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INTRODUCTION 
 The Seventh meeting of the Ozone Research Managers of the Parties to the Vienna 
Convention for the Protection of the Ozone Layer was held at the World Meteorological 
Organization (WMO) Secretariat in Geneva, from 18 to 21 May 2008.    
 
 The meeting was organized by the Ozone Secretariat of the United Nations Environment 
Programme (UNEP) together with the World Meteorological Organization (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. 
 
 
OPENING OF THE MEETING 
 The meeting started on Sunday, 18 May 2008 with part I of the opening of the meeting and 
the election of the Chairperson, in conjunction with a dinner reception hosted by UNEP. 
 
Welcome address (Liisa Jalkanen) 

  On behalf of WMO, Ms. Liisa Jalkanen, Chief, Atmospheric Environment Research 
Division, welcomed the participants to the Seventh meeting of the Ozone Research Mangers.  She 
noted that the meeting had close to a hundred participants from about 70 countries, this time 
including invited scientists in addition to the official country representatives. The national reports 
would be given jointly under regional reports, also a new development. The organizers were 
looking forward to seeing how this new format would work, feedback on this would be most 
welcome. In addition to the regular sessions on the Vienna Convention, the meeting would look at 
the connection between ozone layer depletion and climate change. Both of these issues require 
long-term measurements. Ms Jalkanen noted that it can be a difficult task to convince superiors, 
ministries, and funding agencies of the importance of continuing to make the same kind of 
measurements year by year. This could also be difficult for the scientists, as there is often pressure 
to address new areas of research. However, Ms Jalkanen noted, without the continuation of 
measurements, there is no understanding of trends and future scenarios cannot be adequately 
portrayed. She suggested that perhaps the awarding of the Nobel Peace prize to IPCC, another 
collaborative activity between UNEP and WMO, would give better recognition to the importance of 
continuing measurements on long-term, for all atmospheric studies. She remarked that, as the 
participants knew, ozone depletion had already received the same level of recognition. Ms 
Jalkanen congratulated all those present for their persistence and for working towards the 
continued success of the Vienna Convention. She thanked the organizers for their hard work and 
wished the participants a successful meeting. 
 
Introduction – Objectives of the meeting (Marco Gonzalez) 
 Mr Marco Gonzalez, Executive Secretary, Ozone Secretariat of the United Nations 
Environment Programme (UNEP), welcomed the participants to the Seventh meeting of the Ozone 
Research Managers (7ORM) and to the first part of the opening of the meeting.  He thanked WMO 
for their excellent cooperation in protecting the ozone layer, in particular on activities under the 
Vienna Convention including the organization of the meetings of the Ozone Research Managers 
and projects under the Vienna Convention Trust Fund for Research and Systematic Observation.  
He recalled the main objective of the ORM meetings as “to review ongoing national and 
international research and monitoring programmes to ensure proper coordination and to identify 
gaps that need to be addressed” and talked about some of the changes in the agenda of the 
current meeting as compared with the previous ones.  He highlighted the following:   
 

• A special focus was placed on the future of satellite monitoring of the atmosphere and 
related research. 

• The coverage of the issue of the state of the ozone layer was strengthened to include an 
added emphasis of interactions between ozone depletion and climate change. 
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• The key issues addressed in the national reports submitted by the Parties were to be 
incorporated into the regional presentations rather than individually but that the national 
issues would continue to form an important basis for the recommendations of the meeting. 

 
 In emphasizing the importance of the inter-linkages between ozone depletion and climate 
change, Mr Gonzalez mentioned the dual ozone-climate benefits of the phase-out of ozone-
depleting substances (ODSs) as one of the key issues of focus under the Montreal Protocol.  He 
informed the meeting that the adjustments to the phase-out of HCFCs agreed by the Parties at 
their Nineteenth Meeting in Montreal in September 2007 was accompanied by a principle of 
climate protection, and how implementation of activities through the Multilateral Fund must take 
into account, inter alia, substitutes and alternatives that minimise other impacts on the 
environment, including on climate, taking into account global-warming potential, energy use and 
other relevant factors.  For the first time the Montreal Protocol required climate-protection 
consideration as a requirement under the Montreal Protocol.  Mr Gonzalez emphasized the 
importance of science as a basis for such decisions taken by the Parties and the critical 
importance of monitoring and research to better understand the atmospheric processes and 
changes, including the impact of the implementation of the new HCFC adjustments. 
 
 Finally, Mr Gonzalez explained the process after the 7ORM in bringing the 
recommendations of the 7ORM to the Conference of the Parties to the Vienna Convention at its 
Eighth Meeting, which will be held in Doha, Qatar, from 16 to 20 November this year, as well as to 
the Bureau of the last meeting of the Conference of the Parties which was to meet immediately 
after the 7ORM.  He urged the meeting to come up with strong recommendations because the 
decisions of the Conference of the Parties on 7ORM recommendations would be taken up at the 
highest political level in the countries for implementation.   
 
Keynote address:  The ozone layer, the gains of the Montreal Protocol and the future  
(A.R. Ravishankara) 

 Mr Ravishankara began with a review of the steps in our understanding that led to the 
Montreal Protocol (MP). This included the role of catalytic cycles involving hydrogen oxides (HOx), 
nitrogen oxides (NOx), and chlorine oxides (ClOx) in destroying stratospheric ozone and thus 
controlling its abundance.  In particular, the roles of HOx and NOx are important as they may 
reappear in the future during anthropogenic activities for mitigation and adaptation to climate 
change.  CFCs are the main source of chlorine for ozone depletion.  Ozone depletion was 
originally expected to become significant in the middle of the 21st century.  Then the ozone hole 
appeared and the ozone trends panel report showed that ozone was already depleted outside of 
the polar region too.  All these findings led to the Montreal Protocol and its amendments, as 
science improved. 
 
