nigeria. The NOO also carries out 
secondary schools outreach programme and give lectures with the aim of raising awareness 
among secondary school children on the importance of the ozone layer and its preservation. 
Awareness and promotional materials are distributed to the children on the importance of the 
ozone layer. The public awareness efforts of the NOO is yielding results as more Nigerians are 
getting aware of the importance of the ozone layer and need to preserve it as it can be shown in 
the country’s achievements of meeting the Montreal Protocol’s phase targets for HCFCs. 
 
3.3 Relevant scientific papers 
 
Akinyemi M.L. (2011): Comparative Analysis of Total Ozone Data from Satellite EPTOMS and 
Ground-Based Dobson Instrument at Lagos-Nigeria. Journal of Innovative Research in 
Engineering and Science. 
PP.162-172 
 
Akinyemi M.L. (2012): Wind Convolution and Ozone Distribution over Nigeria. Archives of Physics 
Research. PP 138 - 145 
 
Marais et al (2014): Anthropogenic emissions in Nigeria and implications for atmospheric 
ozone pollution: A view from space. Atmospheric Environment Journal.PP.32 – 37 
 
Olumayede E.G. (2014): Atmospheric Volatile Organic Compounds and Ozone Creation 
Potential in an Urban Center of Southern Nigeria. International Journal of Atmospheric Sciences 
Volume 2014, Article ID 764948, 7 pages 
 
 
4. PROJECTS, COLLABORATION, TWINNING AND CAPACITY BUILDING 
 
There are some collaborations between government agencies and educational institutions on 
Ozone research in the country. NIMET has such collaborations with Universities like Federal 
University of Technology, Akure and Obafemi Awolowo University, Ile Ife. 
 
In August, 2017, a Memorandum of Understanding between NIMET and Federal University of 
Technology, Akure on development and delivery of training, research, WMO Regional Training 
Centres and community service was signed by both parties.  The purpose of the agreement is to 
engage in development and delivery of joint programmes for enhancement of training of staff, 
teaching, research on Ozone and other atmospheric gases including the WMO Regional Training 
Centres Activities and community services. 
 
The National Ozone Office (NOO) of the Federal Ministry of Environment is playing its statutory 
role as the Designated National Authority for the implementation of the Montreal Protocol in 
Nigeria. The NOO also collaborates with relevant government agencies and stakeholders in the 
implementation of the Protocol. Presently, the NOO is implementing the Hydrochlorofluorocarbons 
(an ODS) Phase out Management Plan (HPMP) project in Nigeria. 

356



 
 

 
The National Ozone Office is also implementing the Kigali Cooling Efficiency Project (KCEP) on 
improving energy efficiency in the cooling sector. The project is aimed at helping the country 
transition to energy efficient, climate-friendly, affordable refrigeration and air-conditioning 
technologies. The project will complement the ongoing HCFC phase-out programme by extending 
its reach and influence on energy efficiency. 
 
 
5. FUTURE PLANS 
 
With the full re-accreditation of training programmes at NIMET’s Regional Training Centre in 
Oshodi, Lagos, Nigeria by the World Meteorological centre in 2019, which was as a result of 
overhaul of the necessary facilities, the following are some of the future plans on ozone research 
and monitoring in Nigeria: 
 

• Continuation of training, capacity building and research on Ozone for Nigeria and some 
African countries. 

• Continuation of Total Ozone and UV-B radiation measurements. 
• Increase in network of GAW stations for the monitoring of total ozone, surface ozone, 

greenhouse gases, UV-B radiation, solar radiation, acid rain, etc. 
• Measurement of ozone profile with Dobson spectrophotometer and other current methods. 
• Daily UV-B radiation forecast for Nigeria. 
• Effects of increased UV-B on human and animal health, as well as the ecosystems. 
• Continuation of awareness campaign on ozone and related issues. 
• Increased collaboration with local and international organizations on ozone and related 

issues. 
 
 
6. IMPLEMENTATION OF THE RECOMMENDATIONS OF THE 10TH OZONE RESEARCH 

MANAGERS MEETING 
 
1. Based on recommendation to maintain and enhance existing observation capabilities for 

climate and ozone layer variables, Nigeria implemented this by overhauling its facilities at 
NIMET’s Regional Training Centre in Oshodi, Lagos. This earned Nigeria reaccreditation of 
training programmes on meteorology technicians at the centre by the WMO. 

 
2. On capacity building, NIMET has accorded more priority to training and capacity building of its 

staff and have established an understanding with the Department of Meteorology and Climate 
Science, Federal University of Technology, Akure to engage in the development and delivery 
of joint programmes for enhancement of training of staff, teaching, research, World 
Meteorological Organisation Regional Training Centre (WMO RTC) activities and community 
services. 

 
 
7. NEEDS AND RECOMMENDATIONS 
 
In order to facilitate the ongoing and planned ozone, UV radiation monitoring and research 
programmes in Nigeria, assistance will be needed in the following areas: 
 
• Expansion of total column ozone measurements. This will involve among other things, 

acquisition of Brewer spectrophotometer and other latest instruments. 
 
• Acquisition of instruments for ozone profile measurement. 
 
• Expansion of our UV-B and solar radiation monitoring network. 
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• Regular calibration of instruments especially in the developing countries to ensure high quality 
data for research and other purposes. 

 
• Training of personnel to enhance professional competence in monitoring, data processing and 

research especially in the developing countries. 
 
• Provision of spare parts and essential consumables. 
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Ozone/UV monitoring and research in Norway – Status 02/2020 
 
 
Ozone monitoring and related research activities in Norway involve several institutions and there is 
no distinct separation between research, development, monitoring and quality control. This report 
presents Norwegian ozone & UV related activities that have been carried out the last years. 
 
 
1. OBSERVATIONAL ACTIVITIES 
 
In 1990, the Norwegian Environment Agency (the former 
Norwegian Pollution Control Authority) established the 
programme “Monitoring of the atmospheric ozone layer”, 
which included measurements of total ozone at selected sites 
in Norway. Some years later, in 1994/95, the network was 
expanded and “The Norwegian UV network” was established. 
It consists of nine 5-channel GUV instruments located at sites 
between 58° N and 79° N. In addition, the network included 
ozone lidar measurements until 2011. The measurements are 
undertaken by the Norwegian Radiation and Nuclear Safety 
Authority (DSA), and the Norwegian Institute for Air Research 
(NILU) on behalf of the Norwegian Environment Agency. 
 
Ozone and UV measurements in Oslo were performed in 
cooperation between NILU and the University of Oslo until 
2019; since summer 2019, NILU has been solely responsible 
and has moved the instruments to its main office in Kjeller (20 
km NE of Oslo). At Andøya, NILU cooperates with the Andøya 
Space Center which provides continuous technical service. At 
Ny-Ålesund technical service is provided by the Norwegian 
Polar Institute which owns the site (Sverdrup Station). SAOZ 
total ozone measurements at this site are performed in cooperation between NILU and 
IPSL/LATMOS, Versailles, France. Recently, NILU also established a formalized cooperation with 
the National Research Council of Italy regarding operation and access to its Brewer instrument which 
was co-located with NILU’s instruments at the Sverdrup Station in 2019. Also in 2019, NILU set up 
a new spectrometer (Pandora) which is capable of measuring both ozone, NO2 and other 
stratospheric trace gases, in addition to aerosol optical depth; this instrument is part of the recently 
established Svalbard Integrated Arctic Earth Observing System (SIOS). 
 
DSA is responsible for the quality assurance program of the UV-network and for reporting relevant 
health effects of natural UV radiation. Table 1 gives an overview of the location of the various stations, 
the type of measurements, and the institutions/institutes responsible for the daily operation of the 
instruments. The measurement sites are marked in Figure 1: Blue circles represent sites where both 
quality assured total ozone and UV measurements are performed, whereas green circles represent 
sites with UV measurements only. 
 
1.1 Column measurements of ozone 
 
Total ozone measurements using the Dobson spectrophotometer D56 were performed on a regular 
basis in Oslo from 1978 to 1998. In Tromsø, Dobson measurements with D14 started in 1939 and 
systematic measurements were performed until 1972. After a break of 12 years, the Tromsø Dobson 
measurements started up again in 1985 and were continued until 1999. Quality-assured Dobson D8 
measurements were also performed in Svalbard, first in Longyearbyen from 1950 to 1962, then in 
Ny-Ålesund from 1963 to 1968 and from 1995 to 2007. In 2007, the measurements were terminated 
due to technical failure of the instrument. 

 

 
 
Figure 1: Map of Norwegian ozone and UV 
sites 
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Table 1: Overview of the locations and institutes involved in ozone and UV monitoring activities in Norway
  

Station Location UV Total ozone Ozone  
lidar Institute 

Landvik 
(Grimstad) 58oN, 08oE GUV   Norwegian Radiation and Nuclear Safety Authority  
Oslo/ 
(Kjeller)*  60oN, 10oE GUV Brewer, 

GUV  University of Oslo*/ Norwegian Institute for Air 
Research 

Østerås 60oN, 10oE 
GUVis-3511 
with bioshade, 
Bentham 
DM150 

  Norwegian Radiation and Nuclear Safety Authority  

Bergen 60oN, 05oE GUV   Norwegian Radiation and Nuclear Safety Authority  
Finse 60oN, 07oE GUV    Norwegian Radiation and Nuclear Safety Authority 
Kise 60oN, 10oE GUV   Norwegian Radiation and Nuclear Safety Authority  
Trondheim  63oN, 10oE GUV   Norwegian Radiation and Nuclear Safety Authority  

Andøya  69oN, 16oE GUV Brewer, 
GUV  x Norwegian Institute for Air Research /Andøya Space 

Center 
Ny-
Ålesund 79oN, 12oE GUV 

SAOZ, 
GUV, 

(Brewer) 
 Norwegian Institute for Air Research 

Antarctica 72ºS, 02ºE NILU-UV NILU-UV  Norwegian Institute for Air Research 
  

 *until summer 2019; instruments moved to Kjeller (NILU) after termination of ozone monitoring programme at the 
University of Oslo 
 
Since the summer of 1990, Brewer instrument no. 42 has been in operation at the University of Oslo 
(Blindern). In 1994, Brewer measurements (with B104) started up in Tromsø, but after the 
termination of other ozone-related activities at the Auroral Observatory/University of Tromsø in 
Tromsø in 1999, the instrument was moved to the ALOMAR Observatory at Andøya, 130 km 
southwest of Tromsø. Today daily total ozone values from Oslo and Andøya are primarily based on 
measurements with these Brewer spectrometers. The ozone values are derived from direct sun 
measurements when available. On overcast days and days where the solar zenith angle is large, 
the ozone values are calculated from the global irradiance (GI) method (Stamnes et al., 1991). 
Except for the period from 1973 to 1984, total ozone has been measured on a regular basis in 
Tromsø/Andøya since 1935, which makes this time series the second longest in the world. The 
Andøya site is no longer included in the national ozone monitoring programme, but direct financial 
support from the Norwegian Ministry of Climate and Environment enables the continuation of these 
measurements. 
 
NILU - The Norwegian Institute for Air Research is also measuring total ozone in Svalbard. Since 
1991 there has been a Differential Optical Absorption Spectroscopy (DOAS) instrument (type SAOZ) 
in Ny-Ålesund measuring total columns of ozone and NO2. SAOZ no. 8 is part of IPSL/LATMOS 
(France)’ global network of such instruments, and data analysis is performed centrally at this 
institute. The NO2 and ozone measurements are reported to the Network for the Detection of 
Atmospheric Composition Change (NDACC) on an annual basis. As SAOZ measurements only can 
provide ozone values at solar zenith angles between 95 and 85º, the observations are limited to mid-
February to early May, and early August to late October. A GUV instrument is used to derive total 
ozone in Ny-Ålesund during summer. In 2017, NILU started a cooperation with CNR, Italy, to operate 
and quality-control common measurements with a Brewer instrument owned by CNR in Ny-Ålesund. 
 
Since 2007, total ozone has also been measured by NILU at the Norwegian station Troll in 
Antarctica.  This is done with the NILU-UV radiometer (see section 1.3). An analysis of the complete 
data series has been published recently (Sztipanov et al., 2020). 
 
1.2 Ozone profile measurements 
 
An ozone lidar has been operated at ALOMAR (Andøya) since 1995. Initially, this was a cooperation 
project of the Norwegian Defence Research Establishment (FFI), NILU, and Andøya Rocket Range, 
from which FFI withdrew in 2006. In 2011, the ozone lidar measurements were excluded from the 
national monitoring programme due to lack of financial support, with the consequence that also NILU 
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had to withdraw from the cooperation. The lidar is still operational, but only operated occasionally by 
Andøya Space Center, and there is currently no funding for data analysis. 
 
1.3 UV measurements 
 
In total, nine sites are included in the Norwegian UV network. The instruments, GUV from 
Biospherical Instruments Inc, are designed to measure UV irradiances in 5 channels (except one 
instrument, which only has 4 channels). Using a technique developed by Dahlback (1996), it is 
possible to derive 11 different irradiance parameters (partially based on recent work performed at 
DSA), including complete UV spectra from 290 to 400 nm, biologically weighted UV doses for any 
action spectrum in the UV wavelength region, as well as total ozone column and cloud cover 
information. 
 
Spectral UV irradiances (global scans) are measured regularly with the Brewer instruments at the 
Department of Physics, University of Oslo, and at Andøya (ALOMAR). The same procedure is also 
envisaged for the Italian Brewer instrument in Ny-Ålesund. 
 
In January 2007 NILU started measurements with a filter instrument (the NILU-UV radiometer) at 
the Norwegian research station Troll in Antarctica, financed by the Norwegian Research Council. 
The instrument is calibrated every month against relative calibration lamps in order to keep track of 
instrument drift. In 2016, the instrument had to be replaced due to technical problems. 
 
1.3 Measurements of Ozone-Depleting Substances (ODSs) 
 
NILU is running an ADS-GCMS and a Medusa-GCMS at the Zeppelin Observatory, Svalbard, which 
provides high-quality measurements of more than 20 ODSs regulated through the Montreal Protocol. 
This is a part of the national programme for monitoring of greenhouse gases, financed by the 
Norwegian Environment Agency. Annual reports are produced by NILU (latest: Myhre et al., 2019) 
and data are stored in the EBAS database (http://ebas.nilu.no ). Several CFCs are also measured 
at the Troll Observatory in Antarctica. 
 
1.4 Calibration activities 
 
1.4.1 The Brewer instruments 
 
The Brewer instruments in Oslo and at Andøya have been in operation for more than 20 years. Every 
year International Ozone Services, Canada, calibrates the Brewer instruments at the sites, and the 
instruments are also regularly calibrated against standard lamps in order to check their stability. The 
calibrations show that the Brewer instruments have been stable for most of the years of observations. 
The Andøya Brewer instrument has shown increased calibration instabilities since 2013, and 
especially in 2015 and early 2016. Total ozone measurements from the Oslo Brewer instrument 
agreed well with the Dobson measurements performed during the period of overlapping 
measurements from 1991 to 1998. 
 
In April 2018, an inter-comparison campaign of all ozone and UV monitoring instruments on Svalbard 
was performed at Sverdrup Station, Ny-Ålesund. It included NILU’s GUV and SAOZ instruments, the 
Brewer and the UV-RAD spectrometer of CNR-ISAC and two UV radiometers operated by the Polish 
Institute of Geophysics (IGFPAS) at Hornsund and by the University of South Bohemia at its Arctic 
Station in Longyearbyen. Regarding ozone, there was very good agreement between the corrected 
GUV (2%) and Brewer data (±1%), while the UV-RAD derived data deviated by up to 6% from the 
Brewer values at large solar zenith angles. The SAOZ observations did not overlap in time with the 
other measurements, but indicate 3% lower values. 
 
1.4.2 The GUV instruments 
 
As a part of the Norwegian FARIN project a major international UV instrument intercomparison was 
arranged back in 2005. Altogether 51 UV radiometers from various nations participated, among them 
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39 multiband filter radiometers (MBFR’s). The instruments were also characterized on site. In 
addition to measurements of spectral responses, measurements against QTH lamps and cosine 
responses were performed for a selection of instruments. The main results have been published by 
Johnsen et al. (2008). 
 
DSA houses an optical calibration laboratory and facilities for outdoor calibrations (Johnsen et al., 
2008). All the 13 GUV instruments in the Norwegian UV network are yearly calibrated on site against 
a travelling reference GUV, managed by DSA. The travelling reference is traceable to the European 
travelling reference spectroradiometer QASUME, and regularly operated side by side a Bentham 
spectroradiometer operating at the roof of the DSA building. A compilation of results from 6 QASUME  
audits (including Ny-Ålesund in 2009) where  DSA spectroradiometers and GUV instruments 
belonging to the Norwegian UV-network participated, reveals an interquartile range of daily mean 
UV-index ratios (solar zenith angle < 80°)  within +/-5 % for all instruments and campaigns performed 
within the period 2003-2019 (paper in progress). Either reference instruments are regularly 
participating in blind test inter-comparisons. Annual calibration factors are calculated for the GUV 
instruments prior to final publications of ozone and UVI. Currently, efforts are made to finance new 
instrumentation at the network locations, in order to ensure still continuous, high quality 
measurements, and to provide a wider spectral range and versatility of use of monitoring data.A new 
19-channel GUV instrument, fitted with a rotating shadow band was purchased by DSA in 2018 and is 
now in regular operation at DSA. The instrument provides diffuse sky observation, enabling derivation of 
beam irradiance and atmospheric extinction parameters. 
 
The Svalbard inter-comparison campaign in April 2018 resulted in agreements within 3% between the 
GUV (DSA algorithm) and the Brewer UV irradiances, with little solar zenith angle dependence. 
 
	
2. RESULTS FROM OBSERVATIONS AND ANALYSIS 
 
Results from the national programme “Monitoring of the atmospheric ozone layer and natural 
ultraviolet radiation” are published by the Norwegian Environment Agency and NILU every year. 
Below are trend results from the last report (Svendby et al., 2019). 
 
2.1 Ozone observations in Oslo 
 
In order to detect possible ozone reductions and trends over Oslo, total ozone values from 1979 to 
2015 have been investigated. For the period 1979 to 1998 data from the Dobson instrument has 
been applied, whereas for the period 1998 to 2015 the Brewer measurements have been used. The 
results of the trend analysis are summarized in Table 2. The second column indicates that a large 
ozone decrease occurred during the 1980s and first half of the 1990s. For the period 1979-1997 
there was a significant decline in total ozone for all seasons. For the winter and spring the decrease 
was as large as -6.0%/decade and -8.0 %/decade, respectively. The negative ozone trend was less 
evident for the summer, but nevertheless it was significant to a 2s level. 
 

For the period 1998-2018 the picture is 
very different. All seasonal trends as 
well as the annual trend are either 
close to zero or positive. However, 
none of the trend values are significant 
on a 2s level. The largest positive 
trend (2.0%/decade) occurs in autumn, 
while it is -0.1%/dec in summer. The 
extended period since 1998 confirms, 
thus, the trends that were seen already 
3 years ago being either close to zero 

or (insignificantly) positive. 
 

Table 2: Percentage changes in total ozone over Oslo 
for the period 1.1.1979 to 31.12.2018. The numbers in 
parenthesis represent uncertainty (1s) 

 

Time period Trend (%/decade) 
1979-1997 

Trend (%/decade) 
1998-2018 

Winter (Dec – Feb) -6.0 (2.3)  +0.5 (1.9) 
Spring (Mar– May -8.0 (1.3)    0.0 (1.4) 
Summer (Jun – Aug) -3.4 (1.0)  -0.1 (0.8) 
Fall (Sep – Nov) -4.2 (1.0)  +2.0 (1.0) 
Annual (Jan-Dec) -5.7 (1.0)  +0.4 (0.8) 
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2.2 Ozone observations at Andøya 
 
As mentioned above, ozone measurements in Northern Norway were performed in Tromsø until 
1999 and at ALOMAR/Andøya from 2000. Correlation studies have shown that the ozone 
climatology is very similar at the two locations and that the two datasets are considered as equivalent 
representing one site. 

 
During the years with absent Dobson 
total ozone measurements in Tromsø 
in 1979 and the 1980s, total ozone 
values from the satellite instrument 
TOMS (Total ozone Mapping 
Spectrometer) over Andøya were 
used in the trend studies. The results 
of the analyses are summarized in 
Table 3. 
 

 
Similar to Oslo, the ozone layer above Andøya declined significantly from 1979 to 1997. This decline 
was evident for all seasons. The negative trend for the spring season was as large as -8.1%/decade, 
whereas the negative trend for the summer months was -2.9%/decade and for autumn 
(September/October only) -4.9%/decade. The trend in annual (March – October) total ozone was -
5.7%/decade. In contrast, all trends were close to zero or positive in the period 1998 – 2018, but 
only the autumn value (+3.1%/decade) is significant at a 2s level. Both trends in the autumn months 
are probably not caused by ozone depletion, but, as pointed out in Hansen and Svenøe (2005), due 
to long-term atmospheric changes (stratospheric temperature, tele-connection patterns). 
 
2.3 Ozone observations in Ny-Ålesund 
 
The first Arctic ozone measurements started in Svalbard almost 65 years ago. In 1950 a recalibrated 
and upgraded Dobson instrument (D8) was sent to Longyearbyen, and Søren H.H. Larsen was the 
first person who performed systematic ozone measurements in polar region (Henriksen and 
Svendby, 1997). 
 
Regular Dobson ozone measurements were performed in Svalbard until 1962. The data have been 
reanalyzed and published by Vogler et al. (2006). After 1962 only sporadic measurements were 
performed in Longyearbyen, but after the instrument was moved to Ny-Ålesund in 1994 more 
systematic measurements took place. However, the Dobson instruments require manual operation 
and it soon became more convenient to replace the Dobson instrument with the more automatic 
SAOZ and GUV instruments. 

The ozone trend studies presented 
in Table 4 are based on a 
combination of Dobson, SAOZ, GUV 
and satellite measurements. For the 
years 1979 to 1994 the monthly 
mean ozone values have been 
based on TOMS Nimbus 7 and 
Meteor-3 overpass data. For the 
latest 22 years only ground-based 
measurements have been used in 
the trend studies: Dobson data have 

been included when available, SAOZ data have been 2nd priority, whereas GUV data have been 
used when no other ground-based measurements have been available. Autumn observations have 
been made possible by the SAOZ instrument, which yields reliable data even at solar elevations 
close to zero. 

 
Table 3: Percentage changes in total ozone over 
Andøya/Tromsø for the period 1979 to 2018. The 
numbers in parenthesis represent uncertainty (1s). 

 

Time period Trend (%/decade) 
1979-1997 

Trend (%/decade) 
1998-2018 

Spring (Mar – May): -8.1 (1.5)   0.2 (1.3) 
Summer (Jun – Aug): -2.9 (0.9)   -0.1 (0.8) 
Autumn (Sept – Oct): -4.9 (1.3)   3.1 (1.0) 
Annual (Mar – Oct): -5.7 (1.0)   0.7 (0.8) 

 
Table 4: Percentage changes in total ozone over Ny-
Ålesund for the period 1979 to 2018. The numbers in 
parenthesis represent uncertainty (1s). 

 

Time period Trend (%/decade) 
1979-1997 

Trend (%/decade) 
1998-2018 

Spring (Mar – May): -11.2 (1.8)  0.8 (1.8) 
Summer (Jun – Aug): -2.6 (1.3) -1.1 (0.8) 
Autumn (Sept - Oct): -3.7 (1.9)  1.1 (1.3) 
Annual (Mar – Sep): -6.9 (1.1) 0.2 (1.0) 

363



 
 

As seen from Table 4 the ozone trend pattern in Ny-Ålesund has many similarities to the Oslo and 
Andøya trend series. A massive ozone decline was observed from 1979 to 1997, especially during 
winter and spring. The trend for the spring season was as large as -11.2%/decade, whereas the 
negative trend for the summer months was only -2.6%/decade. The annual trend in total ozone was 
-6.2%/decade during these years. In contrast, no significant trends were observed for the second 
period from 1998 to 2018. During this period virtually no change in total ozone was observed for the 
spring months, whereas a trend of -1.1%/decade was found for the summer months and a positive 
trend of 1.1%/decade in autumn. The annual trend for the period 1998-2015 was +0.2% /decade. 
None of these results are significant at a 2s significance level. 
 
2.4 UV observations 
 
The Norwegian UV network, established in 1994/95, consists of nine 5-channel GUV instruments 
located from 58°N to 79°N (see Figure 1). NILU is responsible for the daily operation of three of the 
instruments, located at Oslo (60°N), Andøya (69°N) and Ny-Ålesund (79°N). The Norwegian 
Radiation and Nuclear Safety Authority (DSA) is responsible for the operation of the measurements 
performed at Trondheim, Bergen, Kise, Landvik, Finse and Østerås. 
 
Complete (gapfilled), QC/QA controlled irradiance and dose products for all stations and the full 
period 1995-2019 are available for public and scientific use at https://github.com/uvnrpa 
The products include minute, hourly, daily, monthly and yearly doses for currently 11 action spectra. 
Additionally, the repository contain irradiance and doseproducts for clear sky conditions. The 
gapfilling methods apply the Libradtran radiative transfer model with input total column ozone from 
satellite overpass data, and cloud modification factors derived from ancillary observations and 
measurements at each station location. 
 
 

Table 5: Annual integrated UV doses (kJ/m2) at three stations during the 
period 1995 - 2018. 
Year Oslo Andøya Tromsø* Ny-Ålesund 
1995 373.1    
1996 371.8  235.2 215.8 
1997 398.5  247.4 214.7 
1998 312.0  238.8 215.1 
1999 353.2  224.5 183.8 
2000 350.5 235.2  221.2 
2001 357.4 220.4  210.9 
2002 369.7 255.8  214.8 
2003 361.8 237.8  184.3 
2004 365.4 238.6  201.4 
2005 365.0 229.5  208.1 
2006 365.2 221.9  184.4 
2007 352.8 254.9  219.0 
2008 371.2 260.9  212.9 
2009 365.4 256.8  228.7 
2010 351.5 229.1  201.5 
2011 353.6 254.9  217.0 
2012 354.8 233.9  212.5 
2013 357.6 245.8  179.5 
2014 384.4 252.3  212.7 
2015 355.0 224.0  214.6 
2016 371.8 228.3  189.8 
2017 357.0 260.0  207.5 

2018 415.7 225.7  183.8 
*The GUV instrument at Andøya was operating in Tromsø for the period 1996 – 1999 
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Annual UV doses for the period 1995 - 2018 at the three GUV instruments in Oslo, Andøya and Ny-
Ålesund are shown in Table 5. For days with missing data daily UV doses are calculated from a 
radiative transfer model, FastRt, http://nadir.nilu.no/~olaeng/fastrt/fastrt.html. UV measurements in 
Ny-Ålesund were excluded from the national monitoring programme from 2006 to 2009 due to lack 
of financial support, but gaps have been filled in recent years. 
 
For Oslo and Andøya there is an increase of 1.5%/decade and 0.7%/decade, respectively, in the 
annual UV-doses. For Ny-Ålesund there is a negative trend of -2.1%/decade. However, none of the 
trend results are statistically significant. The trend results (though not significant at a 2� level) are 
related to changes in both ozone, cloudiness and albedo. It is worth noting that the UV-trend in Oslo 
from 1995-2017 was close to zero and the current trend of 1.5%/decade is caused by the exceptional 
high UV level in 2018. 
 
 
3 THEORY, MODELLING, AND OTHER RESEARCH 
 
3.1 NILU - Norwegian Institute for Air Research 
 
The main focus regarding ozone and UV research at  NILU in recent years has been to improve and 
further exploit the long-term data series in the polar regions. In cooperation with several Nordic and 
other international partners, the total ozone series from Ny-Ålesund and Troll, among others, have 
been re-visited, homogenised and results published. Some of the more recent activities and results 
are listed below: 
 
§ Ozonesonde soundings from Ny-Ålesund, Sodankylä, Scoresbysund, Eureka and Ørland have 

been re-analysed with respect to trends and annual cycles in the tropospheric ozone column. In 
all data sets a well-defined annual cycle with a maximum in early summer was found. There is 
also a long-term variability with a maximum in 2005 and a temporal shift of the annual maximum 
toward an earlier date in the year over the ca. 25-year time window investigated (Christiansen et 
al., 2017). 

 
§ Ny-Ålesund ozonesonde data (kindly provided by the Alfred Wegener Institute of Marine and 

Polar Research (Germany) have been analysed with respect to intra- and interannual variability 
by means of principal component analysis, including ozone density, temperature and wind. 
Contributions of global patterns were identified, such as the Madden-Julian Oscillation, the Quasi-
Biennal Oscillation, and the North-Atlantic Oscillation/Arctic Oscillation (Petkov et al., 2018). 

 
§ Data from the Arctic SAOZ observation sites, including Ny-Ålesund have been investigated with 

respect to the possible influence of climate change in the most recent winters with substantial 
ozone depletion (2010/11, 2015/16) (Pommereau et al., 2018). We concluded that due to 
dynamical changes in the Arctic stratosphere, significant ozone depletion may take place way 
beyond the 2030s assumed so far, thus delaying the assumed ozone layer recovery substantially 
and requiring a continuation of the long-term monitoring programs. 

 
§ Using a data assimilation technique and satellite observations by the SMR instrument aboard the 

Odin satellite, the inter-annual variability in ozone depletion over the Arctic has been quantified 
homogenously between 2002 and 2013. The two ozone destruction mechanisms involving 
halogen and nitrogen chemical families play differently between cold and warm winters in the 
stratosphere. In cold winters, like in 2010/2011, characterized by a very stable vortex associated 
with particularly low temperatures, there is an important halogen-induced loss occurring inside 
the vortex in the lower stratosphere. We found a loss of 2.1 ppmv at an altitude of 450K in the 
end of March 2011, which corresponds to the largest ozone depletion in the northern hemisphere 
observed at the time. In warm winters affected by major sudden stratospheric warmings, such as 
2003/2004, 2005/2006, 2008/2009 and 2012/2013, the ozone loss occurring in the middle 
stratosphere, driven by nitrogen oxides can outweigh the effects of halogens (Sagi et al., 2017) 
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§ Transient increases in mesospheric ozone following stratospheric sudden warmings in the 
northern hemisphere and southern hemisphere (in 2002) have been studied (Tweedy et al., 2013; 
Smith-Johnsen et al., 2018) using simulations with the Whole Atmosphere Community Climate 
Model (WACCM), and also the Sounding of the Atmosphere using Broadband Emission 
Radiometry (SABER) observations aboard the NASA TIMED satellite. 

 
§ The role of planetary, gravity and tidal waves in driving the transport of the nitrogen oxides 

produced by energetic particle precipitation from the lower thermosphere to the stratosphere has 
been studied with WACCM including detailed comparisons with Odin SMR observations during 
elevated stratopause events. Noticeably, change in low-latitude ozone driven by the stratospheric 
warming drives anomalously strong excitation of the migrating semi-diurnal tide (Limpasuvan et 
al., 2016; Orsolini et al., 2017), as observed by radar measurements in Trondheim (64º N). 

 
§ UV measurements made with a variety of instruments in Svalbard have been inter-compared and 

homogenized. The two-long-term series from Ny-Ålesund and Hornsund show excellent 
agreement in the long-term component (>120 days) of daily erythemal doses (r >0.99), while the 
shorter-term variations are considerably larger in Hornsund than in Ny-Ålesund, underlining the 
influence of local geographic and meteorological conditions. A seasonal trend analysis of monthly 
UV doses since 1995 in Ny-Ålesund shows generally negative trends, especially around spring 
equinox, but a marked positive trend in July. Both trends appear to be related to cloudiness and 
surface albedo changes rather than changes in total ozone (Petkov et al., 2019). 

 
§ The total ozone series from Troll Station, Antarctica has been re-analysed and compared with 

satellite measurements made by the OMI instrument onboard the AURA satellite (Sztipanov et 
al., 2020). The inter-comparison showed a very good agreement and confirmed the suitability of 
the NIL-UV instrument for long-term monitoring of ozone and UV under the extreme conditions at 
the site. 

 
§ NILU published a report in 2018 revealing the detection of five human-produced chemicals in air 

by filter-sampling at the Zeppelin station, Ny-Ålesund, Svalbard (Schlabach et al., 2018). These 
are: 

 
• PFPHP (Perfluoroperhydrophenanthrene (Vitreon, Flutec PP 11), CAS 306-91-2, C14F24 ); 
• PFTBA (Tris(perfluorobutyl)-amine (FC-43), CAS 311-89-7, C12F27N); 
• TCHFB (1,2,3,4-Tetrachlorohexafluorobutane, CAS 375-45-1, C4Cl4F6, CFC-316lbb); 
• DCTFP (3,5-Dichloro-2,4,6-trifluoropyridine, CAS 1737-93-5, C5Cl2F3N); 
• DCTCB (1,2-Dichloro-3-(trichloromethyl)benzene, CAS 84613-97-8, C7H3Cl5). 

 
The NILU [2018] report noted that these synthetic chemicals had not been found in atmospheric 
samples before, and with no nearby production or emissions, were probably indicative of long-
range transport from other regions. The five chemicals occur in the Arctic atmosphere at very 
low concentrations (e.g., the observed 0.51 ppq value of TCHFB is about 450,000 times smaller 
than the 2017 global CFC-11 mean value of 229 ppt). PFTBA is a powerful GHG, while the other 
four are likely to be powerful GHGs. Two (TCHFB, DCTFP) are likely to be ODSs. However, at 
their current very low atmospheric concentrations, these substances are not considered threats 
to the ozone layer and are likely to have a miniscule impact on climate. Measurements from 2018 
at Zeppelin Observatory confirmed the detection of three of the substances (PFTBA, TCHFB and 
DCTFP) at somewhat higher concentrations than in 2017 (Bohlin-Nizzetto et al., 2019). 

 
3.2 DSA – the Norwegian Radiation and Nuclear Safety Authority 
 
A continuous focus is kept on ensuring well calibrated UV monitoring data and developing data 
products relevant to health and environmental assessments. QA involves participation and 
arrangement of solar inter-comparisons, and administration of annual calibrations with the travelling 
reference. The methodology involves corrections for spectral and angular characteristics of 
individual instruments, in combination with spectroradiometer operation and RT modelling. Time 
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series of measurements for the UV stations are compared with RT modelling results, applying 
ancillary observation data to include the impact of variations in total ozone, surface albedo and cloud 
optical depth. Gaps in measurements series are substituted with modelled data in order to get 
continuous series of station data. DSA is participating in the CERAD CoE, a research programme 
dedicated to environmental impacts of ionizing radiation in combination with UV radiation and other 
environmental stressors. The latest QASUME audit at DSA in 2019 confirmed consistent results, within 
the accuracy of the QASUME spectrdiometer. 
 
3.3 University of Oslo 
 
The Department of Physics has been operating the Brewer instrument and a GUV instrument at 
the roof of the Chemistry building at the University of Oslo until 2019. The institute has also been 
involved in ground-based measurements of solar UV radiation in developed countries with extreme 
UV levels, e.g. at the Tibetan Plateau (Norsang et al., 2014). The University of Bergen and NTNU 
have also participated in these studies. After the retirement of Prof. Arne Dahlback, ozone and UV 
studies have ended at UiO. 
 
3.4 CICERO – Center for International Climate Research 
 
CICERO contributed to Chapter 6 (“Scenarios and Information for Policymakers”) of the latest WMO 
Scientific Assessment of Ozone Depletion report (WMO, 2018). The contribution was related to 
calculations of climate change metrics, including global warming potentials (GWPs), due to 
emissions of ozone-depleting substances and related compounds. This work used methods from an 
earlier review paper on the topic (Hodnebrog et al., 2013), and a CICERO-led update of the 2013 
publication is currently ongoing. 
 
 
4. DISSEMINATION OF RESULTS 
 
4.1 Data reporting and storage 
 
The complete set of revised Dobson total ozone values from Oslo is available at The World Ozone 
and Ultraviolet radiation Data Centre (WOUDC), http://www.woudc.org/. Also, Brewer DS 
measurements are regularly submitted to WOUDC. 
 
The total ozone and NO2 measured from the SAOZ instrument at Ny-Ålesund are submitted to the 
Network for the Detection of Atmospheric Composition Change (NDACC) on an annual basis. In 
2018, all SAOZ data after 2000 were re-analysed with an updated analysis routine at IPSL/LATMOS; 
the new version of data was submitted to NDACC. 
 
A sql database at DSA holds GUV measurements data for the whole period since 1995. A library of 
station data is stored as structured Matlab binary files, containing a complete archive of 
measurement data, meta data, and reconstructed data, as well as a number of data products to be 
disseminated in the near future. UVI measurements for the nine stations in the network are regularly 
disseminated for use in the annual State of the Climate report series, issued by BAMS. 
 
4.2 Information to the public 
 
Near real time data and historical ozone time series from the SAOZ instrument in Ny-Ålesund can 
be found at http://saoz.obs.uvsq.fr, together with data from the other stations in the global SAOZ 
network. Annual presentations on the state of the Arctic ozone layer are given at the General 
Assembly of the European Geophysical Union. 
 
NILU operates a web portal for dissemination of UV observations and UV forecasts for Norway and 
common global tourist destinations, available at http://uv.nilu.no. The content of the UV web pages 
are: 
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• UV forecast for three days for user-selected locations in Norway. The UV forecast is given 
for clear-sky, partly cloudy and cloudy conditions. Snow cover is also taken into account. 

• Global UV forecast for common tourist destinations 
• Measured UV doses and total ozone values measured at the Norwegian stations 
• Facts on UV radiation and the ozone layer 
• Information about sun protection for different locations and situations 
• Preliminary total ozone values derived from the GUV instruments. 

 
The public may receive ozone and UV forecasts at user-selected locations by e-mail. The web 
application has been developed by NILU in co-operation with the Norwegian Radiation and Nuclear 
Safety Authority, Storm Weather Center, and the Norwegian Environment Agency. The Norwegian 
Meteorological Institute has developed an additional UV forecast service, where the weather forecast 
is an integrated part of the forecasted UV index. 
 
Observations performed by the Norwegian Radiation and Nuclear Safety Authority and NILU are 
also available at the web portal http://www.DSA.no/uvnett/ together with annual doses and 
information on sun protection. 
 
In 2013 the Norwegian Environment Agency co-funded the production of a UNEP movie "The Arctic 
& the Ozone Layer: Stabilizing our Environment and Climate". Several Norwegian key researchers 
participated in the movie, together with the personnel operating the monitoring stations. 
 
NILU regularly informs the Norwegian public about the state of the ozone layer and UV radiation, 
especially during the Easter vacation period and at the International Ozone Day, as well as on special 
occasions, e.g., during episodes of severely reduced ozone layer thickness, as in the winter of 
2015/16. This is done through press releases and interviews in newspapers and broadcasting. 
 
4.3 Relevant scientific papers 
 
The ozone and UV monitoring and model studies in Norway give rise to research collaboration with 
national and international partners. In chapters 3 and 8 some of the most relevant publications are 
referred and listed. They give an impression of international collaboration and ongoing research in 
the Norwegian ozone and UV scientific community the last few years. 
 
 
5. PROJECTS AND COLLABORATION 
 
Norwegian institutions and scientists are participating in some international and national projects 
related to ozone and UV. However, the number of projects has continued to be low and generally 
small in size during recent years due to reduced funding and little focus on stratospheric ozone. 
Below is an overview of some of the most important projects related to ozone and UV research in 
Norway: 
 
International projects 
 
NDACC: The Network for the Detection of Atmospheric Composition Change (1991-> present) is a 
set of high-quality remote-sounding research stations for observing and understanding the physical 
and chemical state of the stratosphere. Ozone and key ozone-related chemical compounds and 
parameters are targeted for measurement. The NDAAC is a major component of the international 
middle atmosphere research effort and has been endorsed by national and international scientific 
agencies, including the International Ozone Commission, the United Nations Environment 
Programme, and the World Meteorological Organization. Web-site: http://www.ndsc.ncep.noaa.gov/ 
 
UV-ICARE: This was a Strategic Grant of  Svalbard Science Forum aiming at gathering all UV and 
ancillary measurements in the Svalbard region, inter-comparing instruments and establishing a 
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common data repository linked to the SIOS infrastructure. UV-ICARE was a mixed 
national/international project with a particular focus on research cooperation in Svalbard. 
 
Annual contributions to the ‘State of the Climate’ report series of BAMS. 
 
National projects 
 
Atmo-TROLL: Atmospheric research and monitoring at Troll – a long-term observational program 
(2007->). This program intends to establish new knowledge on annual and short-term variability as 
well as long-term changes of climate and pollution parameters. The list of parameters comprises 
physical, optical and chemical properties of aerosols, ozone and UV, organic and inorganic pollution 
including Hg, CO and NMHC and surface ozone. The project is coordinated by NILU and funded by 
The Research Council of Norway. 
 
DSA is involved in two community medicine projects, utilizing UV network data: A melanoma 
project in co-operation with the Norwegian Cancer Registry and University of Oslo, and a project on 
porphyriae patients, in co-operation with NAPOS (Haukeland University Hospital). 
 
 
6. FUTURE PLANS 
 
A short presentation of future plans is summarised below: 
 
§ The existing ozone and UV monitoring activity will continue, with a focus on long-term continuity 

and high-level quality assurance and data accessibility. 
§ The cooperation with CNRS, France, regarding long-term series of O3 and NO2 measurements 

with the SAOZ instrument in Ny-Ålesund will continue. 
§ Cooperation has been established with CNR, Italy, regarding ozone and UV research in Ny-

Ålesund in the frame of the Ny-Ålesund Atmospheric Flagship programme and the SIOS 
Infrastructure programme. 

 
Efforts on improving measurement accuracy will continue at DSA, implementing a newly designed 
instrument for monitoring long term drift in QTH secondary standard lamps for network instrument 
calibrations 
 
Apart from the activities listed above, there are no immediate plans for changes in the ozone 
monitoring programs in Norway. 
 
 
7. NEEDS AND RECOMMENDATIONS 
 
While Ny-Ålesund ozone and UV monitoring has been included in the monitoring programme, total 
ozone and UV monitoring at Andøya is no longer covered by funding from the Norwegian 
Environment Agency. Instead, NILU receives direct support from the Ministry of Climate and 
Environment to continue this longest Norwegian ozone measurement series as well as UV 
measurements. The only ozone profiling measurements on Norwegian territory are weekly 
ozonesonde launches performed by Alfred Wegener Institute, Germany, at Ny-Ålesund, Svalbard. 
A long-term commitment to perform such measurements again at Ørlandet (the programme was 
stopped in 2007) would be highly welcome, as it fills a latitudinal gap between the closest remaining 
ozonesonde stations, Sodankylä, Finland (68º), and Lerwick (60º), UK. The ongoing winter (2019/20) 
with record low and record persistent stratospheric temperatures and PSC presence underlines the 
continued need of sampling instrumentation to quantify ozone loss. 
 
The UV-monitoring programme in Norway is a split cooperation between the Norwegian Radiation 
and Nuclear Safety Authority (DSA) and NILU, but is funded from different state agencies/ministries. 
This situation is challenging, as the funding to DSA is on a long-term basis, and the funding to NILU 
relies more on short-to medium-term decisions. Moreover, the instruments used in this network are 

369



 
 

now more than 25 years old and access to spare parts has become limited. In order to continue high 
quality measurements, the instrumentation has to be replaced, but several applications to this 
purpose to Norwegian funding agencies in recent years have not been successful. 
 
In general, there is a need for predictable multi-annual funding schedules in order to free operations 
from additional funding sources, which become ever fewer. In order to manage surveillance 
programmes and run instruments properly and continuously, stable long-term economic support is 
indispensable. The trend over the last decade has been that long-term monitoring programmes have 
been supported through other channels, like satellite validation or short-term research projects of 
typically 3 years duration. In recent years, also this source has become very small, so that the need 
for a genuine and stable long-term solution is even more urgent. 
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STATE OF PALESTINE 
 
 
1. OBSERVATIONAL ACTIVITIES 
 
1.1 Column measurements of Ozone and other gases/ variables relevant to ozone loss 
 
State of Palestine has no instruments; equipment’s or satellite access to produce column 
measurement of ozone. 
 
1.2 Profile measurements of Ozone and other gases/variables relevant to Ozone loss 
 
In this regard, it is only metrological observation into State of  Palestinian climate zones (five 
climate zones; Arid and semi-Arid, Mediterranean, semi- costal and costal climatic areas), there 
for, observed data between, no any Profile measurements of ozone 
 
1.3 U.V measurements 
 
No U.V measurements were done. 
 
1.4 Calibration Activities 
 
No any calibration was done caused with not availability of instruments or equipment. 
 
 
2. RESULTS FROM OBSERVATIONS AND ANALYSIS 
 
No Results. 
 
 
3. THEORY, MODELLING, AND OTHER OZONE RELATED RESEARCH 
 
There is no direct research related to ozone layer, but there are several researches and different 
models pointed to the impact of climate change and different risks resulting from this change. 
Törnros, Menzel and Strakova in (2010) simulated the changes in water availability and irrigation 
demands in the Jordan River Basin. The simulation was based on reduced scenarios which 
resulted by Hemming, Betts and Ryall in 2007, according to precipitation in the Middle East and 
North Africa (MENA), in the 1990s. there is decreasing  of precipitation in the Lower Jordan Basin 
by 20% from 2020- 2070. Glowa Project of the Lower Jordan Valley has confirmed this fact in the 
last conference held in 2011 in Limassol. 
 
 
4. DISSEMINATIONOF RESULTS 
 
4.1 Data reporting 
 
A7 Data was submitted on 28/10/2019; Annex A (Montreal Protocol), Group I&II. 
 
4.2 Information to the public 
 
Over past several years, E.Q.A  held the celebrations of  the international Ozone day in State of 
Palestine, these celebrations targets youth, NGO’s and the employees of  refrigeration sector. 
 
4.3 Relevant scientific papers 
 
No scientific papers/ research yet. 
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5. PROJECTS, COLLABORATION, TWINNING AND CAPACITY BUILDING 
 
State of Palestine has no any donation for projects, or capacity building programs relevant of 
implementation of the Montreal Protocol. 
 
 
6. IMPLEMENTATIONS OF THE RECOMMENDATIONSOF THE LAST OZONE MANAGERS 

MEETING 
 
State of Palestine had not participated into any ORM. 
 
 
7. FUTURE PLANS 
 
State of Palestine aims to build up future plan under following components: 
 

• Urgent survey of ODSs in the state ( current situation by the Country report) 
• National Ozone Unit Build up and monitoring system. 
• Training Program of the NOU Staff. 
• Training program of the employees  of the sector 

 
 
8. NEEDS AND RECOMMENDATIONS 
 
The most needs to implement the future plans are the following: 
 

• Donation of urgent Survey. 
• Donation of Training programs. 
• Monitoring system instruments; Dobson, UV measurements….etc. 
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POLAND 
 
 
Ozone and UV monitoring and related research activities are conducted in the Institute of 
Meteorology and Water Management - National Research Institute (IMWM) and in the Institute of 
Geophysics of the Polish Academy of Sciences (IGFPAS). The ozone, UV-B monitoring and 
research, carried on at both Institutes, are supported by the Chief Inspectorate for Environmental 
Protection; National Fund for Environmental Protection and Water Management; Ministry of the 
Environment, and the National Science Centre. 
 
1. OBSERVATIONAL ACTIVITIES 
 
1.1. Column ozone measurements and other gases and variables relevant to ozone loss 
 
1.1.1 Institute of Geophysics of the Polish Academy of Sciences 
 
IGFPAS has been involved in the long-term monitoring of the ozone layer for over 50 years. 
Measurements of the total ozone content and ozone vertical profile by the Umkehr method at Belsk 
(51°50'N, 20°47'E) by means of the Dobson spectrophotometer No.84 started in 1963, long before 
the depletion of the ozone layer became the great challenge for research community and the policy 
makers. In 1991 the Brewer spectrophotometer No.64 (single monochromator) with a UV-B monitor was 
installed. The Brewer spectrophotometer No. 207 (double monochromator) was put into operation 
in 2010. The column ozone and ozone content in the Umkehr layers are measured simultaneously 
by 3 instruments that helps to determine precision of the ozone observations by each 
spectrophotometer. The surface ozone measurements with Monitor Labs, ML8810 meter started in 
1991 (replaced by ML9811 in 2004 and Thermo 49i in 2010) and since 1992 NOx measurements 
have been done with Monitor Labs ML8841 meter (replaced by API200AV in 2004). The extended 
duration of the measurements and the high quality of the ozone data were essential for trend 
detection. Because the high quality of the ozone data is crucial subject in the analysis of the ozone 
variability the quality control and quality assurance of the ozone measurements is the major 
concern of the ozone research group. The Belsk ozone data were revaluated in 1983 and 1987 on 
a reading-by-reading basis, taking into account the calibration history of the instrument. The 
performance of the Belsk’s ozone instruments was compared several times with the ground-based 
reference instruments (during international intercomparisons campaigns) and the satellite 
spectrophotometers (TOMS, OMI, OMPS). 
 
1.1.2 Institute of Meteorology and Water Management 
 
Satellite monitoring of the total ozone over Poland and surroundings is based on ground receiving 
station equipped with dish located at  Satellite Remote Sensing Department of IMWM in Krakow. 
Data from NOAA/TOVS/ATOVS were used since 1993, and since 2018 continued with the Ozone 
Mapping and Profiler Suite (OMPS) sensor on board the Suomi NPP meteorological satellite (S-
NPP). 
 
Since 2000, two NILU-UV spectral filter instruments installed at the IMWM station Legionowo 
measure total ozone. 
 
Surface ozone measurements with Thermo Scientific™ Model 49i Ozone Analyzer are performed 
at 4 stations: Leba (54.75°N, 17.53°E) on the Baltic Coast, Warsaw (52.28°N, 20.96°E) and 
Jarczew (51.81°N, 21.98°E) located in the central Poland, Sniezka (50.73°N, 15.73°E) in Sudety 
Mountains. 
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1.2. Profile measurements of ozone 
 
1.2.1 Institute of Geophysics of the Polish Academy of Sciences 
 
The ozone content in selected layers in the stratosphere over Belsk is calculated using the Umkehr 
measurements by the Dobson spectrophotometer (since 1963) and the Brewer 
spectrophotometers (the Brewer No.64 since 1992 and Brewer No.207 since 2010).  UMK04 
algorithm is used both for to the Dobson and Brewer Umkehr data. 
 
1.2.2 Institute of Meteorology and Water Management 
 
IMWM has been involved in the long-term monitoring of the ozone profiles for over 40 years. The 
ozone soundings have been performed at Legionowo (52.40°N, 20.97°E) upper-air station since 
1979. Up to May 1993 the OSE ozone sensor with the METEORIT/MARZ radio sounding system 
was used. Later on, the ECC ozone sensor and DigiCora/RS80/92/RS41 radio sounding system of 
Vaisala is in use. The ozone soundings are launched regularly on each Wednesday, and since 
1995 additional ozone soundings have been performed during expected ozone depletion episodes 
(Match campaigns). The Legionowo ozone profiles were also used in the validation procedures of 
ozone profiles derived from satellite projects: MIPAS, SCIAMACHY and OMI. Legionowo is a 
complimentary station of the global NDACC/NDSC ozone sounding network. 
 
1.3. UV measurements 
 
1.3.1 Broadband and Narrowband Filter Instruments 
 
1.3.1.1 Institute of Meteorology and Water Management 
 
Broadband UV Biometers model SL 501 ver. 3 have been used for UV measurements at three 
IMWM stations: Leba (54.75N, 17.53E), on the Baltic Coast, Legionowo (52.40N, 20.97E), in 
central Poland, Zakopane 857m, in  the Tatra Mountains (49.30N, 19.97E). Since 2000, two NILU-
UV spectral filter instruments installed at the IMMW station Legionowo measure the UV-B, UV-A, 
and cloud transmission. Since 2017, a new version of NILU-UV instrument is installed at Warsaw 
(52.27°N, 20.96°E). 
 
1.3.1.2 Institute of Geophysics of the Polish Academy of Sciences 
 
Systematic measurements of ground level ultraviolet solar radiation (UV-B) with the Robertson- 
Berger meter were carried out at Belsk station in the period May 1975 – December 1993. In 1992 
UV Biometer SL501A (replaced by the same type of the instrument in 1996) , and in 2005 Kipp and 
Zonen UVS-AE-T broadband radiometer were installed. The instruments have been operated 
continuously up to now. The UV monitoring was conducted at the Polish Polar Station at 
Hornsund, Svalbard (77°00'N, 15°33’) in the period 1996-2001 by UV Biometer SL501A, and 
starting in spring 2006 by Kipp and Zonen UVS-AE-T. In addition, Kipp & Zonen SUV-E radiometer 
has been installed in 2017 and calibrated during the international comparison campaign at Ny-
Alesund  in 2018. 
 
1.3.2 Spectroradiometers 
 
The spectral distribution of UV radiation has also been monitored with the Brewer 
spectrophotometers at Belsk since 1992 (Brewer No.64) and in addition since 2010 (Brewer 
No.207). The spectra with 0.5 nm resolution for the range 290-325 nm and 286-363 nm have been 
calculated by the Brewer (No.64) and Brewer (No.207), respectively. Several spectra per hour are 
usually obtained for the solar zenith angles less than 850. 
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1.4. Calibration Activities 
 
1.4.1 Institute of Meteorology and Water Management 
 
IMMW uses six UV Biometers model SL 501 which are regularly calibrated at PMOD/WRC in 
Davos. Every year one or two instruments are sent  for the calibration. 
 
The Thermo Scientific™ Model 49i Ozone Analyzers are regularly (four times a year) compared 
against to Model 49i-PS Ozone Primary Standard. Ozone Primary Standard is calibrated every 
year at Czech Hydrometeorological Institute, Ambient Air Quality Calibration Laboratory in Prague. 
 
1.4.2 Institute of Geophysics of the Polish Academy of Sciences 
 
The Dobson and Brewer spectrophotometers are regularly calibrated. The latest calibrations of the 
Dobson instrument took place at the Hohenpeissenberg Observatory of DWD in June 2014, and 
the next calibration there is scheduled for summer 2020. As usual this year intercomparison will be 
carried out against the European substandard Dobson No.64. The Brewer spectrophotometer 
No.64 was calibrated in 2017 and 2019 against the reference instrument Brewer No.17 maintained 
by the International Ozone Corporation (Canada) at the Poprad-Ganovce Observatory (Slovak 
Hydrometeorological Institute) and at Belsk observatory in 2018. During the Brewer 
intercomparison campaigns both the total ozone and UV spectra were calibrated. Since 2010 the 
output of the Belsk’s broad band UV meters is compared against the  Brewer No.207 (double 
monochromator). 
 
 
2. RESULTS FROM OBSERVATIONS AND ANALYSIS 
 
2.1. Institute of Geophysics of the Polish Academy of Sciences 
 
The following phases of the long-term total ozone variability over Poland are derived from the 
Dobson spectrophotometer observations at Belsk in the period 1963-2016, Fig.1(left panel): 
levelling off  (1963-1980), decline (20 DU decrease in the period 1980-1997), recovery (~3-4 DU 
increase in the period 1997-2005), and finally levelling off (2005-2019). This pattern of the ozone 
variability is partially related to the changes of the stratosphere contamination by the ozone 
depleting substances. Using the value of the NOAA ozone depleting gas index 
(http://www.esrl.noaa.gov/gmd/odgi/) of 53.4 for the year 2019 it could be estimated that the 
present total ozone should be ~10 DU larger than the 1997 minimum if the ozone long-term pattern 
follows changes in the concentration of the ozone depleting substances (ODS) in the stratosphere. 
Thus, the present mean total ozone at Belsk is lower of about 6-7 DU than the level expected from 
the ODS changes. Surprisingly, from the Umkehr observations at Belsk, the continuous recovery 
has not been seen also in the upper stratosphere (Fig.1-right panel), where ozone should follow 
the ODS changes more closely as the chemical effects dominate over dynamical ones in this 
region. Such the ozone behaviour will trigger further studies concerning partitioning between the 
dynamical and chemical drivers of the ozone variability in XXI century. 
 
Present level of the erythemal UV radiation is 14% larger than that in the mid-1970s (Fig.2-left 
panel). The levelling off in the yearly doses is observed since 2000 because of a trendless total 
ozone (Fig.1-left panel) and the cloud/aerosol forcing of UV radiation (Fig.2-right panel). These 
factors contributed almost equally to the 1976-2000 change in the erythemal yearly doses. 
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Figure 1. (left panel) Annual means (1963-2019) of total ozone at Belsk, Poland, from the Dobson 
spectrophotometer measurements. (right panel) Fractional deviations of the spring (MAM) mean of 
ozone content in the upper stratosphere (32.5km-37.5km) from the long-term (1963-2019) mean in 
percent of the long-term mean. The ozone vertical profile is calculated using UMK04 retrieval. 
 

 
Figure 2. (left panel) Yearly sum [kJm-2] the daily erythemal doses at Belsk in the period 1976-2019. 
(right panel). Yearly means (1980-2019) of the clearness index (% of the hypothetical clear-sky 
erythemal radiation). 
 
 
2.2. Institute of Meteorology and Water Management 
 
Long term variability in ozone profile over Poland is derived from ozonesonde observations since 
1979. Analysis of the first series (1979-May 1993), performed in the period of acceleration of 
ozone depletion processes on the global scale, revealed significant downward trends of ozone 
concentration in winter and spring months in the lower stratosphere. Since mid 1990s the 
concentrations of ozone depleting substances in the atmosphere have been slowly decreasing. 
More than twenty years series is long enough to look for current ozone tendencies. In Figure 3, the 
seasonal and annual changes of ozone both in the troposphere and stratosphere are presented. In 
the 1990s, the maximum ozone amounts in the lower troposphere (0-6km) were found in summer. 
The situation has changed in recent years. Now, on the average, the ozone amounts in spring and 
summer differ little. It is a clear indication of better air quality in Poland, confirmed by lower 
concentrations of ozone precursors (NOx). Ozone in the upper troposphere reaches annual 
maximum in spring. In the lower stratosphere (12-18km) negative trends in ozone are clearly seen. 
The observed changes can be explained by transport of naturally low ozone amounts from 
subtropical areas and by the displacements of the cold polar vortex with ozone losses (episodes of 
serious ozone depletion over Poland have been observed within Match campaigns). In the higher 
stratosphere (above 24km) there is no clear ozone tendency. The annual ozone amounts above 
30km indicated a significant ozone increase. Yet, surprisingly the ozone amounts  in summer 
decreased in recent years. 
 
 
3. THEORY, MODELLING, AND OTHER OZONE RELATED RESEARCH 
 
3.1. Institute of Meteorology and Water Management 
 
The research achievements since the previous Report (2017) could be summarized as follow: 

• In 2017 UV Index forecast was updated. New ozone forecast, parameterisation of  clouds 
with liquid water path, and aerosols were elaborated. Additionally, the forecast was 
extended for 48h. 

• A new forecast of seasonal Vitamin D3 deficiency was elaborated 
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3.2. Institute of Geophysics of the Polish Academy of Sciences 
 
The ozone time series (from observations taken at Belsk and from the global ozone data bases) 
were examined by statistical models developed at IGFPAS to determine factors responsible for 
ozone changes. Various studies were carried out in the Institute focusing on the role played by 
dynamical factors of the ozone variability. Biological effects of solar UV (skin cancer and synthesis 
of vitamin D3) were analyzed using the modelled and observed data. The research achievements 
are as follow: 

• Development a novel trend model to disclose the temporal variability of the long-term 
component of the ozone variability and to discuss the effectiveness of the Montreal Protocol 
(MP) in 1987 

• Determination of equatorial Indian Ocean oscillations impact on the NH total ozone 
• Forecasting of surface ozone concentration by using artificial neural networks in central 

Poland 
• Estimation of trends in erythemal doses at the Polish Polar Station, Hornsund (Svalbard) 
• Improvement of the 24 hr forecast of surface UV radiation using an ensemble approach. 
• Development of rules for optimal pro-health sunbathing (vitamin D3)  without erythema 

risks 
 
 
4. DISSEMINATION OF RESULTS 
 
4.1. Data reporting 
 
The ozone data taken at Belsk are regularly submitted to the World Ozone and Ultraviolet 
Radiation Data Centre in Toronto. The mean daily values of total ozone are also submitted 
operationally to the Laboratory of Atmospheric Physics, Aristotle University of Thessaloniki, 
Greece. The ozone sounding data from Legionowo are submitted to the World Ozone and 
Ultraviolet Radiation Data Centre in Toronto regularly on a monthly schedule, and operationally to 
the data base at NILU (Norway). 
 
4.2. Information to the public 
 
UV Index forecast for Poland has been available from May to September on IMWM web pages 
since  2000. The forecast was extended for two days since 2017. Since 2006 UV Index (UVI), real 
time  measurements and daily course forecast from the IMWM network has been published on 
IMWM web pages (http://www.pogodynka.pl).  IGFPAS has been provided 24-h forecast of UVI 
over Poland with hourly resolution since 2016. Since 2019, the UVI nowcasting every 15-minute 
(actual UV index values with a forecast for the rest of the day) has been  issued together with the 
maximum allowed sunbathing duration. 
 
4.3. Relevant scientific papers 
 
4.3.1 Institute of Meteorology and Water Management 
 
Huang, G. et al. (including B. Kois), 2017. Validation of 10-year SAO OMI Ozone Profile 
(PROFOZ) product using ozonesonde observations, Atmos. Meas. Tech., 10, 2455-2475, 
https://doi.org/10.5194/amt-10-2455-2017. 
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Figure 3.  Seasonal and annual means of ozone amounts in selected atmospheric layers above 
 
 
4.3.2. Institute of Geophysics of the Polish Academy of Sciences 
 
Krzyścin, J.W., Baranowski, D.B. 2019. Signs of the ozone recovery based on multi sensor 
reanalysis of total ozone for the period 1979–2017 . 10.1016/j.atmosenv.2018.11.050 

Krzyścin, J.W., Guzikowski, J., Pietruczuk, A., Sobolewski, P.S. 2020. Improvement of the 24 hr 
forecast of surface UV radiation using an ensemble approach. 10.1002/met.1865 

Pawlak, I., Jarosławski, J. 2019. Forecasting of surface ozone concentration by using artificial 
neural networks in rural and urban areas in central Poland . 10.3390/atmos10020052. 

Krzyścin, J.W., Lesiak, A., Narbutt, J., Sobolewski, P., Guzikowski, J. 2018. Perspectives of UV 
nowcasting to monitor personal pro-health outdoor activities.   10.1016/j.jphotobiol.2018.05.012. 

Petkov, B.H et al. (including P.Sobolewski). 2018. Altitude-temporal behaviour of atmospheric 
ozone, temperature and wind velocity observed at Svalbard . 10.1016/j.atmosres.2018.03.005 

Guzikowski, J., Krzyścin, J., Czerwińska, A., Raszewska, W. 2018. Adequate vitamin D3 skin 
synthesis versus erythema risk in the Northern Hemisphere midlatitudes . 
10.1016/j.jphotobiol.2018.01.004. 

Krzyścin, J.W., Sobolewski, P.S. 2018.Trends in erythemal doses at the Polish Polar Station, 
Hornsund, Svalbard based on the homogenized measurements (1996-2016) and reconstructed 
data (1983-1995). 10.5194/acp-18-1-2018 
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5. PROJECTS AND COLLABORATION, TWINNING AND CAPACITY BUILDING 
 

• 2013-2017 Earth System Science and Environmental Management COST Action ES1207, A 
EUropean BREWer NETwork - EUBREWNET (IGFPAS) 

• 2016-2018:  National Science Centre (Poland) grant No. 2015/19/N/ST10/01533 “Parameterization 
of solar radiation attenuation by clouds for the UV index forecast in Poland” (IGFPAS) 

• 2017-2018: UV Intercomparison and Integration in a High Arctic Environment Latitude (UV-
ICARE), NILU, 2017-2018. 

• 2018-2020: National Science Centre (Poland) grant No.2016/23/B/ST10/03192 “Identification of 
processes responsible for anomalous total ozone variability in the Northern Hemisphere mid-
latitudes”. 

 
 
6. IMPLEMENTATION OF THE RECOMMENDATIONS OF THE 10TH OZONE RESEARCH 

MANAGER MEETING 
 
According to the recommendations, IMWM and IGFPAS continue monitoring of the ozone and UV 
radiation on several national ground-based stations. The quality control procedures are routinely 
applied to have the data homogenized. Trends (in the column and profile data) are regularly 
updated. Factors affecting UV radiation at the surface (i.e. ozone, clouds, and aerosols) are of 
special interest. An impact of the resulting changes in UV radiation on human health and 
recommendations to get maximum health profit when staying outdoor are under study. 
 
 
7. FUTURE PLANS 
 

• digitizing of all intra-day Dobson observations since March, 1963. (IGFPAS) 
• forecast of the cloud attenuation of the surface UV in nowcasting model for Poland 

(IGFPAS) 
• start up of interactive Vitamin D3 deficiency forecast  (IMWM) 

 
 
8. NEEDS AND RECOMMENDATIONS 
 
IMWM and IGF PAS recommend closer international collaboration on interactions between the 
ozone and climate changes to determine the ozone recovery date and evolution of policy 
instruments to reduce greenhouse gases. 
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Russian National Report for the 11th WMO/UNEP Ozone Research Managers’ Meeting 
 
 
1. OBSERVATIONAL ACTIVITIES 
 
1.1. Column measurements of ozone and other gases/variables relevant to ozone loss 
 
In the Russian Federation, routine measurements of total ozone (TO) are provided and the 
interaction with the WMO is effected by the Federal Service for Hydrometeorology and 
Environmental Monitoring (Roshydromet). Daily TO measurements on the Russian territory are 
performed with filter ozonometers M-124 on the network of 30 stations which is part of the global 
ozone measuring network (GAW.WMO).  Methodological, technological and metrological support 
of TO and UV monitoring is provided by A.I. Voeykov Main Geophysical Observatory (MGO). The 
MGO is also guiding TO measurements at 5 stations in Kazakhstan. On 1918, the MGO’s field site 
at Voeykovo was assigned the status of the WMO range for quite a number of measurements, 
including ozone. In Antarctica, TO measurements are fulfilled with filter ozone meters M-124 by 
specialists from the Arctic and Antarctica Research Institute (AARI) at the Russian stations 
Novolazarevskaya, Mirny and Vostok and research ships of the Russian Antarctic Expedition.  
Since 1974, the filter ozone meters employed have been calibrated at the MGO (St. Petersburg), 
using Dobson spectrophotometer No.108. 
 
In 2009, within the framework of an ad hoc Federal program of Roshydromet, specialists from the 
Central Aerological Observatory (CAO) organized and have guided ever since a network of total 
ozone and NO2 measurements using automated Mini-SAOZ spectrophotometers of French 
manufacture. The instruments are deployed in regions with negative TO anomalies in winter and 
spring.  There are 6 such stations: Anadyr, Zhigansk, Salekhard, Murmansk, Irkutsk, and 
Dolgoprudny. The data from Salekhard are available at the site http://saoz.obs.uvsq.fr. Routine 
observations are made at Dolgoprudny (CAO). Due to insufficient funding, the other stations fail to 
obtain regular data (see the available data at CAO’s Internet site (http://www.cao-rhms.ru/saoz/). 
 
In 2017-2019, systematic TO measurements using Brewer spectrophotometer MKII No. 044 and 
spectroscopy column measurements of СН4 and Н2О were carried out at Obninsk station (55° N 
36° E) (GAW identifier: OBN; ozone and UV-radiation WDC identifier: No. 307). 
 
Besides, systematic measurements of surface ozone concentration, using an optical ozonometer 
F-105, surface concentrations of СО, СН4 and other gaseous constituents involved in the ozone 
cycle, as well as simultaneous measurements of meteorological parameters in the atmospheric 
boundary layer are carried out at Obninsk. 
 
A high-mountain research station of A.M. Obukhov Institute of Atmospheric Physics of the Russian 
Academy of Sciences, which is situated in the North Caucasus (43.7° N, 42.7° E), in the zone of 
alpine meadows at a height of 2070 m a.s.l., fulfils TO measurements as well. The environment 
conditions at the station can mostly be taken as background as polluted air from the nearest town 
of Kislovodsk, situated 18 km north at a 750-900–m height, does not reach the station. In 1981-
1989, direct solar radiation measurements of TO were obtained with a spectrometer based on an 
MDR-3 monochromator, and since 1989 they have been fulfilled with Brewer spectrophotometer 
MkII #043. With the Sun overcast, TO is measured by scattered zenith radiation. 
 
Since 1994, Brewer spectrophotometers MKII #044 have been employed to measure TO at 
Obninsk. The Tomsk Institute of Atmospheric Optics of the Russian Academy of Sciences carried 
out TO measurements with MKII #049 from 2006 until July 2016. CAO at Dolgoprudny measured 
TO with MKIII # 222 in 2014-2016. 
 
Testing of UVOS spectrometers designed to carry out full-scale measurements of the spectral 
composition of integral UV radiation and total ozone is in progress. In the course of test operation 
separate instrument components, software, and TO calculation methods are being upgraded. Two- 
and three-year series of observations made concurrently with those using ozonometers M-124 
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have been accumulated, demonstrating satisfactory agreement of the respective data sets. In 
2018, one such spectrometer was installed at Tashkent station in Uzbekistan. 
 
Measurements of the Russian satellite-borne Infrared Fourier Spectrometer IKFS-2, including TO 
space-and-time variations, are processed and analyzed at St. Petersburg State University 
[Garkusha et al., 2017]. The spectrometer recording outgoing atmospheric thermal IR radiation is 
mounted aboard the Russian satellite Meteor-M N2 launched in July 2014. It is designed to 
measure atmospheric temperature and humidity as well as some climatically important 
atmospheric gaseous constituents, including ozone [Golovin et al., 2014]. The measurements of 
total ozone and the vertical ozone profile (ozone amount in 2 or 3 atmospheric layers) are made 
with accuracies not less than 5% and 10%, respectively. The measurement technology and 
uncertainty evaluation are described in [Garkusha et al., 2017; Garkusha et al., 2018] 
(http://www.iki.rssi.ru/earth/articles06/vol1-224-230.pdf). Satellite-borne IKFS-2 measurements of 
TO were used to explore the reasons for TIO anomalies in the north of Siberia in winter 2015-2016 
[Timofeyev et al., 2018]. 
 
The results of studying surface ozone in different regions of Russia and methods of its prediction 
are presented by specialists from CAO and Hydrometcenter in [Zvyagintsev et al., 2017; 
Zvyagintsev et al., 2018; Shalygina et al., 2017]. The assessment of the possibility of surface 
ozone prediction  based on chemical transport models is an important research aspect.  Work 
series, ХТМ CHIMERE and COSMO-Ru7-ART, have been fulfilled at the Russian Hydrometcenter 
to verify the calculations of surface ozone, using Moscow Region monitoring network 
measurements, and effective methods of model calculation post-processing have been proposed 
[Kuznetsova et al., 2019; Shalygina et al., 2017]. 
 
Measurements of surface ozone concentration are carried out at the Polar Geophysical Institute 
(Apatity),using ozonometer DASIBI 1008AH. 
 
1.2. Profile measurements of ozone and other gases/variables relevant to ozone loss 
 
Apart from TO, measurements of some other minor gaseous species are carried out. Since 1990, 
column NO2 has been regularly measured, using a spectrophotometer based on a domestic 
monochromator, MDR-23, at Zvenigorod research station of the Institute of Atmospheric Physics. 
The station is included in the Network for the Detection of Atmospheric Composition Change 
(NDACC), and the measurement data is available at   http://www.ndacc.org/ . 
 
Regular measurements of ozone profiles in the stratosphere and mesosphere, using a microwave 
(142.2 GHz) radiometer, are carried out at the Moscow  P.N. Lebedev Physical Institute of the 
Russian Academy of Sciences [Kropotkina et al., 2019; Rozanov et al., 2019]. The relations of 
ozone variations at 15-55-km heights with the dynamics and temperature regime of the 
stratosphere and stratospheric warmings are investigated. At 90- and 60-km levels night ozone 
variations with 3-5-hour periods have been detected. 
 
At the station of Obninsk, measurements of ozone concentration profiles at heights from 12 to 35 
km are performed with the lidar AK-3 developed by the Science and Production Association 
“Typhoon”. The lidar measures vertical profiles of temperature (in the range from 26 to 72 km) and 
aerosol (from 10 to 40 km) – the parameters critical to the interpretation of ozone measurements. 
 
At the Institute of Applied Physics of RAS, a unique, transportable and fully automated ground-
based spectroradiometer system with a 110836 GHz central frequency has been developed and 
put to operation to continuously monitor the structure of the Earth ozone layer [Krasilnikov et al., 
2017, Krasilnikov et al., 2017]. 
 
The specific features of the system include: a wide receiving and analysis band (0.8 GHz), 
conjugation with a digital spectrum analyzer with 60-KHz resolution, noise temperature less than 
1500 К, low power consumption, low weight (less than 10 kg), and received signal calibration 
against an electronically controlled internal standard. It has been demonstrated that using a 
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statistical (Bayesian) approach to solving incorrect inverse problems enables satisfactory retrieval 
of the vertical ozone concentration profile in the height range from 20 to 75 km. 
 
The Polar Geophysical Institute of the Russian Academy of Sciences (Apatity) jointly with the 
Institute of Applied Physics of the Russian Academy of Sciences (Nizhny Novgorod) carried out 
measurements of ozone in the middle atmosphere during the 2017-2018 and 2018-2019 winter 
seasons. In doing that, a method of microwave radiometry was employed with the estimation 
fulfilled at a frequency of 110.836 GHz. Ozone concentrations were measured at stratospheric and 
lower mesosphere heights. Diurnal time changes in ozone amount during two December-March 
seasons were determined. 
 
Vertical ozone distribution has been measured with Brewer spectrophotometer MkII #043 at the high-
mountain research station of the Institute of Atmospheric Physics near Kislovodsk since 1989. 
 
Specialists from the Institute of Arctic and Antarctica of Roshydromet in coordination with and support 
from A. Vegener Institute of Polar and Sea Research (AWI, Potsdam, Germany) fulfilled ozonosonde 
launches from the research station “Ice Base of Cape Baranov” (79°N, 101°E) during periods of 
maximal stratospheric polar vortex development in January-March 2014, 2016, and 2018. During 
each of the periods about 10 ozonosondes were flown. Observational results were partly published in 
[Мakshtas, 2016]. 
 
At the Siberian lidar station of V.E. Zuev Institute of Atmospheric Optics of the Russian Academy of 
Sciences in Tomsk (56,5° N, 85° E) remote ground-based laser [Nevzorov  et al., 2017; Matvienko et 
al., 2018] and spectrophotometer measurements of aerosol and gaseous atmospheric composition and 
temperature are carried out. Scattering characteristics of the stratospheric aerosol layer, ozone vertical 
distribution and total ozone, the amount of nitrogen dioxide, and vertical temperature distribution from 
the troposphere to the mesosphere are measured. 
 
1.3. UV measurements 
 
Systematic measurements of surface UV irradiance in the UV-B range are fulfilled at the SPA 
“Typhoon” (Obninsk, Kaluga Region) using Brewer spectrophotometer MKII # 044. 
 
Since 2006 UV-B measurements have been performed by the MGO technique, using  
ozonometers M-124 with correcting attachments (Larche sphere), at 15 Roshydromet stations. The 
obtained data is transferred to interested organizations of Roshydromet. 
 
At the Geographical Faculty of Moscow State University long-term regular measurements of UV 
irradiance in the UV-B spectral range, using UVB-1 YES pyranometer, have been performed since 
1999 and in a 300-380 nm range since 1968. 
 
Since 1991, spectral UV radiation in a 290-325 nm range has been measured with a 0.5 nm step 
using Brewer spectrophotometer MkII #043at the high-mountain station near Kislovodsk . The 
results of TO, vertical ozone distribution and UV observations at the station, as well as observation 
upgrading methods are presented in [Savinykh, Postylyakov, 2019; Shukurov et al., 2019; 
Savinykh et al., 2019; Savinykh, 2019; Savinykh, Postylyakov, 2018; Savinykh et al., 2019;Zerefos 
et al., 2017]. 
 
UV irradiance has been measured with Brewer spectrophotometer MKII #044 at Obninsk since 
1994, with MKII #044 it was at the Institute of Atmospheric Optics of the Russian Academy of 
Sciences at Tomsk from 2006 to July 2016, and with MKIII # 222 at Dolgoprudny from 2014 to 
2016. 
 
Methods and technologies of monitoring atmospheric ozone and UV irradiance on the territory of 
the Russian Federation, including the prediction of maximal values of UV index and surface ozone 
concentrations for 3 days are developed at the Hydrometcenter jointly with CAO as per the State 
Task. The basic results of studying TO space-and-time dynamics and development of UV-index 
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prediction methods are presented in [Zvyagintsev et al., 2017; Zvyagintsev et al., 2018, Ivanova et 
al., 2019; Nikiforova et al., 2017; Ivanova et al.,  2018: Ivanova et al.,  2017; Ivanova,  2017]. 
 
1.4. Calibration activities 
 
Brewer spectrophotometer MKII #044 (Obninsk) undergoes regular intercalibrations. The last one 
was fulfilled in Switzerland in summer 2018 (the Climatic Observatory at Arosa). Ozonometer F-
105 was calibrated in 2018. Binding ozonometers to the world scale is realized by regular 
calibrations against the Roshydromet ozonometer network standard (Dobson spectrophotometer 
#108) which is located in the MGO geophysical hut at Voeykovo near St. Petersburg and every 5 
years is compared with the European Regional Standard. The departure of the Russian standard 
from the European one over the last 30 years did not exceed 1%. In July 2019, Dobson 
spectrophotometer #108 underwent intercalibration (MOHp2019) at the Regional European Center 
for Calibration of Brewer and Dobson Spectrophotometer in Germany. The deviation from the 
Regional Standard (Dobson # 64) was found to be less than 1%. 
 
In 2017, in Davos, Switzerland, within the framework of the Second International UV Filter 
Radiometer Calibration Campaign UVC-II, two UV pyranometers, KZ UV-S-A-T and KZ UV-S-E--T, 
from the Geographical Faculty of the State Moscow University were calibrated. 
 
In August 2017, Brewer spectrophotometer MkII #043 at the high-mountain station of the Institute 
of Atmospheric Physics near Kislovodsk failed, the problem being with the amplifier microchips and 
mounting base of the potomultiplier tube. In April 2018, the defects were removed by local 
specialists without foreign assistance, and regular observations continued.  In 2019, specialists 
from the station restored the operability of the Brewer inner calibration module, using a standard 
halogen bulb. All the scheduled maintenance of the Brewer spectrophotometer is regularly carried 
out as per the WMO prescription. The last, 2012 calibration of the station’s Brewer 
spectrophotometer was fulfilled against the standard Brewer MkII #017 in Obninsk with the WMO 
support. The repairs and calibrations of spectrophotometers МDR-3, МDR-23 and Oriel 256i are 
done by specialists of Zvenigorod research station of the Institute of Atmospheric Optics of the 
Russian Academy of Sciences. 
 
The spectrophotometers Dobson #14 and Brewer #049 available at the Institute of Atmospheric 
Optics of the Siberian Branch of the Russian Academy of Sciences are not currently operated. 
Spectrophotometer Dobson № 14 is not operated due to the absence of an agreement between 
the Institute and the WMO. This is why it is impossible to get a certificate of the Federal Service for 
Technical and Export Control permitting operation of foreign technical observation and control aids 
on the Russian territory. Brewer spectrophotometer #049, which had failed because of a severe 
thunderstorm, was repaired, but requires calibration as the last one was carried out in 2012. 
 
Brewer spectrophotometer MKIII # 222 installed at Dolgoprudny in 2014 needs calibration. 
 
 
2. RESULTS FROM OBSERVATIONS AND ANALYSIS 
 
The length of TO data series from most Roshydromet stations is over 45 years. After a critical 
preview by CAO’s specialists, daily operational data from the Russian ozonometer network is 
transmitted to the WMO server and used to construct combined daily TO maps. Annually, upon 
thorough verification and screening by the network methodist at the MGO, data sets from 21 or 23 
stations are transferred to the World Data Center of the WMO Global Atmosphere Watch 
(WOUDC). 
 
Based on the data from the ozonometer network of Roshydromet for the period from 1975 to 2015, 
the peculiarities of ozone distribution and long-term variations over the Russian territory have been 
analyzed [Shalamyansky et al., 2018]. 
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Based on observations with mini-SAOZ spectrometers, including those located on the territory of 
the Russian Federation, the ozone layer variability in the Arctic and climate effect were studied 
with CAO’s specialists participating [Pommereau et al., 2018]. It was shown that stratospheric 
ozone recovery expected approximately by the middle of the 2030s, may occur much later. The 
importance of using high-accuracy ground-based and satellite TO observations for clarification of 
the time of the ozone layer recovery was pointed out. 
 
The results of analyzing and generalizing information about TO at the Russian Antarctic stations 
are published, in particular, in the paper [Sibir, Radionov, 2018].  It is shown that at all the Russian 
Antarctic stations for about 30 years, beginning from the middle of the 1970s, a steady TO 
tendency to decrease during the Antarctic spring occurred. By the early 1990s, TO spring values at 
Mirny station decreased by 70–75 % relative to the average value for 1974–1980. During the 
following years, the effect of the spring negative TO anomaly slowed down. Since the early 2000s, 
a tendency of TO recovery resulting in values typical of the period preceding the ozone hole 
occurrence was observed. 
 
Using TO measurement data obtained in Tomsk during the 1994-2017 period, a study of oscillation 
cycles of different scales in the ozone field was carried out, using a method of statistical analysis 
[Bazhenov et al., 2019].  In particular, the analysis of the calculated autocorrelation function 
demonstrated that TO had a 5-day-long inner correlation, which was determined by an e-times (i.e. 
exp(-1)) decrease of the correlation coefficient. In the Fourier spectrum of the series under study, 
the harmonic responsible for annual TO variations is predominant. Apart from that, semiannual 
oscillations with an amplitude by over an order of magnitude less than the annual harmonic are 
also present in the spectrum. In contrast, quasi-biennial oscillations frequently mentioned in 
literature are not observed in the spectrum. It has become possible to reveal them by smoothing 
the series with a sliding mean, using 365 points, and averaging by years. 
 
Analysis of the measurement data on total ozone, surface ozone concentration, and surface UV 
irradiance obtained by SPA “Typhoon” (Obninsk) has demonstrated that 
 
• the annual TO variation in 2017-2019 changed but insignificantly and fairly well agreed with the 

previous long-term measurements, TO values being within the range of 250-450 DU (ozone 
hole formation at TO values below 200 DU have not been observed); 

• the differences in UV irradiance regimes throughout 2017-2019 were insignificant, and the UV 
index remained within the range of the previous long-term measurements; 

• the 2017-2019 conditions in terms of  surface ozone concentration, on the whole, remained 
favorable, without single concentrations exceeding 160 µg/m3 which is a maximal permissible 
concentration under the Russian Federation standard. 

 
Based on lidar measurements, the variations of high-altitude ozone concentration profiles over 
Obninsk have been analyzed. Maximal seasonal oscillations were observed in the lower 
stratosphere. In February-March 2018, a considerable positive ozone concentration anomaly was 
recorded in both the main ozone layer at 14-25 km and the upper stratosphere at 25-32 km, while 
the mean zonal TO concentrations remained close to the climatic norm. Inter-correlation between 
ozone concentration and temperature variations has been analyzed.  The observed correlations 
occur as a result of a combined action of advection and vertical movements in the stratosphere 
[Korshunov, Zubachov, 2018; Zubachov, Korshunov, 2018]. 
 
At the Institute of Applied Physics of the Russian Academy of Sciences a comparison and analysis 
of the results of winter stratospheric ozone observations over Nizhny Novgorod have been fulfilled, 
using ground-based measurements with a new ozonometer (see item 1.2), interpolation of 
satellite-borne SBUV observations, reanalysis of MERRA data, and numerical modeling by the 
model of the lower and middle atmosphere composition [Ermakova et al., 2018]. The data of all the 
types show a similar pattern of ozone variability during the 2016 winter months whose basic 
feature is the presence of a steady altitudinal maximum of the ozone mixing ratio in the middle 
stratosphere upon which are superimposed short-term periods of increased ozone amount. The 
ozonometer results, on the whole, are in good agreement with the other measurements, while 
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some quantitative differences typical of other data types as well characterize the effect of the local 
ozone content variability as ozonometer provides point measurements, while the other data types 
characterize an averaged variability. The use of numerical modeling data has made it possible to 
assess the influence of photochemical and dynamic factors on winter ozone variability in the 
atmosphere over Nizhny Novgorod.   The analysis fulfilled has demonstrated that photochemical 
processes of local ozone formation and destruction are not a source of short-term ozone maxima. 
Among the dynamic processes, an important role belongs to meridional ozone transport from 
regions rich in or lacking ozone, as well as to the local effects of the divergence and convergence 
of the zonal and meridional flows. 
 