 Due to the Montreal Protocol and its amendments, the sum of ODSs that contribute to 
ozone depletion, is now decreasing in both the troposphere and the stratosphere.  Because of 
these decreases, the ozone layer is showing signs of recovery and is expected to return to its pre-
1980s level around the middle of the 21st century globally, and around 2060-2070 in Antarctica. 
Climate is a key additional factor that will determine the time and extent of the return of ozone to 
pre-1980 values. 
 
 Mr Ravishankara pointed out that going beyond the changes to UV that were the initial 
primary motivator for the Montreal Protocol, we now have to think about other issues as well.  
These include climate change, the contribution of ODSs to climate change because of their 
property to act as greenhouse gases, and potential unintended consequences to the stratosphere 
due to mitigation and adaptation to climate.  It is now becoming clear that stratospheric ozone 
changes will impact Earth’s climate.  Furthermore, the climate effects of ozone depleting substance 
reduction due to the MP has been shown to be very significant when compared to what is achieved 
by the Kyoto Protocol. 
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 Given these issues and the need to shepherd the ozone through this post-MP 
accountability phase to recovery, there are still many important gaps in knowledge.  These gaps in 
knowledge were listed in general terms and discussed. 
 
Retrospective: 6ORM in 2005 and since then (Michael Kurylo, Chairperson of 6ORM) 

 As Chair of the 6th Meeting of Ozone Research Managers that was held in Vienna, Austria 
in 2005, Mr Michael J. Kurylo provided a retrospective on this meeting in light of current issues in 
ozone and UV research and monitoring.  He reminded the delegates that the purpose of each 
ORM meeting is to review ongoing research and monitoring programmes for ozone and UV-B with 
an emphasis on (i) describing measurement calibration and archiving and initiatives aimed at 
prevention of adverse effects of UV-B, (ii) ensuring national and international coordination, (iii) 
identifying research and monitoring gaps, and (iv) preparing a summary report on 
recommendations for future research and expanded cooperation in developed and developing 
countries.  He described the highly complementary, but distinctly different, roles between the ORM 
reports and the three WMO-UNEP Assessments (Scientific, Environmental Effects, Technology 
and Economic).  Whereas all are required under the Vienna Convention and its Montreal Protocol, 
the Assessments enable the Parties to evaluate control measurements under the Montreal 
Protocol and are communication devices between the research community (striving for better 
understanding) and decision makers (striving for informed action).  The Assessments constitute 
neither policy recommendations nor research planning documents but provide input for both.  The 
ORM reports, on the other hand, specifically address research and monitoring needs in light of this 
scientific understanding and do make specific recommendations to the Parties regarding 
international funding for improved research coordination and networking.  The agenda items for 
7ORM Meeting will include the review of 6ORM recommendations, presentations on the state of 
the ozone layer (including climate links), updates on international monitoring programmes, 
summaries of satellite research and monitoring programmes (present and future), regional reports 
on ozone research and monitoring taking into account the available national reports, and 
recommendations (research needs, systematic observations, capacity building, data archiving) 
derived from all of the information provided and presented. 
 
Election of the Chairperson  
 Mr Michael Kurylo (United States of America) was unanimously elected Chair of the 
meeting.  At the second part of the Opening on Monday 19 May, he thanked all the participants for 
their vote of confidence. 
 
Opening Statement by UNEP (Per Bakken) 

Mr Per Bakken, Director, Chemicals Programme, Division of Technology, Industry and 
Environment of United Nations Environment Programme (UNEP), on behalf of Mr Achim Steiner, 
the Executive Director of UNEP, welcomed the participants once again to the Seventh Meeting of 
the Ozone Research Managers.  He thanked WMO for hosting this meeting and working effectively 
and efficiently to organize the meeting jointly with the Ozone Secretariat of UNEP.  Mr Bakken also 
thanked WMO for the long-standing partnership between UNEP and WMO, particularly in the 
implementation of ozone layer protection and climate change and commended WMO’s role and 
activities giving reference to, for example, the Global Atmosphere Watch (GAW), the Integrated 
Global Atmospheric Chemistry Observation strategy (IGACO), and the WMO Antarctic and Arctic 
Ozone Bulletin series. 
 

Furthermore, Mr Bakken reiterated the key issues on the agenda mentioned by Mr Gonzalez 
in his statement and recapped the process after the 7ORM. Mr Bakken stated that Mr Michael 
Kurylo, the Chair of the 7ORM, will be invited to present the outcome and recommendations of the 
7ORM to the Conference of the Parties during its Eighth Meeting in Doha, 16-20 November 2008.  
The decisions of the COP were expected to be taken up at the highest political level in the 
countries for implementation at the national level.   

 
Mr Bakken referred to the Vienna Convention and its Montreal Protocol on Substances that 

Deplete the Ozone Layer as the two multilateral environmental agreements that constitute the 
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pillars of international ozone protection regime which is an undoubted success in international 
cooperation.  He emphasized the important role that science played in ensuring this success.  The 
work of the scientists and experts on systematic observations; data gathering and validation; 
analysis and research; and assessments of all the relevant and up-to-date information had enabled 
the Parties to the Vienna Convention and the Montreal Protocol to take informed decisions to 
advance protection of the ozone layer.  He then further emphasized the importance of continued 
research and observations to monitor future changes in the atmosphere including the effect of the 
implementation of the new adjustments to the phasing out of HCFCs.  
 