Similarity of ozone observations and comparability of the newly obtained data with those of 
previous decades remain an important problem. The network of fully automated Brewer 
spectrophotometers operated since the beginning of the 1980s is one of the oldest global systems 
providing data to estimate ozone. The available software to operate Brewer spectrophotometers 
was developed 35 years ago and must be renewed as the exploitation period of the corresponding 
computer platforms expired. New cross-platform software for Brewer spectrophotometers is being 
developed at the Institute of Applied Physics of the Russian Academy of Sciences [Savinykh, 
Postylyakov, 2018; Savinykh, Borovski, Postylyakov, 2019]. It will run on computers with up-to-
date comprehensive operational systems (Windows, Linux, macOS), while having a single source 
code. 
 
The data of TO ground-based observations carried out by the Crimean Federal University, the 
Central Aerological Observatory and Hydrometcenter of the Russian Federation has made it 
possible to reveal significant negative TO anomalies in the north of Siberia in winter 2016 
[Nikiforova et al., 2017; Nikiforova et al., 2019]. 
 
Using ozone observations at millimeter waves by the Physical Institute of the Russian Academy of 
Sciences, the influence of abrupt stratospheric warmings on the ozone layer over Moscow was 
investigated [Solomonov et al., 2017], and the dynamic processes responsible for the differences 
in the ozone layer during the winters of 2014-2015 and 2015-2016 were analyzed [Kropotkina et 
al., 2019]. 
 
 
3. THEORY, MODELLING, AND OTHER OZONE RELATED RESEARCH 
 
At the Russian State Hydrometeorological University in St.Petersburg, the ozone layer is being 
studied, using a chemico-climatic model of the ozonosphere, developed at the University jointly 
with the Institute of Computational Mathematics of the Russian Academy of Sciences. The model 
allows for 74 chemically active atmospheric gases that influence, although differently, ozone 
content variability, as well as dynamic and radiation processes affecting ozone transport in the 
atmosphere. The model was used to investigate gaseous composition in polar regions 
[Smyshlayev et al., 2016], the influence of methane emission from the artic gaseous hydrates on 
the amount of atmospheric gases [Cherepova et al.,  2018], to analyze the influence of the solar 
activity on the gaseous composition and temperature regime of the atmosphere [Smyshlayev et al., 
2016; Sukhodolov et al., 2016], to study the effects of UV radiation change due to a change in 
ozone content [Chubarova et al., 2018; Pastukhova et al., 2019], and investigate the influence of 
lightning effects on atmospheric composition and temperature. 
 
In the above chemico-climatic model, methods of measurement data assimilation and reanalysis of 
the ocean surface temperature, atmospheric temperature, wind speed, humidity, and pressure 
began to be employed. Using an upgraded model version, peculiarities of the change of ozone 
content in St. Petersburg region [Smyshlayev et al., 2017; Timofeyev et al., 2017; Virolainen et al., 
2017], on the territory of the Arctic and sub-Arctic [Timofeyev et al., 2018; Shved et al.,. 2018; 
Virolainen et al., 2018), were studied; also investigated was the influence of the ocean surface 
temperature on changes in atmospheric composition and structure [Yakovlev, Smyshlayev, 2019а; 
Yakovlev, Smyshlayev, 2019b]. Attention was alsi given to the influence of volcanic sulfate aerosol 
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on changes in atmospheric ozone content due to heterogeneous chemical reactions on the surface 
of volcanic aerosol [Luyang et al., 2019]. 
 
The Central Aerological Observatory has contributed by estimating the potentials of predicting 
abrupt stratospheric warmings that govern the character of ozone layer depletion in the Artic, using  
the chemico-climatic model SOCOL and the procedure of observational data assimilation referred 
to as «nudging» [Funke et al., 2017; Vyazankin et al., 2019]. The model SOCOL is a combination 
of the model of general circulation MAECHAM4 and the chemical and transport model MEZON. 
The model SOCOL allows for 118 gas reactions, 33 photolysis reactions, and 16 heterogeneous 
reactions. The «nudging» procedure permitting better retrieval of thermodynamic parameters was 
interrupted 1 to 12 days prior to the beginning of an abrupt stratospheric warming. Based on the 
example of several abrupt stratospheric warming, it was established that SOCOL can be employed 
to predict such events up to 8 days in advance. 
 
Specialist from the Central Aerological Observatory investigated the peculiarities of stratospheric 
circulation in the Arctic and their influence on the troposphere and the oozone layer state during 
the winter seasons of 2016-2017. [Vargin, 2018] and 2017-2018. [Vargin, Kirushov, 2019]. Since 
the year 2000, chemical ozone loss inside the polar stratospheric vortex in the Arctic during winter 
seasons has been estimated from satellite and balloon measurement data. 
 
At V.L. Talrose Institute of Chemical Physics Energy Problems of the Russian Academy of 
Sciences, currently unsolved problems of the middle atmosphere chemistry were investigated 
[Larin, 2018], including chain chemical processes in the ozonosphere [Larin, 2019], changes in the 
chemical composition of the middle [Larin, 2018], input of Оx, HOx, NOx, CLOx and BrOx – cycles 
to stratospheric ozone destruction in the  XXI century [Larin, 2017], and odd nitrogen and its 
atmospheric life time [Larin, 2017]. 
 
In 2017-2019, the Geographical Faculty of M.V. Lomonosov Moscow State University jointly with 
the Russian State Hydrometeorological University carried out investigations of the variation of 
ozone, cloud amount, and erythema radiation (Qery) over northern Eurasia and, in more detail, 
over Moscow region in 1979-2015 and further on until the end of the XXI century. The investigation 
used the chemistry climate model developed by the Institute of Numerical Mathematics of the 
Russian Academy of Science jointly with the Russian State Hydrometeorological University.  Long-
term Qery changes were revealed based on the measurement data and reconstruction model 
presented in [Chubarova et al., 2018]. The changes are characterized by a considerable decrease 
in the late 1970s and a significant positive 5% trend per decade in Moscow region in 1979 - 2015. 
The positive Qery trend is mainly related with the observed decrease of the effective cloud amount 
and TO reduction. These changes caused a considerable change in UV resources (UV exposure) 
in spring for people with the most vulnerable skin of the 1st type; an optimal UV condition changed 
to moderately excessive one.  Experiments with the chemico-climatic model for several scenarios 
with and without allowance for anthropogenic factors have shown that variations of anthropogenic 
emissions of CFCs and halogenated hydrocarbons are most of all responsible for TO and Qery 
variability in Moscow region. Among the natural factors, the effects of volcanic aerosol emission 
are the most apparent. The calculations of cloud Qery transmission, on the whole, agree with the 
measurement data. However, the latter do not reproduce the observed positive trend in this 
quantity [Chubarova et al., 2018]. 
 
Model calculations using different data on ocean surface temperature yield somewhat different TO 
trends [Pastukhova et al., 2019]. The results of the model experiment allowing for changes in 
anthropogenic emissions of halogenated substances testify to a non-linear Qery reduction due to 
the ozone layer recovery in the XXI century. The 2016-2020 values of Qery are by 2-5% higher 
than the relative level in 1979-1983, on average, all over northern Eurasia, with a maximum of an 
order of 6% at polar latitudes. In 2035-2039, Qery values flatten, with subsequent 4-6% reduction 
relative to 1979-1983 values for the Asian territory and 6-8% reduction relative to 2055-2059 
values for the northern European territory. This brings about changes in the boundaries of the UV-
resource classes. The spatial distribution of UV resources are expected to change the most in 

387



 
	  

spring and summer: the areas of UV scarcity in the north will expand, while the areas of UV excess 
in the south will be reduced [Pastukhova et al., 2019]. 
 
Based on observations at the Meteorological Observatory of Moscow State University, studies of 
Qer sensitive to the ozone layer variations were conducted [Schmalwieser et al., 2017], which 
revealed slowing down of its increase since 2015. 
 
Jointly with specialists from the Physical Faculty of St. Petersburg State University, the conditions 
of negative ozone anomalies in Siberia were analyzed. It was shown that for high- latitude Qer 
winter TO reduction even to an “ozone hole” level is not critical, while much smaller ozone changes 
in early spring can result in hazardous levels of UV radiation causing erythema [Chubarova et al., 
2018]. 
 
At the SPA “Typhoon”, based on comparing data from ground observational stations (Khiangkhe, 
Kunming, and Issyk-Kul) and satellite SBUV, OMI,  and TOU (Total Ozone Unit on board 
FengYun-3/A) measurements, TO time variability over the mountain areas of Central Asia and 
Tibet Plato was studied. The obtained results show similarity of the amplitudes and periods of TO 
oscillations during more than 14 months for all the analyzed data [Visheratin et al., 2017]. 
 
Phase correlation between solar activity variations and quasi-10-year TO variations from satellite 
measurement data as well as quasi-10-year variations of a number of the lower stratosphere 
parameters (temperature, geopotential height, meridional and zonal wind speed) from NCEP data 
reanalysis was analyzed. The phase of the maximums of quasi-ten-year TO variations, on 
average, is 20 months ahead of the solar activity maximums at northern middle and high latitudes 
and 21 months behind at high latitudes of the southern hemisphere  [Visheratin, Kalashnik, 2018; 
Visheratin, 2017]. 
 
Based on satellite data from SBUV/SBUV2 database (65°S – 65°N) and Bodeker Scientific (90°S – 
90°N), space-and-time variability of phase correlation between the 11-year cycle of solar activity 
and quasi-10-year TO variability was analyzed, using composite and cross-wavelet   analysis 
methods. Quasi-ten-year TO variability in the Arctic and that in Antarctica were found to be 
approximately in antiphase. 
 
The Institute of Applied Physics of the Russian Academy of Sciences carried out the first ever 
comprehensive study of realizability of the condition of day-time photochemical ozone balance at 
the mesosphere and lower thermosphere heights, which is widely used to retrieve nighttime O and 
H distributions from measurements of ozone and a glow of molecular oxygen and hydroxyl excited 
states [Kulikov et al., 2017]. [Belikovich et al., 2018; Kulikov et al., 2018].  Using the results of 3D 
chemical - transport modeling of the annual photochemical cycle of the given atmospheric region, 
the ratio of real ozone concentration to its local balanced value, depending on the height, latitude, 
and season, was calculated. The condition of nighttime photochemical ozone balance is realized 
well (with a less than 10% deviation and dispersion) above a certain level varying within a 81-87 
km range, and depends, in a highly involved way, on the coordinates and season. 
 
The Institute of Applied Physics of the Russian Academy of Sciences also developed a statistically 
correct method of the validation of simultaneous measurements of several atmospheric 
constituents under the condition of photochemical balance [Kulikov et al., 2018; Belikovich et al., 
2019]. As an example, the data of simultaneous measurements of OH, HO2, and O3 at the 
mesosphere heights and their daytime photochemical balance were considered. A simplified 
algebraic relation was found for the local concentrations of the above constituents in a 50-100 km 
range; the parameters of the ratio are air temperature and concentration as well as the constants 
of 9 chemical reactions. 
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4. DISSEMINATION OF RESULTS 
 
The data of systematic measurements of TO and surface UV irradiance, as well as information 
about the maximal values of UV index at the station in Obninsk, is archived and stored in the 
database of SPA “Typhoon”.  The measurement results are regularly transferred to the World Data 
Center (WOUDC) in Canada and also to the Russian Hydrometcenter to be used for the 
implementation of the Roshydromet programs. 
 
The data of systematic lidar measurements of ozone concentration in a height range from 12 to 35 
km at the station in Obninsk is archived and stored in the database of SPA “Typhoon”. 
 
Analytical materials to be included in the review of the current state and pollution of the 
environment and the report on climate features in the Russian Federation are annually submitted 
by the Main Geophysical Observatory. The materials traditionally highlight the peculiarities of the 
ozone layer state in a year and long-term TO trends and variations over the Russian Federation. 
Information about the current situation is published at the MGO site (http://voeikovmgo.ru). 
 
Daily UV-B radiation data with midday values from 15 Roshydromet stations is annually submitted 
to the Hydrometcenter, CAO, and Roshydromet. 
 
Total ozone data from the Russian Antarctic stations is transmitted on-line to the WMO site 
(http://www.wmo.int/pages/prog/arep/gaw/ozone/index.html) to be published in bulletins of the 
ozone layer state in Antarctica. 
 
4.1. Data reporting 
 
Observational data from stations using ozonometers M-124 are transmitted on-line to CAO, MGO, 
and Hydrometcenter of the Russian Federation.  CAO fulfills real-time primary verification of data 
quality, archives the data, and transmits it to WOUDC. This data, along with that from other 
countries, is used at WOUDC for daily representation of TO fields. CAO fulfills real-time mapping 
of total ozone over Russia and the neighboring countries, reveals TO anomalies and analyses the 
reasons for their occurrence. On detecting significant anomalies in TO and UV radiation fields CAO 
operationally informs Roshydromet about them. В ГГО данные проходят более тщательный 
контроль качества, по итогам которого делается вывод о качестве р аботы отдельных 
приборов и  станций, проводится корректировка данных и  уже скорректированные данные 
передаются в WOUDC. 
 
The data of Brewer spectrometer observations of TO and UV radiation at the stations in 
Kislovodsk, Obninsk are also transmitted to WOUDC on a regular basis. 
 
Since 2004, the data of regular O3 and NO2 measurements in a vertical atmospheric column, in St. 
Petersburg, with a spectrometer developed on the basis of domestic scanning monochromator 
MDR-12 is available at http://troll.phys.spbu.ru/Personal_pages/Ionov/welcome.html. 
 
The data on NO2 content in a stratospheric column and in the boundary atmospheric layer, 
measured at Zvenigorod research station of the Institute of Atmospheric Physics, are regularly 
transmitted to NDACC and are available at (http://www.ndacc.org/). 
 
4.2. Information to the public 
 
The Central Aerological Observatory publishes quarterly reviews with the analysis of the current 
state of the ozone layer over Russia in the journal “Meteorologiya i Gidrologiya” (in Russian), with 
the English version ("Russian Meteorology and Hydrology") distributed by «Springer» publishing 
house. The same information is published annually in the “Reports on the peculiarities of climate 
on the territory of the Russian Federation” and “Reviews of the environment state and pollution in 
the Russian Federation, prepared by Roshydromet. 
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Forecasts of high UV-index values for the current and the following 24 hours, indicating the 
territories with hazardous phenomena and recommending protective measures to be taken by 
different groups of the population are presented at the site of the Hydrometcenter of the Russian 
Federation (http://meteoinfo.ru/). 
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5. PROJECTS, COLLABORATION, TWINNING AND CAPACITY BUILDING  (e.g., national 

projects, international projects, other collaboration (nationally, internationally)) 
 
Collaboration between scientists of the MGO and the team developing the Svalbard Integrated 
Arctic Earth Observing System on TO and UV radiation measurements began in 2017 [Petkov et 
al., 2018]. 
 
 
6. IMPLEMENTATION OF THE RECOMMENDATIONS OF THE 10th OZONE RESEARCH 

MANAGERS MEETING (e.g., specifics on progress towards such implementation, difficulties 
encountered, near-term plans, etc.) 

 
Processing and analysis of the space-and-time TO variation data obtained with the Fourier-
spectrometer IRFS-2 (MGO) mounted on Meteor-M N2 launched in 2014 are being continued. 
 
An inter-calibration of Dobson #108 spectrophotometer was fulfilled at the Regional European 
Center for Calibration in Germany in July 2019. An inter-calibration of Brewer spectrophotometer 
MKII #044 (SPA «Typhoon») was fulfilled at the Climatic Observatory in Arosa (Switzerland) in 
summer 2018. 
 
	  
7. FUTURE PLANS 
 
The SPA «Typhoon» is planning to further observations of TO, other minor gaseous constituents, 
surface UV irradiance, and surface ozone concentrations. At present, AK-3 lidars are installed at 7 
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Roshydromet lidar sounding stations on the Russian Federation territory. Their operation to make 
regular measurements is planned. 
 
 
8. NEEDS AND RECOMMENDATIONS 
 
Russian research institutes presently facing financial constraints, therefore the WMO support is 
required for calibration of three Brewer spectrophotometers: MKIII # 222 (CAO, Dolgoprudny), 
MKII #043 (IFA RAS, Kislovodsk), MKII #049 (IОА RAS, Tomsk) in 2020, with participation of 
foreign specialists. All three spectrophotometers will available for calibration in CAO, Dolgoprudny. 
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SLOVAKIA 
 
 
1. OBSERVATIONAL ACTIVITIES 
 
The ozone and UV monitoring and research activities have been organized by the Slovak 
Hydrometeorological Institute (SHMU) in accordance to the national legislation on the stratospheric 
ozone layer protection. Information on the total column ozone (TOC) and the solar UV-index (UVI) 
are disseminated to the public via national press agencies and internet site of the SHMU. The SHMU 
provides measurements of the TOC at one station. Upper-air measurements of air temperature, 
pressure, wind and humidity up to lower stratospheric altitudes have been organized at the same 
station.   Measurements of spectral aerosol optical depth and aerosol vertical profile started in 2014. 
Network of stations with broadband UV radiometers has been developed gradually since 1997. 
SHMU organizes also network of instruments measuring ground ozone concentration in frame of the 
air quality monitoring programme. 
 
1.1 Column measurements of ozone and other gases/variables relevant to ozone loss 
 
TOC has been measured daily at Aerological and solar radiation measurement centre (ARC) of the 
SHMU at Poprad-Gánovce (49.03 N, 20.32 E, 706 m a.s.l.) by the Brewer ozone spectrophotometer 
MKIV #097 since 1993 and by the Brewer ozone spectrophotometer MKIII #225 since 2014. The 
station participates in the WMO GAW GO3OS total ozone observing system (GAW station indicative 
331). 
 
1.2 Profile measurements of ozone and other gases/variables relevant to ozone loss 
 
Regular measurements of the ozone vertical distribution by the Umkehr method are performed by 
both Brewer spectrophotometers at Poprad-Gánovce. 
 
1.3 UV measurements 
 
1.3.1 Broadband measurements 
 
There is network of five broadband UV radiometers maintained by the National radiation centre 
SHMU. The UV radiation is sampled every 5 s and data has been sent to the central database  every 
15 min. The operational instruments have been every year compared with the reference UV 
radiometer calibrated in the PMOD WRC. The network was improved by new instruments and data 
acquisition systems in 2014. Stations are located close to the bigger cities or mountain resorts to 
provide actual information for the public.  
 

Station WMO indicative/ Coordinates Instrument Observation period 
Bratislava-Koliba 11813 

48.87N, 17.10E, 287 m a.s.l. 
SL 501 1997- 

Hurbanovo 11858 
47.17N, 18.19E, 115 m a.s.l. 

SL 501A 2016- 

Banská –Bystrica  11898 
48.73N, 19.12E, 427 m a.s.l. 

KZ UV S-E-T 2014- 

Poprad-Gánovce 11952 
49.03N, 20.32E, 706 m a.s.l. 

SL 501A 
KZ UV S-E-T 

1999- 
2014- 

Trebišov-Milhostov 11978 
 

48.66N, 21.72E, 105 m a.s.l. 

KZ UV S-E-T 1999-  

 
1.3.2 Narrowband filter instruments 
 
The Sun photometer was installed at the ARC Poprad-Gánovce in 2014. The instrument measures 
irradiances at selected wavelengths ranging from UV to IR region of spectrum (340, 380, 440, 500, 
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675, 870, 937, 1020, 1640 nm). This enables determination of atmospheric parameters related to 
ozone (spectral aerosol optical depth AOD, total column water vapour content). 
 
1.3.3 Spectrophotometers 
 
Spectra of the global solar UV irradiance are measured by both Brewer spectrophotometers at the 
ARC SHMU Poprad-Gánovce (BR MKIV BR #097 in the range of 290-325 nm, BR MKIII BR #225 in 
the range of 290-363 nm). 
 
1.4 Calibration activities 
 
Both  Brewer spectrophotometers operating at Poprad-Gánovce are calibrated every two years 
against the world traveling reference instrument BR #017 traceable to the World reference BR 
spectrophotometer  triad maintained by the Environment Canada. The spectral UV measurements 
are traceable to the PTB reference via calibration lamp maintained by the Czech 
hydrometeorological institute (CHMI).  The national reference UV radiometer SL501 was calibrated 
with the QUASUME UV reference at the PMOD WRC in frame of the WMO calibration campaign 
last time in 2017. 
 
 
2. RESULTS FROM OBSERVATIONS AND ANALYSIS 
 
Analysis of upper-air time series showed decrease in the air temperature above the 500 hPa 
standard pressure level in period 1961-2010 that probably relates to present global change of 
climate. More significant temperature descent in the lower stratosphere relates partly to the climate 
change and partly to the stratospheric ozone depletion. 
 
As measurements of TOC started in period when total ozone was already influenced by human 
activity, daily values are compared with the 1962 -1990 normal from the closest station of the CHMI 
Hradec Králové with long-term TOC measurements. 
 
 

 
 
Mean annual TOC deviation from the normal ranged from -0.1% to -3.3% during the last three years. 
There is no significant trend in TOZ for the whole period of measurements 1993 -2019. Episodes 
with low total ozone have been detected not only in spring but also in summer months (monthly 
deviation from normal -9.1 % in June 2017, -9.6 % in June 2019) by high solar elevations. Very high 
UVI was measured by such a low total ozone and clear-sky condition around the summer solstice. 
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3. THEORY, MODELLING, AND OTHER OZONE RELATED RESEARCH 
 
Research relating to the total ozone is carried out only by the SHMU. Long-term measurements  in 
upper atmosphere, TOC data and UV radiation measurements were published and summarized  in 
the Climate atlas of Slovakia as result of the project The development and spatial data processing 
technologies of climate system, ITMS:26220220102 (2010-2016). Present TOC and UV radiation 
research is aimed to the measurement quality control, data analysis and development of products 
for the public and data users. There is limited personal capacity for research activities which have 
been supported by the SHMU project 2014-91 Research, development and innovations in 
meteorology and climatology. The last research activities were aimed to comparisons between the 
aerosol optical depth in the UV region of spectrum determined form the Brewer spectrophotometer 
and the sun photometer; to aerosol and ozone variability influence study on the UV radiation; to 
control of historical DS and ZS TOC data measured by BR MKIV #097 (recalculations of ZS TOC 
were done) and their comparison with values from BR MKIII #225. The BR Umkehr measurement 
control and comparison with satellite data is going on.   About 20-years long time series of broadband 
UV radiation at tree stations were controlled and local normal was set for actual daily UVI normality 
evaluation. Information on UVI and TOC improvement for the public is prepared. 
 
 
4. DISSEMINATION OF RESULTS 
 
4.1 Data reporting 
 
TOC measurements are regularly delivered to the World Ozone and UV Data Centre (WOUDC) in 
Toronto and to the Total Ozone Mapping Centre operated by Environment Canada for the daily 
mapping of the TOC geographical distribution. Regular sending of the BR UV spectra to the WOUDC 
was interrupted after the BMDS (Brewer Management Data System) ending in 2017. Actual BR 
measurements have been delivered also to the EUBREWNET database (COST action ES1207) 
since 2015. The UV spectra submission to the European UV Data Base (EUVDB EDUCE) in Helsinki 
at FMI started in 2019.  The sun photometer is involved in the NOAA AERONET project 
https://aeronet.gsfc.nasa.gov/ where the data is free available. Calibration of the sun photometer 
has been organized in frame of the ACTRIS project. 
 
4.2 Information to the public 
 
The SHMU is responsible for dissemination of information on the TOC and UVI in Slovakia.  Actual 
TOC, its examination with respect to the 1962 -1990 normal and forecasted value is published daily 
in the SHMU internet site http://www.shmu.sk/sk/?page=1&id=meteo_ozon,  sent to the national 
press agency TASR and to some mobile network operators.   UVI information (actual value, daily 
forecast, daily course, UVI as a function of altitude) is provided from March to September 
(http://www.shmu.sk/sk/?page=1&id=meteo_uvi). Special warning is published in the SHMU internet 
site and disseminated via operative weather forecast service when the measured TOC drops 20% 
or more below the daily normal during the UVI report period.  Annual evaluation of the TOC and UV 
radiation was part of the Annual report on the air quality in Slovakia, it is planned to be reported 
separately since 2020. 
 
4.3 Relevant scientific papers 
 
Hrabčák, P., Comparison of the optical depth of total ozone and atmospheric aerosols in Poprad-

Gánovce, Slovakia, Atmos. Chem. Phys., 18, 7739–7755, https://doi.org/10.5194/acp-18-7739-2018, 
2018. 

Pribullová, A., 2018: Solar UV radiation measurements by broadband UV radiometers in the Slovak 
Hydrometeorological Institute, European Conference on Solar UV monitoring  „ UV Monitoring in the 
European Countries -  Past, Present and Future“, 12.-14.September 2018, University of Veterinary 
Medicine, Vienna, Austria, Abstracts,  p. 31. 
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5. PROJECTS, COLLABORATION, TWINNING AND CAPACITY BUILDING 
 
Technical infrastructure for the TOC and UV radiation monitoring was modernized in frame of the 
EU structural funds project Nr. 26210120003 Improvement of technical infrastructure for research 
and development at regional workplaces of the SHMU in 2014.  SHMU representatives participated 
in the WMO GAW trainings for the BR spectrophotometer operators (organized via the COST 
ES1207 in 2014), in the 34th GAWTEC course focused on UV radiation (2018) and 33th GAWTEC 
course focused on aerosols (2017). Calibrations of the BR spectrophotometers operating in Central 
Europe (Poland, Hungary, Slovakia) are organized in cooperation with the IO3S and the CHMI every 
two years in the ARC SHMU Poprad-Gánovce (the last one in May 2019). 
 
 
6. IMPLEMENTATION OF THE RECOMMENDATIONS OF THE 10th OZONE RESEARCH 

MANAGERS MEETING 
 
Following recommendations from the last meeting were implemented in Slovakia: 

- continuation  of systematic ground-based TOC and UV radiation measurements 
- supporting of regional BR spectrophotometer calibration 
- continuation of  public information services about the ozone layer and UVI 

 
 
7. FUTURE PLANS 
 
Realization of the future activities depends on funding of national projects related to the TOC and 
UV radiation monitoring. There are following plans for the ozone and UV monitoring and research 
for the next period: 
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- to continue upper-air, TOC,  ground ozone, spectral and broadband UV radiation 
measurements (if possible, to start UV monitoring in the mountains) 

- to continue participation in  the long-term projects like EUBREWNET, WMO GAW O3OS, 
WOUDC, EDUCE 

- to re-establish sending of the spectral UV irradiance measurements to the WOUDC 
- to improve the TOC and UV information for the public 

 
 
8. NEEDS AND RECOMMENDATIONS 
 
It would be helpful to re-establish supporting service for the BR data uploading to the WOUDC, 
especially for the UV spectra (BMDS). The BR measurements uploaded in the EUBREWNET 
database could be delivered to the WOUDC en block for the European region after approval of every 
EUBREWNET contributor. 
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SOUTH AFRICA 
A report for the 11th UNEP/WMO Ozone Research Managers Meeting 

[11ORM] 
 
 
The South African Department of Forestry, Fisheries and the Environment (DFFE) serves as the 
focal point for this countries implementation of the Vienna Convention and the Montreal Protocol 
on substances that deplete the Ozone Layer. Therefore, it has a responsibility to protect the 
environment and the well being of people also according to the Constitution of the Country. The 
South African Weather Service (SAWS) is an agency of the DFFE and is tasked with the 
responsibility focusing on research and monitoring of atmospheric ozone and keeping check on 
the Ozone Layer. 
 
 
1. OBSERVATIONAL ACTIVITIES 
 
Ozone-Atmospheric Research and Monitoring Activities 
 
A large portion of the in-country sustained systematic atmospheric monitoring is conducted by the 
South African Weather Service. In particularly this is done by the research and monitoring program 
under the auspices of the World Meteorological Organizations (WMO) Global Atmosphere Watch 
Station (GAW) at Cape Point and its Regional GAW Network of stations. Figure below shows 
WMO global stations, the Cape Point GAW global laboratory and the regional network. 
 

	   	    
 
 
1.1 Column measurements of ozone and other gases/variables relevant to ozone loss. 
 
The first South African column ozone measurements were made during 1964 until 1972 with 
Dobson #089 operating from Pretoria. This has been as a result of the IGY initiatives around the 
world. Due to skills capacity and instrument challenges Dobson 089 was decommissioned in 1972.  
After that, reinstating South Africa’s commitment to the Vienna Convention, the Weather Service 
now operates two Dobson ozone spectrophotometers, #089 at Irene near Pretoria (25.9 S, 28.2 E) 
since 1989, and #132 at Springbok (29.7 S, 17.9 E) since 1995. Both these instruments have been 
regularly calibrated with reference to the world standard.  A modest program of Dobson (#035) 
observations has started at the Stellenbosch Offices, under the auspices of the Cape Point GAW 
activities. 
 
The Dobson Ozone Spectrophotometers at Springbok D132 has been operating well during this 
period conducting daily Total Ozone (TO3) column observations. Dobson 089 from Irene 
experienced optical wedge belt problems in 2014 and again some rain damage in 2015, but was 
repaired and placed back in operation. Dobson 035, on “permanent” loan from the UK Met. Office, 
has most unfortunately not been operating continuously at Cape Point since we still need to do 
some building construction changes to the GAW laboratory. Therefore, the observation program at 
Stellenbosch has been undertaken since 2016. The value of the WMO/UNEP Dobson inter-
calibrations also proves that the data sets can be made totally compatible and sustain a consistent 
long-term station record. 
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The South African Dobson data sets are maturing towards long-term climatic data sets.	  Over this 
period some 300 000 daily total ozone observations has been made. Since 2002 to 2014 the Irene 
Dobson Total Column ozone shows a slight positive trend, but the negative trend indication 
remains over recent years. Together with the data from the Irene balloon ozone soundings, we are 
also investigating the questions whether pollution is also a contributing to enhanced “bad” ozone 
levels in the troposphere and near surface. Some of the research results are delivered in the 
articles as listed further below. 
 
1.2 Profile measurements of ozone and other gases/variables relevant to ozone loss 
 
1.2.1 Ozone Soundings 
 
The Weather Service has been conducting Ozonesondes since 1990. After a three year break the 
Weather Service has been fortunate to reinstate its Vaisala ECC RS92 Ozonesonde sounding 
program from Irene, a GAW regional station, in September 2012. Currently the soundings are 
conducted with the Vaisala MW41 Digicora and RS41 GPS sondes and 1200g totex balloons. 
Thus we can state that we have been using the same system since 1990 when we started, which 
implies the data sets is much more compatible. Irene operated weekly ozone sounding since 1990 
until early 2007 with a few data gaps. We joined the Southern Hemisphere Additional 
OZonesondes (SHADOZ) program under leadership of the principle investigator Dr.  Anne 
Thompson in 1997. This is a program from NASA, USA, and all data is submitted to WOUDC and 
NDACC as well. http://croc.gsfc.nasa.gov/shadoz/). The Irene ozone sounding program continues 
with ascents every two weeks. Some gaps in the data do occur, due to stock not being replenish in 
time and capacity capabilities. 
 
 
1.2.2 LIDAR 
 
Light Detection and Ranging (LiDAR) equipment at the School of Chemistry and Physics (SCP) 
from the University KwaZulu Natal University (UKZN) – Durban Westville campus was recently 
calibrated as part of an experiment to operate  three LiDARs simultaneously and interpret their 
performance. The LiDARs were the fixed and portable UKZN ones as well as the Council for 
Scientific and Industrial Research (CSIR) National Laser Centre (NLC) mobile LiDAR. 
 
The equipment, one of only two LiDAR systems in the country, assists research into remote 
sensing techniques and atmospheric pollution measurements conducted by the Atmospheric 
Research Group in the SCP, and is calibrated when necessary. The latest calibration came after 
refurbishment of the equipment, which was moved to the Westville campus from Howard College 
eight years ago. One LiDAR system was donated to UKZN from the Université de la Réunion 
through a Memorandum of Understanding. 
 
UKZN’s fixed LiDAR conducts daily observations for understanding the aerosol and cloud structure 
over Durban and Ulundi at the campus the University of Zululand. Aerosol measurements indicate 
atmospheric pollution levels. UKZN’s portable LiDAR has scanning capability and is used for 
studying pollution dispersion and bio-mass burning evolutions in the atmosphere (e.g. farmers’ 
burning of agricultural land for re-cultivation). The group is also involved in joint collaborative 
research with Algeria, which involves the building of a system for forest fire detection, with two 
masters and three PhD students conducting research on this subject. 
 
1.2.3 Air-Quality 
 
The South African Air Quality Information System (SAAQIS) is a DFFE/SAWS collaborative project 
which provides an online platform for managing air quality information in South Africa. It makes 
data available to stakeholders including the public and provides a mechanism to ensure uniformity 
in the way air quality data is managed i.e. captured, stored, validated, analysed and reported on in 
South Africa. The website is a mechanism for ensuring uniformity in the way air quality data is 
captured, validated, analysed and reported. Data is gathered via an established National Ambient 
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Air Quality Monitoring Network (NAAQMN). The SAAQIS Ambient Air Quality Monitoring Module is 
an online platform that houses and provides access to ambient air quality data and reports from a 
number of registered air quality monitoring stations across the country. The objective is to provide 
all stakeholders with relevant, up-to-date and accurate information on ambient air quality in South 
Africa to support informed decision making. One hundred and forty five air quality monitoring 
stations are currently registered as data providers to SAAQIS (116 are government owned, 29 are 
industry owned). – https://saaqis.environment.gov.za/ . The station parameters being monitored 
include amongst others PM 2.5 and 10.0, SO2, NOx, CO, O3, BTEX, and the normal meteorology 
including global radiation. Air quality forecasting is undertaken with the Unified Model from the UK 
Met office NAME III model at the South African Weather Service. 
 
 

 
 
 
1.2.4 The Cape Point WMO GAW global station 
 
The pristine location of the Cape Point Global Atmosphere Watch GAW station (34.3S, 18.5E) 
enables measurements to be made in air that has passed over the vast clean Southern Ocean. 
Such long-term observations are representative of background conditions, making it possible to 
detect changes in the atmosphere's composition. 
 
Measurements include a wide range of parameters namely: - surface O3, gases which lead to 
stratospheric ozone depletion such as: CFCl3, CCI2F2, CCI2F-CClF2, CH3CCl3, CCl4, SO2 and N2O  
greenhouse gases in the troposphere such as CO2 (22 years),  CH4  (30 years) and reactive gases 
such as CO with a 40 year record. The measurement of atmosphere total gaseous mercury (Hg) 
concentrations also has a long-standing record and forms part of the international GEMS project. 
Wet chemistry ad passive sampling is conducted on the parameters, NO2, NH3, SO2 and O3. This 
all is complemented with traditional meteorological and climate parameters being monitored. 
 
Furthermore, UV-A, UV-B and global radiation (DNI, total and diffuse with a Solys2 tracking 
station), are also measured as well as the normal surface meteorological parameters. 222Radon 
measurements to assist with the classification of air masses arriving at Cape Point have been 
successfully established.  This Radon monitoring is continuing with collaboration with ANSTO, 
Australia. 
 
Since 2005 a project was undertake, with collaboration of NOAA, USA scientists for the continuous 
measurements of aerosols. This is now a well-established program at the Cape Point GAW station 
and includes physical, chemistry and optical properties being measured. The latest addition was 
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the establishment of Aerosol Optical Depth (AOD) precision filter instrument, which is regularly 
calibrated or exchanged at PMOD, Switzerland. 
GAW Precision Filter Radiometer Network (GAWNET) http://www.pmodwrc.ch/worcc. 
 
1.3 UV-B measurements 
 
Since January 1994 the South African Weather Service has maintained a routine program for 
monitoring erythemally weighted UV-B radiation at Cape Town (34.0S, 18.6E), Durban (30.0S, 
31.0E) and Pretoria (25.7S, 28.2E), De Aar (30.7S, 24.0E) and Port Elizabeth (33.9S, 25.5E). The 
equipment used in this network is the Solar Light Model 501 Robertson-Berger UV-Biometer.  The 
program was motivated by and in collaboration with the School of Pharmacy at the Medical 
University of Southern Africa (MEDUNSA), near Pretoria.  The main purpose of the UV-Biometer 
network is to make the public aware of the hazards of excessive exposure to biologically active 
UV-B radiation, and it contributes to the schools' awareness programs for education. Regular 
enquiries from scholars are dealt with to satisfy their need to acquire more ozone and ultraviolet 
radiation knowledge. Celebrations around 16 September, each year, usually focus on public 
awareness. At these events the ministerial appearance encourages and informs scholars on the 
issues and actions of government. 
 
The main UV research is undertaken by the Council for Scientific and Industry Research (CSIR) 
under the leadership of Dr. C Wright now residing at the Medical Research Council of South Africa. 
Their research unit is conducting research and monitoring of UVB exposure amongst scholars and 
many other outdoor activities by means of tagged badge dosimeters. The SunSmart Schools 
Research Project, which was co-funded by the Cancer Association of South Africa (CANSA), the 
South African Medical Research Council and the CSIR. In one outcome of the research, CSIR 
environmental health researchers have drafted a sun protection policy for schools and a roadmap 
for future actions.  http://www.ehrn.co.za/sunsmart/ . The SAWS UV-B network thus supports the 
research efforts into health risk areas posed by UV intensity over the country. Research in this 
regard is also undertaken by the North West University - School of Health and the University of 
Pretoria. 
 
Since 2014 the SAWS has revamped its Solar Radiation network with 12 SOLYS2 tracking 
stations. High quality DNI, GHI and DIFF are measured at twelve stations representing the 
different climate zones of the country. In addition UVB and UVA (for the first time) is included in 
these measured parameters. Instruments used for this is the CMP11 and UVS-AB-T UVB an UVA 
radiometers from Kipp & Zonen. This new network is a tremendous advantage for addressing our 
Ozone and UV issues in the country as well and displays cross uses of technology for covering 
energy project aims and atmospheric research.  This includes the De Aar Base-Line Surface 
Radiation Network (BSRN) station that was inactive between 2008 until 2014, but now back in full 
operation. 
 
The Southern African Universities Radiometric Network (SAURAN) is an initiative of the Centre for 
Renewable and Sustainable Energy Studies (CRSES) at Stellenbosch University and the Group 
for Solar Energy Thermodynamics (GSET) at the University of KwaZulu-Natal and others. 
SAURAN aims to make high-resolution, ground-based solar radiometric data available from 
stations located across the Southern African region, including South Africa, Namibia, Botswana 
and Reunion Island. Most of our stations provide direct normal irradiance (DNI), global horizontal 
irradiance (GHI) and diffuse horizontal irradiance (DHI) at 1-minute, hourly and daily time averaged 
intervals, using state of the art Kipp & Zonen radiometers.  Their focus remains on the alternative 
energy sector and more detail can be found at. http://www.sauran.net/ 
 
1.4 Calibration activities 
 
SAWS is recognised by the WMO as a Regional Dobson Calibration Centre. SAWS has hosted 
Dobson Spectrophotometer Inter-calibrations for the African Dobson in 2000, 2009 and in 2019. 
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During October 2019, Dobson instruments, experts and operators gathered from different 
countries to participate in a two-week long intercomparison campaign. The following countries 
were invited and participated in the Irene event:  South Africa, United States of America, Germany, 
Kenya, Nigeria, Botswana, and India (from a special request). From the onset, Seychelles decided 
not to participate because they are not planning to revive their Dobson observation program for the 
future. 
 
 

  
 

Figure above:  Six of the eight Dobson outside the Irene office undergoing an 
intercomparison event from 06:00am until 11:00 am. Two other instruments are inside the 

workshop room (Figure 2), undergoing repairs before joining the next exercise on following 
days. 

 
SAWS also participated in the JOSIE 2017-SHADOZ Campaign (October/November 2017). A 
major goal of JOSIE-2017 was operator training with data-handling capability to sustain SHADOZ 
stations and to produce even better quality data from each sounding that is launched.  In parallel 
with the simulation experiments, organised lectures and tutorials was attended. The execution of 
our standard operational procedures (SOP’s) are carefully maintained. 
 
The Cape Point Global GAW station regularly takes part in scheduled instrument and data audits 
under the auspices of the WMO GAW community.  This is mainly in collaboration and scheduled 
with WMO and the EMPA, Switzerland group. 
 
1.4 The Welgegund measurement station 
 
The Welgegund atmospheric measurement station is located on a grazed grassland-savannah 
approximately 100 km west of Johannesburg (Gauteng) metropolitan area in South Africa. The site 
is frequently hit by pollution plumes from the Johannesburg metropolitan area and the western 
Mpumalanga industrial Highveld, with frequent clean air injections from the west. The site is 
operated jointly by the North-West University (NWU), the University of Helsinki (UH) and the 
Finnish Meteorological Institute (FMI). 
 
The aim of the project was to help to train students of the North-West University in atmospheric 
measurements and increase scientific knowledge in atmospheric physics and chemistry in 
southern Africa. From the beginning, the focus was on long-term measurements instead of short 
campaigns. 
 
Before the infrastructure as seen below, a measurement trailer was constructed in Finland during 
the winter 2005-06 with funding from Finnish Foreign Ministry and exported to the site.  The main 
research aim at the site is to observe different atmospheric parameters relevant for climate 
change, regional pollution, atmosphere-ecosystem interactions, aerosol chemistry and physics 
based on long-term measurements. A comprehensive set of parameters are measured 
continuously measure at this site. https://www.welgegund.org/observations. Various field 
campaigns over the years has also been undertaken by the Scientific Group of the North West 
University. 
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SO2 emissions and the re-circulation in southern Africa can be seen on the left pane, above. 
The measurement site is indicated with magenta star. The areas with highest anthropogenic 
emissions in the whole are located approximately 100-300 km east of Welgegund.	  Origin of 

air masses at Welgegund (based on hourly trajectories 2007-2008). The main pollution 
source areas and capitals are indicated with black dots. 

 
 
2. RESULTS FROM OBSERVATIONS AND ANALYSIS 
 
Ozonesonde, Dobson and Cape Point GAW data sets are available through the WMO World Data 
Centers (and per direct request) and are frequently used in national and international research and 
publications projects. During the last two years two PhD theses utilising the data sets have been 
obtained. 
 
Trend results from the UV Biometer network are inconclusive, due to the instruments inherent 
variability. However, South Africa remains one of the world’s very high UV prone countries, 
especially in the summer months, spring and early autumn months.  However, a good UVB 
climatology with the use of the SAWS Biometer network over the last 20-30 years of monitoring. 
 