  In conclusion, Mr Bakken said that there were many lessons to be learned from the success 
of the ozone protection regime where, in only 20 years since the adoption of the Montreal Protocol, 
over 95% reduction in the production and consumption of ozone depleting substances had been 
achieved collectively by developed and developing countries.  He stated that other multilateral 
agreements and programmes should aim for the same spirit of international cooperation and 
commitment to achieve the set goals.   
 
Statement by WMO (Ghassem Asrar, Co-Director, Research Dept., WMO) 

 Mr Ghassem Asrar, Co-Director of WMO’s Research Department, opened the meeting on 
behalf of the Secretary General of WMO. 
 
 He recalled that regular measurements of total ozone started in 1926. In conjunction with 
the International Geophysical Year (IGY) in 1957, WMO assumed responsibility for the 
establishment of the Global Ozone Observing System (GO3OS), a network of stations that adopted 
standard procedures for uniform total ozone measurements. Today GO3OS is part of the WMO 
Global Atmosphere Watch (GAW) programme. 
 
 Mr Asrar then gave an outline of the history of ozone science, including the discovery of the 
ozone hole, which led to the development and adoption of the Vienna Convention in 1985 and its 
Montreal Protocol in 1987. He highlighted the importance of fundamental research and how 
politicians and scientists can work together to serve humankind. The good collaboration between 
UNEP and WMO was also pointed out. One example of this is the WMO/UNEP Scientific 
Assessment of Ozone Depletion, which is made every four years. These assessments represent 
the best overview of the ozone problem available and form the basis for sound political actions 
needed to safeguard the ozone layer. 
 
 Mr Asrar recalled the linkages between the issues of ozone and climate, and that the 
Montreal Protocol has resulted in far greater benefits to the climate change issue than the 
greenhouse gas reductions targeted by the Kyoto Protocol. 
 
 The ozone issue has also demonstrated the importance of long-term measurements of the 
ozone layer. Without such measurements, ozone destruction would have continued unabated and 
would not have become evident before serious damage due to increased ultraviolet radiation would 
have been evident. The collection and dissemination of data through the centralised WMO-GAW 
World Ozone and UV Data Centre has made it possible for scientists all over the world to analyse 
the data using atmospheric chemistry models and carry out trend studies. The uncertainties 
regarding the future development of the ozone layer call for continued observations, both of ozone 
and ozone depleting substances, and more extensive integration of surface-based observations, 
satellite observations and numerical modelling.  

 
Mr Asrar reminded the attendees that the Ozone Research Managers Meeting is a triennial 

event imbedded in the Vienna Convention. A major focus of this meeting is the maintenance of an 
adequate ozone observing system. Supporting this goal, the Vienna Convention Trust Fund for 
Research and Systematic Observations was established by the Parties in 2002.  So far, this fund 
has supported instrument calibration activities in Africa and Asia and there are plans for a Dobson 
spectrophotometer intercomparison in Irene, South Africa later this year. However, in order to 
secure the continued operation of the global ozone-monitoring network and to maintain the data 
quality necessary for satellite validation and trend analysis, more funds are needed.  
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He expressed the sincere hope that recommendations from this meeting will encourage the 
Parties to the Vienna Convention to donate more money to the Trust Fund and thereby enhance 
the scientific knowledge base for future decision-making. 
 

In conclusion, Mr Asrar expressed the conviction that the presentations and the following 
discussions would lead to strong recommendations to the Parties of the Vienna Convention.  
 
Approval of the agenda 
 The agenda was unanimously adopted as contained in Annex B.  
 
 The summaries of the presentations given under sessions 1 to 5 are provided below.  Full 
presentations are also available separately from the Ozone Secretariat website 
http://ozone.unep.org/Meeting_Documents/research-mgrs/7orm/iindex.shtml 
 
 
SESSION 1:  INTRODUCTORY SESSION: THE VIENNA CONVENTION 
 
Review of the recommendations of the Sixth Meeting of the Ozone Research Managers, 
Vienna, September 2005 (WMO Global Ozone Report No.48) and the resultant decisions of 
the Seventh Conference of the Parties to the Vienna Convention, Dakar, December 2005 
(Michael Kurylo, Chairperson of 6ORM) 
 
 As Chair of the 6th Meeting of Ozone Research Managers that was held in Vienna, Austria, 
in September 2005, Mr Michael J. Kurylo reviewed the recommendation from that meeting and the 
resultant decisions of the Seventh Conference of the Parties to the Vienna Convention held in 
Dakar in December 2005.  The recommendations were set against a background of information 
that (i) stratospheric ozone would remain vulnerable to chemical depletion for much of the current 
century, (ii) the rate of stratospheric ozone depletion at mid-latitudes has slowed and in some 
regions can be attributed to declining EESC, (iii) over the polar regions any reductions in ozone 
depletion have not been unambiguously attributed to declining EESC, and (iv) ozone vulnerability 
raises concerns about the adverse effects of increased UV radiation on human health and 
ecosystems. The complexities of ozone and UV science require the continuation and expansion of 
systematic measurement and analysis capabilities for tracking the evolution of ozone- and climate-
related source gases and parameters, the detection and tracking of the stabilization and expected 
recovery of stratospheric ozone, attribution of changes in radiation forcing to changes in the ozone 
profile or to other atmospheric changes, and derivation of a global record of ground-level UV 
radiation.  These requirements led to specific recommendations in the areas of systematic 
observations, research, data archiving, and capacity building that are detailed in the full report that 
can be obtained at <http://www.wmo.ch/pages/prog/arep/gaw/ozone_reports.html>.  These 
recommendations were presented at the 7th COP and formed the basis by the parties to enact 
Decision VII/2, which extended the trust fund for activities on research and systematic observations 
relevant to the Vienna Convention to December 31, 2015.  This decision further urges all Parties 
and international organizations to make contributions to the fund and requests UNEP and WMO to 
direct funds to priorities among those listed within the 6ORM recommendations.  It also requests 
the Ozone Secretariat to report on operation of, contributions to, and expenditures from the Trust 
Fund at the 2008 COP. 
 
 
Activities under the Vienna Convention Trust Fund for Research and Systematic 
Observation relevant to the Vienna Convention 
 
Financial Status of the Trust Fund (Meg Seki, Ozone Secretariat) 

 The Trust Fund for Research and Systematic Observation is a special fund established 
under the Vienna Convention, in accordance with decision VI/2 of the Parties at the 6th Meeting of 
the Conference of the Parties (COP6) in November 2002.   Paragraph 2 of the decision requested 
UNEP in consultation with WMO to establish an extrabudgetary fund for financing activities on 
research and systematic observations relevant to the Vienna Convention, in developing countries 

http://ozone.unep.org/Meeting_Documents/research-mgrs/7orm/iindex.shtml�
http://www.wmo.ch/pages/prog/arep/gaw/ozone_reports.html�
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and countries with economies in transition (CEIT).  The same decision stated the primary aim of 
the Fund as “to provide complementary support for the continued maintenance and calibration of 
the existing WMO Global Atmospheric Watch ground-based stations for monitoring column ozone, 
ozone profiles and ultra-violet radiation in the developing countries and in the CEIT, to address 
balanced global coverage” and at the same time to consider  “…supporting other activities 
identified by the Ozone Research Managers and in consultation with the co-chairs of the Scientific 
Assessment and Environmental Effects Assessment Panels, for the improvement of the 
observation network and relevant research”. 
 
The status of implementation of the Trust Fund and its activities were as follows: 
 

• The Trust Fund was established in February 2003 in consultation with WMO, and in 
conformance with the relevant rules and regulations of the UN and of the Environment 
Fund of UNEP.  

• The terms of reference for the administration of the Fund were also put in place at the same 
time and were circulated to all Parties in March 2003, along with an invitation to make 
voluntary contributions to the Fund.  Letters inviting Parties to contribute towards the Fund 
were being sent annually. 

• A memorandum of understanding (MOU) between the UNEP Ozone Secretariat and WMO 
on the institutional arrangements for making decisions on the allocation of monies from the 
Fund, was concluded in 2005 and approved by the Parties at COP6.  The MOU set out the 
cycle for funding Maintenance and Calibration projects and Research and Monitoring 
projects.  

 
 To date, the total funds received in the Trust Fund amounted to US$ 116,482.  Contributing 

countries included Czech Republic, Estonia, Finland, Kazakhstan, South Africa, Spain, 
Switzerland, and the United Kingdom.  Activities under the Trust Fund have been carried out 
through WMO and they include a Dobson Inter-Calibration Workshop, which was held in Egypt 
from 23 February to 12 March 2004; and Brewer calibrations in Kathmandu, Nepal and Bandung, 
Indonesia.  Further activities are being planned and organized by WMO.  The remaining balance in 
the Fund currently stands at US$85,310. 
 
 
Report on the Activities (Geir Braathen, WMO) 
 
Activity 1: Dobson Intercomparison, Dahab, Egypt 23 February - 12 March, 2004 
 Nine Dobson spectrophotometers from Algeria, Botswana, Egypt, Kenya, Nigeria, South 
Africa and the Seychelles were sent to Dahab, Egypt for intercomparison under the leadership of 
the Egyptian Meteorological Agency (EMA). The intercomparison was led by Darwish Ahmed of 
the EMA. External experts were Robert Evans, NOAA, USA, Ulf Köhler, German Weather Service 
and Karel Vanicek, Czech Hydrometeorological Institute. All instruments, except one, were 
calibrated and made capable of measuring total ozone with better than 1% accuracy. One 
instrument was sent to Germany for repair and calibration and then put back in service. 
 
Activity 2: Calibration of Brewer instrument no. 176 in Katmandu, Nepal, 20-26 Sept 2006 
 This calibration was completed at the Kirtipur Campus, Tribhuvan University site near 
Katmandu, Nepal by Ken Lamb, International Ozone Services (IOS), with support from the Vienna 
Convention Trust Fund through the World Meteorological Organization (WMO). The instrument 
was installed in early 2001 and operated for 2 years, but had been out of service for the past 3 
years before the visit in September 2006. The instrument was found to need re-programming of the 
new electronics and a new main power supply. The support of Mr Shekhar Gurung was 
appreciated in completing this work. 
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Activity 3: Calibration of Brewer instrument no. 116 in Bandung Indonesia, 5-9 Sept 2006 
 This calibration was completed at the LAPAN site in Bandung, Indonesia by Ken Lamb, 
(IOS) with support from the Vienna Convention Trust Fund through the World Meteorological 
Organization (WMO). The instrument was installed in early 1995 and last visited in 2001, but had 
been out of service for the past 4-5 years. The instrument was found to need a new power supply, 
micro-board and UV filter in front of the photomultiplier tube to get it back into service. The support 
of Mr Saipul Hamdi from the Indonesian National Institute of Aeronautics and Space (LAPAN) was 
appreciated in completing this work. 