Trend analysis of the Total Ozone Column from the Irene Dobson spectrophotometer (since 1989) 
continues to show a slight negative trend. From the graph below it also seems that the variability 
(the gap between maximum versus minimum averages) is more variable towards the end of the 
period – this needs further investigation as it is seen at both stations. The Springbok Dobson 
Ozone trend since 1995 also remains slightly negative overall.  The updated – end 2019, Total 
Ozone Column is shown below: 
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3. THEORY, MODELLING, AND OTHER OZONE RELATED RESEARCH 
 
The country has limited capacity and actions in this regard. However, various satellite data sets 
are used to keep check on the ground based Dobson observations. UV effects studies are also 
being conducted – reference to this is within the selected reference materials further below. 
 
 

 
 
Figure above: - A selective comparison of Springbok Dobson132 and OMI daily TOC values. 
 
 
4. DISSEMINATION OF DATA AND INFORMATION 
 
4.1 Data reporting 
 
Measurements from the Dobson Spectrophotometer stations Irene and Springbok are submitted to 
the WOUDC on an annual basis. This includes the zero-level data files since 2014. The data is 
usually submitted on an annual basis, as the Dobson software that is in use for formatting 
purposes, need special handling of data sets which is rather time consuming with many had 
calculating options to be undertaken. Dobson data for both stations has been submitted to 
WOUDC until end 2019. 
 
The Cape Point Global GAW station data sets are also being deposited regularly at the World Data 
Centers, such as WDC-GHG-Japan and for the surface ozone. Ozonesonde data from Irene is 
taken up in the SHADOZ database, and thus also submitted to WMO WDC WOUDC, Toronto 
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Canada. Solar Radiation Data is submitted to the Base-Line Surface Radiation Network (BSRN) 
data centre. 
 
4.2 Information to the public 
 
The SAWS disseminates UV- index values with its daily weather bulletins for the greater 
Metropolitan areas. Data and information is also shared with the Department Forestry, Fisheries 
and Environment and to other government entities routinely and as requested. The Ozone Unit of 
the Department of Environmental Affairs also embarks each year on 16 September to celebrate 
“world ozone day “. Celebrations are alternatively arrange with events in the rural area of our 
provinces, to raise awareness and to disseminate information. Ministry Press Release are also 
prepared and local radio stations are supplied with information to their audiences. 
 
4.3 Selective scientific papers 
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5. PROJECTS, COLLABORATION, TWINNING AND CAPACITY BUILDING 
 
The French/South African GDRI ARSAIO LIA project continues.  This collaboration has now been 
formalised for over two decades. The following institutions form part of this initiative. South Africa – 
North West University – Potchefstroom, University of Kwa-Zulu Natal – Durban, University of 
Pretoria, The Council for Industrial Research – CSIR, the Medical Research Council and a few 
other institutions and State Enterprises.  France – Laboratoire de l'Atmosphère et des Cyclones, 
Université de la Réunion, Réunion, and  LISA, UMR 7583, Créteil, France. 
 
The French and South African researcher’s focuses and coordinate their particular actions/theme, 
as follows: 

• Action 1 Impact of anthropogenic pollution in Southern Africa on Climate Change and 
Health 

• Action 2 Transport and deposition of mineral dust in western southern Africa 
• Action 3 Stratosphere and troposphere interactions: ozone, water vapour, aerosols and UV 

radiations Variability and change 
 
SAWS is also a collaborator with NASA, USA - Southern Hemisphere Additional OZonesondes 
(SHADOZ) program under leadership of the principal investigator Dr. Anne Thompson since 1997. 
http://croc.gsfc.nasa.gov/shadoz/). 
 
Collaboration with NOAA, Boulder, USA and DWD, Hohenpeissenberg, Germany continues in light 
of maintaining the Southern African Dobson responsibilities and operational work. 
 
BSRN (Baseline Surface Radiation Network): With the De Aar site various solar measurements 
are shared and workshop are attended. 
 
The De Aar weather office also form part of the Global Atmospheric Passive Sampling (GAPS) 
study with aims to demonstrate the feasibility of using passive samplers to assess the spatial 
distribution of persistent organic pollutants on a worldwide basis. 
 
Global Mercury Observations System (GMOS) – Cape Point GAW station contributes to this 
international Program. South Africa has also acceded to the Minamata Convention. 
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Currently the Cape Point GAW station is also managing a country-wide program for setting in 
place and operational country wide monitoring network for measuring gas-phase mercury air-
concentration at various hot spots. The international Minamata agreement is currently a focal 
initiative to expand the South African Mercury atmospheric monitoring program. 
 
DEBITS Program - LSCE, CNRS, France. North West University has been actively taking part in 
this initiative over a very long period.	  IDAF (IGAC DEBITS Africa) network joined 1994 
 
Training assistance from GAWTEC http://www.schneefernerhaus.de/e-gawtec.htm , Germany.  
Over the years many South African scientist have benefited from this successful initiative. We can 
only congratulate the GAWTEC organisations on their major achievements over the years. 
 
National Collaborating Institutions:  Ozone and related monitoring and research are conducted 
mostly at a few academic institutions such as the University of KwaZulu Natal in Durban, the 
University of Cape Town, The University of North West, Potchefstroom, University of Pretoria, 
CSIR-Council for Scientific and Industrial Research and the Medical Research Council. 
 
 
6. IMPLEMENTATION OF THE RECOMMENDATIONS OF THE 10thth OZONE RESEARCH 

MANAGERS MEETING 
 
The main focus has been to maintain the existing ozone observations, monitoring and research 
activities, to enable for the quality long-term data sets to mature even further. Capacity building 
has also received good attention with students enrolling for post-graduate studies, over a wide 
ozone related field. Additional staff members have also been recruited to assist with Dobson and 
Ozone soundings at the Irene Weather office. This to ensure sound continuity and skills transfer 
for the future uphold of current networks.	  During the last two years two PhD theses utilising the 
data sets have been obtained. 
 
One difficult area that has been experienced in the adherence of especially the regular Dobson 
Spectrophotometer international calibrations. The latest Intercomparison for African Dobson’s 
where conducted at Irene in November 2019, and before that the event was held in 2009 and 
2000. 
 
Dobson 035, (since 2016) has started with a modest observation total ozone program at the 
Stellenbosch weather office (about 40km west of Cape Town)  to compliment  Cape Point GAW 
program. Capacity for a substantial observation program is still hampered due to the small staffing 
compliment currently residing at the Cape Point Global station. 
 
The establishment of mechanism to improver data turn-around, into near real time data 
dissemination still remains a large challenges as the quality assurances and final data checks 
remain to be a very hands-on process to deal with. It is hope that SAWS will be able to purchase 
and establish a Brewer Spectrometer instrument at Cape Point, as part of a future replacement 
program for the Operating Dobson instruments. 
 
 
7. FUTURE PLANS 
 
The main aim is to maintain the operability and quality of the current available monitoring 
infrastructure through the appropriate institutions. For SAWS the UV, Dobson and Ozonesonde 
programs will remain a priority, within means, as to ensure the growth of the long-term data 
records. With this focus on frequent calibration of instruments and to avoid and rectify data gaps of 
the past, and to safeguard the primary long-term data sets of atmospheric parameters. 
 
The focus will remain on capacity building enabling students to obtain post- graduate studies in 
this important atmospheric field. 
 

414



	  

It still remains a goal to expand the SAWS GAW – ozone related monitoring activities in South 
Africa, towards the Southern Oceans and Antarctica.  However plans seem to fail, due to the 
prevailing current unsatisfactory economic climate and the many other priorities we are being 
faced with. South Africa has access to Gough (UK) and Prince Edward Island Group (RSA) in the 
Southern oceans and the SANAE-IV Antarctic base. South Africa also has a new research vessel, 
the Agulhas-II, which could play a major role in the relevant atmospheric monitoring as it traverses 
the Southern Oceans on routine research and relief voyages. It can be mentioned that during the 
recent past a few successful ozonesonde ascents have been undertaken in the Southern Atlantic 
Ocean and at Antarctica from the SA Agulhas II. However the program still needs to be 
established in a sustainable manner. 
 
 
8. NEEDS AND RECOMMENDATIONS 
 
There is a continued need for maintaining systematic monitoring of the ozone layer, this in spite of 
what is perceived to be the success story of the Montreal Protocol.  Full recovery is still a few 
decades away, and we need to account for all the atmosphere/climate feedback mechanisms and 
their uncertainties as the ozone layer enters the recovering phase. Internationally, strong support 
for maintaining ground-based observation stations with long-term data records must continue, 
especially in the world’s data sparse regions. 
 
There is an existing need to monitor the ozone depleting substances (CFCs and HCFCs) with 
more intensity and at more locations globally and in South Africa. 
 
It is essential to continue with the provision and development of international data archive facilities 
and instrument calibration standards and inter-comparisons. Collaboration and assistance of the 
international community remains the cornerstone of these efforts. 
 
For some instruments the software for data processing could be upgraded and be made more user 
friendly. Software such as Dobson tools could keep track with the IT technology advances, but this 
would mean specialised efforts and investment for some experts to develop, test and adopt as a 
global standard. 
 
______________________________________________________________________________ 
CONTACT INFORMATION 
 
Tshidi Machinini – Scientist South African Weather Service – Email: Tshidi.machinini@weathersa/co/za 
Gerrie J R Coetzee – Senior Scientist, South African Weather Service – Email: 
gerrie.coetzee@weathersa.co.za 
Ecoglades 1b, Ecopark, cnr Olievenhoutbosch and Ribon Grass Streets, Ecopark, Centurion. 
Private Bag X097, PRETORIA,0001, South Africa 
Fax: +27 12 367 6189  Tel: +27 12 367 6048 
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SPAIN 
 
 
1. OBSERVATIONAL ACTIVITIES 
 
The monitoring and research of continuous long-term ozone, UV radiation and related 
atmospheric compounds is mainly conducted by the Meteorological Agency of Spain 
(AEMET) and the Instituto Nacional de Técnica Aeroespacial (INTA). There is close 
cooperation between research and monitoring institutes (INTA/AEMET) and Universities 
on the field of ozone and UV research, participating together in most of the research 
(Table I). 
 
 

Table 1: Spanish Institutes involved in ozone/UV research (R), development (D), modelling 
(MD), monitoring (MT), and quality assessment/quality control (QA/QC) 

Institute Fields Research Projects Keywords 

AEMET R,D,MT,QA/QC, ATMOZ, EGV-SVN 
CRN,GAW; EUBREWNET 
RBCC-E, NDACC 

U. Extremadura(UEx)  R,D,MD,MT,QA/QC  NEFELE CCD, RPA 

INTA R,D,MD,MT,QA/QC, 

NEFELE, VHODCA,  
HELADO,  COST-
ES1207 

Brewer, MAXDOAS, OClO, 
BrO, Dobson, 

U. Valladolid (UVA) R,D,MT VALIASI FTIR. 

U. La Laguna (ULL) R,MT,MD ATMOZ, EGV-SVN Brewer, Pandora QA/QC 

U Complutense MD STEADY, JEDIS 
Troposphere-Stratosphere,  
jet stream. 

 
 
1.1 Column measurements of ozone and other gases/variables relevant to ozone 

loss. 
 
The longest total ozone record in Spain (since 1980) has been obtained with the Dobson 
spectrophotometer #120 installed at "El Arenosillo Atmospheric Sounding Station" 
(Huelva) and operated by INTA. In 1997 this station is complemented with a Brewer 
spectrophotometer. The AEMET operates a network of nine Brewer spectrophotometers 
with observations since 1992. The Brewer network is part of Eubrewnet and is calibrated 
every two years at the RBCC-E campaigns at INTA/El Arenosillo Huelva. 
 
The Izaña Observatory is one of the reference measurement stations worldwide 
gathering the most precise ozone measurement instruments: Brewer (since 1992), 
ozonesondes (since 1993), Pandora (2012), DOAS (1993) and FTIR (1999, the latter in 
cooperation with the National Institute of Aerospace Technology, INTA, and the Institute 
for Meteorology and Climate Research, IMK-Germany). These measurements belong to 
the Global Atmosphere Watch programme (GAW) of the World Meteorological 
Organization (WMO) and the network of excellence "Network for the Detection of 
Atmospheric Composition Change (NDACC). 
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Table 2:Total Ozone Column Operational Long-Term measurements in Spain 

Location Org. Instrument type/No Start Database 

Izaña Observatory AEMET Brewer #157, #183, 
#185 

1992 WOUDC NDACC 
EUBREWNET 

Izaña Observatory AEMET FTIR 
 

2007 NDACC 

Izaña Observatory INTA DOAS 
 

1993 NDACC 

Izaña Observatory AEMET Pandora 101/121 2011 Pandonia Global 
Network 

A Coruña AEMET Brewer #151 1999 WOUDC/EUBREWNET 

Zaragoza AEMET Brewer #166 2000 WOUDC/EUBREWNET 

Madrid AEMET Brewer #070, #186 1991 WOUDC/EUBREWNET 

Murcia AEMET Brewer #117 1995 WOUDC/EUBREWNET 

Sta Cruz de Tenerife AEMET Brewer #033 1995 WOUDC/EUBREWNET 

El Arenosiilo INTA Dobson #120 1980 WOUDC 

El Arenosillo INTA Brewer #150 1997 WOUDC/EUBREWNET 

Huelva UEx-INTA NILU-UV #119 2011 
 

Badajoz UEx NILU-UV #145 2012 
 

 
 

Table 3: Ozone Profile operated by Spain 

Location Org. Instrument Start Database 

Madrid AEMET ozonesonde 1993 WOUDC 

Izaña Observatory AEMET ozonesonde 1993 NDACC 

Izaña Observatory AEMET FTIR 1999 NDACC 

Belgrano (Antarctica) INTA ozonesonde 1999 NDACC 

Ushuaia AEMET/INTA ozonesonde 2008 WOUDC 
 
 
In the framework of INTA and Dirección Nacional del Antártico (DNA, Argentina) 
collaboration, three UV-VIS spectrometers were installed at the permanent Argentinean 
bases of Belgrano (77º 52' S 34º37' W), Marambio (64º 14' S 56º37' W) and Ushuaia 
(54º 48' S 68º19' W) in 1994. The selected stations are scientifically of interest for polar 
atmosphere studies since they cover areas in the stratosphere dynamically and 
chemically differentiated. The main objective of this network is to provide both long term 
and near real-time observations of column O3 and NO2, in order to characterize the 
polar vortex and the O3 destruction.  The instruments were updated with new MAXDOAS 
in the three stations. In Ushuaia, the new MAXDOAS was installed in the GAW station 
operates by Servicio Meteorológico Nacional (SMN).  New instruments have expanded 
its capability to BrO, OClO, IO and O4. Three stations are part of NDACC 
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Table 4: Relevant species related to ozone loss 

Type of Observation Location Org. Instrument Start Database 

NO2 Total Column      

 Izaña Observatory INTA MAXDOAS 1993 NDACC 

 Izaña Observatory AEMET Pandora 2010 

Pandonia 
Global 
Network 

 Marambio INTA MAXDOAS 1994 NDACC 

 Belgrano INTA MAXDOAS 1995 NDACC 

 Ushuaia INTA MAXDOAS 1994 NDACC 

BrO Total column      

 Belgrano INTA MAXDOAS 2011  

 Marambio INTA MAXDOAS 2015  

OClO Total column      

 Belgrano INTA MAXDOAS 2011  

 Marambio INTA MAXDOAS 2015  

 
 
1.2 Profile measurements of ozone and other gases/variables relevant to ozone 

loss 
 
In November 1992, the ECC ozonesonde programme was initiated as part of the GAW 
activity at Izaña Observatory. At the start of the ozonesonde program were launched 
from Santa Cruz Station and since 2011 they have been launched from Botanic 
Observatory (BTO) at a distance of 13 km north-east of the Izaña Observatory at 114 m 
a.s.l. in the Botanical Garden of Puerto de la Cruz. Launches are performed once a week 
(Wednesday) and without any interruption since 1992.   ECC ozonesondes have been 
launched on a weekly basis from Madrid by INM since 1992.  A long-term ozonesounding 
programme between INTA and DNA/IAA (Argentina) has been running at the Belgrano 
station (Argentina, 78oS, 35oW) since 1999. Ozonesondes have been regularly 
launched throughout the year providing ozone vertically resolved dataset for seasonal 
characterization of the Antarctic ozone layer. Belgrano ozonesounding station was 
accepted as NDACC station. AEMET, the Argentinean Meteorological Service (SMN), 
INTA and the Government of the province of Tierra del Fuego (Argentina), initiated a 
programme on 2008 for total column atmospheric ozone monitoring from the Ushuaia 
GAW station. Data from both stations are used to develop the WMO Antarctic ozone 
bulletin. 
 
Within the IZO’s atmospheric research activities, the FTS (Fourier Transform 
Spectrometry) programme was established in 1999 in the framework of a collaboration 
between the IARC-AEMET and the IMK-ASF-KIT (Institute of Meteorology and Climate 
Research-Atmospheric Trace Gases and Remote Sensing, Karlsruhe Institute of 
Technology) [Schneider et al., 2005]. Since then two Bruker FTS systems have been 
installed at IZO: an IFS 120M from 1999 to 2005 and an IFS 120/5HR from 2005 until 
present. Routinely, the IZO FTS have contributed to NDACC with C2H6, ClONO2, CO, 
CH4, COF2, HCl, HCN, HF, H2CO, HNO3, N2O, NO2, NO, O3 and OCS observations 
(total column amounts and VMR vertical profiles) since 1999, while total column-
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averaged abundances of CO2, N2O, CH4, HF, CO, H2O and HDO are measured within 
TCCON since 2007 
 
1.3  UV measurements 
 
The Meteorological Agency of Spain (AEMET) is running a comprehensive ultraviolet 
ground-based measurement programme which covers all the country. In addition to the 
operational UV-network of AEMET, autonomous regions of Andalucia, Extremadura, 
Galicia and Valencia also provide continuous measurements of UVB radiation for 
research and development purposes (Table 4).  These networks are calibrated at the 
laboratories of AEMET (Madrid Area of Atmospheric Observation Network), which 
perform a two-year calibration of Broadband detectors of AEMET, and INTA (Huelva, El 
Arenosillo Sounding Station), which calibrates the INTA/UEx network every two years. 
 
 

 
Figure 1: the AEMET UV broadband network. 

 
 

Table 5: Ultraviolet radiation monitoring network in Spain 

Location Org. Instrument type/No starting 

Almeria Airport AEMET Broadband radiometer UVB-1, YES 2007 

Huelva (El Arenosillo) AEMET Broadband radiometer UVB-1, YES 2007 

Badajoz AEMET Broadband radiometer UVB-1, YES 1999 

Barcelona AEMET Broadband radiometer UVB-1, YES 2008 

Cáceres AEMET Broadband radiometer UVB-1, YES 2007 

Cádiz - Obs. AEMET Broadband radiometer UVB-1, YES 2007 

Ciudad Real AEMET Broadband radiometer UVB-1, YES 1999 

Córdoba - Airport AEMET Broadband radiometer UVB-1, YES 2009 

A Coruña AEMET Broadband radiometer 
UVS-E-T 
Kipp&Zonen 1999 

Granada Base Aérea AEMET Broadband radiometer UVB-1, YES 2003 

Izaña AEMET Broadband radiometer UVB-1, YES 2005 

León Airport AEMET Broadband radiometer 
UVS-E-T 
Kipp&Zonen 2007 

La Coruña

Izaña

Madrid-CRN

Murcia

Valencia

Santander

Valladolid

Oviedo

Cáceres

Vilanova
León- B.A.

San Sebastián

Vitoria

Bilbao

Toledo

Almería

Cádiz
Arrecife

Ibiza

Maspalomas

Huelva

Albacete

Granada

Ciudad RealBadajoz

Palma CMT

Roquetes

Barcelona - CMT
Lleida

Zaragoza
Soria

Logroño

Málaga

RED RADIOMETRICA

Girona

Jérez

Alicante-Aeropuerto

S/C Tfe.

Granadilla

Arenosillo

Barcelona-Universidad
Barcelona – El Prat

La Coruña - Aeropuerto

Puerto del
Rosario

Granada - Aeropuerto

Gando

Reus
Matacán

San Javier

Hondarribia

Santiago 

Vigo

Córdoba-Aeropuerto

Madrid-Barajas

GLOBAL
GLOBAL ( Estación 
Automática.)

DIRECTA
ULTRAVIOLETA
OZONO

DIFUSA

INFRARROJO

Pamplona

Ponferrada

Teruel

Los Rodeos

Palma-Aeropuerto

Navacerrada

Sevilla-Aeropuerto

FormigalCarballino
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Madrid, Ciudad 
Universitaria AEMET Broadband radiometer UVB-1, YES 1995 

Málaga AEMET Broadband radiometer UVB-1, YES 1999 
Mas Palomas, C. 
Insular Turismo AEMET Broadband radiometer UVB-1, YES 2007 

Murcia AEMET Broadband radiometer UVB-1, YES 1997 
Puerto de 
Navacerrada AEMET Broadband radiometer UVB-1, YES 2012 
Palma de Mallorca, 
port AEMET Broadband radiometer UVB-1, YES 1999 

Tortosa AEMET Broadband radiometer UVB-1, YES 2007 

Salamanca, Matacan AEMET Broadband radiometer UVB-1, YES 2010 

Santander AEMET Broadband radiometer 
UVS-E-T 
Kipp&Zonen 1999 

San Sebastián, 
Igueldo AEMET Broadband radiometer 

UVS-E-T 
Kipp&Zonen 2005 

Sta Cruz de Tenerife AEMET Broadband radiometer UVB-1, YES 2009 

Valencia Airport AEMET Broadband radiometer UVB-1, YES 2007 

Valladolid AEMET Broadband radiometer UVB-1, YES 1999 

Zaragoza Base Aérea AEMET Broadband radiometer UVB-1, YES 1999 

Formigal AEMET Broadband radiometer 
UVS-E-T 
Kipp&Zonen 2016 

     

El Arenosillo INTA/CMAJA Broadband radiometer UVB-1, YES 2010 

Alcalá de Guadaira INTA/CMAJA Broadband radiometer 
UVS-E-T 
Kipp&Zonen 2010 

Cordoba INTA/CMAJA Broadband radiometer 
UVS-E-T 
Kipp&Zonen 2010 

Algeciras INTA/CMAJA Broadband radiometer 
UVS-E-T 
Kipp&Zonen 2010 

Marbella INTA/CMAJA Broadband radiometer 
UVS-E-T 
Kipp&Zonen 2010 

Badajoz UEx Broadband radiometer 
UVS-E-T 
Kipp&Zonen 2001 

Cáceres UEx Broadband radiometer 
UVS-E-T 
Kipp&Zonen 2001 

Plasencia UEx Broadband radiometer 
UVS-E-T 
Kipp&Zonen 2002 

La Covatilla UEx Broadband radiometer 
UVS-E-T 
Kipp&Zonen 2008 

Orellana La Vieja UEx Broadband radiometer 
UVS-E-T 
Kipp&Zonen 2007 

Fuente de Cantos UEx Broadband radiometer 
UVS-E-T 
Kipp&Zonen 2007 

Ferrol MeteoGalcia Broadband radiometer - - 

Rivadeo MeteoGalicia Broadband radiometer - - 

420



 

  

Pontevedra MeteoGalicia Broadband radiometer - - 

Cervantes MeteoGalicia Broadband radiometer - - 

Granada Base Aérea 
Universidad 
de Granada Broadband radiometer - 2006 

Huelva (El Arenosillo) INTA Broadband radiometer YES UV.B-1 1994 

Huelva (El Arenosillo) INTA Spectroradiometer BTS2048 2019 
 
 
1.4 Calibration activities 
 
In November 2003 the WMO/GAW Regional Calibration Centre for RA-VI region (RBCC-
E) was established at the Izaña Atmospheric Research Centre of AEMET, Canary 
Islands (IZO). RBCC-E owns a full set of calibration and reference-maintenance 
equipment composed of three Brewer spectroradiometers (The IZO Triad).The Regional 
Brewer Calibration Center transfers the calibration from the World Reference Triad in 
Toronto and since 2011 the WMO Scientific Advisory Group for Ozone (WMO-SAG 
Ozone) authorized RBCC-E in 2011 to transfer its own absolute calibration obtained by 
Langley. 
 
Brewer inter-comparisons are held annually, alternating between Arosa in Switzerland 
and El Arenosillo Atmospheric Sounding Station (INTA) in Huelva, in the South of Spain. 
During these calibration campaigns around 100 Brewer ozone spectrometers were 
calibrated. The calibration reports of the intercomparisons are regularly published as 
GAW publication series. During this reporting period the Huelva 2017 GAW report 248 
and Davos 2018 calibration reports were published (GAW reports 248 and 246). More 
detailed information can be found in Chapter 17 of the Izaña Atmospheric Research 
Centre (IARC), from the State Meteorological Agency of Spain (AEMET) Activity Report 
(2017-2018) GAW report 247). 
 
Total Ozone Measurements Intercomparison campaign has been organized by the 
Regional Brewer Calibration Center-Europe of the Meteorological State Agency of Spain 
(AEMET) and the “Instituto Nacional de Técnica Aeroespacial”  (INTA), and it was 
supported by the Global Atmospheric Watch (GAW) program of the World Meteorological 
Organization. The objective of the campaign is to compare Total Ozone measurements 
of the different participating instruments. The campaign has been held at INTA’s El 
Arenosillo Atmospheric Sounding Station together with the XIV Brewer intercomparison 
campaign. This was an open campaign to all instruments providing Total Ozone 
measurements which include: Pandora, Phaethon, EM27 (FTIR), QASUME, Dobson, 
Brewer, miniSAOZ, BTS, Nilu and Koherent. These instruments provide Total Ozone 
through different techniques. The classical Dobson and Brewer instruments determine 
ozone using direct solar irradiance ratios at different UV wavelengths. Other instruments, 
such as Pandora, Phaeton, BTS, Koherent and QASUME measure the direct UV 
irradiance spectra to retrieve total Ozone. The MiniSAOZ uses UV zenith measurement, 
while the NILU uses UV global measurement. The FTIR-EM27 performs high resolution 
spectra of direct irradiance, but in this case in the infrared. The intercomparison 
campaign also included ozonesondes to retrieve ozone vertical profiles. A first Total 
Ozone data set has been provided by the participants to perform a blind comparison. 
The objective of this first comparison is to determine the differences between the Total 
Ozone obtained by the different instruments, with their different approaches and the 
conditions in which they have participated in the campaign. A second data set will be 
processed with uniform parameters, including Bremen ozone cross section and 
additional external information (ej, temperature and ozone sonde profile for air mass 
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calculation) in order to minimize the effect of the parametrization on the retrieval 
differences. 
 
The INTA ground-based MAXDOAS and zenith sky DOAS observations are all 
contributing to the NDACC and are being certified in this framework.   As such, they have 
to comply with the various NDACC protocols for instrument certification, measurement, 
data intercomparisons, data submission and data use, as well as guidelines and rules 
peculiar to the networks to which NDACC contributes. The MAXDOAS instruments have 
participated to several calibration and validation campaigns, e.g., the recent CINDI2 
campaign in Cabaw (NL) in 2016. 
 
INTA contributes to CAMS27 that provides CAMS (Copernicus Atmosphere Monitoring 
Service) high-quality atmospheric data within a few weeks after acquisition from selected 
NDACC stations, such as the DOAS measurements at Izaña Atmospheric Observatory 
and Ushuaia, from INTA. 
 
INTA is a partner NIDFORVAL (S5P NItrogen Dioxide and FORmaldehyde Validation), 
ESA proposal led by the Royal Belgian Institute for Space Aeronomy (BIRA-IASB) that 
started in 2016 and extends to 2024. The aim of this project is to stablish a network of 
observations supporting validation for tropospheric and stratospheric of the Sentinel-5P. 
The INTA-MAXDOAS instruments installed at Izaña Atmospheric Observatory, Ushuaia 
and Marambio are part of the Sentinel-5P Calibration and Validation Team for NO2. 
 
 
2.  RESULTS FROM OBSERVATIONS AND ANALYSIS 
 
In support of the first Tropospheric Ozone Assessment Report (TOR) a relational 
database of global surface ozone observations has been developed and populated with 
hourly measurement data and enhanced metadata (Schultz et al., 2017). Exploitation of 
these global metadata allows for new insights into the global distribution, and seasonal 
and long-term changes of tropospheric ozone and they enable TOAR to perform the first, 
globally consistent analysis of present-day ozone concentrations and recent ozone 
changes with relevance to health, agriculture, and climate. Others studies focusing on  
 

 
Figure 2: The distribution of ozonesonde stations in this study. The color represents the 
mean biases between OMI and ozonesonde tropospheric ozone columns (TOCs) at each 
station (if the number of OMI and ozonesonde pairs is more than 10), and the dot size 
represents the standard deviation. Reprinted from Huang et al. (2017). 
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the present-day distribution and trends of tropospheric ozone relevant to climate (Gaudel 
et al., 2018) indicate that ozone of remote locations, as Izaña, in the 21st century is 
greater than during the 1970s and 1980s. 
 
The Ozone Monitoring Instrument (OMI) Ozone Profile (PROFOZ) product from October 
2004 through December 2014 retrieved by the Smithsonian Astrophysical Observatory 
(SAO) algorithm was validated against ozonesonde observations (Huang et al., 2017). 
The retrieval shows good agreement with ozonesondes in the tropics and midlatitudes 
and for pressure < ∼ 50 hPa in the high latitudes. The mean bias between OMI and 
ozonesonde tropospheric ozone columns (TOCs) at IZO and Madrid Ushuaia and 
Belgrano Stations is shown in Figure 2. 
 
The Assessment of Standard Operating Procedures for Ozonesondes (ASOPOS, Smit 
et al., 2013) demonstrated that, after standardization and homogenization of 
ozonesondes, improvement of precision and accuracy by about a factor of two might be 
yielded. In the context of the WMO/GAW “Ozone Sonde Data Quality Assessment” 
(O3S-DQA) activity, IZO station were selected to be involved in the homogenization 
process, following the “Guide Lines for Homogenization of Ozonesonde Data” (Smit et. 
al, 2012) prepared by the O3S-DQA panel members. This work was initiated in 2016 and 
are working currently on two essential aspects: the estimation of expected uncertainties 
and the detailed documentation of the reprocessing of the long term ozonesonde 
records. 
 
 
3. THEORY, MODELLING, AND OTHER OZONE RELATED RESEARCH 
 
The Stream Group of the Department of Earth Physics and Astrophysics of Universidad 
Complutense de Madrid investigates several aspects of the interactions between 
stratospheric ozone and climate at different timescales. To do so, they analyse 
simulations from the Whole Atmosphere Community Climate Model, WACCM jointly with 
different reanalysis. WACCM is the high-top atmospheric component of the Community 
Earth System Model (CESM). It is a fully interactive chemistry climate model with an 
upper boundary at about 140 km, which can be also coupled to an ocean model. It is 
developed at the U.S. National Center for Atmospheric Research (NCAR). The Stream 
Group has a strong link with NCAR and long experience in using their model WACCM 
for chemistry-climate interactions (see http://stream-ucm.es/).  In addition to the research 
discussed below, some members of the group have been co-authors of chapters in the 
last two WMO Scientific Assessments of Ozone Depletion (2014, 2018). 
 
At interannual timescales, de la Cámara et al. (2018) investigated changes that sudden 
stratospheric warmings (extreme and fast disruptions of the wintertime stratospheric 
polar vortex) induce on Arctic stratospheric ozone using long chemistry-climate runs and 
comparing them to reanalysis data and satellite observations (Figure 3). The results 
reveal that ozone increases rapidly during the onset of the events, driven by deep 
changes in the stratospheric transport circulation. These anomalies decay slowly, 
particularly in the lower stratosphere where they can last up to 2 months. Irreversible 
mixing makes an important contribution to this behaviour. 
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Figure 3. Composite evolution, centred on the SSW central date, of total ozone column 
(TOC) anomalies (in DU) as a function of latitude. Composite for a) SSWs in MLS, b) SSWs 
in ERAI, c) SSWs in WACCM, d) PJO-SSWs in WACCM, and e) nPJO-SSW in WACCM. Black 
dotes indicate statistically significant values (two-tailed Student t-test, $\alpha=0.01$) (the 
statistical test has not been performed for MLS data due to the small sample of SSWs). 
 
 
In addition to the impact that dynamics can have on O3, O3 can also feedback on the 
dynamics.  Ivy et al (2017) presented observational evidences of the link between 
extreme Arctic stratospheric ozone anomalies in March and NH troposphere climate in 
spring (March-April), in agreement with previous modelling results (Calvo et al. 2015). 
Springs characterized by low Arctic ozone anomalies in March are associated with a 
stronger, colder polar vortex and circulation anomalies consistent with the positive phase 
of the North Atlantic Oscillation and a poleward shift of the North Atlantic jet, with 
anomalous temperatures over eastern North America, south-eastern Europe and Asia 
that persist for up to one month after the ozone extremes. The potential link to sea ice 
was explored in modelling simulations with WACCM. Tavarillo’s Master thesis (2018) 
found out that Arctic ozone extremes affected Arctic sea ice concentrations in the 
Barents-Kara seas. 
 
Long-term trends in O3 and the mean meridional stratospheric circulation (also known 
as Brewer-Dobson circulation, BDC) have also been explored. Calvo et al. (2017) 
revisited temperature trends in the SH polar stratosphere associated to ozone depletion 
in a new version of WACCM with improved chemistry and improved gravity wave 
parameterization. A smaller temperature trend compared to previous versions of the 
model was reported, in excellent agreement with observations. It was mainly due to a 
stronger BDC due to changes in gravity wave driving. The stronger BDC leads to a trend 
in adiabatic warming in late spring and a smaller trend in ozone depletion due to the 
warmer environment. These improvements in the model facilitate understanding past 
ozone-related climate change and result in more accurate forecasts of ozone and 
temperature changes in the future. 
 
More recently, several papers have demonstrated that ozone depleting substances 
(ODS) are a major driver of the BDC trends. Polvani et al. 2018,2019 show that the 
phasing out of the emission of these substances thanks to the Montreal Protocol will 
result in considerably reduced BDC trends in the 21st century. Focusing on the last 
decades of the twentieth century, Abalos et al. 2019 further show that ozone depletion 
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dominates the ODS impact on BDC trends, while the radiative effect of these substances 
is negligible. 
 
3.1 Trend Analyses. Hemispheric asymmetry in stratospheric NO2 trends. 
 
The ground-based DOAS observations have a large potential for monitoring, 
investigating the composition of the stratosphere and for trend studies. With NO2 DOAS 
series obtained in four sites INTA has investigated the long-term changes in the NO2 
vertical distribution (Yela et al., 2017). 
 
Over 20 years of stratospheric NO2 vertical column density (VCD) data from ground-
based zenith DOAS spectrometers were used for trend analysis, specifically, via multiple 
linear regression. INTA spectrometers from the NDACC cover the subtropical latitudes 
in the Northern Hemisphere (Izaña, 28°N), the southern Subantarctic (Ushuaia) and 
Antarctica (Marambio and Belgrano). The results show that for the period 1993–2014, a 
mean positive decadal trend of +8.7% was found in the subtropical Northern Hemisphere 
stations and negative decadal trends of −8.7 and −13.8% were found in the Southern 
Hemisphere at Ushuaia and Marambio, respectively; all trends are statistically significant 
at 95% (Figure 4). Most of the trends result from variations after 2005. The trend in the 
diurnal build-up per hour (DBU) was used to estimate the change in the rate of N2O5 
conversion to NO2 during the day. With minor differences, the results reproduce those 
obtained for NO2. The trends computed for individual months show large month-to-
month variability. At Izaña, the maximum occurs in December (+13.1%), dropping 
abruptly to lower values in the first part of the year. In the Southern Hemisphere, the 
polar vortex dominates the monthly distributions of the trends. The large difference in the 
trends at these two relatively close stations suggests a vortex shift towards the 
Atlantic/South American area over the past few years. The results obtained provide 
evidence that the NO2 produced by N2O decomposition is not the only cause of the 
observed trend in the stratosphere and support recent publications pointing to a 
dynamical redistribution starting in the past decade. 
 
 

Figure 4 AM (red) and PM (blue) decadal 
trends obtained for the DOAS stations. The 
trend at Belgrano was obtained for the 
February–March–April period. 
 

Figure 5 Dependency of the Izaña PM trend 
on the selected period. In the central point, 
the complete 1993–2014 time series is 
used. Each point to the left (orange circles) 
is the trend after reducing the time series 
by 1 year before 2014. Each point to the 
right (yellow circles) is the trend after 
reducing 

 
 
INTA explored the trend sensitivity to the data series length by reducing the period at 
both the starting and ending months. For this exercise, we chose the Izaña PM series. 
The results (Figure 5) show that the trend remains essentially un-30 changed if the data 
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series is shortened by up to 5 years at the start and up to 4 at the end, providing 
confidence in the stability of the trend. It can also be seen that the trend is largest during 
the last decade (2003–2014). 
 
 
4. DISSEMINATION OF RESULTS 
 
4.1 Information to the public: Eubrewnet Database 
 
The European Cooperation in Science and Technology (COST) Action (ES1207) was 
active from April 2013 to July 2017 to form a European Brewer Network – EUBREWNET. 
The results of this COST Action have been presented in Rimmer, Redondas, and 
Karppinen (2018). Since the end of 2018, support to EUBREWNET has been provided 
by AEMET. The activities carried out are overseen by a committee within the WMO SAG 
Ozone. Now recognised by the WMO and the International Ozone Commission (IO3C), 
it represents an extremely valuable network of ground station data points without which 
the space-borne instruments would not be able to function with any degree of accuracy. 
The purpose of EUBREWNET is to harmonise observations, data processing, 
calibrations and operating procedures so that a measurement at one station is entirely 
consistent with measurements at all the others. Additionally, the Brewer 
spectrophotometers are also used to measure spectral UV irradiance, the sulphur 
dioxide column and aerosol optical depth. Some Brewer spectrophotometers are also 
able to measure the nitrogen dioxide column. 
 
As mentioned previously, support to EUBREWNET has been provided by AEMET since 
the end of the year 2018. The activities planned for the three-year period 2018-2021 
include the implementation of automatic submission system for the level 1.0 and 1.5 
ozone products to the WMO World Ozone and Ultraviolet Radiation Data Centre and the 
NRT ozone data to the NDACC database. The develop of the UV and AOD products is 
also scheduled in this period. The summary of these activities is available at the project 
webpage. (http://www.eubrewnet.org/cost1207/2019/12/12/eubrewnet-in-2019/) 
 
During 2017-2018, in the framework of EUBREWNET the following scientific peer 
reviewed publications (Lakkala et al., 2018a; León-Luis et al., 2018a; López-Solano et 
al., 2018; Redondas et al., 2018a, 2018b; Rimmer et al., 2018; and Zerefos et al., 2017) 
and in various conferences and workshops (e.g. León-Luis et al., 2018b, 2018c; López-
Solano et al., 2018b). In addition, during 2017-2018 EUBREWNET has facilitated other 
scientific studies (e.g. Carlund et al., 2017; Siani et al., 2018; Stübi et al., 2017). A full 
list of EUBREWNET related publications is available here. 
 
Finally, it should be noted that EUBREWNET, in conjunction with WMO/UNEP, is very 
active in the areas of capacity building, particularly in Article 5 countries. This includes 
the organization of operator courses and workshops, which provide expert instruction 
and knowledge exchange using the considerable expertise within EUBREWNET (see 
GAW report 247 Section 17 for further details). 
 
4.2 Data reporting 
 
NDACC UV-visible (MAX)DOAS data and Ozonesondes are submitted on a regular 
basis by INTA to the NDACC Data Host Facility (DHF) established at NOAA NCEP 
(http://ndacc.org). 
 
Belgrano ozone profiles data over Antarctica are sent by INTA to the WMO in almost real 
time as contribution to the reports on the evolution of the Ozone hole. Web page: 
(http://www.wmo.ch/pages/prog/arep/gaw/ozone/index.html#AntBull). 
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4.3 Information to the public: UV forecast 
 
The real time ozone and uv observations are disseminated on the web (See Table 1) 
and the UV index forecast is also available at the AEMET webpage. The AEMET 
operational UV forecasting system is based on the libradtran software package for 
radiative transfer calculations [Emde et al., 2016]. The system provides the UVI at noon 
local time in clear sky conditions for the next five days for the main city of every Spanish 
province, every island and the cities of Ceuta and Melilla in North Africa. The TOC value 
is dynamically set from the ECMWF Integrated Forecasting System (IFS) 
forecasts.   AEMET also produces UVI forecast based on the MOCAGE CTM. 
 
UVI forecasts at noon in cloud-free conditions for the current and the next day are 
provided for eleven locations in Extremadura and Western Andalucia by the UEx-INTA 
group via the web page aire.unex.es/uvi. 
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5. PROJECTS, COLLABORATION, TWINNING AND CAPACITY BUILDING 
 
5.1 Research Projects: 
 
Spanish institutions have participated is several research projects mainly focused on 
satellite validations, instrument development and trend analysis: 
 

● ESA Funded EGB-SVN “EarthCare Ground-based Spectrometer Validation 
Network” 2014-2017, ESRIN/RFQ/3-14003/13/I–AM The objective of this project 
is building a homogenous ground-based remote sensing network measuring 
trace gas amounts and aerosol properties. 2014-2017 

● EMRP (European Metrology Research Program) funded the project ATMOZ 
(“Traceability of Atmospheric Total Ozone”) with the objective of reducing the 
uncertainty of the total ozone measurements below 1%, 2014-2017. 

● EUBREWNET COST Action ES1207, 2013-2017. The RBCC-E has a leading 
role in this action, hosting the calibration service and the database of the action. 

● AECI-WMO GAW-Sahara, which reinforces the “twinning” established between 
the Tamanrasset-Assekrem and the Izaña WMO Global Atmospheric Watch 
(GAW) stations of global importance initiated in 2006. 

● Sentinel-5 Precursor NO2 and HCHO validation using NDACC and 
complementary FTIR and UV-Vis DOAS systems (NODFORVal), ESA (S5PVT), 
2016-2023 

● Support to the Cabauw Intercomparison Campaign for Nitrogen Dioxide 
measuring Instruments 2016 CINDI-2. ESA Proposal in response to ESA RFQ/3-
14594/16/I-SBo. 2016-2017 

● Halógenos en la Atmósfera Antártica y su Implicación en la Distribución de 
Ozono (HELADO),  MINECO, Plan Nacional de I+D+i. CTM2013-41311-P. 2014-
2018. 

● Red de Medida de la Radiación Solar Total y Eritemátia en Extremadura. 
Junta de Extremadura (FEDER) 2019-2022. 