 
 
SESSION 2:  THE STATE OF THE OZONE LAYER AND INTERACTIONS BETWEEN OZONE 

LAYER DEPLETION AND CLIMATE CHANGE 
 
Assessments under the Montreal Protocol (A. R. Ravishankara, Co-Chair, SAP) 
 
2006 Assessment and Plans for the next assessment - 2010 
 The plans for the 2010 assessments have just started.  The new co-chairs include Mr Ajite-
Lo Ajavon, Mr John Pyle, Mr Paul Newman, and Mr A. R. Ravishankara.  The most important 
factors that contribute to a good assessment are the expertise of the authors and reviewers.  It is 
very important to distinguish between what an assessment is and what it is not.  It is an evaluation; 
not a review or a set of recommendations.  The key aim of the assessment is to take stock of what 
we know and what we do not about the science in policy-useful terms. The task is to provide a 
scientific document, prepared and reviewed by the expert communities, that critically evaluates 
current knowledge and provides “one-stop shopping” to various “customers”. The customers 
include governments (via the Montreal Protocol), industry, public and the science community.  The 
key issues that will be assessed in the next document include: the levels of ODS and their trends, 
levels of ozone and its trends, understanding of the relevant atmospheric science, impact of 
climate change on ozone layer recovery, the impact of ozone layer changes on climate and its 
changes, and other key requests from the Parties to the Protocol.  The assessment is expected to 
have been completed by December 2010 with printed copies made available in April of 2011. 
 
 
The current state of the ozone layer 
 
Findings from 2006 Assessment (A. R. Ravishankara, Co-Chair, SAP) 

 The major findings of the 2006 were summarized.  They include the past, present, and 
expected future emissions of ODSs, atmospheric levels of ODSs, ozone levels and surface-level 
UV.  The bottom line was the finding that the Montreal Protocol is working as expected and can be 
shown to be so by the decreases in ODSs in the lower atmosphere, ODSs in the stratosphere and 
the near constant values in global column ozone over the past few years.  It is projected that the 
concentrations of ODSs will return to 1980 values around 2050 in the global stratosphere and a 
little later in Antarctica.  In response to these changes in ODSs, it expected that the ozone layer 
will recover around roughly the same times.  The ozone hole continues unabated, as expected, but 
shows large variations; the variations in the severity of the ozone hole are to be expected due to 
meteorological conditions. The largest contributor to the decrease in ODSs has been the short-
lived methyl chloroform and more recently methyl bromide. The concentrations of HCFCs continue 
to increase.  Predictions of ozone levels are highly affected by climate change. 
 
Findings since 2006 Assessment (Paul Newman, Co-Chair, SAP) 

 Mr Paul A. Newman and the co-chairs of the WMO/UNEP Scientific Assessment Panel 
presented material on "Findings since the 2006 Assessment."  In this talk they described three new 
science topics that have gained attention in terms of the assessment process.  The first topic dealt 
with the new paper by Pope et al. (2007).  This paper deals with the photolysis of the ClOOCl, or 
“chlorine dimer”, molecule.  The new photolysis rate is much slower at longer wavelengths implying 
that chlorine catalyzed ozone loss over Antarctica and the Arctic should be much slower than 
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current model estimates.  However, Pope et al. is in disagreement with previous laboratory studies, 
and it creates serious problems with explaining ClO and ozone levels over the polar regions.   New 
laboratory measurements, atmospheric observations, and modelling studies will be compared in a 
SPARC workshop in Cambridge, UK in June 2008.  The second topic dealt with new studies 
showing that the lifetimes and emission back-estimates of some ozone-depleting species are in 
considerable disagreement with current numbers (Liang et al., 2007; Douglass et al., 2008).  For 
example, state-of-the-art models now estimate that the lifetime of CFC-11 ought to be 56 years, 
rather than the current estimate of 45 years.  In the case of CFC-11, this implies that future levels 
of CFC-11 would be larger than current scenarios predict.  Furthermore, these studies also 
suggest that estimated banks of CFC-11 may be in error.  Finally, brief mention was made of new 
modelling results that suggest the stratospheric mean circulation may accelerate as a result of 
climate change.  This accelerated circulation will also reduce the lifetimes of CFCs in the 
stratosphere. 
 
 
Links between ozone and climate (John Pyle, Co-Chair, SAP) 
 It has long been recognised that there are strong, two-way links between changes in 
atmospheric ozone concentrations and changes in the climate system. This talk looked at a 
number of these interactions, with particular reference to their increasing importance in scientific 
assessments. 
 
 Recovery of the stratospheric ozone layer is known to depend on GHG-driven changes in 
stratospheric climate; expected reductions in stratospheric temperatures slow down gas-phase 
ozone destruction, leading to an increase in ozone concentrations with the possibility of ‘super-
recovery’ later this century. On the other hand, reductions in stratospheric temperatures in polar 
regions favour ozone destruction. Recent research has also focused on the impact of changes in 
concentrations of the ODS, and ozone, on climate. Reductions in ODS concentrations have been 
shown to have led to the avoidance of a significant radiative forcing; the Montreal Protocol has had 
a positive benefit for the climate system. Avoided polar ozone loss is likely to have been of 
importance for polar surface temperature change. 
 
 
Influences of ozone layer depletion and climate change on UV-radiation and its impacts on 
human health and the environment (Jan van der Leun, Co-Chair, EEAP) 

 The intensity of solar UV radiation on Earth is influenced by the atmosphere in many ways, 
primarily by the ozone layer - this makes our life possible - but also by clouds, fog, rain, ice and 
snow. These will all change with climate change and it will be complicated to predict the 
consequences. 
 
 The consequences of rising temperatures may now be investigated, and are discussed for 
human skin cancer.  Rising temperatures are likely to change the exposure habits of people; 
possibly in different ways in cool and hot areas.  It has been known since as early as 1943 that the 
same UV exposures of mice produce more skin cancers in an environment kept at a higher 
temperature.  To see if that also applies for human populations we must look at human data.  This 
is complicated by the fact that areas with a higher solar UV irradiance tend to have also higher 
temperature. The best way out may be a study in comparable populations living at different 
altitudes; going higher up, UV irradiance tends to increase and temperature to decrease.  This may 
give independent information on the two factors.  A plan along these lines has been proposed in 
South America, but the investigators are still trying to find the funding needed.  Provisional analysis 
of existing human data suggests a rise of the incidence of non-melanoma skin cancer by about 3% 
for every 1˚C rise of temperature.  Such an increase would soon be greater that the increases 
caused by ozone depletion. 
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SESSION 3:  INTERNATIONAL MONITORING PROGRAMMES 
 
WMO Global Atmosphere Watch (GAW) programme (Liisa Jalkanen, WMO) 

 The Global Atmosphere Watch (GAW) programme of the WMO was established in 1989 by 
merging GO3OS and BAPMoN. It is a partnership, coordinated by the WMO Secretariat, involving 
contributions from over 80 countries. GAW aims to reduce environmental risks to society, 
strengthen capabilities to predict climate, weather and air quality and contributes to scientific 
assessments in support of environmental policy. This is done through maintaining and applying 
global, long-term observations of the chemical composition and selected physical characteristics of 
the atmosphere, by emphasising quality assurance and quality control, and by delivering integrated 
products and services of relevance to users. A new GAW Strategic Plan for the years 2008 – 2015 
has been recently published (GAW Report No 172, available at the website for WMO GAW 
publications). GAW focuses on global long-term networks for greenhouse gases (GHGs), ozone, 
UV, aerosols, selected reactive gases, and precipitation chemistry. The GAW Scientific Advisory 
Groups (SAGs) for the different components advice and guide the WMO Secretariat and develop 
scientific priorities for the work in GAW. The GAW Station Information System (GAWSIS) provides 
detailed information through the web on measurement programmes at GAW global, regional and 
contributing stations. 
 

 Current GAW UV products and services include guideline documents, data sets provided 
through the World Ozone and UV Data Centre (WOUDC), provision of erythemally effective UV, 
i.e., the UV Index, provision of UV Index forecasts for the public by the NMHSs, calibration 
services for Europe and North America, and instrument inter-comparisons for the quality and 
harmonization of measurements. The GAW SAG-Ozone concentrates its efforts on ozone total 
column and profile measurements. The demand for high quality ozone observations is due to the 
interest in ozone trends caused by ODSs and to the validation of satellite measurements. A pilot 
project involving NRT exchange of ozone data has been started. More on GAW ozone was 
presented under the agenda item on IGACO-O3/UV. 
 

 The benefit of inter-comparisons can be clearly seen for instance for Dobson instruments 
with the quality improving since these exercises were started in 1969. Also the stability of the triad 
of Brewer instruments defining the primary Brewer total ozone scale has improved since 1984. 
However, the quality of measurements at several stations archived at WOUDC needs 
improvement. The ground-based Dobson and Brewer data has been compared systematically with 
satellite measurements, stations with problems have been informed and improvement is expected. 
It was noted that the participants can help with this by stressing in their institutes and services the 
importance of QA/QC. Finally Ms Jalkanen emphasized the importance of collaboration as critical 
for success. 
 
 
The Network for the Detection of Atmospheric Composition Change (NDACC) 
(Niels Larsen, Danish Meteorological Institute) 

 The Network for the Detection of Atmospheric Composition Change (NDACC) is a world-
wide set of remote-sensing research sites for observing and understanding the physical and 
chemical state of the stratosphere and upper troposphere, assessing the impact of stratospheric 
changes on the underlying troposphere and on global climate. Activities within NDACC are 
organized in working groups associated with each instrument type to ensure the highest data 
quality through continuous validation and development in retrieval theory. Other working groups 
address coordination with satellite missions and the needs of theoretical atmospheric modelling for 
observational data. NDACC measurements are archived yearly and made publicly available after 
two years, although many data types could be provided on a shorter time scale. The NDACC data 
host facility meets an ever increasing demand for data provision, e.g. for validation of satellite 
products. Future developments include water vapour measurements in the upper troposphere and 
lower stratosphere, a closer collaboration with other networks such as SHADOZ, establishment of 
more stations in the tropics, and provision of data in near-real-time. A major challenge for NDACC 
is to ensure the continuity of operations at the monitoring stations which are mainly funded through 
national programmes. Therefore, support for provision of ground based data from NDACC and 
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other monitoring networks for calibration and validation purposes should be an integrated part of 
future satellite programmes. 
 