● ICARO. Remotely Piloted Aircrafts and CCD spectroradiometers: cutting-edge 
technology for ground-based measurements and vertical profiles of solar 
radiation. Funded: MINECO, Plan Nacional de I+D+I. Ref: CGL2014-56255-C2-
R. 2015-2018. 

● NEFELE. Experimental study of the effect of low clouds in the radiation vertical 
profile  Funded: MINECO, Plan Nacional de I+D+i. Ref: RTI2018-097332-B-C2. 
2019-2021. 

● VHODCA (VOCs, Halogenos, ozono y dioxide de Nitrógeno en la Atmósfera 
Antártica). MINECO, CTM2017-83199-P, 2018-2021. 

● PALEOSTRAT. Paleoclimate from Stratospheric perspective, Funded: MINECO, 
Plan Nacional de I+D+I 2016-2020. 

● STRATOCLIM. Stratospheric and Upper Tropospheric processes for better climate 
predictions, Funded: UE FP7 2013-2019 

 
5.2  Capacity building 
 
AEMET continues the close cooperation with North Africa (Morocco and Algeria) 
supporting the operation and of the Algeria Brewer spectrophotometer in Tamanrasset. 
The Brewer Spectrophotometer #201, plays an important role in the context of other 
global observation networks, e.g. in the EUBREWNET network providing near-real time 
data of column ozone, spectral radiation and AOD in the UV range (López-Solano et al., 
2018). This equipment is periodically calibrated and the personal is training by the 
Regional Brewer Calibration Center for Europe hosted by the IARC taking advantage of  
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Table 6: Research Projects summary 

Institute Project Period Funding Keywords 

UEx-INTA ICARO 2015-2018 MINECO RPAs, Spectrometer, CCD 

AEMET-ULL EGB-SVN 2014-2017 ESA Spectrometer Validation 

AEMET-ULL ATMOZ 2014-2017 EMRP Spectrometer O3 tracebility 

AEMET-ULL IDEAS 2015-2517 ESA Spectrometer, Pandora 

AEMET CAL-VAL 2009-2016 ESA Spectrometer O3 validation 

AEMET-UVA VALIASI 2016-2018 EUMETSAT FTIR trace gas validation 

AEMET TOAR   Tropospheric Trend 

AEMET TOAR /LOTUS  Stratosphere Trend 

AEMET-INTA-Uex EUBREWET 2014-2017 COST Brewer Spectrometer Network 

INTA NIDFORVAL 2016-2023 ESA 

Satellite validation, Earth 
observation, TROPOMI, 
DOAS 

INTA CINDI-2 2016-2017 ESA DOAS 

INTA HELADO 2014-2018 MINECO 
Antarctica, DOAS. 
MAXDOAS, halogens 

INTA-UEx NEFELE 2019-2021  RPAs, Spectrometer, CCD 

INTA VHODCA 2018-2021  

Antarctic, DOAS, MAXDOAS, 
Atmospheric composition, 
Halogens, VOCs, PSCs 

INTA NIDFORVAL 2017-2025 ESA 

Satellite validation, Earth 
observation, TROPOMI, 
DOAS 

UCM PALEOSTRAT 2016-2020 MINECO 

Paleoclimate, troposphere-
stratosphere coupling, 
volcanic simulations 

UCM STRATOCLIM 2013-2019 UE, FP7 

Stratosphere-tropsophere 
couplling, chemistry-climate 
interactions, general 
circulation models 

UCM STEADY 2018-2020 MICIU 

staignation, weather regimes, 
troposphere-stratosphere 
coupling 

UCM JEDIS 2019-2021 MICIU 
jet stream, troposphere - 
stratosphere coupling 

 
 
the biannual intercomparisons that are held at the INTA station at El Arenosillo-Huelva 
(Southern Spain). The RBCC-E supports ozone measurements of the Uruguayan 
Antarctic Institute in Artigas Base Station and recently calibrate the brewer 155 and 
brewer 099 of Belgrano II station during the Dobson intercomparison in Buenos Aires. 
RBCC-E col 
 
Ozone related activities from CIAI also take place in Antarctica where, in collaboration 
with Spanish and Argentine institutions (National Antarctic -DNA- and -CADIC- Southern 
Research Center and the National Weather Service, INTA and AEMET), co-manages 
the ozonesonde station at Ushuaia (Patagonia Argentina). 
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In collaboration with the DNA and the FMI (Finnish Meteorological Institute) manages a 
multichannel radiometer at Antarctica for ozone and UV radiation measurements in 
Ushuaia, Belgrano and Marambio stations. At the moment this network, established in 
2000, is under renovation. 
 
Another important contribution is the membership of Alberto Redondas, Ozone and UV 
radiation Programme of the CIAI, to the WMO Scientific Advisory Group of Ozone (SAG-
Ozone) and to the International Ozone Commission 
 
5.2.1 Training activities and Capacity Building 
 
The RBCC-E, in conjunction with WMO/UNEP and the EUBREWNET action are involved 
in training and capacity building, by organizing operator courses and workshops which 
provide expert instruction and knowledge exchange using the considerable expertise 
available. During this period co-organized the 16th WMO-GAW Brewer operator course, 
Sydney, Australia, 4-9 September 2017 hosted by the Bureau of Meteorology in Sydney, 
Australia and the 17th WMO-GAW Brewer Operator Course at El Arenosillo, Spain,17-
21 June 2019 hosted by INTA. About 30 students from the 5 continents participated in 
the course. This event took place simultaneously with the 14th International Brewer 
Calibration Campaign, which added value to the course participants by giving them the 
opportunity to interact with the large number of instruments and researchers participating 
in this campaign. 
 
 

 
 
Participants of the 16th WMO-GAW Brewer operator course Sydney (left) and the 17th  Brewer operator 
course El , Sydney, Australia, 4-9 September 2017 and to the. 
 
 
ATMOZ Final Workshop 12th RBCC-E Calibration Campaign, Huelva, 2 June 2017 
The final workshop of the European Metrology Research Programme (EMRP) ATMOZ 
Joint Research Project was held at El Arenosillo during the 12th RBCC-E Calibration 
Campaign. This workshop summarized the results of the project, whose main objective 
was to improve characterisation and calibration of the Dobson and Brewer. 
 
In the framework of collaboration between INTA and DNA/IAA (Argentina) INTA provides 
annual training courses for station operators in Belgrano and Marambio. Courses are 
about MAX_DOAS instrumentation, Digicora MW41 (ozone profiles), MPL lidar for PSC 
detection, Thermo 49i for surface o3 measurements, 
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6. IMPLEMENTATION OF THE RECOMMENDATIONS OF THE 10th OZONE 
RESEARCH MANAGERS MEETING 

 
Spain has maintained the observation network with significant advances in QA/QC, with 
the leader role of RBCC-E, and capacity building, with the organisation of training 
courses and twinning activities with Argentina, Argelia, Egypt, Morocco and Uruguay. 
 
AEMET participates in the evaluation of the Laboratory Measurements 
(Recommendation 2-2) through the ATMOZ project, evaluating how the new ozone cross 
sections on the ozone determination affect the Brewer Dobson and Pandora instrument. 
 
 
7. FUTURE PLANS, NEEDS AND RECOMMENDATIONS 
 
In the frame of EUBREWNET, a new updated algorithm of the total ozone retrieval by 
the Brewer spectrometer has been developed. This introduces the new cross section, 
the stray-light correction, updated Rayleigh constants and the introduction of climatology 
values for effective ozone height and temperature. 
 
On the evolution of the UV radiation other than the evolution of the ozone layer, there 
are different related factors that have an influence and must be closely studied, including 
quantity and characteristics of the clouds, which are parameters that are changing 
because of the climate change scenario. Cloud monitoring is an area to be enhanced in 
later editions. Therefore, there is a need to measure the different weight that accounts 
for the different factors, other than the ozone in the UV radiation: clouds, aerosols and 
sun flux. 
 
The best possible definition of the effect of the aerosols in the range of UV with new 
techniques and methods of measurement in the spectrophotometer networks that, at the 
moment, are usually dedicated to measuring UV spectral radiation and ozone. Besides, 
air quality networks should include UV radiation measurements. 
 
Consideration of measurements of the integrated tropospheric ozone from the ground to 
the tropopause through ground-based and satellite teledetection. 
 
Finally, there is a certain need to include studies on how would be the impact of a 
recovery of the ozone layer to values higher than those belonging to the pre-ozone 
depletion times. This over-recovery of the ozone layer is predicted by some models and 
the impact over human health and air quality should be known. 
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TITLE:  MEASURING OF UV RADIATION IN SRI LANKA 

 
 
1. BACKGROUND 
 
It is evident that the possibility of receiving unhealthy Ultraviolet radiation (UV B or UV C) in the 
geographical areas close to the equator is high compared to that of other areas in the earth. The 
location of Sri Lanka in the world map falls in GPS coordinates of 6° 55' 37.4844'' N and 79° 51' 
40.4784'' E. Therefore, the possibility of exposing of the people in Sri Lanka to UV radiation is high 
compared to that of the people in polar regions. Researches conducted in Sri Lanka to examine the 
health impact of UV radiation are handful and no evidence could be found to have a linkage between 
the diseases such as eye cataracts, skin cancers or deficiencies in the immune system and the UV 
radiation. Therefore, it is necessary to undertake projects to measure the influx of UV radiation in Sri 
Lanka and to undertake more researches under the particular subject. 
 
 
2. PROPOSAL 
 
In view of above, it is proposed to establish 5 to 6 numbers of UV measuring stations to be selected 
under an acceptable criterion in the country. In this regard, the collaboration of the Meteorological 
Department of Sri Lanka (MDSL) is expected as the said department maintain regional offices to 
obtain weather related data such as precipitation, temperature and wind patterns. Further the 
support of MDSL is expected for maintaining of the equipment and recording of data in collaboration 
with the National Ozone Unit of Sri Lanka. Spectroradiometers are planned to be procured for the 
purpose. 
Funds for the procurement of spectroradiometers are expected to obtain from a source that to be 
searched by the National Ozone Unit (NOU) of Sri Lanka. informal discussions were held with few 
funding organizations to see the possibility of obtaining funds for the purpose. 
 
 
3. DATA ANALYSIS AND MODELLING 
 
It is expected to read data online through a central hub to which all the spectroradiometers are 
connected via internet on establishment of all the monitoring stations in the proposed locations. In 
order to harmonize the data, a software package is to be developed either in support of the supplier 
of the equipment or in support of local service provider. A suitable statistical modeling software is to 
be identified in consideration of the reports generated and the facilities available in it. The data is 
then be used to provide readings on Irradiance, Illuminance, Radiance, Flux, Peak and Dominant 
Wavelength. The effective wavelength range of the equipment is proposed to be maintain from  200-
1800 nm with grating dispersion ability and the sensitivity range. Entire responsibility of modeling 
and analysis of data is to be undertaken by the NOU of Sri Lanka in collaboration with the MDSL. 
 
 
4. DISSEMINATION OF RESULTS 
 
The reports and the collection of data is to be published daily in the website maintained by the NOU 
and MDSL. In case the peaks or harmful levels are detected, such information is to be communicated 
to the general public through the mass media or as an announcement made by the MDSL. The idea 
is that the sensitizing of the general public on the adverse impacts of the exposure to the high level 
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of UV radiation which has poor concern in the society in present context. Further, the data to be 
generated through this project would enable the researchers engaged in the sector to undertake 
more researches which might useful for the scientists, academics, industrialists and for the policy 
makers in the government. 
 
 
5. PROJECTS, COLLABORATION, TWINNING AND CAPACITY BUILDING 
 
Depending on the availability of funds for the project, it is anticipated to procure the 
spectroradiometers with other instruments comes with enhanced features to measure parameters 
like precipitation, temperature, wind patterns and humidity so that those parameters could be easily 
examined and analyzed simultaneously to the measuring of UV radiation. In this context, the support 
and the collaboration of MDSL would be strengthened and be sustainable as the data to be 
generated would facilitate the MDSL to wider their network of data collection and thereby to increase 
the accuracy of forecasting. 
 
 
6. IMPLEMENTATION OF THE RECOMMENDATIONS OF THE 9TH OZONE RESEARCH 

MANAGERS MEETING 
 
The ozone research manager who participate in the 9th meeting held in Geneva has proposed to 
establish a satellite-based Ozone measuring station at the premises of MDSL located in Colombo 
(Torrington square of) Sri Lanka. The federal government of German has consented to grant the 
Government of Sri Lanka (GOSL) with a used equipment so that the same could be fixed in the 
aforementioned site where the connection was feasible with satellites. However, due to unknown 
reasons the equipment was not received by the GOSL and the station could not be established as 
planned. The establishment of such station at the government funds was also not feasible due to the 
fact that the government’s priorities were different. 
 
 
7. FUTURE PLANS 
 
NOU of Sri Lanka expect to revive the project initiated with the Federal Government of German in 
2017 to establish the Ozone measuring station at the premises of MDSL. In this regard, it is 
anticipated to conduct informal discussion in the 11th ozone research managers meeting to be held 
from 1to 3 April 2020. Further, a team of university students have negotiated with the NOU to 
undertake some social researches in relation to skin diseases, UV impact on agriculture and impact 
on biodiversity. Depending on the availability of funds and subject to feasibility study, those 
researches will be undertaken by the said academic groups. 
 
 
8. NEEDS AND RECOMMENDATIONS 
 
The GOSL is aware that some of the parties to the Montreal Protocol and being in the equilateral 
region have already implemented the projects of the same nature to this proposal and has 
generated more data. It is obvious that the data generated under those projects would be very 
useful for the GOSL as a control sample in order to compare with the data to be generated in Sri 
Lanka. Therefore, the intervention of the international coordinating bodies is appreciated for the 
implementation of the project in Sri Lanka. 
 
It is also observed that the technology has improved drastically in the manufacturing of measuring 
equipment in the world market. However, the cost to be incurred on the new technology is 
unbearable sometimes for a country like Sri Lanka as more improved technology means more 
costly. In such a situation, it is more effective for the GOSL to make it feasible if funding sources or 
funding support could be found for the purpose. 
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It is evident that the equipment that have already been established in various locations of the world 
map might have a network of online readings. The GOSL also wish to connect with such a network 
in order that the data, feedbacks and experiences could be shared with each other. 
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1. OBSERVATIONAL ACTIVITIES 
 
1.1. Ground based column measurements of ozone and other compounds 
 
Total ozone is monitored at two sites in Sweden by SMHI (Swedish Meteorological and 
Hydrological Institute) on behalf of the Swedish Environmental Protection Agency. Daily 
measurements started in Norrköping (58.6˚N, 16.2˚E) in 1988 using the Brewer #6, which was 
replaced by Brewer #128 in 1996. In Vindeln (64.2˚N, 19.8˚E)  manual measurements started in 
1991 using the refurbished Dobson #30 and since 1996 the automatic Brewer #6 is also used. 
 
The instruments are calibrated and served regularly, currently at 3-year intervals for the Brewers 
and 5-year intervals for the Dobson. Efforts have been spent on improving algorithms and methods 
to retrieve good observations at low solar elevations since the 1990-ties. Data are submitted to 
WOUDC in Canada and since 2017 data is also submitted to EUBREWNET in near real time for 
the Brewers. 
 
 

 
 

Figure 1. Annual mean total column ozone from the Swedish Brewer/Dobson stations Vindeln and 
Norrköping. For comparison with a longer time series also the average value for the latitude band 45-

75 ˚N based on WOUDC data (Fioletov et al., 2002). 
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The ozone measurements in Norrköping and Vindeln started just started before the lowest annual 
means in early and mid 1990-ies were observed. Since late 1990-ies there is no significant trend in 
the annual data, Figure 1. 
 
During the last 1-2 years, the main focus at the ozone stations has been to make sure that a 
necessary generation change among instrument operators and station managers went smoothly. 
However, it will still take many years for the new staff to reach the knowledge and experience the 
recently retired personnel and researchers had gained during decades. 
 
The measurement site Harestua (60˚N, 11˚E) is operated by Chalmers University of Technology 
and it is equipped with a high resolution infrared spectrometer (FTIR) that records solar spectra 
during approximately 50 days per year. From these spectra the atmospheric columns of hydrogen 
chloride, chlorine nitrate,	   ozone, HCFC-22, CH4, N2O and other species are retrieved. The 
measurements are funded through the Swedish Environmental Protection Agency's program: 
"Protective Ozone Layer" and they are made in the context of the global network NDACC (Network 
for the detection of atmospheric composition change). 
 
For the Harestua site there is approximately 1200 available measurement days since 1994, stored 
in a database which allows studying trends. Column measurements of chlorine, corresponding to 
the amount of hydrogen chloride (HCl) and chlorine nitrate (ClONO2), shows that the negative 
trend has leveled off the last few years, Figure 2. The data here corresponds to three year 
averages over the summer months (May to September) over the last two and half decades. These 
results are consistent with other measurement sites within NDACC on the northern hemisphere. 
 
The atmospheric columns of HCFC-22, N2O and CH4 are still increasing, Multiyear averages of 
measured column values for the two latter species are shown in Figure 3. The results are 
consistent with similar measurements within NDACC network but differ in some cases for ground 
surveys. 
 
 

 
 
Figure 2. Chlorine column values from Harestua Norway (60N, 11E) measured by solar FTIR. The data 

corresponds to three year averages of HCl and ClONO2 measured during summer (May to Sep). 
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Figure 3. Columns of methane (CH4) and nitrous oxide (N2O) measured with solar FTIR at Harestua 

solar observatory. The data corresponds to multiyear averages. 
 
 
In addition to the Harestua site, Chalmers University of technology operates a NDACC microwave 
station at the Onsala Space Observatory, near Gothenburg. Here stratospheric and mesospheric 
measurements of ozone, CO and water vapor  are carried out using passive microwave 
measurements. 
 
1.2. Profile measurements of ozone and other gases 
 
The Swedish microwave radiometer KIMRA, operated at the Swedish Institute of Space Physics is 
operated since 2002. It is one of the two system permanently installed in the entire Arctic. KIMRA 
ozone measurements have been compared to those from the AURA-MLS satellite data, Figure 4. 
 
The Daytime ozone time series in figure 4 shows a good agreement in general, besides the ozone 
values at around 50 hPa in the KIMRA part, where a known instrumental effect produces artificially 
increased ozone values. 
 
1.3. Satellite measurements 
 
The Swedish led Odin satellite continues to produce data having now been 19 years in orbit. The 
OSIRiS instrument from Canada produces high quality ozone profiles that have contributed to the 
latest ozone assessment. It now operates on a reduced duty cycle but full geographic and 
seasonal coverages is maintained by careful scheduling. The entire dataset from the Sub-mm 
radiometer (SMR) has been completely reprocessed with major quality improvements. The new 
ozone product covering the entire period is of excellent quality and now in good agreement with 
other instruments. 
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Figure 4. Daytime ozone profiles from the satellite based Microwave Limb Sounder (MLS) instrument 

(upper) and the ground based microwave radiometer KIMRA during the winter 2018/19 in Kiruna. 
 
 
1.4. UV Broadband measurements 
 
Monitoring of broadband UV (CIE-erythema weighted) started relatively early in Sweden. 
Supported by SSM (the Swedish Radiation Safety Authority) SMHI has been measuring since 
1983. There has also been a small network of five stations for a limited period. Presently, SMHI 
operates one station in Norrköping using an instrument of the type Solar Light Model 501, Figure 5. 
The measurements are traceable to the “WCC-UV irradiance scale” maintained by PMOD/WRC, 
Switzerland. At the UV station in Norrköping monitoring of global, direct and diffuse solar irradiance 
and sunshine duration have also been in operation since 1983. 
 
The measurements of global and direct solar radiation as well as sunshine duration show a clear 
and significant increase in annual data since the measurement start in 1983. The main cause for 
the increased solar radiation is thought to be a decrease in cloudiness. In the UV the increasing 
trend in annual data is somewhat weaker but still significant. The natural variability is high and for 
the seasons only spring shows a significant increase. However, one should keep in mind that the 
uncertainty even monthly and annual broadband UV data is high, in the order of 5-10 %. 
 
 
2. Modelling activities 
 
2.1. Modelling of UV 
 
In early 2000 the STRÅNG-model system (Landelius et al., 2001) was launched, see 
http://strang.smhi.se/ as a co-operation between SMHI, the Swedish Environmental Protection 
Agency and the Swedish Radiation Safety Authority. Now, there is over 20 years of hourly data 
available for anyone to download, period 1999- up to yesterday. 
 
The modelled variables are CIE-weighted UV, global radiation, direct solar radiation, sunshine 
duration and photosynthetic photon density (PAR). The geographical area covers a large part of 
Scandinavia and the Baltic Sea region. In 2020, work on both updating the website download 
service and model development is on-going. 
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Figure 5. Seasonal erythemal (CIE-weighted) UV-radiation measured at Norrköping 1983-2019. 
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1. OBSERVATIONAL ACTIVITIES 
 
1.1 Column measurements of ozone 
 
Total ozone is measured regularly at Arosa since 1926. Presently, the measurements are 
performed with a computer-controlled Dobson spectrophotometers (D062) and a Brewer 
instruments B040 (Mark II). Additionally, two automated Dobson (D101 and D051) and two Brewer 
(B072 MarkII and B156 Mark III) instruments belonging to MeteoSwiss are operated at PMOD / 
WRC at Davos in parallel to the local Brewer B163 (MARK III) instrument. Parallel measurements 
over a long overlap period are essential to analyse potential differences between the two nearby 
sites. In the future, only Davos site will host the ozone monitoring activities. 
 
1.2 Profile measurements of ozone 
	  
Balloon-based ozone profiles are measured at the Payerne Aerological Station three times per 
week since 1968. Until August 2002, Brewer-Mast (BM) ozone sondes were used while since 
September 2002 ECC (ENSCI – 0.5%) sensors are the operational instruments. 
 
The Umkehr ozone profiles are recorded at sunrise and sunset at Arosa since 1956 in clear sky or 
partly cloudy conditions. Originally, the measurements were realised manually but since 1989, the 
data acquisition of the Dobson Umkehr (D051) is computer-controlled. In 1988, the Brewer (B040) 
Umkehr series have started and presently the three MeteoSwiss Brewer are also simultaneously 
measuring Umkehr profiles. In 2012, the data acquisition and operation control of this Dobson 
dedicated to Umkehr were renewed. 
 
Since 1995, ozone profiles (20 – 70 km) are retrieved from ground based microwave radiometry 
(MWR) in Bern (GROMOS instrument) and since 2000 in Payerne (SOMORA instrument). Both 
instruments deliver hourly averaged ozone profiles independently of the weather conditions. The 
microwave radiometers have been updated to digital FFT spectrometers as a substitute to Filter 
Bank respectively AOS devices. The SOMORA data processing software is founded on the widely 
used ARTS/Qpack package. 
 
1.3 UV measurements 
 

• The Swiss Alpine Climate Radiation Monitoring programme (CHARM) consisting of 4 
stations covering the altitude range of 366 to 3587m was build up between 1995 and 
2000. 

• The measurements programme consists of: 
- Broadband measurements:  the direct, diffuse and global components of the broad-

band erythemal UV-ERY radiation (Solar Light UV-Biometers) are measured, 
- Narrowband filter instruments: spectral direct irradiances are measured with Precision 

Filter Radiometers (PFR) at 16 wavelengths in the range 305 nm to 1024 nm, 
• Besides the direct measurements, the UV index, the AOD at various wavelengths as well 

as the Integrated Water Vapor (IWV) are calculated from those data, 
• Spectral Brewer UV measurements: at Arosa, since 1994 spectral global UVB 

measurements are recorded with the Brewer instruments 072 on the range 290 nm – 325 
nm. Since 1998, the Brewer Mark III 156 is in operation and it measures the range 286.5 
- 363 nm, 

444



  

• Solar Spectral irradiance from the Brewer B163 (MARK III), 
• Operation of the QASUME portable world UV reference spectroradiometer (290-500 nm) 

since 2008 at the PMOD/WRC in Davos, 
• Broadband radiometers: UVB, UVA, UV-ERYTHEMAL at the PMOD/WRC in Davos. 

 
1.4 Calibration activities 
 

• At Arosa, regular calibrations and maintenances are organised for the Brewer (every 2 
years) and for the Dobson instruments (every 5-6 years) traceable to the regional or 
world standards. The more recent calibration campaigns for the Brewer instruments have 
been organised in July 2016 and July 2018 and for the Dobson in summer 2017 and 
2018. (see Figure 1). 

• Each ECC ozone sonde is calibrated prior to the flight again a reference UV photometer 
traceable to the national standard from the Federal Institute of Metrology (METAS). 

• The SACRaM instruments are also compared to reference instruments traceable to the 
WRC-WCCUV standards. 

• The second solar ultraviolet radiometer comparison campaign (UVC-II) was organised at 
PMOD/WRC in summer 2017. 75 Radiometers from all over the world were characterized 
and calibrated relative to the QASUME reference spectroradiometer to obtain traceable 
calibrations to SI (Hülsen and Gröbner, WMO GAW Report No. 240, 2018) 

 
 
 

Figure 1: Illustration of the calibration campaigns at Arosa: (left) M. Stanek (CHMI) 
operating the traveling standard Dobson D074; (right) clear sky morning during the 
Brewer calibration campaign. 
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2. RESULTS FROM OBSERVATIONS AND ANALYSIS 
 
2.1 Halocarbon measurements at the global GAW station Jungfraujoch (Empa, Dr. 

S. Reimann, Dr. M.K. Vollmer, M. Guillevic) 
 
The high Alpine site of Jungfraujoch (3580 m asl) is one of a few stations covering the entire 
measurement program of the GAW for greenhouse gases and reactive gases. The measurements 
of ozone depleting substances and halogenated greenhouse gases, such as HFCs, CFCs, HCFCs 
chlorinated solvents, and bromocarbons, are performed continuously at Jungfraujoch since the 
year 2000 in a joint project of Empa and FOEN (HALCLIM). 
 
A thorough description of the CLIMGAS-CH project (in German) is available (see CLIMGAS-CH-
2018). 
 
 

 
 
Figure 2: Chlorofluorocarbons (CFCs) measured by Medusa-GCMS at Jungfraujoch (47 °N), 

Mace Head (Ireland, 53 °N), and Cape Grim (Tasmania, 41 °S), binned into monthly 
means (vertical bars: 1-sigma std dev of mean). Abundances are shown as dry air 
mole fraction in ppt (parts-per-trillion, pmol mol−1) (from Vollmer et al., 2018). 

 
 
Since the year 2000, Empa analyses around 50 volatile halogenated compounds. The 
measurements are part of the worldwide AGAGE network (Advanced Global Atmospheric Gases 
Experiment). Using these measurements Empa provides independent emission estimations for 
halogenated greenhouse gases from Switzerland by combining long-term measurements at 
Jungfraujoch with atmospheric transport models. For HFCs this is part of the Swiss National 
Inventory Report (NIR), which is annually submitted under the framework of UNFCCC (see 
CLIMGAS-CH report above). 
 
As an example for the newest research and the global connection of the Swiss measurements 
results of six CFCs are discussed. 
 
As for all other global representative sites atmospheric abundances of the three major CFCs at 
Jungfraujoch have levelled in the 1990s/early 2000s and have slowly declined since (Fig. 2a-c). 
Global emissions, derived from these observations, have generally also declined. However, CFC-
11 was recently found not to decline as rapidly as predicted, leading to findings on large illegal 
CFC-11 production and a violation of the Montreal Protocol in China (Montzka et al., 2018, Rigby 
et al., 2019). 
 
A recent study in the AGAGE network on other, minor long-lived CFCs, which have never been 
used in comparable quantities than the CFCs above, has revealed some additional disturbing 
findings (Vollmer et al., 2018). For CFC-13, fully calibrated measurements in AGAGE (Guillevic et 
al., 2018) and archived air measurement allowed reconstructing the full history of this CFC. CFC-
13 (lifetime 640 yr) abundance is still growing in the global atmosphere, caused by small, but 
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steadily on-going emissions (Fig. 2d). On the other hand, atmospheric abundances of ∑CFC-114 
have slowly declined (Fig. 2e). However, global emissions, as derived from these observations, 
showed no decline over the past decades. Finally, CFC-115 (lifetime 540 yr), showed again an 
increase in atmospheric abundances and a corresponding increase in emissions (Fig 2f). The lack 
of declining emissions for the three minor CFCs remains a puzzle so far. Potentially compounds 
may be emitted as intermediate product / by-product during the production of other fluorocarbons, 
most likely that of hydrofluorocarbons (HFCs). If this were the case, their treatment under the 
Montreal Protocol is different compared to compounds with end-use applications. In the case of by-
product emissions, the Montreal Protocol urges the Parties to take steps to minimize such 
emissions. 
 
2.2 Dobson and Brewer measurements at Arosa and Davos (MeteoSwiss, Dr. R. Stübi, 

H. Schill, W. Siegrist, Dr. L. Vuilleumier, Dr. J. Klausen, Dr. D. Ruffieux) 
 
The Arosa ozone column time series are the longest continuous record worldwide based on sun 
spectrophotometer Dobson instruments. The three Dobson from MeteoSwiss are now operational 
in fully automated mode. The data quality control has to be adapted since the operator data 
screening is no longer present. The raw data sets contain outliers introduced by adverse 
measuring conditions, which are eliminated in the newly developed post-processing program still 
followed by a visual control of the final data. 
 
 

 
 
Figure 3: Dedicated terrace for the Swiss ozone-monitoring program at the PMOD/WRC site 

at Davos. Two Dobson are in the container and two Brewer are next to it. 
 
 
Dobson D062 remains in Arosa until mid-2021 together with Brewer B040. Dobson D101 and 
D051 were moved to Davos in 2016, respectively in 2018 initiating a long period of Dobson parallel 
measurements. Figure 3 illustrates the terrace in front of the PMOD/WRC with the Dobson 
container and the Brewer B072 and B156. 
 
Two analysis of the first part of the parallel measurements series between Arosa and Davos with 
Brewer instruments were published. In the first, Stübi et al (2017a) present the quality of the triad 
of Brewer instruments at Arosa. In the second, the authors present the analysis of coincident 
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measurements on the two sites and show that the differences are within the uncertainties of the 
measurements principles (Stübi et al. 2017b). To illustrate these results, in figure 4 (from Stübi et 
al. 2017b) the differences of each Brewer data with respect to the Brewer triad mean values is 
shown. 
 

 
 
Figure 4: Time series of the monthly median offset δ (upper panel) and median SDs σ (lower 

panel) over the time period 2010–2016. The black, blue and red lines correspond to 
Brewer B040, B072 and B156 instruments. The error bars corresponding to the 
interquantiles Q97.5%–Q2.5% ranges are displayed every third month for clarity. The 
gray areas show the time periods when the Brewer B072 instrument was located at 
Davos. 

 
2.3 Homogenization of Dobson Umkehr ozone profiles time series (MeteoSwiss, Dr. 

E. Maillard Barras, A. Jouberton, Dr. R. Stübi, H. Schill) 
 
The six co-located Dobson and Brewer ozone profiles datasets (D051, D062 and D101, B040, 
B072, and B156) have been intercompared at the raw data level and at the ozone profile level in 
order to detect anomalies. The Dobson 051 time series has been homogenized by comparison to 
the Brewer triad time series for an anomaly in 2012. The homogenized time series presented in 
Figure 5 allows the estimation of ante and post 2000 long-term trends profiles by MLR. 
 
2.4 Validation of the Payerne MWR ozone profiles time series (MeteoSwiss, Dr. E. Maillard 

Barras, Dr. A. Haefele) 
 
The Payerne MWR dataset has been homogenized to ensure a stable measurement contribution 
to the ozone profiles and to take into account the effects of three major instrument upgrades (in 
2001, 2005 and 2009). The ozone profile dataset was compared with profiles from the GROMOS 
MWR in Bern, Switzerland, and satellite instruments (MLS, MIPAS, HALOE, SCHIAMACHY, and 
GBL/GOMOS). The homogenized Payerne MWR ozone dataset agrees within 5% with the MLS 
dataset over the 30 to 65 km altitude range and within 10% of satellite datasets over the 30 to 65 
km altitude range (Figure 6). 2000 to 2016 trends have been estimated by multi-linear regression 
(Maillard Barras et al., 2020). In the upper stratosphere (5–1 hPa, 35–48 km), the Payerne MWR 
trends are significantly positive at 2 to 3 %/decade which is in accordance with the northern 
hemisphere (NH) trends reported by other ground-based instruments in the SPARC LOTUS report 
(Petropavlovskikh et al., 2019). 
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Figure 5: 1956-2017 homogenized D051 Umkehr ozone profiles time series. No 
measurement is considered around 1960, 1984 and 1994 due to volcanic eruptions. 

 
 
 
 
 

 
Figure 6: Payerne MWR bias vertical structure: mean of the relative difference between 

Payerne MWR and satellites MIPAS, MLS, GOMOS, GBL, SCIAMACHY, HALOE and 
Bern MWR. Coincident measurements with a maximal temporal separation of 2h. 
Satellite profiles are AVK-convolved to the Payerne MWR vertical resolution. The 

dotted lines represent the standard errors of the means. 
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2.5 Long-term trends of ozone profiles by MWR  (University of Bern / IAP , Dr. A. Murk, Dr. 
K. Hocke, Ms. L. Bernet, Ms. F. Schranz) 
 
Long-term monitoring of the vertical distribution of stratospheric ozone continues with the 142-GHz 
microwave radiometer GROMOS at Bern. Ozone profiles with a time resolution of 30 min and a 
vertical resolution of about 10 km are submitted to the Rapid Data Delivery System (RDDS, EU 
CAMS project) and to the Network for the Detection of Atmospheric Composition Change 
(NDACC). The scientific community utilized these ozone data for satellite validation, atmospheric 
modelling and ozone trend studies. Bernet et al. (2019) identified anomalies in the GROMOS 
ozone series at Bern by using coincident ozone data from the Aura/MLS satellite, ozone sondes, 
radiometers and lidars in central Europe. The advanced trend analysis removed the anomalies in 
the Bern data set and provided various ozone trend profiles for different data sets in central Europe 
(Figure 7). 
 
Since October 2015, the transportable ozone microwave radiometer GROMOS-C is for a 
measurement campaign at Ny-Ålesund, Svalbard.  Schranz et al. (2019) investigated the middle 
atmospheric dynamics of the Arctic and its impact on the stratospheric ozone distribution 
 

 
Figure 7: Ozone trends of different ground-based instruments in central Europe and 

Aura/MLS (over Bern, Switzerland). The 2σ uncertainties are shown by shaded areas. Bold 
lines indicate trends that are significantly different from zero (at a 95 % confidence interval). 
The trends at Bern and Hohenpeissenberg (MOH) as well as the Aura/MLS trend are shown 
in (a), whereas (b) shows the trends from data sets at Payerne and Haute Provence (OHP). 

Courtesy of Bernet et al. (2019). 
 
 
2.6 Long-term trends by Dynamic linear modeling (ETH Zurich / IAC , Prof J. Staehelin, 

Prof. T. Peter, Dr. W. Ball) 
 
The world longest series of total ozone measurements was performed (among other important 
ozone measurements) at the Light Climatic Observatory (LKO) at Arosa. The changeable history of 
LKO is described in details in a scientific report by J. Staehelin and P. Viatte, 2019 as well as in a 
publication (Staehelin et al. 2018). Based on this report, M. Laübli wrote a general public book in 
German available in bookshops (see ref. Laübli M.,2019). 
 
Different trend studies were published since ORM 10. One of them by Ball et al. 2018 notifying that 
the lower stratosphere ozone were still declining had an important echo in the Swiss press (Ball et 
al., 2018). This important fact has alerted the public that the ozone problem is not solved as 
frequently believed. Figure 8, from Ball et al. 2018, shows the essence of these results. 
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Figure 8: Total and partial column ozone anomalies integrated over 60◦S–60◦N between 
1985 and 2016. Deseasonalised and regression model time series are given for the Merged 

SWOOSH/GOZCARDS composite (grey and black, respectively) for  a) the whole 
stratospheric column and (b) upper, (c) middle, and (d) lower stratospheric partial column 

ozone. The DLM nonlinear trend is the smoothly varying thick black line. In (a), the 
deseasonalised SBUV total column ozone is also given (orange), with the regression model 

(red) and the non-linear trend (thick,red). Data are shifted so that the trend line is zero in 
1998. DLM results for WACCM-SD (blue) and SOCOL-SD (purple). 

 
 
3. DISSEMINATION OF RESULTS 
 
3.1 Data reporting 
 

• The ozone data from Arosa, respectively Payerne are regularly deposited at the WOUDC 
and at the NDACC data centers. They are also deposited at NILU data center for 
validation projects and measurements campaigns (Satellites, ECMWF, MATCH). Dobson 
data are also made available through the Rapid Data Delivery System (RDDS, EU CAMS 
project) for the European CAMS project. 

• The Bern and the Payerne MWR data are deposited at NDACC data center. The Bern 
MWR data are also made available through the Rapid Data Delivery System (NORS). 

• The radiation data from the CHARM Payerne station are deposited at the WRM-BSRN 
data center. 

• The data of the continuous halogenated greenhouse gas measurements at Jungfraujoch 
performed by Empa/BAFU are regularly reported to the WDCGG (World Data center for 
Greenhouse Gases) of WMO. 

 
3.2 Information to the public 
 
The UV forecasts are issued daily during the summer months in many newspapers, on different 
web sites (public media, national institutions) and at the TV weather presentations. The alerts for 
high ozone concentration at surface level are also announced when necessary in the same 
information channels. 
 
For other information to the general public, see also the book mentioned in 2.6. 
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4. PROJECTS AND COLLABORATION 
 
Besides of the activities in the framework of the national and international monitoring and research 
programmes, Switzerland contributes to the international WMO/GAW program through the 
following services and collaborations: 
 
• Support to the ozone sounding station Nairobi of the Kenyan Meteorological Institute, 
• World Optical Depth Research and Calibration Centre (WORCC) at Physikalisch-

Meteorologisches Observatorium / World Radiation Centre (PMOD /WRC) in Davos 
• World Calibration Centre for UV (WCC-UV) at Physikalisch-Meteorologisches Observatorium / 

World Radiation Centre (PMOD /WRC) in Davos 
• World Calibration Centre (WCC) and Quality Assurance /Science Activity Centre 

(QA/SAC) for Surface Ozone, carbon monoxide and methane at the Swiss Federal 
Laboratories for Materials Testing and Research (EMPA) in Dübendorf. 

• Support to the Jungfraujoch site which recently reached to the status of global GAW station 
 
At the national level, there is an important cooperation between the Federal Office of Meteorology 
and Climatology (MeteoSwiss) and the academic and research institutions. This collaboration 
organised within a national GAW-CH programme allows the support of research projects for the 
development and improvement of the monitoring programme as well as for the data analysis. 
 
The continuous measurements of ozone-depleting substances (CFCs, HCFCs, halons) are part of 
the worldwide AGAGE program (Advanced Global Atmospheric Gases Experiment). 
 
In October 2014 the European EMRP project ENV59 ATMOZ “Traceability for atmospheric total 
column ozone” (http://projects.pmodwrc.ch/atmoz/) started. The aim of the project was to 
significantly enhance the reliability total ozone column measured at the Earth surface with Dobson 
instruments, Brewer-Spectroradiometer and Array-Spectroradiometer. New methods of 
observation (techniques, instruments and software) were developed to provide traceable total 
ozone column measurements with an uncertainty of less than 1%. The final project report is now 
available (see http://projects.pmodwrc.ch/atmoz/) 
 
The project “Investigating the future evolution of the ozone layer above Switzerland (INFO3RS)” is 
jointly funded by GAW-CH and PMOD/WRC for the period 2018 to 2021. The INFO3RS project 
aims at investigating the future evolution of total column ozone in Switzerland. In order to 
supplement the existing measurements from Dobson and Brewer instruments, a novel system, 
KOHERENT, was developed to ensure traceable ozone measurements using array 
spectroradiometers (https://www.pmodwrc.ch/en/research-development/ozone/info3rs-koherent/). 
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SYRIA ARAB REPUBLIC NATIONAL REPORT FOR THE 11th WMO/UNEP Ozone 
Research Managers Meeting / 2020 

 
 
The terrorist war on the Syrian Arab Republic launched since 2011 has caused a massive 
destruction of a number of production structures, a significant decline in economic, social and 
environmental factors, prioritizing issues at the expense of others, lack of access to 
technology, including production technologies. The continuation of the unilateral coercive 
economic measures imposed on the Syrian Arab Republic increased this problems. 
 
As a result, we face many obstacles to rehabilitation and obtain advanced environmental 
monitoring system that play a key role in assessment of environmental situation. 
 
 
1. OBSERVATIONAL ACTIVITIES 
 
1.1 Column measurements of ozone and other gases/variables relevant to ozone loss 
 
No column Ozone instruments or column measurements of ozone are carried out by 
(MOLAE) Syria. 
 
1.2 Profile measurements of ozone and other gases/variables relevant to ozone loss 
 
1.2.1 GASES OBSERVATION: 
 
Since 2009 Ministry Of Local Administration and Environment (MOLAE) had a continues air 
monitoring system . 
 
Ambient  Air quality monitoring stations had distributed on the most governorates in Syria. 
 
Stations included devices for continues measuring of the concentrations of SO2, NO2, O3, 
CO, Voltaic Organic Compounds,andPM10. 
 
All those continues monitoring stations had metrological sensors for (temperature, wind 
speed, wind direction, relative humidity, precipitation, solar radiation UVA, UVB). 
 
As mentioned above due to the current circumstances since 2011, most of stations had 
destroyed, Remaining measuring devices need maintenance and Calibration cylinders. 
 
1.2.2 METROLOGICAL OBSERVATION: 
 
1.2.2.1 CLIMATE: 
 
Department Of Metrology is responsible of metrological Data in Syria. 
 
The climate in Syria is Mediterranean, characterized by cold and rainy winters and hot and 
dry summers. The two main seasons are separated by relatively two short transitional ones: 
spring and autumn. 
 