 
The Southern Hemisphere Additional Ozonesondes Network (SHADOZ) (Michael Kurylo, NASA) 

 Mr Michael J. Kurylo presented a summary of the Southern Hemisphere Additional 
Ozonesondes (SHADOZ) network.  SHADOZ began in 1998 to provide more extensive ozone 
profile data for use in satellite validation, process studies, and modelling investigations.  It has 
evolved from an initial group of nine sites to its present configuration of thirteen in both the northern 
and southern tropics and sub-tropics.  Additional sondes are frequently provided to augment 
normal operations at many of these sites.  A new SHADOZ CD containing more than 3500 profiles 
is now available.  While led by NASA in the US, the network benefits from a leverage of resources 
from several international co-sponsors.  SHADOZ has an open data policy that promotes 
numerous international studies and facilitates new discoveries.  Its participation in recent studies of 
sonde standard operating procedures has raised the performance to ~5% accuracy and precision.  
Data are archived at both the NASA Aura Validation Data Centre (AVDC) and at the World Ozone 
and UV Data Centre (WOUDC).  As a state of the art ozonesonde network, SHADOZ will continue 
to focus on ozone research in the UT/LS following ozone recovery from the influence of ozone 
depleting substances while being affected by changes associated with climate forcing.  More 
details regarding the SHADOZ network can be obtained at the SHADOZ web site 
<http://croc.gsfc.nasa.gov/shadoz> or from amt16[AT]psu.edu. 
 
 
Global Climate Observing System (GCOS) (David Goodrich, GCOS Secretariat) 

 The Global Climate Observing System is co-sponsored by WMO, UNEP, Intergovernmental 
Oceanographic Commission (IOC) of UNESCO and International Council for Science (ICSU). Its 
mission is to ensure that the data required to meet the needs of users for climate information are 
obtained and made available for: 

 
• Climate system monitoring, climate change detection and attribution. 
• Research, modelling and prediction of the climate system. 
• Assessing impacts, vulnerability and adaptation. 
• Application to sustainable economic development. 

 
 GCOS is a system of observing networks that are designed to be global, long-term, high-
quality, sustainable and reliable. GCOS is comprised of climate components of various global 
observing systems including both satellite and in situ observations. 
 
 The GCOS Steering Committee recognized in October 2007 the GAW total ozone and 
ozonesonde networks as the GCOS Global Baseline Total Ozone Monitoring Network and the 
GCOS Global Baseline Ozone Profile Network. The Atmospheric Observation Panel for Climate 
(AOPC) in April 2007 recognized the high data reception rates of the GAW ozone network and 
recommended a one-stop point for submission and access to data. 
 
 The GCOS Implementation Plan of 2004 responds to the UNFCCC request to develop an 
implementation plan that considers: 
 

• Requirements in the ‘Second Adequacy Report.’ 
• Views of Parties with respect to that report. 
• Existing global, regional and national plans. 
• Open review by broad range of scientists and data users. 
• Indicators for measuring implementation. 
• Implementation priorities and resource requirements.  

 
GCOS is identified as the Climate component of the Global Earth Observing System of Systems 
(GEOSS). 

http://croc.gsfc.nasa.gov/shadoz�
mailto:amt16@psu.edu�
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UNFCCC actions in 2007 related to GCOS include:  
• Adoption of the revised UNFCCC reporting guidelines on global climate observing systems. 
• Invitation of Parties to submit to the GCOS Secretariat “additional information” on observing 

systems by 15 September 2008, using these guidelines. 
• Request for CEOS to report on satellite observations for climate in December 2009. 
• Request for Parties to implement GCOS Regional Action Plans. 
• Request for a comprehensive report on GCOS implementation in June 2009. 

 
 The GCOS Referenced Upper Air Network (GRUAN) is under establishment in order to 
address problems for climate in accuracy, long-term stability and changes in measurement 
systems. The objectives are to provide long-term, high-quality climate records, to constrain or 
calibrate data from more spatially-comprehensive global observing systems (including satellites), 
and to measure a large suite of co-related climate variables. 
 
 The following sites have been proposed as initial GRUAN sites, with GAW ozone profile 
sites in italics: 
 
Darwin, Australia; Xilin Hot, China; Sodankylä, Finland; Lindenberg, Germany; Potenza, Italy; 
Cabauw, Netherlands; Lauder, New Zealand; Payerne, Switzerland; Barrow, USA; Beltsville, USA; 
Boulder, USA; Lamont, USA 
 
 
Integrated Global Atmospheric Chemistry Observations (IGACO-O3/UV) (Geir Braathen, WMO) 

 The IGACO report, which was published in 2004, defines a strategy for atmospheric 
chemistry observation for the next decade. The IGACO strategy will be implemented through the 
WMO-GAW programme. The office for IGACO-Ozone/UV was established in late 2005 at the 
Finnish Meteorological Institute to assist with the implementation of the IGACO-Ozone/UV system 
under GAW. The aim is to develop global products for the following applications: Public UV 
warnings, public ozone bulletins, research, scientific assessments, forecasts of ozone depletion 
and improved weather forecasts. This will be accomplished through integration of data from the 
ground based network, for aircraft and from satellites. The web site of the IGACO-Ozone/UV office 
is: http://www.igaco-o3.fi. 
 
Several IGACO-Ozone/UV workshops have been arranged in the last two years: 
 
 The IGACO-Ozone International Science Advisory Panel met in Helsinki, Finland in 
February 2006 in order to discuss the plan for implementation of IGACO-Ozone/UV. 
 
 A workshop was held in Anavyssos, Greece in May 2006 in order to define gaps and 
shortcomings and define activities that can remedy these gaps. The workshop led to the definition 
of 12 activities that are needed to fill some of the gaps. 
 