Table shows a few climate statistics from some stations, representing the climate zones in 
Syria. The standard averages are for 1961–1990. 
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1.2.2.2 Recorded temperature 
 
In the past fifty years a change in average temperatures has been recorded. Average 
temperatures were higher than normal ones recorded during the years 1959–1969. This was 
followed by a relatively cold period (1970 –1994). The standard deviations in temperatures 
have since then tended to decrease, with increases in temperatures during 1995-2000. 
Temperatures have apparently been increasing abnormally between 2000 and 2005. The 
rise in temperatures during the period 1955–2005 was around 0.6 °C, (±0.16 °C). Figure 1.6 
shows annual temperature deviations from the standard average for stations representative 
of climate areas in Syria, during the years 1955–2005. The vertical axes represents mean 
temperature deviations for each year from the standard average, for the interval 1961–1990, 
the horizontal axes represents the observed years of temperatures, the bars represent each 
year’s deviation from the standard average. The bottom line represents the general direction 
of temperature deviations. The black line represents the average trend for each period of five 
years. 
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Mean Annual Temperature Deviations from the Standard Average for Stations 
Representative of Syria’s Climate Zones during the Years 1955–2005 

 
 
1.3 UV measurements 
 
UVA, UVB,  limited data were recorded by Metrological stations included within Ambient Air 
Monitoring stations (MOLAE) , for tow years till 2011, Data was needed to be analyzed and 
studied. 
 
 
2. THEORY, MODELLING, AND OTHER OZONE RELATED RESEARCH 
 
2.1 The Syrian Arab Republic presented its first national communication on climate change 
in 2010, Climate change scenarios were developed to predict changes in temperature and 
precipitation values in 2041 and 2100 , using two different models. The Model for the 
Assessment of Greenhouse Gases Induced Climate Change (MAGICC version 4.1, 
September 2003), coupled with a Climate Scenario Generator (SCENGEN), was used for the 
2041 prediction, while predicted data acquired by the use of global models were retrieved 
from the IPCC data base for 2041 -2100. 
 
The main results of climate predictions: 
 
• Average warming in Syria for the year 2041 will be higher than the global average for 

both reference and policy scenarios. 
• The greatest increase (2.0-2.1�C) will occur in the north-west and the southeast (cells 1 

and 4), while the most moderate increase (1.0-1.2�C) will occur all over the country. 
• The highest increase in precipitations will occur in summer and autumn in all regions. 
 
2.1.1 Precipitations: 
 
The results of A2 scenario application for the period of 2010-2039 indicate that the southern 
regions will experience an increase in winter precipitations by an average of 3 mm, while 
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precipitations are expected to decrease in the northeastern and northwestern regions by as 
much as 12 mm. In the central and coastal regions, a decrease of 10 mm rainfall is expected. 
During spring, there will be a diminution in precipitations in the northern and northeastern 
district by 8 mm. In both western and inland areas, precipitations are expected to rise by 3 
mm. During summer, a 4 mm increase in precipitations is expected along the coast and the 
southern regions, while a decrease in precipitations is imagined for the northeastern region. 
In autumn, an overall decrease in total precipitations in most of the country is predicted. In 
general, the Mann-Kendall trend test showed a coherent area of significant change in 
precipitations during both winter and autumn seasons. Winter precipitations in the northern 
and northeastern zones of Syria showed signs of decrease in the last five decades. Annual 
changes in precipitations for the period are shown on figure 3.5. 
 
 

 
 

Changes in Annual Precipitations for 2010-2039 (A2 Scenario – Hadley Model - CM3) 
 
 
2.1.2 Temperature: 
 
Predictions reveal that an increase of 0.7 °C in minimum seasonal temperature is expected 
for spring, while a maximum increase of 1.9 °C is to take place in summer. In winter, 
temperature changes are expected to vary from a minimum of 0.8 °C in coastal areas to a 
maximum of 1.0 °C in the east, southeast and northeastern part of the country. In spring, an 
overall increase of 0.7-1.1°C is expected for the western and eastern regions, respectively. 
Furthermore, a similar increasing trend of 1.2-1.9 °C is expected in the southwest and the 
northeastern regions. In autumn, an increase of 1.1 °C and 1.7 °C is forecasted for the 
western and northeastern regions. Annual temperature changes for the period are shown in 
figure 3.11. 
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Changes in Annual temperature in 2010-2039 (A2 scenario-Hadley Model - CM3) 
 
 
3. DISSEMINATION OF RESULTS 
 
3.1 Information to the public 
 
Results of the available measurements were available for graduate students upon request. 
 
3.2 Relevant scientific papers 
 
Seasonal Variation of solar UVB and UVA in Syria, Dr. I. Othman, Dr. S. A. Baydoun, Jan 

1997. 
 
Solar Ultraviolet Radiation in Syria Measurements and Relationship with skin cancer 

incidence, Dr. I. Othman, Dr. S. A. Baydoun, Dr. S. Dawoud, Nov 1994, Atomic Energy 
Commission. 

 
 
4. PROJECTS, COLLABORATION, TWINNING AND CAPACITY BUILDING 
 
Under the current circumstances, it is a big challenge that Syrian’s effort faces to meet its 
international commitments related to the environmental conventions. 
• However we have previously performed phase out CFCs. 
• Currently We are preparing stage 2 of HPMP, and project for enabling Kigali Amendment 

activities  funded by the Multilateral Fund. 
• Plan to increase activities of monitoring, studies related to Stratospheric ozone and 

ultraviolet radiation. 
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5. NEEDS AND RECOMMENDATIONS 
 
Syrian Arab Republic looks forward to restore and support the pillars of sustainability on the 
local level, by rehabilitating and sustaining physical, service and environmental infrastructure. 
 
So there is an urgent need for: 
 
• Rehabilitation of the monitoring system 
• Providing with new monitoring tools (Ozone column) 
• Raising capabilities in observation, data analysis, and modeling, preparing UV map 
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11th WMO/UNEP Ozone Research Managers Meeting 
Geneva, 1-3 April 2020 

Thailand 
 
 
1. OBSERVATIONAL ACTIVITIES 
 
1.1 Column measurements of ozone and other gases/variables relevant to ozone loss. 
 
Since 1979, Thai Meteorological Department (TMD) has carried out ozone observation with Dobson 
spectrophotometer No.90 in Bangkok under WMO/GAW programme. In 1996, two Brewer 
spectrophotometer (MKIV) No.121 and Brewer spectrophotometer (MKIV) No. 120 were additionally 
installed to measure total ozone, umkehr ozone profile, ultraviolet radiation and aerosol optical depth 
in Bangkok (13.67°N, 100.60°E) and Songkhla (7.18°N, 100.60° E) respectively. 
 
 

 
 

Figure 1 Dobson No. 90 and Brewer No.120 operation 
 
 
1.2 UV measurements 
 
UV measurements have been carried out by TMD in two GAW stations; 
 
1.2.1 Bangkok, station number 216, Brewer #121,1996- present 
 
A broadband UVA/UVB radiometer, during 2009-2015 
 
1.2.2 Songkhla, station number 345, Brewer #120,1996- present 
 
Additional UV monitoring in 4 stations by Silpakorn University’s network which are located in Chiang 
Mai, Ubon Ratchathani, Nakhon Pathom and Songkhla. 
 
1.3 Calibration activities 
 
Maintenance and calibration activities have been delayed since 2017. 
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2. RESULTS FROM OBSERVATIONS AND ANALYSIS 
 

 
 

Figure 2.  Monthly variation of total ozone measured in Bangkok 
 
 
3. THEORY, MODELLING, AND OTHER OZONE RELATED RESEARCH 
 
3.1 Database Development and Mapping of Atmospheric Ozone 
 
Atmospheric ozone monitoring which has become a mission of the Thai Meteorological Department 
since 1979 is considered an essential activity in ozone layer protection. However, such activity has 
taken place at 2 stations only while ozone assessment for Thailand requires much more data to 
ensure that all areas nationwide were well-covered. Therefore, this study had been conducted with 
the aims to develop a database of atmospheric ozone climatology together with ozone maps and 
perform monthly trends as well as ozone hole analyses in order to achieve adequate datasets that 
could cover the whole country and suit for ozone analyses. To develop the ozone datasets, several 
ground-based datasets and those obtained from satellites had been merged before climatological 
datasets of 81 areas in Thailand were prepared. Afterwards, ozone maps for Thailand and the global 
ones were created in order to be applied in analysing Thailand’s monthly ozone trends. Once satellite 
dataset and ground-based measurements were verified, the values of both R2 and MAPE were 0.94 
and 1.26 %, consecutively. For the results from ozone climatology study, the average value of ozone 
in Thailand was 258 DU, whereas monthly means were found to be in the range of 237-279 DU. In 
case of monthly maps of ozone climatology for Thailand and the global ones, all of them showed 
latitudinal and seasonal variations; with high levels in May and low levels during November-
December. 

 
Figure 3.  An annual ozone map of Thailand 

461



 
 

 
3.2 Ozone Changing in Thailand 
 
Changing of ozone layer in Thailand over eight years after 2010 have been studied. The results 
showed increasing of the ozone with the rate of 1.7% in 8-year period. The map of annual change in 
2018 was illustrated in Figure 4-5. 
 
 

 
 

Figure 4.  annual change map of ozone 
 
 

 
 

Figure 5. Ozone changes during 2011-2018 
 
 
3.3 UV Index Potentials in Thailand 
 
Thailand is located in the tropics where high level of ultraviolet radiation could be detrimental to 
human skin and eyes. Therefore, a research on UV Index potentials is essential for providing 
necessary information for public awareness as well as health protection from such impacts. This study 
comprises hourly, daily, monthly, and seasonal variations; factors influencing UV Index; provincial 
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dataset development; global and Thailand mapping on the monthly and seasonal bases; as well as 
UV Index forecasts. The variation patterns were proceeded from ground-based measurements and 
satellite datasets at 5 stations. Databases of UV Index potentials in 81 areas across the country and 
UV Index potentials mapping were developed by using GOME datasets. Trend analyses and map 
plotting were carried out via MATLAB programme. The achieved results revealed that maximum UV 
Index were found during 12:00-13:00 hr. Hourly averages of UV Index for Chiang Mai, Ubon 
Ratchathani, Nakhon Pathom, and Songkhla were 7, 8, 8, and 9, respectively. Daily and monthly 
averages of maximum UV Index at noon at all stations were found to be in the range of 10 to 18. The 
averaged maximum UV Index value at Songkhla station was 12 and its high levels occurred during 
March-April while the averaged maximum values of the other 4 stations were 11 with high levels 
during April-September instead. In case of the factors significantly affecting the UV Index, the zenith 
angles were found to have inverse impacts on it. Aerosols and clouds also attenuate the amounts of 
ultraviolet radiation measured at the Earth’s surface. UV Index potentials of Thailand from satellite 
datasets vary in the range of 7-14, with an averaged value of 11. High UV Index levels were 
measured during the hot season (March-May), whereas the low levels were determined during the 
cold season (December-February). Uncertainty validation were analysed that R2 and MAPE of 0.86 
and 6.05 %, consecutively. Global maps of UV Index potentials display latitudinal and seasonal 
variations. Its trends could be clearly visualized that the shades representing high UV Indices spread 
over equatorial area, related to low solar zenith angles and low ozone layer distribution. UV Index 
potentials maps for Thailand also display latitudinal and seasonal variations. For annual maps, the 
pattern is clearly visualized that the shades representing high UV Indices over 12 spread over lower 
part while UV Indices close to 11 covered the upper part of the country. For UV Index forecasts, it had 
been executed via TMDUV model. Its uncertainty: R2 and MAPE were 0.99 and 7.47%, respectively. 
Hourly averages were classified as “low” at 7:00 hr. and 17:00 hr., “medium” at 8:00 hr. and 16:00 hr., 
“high” at 9:00 hr. and 15:00 hr., and “extreme” during 10:00-14:00 hr. 
 
 

 
 

Figure 6. An annual UVI potential map 
 
 
4. DISSEMINATION OF RESULTS 
 
Results of monitoring of ozone, solar UV radiation and others are disseminated to data centers, 
governmental sectors, educational institutes as well as to public via a website (http://ozone.tmd.go.th/) 
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4.1 Data reporting 
 
Dobson and Brewer data are regularly reported to World Ozone and Ultraviolet Data Centre in 
monthly basis. 
 
4.2 Information to the public 
 
Visualization of UV index potentials and UV index forecasting are prepared in 18 areas for the public, 
for example in Figure 7. 
 

 
 

Figure 7. UV index forecast in Thailand 
 
 
4.3 Relevant scientific papers 
 
Sudhibrabha S (2019). Database Development and Mapping of Atmospheric Ozone. Technical 

Document No. 551.510-01-2019 
 
Sudhibrabha S (2019). UV Index Potentials in Thailand. Technical Document No. 551.521-01-2019 
 
Sudhibrabha S, Exell RHB, Sukawat D (2006) Ultraviolet Forecasting in Thailand, ScienceAsia Vol. 

32 No 2, pp. 107-114. 
 

 
 
5. IMPLEMENTATION OF THE RECOMMEDATIONS OF THE 10TH OZONE RESEARCH 

MANAGERS MEETING 
 
Recommendations on research and capacity building have been implemented. 
 
6. FUTURE PLANS 
 
TMD plans are focused in Brewer maintenance and calibration. Extended activities will follow 11th 
recommendations and going on study of ozone and UV effects such as erythemal, DNA, Vitamin-D, 
anti-psoriasis UV and PM2.5 forecasting as local crises. 
 
 

464



 
 

7. NEEDS AND RECOMMENDATIONS 
 
Implementation by the Trust Fund for Dobson/Brewer Inter-Comparison/calibrations, capacity building 
and collaboration are needed for ozone and UV monitoring activities. 
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Turkmenistan National Report for the 11th WMO/UNEP Ozone 
Research Managers Meeting Geneva, 1-3 April, 2020 

 
1. OBSERVATIONAL ACTIVITIES 
 
1.1 Column measurements of ozone and other gases/variables relevant to ozone 

loss. 
 
Turkmenistan has been a member of WMO since 1993. In Turkmenistan monitoring of 
atmospheric ozone is accomplished by the Hydrometeorology Service of the Ministry of 
Agriculture and Environmental protection of Turkmenistan. 
 
Repetek regional meteorological station (38.34° N, 63.11° E, 185 m) in Turkmenabad city 
(Turkmenistan) has been regularly measuring the total ozone content since 1983. 
Measurements of the total amount of ozone are made using the Russian-made ozonometer 
M-124. On the basis of the station observations of the state of the ozonosphere 
(measurements of the integral content of ozone) are organized. 
 
 

Pic.1:  Ozonometer M-124 
 
 
1.2 Profile measurements of ozone and other gases/variables relevant to ozone loss 
 
Turkmenistan does not conduct profile measurements of ozone and other gases / variables 
related to ozone loss. 
 
1.3 UV measurements 
 
Currently, UV measurements are not carried out in Turkmenistan due to insufficient technical 
base (lack of equipment). 
 
1.4 Calibration activities 
 
Ozonometers are physically outdated; they have not been calibrated for many years. Spare 
and reserve ozonometers for replacement and control are absent. 
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2. RESULTS FROM OBSERVATIONS AND ANALYSIS 
 
Observations in Turkmenistan on ozone depend on the height of the sun: 
 
From 15.11 to 10.02, 9 observation periods are carried out, from the height of sun 20° to the 
maximum (the working time is 5-6 hours). 
 
From 11.02 to 31.03, 7 periods are held from the height of sun 20° to the maximum. 
 
From 1.04 to 14.09, 7 periods are held from the height of sun 20° to the height of 65°. 
 
From 15.09 to 14.11, 7 periods are held from the height of sun 20° to the maximum. 
 
Solar observations are made using direct sunlight. 
 
Zenith observations are made using scattered radiation at the Zenith of the sky. 
 
 
3. DISSEMINATION OF RESULTS 
 
3.1 Data reporting 
 
Monthly schedules O-3 not later than 3 days of the following month are sent to the Main 
Geophysical Observatory named Voeikov. Further all data are transferred to the coordinated 
international network by data exchange of the World Meteorological Organization (WMO). 
 
The data ozone content in observable atmosphere for the period from 2014-2019 at the 
“Repetek” meteorological station (103sm) 
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3.2 Information to the public 
 
Representatives of the Hydrometeorology service of the Ministry of Agriculture and 
Environmental protection of Turkmenistan regularly participate in seminars organized by the 
Ozone Unit to discuss the results of observations of the ozone layer in Turkmenistan and the 
current state of the ozone layer. 
 
3.3 Relevant scientific papers 
 
No scientific work was presented. 
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4. FUTURE PLANS 
 
Turkmenistan purchased ozonometer device brand “Microtops II” of the “Solar Light Co” 
company in the amount of 6 PCs. Service employees plan to start working with new equipment 
at three stations in the country (Ashgabat c., Turkmenbashi c., Turkmenabat c.) to measure 
the total ozone content 

 
Pic.2: Ozonometer device brand “Microtops II” 

 
 
5. NEEDS AND RECOMMENDATIONS 
 

1. The Hydrometeorology service of the Ministry of agriculture and environmental 
protection of Turkmenistan needs training of national specialists in order to effectively 
use new modern devices for measuring the total amount of atmospheric ozone and 
ultraviolet radiation. 

 
2. Arrangement of the arrival of international experts to train ozone meter technicians in 

working with the new Microtops II ozonometer of the “Solar Light Co” company in the 
Hydrometeorology service of the Ministry of Agriculture and Environmental Protection 
of Turkmenistan. 

 
3. Obtaining financial support for trips and exchange of scientists and employees of the 

Hydrometeorology service of the Ministry of Agriculture and Environmental Protection 
of Turkmenistan with observation stations from developing countries for their 
participation in conferences and seminars. 
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UNITED KINGDOM REPORT TO THE 11th UN OZONE RESEARCH MANAGERS MEETING, 
Geneva, 1-3 April 2020 

 
 
1. OBSERVATIONAL ACTIVITIES 
 
1.1 Column measurements of ozone and other gases/variables relevant to ozone loss 
 
Column ozone measurements are taken at four locations spanning the length of the UK: a Dobson 
instrument, operated by the Met Office, has been used at Lerwick in the Shetland Islands (North of 
Scotland) since 1957; a Mark III Brewer instrument, operated by the University of Manchester, has 
been used at Manchester in northern England since 2000; a Mark IV Brewer has been operated by 
the University of Manchester at Reading in southern England since 2003; and a SAOZ (Systeme 
D'Analyse par Observations Zenithale ) instrument in Aberystwyth has been in place since 1991 
with data reprocessed by the University of Manchester. The Lerwick and Reading operations are 
funded by the UK Government (Department for Environment, Food and Rural Affairs). The 
Manchester instrument is unsupported but operated on a pro bono basis by the team at 
Manchester University.  In addition to ozone column measurements the SAOZ measures the 
nitrogen dioxide column. The site operation itself at Aberystwyth is supported by the Natural 
Environment Research Council (NERC) via the National Centre for Atmospheric Science (NCAS). 
 
In the case of Reading, Manchester and Lerwick, the spectrophotometers operating in the UV 
band sample the ozone column at frequent intervals throughout the day to produce daily mean 
values, except when weather conditions prevent recordings or during winter at Lerwick when the 
sun is too low.  The data is submitted to the World Ozone and Ultraviolet Radiation Data Centre 
(WOUDC), WMO World Data Archive and University of Thessaloniki.  The data from these 
measurements are available at: https://uk-air.defra.gov.uk/data/ozone-data. 
 
Also, the Brewer Ozone Spectrophotometers at Manchester and Reading submit high frequency, 
near real time raw data to EUBREWNET for central processing and quality assurance. The 
processed data is available from the EUBREWNET servers, http://www.EUBREWNET.org, and 
also via link from WOUDC. 
 
The instrument at Aberystwyth works on a different methodology, operating in the Chappuis visible 
band (450-570nm), acquiring slant columns during sunrise and sunset to produce two estimates 
per day. Normally data is submitted to WOUDC, the University of Thessaloniki WMO mapping 
centre and the Network for the Detection of Atmospheric Composition Change (NDACC). 
However, in May 2019 the SAOZ GPS ceased to provide the correct time. A new GPS unit was 
supplied and fitted in August 2019 but so far it has failed to resolve the issue. Discussions continue 
with LATMOS to try to find a solution but these have so far proved unsuccessful. Therefore we 
have no estimate of when, if at all, the SAOZ will come back into operation.	  
 
The UK also carries out ozone and nitrogen dioxide measurements at locations in Antarctica 
through the British Antarctic Survey (BAS).  This includes a Dobson spectrophotometer, operated 
since 1956, and a SAOZ spectrometer, operated between 2013 and 2016 at the Halley station, 
and a SAOZ instrument at Rothera, operated since 1996, which was previously installed at 
Faraday from 1990 - 1995. Since the end of 2018, BAS have taken automatic readings from Halley 
during the Antarctic winter, with manual readings taken in the Antarctic summer between late 
November and early February. A Dobson instrument at Ukraine’s Vernadsky/Faraday station, 
operated since 1957, is on long-term loan to Vernadsky from BAS.  Radiosonde measurements 
are also taken at Halley and Rothera. 
 
1.2 Profile measurements of ozone and other gases/variables relevant to ozone loss 
 
Brewer umkehr profile measurements of ozone are made routinely at the Manchester and Reading 
sites, the raw data is routinely submitted to WOUDC. 
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The Met Office has conducted ozonesonde launches from Lerwick regularly since 1995, currently 
for model verification purposes. Data is sent the same day to the Norwegian Institute for Air 
Research (NILU) database. Data is sent annually to the WOUDC. Lerwick also takes part in the 
Northern European co-ordinated Match Program ozonesonde launches, when ozone depletion is 
expected. These ozonesondes are provided by the Alfred Wegener Institute for Polar and Maritime 
Research at Potsdam (AWI), who also run the program and analyse the data. 
 
The UK Government Department for Business, Energy and Industrial Strategy (BEIS) funds five 
stations in the UK and Ireland (UK DECC network) monitoring greenhouse gases, ozone-depleting 
substances (ODS) and related gases. 
 
Two of these (Mace Head, a coastal station in the west of Ireland, operated since 1987, and 
Tacolneston, a Telecommunication mast in England, operated since 2012) make high frequency, 
real time, in situ measurements of a comprehensive suite of ODS including CFCs, HCFCs, halons, 
other halocarbons, and nitrous oxide (N2O) as well as related radiatively active trace gases such 
as  carbon dioxide (CO2), methane (CH4), PFCs, HFCs, sulphur hexafluoride (SF6), nitrogen 
trifluoride (NF3), carbon monoxide (CO), hydrogen (H2) and ozone (O3)Four further sites in the east 
and west of England and central Scotland (the latter now replaced by a site in northern England) 
measure CH4, N2O, CO2 and SF6. 
 
The Mace Head site is well positioned to contrast clean westerly air entering Europe from the 
Atlantic with polluted air leaving Europe towards the Atlantic. The site is, therefore, ideally situated 
to record trace gas concentrations associated with both the Northern Hemisphere background 
levels and the more polluted air arising from Europe. The other sites in England provide spatial 
measurement distribution to help determine emissions estimates for the UK. 
 
Analysis of the atmospheric observation data also identifies sources of and trends in ODS and 
related gas emissions from different areas, including comparison of observed data with expected 
trends from inventories. Work is also in progress to identify new substances with ozone depleting 
or radiative forcing properties, and a significant number of these have been identified, including 
“new” CFCs, HFCs, HCFCs and PFCs. Some of these measurements form a key part of the 
international Advanced Global Atmospheric Gases Experiment (AGAGE) measurement 
programme.  Measurements at Ridge Hill and Weybourne are part of the Integrated Carbon 
Observing System (http://www.icos-uk.org/icos-and-uk). More information, including links to the 
data is available at: http://www.metoffice.gov.uk/research/monitoring/atmospheric-trends  and 
http://agage.mit.edu/ 
 
The NCAS supports various long-term halocarbon measurement programmes at the University of 
East Anglia (http://weybourne.uea.ac.uk/data.php). These include the Cape Grim air archive 
measurements from Tasmania (dating back to 1978) and the CARIBIC flying observatory 
(www.caribic-atmospheric.com) which provide regular data from the upper troposphere/lower 
stratosphere (UTLS) region. UEA also have numerous other ODS-related projects which include 
surface measurements in East and SE Asia, aircraft measurements and measurements in air 
trapped in firn and ice. For many years UEA have pioneered the detection and identification of new 
ODS in the atmosphere and are currently developing a unique low-cost “AirCore” sampling 
programme for halocarbons in the stratosphere, which will provide data over the 30-40 km altitude 
range. 
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Summary of UK stations monitoring ozone-depleting substances (ODS) and related gases 

 
Station Surface 

or tall 
tower 

Date ODS-
related 
measurements 
started 

ODS and 
related 
measurements 

Network 
affiliated 

Responsible 
organisation 

Mace Head, 
Ireland 

Surface 1987 CFCs, HCFCs, 
HFCs, HFCs 
PFCs and 
other 
halocarbons, 
O3, N2O, CH4, 
SF6, CO2, CO, 
H2 

UK DECC 
& 
AGAGE 

UBristol 

Tacolneston, 
England 

Telecom 
mast 

2012 CFCs, HCFCs, 
HFCs, HFCs 
PFCs and 
Halocarbons, 
N2O, CH4, SF6, 
CO2, CO 

UK DECC 
& 
AGAGE 

UBristol 

Weybourne, 
England 

Surface 2013 N2O, CH4, SF6, 
CO2 

ICOS UEA 

Angus, 
Scotland 
(no longer 
monitoring 
ODS)  

Telecom 
mast 

2013 CH4,CO2,  UK DECC UBristol 

Bilsdale, 
England 
(replacing 
Angus) 

Telecom 
mast 

2014 N2O, CH4, SF6, 
CO2, CO 

UK DECC UBristol 

Ridge Hill, 
England 

Telecom 
mast 

2013 N2O, CH4, SF6, 
CO2 

UK DECC 
& 
ICOS 

UBristol 

Heathfield, 
England 

Telecom 
mast 

2013 N2O, CH4, SF6, 
CO2 

UK DECC NPL & 
UBristol 

 
 
1.3 UV measurements 
 
1.3.1 Broadband measurements 
 
Solar radiation is measured at nine sites (from 50 to 60° N) across the UK by Public Health 
England (PHE), an executive agency of the UK Department of Health and Social Care. PHE also 
operates sites in Gibraltar, Cyprus and Malin Head in the Republic of Ireland. Each site includes 
three detectors measuring erythema weighted UV and UV-A irradiances, and illuminance. These 
monitoring sites provide Global Solar UV Index information to the public (https://uk-
air.defra.gov.uk/data/uv-index-graphs). 
 
PHE also operates a Kipp and Zonen Solys 2 Sun tracker with two Kipp and Zonen UV-S-E-T 
broadband radiometers measuring global and diffuse components of erythema weighted UV 
radiation and two ULS2048L-EVO spectroradiometers from Avantes for measurements of UV-A 
and visible radiation at Chilton in Oxfordshire. 
 
The University of Manchester operates a Kipp and Zonen UV-S-AE-T broadband radiometer which 
measures erythemal UV radiation in central Manchester. 
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1.3.2 Narrowband filter instruments 

 
The University of Manchester operates a Biospherical GUV-541 multifilter instrument, located in 
central Manchester, which has been in operation since 1997. It has 5 channels of bandwidth ~ 10 
nm, centred at 305, 313, 320, 340 and 380 nm.  From this the erythemal / UV index is calculated 
every minute and is available on https://uk-air.defra.gov.uk/data/uv-index-graphs 
 
1.3.3 Spectroradiometers 
 
The UK Government funds measurements from a Bentham DM150 spectroradiometer which is co-
located with the Brewer spectrophotometer at Reading in southern England. The data series is one 
of the longest in the World and extends back to 1991 with regular operation since 1993. The 
current instrument takes calibrated (NIST-traceable) measurements from 290nm to 500nm at 
0.5nm resolution at half-hour periods during daylight hours, every day of the year. Data is 
submitted monthly to WOUDC. 
 
The University of Manchester uses a Mark III Brewer (double monochromator) to measure spectral 
UV irradiance (290 to 363 nm) in Manchester.  This instrument has been in operation since 2000 
and forms the basis for studies requiring long term spectral data in the north of England. 
 
Spectral UV measurements have been carried out at the PHE site at Chilton since 1993 using 
scanning spectroradiometers; in 2018 the capability was upgraded to a Bentham DTMc300 
(Bentham Instruments, Reading, UK). This instrument takes measurements from 280 nm to 800 
nm at 30 minute intervals. Two portable spectral measurement systems (APSUS) have been 
developed for field deployment outside Chilton. A customised Bentham DMc150 double 
Monochromator for 280-600 nm spectral range housed in an environmental housing has been 
operated around the world. 
 
1.4 Calibration activities 
 
The Dobson #32 machine at Lerwick was last calibrated in 2017  The next calibration will take 
place in 2023 at the Regional Dobson Calibration Centre at Hohenpeissenberg, Germany.  Dobson 
#41 at Lerwick was calibrated at Hohenpeissenberg in 2014 and the next calibration is due in 
2020. 
 
Brewer #075 at Reading is calibrated biennially at El Arenosillo in Spain against the WMO 
Regional Brewer Calibratoin Centre triad. The last calibration was June 2019. The next calibration 
is due in 2021. The instruments are now also characterised for filter non-linearities and stray light 
errors for input into the EUBREWNET processing algorithms. This calibration includes both ozone 
and spectral UV irradiance measured by the Brewer. 
 
The Bentham DM150 UV spectroradiometer in Reading is calibrated monthly in situ with reference 
to the NIST traceable irradiance standards held at the University of Manchester calibration 
laboratory. In addition, in August 2018 the QASUME instrument (WMO World Calibration 
Reference) operated by PMOD/WRC was brought to the site for a calibration intercomparison. The 
next visit is due in 2021. The Biospherical GUV-541 and the Kipp and Zonen UV-S-E-T are 
periodically sent to PMOD/WRC when regional or global intercomparisons are offered there. 
Otherwise calibrations are checked in situ between instruments and with the calibration facilities 
available at University of Manchester. 
 
At least one of the BAS Dobson instruments in Antarctica was last recalibrated at 
Hohenpeissenberg in 2017.  It may be possible to exchange this with the Dobson currently at the 
Vernadsky station in future years and discussions about this are ongoing. 
 
PHE’s solar network (12 sites) and spectral systems at Chilton are regularly calibrated in situ. 
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2. RESULTS FROM OBSERVATIONS AND ANALYSIS 
 
2.1 UV exposures 
 
PHE has carried out an analysis into a 25-year dataset of erythema effective UV at Chilton, 
Oxfordshire. An increase in annual erythema effective radiant exposure of 4.4% per year was 
found between 1991 and 1995 and explained by decreasing ozone and increasing sunshine hours; 
a small decrease of 0.8% per year was found from 1995-2015. Sunshine hours data were from the 
Radcliffe Meteorological Station, University of Oxford. 
 
 

 
 
 
This analysis can be found here: Hooke, R.J., Higlett, M.P., Hunter, N. and O'Hagan, J.B., 2017. 
Long term variations in erythema effective solar UV at Chilton, UK, from 1991 to 
2015. Photochemical & Photobiological Sciences, 16(11), pp.1596-1603. 
Comparison of erythema effective exposure with ozone and cloud cover showed that between 
1991 and 2004 there was a significant increasing trend of 1.01% per year, largely explained by 
cloud cover. Between 2004 and 2015 there was a significant decreasing trend of 1.35% per year, 
with ozone having the greater effect. 
 
This analysis can be found here: Hunter, N., Rendell, R.J., Higlett, M.P., O'Hagan, J.B. and 
Haylock, R.G., 2019. Relationship between erythema effective UV radiant exposure, total ozone, 
cloud cover and aerosols in southern England, UK. Atmospheric Chemistry and Physics, 19(1), 
pp.683-699 
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2.2 Column ozone 
 
Data from the ozone column measurements at Lerwick, Manchester and Reading are published by 
the UK Government here:  https://uk-air.defra.gov.uk/data/ozone-data. 
 
UV data is viewable from the PHE solar network and from Manchester/Reading here: https://uk-
air.defra.gov.uk/data/uv-index-graphs.  Data is also available on request from PHE 
(solar@phe.gov.uk), while Reading and Manchester data is available here: https://uk-
air.defra.gov.uk/data/uv-data. 
 
Trends analysis of the measurements suggests that as of the start of 2020, the long-term decline 
in column ozone over the UK has not yet been reversed.  A long-term (since 1978) autumn decline 
is significant for single and multiple regression. It is difficult to explain enhanced ozone loss prior to 
the cold season of polar stratospheric cloud formation. However, the principal component analysis 
confirms that the most likely cause of the autumn trend is tropospheric circulation changes.    In 
Smedley et al (2010) (Int. J. Climatol., doi:10.1002/joc.2275) the Reading ozone series was 
homogenised with older records to create a southern UK time series extending back to 1979. 
 
 

Site 
(ordered 
south to 
north) 

 1979-1994 
annual 
linear trend 
[DU/yr] 

Significance 
of 1979-1994 
annual linear 
trend [%] 

Post-1994 
annual 
linear 
trend 
[DU/yr] 

Significance 
of post-1994 
annual linear 
trend [%] 

Recent 
decadal 
trend 
[DU/yr] 

Southern UK 
/ Reading 

 -1.36 99.86 +0.37 81.33 -0.58 

Manchester   N/A N/A +0.3 66.94 -1.06 
Lerwick  -1.79 98.30 +0.56 92.91 +-0.93 

 
 
Notes: 
 
These trend analyses are updated versions of those described in Smedley et al (2010), Int. J. Clim. 
 
Annual mean residuals used to calculate the trends are the annual de-seasonalised values i.e. annual mean 
of ozone minus the observed climatology. 
 
A breakpoint is assumed to occur at 1994, and two-part linear trends are calculated on this basis for the 
Southern UK / Reading and Lerwick data series. 
 
Significant trends at the 5% level are highlighted in bold. Only trends during ozone depletion are significant 
and none of the three sites yet shows statistical significant signs of recovery. 
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Days that meet the Low Ozone Event criteria since Jan 2014 
Lerwick  Manchester Reading 
25/1/20 03-Dec-19 03-Dec-19 
23/10/19 02-Dec-19 02-Dec-19 
25/7/19  26-Nov-19 
28/6/19  05-Oct-19 
27/6/19 15Sep-19  
9/7/18 20-Mar-19 20-Mar-19 
4/6/18 26-Sep-18  
2/6/17 25-Sep-18  
 17-Jun-17 17-Jun-17 
 16-Jun-17 16-Jun-17 
  09-Apr-17 
  08-Apr-17 
 07-Apr-17 07-Apr-17 
 30-Nov-16  
  26-Nov-16 
 28-Oct-16 28-Oct-16 
   28-Sep-16 28-Sep-16 
    16-Jul-16 
01-Jun-16   
    13-Mar-16 
    11-Mar-16 
29-Feb-16  29-Feb-16 
28-Feb-16   
27-Feb-16   
26-Feb-16   
    31-Jan-16 
    04-Mar-15 
  16-Mar-14 
  06-Mar-14 
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2.3 Ozone-depleting substances (ODSs) 
 
Research by the University of Bristol and the Met Office, in collaboration with AGAGE and NOAA 
colleagues, has led to several notable findings relevant to the Montreal Protocol. Scientific results 
related to ODSs for the period 2012 – 2016 are summarised in Chapter 1 of the 2018 WMO 
Scientific Assessment of Ozone Depletion, for which University of Bristol researchers participated 
as lead and contributing authors (Engel and Rigby, 2018). The University of Bristol and the Met 
Office have been involving in several papers subsequent to this assessment, namely: CFC-11 
[Montzka, et al., ,2018)]; CFC-11 [Rigby, et al., 2019]; CFCs [Vollmer, et al., 2018]; CCl4 [Liang, et 
al., 2016]; CCl4 [Lunt, et al., 2018]; HFC-23 [Stanley, et al., 2020]; ODSs [Say, et al., 2016]; 
chloroform [Fang, et al., 2018]. 
 
The global atmospheric trends together with UK and North West European emissions of a wide 
range of ODS have been reported to BEIS (UK Department of Business, Energy and Industrial 
Strategy) in 2018: 
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/
758296/AR18_Report.pdf. These regional estimates have been made using the atmospheric 
observations from Mace Head and Tacolneston. They have been updated, using additional 
European observations from Jungfraujoch and Monte Cimone, in the latest report to BEIS, which is 
currently under review. For example the estimated UK emissions of HCFC-22 are shown below. 
HCFC-22: UK emission estimates (Gg yr-1) using InTEM (annually averaged): (a) MHD (3yr) with global 
meteorology (blue) and (b) 4 sites (1yr) (MHD+JFJ+CMN+TAC) with UKV 1.5 km nested in global 
meteorology (orange). The uncertainty bars represent 1 std. 
 
 

 
 
 
3. THEORY, MODELLING, AND OTHER OZONE RELATED RESEARCH 
 
Since the last report for the 10th Ozone Research Manager’s meeting, the University of Manchester 
has undertaken a range of research on ozone and UV.  Details are included in section 4.3 below. 
 
Since the last report, Public Health England has undertaken a range of research on UV exposures. 
Details are included in sections 4.3 and 5. 
 
The University of Bristol has developed global modelling capability for all major ODSs and related 
gases. These modelling techniques are used to provide global emissions estimates to the Parties 
via the WMO Scientific Assessments of Ozone Depletion (e.g. Engel and Rigby, 2018). The Met 
Office has developed an atmospheric chemical transport model, NAME, which is widely used to 
study regional ODS dispersion. Met Office and University of Bristol researchers use NAME model 
output and Bayesian inverse methods to infer regional ODS emissions from atmospheric 
observations (e.g. Rigby, et al., 2019; Fang, et al., 2018; Lunt, et al., 2018). 
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4. DISSEMINATION OF RESULTS 
 
4.1 Data reporting 
 
The ozone monitoring data from Lerwick, Reading, Manchester and Aberystwyth is processed 
daily and quality checked by comparison with Ozone Monitoring Instrument (OMI) satellite 
measurements, the nearest ground-based measurements and previous ozone climatology.  
Results are supplied to the WOUDC Real-time mapping centre and University of Thessaloniki. The 
Brewer data from Manchester and Reading is also automatically transferred to the new 
EUBREWNET NRT database. The data is also published on the internet at http://uk-
air.defra.gov.uk/research/ozone-uv  for the wider research community. 
 
Both total ozone, multi-filter UV data from the Manchester site and spectral UV data from Reading 
are submitted regularly to the WOUDC. Ozone data from Aberystwyth is additionally submitted to 
NDACC. 
 
Level 0 and Level 1 Dobson ozone data from the Halley and Vernadsky stations in Antarctica are 
submitted to the WOUDC by the BAS. Observations are reported in real-time using CREX 
(Character form for the Representation and EXchange of data) on the Global Telecommunications 
System (GTS) from Halley, Rothera and Vernadsky. Quality controlled ozone observations are 
submitted by BAS to the WMO on a regular basis. 
 
AGAGE data are reported to ESS-DIVE bi-annually 
(https://data.ess dive.lbl.gov/view/doi:10.3334/CDIAC/ATG.DB1001). 
 
UK DECC network data are reported to CEDA (http://data.ceda.ac.uk/badc/uk-decc-network/data) 
on a regular basis. 
 
4.2 Information to the public 
 
Ozone monitoring results from the Lerwick, Reading, Manchester and (no longer operational) 
Camborne sites are publicly available at http://uk-air.defra.gov.uk/research/ozone-uv/. Real time 
UV Index graphs are also published on that site at this address: https://uk-air.defra.gov.uk/data/uv-
index-graphs.  Public health messages continue to be issued in collaboration with Defra, the UK 
Met Office and Public Health England at times of higher than expected levels of UV Index.  Data 
from the Antarctic stations, and assessments about the ozone hole are available at 
https://legacy.bas.ac.uk/met/jds/ozone/index.html 
 
PHE carried out public Outreach activities on UVR and health at the New Scientist Live in London 
in 2016. 
 
4.3 Relevant scientific papers 
 
Below is a list of scientific papers led by or involving UK organisations, published since the last 
Ozone Research Managers meeting in 2017. 
 
Fountoulakis, Ilias, Henri Diémoz, Anna-Maria Siani, Gudrun Laschewski, Gianluca Filippa, Antti 

Arola, Alkiviadis F. Bais, Hugo De Backer, Kaisa Lakkala, Ann R. Webb, Veerle De Bock, Tomi 
Karppinen, Katerina Garane, John Kapsomenakis, Maria-Elissavet Koukouli and Christos S. 
Zerefos (2020) Solar UV Irradiance in a Changing Climate: Trends in Europe and the 
Significance of Spectral Monitoring in Italy. Environments 7(1), 1-31. 

 
Isner, J-C., Olteanu, V-A., Hetherington, A. J., Coupel-Ledru, A., Sun, P., Pridgeon, A. J., Jones, 

G. S., Oates, M., Williams, T. A., Maathuis, F. J. M., Kift, R., Webb, A., Gough, J., Franklin, K. 
A. & Hetherington, A. M.(2019) Short and long term effects of UV-A on Arabidopsis are 
mediated by 1 a novel cGMP phosphodiesterase. Current Biology 29(15), 2580-85 
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Berjón, A., Redondas, A., Sildoja, M. M., Nevas, S., Wilson, K., León-Luis, S. F., el Gawhary, O., 
and Fountoulakis, I.: Sensitivity study of the instrumental temperature corrections on Brewer 
total ozone column measurements, Atmos. Meas. Tech., 11, 3323-3337, 2018. 

 
Rimmer, J., Redondas, A., and Karppinen, T.: EUBREWNET–A European Brewer network (COST 

Action ES1207), an overview [Discussion paper acp-2017-1207], 2018. 
 
Redondas, A., Carreño, V., León-Luis, S. F., Hernández-Cruz, B., López-Solano, J., Rodriguez-

Franco, J. J., Vilaplana, J. M., Gröbner, J., Rimmer, J., and Bais, A. F.: EUBREWNET RBCC-E 
Huelva 2015 Ozone Brewer Intercomparison, [Discussion paper acp-2017-1210] 2018. 

 
Seckmeyer Gunther, Christopher Mustert, Michael Schrempf, Richard L. McKenzie, J. Ben Liley, 

Michael Kotkamp, Alkiviadis F. Bais, Didier Gillotay, Harry Slaper, Anna-Maria Siani, Andrew 
R.D. Smedley, Ann Webb (2018) Why is it so hard to gain enough Vitamin D by solar exposure 
in the European winter?  Meteorologische Zeitschrift DOI 10.1127/metz/2018/085 

 
Webb AR, Kazantzidis A, Kift RC, Farrar MD, Wilkinson J, Rhodes LE (2018) Meeting Vitamin D 

Requirements in White Caucasians at UK Latitudes: Providing a Choice. Nutrients 10(4), 497; 
https://doi.org/10.3390/nu10040497 

 
Webb, Ann R., Andreas Kazantzidis, Richard C. Kift, Mark D. Farrar, Jack Wilkinson and Lesley E. 

Rhodes (2018) Colour Counts: Sunlight and Skin Type as Drivers of Vitamin D Deficiency at 
UK Latitudes. Nutrients 10(4), 457; https://doi.org/10.3390/nu10040457 

 
Fountoulakis, Ilias, Christos S. Zerefos, Alkiviadis F. Bais, John Kapsomenakis, Maria Maria-

Elissavet Koukouli, Nozomu Ohkawara, Vitali Fioletov, Hugo De Backer, Kaisa Lakkala, Tomi 
Karppinen, and Ann Webb (2018) 25 years of spectral UV-B measurements over Canada, 
Europe and Japan: trends and effects from changes in ozone, aerosols, clouds and surface 
reflectivity. Comptus Rendus Geoscience 350, 393-402 

 
Priestley, Michael, Michael Le Breton, Thomas J. Bannan, Stephen Worrall, Asan Bacak, Andrew 

R.D. Smedley, Ernesto Reyes-Villegas, Archit Mehra, Kimberly E. Leather, James Allan, Ann 
R. Webb, Dudley E. Shallcross, Hugh Coe, Carl J. Percival. (2018) Observations of inorganic 
and organic chlorinated compounds and their contribution to chlorine radical concentrations in 
winter time Manchester, UK. Atmos.Chem. Phys. 18, 13481-13493 

 
Kreuter A, Blumthaler M, Tiefengraber M, Kift R and Webb AR (2017) Sky radiance at a coastline 

and effects of land and ocean reflectivities. Atmos. Chem. Phys., 17, 14353-14364. 
doi.org/10.5194/acp-17-14353-2017 

 
López-Solano, J., Redondas, A., Carlund, T., Rodriguez-Franco, J. J., Diémoz, H., León-Luis, S. 

F., Hernández-Cruz, B., Guirado-Fuentes, C., Kouremeti, N., Gröbner, J., Kazadzis, S., 
Carreño, V., Berjón, A., Santana-Díaz, D., Rodríguez-Valido, M., De Bock, V., Moreta, J. R., 
Rimmer, J., Boulkelia, L., Jepsen, N., Eriksen, P., Bais, A. F., Shirotov, V., Vilaplana, J. M., 
Wilson, K. M., and Karppinen, T.: Aerosol optical depth in the European Brewer Network, 
Atmos. Chem. Phys. Discuss., 2017, 1-25, 2017. 

 
Smedley, A. R., Rimmer, J. S., and Webb, A. R.: A more representative “best representative value” 

for daily total column ozone reporting, Atmospheric Measurement Techniques, 10, 4697, 2017. 
 
Zerefos, C. S., Eleftheratos, K., Kapsomenakis, J., Solomos, S., Inness, A., Balis, D., Redondas, 

A., Eskes, H., Allaart, M., and Amiridis, V.  …Rimmer J….: Detecting volcanic sulfur dioxide 
plumes in the Northern Hemisphere using the Brewer spectrophotometers, other networks, and 
satellite observations, Atmospheric Chemistry and Physics, 17, 551, 2017. 

 
Schmalwieser, Alois W, (…multiple authors…), Ann Webb and John B O’Hagan (2017) UV Index 

Monitoring in Europe. Photochem. Photobiol. Sci. DOI: 10.1039/C7PP00178A 
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5. PROJECTS, COLLABORATION, TWINNING AND CAPACITY BUILDING 
 
Since the 10th ORM, the following additional activities have taken place. 
 
5.1 University of Manchester 
 
The University of Manchester was co-organiser for the Brewer Operator Course held in Sydney 
and hosted by the Australian Bureau of Meteorology (BoM). Contributions were also made to the 
curriculum and teaching of the course. This was done at the request of the BoM to build capacity in 
the Asia/Pacific region. The University of Manchester also co-organised a second Brewer Operator 
Course held at the 2019 RBCC-E Brewer Intercomparison in El Arenosillo, Spain. 
 
Chairing the EUBREWNET project, originally funded by the European COST Office, to bring all the 
European Brewer Ozone Spectrophotometer stations together in a formal network. The project 
integrates, automates and improves the consistency of Brewer ozone, UV and aerosol optical 
depth measurements by employing central data processing and QA/QC in a new NRT database, 
which adds significantly to the scientific value of the data. EUBREWNET has expanded from its 
original scope of European sites and now includes stations in South America, Australia, Africa, 
USA, Scandinavia, Middle East, Malaysia, Russian Federation, Singapore  and Antarctica. This is 
leading to a fully functioning global network which is helping to restore the capacity required for 
authentic satellite validations. More information is available at: http://www.EUBREWNET.org 
 
5.2 Public Health England 
 
PHE is a WHO Collaborating Centre for Radiation Protection participating in WHO activities on 
health effects of optical radiation and in WHO’s INTERSUN Programme. 
 
PHE current research covers sun exposures of NHS patients undergoing daylight Photodynamic 
Therapy (dPDT), UV exposures of Xeroderma Pigmentosum (XP) patients, UV exposures of office 
workers and commercial pilots, input into epidemiology of non-melanoma skin cancers (NMSC), 
development of methods and instrumentation for assessment of personal exposures. Results of 
the study on in-flight exposures of commercial pilots was submitted as evidence to the UK 
Industrial Injuries Advisory Council and to WHO Department of Public Health, Environmental and 
Social Determinants of Health. PHE also carried out research into the impact of solar UV exposure 
during extreme hot and cold weather events in 2018. PHE organised and hosted the Nordic Ozone 
Group workshop in 2019. 
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5.3 University of Bristol 
 
Measurement of a comprehensive suite of ODS and related gases at a tall tower in the south of 
England (UK DECC Network) as part of a UK inventory validation activity. 
 
Measurement of a comprehensive suite of ODS and related gases at Mace Head, Ireland and 
Ragged Point, Barbados as part of the international AGAGE program. 
University of Bristol investigators were lead authors of and contributors to the 2018 WMO Scientific 
Assessment of Ozone Depletion. 
 
Dr Matt Rigby of the University of Bristol is a scientific consultant for the TEAP report “VOLUME 1: 
DECISION XXX/3 TEAP TASK FORCE REPORT ON UNEXPECTED EMISSIONS OF 
TRICHLOROFLUOROMETHANE (CFC-11)”, September 2019 and lead author for the upcoming 
Scientific Assessment Panel (SAP) report on CFC-11. 
 
 
6. IMPLEMENTATION OF THE RECOMMENDATIONS OF THE 10th OZONE RESEARCH 

MANAGERS MEETING 
 
Relevant actions undertaken by UK organisations are listed below. 
 
6.1 Research Needs 
 
6.1.1 Factors affecting UV 
 
See PHE publications 1 and 5 in Section 4.3. 
 
6.1.2 UV change impacts 
 
Public health impacts of solar UV exposure, both positive and negative, during extreme hot and 
cold weather in England in 2018 were addressed in PHE publication 11 in Section 4.3. PHE also 
carried out studies on UV exposure of British office workers (publication 10), vitamin D and sun 
exposure at holidays in high UV index destinations (publications 13-15). PHE is also working with 
the NHS to develop new treatments for actinic keratosis using sunlight, (publications 2, 6 and 7) 
 
6.2 Systematic observations 
 
6.2.1 Ground based stations 
 
The University of Manchester operates a Bentham DM150 spectroradiometer, sited in Reading, 
which takes half hourly measurements of spectral UV from 290nm to 500nm. Dating back to 1993, 
this is now one of the longest spectral UV records in the world. 
 
The University of Manchester also operates a Brewer Ozone Spectrophotometer measuring total 
column ozone (TCO), collocated with the Bentham UV instrument, since 2003. This data has been 
homogenised with the Camborne and Bracknell Dobson data to give a long term record for the 
Southern UK since 1967. Dobson TOC data from Lerwick, operated by UKMO also dates back to 
1952. 
 
The Brewers operated by the University of Manchester at Reading and Manchester also take daily 
umkehr ozone profile measurements. All instruments are calibrated and data is quality assured 
according to WMO guidelines. 
 
The Public Health England solar network includes ground-based UV detectors. It consists of twelve 
sites, five of which have >25y of solar UV data (Camborne, Chilton, Glasgow, Leeds, Lerwick), see 
PHE publications 1, 3 and 4 in Section 4.3. 
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6.2.2 New and cost effective instruments 
 
Project for the new instrument described in sec 5. Continuing to expand and improve 
EUBREWNET. 
 
6.2.3 Mechanisms to give recognition to data providers, exchange findings and feedback on 

data quality 
 
EUBREWNET data will be assigned DOI’s to help with appropriate recognition. 
 
6.3 Data archiving and Stewardship 
 
6.3.1 Developing robust automated data submission 
 
EUBREWNET complies with the automation, QA, NRT, calibration, reprocessing and submission 
requirements and now has scientific oversight. Tools are also available to the data user. 
 
6.3.2 Encourage data providers to submit to established databases 
 
EUBREWNET provides for this, all that is needed is client software and an Internet connection. 
 
6.4 Capacity building 
 
EUBREWNET has set up a European Support Group (ESG) to offer one to one tutelage to 
operators of stations in other countries. 
 
The University of Manchester was co-organiser for the Brewer Operator Course held in Sydney 
and hosted by the Australian Bureau of Meteorology (BoM). Contributions were also made to the 
curriculum and teaching of the course. This was done at the request of the BoM to build capacity in 
the Asia/Pacific region. The University of Manchester also co-organised a second Brewer Operator 
Course held at the 2019 RBCC-E Brewer Intercomparison in El Arenosillo, Spain. 
 
 
7. FUTURE PLANS 
 
The University of Manchester, in collaboration with Kipp and Zonen bv, NL, will continue with the 
development of a new instrument for ozone measurements based on acousto optical tunable 
filters. 
 
The University of Manchester will continue to Chair EUBREWNET and play a role in the future 
improvement of the data processing and availability. 
 
 
8. NEEDS AND RECOMMENDATIONS 
 
Extending the current monitoring of the main ODS gases to more areas of the world should be a 
priority. 
 
As climate change continues to intensify, long-term measurement of both spectral UV and ozone, 
ideally co-located, is essential to track changes near population centres. The coincident 
measurements are essential for disaggregation of factors that affect UV with a prioritisation to 
stations where populations might be affected either negatively or beneficially. Recent studies have 
shown that high quality spectral UV data is required to separately calculate the available UV for 
Vitamin D production, DNA damage and erythema risk, which is not possible with broadband 
measurements. 
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The worldwide reduction in ozone and UV monitoring has still not been fully reversed, risking 
further damage to our monitoring capabilities. In particular it is essential to ensure that there 
continues to be sufficient high quality, geographically distributed ground station data submitted to 
the world data centres in order to ensure adequate validation of satellite data. Equally important is 
the maintenance of technical and scientific expertise which is often lost as staff are lost because of 
station closures, or funding does not allow for succession as staff retire. 
 
The impact and future projected emissions of chlorinated ‘very short-lived substances’ should be 
investigated further to enable Montreal Protocol Parties to consider whether further action needs to 
be taken. In addition, it is now especially important to consider the effectiveness of monitoring 
networks in the wake of the recently detected rogue emissions of CFC-11 from North East Asia.” 
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UNITED STATES OF AMERICA 
 
 
OBSERVATIONAL ACTIVITIES 
 
Column Measurements 
 
Ozone 
 
US Satellites 
Total ozone data from the Ozone Monitoring Instrument (OMI) on the EOS Aura satellite is 
available beginning October 2004. Two independent algorithms are used to produce OMI 
total ozone data, one developed by NASA the other by KNMI, NL. NASA now has 
reprocessed SBUV, TOMS and OMI data using a common (version 9) algorithm. Total 
Ozone is also available from the two nadir instruments within the Ozone Mapping and Profiler 
Suite (OMPS) on the Suomi NPP satellite as well as the Joint Polar Satellite System-1 
(JPSS-1). These data are available since April 2013. The two OMPS nadir instruments are 
very similar to those on SBUV and TOMS that have a record that goes back to 1970. These 
OMPS nadir observations will continue under the US operational satellite JPSS program. 
(NASA, NOAA) 
 
Ozone Estimates from Infrared Sensors 
NOAA produces estimates of total ozone by using information in the 9.7 micron channel of 
Cross-track Infrared Sounder (CrIS). The retrieval products are combined with SBUV/2 
information to generate global maps of column ozone. See 
(https://www.ospo.noaa.gov/Products/atmosphere/etoast/index.html). (NOAA) 
 
Total ozone products from thermal emission spectrometers also exist from both the TES 
instrument on the EOS Aura satellite and the AIRS instrument on the EOS Aqua satellite. 
These data are available on the NASA GSFC DAAC at (http://disc.gsfc.nasa.gov/). (NASA) 
 
Dobson Network 
Dobson total column ozone measurements in the U.S. are done through the NOAA 
Cooperative Network at 14 locations, including 6 continental U.S. sites and 5 sites in other 
US territories or states (Hawaii, Alaska (2 instruments), Samoa, and South Pole. Three other 
sites are collaborative international programs (BoM at Perth, Australia; Lauder, NIWA in New 
Zealand; Marseille-Provence Astronomical Observatory (OAMP) federation at Observatoire 
de Haute-Provence, France; and Meteorological and Hydrological National Service 
(SENAMHI) at Maracompoche, Peru). An instrument in Perth, Australia was successfully 
operated by BoM for NOAA since 1984, but its automation system failed in 2016. NOAA 
attempted repairs, but it was not successful. Full refurbishment and new automation of the 
instrument is pending and dependent on the availability of funds in the 2020 NOAA budget. 
Dobson data. Dobson data are used for satellite validation and determining ozone trends for 
the WMO/UNEP Ozone Assessments. NASA also supports Dobson measurements within 
the U.S. under the auspices of the Network for the Detection of Atmospheric Composition 
Change (NDACC). (NOAA, NASA) 
 
Pandonia Network 
NASA and ESA collaboration. Pandora TO column was compared against Dobson in 
Boulder, good agreement between two instruments was found over 4 years of operations 
(2013-2017). New instrument was installed in 2018. Pandora data are processed in NRT by 
Pandonia group. Data are used in satellite validations. (NASA , NOAA and US universities). 
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UVB Monitoring and Research Programme (UVMRP) 
Direct-sun column ozone is retrieved by UV Multi-Filter Rotating Shadowband 
Radiometers (UV-MFRSRs) at 34 U.S. sites, 2 Canadian sites, and 1 New Zealand site 
within the U. S. Department of Agriculture (USDA) UV-B Monitoring and Research 
Programme (UVMRP). 
 
NOAA-Environmental Ultraviolet-ozone Brewer (NEUBrew) Network 
NOAA, with cooperation from the EPA, has established a network of Brewer Mark IV UV 
spectrometers that were deployed at six U.S. locations. The six stations have been operating 
continuously since the fall of 2006 with instruments and initial funding from the EPA and 
operating funding from NOAA since then. The network Brewers 
(http://esrl.noaa.gov/gmd/grad/neubrew/) are currently focused on taking spectral UV 
irradiance measurements in the 286-363 nm wavelength range 5 times per daylight hour and 
total column ozone measurements 2-3 times per hour of daylight. Absolute spectral UV 
irradiance, instantaneous UV index, and daily erythemal dose time series are available online 
with a latency of one day. (NOAA) 
 
The near-real time total ozone column and Umkehr profile daily data are made available from 
the NOAA NEUBrew network. Six Brewer instruments were calibrated against the Canadian 
traveling standard in 2015. Brewer ozone data are used in the validation activities of the total 
column and profile ozone data collected by the Suomi NPP OMPS satellite and the following 
Joint Polar Satellite System JPSS program. (NOAA) 
 
Ozone-Relevant Gases and Variables 
 
Ozone Monitoring Instrument (OMI) on the Aura Satellite 
In addition to its primary focus on column ozone, OMI measures tropospheric columns of 
aerosols, nitrogen dioxide, formaldehyde, and sulphur dioxide. (NASA) 
 
Network for the Detection of Atmospheric Composition Change (NDACC) 
This international ground-based remote-sensing network was formed in 1991 to provide a 
consistent, standardized set of long-term measurements of atmospheric trace gases, 
particles, and physical parameters via a suite of globally distributed sites. While the NDACC 
maintains its original commitment to monitoring changes in the stratosphere, with an 
emphasis on the long-term evolution of the ozone layer its priorities have broadened 
considerably to encompass the detection of trends in overall atmospheric composition and 
understanding their impacts on the stratosphere and troposphere, establishing links between 
climate change and atmospheric composition, calibrating and validating space-based 
measurements of the atmosphere, supporting process-focused scientific field campaigns, 
and testing and improving theoretical models of the atmosphere. NDACC instruments that 
are particularly suited for column measurements include UV/Visible spectrometers for ozone, 
NO2, BrO, and OClO; FTIR spectrometers for a wide variety of source and reservoir 
compounds; and Dobson and Brewer spectrometers for ozone. Additional information on the 
NDACC is available at (http://www.ndacc.org/). (NASA, NOAA) 
 
Profile Measurements 
 
Ozone 
 
Stratospheric Aerosol Measurement (SAM) and Stratospheric Aerosol and Gas Experiment 
(SAGE) Instrument Series (4 Instruments) 
The SAM/SAGE series of instruments has provided the longest data set on the vertical profile 
of ozone in the stratosphere. Near-global coverage has been provided on a near-monthly 
basis for the periods 1979 to 1981 and 1984 to 2005. This series is now being obtained by 
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the SAGE-III instrument that has been deployed on the International Space Station since 
2017. (NASA) 
 
OMPS Limb Measurements 
The OMPS Limb instrument within the OMPS suite on Suomi-NPP has been producing 
vertically resolved ozone and aerosol concentrations since April 2013. These observations 
will also be a part of the JPSS-2 satellite to be launched in 2022. (NASA, NOAA) 
 
Microwave Limb Sounder (MLS) on the Aura Satellite 
Ozone profiles from 0.5- 200 hPa with about 3 km vertical resolution have been produced by 
the Microwave Limb Sounder (MLS). At this time, NASA intends to let the orbit drift to allow 
MLS to continue operation until roughly 2025. At this time, the satellite will most likely not be 
able to produce enough power to maintain operation of the satellite. 
 
MLS data are also combined with total ozone data from instruments like OMI, OMPS, and 
TropOMI to obtain information on tropospheric ozone globally. (NASA) 
 
Balloonborne Measurements 
NOAA routinely conducts ozonesonde measurements at five locations (two domestic, three 
international). The ozonesonde launches from Huntsville, Alabama; and Trinidad head, 
California, and Summit, Greenland were discontinued in 2017 due to lack of funding in 
NOAA. Trinidad head station has been supported by CARB since 2018, while Huntsville, 
Alabama continues balloon launches intermittently to calibrate an ozone lidar system, which 
is supported by NASA. NASA, in collaboration with NOAA and numerous international 
partners, supports the operations of the Southern Hemisphere Additional OZonesonde 
(SHADOZ) network of ozonesonde launches from several locations in the tropics and 
southern subtropics. NASA periodically performs launches of large balloons to tie together 
the various satellite observations. The instruments on these balloons obtain profiles of up to 
45 key molecules. (NOAA, NASA) 
 
Dobson Umkehr 
Profiles are now obtained from five automated Dobson instruments using the Umkehr 
technique (Lauder, Hawaii, Boulder, OHP, Fairbanks). Observations at Perth, Australia 
stopped in 2017 due to instrument failing. Repairs are pending funding, as mentioned above. 
At operational sites, the software was recently converted to python by NOAA and was made 
available to the WMO ozone and UV Data (WOUVD) centers for centralized and routine 
Umkehr data processing. Under a collaboration between NASA and NOAA, a stray light 
correction for operational Umkehr ozone data processing was developed and tested. The 
new algorithm is deployed at NOAA for processing of Dobson Umkehr data collected at the 5 
NOAA stations. In addition, Umkehr data from Arosa, Switzerland were processed in 2018. 
These records were used for the SPARC LOTUS activity and for the WMO Ozone 
assessment; both reports were published in 2018. In 2018, NOAA started a Umkehr data 
homogenization process to assess and account for instrumental changes in long-term 
records. This project also involves homogenization of SBUV and OMPS ozone profile 
records for trend assessments. (NOAA, NASA) 
 
Brewer Umkehr – NOAA Environmental Brewer Spectrophotometer UV and Ozone Network 
Total column ozone and ozone profiles using the Umkehr technique are regularly derived 
from the Brewer spectrometer around sunrise and sunset. All raw and processed data are 
posted on password-protected archive accessible from the NOAA/NEUBrew website 
(http://esrl.noaa.gov/gmd/grad/neubrew/). The Dobson Umkehr ozone profile retrieval 
algorithm has been modified to process Brewer Umkehr data on a selective basis. It is 
implemented at all NOAA operated sites. NOAA collaborates with the EUropean BREWer 
NETwork (EUBREWNET) through partnership and shares its expertise in data network 
operations and data processing. The software can be found at 
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(http://www.o3soft.eu/o3bumkehr.html), that was updated last in 2019. It is optimized to 
incorporate instrumental parameters and a stray light correction. The processing of the 
Brewer Umkehr records was done for Thessaloniki, Greece (supported by COST Action 
ES1207 EUBREWNET in 2015 and continued through 2019) and for Hoher Sonnblick station 
in Austria. Implementation of the algorithm to the entire EUBrew and other networks is 
pending on determination of instrumental parameters for individual instruments that is 
currently not performed on routine bases. The development of in-field calibration tools is in 
progress through collaboration between NOAA and EU COST action projects (NOAA) 
 
Network for the Detection of Atmospheric Composition Change (NDACC) 
NDACC lidars and microwave radiometers (whose retrievals are limited primarily to the upper 
stratosphere) are providing long-term ozone profile measurements. Ozonesondes routinely 
launched at many NDACC stations and through the Southern Hemisphere ADditional 
OZonesondes(SHADOZ) collaboration also provide ozone-profile data. In addition, several of 
the high-resolution FTIR spectrometers are beginning to yield ozone-profile information. 
(NASA, NOAA) 
 
Ozone-Relevant Gases and Variables 
 
Stratospheric Aerosol Measurement (SAM) and Stratospheric Aerosol and Gas Experiment 
(SAGE) Instrument Series (4 Instruments) 
The SAM/SAGE series of instruments has provided the longest data set on the vertical profile 
of aerosols in the stratosphere. Near-global coverage has been provided on a near-monthly 
basis for the periods 1979 to 1981 and 1984 to 2005. Water vapor profiles are also available. 
This series has resumed with 2017 deployment of the existing SAGE-III instrument on the 
International Space Station. (see above) (NASA) 
 
Aura Satellite Instruments – Microwave Limb Sounder (MLS) on the Aura Satellite 
Ozone profiles from 0.5- 200 hPa with about 3 km vertical resolution have been produced by 
the Microwave Limb Sounder (MLS). MLS produces profile information on Ozone, H2O, N2O, 
HCl, HNO3, ClO, HO2, HOCl, BrO, and several other minor trace molecules. The Aura 
satellite, which also hosts the OMI instrument, will continue to operate in its current orbit until 
2023 when it will no longer have the fuel necessary to maintain a sun-synchronous orbit. At 
this time, NASA intends to let the orbit drift to allow MLS to continue operation until roughly 
2025. At this time, the satellite will most likely not be able to produce enough power to 
maintain operation of the satellite. At that time, satellite derived profiles of several key 
species, like N2O, HCl, and ClO will cease to be produced by any satellite that is expected to 
be in operation at that time. . TES discontinued operation in 2018. (NASA) 
 
Balloonborne Water Vapor Measurements 
NOAA monitors upper tropospheric and stratospheric water vapor using cryogenic, chilled-
mirror hygrometers that are routinely flown with ozonesondes monthly in Boulder, CO, 
Lauder, New Zealand, in collaboration with NIWA, and at Hilo, Hawaii. The water vapor 
balloon site in Boulder, CO is a WMO/GCOS GRUAN program certified facility. Water-vapor 
profiles are also obtained periodically during campaigns in support of NOAA research aircraft 
missions. NASA supports the flights of several balloon instruments either through the 
TICOsonde activity in Costa Rica or on a campaign basis. (NOAA, NASA) 
 
Airborne Measurements 
NASA-sponsored airborne campaigns, using both medium- and high-altitude aircraft, have 
been conducted in collaboration with NOAA, NSF, and university partnerships, and a focus 
on satellite validation and scientific study of ozone and climate change. While designed more 
for process studies than for trend determinations, the airborne measurements have provided 
a unique view of changes in atmospheric composition at various altitudes. The most recent 
campaigns are ATTREX, POSIDON, AToM, FIREX-AQ. NSF and NASA are collaborating on 
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an upcoming aircraft mission to study the outflow from the Asian Monsoonal Circulation to 
better understand the impact this has on the upper troposphere and stratosphere. At the 
same time, NASA recently selected the DCOTSS investigation through the Earth Venture 
Suborbital-3 solicitation to understand the effects of deep convection within the North 
American Monsoon on the stratosphere. These two investigations have highly 
complementary science goals. 
(NASA, NOAA, NSF) 
 
For more than a decade NOAA has supported an additional ongoing program to regularly 
measure vertical profiles of ozone-depleting substances and substitute gases (especially 
HFCs) from light aircraft at a suite of approximately 20 sites across North America and above 
Rarotonga. The program began in 2004 and involves sampling up to 12 flasks at altitudes 
ranging from ~100 m above ground to ≤ 8 km above sea level. The data from this program is 
used to provide measurement-based quantification of U.S. emissions for ozone-depleting 
substances, their substitutes, and long-lived greenhouse gases. Ozone profile observations, 
together with temperature and humidity profiles were taken on most flights (10 locations) 
starting in 2004, but only three locations continue to collect ozone data in the most recent 
years. (NOAA) 
 
Network for the Detection of Atmospheric Composition Change (NDACC) 
Several of the NDACC remote sensing instruments provide profile data for a variety of 
ozone- and climate-relevant gases and variables. These observations continue the long term 
trends for ozone, water vapor, CFCs, HCl, HF, CH4, and N2O. (NASA, NOAA, DoD/NRL) 
 
Surface Measurements 
 
Ground-Based In Situ Measurement Networks 
Both NASA and NOAA support in situ sampling of ozone- and climate-related trace gases via 
networks of flask sampling and real time in situ measurements at sites distributed across the 
globe. These data provide the basis for determining global tropospheric trends and emissions 
of these gases, and for computing effective equivalent chlorine (EECl) in the lower 
atmosphere based on measurements of chlorine- and bromine-containing ozone-depleting 
substances. The NASA Advanced Global Atmospheric Gases Experiment (AGAGE) network 
has the longest continuous observational record for some gases, extending back more than 
three decades for some CFCs, methyl chloroform, and carbon tetrachloride. Newer NASA 
and NOAA instrumentation permits the monitoring of many of the CFC replacements, thereby 
enabling a tracking of the global atmospheric concentrations of such chemicals from their first 
appearance in the atmosphere. Measurement and standards intercomparisons between the 
AGAGE and NOAA networks and with other international collaborators are leading to an 
improved long-term database for many ozone- and climate-related gases. Both of these 
networks provided essential data related to the recent discovery of increased emissions of 
CFC-11 as well as the continued emission of Carbon Tetrachloride. (NOAA, NASA) 
 
Both the ongoing NASA- and NOAA-based programs have been augmented over time to 
enable estimates of emission magnitudes on regional scales. The AGAGE effort relies on 
high-frequency measurements to provide information in surrounding regions, while the NOAA 
effort (regular aircraft profiling mentioned above, plus, since 2007, approximately daily flask 
sampling at 16 tower locations) is focused on providing measurement-based emission 
magnitudes representative of the entire United States. 
 
Sites at which measurements of halocarbons were begun by NASA or NOAA in recent years 
include one in Rwanda (AGAGE) and one on the west coast of S. Korea (NOAA, NASA). 
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UV Irradiance Measurements 
 
Broadband Measurements 
 
SURFRAD Network 
Seven Surface Radiation Network (SURFRAD) sites operate Yankee Environmental 
Systems, Inc. (YES) UVB-1 broadband radiometers. The Integrated Solar Irradiance Study 
(ISIS) network of solar measurements includes broadband Solar Light 501 UVB biometers at 
each of seven sites. Other instrumentation (located at the Table Mountain test facility near 
Boulder, Colorado) includes a triad of calibration-reference YES UVB-1 broadband 
radiometers. A Solar Light 501 UVA biometer is also operated at the site. (NOAA) 
 
NOAA Network 
Supplemental measurements of UV-B using YES UVB-1 instruments continue at Boulder, 
Colorado and Mauna Loa, Hawaii, where high-resolution UV spectroradiometers also are 
operated and can be used to interpret accurately the broadband measurements. (NOAA) 
 
NEUBrew Network 
Each NEUBrew station has a Yankee UVB-1 broadband radiometer collocated with the 
Brewer spectroradiometer. The UVB-1 provides measurements of Erythemal daily dose. The 
NEUBrew Mountain Research Station also includes a broadband Yankee UV-A instrument. 
(EPA,NOAA) 
 
USDA UV-B Monitoring and Research Programme (UVMRP) 
Thirty-eight YES UVB-1 radiometers are fielded under this programme. (USDA) 
 
USDA UVB Monitoring and Research Programme (UVMRP) 
UV-MFRSRs deployed within this 37 station network measure total and diffuse horizontal and 
direct normal irradiance at nominal 300, 305, 311, 317, 325, 332, and 368 nm with a 2.0 nm 
bandpass. In addition, vis-MFRSRs are deployed with nominal 415, 500, 610, 665, 862 and 
940 nm wavelengths with 10.0 nm bandpass. These 13 measurements are used to create a 
continuous synthetic spectra model which can then be convolved with specific weighting 
functions to meet researcher’s needs. Access to the synthetic spectra is found on the 
UVMRP website at (http://uvb.nrel.colostate.edu/UVB/uvb_dataaccess.jsf). Direct-sun 
column ozone is retrieved using the UV Multi-Filter Rotating Shadowband Radiometers 
(USDA, CSU) 
 
NEUBrew Network 
Five NEUBrew stations have a Yankee UV-MFRSR and all stations have a visible MFRSRs 
collocated with the Brewer spectrophotometer. (NOAA) 
 
NOAA Antarctic UV Monitoring Network 
NOAA/GML has assumed operations of the Antarctic portion of the former NSF UV 
Monitoring Network. There are Biospherical Instruments (BSI) GUV-511 moderate bandwidth 
multi-channel radiometers deployed at two of the Antarctic stations, McMurdo and Palmer 
and a GUV-541 radiometer deployed at the South Pole. (NOAA) 
 
Spectroradiometer Measurements 
 
Central Ultraviolet Calibration Facility 
A high-precision UV spectroradiometer and a UV spectrograph are located at the Table 
Mountain Test Facility in Colorado under the auspices of this programme. The UV 
spectrograph was removed from operation in August 2009 due to equipment failure. It had 
been in operation since June 2003 (NOAA) 

492



 

 
Network for the Detection of Atmospheric Composition Change (NDACC) 
State-of-the-art, high-resolution spectroradiometric UV observations are conducted as a part 
of the NDACC at several primary and complementary sites. In particular, U.S. collaboration 
with NIWA (New Zealand) enables such measurements at Mauna Loa, HI and Boulder, CO. 
The measurements at Mauna Loa were started in 1995, those in Boulder began in 1998, and 
they continue to the present. (NOAA) 
 
NSF (AON Grant to the University of Chicago)UV Monitoring Network 
BSI SUV-100 high-resolution scanning spectroradiometers have been deployed at three 
locations: San Diego, California (sub-tropical location); Barrow, Alaska through June 2016; 
and a BSI SUV-150B spectroradiometer was deployed at Summit, Greenland through the 
summer of 2017 ; and a BSI SUV-150B spectroradiometer deployed at Summit, Greenland. 
(NSF) 
 
NOAA Antarctic UV Monitoring Network 
NOAA has assumed operations of the NSF UV Antarctic Network. BSI SUV-100 scanning 
spectroradiometers are deployed at the three Antarctic stations, McMurdo, Palmer, and 
South Pole. The scanning range of these instruments is from 290-600 nm. 
 
UV-Net Programme 
Brewer Mark IV spectrometers that measure the spectrum between 290 and 325 nm are 
deployed at all 21 network sites located in 14 U.S. national parks and 7 urban areas around 
the U.S. This network ceased operation in 2004 and all 21 Brewers were removed from their 
network sites. (EPA) 
 
NEUBrew Network 
The NOAA Environmental Brewer Spectrophotometer Network (NEUBrew) consists of six 
stations located in the western, central and eastern United States. Brewer MKIV instruments 
provide UV irradiance over the range 286.5 nm to 363 nm with 0.5 nm resolution up to 20 
times per day. Absolute spectral UV irradiance , instantaneous UV index, and daily erythemal 
dose time series are available online with a latency of one day 
(http://esrl.noaa.gov/gmd/grad/neubrew/). (NOAA) 
 
Satellite-Based Estimation 
Surface UV radiation can be estimated using satellite-measured total column ozone and top-
of-the-atmosphere radiance at a non-ozone absorbing UV wavelength as input to a radiative 
transfer code. Such methods have been applied to estimate both the spectral irradiance as 
well as UVB from the TOMS instrument series. Similar data are being produced by the 
Finnish Meteorological Institute (FMI) using OMI data. Since the cloud effects vary at very 
short spatial and temporal scales, the satellite derived UVB data are most useful for making 
estimates of monthly average UVB and spectral irradiance at ~100 km grid scales. An 
outstanding problem in the estimation of UVB from satellites is the strong UV absorption of 
most aerosols, most notably dust and secondary organics. An aerosol absorption correction 
is applied to the TOMS UVB record (but not to the OMI record) using TOMS-derived aerosol 
index (AI). Though AI can correct for elevated plumes of dust and smoke, it is not sensitive to 
aerosols near the surface. As a result, the satellites can overestimate UVB by up to 30% in 
polluted areas. However, this error is largely localized to urban areas and shouldn’t 
significantly affect regional averages. (NASA) 
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Calibration Activities 
 
Satellite BUV Instruments 
The UV instruments have very high susceptibility to degradation in the space environment 
with unpredictable variability from one instrument to another. In addition, some instruments 
have had non-linear detector response as well as hysteresis and spectral stray light 
problems. The EP/TOMS instrument developed a complex cross-track dependent response 
after several years. NASA has for several decades supported the calibration of NOAA 
SBUV/2 instruments both before and after launch. The post launch activities include both 
hard calibration (by monitoring on-board calibration data and the solar irradiance), as well as 
soft calibration. Soft calibration techniques include analysis of spectral and spatial patterns in 
measured radiances to separate geophysical effects from instrumental effects. NASA flew 
the SSBUV instrument 8 times on the Space Shuttle to provide calibration of NOAA SBUV/2 
instruments. Other satellite instruments such as SAGE, and currently the MLS instrument on 
Aura, are also providing useful calibration information. However, ground-based data have not 
been used for satellite calibration, except for the BUV instrument that operated on the 
Nimbus-4 satellite from 1970 to 1974. However, NASA uses Dobson/Brewer ozone network 
and ozone soundings to verify SBUV/2, TOMS and OMPS data after applying soft and hard 
calibrations. (NOAA) 
 
Dobson Network 
World Standard Dobson No. 83 is maintained at NOAA/ESRL GML as part of the World 
Dobson Calibration Facility, and regularly participates in international intercomparisons of 
regional and national standards. Since 2018, intercomparisons have been held in Buenos 
Aires, Argentina and Irene, South Africa. Investigations into the correct characterization of 
Dobson instruments were performed in 2016 in collaboration with the PTB laboratory in 
Braunschwei, Germany, The laser equipment was used to test optical parameters of the 
spectral response of the Dobson band-pass. This work was done per agreement with the 
European Joint Research Project Consortium in line with the ATMOZ (Traceability for 
atmospheric total column ozone) project under the European Metrology Research Program 
that focuses on assessment of the accuracy in total column ozone measurements. Optical 
characterization of the instruments allows the development of schemes to compare and 
reconcile differences in ozone column data derived from different instruments, including 
applications related to satellite validation. NOAA conducts calibration verification of the WMO 
World standard Dobson 83 instrument by conducting campaigns every two years at the 
Manua Loa site, with the last campaign held in the summer of 2018. NOAA plans next 
calibration campaign at MLO in 2020 and will also calibrate WMO Asia regional standard 
(JMA, Japan) and station instrument from OHP, France (Centre National De la Recherché 
Scientifique). (NOAA) 
 
Ozone Soundings 
NOAA prepares ozonesonde instruments and follows pre-flight checks according to WMO 
standard operating procedures. It participates in international intercomparisons of 
ozonesonde measurements (environmental simulation chamber tests) and develops methods 
to resolve instrument related differences. The intercomparisons and dual ozonesonde flights 
at NOAA provide key information on developing a homogenized time series of balloon 
measurements at each NOAA site. WMO Global Atmospheric Watch sponsors the 
ozonesonde calibrations where various international groups are invited to the World 
Calibration Centre for Ozonesondes at the Juelich Research Centre. Ozonesonde 
homogenization project started in 2016 and about 40+ station records are homogenized by 
this date, including SHADOZ station records. Ongoing effort is to understand recent, since 
~2016, stratospheric ozone changes observed at some stations that seems to be related to 
the ozonesonde manufacturing. The warning was issued for ozonesonde data users that the 
data should not be used starting from 2016 to avoid misinterpretation of derived trends in the 
middle stratosphere. The meeting of experts is planned for March 2020 in Silver Springs, MD 
to discuss methods for correction of remaining instrumental changes. (NASA, NOAA) 
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Network for the Detection of Atmospheric Composition Change (NDACC) 
Several operational protocols have been developed to insure that NDACC data are of the 
highest long-term quality as possible within the constraints of measurement technology and 
retrieval theory at the time the data are taken and analyzed. Validation is a continuing 
process through which instruments and their associated data analysis methods must be 
validated before they are accepted in the NDACC and must be continuously monitored 
throughout their use. Several mobile intercomparators within the various NDACC instrument 
types exist to assist in such validation. (NASA, NOAA) 
 
Ground-Based In Situ Measurement Networks 
Both the NOAA and NASA/AGAGE networks independently develop and maintain highly 
accurate and precise calibration scales at ppt and ppb levels for the major and minor long-
lived ozone-depleting gases and substitute chemicals such as HFCs. Both networks are 
developing reliable calibration scales on an ongoing basis for other halogen-containing gases 
that have been newly introduced, such as HFOs. (NOAA, NASA) 
 
Central Ultraviolet Calibration Facility 
The Central Ultraviolet Calibration Facility (CUCF) is located in NOAA’s David Skaggs 
Research Center in Boulder, Colorado. The CUCF calibrates UV instruments for several U.S. 
Government agencies and other UV research concerns, both national and international. The 
CUCF also measured spectral response and angular response (critical for direct beam 
retrieval) for broadband and narrowband instruments. In addition to laboratory calibrations, 
the CUCF has developed a portable UV field calibration system that allows laboratory-grade 
calibrations to be made at spectroradiometer field sites. The CUCF also produces secondary 
standards of spectral irradiance that are directly traceable to NIST primary transfer 
standards. The secondary standards can be calibrated for operation in either the vertical or 
horizontal orientation. (NOAA) 
 
USDA UVB Monitoring and Research Programme (UVMRP) 
NOAA CUCF lamp calibrations performed in horizontal and vertical position using NIST 
traceable 1000-W halogen lamps are used to calibrate 51 USDA UV-MFRSRs and 52 UVB-1 
broadbands. A U-1000 1.0-m double Jobin Yvon with 0.1-nm resolution and 10-10 out-of-band 
rejection is used as a reference spectroradiometer to transfer lamp calibration to a 
broadband triad. The UV-MFRSR radiometer spectral response and its angular response 
(critical for direct beam retrieval) are measured. The Langley calibration method is employed 
to provide additional absolute calibration of UV-MFRSRs and to track radiometric stability in 
situ. (USDA) 
 
NEUBrew Network 
The NOAA Environmental Brewer spectrophotometer network (NEUBrew) consists of six 
stations located in the western, central, and eastern United States. Each Brewer Mark IV 
spectrophotometer is calibrated for absolute spectral UV irradiance at least one per calendar 
year. (EPA, NOAA) All six of the network Brewers were originally calibrated by International 
Ozone Services by comparing to the WMO Brewer transfer standard #017. Brewer 017 is 
directly traceable to the WMO Brewer Ozone Triad located at Environment Canada in 
Toronto, Ontario, Canada. In 2015 Brewer 017 traveled to Boulder to calibrate several 
Brewers after filter changes. Data quality evaluation with regards to measurement stability is 
ongoing after the filter changes. 
 
In the summer of 2014 all NEUBrew Brewers were removed from their monitoring sites and 
returned to Boulder, Colorado for refurbishment and ozone calibration. For the refurbishment 
many of the NEUBrew Brewer's had a new solar-blind filter installed. The original NiSO4 filter 
was replaced by INRAD's new UVC-7 filter, a chemical variant of the original. The new filter 
is more thermally stable than the original and less hygroscopic. Eight out of 10 of the network 
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Brewers received the new UVC-7 filter while two instruments kept the original NiSO4 filters. 
Two of the Brewers are operating side by side at Table Mountain, USA, one with the original 
NiSO4 filter and the other with the UVC-7 filter. During October 2014, while all ten network 
Brewers were operating side by side, they were calibrated against the WMO transfer 
standard, Brewer 017, by International Ozone Services. 
 
Two methods of tracking any drift from those original calibrations are employed by NEUBrew. 
The first is to adjust the extra-terrestrial constant (ETC) calibration constant by using the 
internally generated R6 value and the second is by performing Langley regressions on the 
ozone data to derive the ETC. Data quality evaluation is ongoing after the filter changes 
regarding instrumental drift and measurement stability (NOAA) 
 
 
RESULTS FROM OBSERVATIONS AND ANALYSIS 
 
Ozone 
 
Tropospheric Ozone Assessment Report 
NASA and NOAA researchers participated in the IGAC sponsored Tropospheric Ozone 
Assessment Report (TOAR), and will participate in the follow in TOAR-2 activity that is 
kicking off this year. This report assesses the trends in tropospheric ozone abundances as 
obtained from numerous sources, such as ground based monitors, ozonesondes, and 
satellites. The trends are assessed relative to what can be inferred from various modeling 
studies for consistency in the scientific understanding of tropospheric ozone trends. The 
results from the first study found inconsistent trends depending on the type of data used for 
the trends. (NASA, NOAA) 
 
SPARC Stratospheric H2O Assessment 
About once a decade, SPARC sponsors an assessment of trends and understanding in 
stratospheric water vapor to understand the offsets in the values of the various measurement 
techniques. This is required to better combine the data sets for use in climate studies and 
long-term trends in stratospheric ozone, as water vapor is both a greenhouse gas in the 
lower stratosphere and a source of free radicals that naturally destroy ozone effectively in the 
lower and upper stratosphere. (NASA, NOAA) 
 
The Anomalous Quasi-Biennial Oscillation (QBO) Event of 2015-6 
The QBO in 2015-16 behaved significantly different in 2015-16 than it has in the past, where 
the normal downward propagation did not occur. The signature of this anomalous QBO was 
investigated using profiles of Ozone, H2O, HCl from MLS along with total ozone from SBUV. 
This year, the anomalous QBO resulted in a much lower ozone column in the tropics and 
much lower water vapor entering the stratosphere. Such observations should be considered 
when looking at the climatic signals in trends in Ozone and water vapor. (NASA, NSF) 
 
Increased Emissions of CFC-11 
Two studies showed clear increases in the emission of CFC-11. The first, from results 
obtained with both NOAA flask and in-situ data, showed an uptick in CFC-11 emissions since 
2013 that is above expectations from bank emissions and, hence, implies renewed 
production after the 2010 mandated global production phase-out. The data strongly 
suggested that the emission increase was coming in part from eastern Asia. The second 
study used AGAGE data from two sites in eastern Asia and concluded that roughly half of the 
global emission increase came from two provinces in northeastern China. (NOAA, NASA) 
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Continued Observed Emissions of HFC23 
A recent study shows that emissions of HFC-23 continue to rise. This byproduct of 
production of HCFC-22 can be destroyed by incineration in the production process, but 
apparently is not in many locations at this time. (NASA) 
 
Recent Increases in Atmospheric Chlorine from Short-Lived Gases Not Controlled by the 
Montreal Protocol 
Ongoing measurements of dichloromethane (CH2Cl2), and chloroform (CHCl3) indicate rapid 
atmospheric increases in recent years as a result of increased industrial production. Because 
of their short lifetime and inefficient transport from Earth’s surface to the stratosphere, these 
chemicals were never controlled by the Montreal Protocol. These large increases, however, 
suggest associated enhancements in stratospheric chlorine that are comparable to some 
other controlled substances, namely the lesser abundant HCFCs: HCFC-141b and HCFC-
142b. (NOAA, NASA) 
 
Use of Satellite N2O and HCl to Quantify Polar Ozone Loss. 
Use of ground-based and satellite observed HCl shows increases in some latitudes, in 
conflict with trends from surface organic Cl observations. But if one uses N2O as a tracer for 
stratospheric transport over time, then the HCl trends are consistent with the surface 
observations. This was especially critical for studies looking at available Cly in the Antarctic 
vortex. (NASA) 
 
Observing Pyroconvection Effects on the Stratosphere 
Injection of significant plumes from pyroconvection into the stratosphere was observed from 
an intense wildfire in British Columbia, Canada. Significant residual smoke was observed in 
the stratosphere from the NASA CALIPSO satellite and biomass burning tracers from MLS 
was also observed in the stratosphere. More recently, there was a major injection of fire 
remnants have been observed from the significant wildfires in early 2020 in Australia. 
Significant signatures are seen from numerous satellites, including CALIPSO, MLS, OMPS-
Limb, and SAGE-III. Because of the absorbing nature of the injected aerosols, the plumes 
have risen to over 30 km and have remained fairly intact after nearly 2 months. (NASA, NRL) 
 
Homogenization of Ozonesondes 
Recent papers reanalyzed ozone sondes to ensure that they are all analyzed using the same 
techniques. This allows the proper use of these data to observe ozone trends in both the 
troposphere and stratosphere. This was a significant effort that combines all the data from 
the SHADOZ network and related sonde data, and allows future data to be analyzed in the 
same fashion. (NASA, NOAA) 
 
Merged Satellite Datasets 
NASA and NOAA scientists were part of a large international effort to homogenize Ozone 
profile records as part of an effort called LOTUS sponsored by SPARC, WMO, and IO3C. 
The outcome is a better understanding of the data sets and uncertainties for producing such 
a data set. A second phase for LOTUS has since commenced. (NASA, NOAA) 
 
UV 
 
UV and Health 
 
NOAA/GRAD and NOAA/NWS/NCEP/CPC in collaboration with Klein Buendel, Inc a health 
research company developed a prototype for a smart-phone application that utilizes NOAA’s 
UV forecast. The application is a tool for managing and providing information on sun-burning 
potential and vitamin D production. The project was funded by the National institute of 
Health. 
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UV Trends 
 
SURFRAD Network 
Work by Colorado State University (CSU) UVB researchers continued for analyzing trends in 
solar UV irradiance at eight stations in the CSU-USDA network stations. Both positive and 
negative tendencies were detected ranging from –5% to +2% per decade. However, inter-
annual variability was between 2 and 5%. (NOAA) 
 
Scientists analyzing UV-B flux over the continental USA using NASA TOMS data and 
UVMRP network data found that “ground-based in-situ measurements, like those from the 
UVMRP network, are indispensable in monitoring atmospheric status and not totally 
replaceable by space-based remote sensing retrievals”. The incorporation of these ground-
based measurements with current satellite algorithms has improved UV retrievals for the 
latest satellite package (OMI). (Xu et al., 2010) (USDA) 
 
UV Forecasts and Exposure 
 
UV Forecasts and Alert System 
NOAA/CPC is producing UV forecasts and has developed a UV Alert System with the EPA. 
The UV Index forecasts are on a gridded field covering the entire globe. Forecast fields are 
generated at one hour frequency out to five days. The UV Index forecasts include the effects 
of Earth-Sun distance, total ozone, solar zenith angle, surface albedo (inclusive of snow/ice), 
cloud attenuation, and climatological aerosol conditions. The gridded fields are freely 
available on the NCEP ftp site. The UV Alert System is designed to advise the public when 
UV levels are unusually high and represent an elevated risk to human health. The UV Alert 
System consists of a graphical map displaying the daily UV Alert areas, as well as additional 
information included in the EPA’s UV Index ZIP Code look-up web page and via the EPA’s 
AIRNow EnviroFlash e-mail notification system. The criteria for a UV Alert are that the 
noontime UV Index must be at least a 6 and must be 2 standard deviations above the daily 
climatology. (NOAA/CPC, EPA) 
 
Effects of UVB Exposure 
A major limitation in predicting the impacts of UVB irradiance on humans, plant leaves and 
flowers, and aquatic organisms is the difficulty in estimating exposure. An analysis of the 
spatial variability in the daily exposure to narrowband 300- and 368-nm and broadband 290- 
to 315-nm (UVB) solar radiation between 12 paired locations in the USDA UV-B 
Climatological Network over two summer growing seasons has been completed. The spatial 
correlation of the UVB, 300- and 368- nm daily exposures between locations was 
approximately 0.7 to 0.8 for spacing distances of 100 km. The 300-nm daily exposure was 
typically more highly correlated between locations than the 368-nm daily exposure. (USDA) 
 
 
THEORY, MODELING, AND OTHER RESEARCH 
 
UV 
 
UV Instrumentation 
The temperature dependence of the Brewer UV spectrometer has been studied in order to 
improve the quality of data for UV trends. (NOAA) 
 
UV Effects 
The UVMRP supports research studying UVB effects on plants and ecosystems. 
Numerous publications document the results of these on-going studies, and are listed on the 
program’s website at (http://uvb.nrel.colostate.edu/UVB/uvb_pubs.jsf). (USDA) 
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UV Model Comparisons 
The UVMRP’s modeling group, “The Center of Remote Sensing and Modeling for Agricultural 
Sustainability” has published preliminary results of their coupled climate-crop modeling 
system. Validation and system refinement is underway and has shown promising results. 
Corn yields for the 16-state USA corn belt over the 27 year span (1979-2005) agree to within 
+/-10% of the actual yields. This modeling effort is being expanded to evaluate precipitation, 
temperature and UV effects on the yields, with the ultimate goal of developing a system that 
will be capable of both achieving credible and quantitative assessments of key stress factors, 
and evaluating alternative cultural practices for sustainable agriculture production. (USDA) 
 
 
DISSEMINATION OF RESULTS 
 
Data Reporting 
 
Ozone 
 
Ozone data from Aura instruments (OMI, MLS, and HIRDLS) ), past TOMS instruments, the 
OMPS nadir and Limb instruments on Suomi-NPP, and the AIRS instrument are routinely 
distributed by the Goddard Earth Sciences (GES) Data and Information Services Center 
(DISC) at (http://disc.sci.gsfc.nasa.gov/acdisc). Both level 2 (measured) data and level 3 
(grid averaged) data are distributed in HDF format. OMI level 3 data are distributed in ASCII 
format via the TOMS website (http://toms.gsfc.nasa.gov). Ozone data for the TES instrument 
on Aura can be found on the NASA Langley DAAC at (http://eosweb.larc.nasa.gov/). (NASA) 
 
Aura Validation Data Center (AVDC) 
Preliminary and near real-time total ozone, ozonesondes, ozone profiles from LIDAR and 
microwave radiometers are archived from US Government Agencies and investigators 
worldwide. In addition, the AVDC (http://avdc.gsfc.nasa.gov/) also archives and distributes 
NASA and NOAA total column, profile and tropospheric satellite data subsets. The collected 
preliminary ozone data are restricted to participants in Aura validation teams, ESA OMI 
announcement of opportunity participants, and international validation contributors, while the 
satellite data are freely available (http://avdc.gsfc.nasa.gov/Data/). (NASA) 
 
Umkehr Dobson Data 
Dobson Umkehr data processed using UMK04 algorithm are available from the WOUDC 
archives. Dobson Umkehr data for six NOAA sites are also available at the web address 
(ftp://aftp.cmdl.noaa.gov/data/ozwv/Dobson/Umkehr/). Brewer Umkehr data are available for 
six NEUBrew sites at the web address (http://esrl.noaa.gov/gmd/grad/neubrew/). (NOAA, 
NASA) 
 
World Ozone and Ultraviolet Radiation Data Center (WOUDC) 
Total ozone, Umkehr, and ozonesonde data are reported to the WOUDC from U.S. 
Government agencies and institutions. Ozone data from sites that are part of the NDACC 
and the SHADOZ network are available from the programme websites 
((http://www.ndacc.org/) and (http://croc.gsfc.nasa.gov/shadoz/), respectively), and also are 
imported to WOUDC. (NOAA, NASA). 
 
NEUBrew Data 
UV spectra, total column ozone and Umkehr ozone profile data from the NOAA 
Environmental network are available at the website 
(http://esrl.noaa.gov/gmd/grad/neubrew/). (NOAA) 
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Assessments 
NASA and NOAA scientists, along with other scientists from around the world, are playing 
key roles as editors, authors, reviewers and contributors of the 2020 SPARC Report on the 
Unexpected emissions of CFC-11 and acted as expert consultants to the TEAP Task Force 
Report on Unexpected Emissions of trichlorofluoromethane (CFC-11). NASA and NOAA 
scientists also played lead roles in the planning and writing of the 2018 WMO/UNEP 
Scientific Assessment of Ozone Depletion report, which is mandated under the provisions of 
the Montreal Protocol. US scientists led and contributed to the SPARC/IO3C/WMO LOTUS 
report that assessed stratospheric ozone trends and developed combined record uncertainty 
estimates. The results were used in WMO Ozone Assessment 2018. Other scientists from 
the U.S. and around the world also contributed to the report, which was distributed to the 
Parties to the Montreal Protocol in late 2018 and posted on the UNEP and NOAA websites in 
early 2018. (NOAA, NASA) 
 
BAMS State of the Climate Reports 
US scientists contribute to the annual reports on stratospheric ozone recovery globally and 
over the Antarctica. (NASA, NOAA). 
 
WMO Greenhouse Gas Bulletin 
Uses NOAA and AGAGE data on a range of greenhouse gases including CO2, CH4, N2O, 
and halocarbons. 
 
Stratospheric Winter Hemisphere Bulletins 
Following each hemisphere’s winter, an assessment of the stratospheric dynamics and 
chemistry are presented from a NOAA perspective. The southern hemisphere’s winter 
bulletin focuses upon the ozone hole formation and longevity. Relevant thermal and 
dynamical attributions are presented. The northern hemisphere’s winter bulletin will discuss 
ozone loss conditions and stratospheric warmings 
(http://www.cpc.ncep.noaa.gov/products/stratosphere/winter_bulletins/). (NOAA/CPC) 
 
Ozone Watch Website 
NASA maintains the Ozone Watch website at NASA GSFC 
(https://ozonewatch.gsfc.nasa.gov/), which contains daily updates on the satellite images of 
column ozone and polar stratospheric meteorological conditions, and near term forecasts. 
(NASA) 
 
Ozone-Related Gases and Variables 
 
Aura Data 
Gas and Aerosol constituent data from Aura instruments (OMI, MLS and HIRDLS) are 
routinely distributed by the Goddard Earth Sciences (GES) Data and Information Services 
Center (DISC) at (http://disc.sci.gsfc.nasa.gov/acdisc). Both level 2 (measured) data and 
level 3 (grid averaged) data are distributed in HDF format. OMI level 3 data are distributed in 
ASCII format via the TOMS website (http://toms.gsfc.nasa.gov). Data for the TES instrument 
on Aura can be found on the NASA Langley DAAC at (http://eosweb.larc.nasa.gov/). (NASA) 
 
Ozone-Depleting Substance Data 
Ongoing measurement data for ozone-depleting substances from the NOAA sampling 
network are updated at least every six months on the website 
(http://www.esrl.noaa.gov/gmd/), and are submitted annually to the World Data Centre and to 
the World Data Center for Atmospheric Trace Gases at the Carbon Dioxide Information 
Analysis Data Center (CDIAC). Data from field missions (e.g., the Atmospheric Tomography 
Experiment Campaign) are posted shortly after mission completion. (NOAA) 
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Long-term data from the NASA/AGAGE network are reviewed on a semi-annual basis by the 
Science Team, and are archived every six months with Carbon Dioxide Information and 
Analysis Center (CDIAC) (http://cdiac.esd.ornl.gov/). Data from the UCI flask sampling 
network are also archived at CDIAC. (NASA) 
 
UV Data 
 
SURFRAD Network Data 
UV data from the SURFRAD Network are available on the NOAA/SRRB website 
(http://www.srrb.noaa.gov/). (NOAA) 
 
NEUBrew Network UV Data 
Spectral UV irradiances are available from the NEUBrew website 
(http://esrl.noaa.gov/gmd/grad/neubrew/). (NOAA) 
 
NOAA Antarctic UV Data 
Spectral UV irradiances, derivative UV products, and GUV data will be available from 
NOAA’s Antarctic UV website (http://esrl/noaa.gov/gmd/grad/antuv). (NOAA) 
 
USDA UV-B Monitoring and Research Programme (UVMRP) 
UV, visible and ancillary data from the UVMRP network is available next-day on the UVMRP 
website (http://uvb.nrel.colostate.edu/). 
 
UVB-1 broadband data and UV-MFRSR data from this network are regularly submitted to the 
WOUDC. (USDA) 
 
Information to the Public 
 
Ozone 
 
TOMS and OMI Data 
Near-real-time ozone data from the OMI instrument on Aura is routinely distributed via the 
NASA website (http://toms.gsfc.nasa.gov/). Data are usually available within 48 hours, 
though faster access can be arranged. The site provides online access to both TOMS (1978-
2006) and OMI (2004-present) data. While used mostly by scientists, educators and students 
also use the site extensively. An ozone hole watch website, 
(http://ozonewatch.gsfc.nasa.gov/), provides information for anyone interested in the 
Antarctic ozone hole. Near real time Ozone profile data from MLS now exist, and are 
available at (http://disc.sci.gsfc.nasa.gov/Aura/data-holdings/MLS/ml2o3_nrt.002.shtml). 
(NASA) 
 
Merged TOMS/SBUV Total and Profile Ozone Data 
Merged TOMS/SBUV total and profile ozone data sets are available on the Internet 
(http://hyperion.gsfc.nasa.gov/Data_services/merged/index.html). (NASA) 
 
UV 
 
Forecasts 
Noontime UV forecasts are made available to the public via several formats. One is a text 
bulletin for 58 cities in the U.S. The other is a map displaying the UV Index forecast at each 
of the 58 cities’ locations. These can be found at 
(http://www.cpc.ncep.noaa.gov/products/stratosphere/uv_index/). Additionally, gridded fields 
of the noontime forecast for the U.S. and Alaska are made available via the NOAA/CPC and 
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NOAA/NCEP ftp sites. UV Index forecast gridded fields covering the entire globe at one hour 
increments out to five days are available on the NCEP ftp site: 
(ftp.ncep.noaa.gov/pub/data/nccf/com/hourly/prod). (NOAA/CPC) 
 
Advisories 
The primary UVR advisory in the United States is the UV Index, operated jointly by NOAA 
and EPA. Currently, the UV Index computer model processes total global ozone satellite 
measurements, a rough cloud correction factor, and elevation to predict daily UVR levels on 
the ground and the resulting danger to human health. This model assumes zero pollution 
levels. UV Index reports are available in local newspapers and on television weather reports. 
The EPA also issues a UV Alert when the UV Index is predicted to have a high sun-exposure 
level and is unusually intense for the time of year. UV Alert notices can be found at EPA's 
SunWise website (http://www.epa.gov/sunwise/uvindex.html), in local newspapers, and on 
television weather reports. (EPA) 
 
Ozone-Depleting Gas Index 
 
An ozone-depleting gas index (ODGI), based on Effective Equivalent Stratospheric Chlorine 
(EESC) derived from global surface measurements of ODSs in the NOAA network, has been 
implemented. The observation-derived EESC, along with WMO/UNEP ozone-depleting gas 
scenarios, are used to estimate the progress being made towards ozone recovery in the mid-
latitude and Antarctic stratosphere (ODGI = 100 on January 1, 1994 when EESC reached its 
maximum value and 0 at ‘recovery’ (presumed to be 1980 EESC levels)). Values for the 2019 
index range are approximately 78 for Antarctica and 53 for mid-latitudes, indicating 
substantial progress in ODS reductions. The index is updated annually and posted at 
(http://www.esrl.noaa.gov/gmd/odgi). (NOAA) 
 
 
PROJECTS AND COLLABORATION 
 
NOAA 
 
The Dobson and ozonesonde measurements are included in the WMO Global Atmosphere 
Watch (GAW) and in the NDACC. Significant collaboration with federal agencies (NASA, 
DoE, EPA), state agencies (CARB, CDPHE) and universities (University of Colorado, 
Harvard, Princeton, Humboldt State University, U. of Hunstville, etc.) is maintained through 
both global monitoring and field missions including support for satellite validations. The World 
standard Dobson instrument is maintained and calibrated by NOAA under the WMO GAW 
program. It provides calibration to regional Dobson standards at 6 Regional centers. The 
NOAA Environmental Brewer spectrophotometer network (NEUBrew), initially established in 
collaboration with the EPA, consists of six stations located in the western, central, and 
eastern United States. 
 
The CUCF is designated by a Memorandum of Understanding to be the national UV 
calibration facility by agreement among the following organizations: NOAA, USDA, EPA, 
NASA, National Institute of Standards and Technology (NIST), NSF, National Biological 
Service, and the Smithsonian Institution. The CUCF compared secondary standards of 
irradiance with the Joint Research Centre’s European Union UV Calibration Centre’s (ECUV) 
ultraviolet spectral irradiance scale in Ispra, Italy. The CUCF’s irradiance scale is directly 
traceable to the NIST spectral irradiance scale, while the ECUV’s irradiance scale is 
traceable to that of the German national standards laboratory, Physikalisch-Technische 
Bundesanstalt (PTB). 
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NOAA/CPC 
 
Activities include participation in several initiatives of Stratospheric Processes and their 
 
Relation to Climate (SPARC), i.e., stratospheric temperatures, ozone, UV, climate change; 
collaboration with the EPA on the UV Index and the UV Alert system; collaboration with 
NASA in ozone monitoring, calibration of the SBUV/2 instruments, dynamical processes 
influencing ozone changes, and ozone assimilation; collaboration with the surface radiation 
monitoring efforts of NOAA/OAR and USDA-CSU for the validation of UV forecasts and 
NCEP/GFS surface radiation products, and the NDACC Data Host Facility. 
 
NASA 
 
NASA collaborates extensively with several NOAA laboratories in all areas of ozone and UV 
research, including space-based, airborne, balloon-borne, and ground-based measurements, 
as well as in various modeling and analysis activities. NASA often supports research 
activities within these laboratories, including support for NOAA ground-based measurements 
for satellite validation. The NDACC, which is championed by NASA and NOAA within the 
U.S., is a major contributor to WMO’s Global Ozone Observing System (GO3OS) within the 
frame of its Global Atmosphere Watch (GAW) Programme. NASA is closely collaborating 
with KNMI (Netherlands) and FMI (Finland) on processing data from the Aura OMI 
instrument. NASA is collaborating NOAA in the implementation of the OMPS nadir and limb 
instruments on the Suomi-NPP satellite by producing the limb operational data products and 
by performing assessments of the nadir operational products. 
 
USDA 
 
USDA is actively collaborating with the NASA TOMS and AERONET groups on aerosol 
absorption using UV-MFRSR and Cimel instruments. 
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FUTURE PLANS 
 
Ozone 
 
Column ozone from Dobson/ Brewer zenith-sky measurements 
 
The operational zenith-sky total ozone algorithm for Dobson and Brewer instruments is 
based on empirically derived tables. NASA has developed a TOMS-like algorithm to process 
these data, which has the potential to substantially improve data quality. There are plans to 
process all historical zenith-sky data using this algorithm. 
 
In 2015-2016 NOAA performed a thorough assessment of all its historical Dobson datasets. 
Some inconsistencies were found in the total and Umkehr data submitted to the WOUDC and 
NDACC archives. NOAA is preparing to resubmit the revised dataset in 2017. 
 
New algorithms to utilize multi-wavelength Brewer zenith sky measurements for improved 
ozone profile retrieval require detailed information on optical parameters of individual 
instruments (i.e., band-pass and stray light filters). The work on improvement of optical 
characterization of Dobson and Brewer instruments for stray light minimization will continue 
through in-lab and in-field characterization of the instruments in the WMO network. 
 
NOAA will work to implement Serdyuchenko et al (2014) ozone cross-section datasets for its 
Dobson and Brewer ozone data processing. The future work will be focused on developing 
methods to incorporate daily and climatological variability in stratospheric temperature into 
the ozone data processing. (NOAA, NASA) 
 
Ozone Profiles from Dobson/ Brewer Zenith-Sky Measurements 
NOAA GML will continue to retrieve ozone profiles from the NOAA operated stations, and will 
submit results for Dobson stations to the WOUDC, and will make the amendment to the 
UMK04 algorithm to replace the look-up tables for the SER (2014) cross-section. Results 
from the NEUBrew instruments will be posted on the network website 
(http://esrl.noaa.gov/gmd/grad/neubrew/). The set up for automatic submission of raw 
NEUBrew data (B-files) to the WOUDC Brewer archive depends on the future funding for the 
NEUBrew network. 
 
A new multi-wavelength ozone profile retrieval algorithm for processing Brewer Umkehr 
measurements (similar to the SBUV retrieval) will be made available for the WOUDC and 
scientific communities after the optical characterization of instruments for stray light and 
polarization parameters becomes part of the recurrent calibration routine in the operations of 
the Brewer networks. The pass forward is through a NOAA collaboration with the European 
Joint Research Project Consortium. The future activity is in line with the ATMOZ (Traceability 
for atmospheric total column ozone) project under the European Metrology Research 
Program that focuses on assessing the accuracy in total column and profile ozone 
measurements. Optical characterization of instruments (in the lab and in the field) allows 
developing schemes to compare and reconcile differences in ozone column data derived 
from different instruments, including in applications for satellite validation projects.. The 
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proposed multi-spectral Brewer algorithm is expected to significantly reduce operational time 
for the zenith sky measurements as compared to the established “Umkehr” measurements 
schedule in Brewer operations. It will also allow to process historical data that were not 
available for standardized processing due to shortness of the solar zenith range coverage. 
The data processed by the new algorithm will be archived at the WOUDC (NOAA). 
 
The Brewer Umkehr data set series from NOAA and other international ground-based 
stations will be compared to other available co-incident ozone profile data from ozone-
sondes, microwave, lidar and Dobson Umkehr profile data. Results will be reported at the 
LOTUS SPARC activity aimed at understanding of past changes in the vertical distribution of 
ozone, and will be made available for the next UNEP/WMO Scientific Assessment of Ozone 
Depletion. (NOAA) 
 
Archiving of the “raw” data at the WOUDC 
 
According to the SAG-Ozone recommendations NOAA will participate in the international 
effort at the finalization of formats for the storage and reporting of ECC ozonesonde 
measurements at WOUDC, archiving of R-values of Dobson measurements and related 
calibration information as well as B-files and relevant information for Brewer measurements. 
It will provide the updated and modified algorithms used to process these data. NOAA will 
assist WOUDC with changes of ozone absorption cross sections or other changes that may 
demand the reprocessing of data records. (NOAA) 
 
Ozone in Climate Forecast Models 
NCEP has modified and extended its synoptic forecast model (GFS) to time scales of three 
weeks to nine months. Ozone forecasts as well as stratospheric temperatures and heights 
have significant errors in these forecasts. Experiments modifying the model’s physics and 
structure will need to be conducted in order to improve these forecasts. (NOAA/CPC) 
 
Ozone in the NCEP/Climate Forecast System Reanalysis 
NCEP is replacing the NCEP/DOE Reanalysis 2 (R2) with the Climate Forecast System 
Reanalysis (CFSR). The CFSR improves upon the R2 in many ways. One is by using ozone 
profile information from the SBUV/2. The CFSR is being rerun from 1979 to present and will 
continue as the model for NCEP’s Climate Data Assimilation System (CDAS). The CFSR 
should be the reanalysis of choice to study ozone-dynamics interactions. (NOAA/CPC) 
 
NOAA Antarctic UV Network 
Future plans are to deploy two NEUBrew Mark IV spectrophotometers to the McMurdo and 
Palmer stations to provide daily total column ozone and overlapping spectral UV 
measurements. The two Brewers will be temperature stabilized and modified for Antarctic 
operation. Before deployment both Brewers will be converted to “red” Brewers to facilitate 
ozone retrievals in the Chappuis band. After conversion and before deploying they will be 
operated at the CUCF’s Table Mtn Test Facility (Lat 40 N) over the boreal winter to 
determine the quality of ozone retrievals from this solar spectral region when compared to 
direct-sun retrievals from the Hartley-Huggins band. 
 
NASA Ozone Satellites 
NASA will continue to operate the Aura satellite, assuming it continues to receive high 
science value through the NASA senior review process. NASA will also continue to operate 
the SAGE-III satellite on the ISS through the three-year design lifetime of the instrument and 
will continue beyond that if the science value is determined to be high and no other 
instrument is scheduled to assume the location on the ISS that SAGE-III is occupying. 
(NASA) 
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Ozone-Relevant Gases/Variables 
 
OMPS and CrIS on NPP and JPSS 
 
The Ozone Mapping and Profiler Suite is the operational US ozone monitoring instrument in 
the JPSS period. The suite consists of two nadir detectors; one with coverage in the 310 to 
380 nm range to provide daily global total column ozone maps, and the other with coverage 
from 250 to 310 nm to provide nadir ozone profiles to continue the SBUV(/2) record. The first 
OMPS has been on the NASA Suomi-NPP since 2010. The Cross-track Infrared Sounder is 
a hyperspectral IR instrument with spectral coverage including the ozone lines around 9.7 
microns. These instruments are also operating on the JPSS-1 operational satellite. (NOAA, 
NASA) 
 
Ground-based networks 
 
NASA and NOAA plan on continuing investment into the ground-based networks supported 
by the NOAA Global Monitoring Division as well as the Network for Detection for Atmospheric 
Composition Change, SHADOZ ozone sondes, and AGAGE. (NOAA and NASA) 
 
NASA Earth Venture (EV) investigations and missions 
 
NASA selected 5 investigations (EVI-3) that will last for 5 years to use suborbital platforms for 
sustained investigations of Earth System processes. 1 of these selected studies have direct 
relevance to Ozone related science, the Dynamics and Chemistry of the Summer 
Stratosphere that began in 2019 and will go until 2024. One new competed space mission 
Announcements of Opportunities (AOs) will be released in 2020 for a cost constrained full 
space mission (EVM-3). (NASA) 
 
NASA- and NSF-directed aircraft campaign to study Asian Monsoon Outflow 
 
The NSF and NASA are funding an aircraft campaign in July and August of 2020 to observe 
the dynamics and chemistry of the outflow from the Asian Monsoon. This campaign will use 
the NSF G-V and the NASA WB-57 to observe the upper troposphere and lower 
stratosphere. This campaign will take place from Okinawa, Japan and will have collaboration 
with Japanese and Korean researchers. (NSF, NASA, NOAA) 
 
UV 
 
UV Index Forecast 
Aerosols and clouds are the greatest cause of UV Index forecast errors. NCEP and NESDIS 
are working together to improve the skill of forecasting aerosols. When model generated 
forecasts of Aerosol Optical Depth and Single Scattering Albedo become available they will 
be included in the UV Index forecast system. (NOAA/CPC) 
 
 
NEEDS AND RECOMMENDATIONS 
 
Ozone 
 
Column Ozone 
 
Column ozone observations from ground stations and satellites provide the foundation for 
trend studies. Future levels of total ozone will be modulated by climate change effects. The 
current predictions of total ozone from state-of-the-art models suggest polar ozone recovery 
in the 2060-2070 period, and midlatitude recovery in the 2040-2050 period. It is a primary 
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requirement to continue this data record and to enable retrieval improvements of the 
observations. 
 
Column ozone data produced by satellite and ground-based instruments agree well in cloud-
free conditions and at solar zenith angles less than 70º. However, the data quality of all 
measuring systems degrade under cloudy conditions and at large solar zenith angles, with 
differences of 10% or larger. Given the need for accurate ozone trends in the polar regions, it 
is important to improve the quality of ground-based data in these regions, and to focus future 
calibration and data intercomparison efforts accordingly. The work on improvement of optical 
characterization of Dobson and Brewer instruments for stray light minimization, and therefore 
improved accuracy at low sun and large total ozone conditions, are under development. In 
addition, the new ozone cross-section implementation in the Dobson and Umkehr data 
processing is underway. The improvement in Dobson daily ozone retrievals also depends on 
the stratospheric temperature variability. The methods to incorporate temperature corrections 
to the Dobson total ozone retrievals is of importance for reducing Dobson total ozone 
seasonal biases. The methods for the temperature correction applications (i.e. climatological 
vs. daily corrections) have yet to be validated. (NASA, NOAA) 
 
Profile Ozone 
 
Ozone profile information has critical importance for both ozone recovery and climate 
change. The vertical structure of ozone (~ 1 km resolution) near the tropopause is crucial to 
calculating the radiative forcing of ozone on climate. Furthermore, polar ozone recovery 
should first manifest itself in the 20-24 km region of the polar stratosphere. Models of ozone 
suggest that the cooling of the stratosphere will accelerate ozone recovery in the upper 
stratosphere leading to a “super-recovery”. Hence, observations of the vertical structure of 
ozone have a bearing on two key scientific issues: ozone recovery and climate change. 
Some of these profile observations have been provided by MLS and OMI instruments aboard 
the AURA satellite since 2004 and, since 2013, by the OMPS Limb instrument on NPP. The 
OMPS ozone limb observations will be continued on the JPSS-2 platforms. OMPS-Limb is 
joined by the SAGE-III on the International Space Station, which may provide useful data to 
about the end of the lifetime of ISS (~2023) 
 
There is a vast amount of unprocessed Brewer Umkehr data residing in the archives. A 
concerted effort should be made to process these data using a common Dobson/Brewer 
algorithm, which is necessary for trend studies. The new Brewer Umkehr algorithm to derive 
ozone profiles under low sun condition is also in works (NASA, NOAA) 
 
In order for ozone forecasts to improve in the NCEP/GFS, higher quality and greater 
numbers of ozone profiles need to be available for assimilation than what is available from 
the current nadir viewing SBUV/2. Ozone profiles from the Aura/MLS and OMI are promising 
as they provide ozone profiles of greater resolution (MLS) and of greater horizontal coverage 
(OMI). These products are now available in near-real-time, and are being assimilated into the 
NCEP/GFS. (NOAA/CPC) 
 
Ozone-Relevant Gases and Variables 
 
Ozone- and Climate-Related Trace-Gas Measurements 
 
There is a need to maintain and expand the existing in situ networks, both geographically 
and with improved instrumentation. Such improvements are needed to supply relevant and 
timely updates and understanding of recent global trends in atmospheric concentrations and 
emissions of ozone-depleting gases and their substitute HFCs. Global emissions of long-
lived gases are fairly well determinable over 3 to 5 year periods, however additional 
improvements in scientific understanding will be required to disentangle emission magnitudes 
from dynamical influences on shorter timescales (e.g., year-to-year). Regional emission 
magnitudes and their time dependence from many industrialized and chemical producing 
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regions of the world are not directly sensed by trace gas measurements, hence, there are 
significant gaps in attempts to account for global emission changes to specific regions (i.e., 
consider CFC-11). Current workforce limitations prevent the development and propagation of 
gas standards on as rapid a schedule as required by these networks to keep up with the 
increasing number of new chemicals of scientific interest. In addition, expanded efforts are 
needed for data analysis as more and more chemicals are being measured. (NASA, NOAA) 
 
The latest (2017) Decadal Survey from the US National Academy of Sciences does not have 
any future missions recommended for NASA to definitely put into formulation in the near 
future to observe atmospheric trace gases. There was a recommendation that such a 
mission be included as a possible science topic for a competitively selected mission under a 
newly recommended “Explorer Class” concept with a moderate cost limit. It was one of 6 
potential science areas where such a mission was recommended NASA include in a future 
Explorer solicitation. As of now, there is no budget profile that allows NASA to release such a 
solicitation. No other agency has a mission to obtain profiles of trace gases besides Ozone in 
their plans. As a result, data records trace gas profiles in the stratosphere will likely have a 
gap. NASA takes the Decadal Survey recommendations very seriously, but can only 
implement what the budget allows. As of now, there is no solution to this issue. (NASA) 
 
Aerosol Absorption Optical Thickness (AAOT) 
There are currently no operational ground-based instruments that provide AAOT in UV. 
AAOT from the AERONET network is limited to wavelengths longer than 440 nm. NASA has 
improved a long-standing technique to derive AAOT in UV by combining measurements from 
AERONET and UV Shadowband radiometers. Efforts to utilize this methodology for deriving 
AAOT in the UV should be implemented. (NASA) 
 
NEUBrew Network 
Future plans for the NEUBrew network are for algorithm development for aerosol optical 
thickness retrievals and direct-sun data processing to provide aerosol optical thickness 
estimates at the five direct-sun measured UV ozone and five visible NO2 wavelengths. 
 
Ozone- and Climate-Related Trace-Gas Measurements 
There is a need to maintain and expand the existing in situ networks, both geographically 
and with improved instrumentation. Current workforce limitations prevent the development 
and propagation of gas standards on as rapid a schedule as required by these networks to 
keep up with the increasing number of new chemicals of scientific interest. In addition, 
expanded efforts are needed for data analysis as more and more chemicals are being 
measured. (NASA, NOAA) 
 
Field Campaigns 
Aircraft, balloon, and ground-based measurement campaigns for satellite validation and 
science are expected to continue, but at a much lower level than in the past since Aura is 
approaching the anticipated end of its operational life. These campaigns will provide 
important validation data for ozone and ozone- and climate-related trace gases and 
parameters for Aura and other satellite sensors. They also will address high-priority science 
questions associated with atmospheric ozone chemistry and transport. (NASA) 
 
UV 
 
USDA UV-B Monitoring and Research Programme (UVMRP) 
A new site was installed at the University of Texas at El Paso (UTEP) in November 2008. 
(UDSA) 
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Geographical Measurement Coverage 
UV monitoring in the tropics is very limited. Relatively inexpensive broadband UV instruments 
could be set up easily at installations launching ozonesondes (e.g., SHADOZ) in the tropical 
region. Such efforts should be coordinated with the NDACC. In this way, UV at the surface 
under aerosols/pollution can be linked with the ozone profiles measured by the ozonesondes 
and ground-based profiling instruments. (NOAA/CPC) 
 
Only seven of the EPA Brewers are currently deployed in or near densely populated areas. 
Satellite-derived UVR is less reliable for urban locations, because satellite instruments do not 
adequately characterize pollutants at ground level. Because of the deficiency of current 
urban UVR data, health researchers conducting local studies are sometimes making their 
own UVR measurements as needed, with instruments that are often not easily compared 
with those from any of the existing UVR networks. Thus, better ground-level measurements 
collected in locations close to air-quality monitors are required. Finally, many sites have data 
gaps and inconsistencies. Only a limited number of ground-based sites provide historically 
continuous UV records. More analyses of available data and improved calibration could fill 
gaps in coverage. (EPA) 
 
Effects Research 
Although the effects of UV exposure drive UV monitoring activities, only limited resources 
historically have been targeted towards UVB effects research. Expansion of UVMRP 
activities in this critical area is needed at a multi-agency level. (USDA) 
 
 
ACRONYMS AND ABBREVIATIONS 
 
AAOT aerosol absorption optical thickness 
ACIA Arctic Climate Impacts Assessment 
AERONET Aerosol Robotic Network 
AGAGE Advanced Global Atmospheric Gases Experiment 
AIRS Atmospheric Infrared Sounder 
AO/AAO Arctic/Antarctic oscillation 
BSI Biospherical Instruments 
BUV Backscatter Ultraviolet 
CAFS CCD Actinic Flux Spectroradiometer 
CCD charge-coupled device 
CDIAC Carbon Dioxide Information Analysis Data Center 
CFC chlorofluorocarbon 
COADS Comprehensive Ocean-Atmosphere Data Set 
CPC Climate Prediction Center (NOAA, U.S.) 
CrIS Cross-track Infrared Sounder 
CSL Chemical Sciences Laboratory (formerly the Aeronomy Lab, NOAA, United 

States) 
CSU Colorado State University (United States) 
CTMs chemical transport models 
CUCF Central Ultraviolet Calibration Facility 
DAAC Distributed Active Archive Center (NASA Langley, United States) 
DISC Data and Information Services Center (NASA Goddard, United States) 
DoD Department of Defense (United States) 
DoE Department of Energy (United States) 
DOAS Differential Optical Absorption Spectroscopy 
ECD electron capture detector 
ECMWF European Centre for Medium-Range Weather Forecasts (United Kingdom) 
ECUV European UV Calibration Center 
EECl effective equivalent chlorine 
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EESC effective equivalent stratospheric chlorine 
EOS Earth Observing System 
EuMetSat European Organization for the Exploitation of Meteorological Satellites 
EP Earth Probe 
EPA Environmental Protection Agency (United States) 
ESRL Earth System Research Laboratory (NOAA, United States) 
FMI Finnish Meteorological Institute (Finland) 
FTIR Fourier transform infrared 
GAW Global Atmosphere Watch 
GC Gas Chromatograph 
GCM general circulation model 
GCMS Gas Chromatography Mass Spectrometry 
GES Goddard Earth Sciences 
GFS Global Forecast System 
GMAO Global Modeling Assimilation Office (NASA Goddard, United States) 
GML Global Monitoring Laboratory (formerly CMDL – NOAA, United States) 
GOES Geostationary Operational Environmental Satellite 
GO3OS Global Ozone Observing System (WMO) 
GOME Global Ozone Monitoring Experiment 
GOMOS Global Ozone Monitoring by Occultation of Stars 
GSFC Goddard Space Flight Center (NASA, United States) 
HALOE Halogen Occultation Experiment 
HIRDLS High-Resolution Dynamics Limb Sounder 
HIRS High-resolution Infrared Radiation Sounder 
IHALACE International Halocarbons in Air Comparison Experiment 
IASI Infrared Advanced Sounding Interferometer 
JPL Jet Propulsion Laboratory (United States) 
JPSS Joint Polar Satellite System (United States) 
KNMI Koninklijk Nederlands Meteorologisch Institut (The Netherlands) 
MetOp Meteorological Operational Satellite 
MFRSRs Multi-Filter Rotating Shadowband Radiometers 
MIPAS Michelson Interferometer for Passive Atmospheric Sounding 
MIRAGE Megacity Impacts on Regional and Global Environments 
MLS Microwave Limb Sounder 
NASA National Aeronautics and Space Administration (United States) 
NAT nitric acid trihydrate 
NCAR National Center for Atmospheric Research (United States) 
NCEP National Centers for Environmental Prediction (NOAA, United States) 
NDACC Network for the Detection of Atmospheric Composition Change 
NDIR non-dispersive infrared 
NESDIS National Environmental Satellite, Data, and Information Service (NOAA, 

United States) 
NIST National Institute of Standards and Technology (United States) 
NIWA National Institute of Water and Atmospheric Research (New Zealand) 
NOAA National Oceanic and Atmospheric Administration (United States) 
NOGAPS Navy Operational Global Atmospheric Prediction System 
NRL Naval Research Laboratory (United States) 
NSF National Science Foundation (United States) 
NWS National Weather Service (NOAA, United States) 
ODGI ozone-depleting gas index 
ODSs ozone-depleting substances 
OHP Observatoire de Haute-Provence (France) 
OMI Ozone Monitoring Instrument 
OMPS Ozone Mapping and Profiler Suite (NPOESS) 
OMS Observations of the Middle Stratosphere 
OSIRIS Optical Spectrograph and Infrared Imaging System 
PEM Particle Environment Monitor 
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POAM Polar Ozone and Aerosol Measurement 
POES Polar Orbiting Environmental Satellites 
PSCs polar stratospheric clouds 
PTB Physikalisch-Technische Bundesanstalt (Germany) 
QBO quasi-biennial oscillation 
SAGE Stratospheric Aerosol and Gas Experiment 
SAM Stratospheric Aerosol Measurement 
SBUV Solar Backscatter Ultraviolet 
SCIAMACHY Scanning Imaging Absorption Spectrometer for Atmospheric Cartography 
SHADOZ Southern Hemisphere Additional Ozonesonde (Network) 
SOLSTICE Solar Stellar Irradiance Comparison Experiment 
SPARC Stratospheric Processes and Their Role in Climate 
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For more information, please contact:

World Meteorological Organization
Science and Innovation Department

7 bis, avenue de la Paix – P.O. Box 2300 – CH 1211 Geneva 2 – Switzerland

Tel.: +41 (0) 22 730 81 11 – Fax: +41 (0) 22 730 81 81

Email:  GAW@wmo.int

https://public.wmo.int/en/programmes/global-atmosphere-watch-programme
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