 A workshop was arranged in Dübendorf, Switzerland in March 2007 to discuss data 
archiving, data access, data quality and metadata related issues. 
 
 A workshop on problematic total ozone time series was conducted in Tenerife, April 2007 
immediately prior to the WMO-GAW Ozone Science Advisory Group meeting. Total ozone time 
series with difficulties were identified through comparison to satellite data. A letter has been sent to 
the responsible principal investigators where the problem is described and help is offered. The aim 
of this exercise is to improve data quality so that they can be used for trend studies. 
 
 In April 2008 a joint GAW - IGACO - NDACC workshop on ozone measurement techniques 
was held in Geneva. Scientists representing different ozone measurement techniques presented 
problems related to their measurement techniques. Both total ozone and profile ozone 
measurements were covered. The following measurement techniques were discussed: Dobson, 
Brewer, UV-Vis DOAS, FT-IR, lidars, microwave spectroscopy, Umkehr, ozonesondes and aircraft 
measurements. Investigators representing various techniques became aware of observations 

http://www.igaco-o3.fi�
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made by other techniques and that ought to be compared. It became apparent that ozone 
absorption cross sections disagree in various spectral regions and that there is a need for more 
laboratory measurements. 
 
 The implementation plan for IGACO-Ozone/UV is divided into four sections: Observations 
of ozone, Observations of UV radiation, Modelling and data assimilation, Data archiving and data 
dissemination.  Activities that were discussed and recommended at the Anavyssos workshop in 
2006 constitute a large part of the Implementation Plan. The implementation is planned to take 
place in two phases:  next 5 years (2006 -2011) and 2011-2016. 
 
 The issue of one-stop shopping was discussed and a couple of examples of good web 
services were given: http://wdc.dlr.de/ and http://ozonewatch.gsfc.nasa.gov. 
 
 Mr Braathen gave a description of the situation with respect to data archiving and data 
exchange. Many investigators are complaining about the proliferation of data centres and the 
obligation to submit data to several centres. This situation also makes it difficult for data users to 
find data. The use of many different data formats also makes the situation more difficult. The future 
(from 2009 onwards) WMO Information System (WIS) was presented as a potential solution to 
these problems. More information can be found at 
http://www.wmo.int,  
http://www.wmo.int/pages/prog/arep/gaw/gaw_home_en.html, 
http://www.igaco-o3.fi and  
http://www.wmo.int/pages/prog/www/WIS-Web/home.html. 
 
 
Advanced Global Atmospheric Gases Experiment (AGAGE) and associated networks  
(Stefan Reimann, EMPA) 

 Continuous measurements of ozone-depleting substances are needed at both global 
background sites and regional representative sites. The background sites are important for trend 
analysis in order to check global fluxes of halogenated trace gases (sources and sinks). By 
summing up all the relevant ODSs, the calculation of the total chlorine and bromine loading of the 
atmosphere can be accomplished. Furthermore, these global data can be used to check the 
lifetime of the halogenated trace gases and the reactivity of the atmosphere (via the calculation of 
OH abundance). 
 
 The regional representative sites are essential for answering questions on the continental 
or sub-continental scale. Most important for the period of phase-out of ozone depleting substances 
is the real-world assessment of regional sources. With the help of these analyses it could be 
shown that emissions are generally in line with the schedule provided by the Montreal Protocol, 
within the Non-Article 5 countries, although small-scale emissions from in-use material is still 
occurring. For most of the Article 5 countries measurement infrastructure are yet to be built. This is 
especially important in view of the expected full phase-out of the ODSs within the next decades. 
 
 A specific focus of the future should be related to the implications and trade-offs between 
climate change and ozone depletion. Possible effects of climate change could be changing 
emissions of natural compounds in a warmer climate (e.g. CH3Br) or potentially higher 
anthropogenic emissions of H2 due to the use of hydrogen as energy carrier and impending 
subsequent effects such as elevated water vapour in the stratosphere or less oxidative capacity in 
the troposphere. 
 
ODS concentrations in the atmosphere: Scenarios and trends (Guus Velders, Netherlands 
Environmental Assessment Agency) 

 The 1987 Montreal Protocol on Substances that Deplete the Ozone Layer is a landmark 
agreement that has successfully reduced the global production, consumption and emissions of 
ozone-depleting substances (ODSs). ODSs are also greenhouse gases that contribute to the 
radiative forcing of the climate system. Using historical ODSs emissions and scenarios of potential 
emissions, it is shown that the ODS contribution to radiative forcing most likely would have been 

http://wdc.dlr.de/�
http://ozonewatch.gsfc.nasa.gov�
http://www.wmo.int�
http://www.wmo.int/pages/prog/arep/gaw/gaw_home_en.html�
http://www.igaco-o3.fi�
http://www.wmo.int/pages/prog/www/WIS-Web/home.html�
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much larger if the ODS link to stratospheric ozone depletion had not been recognized in 1974 and 
followed by a series of regulations. The climate protection already achieved by the Montreal 
Protocol alone is estimated at 10-12 GtCO2-eq/yr by 2010, which is 5-6 times larger than the 
reduction target (about 2 GtCO2-eq/yr) of the first commitment period of the Kyoto Protocol. 
Without the Montreal Protocol the radiative forcing of ODSs may have been half that of CO2 by 
2010. Phrased differently, with the Montreal Protocol about a decade has been gained in terms of 
increases in radiative forcing compared to CO2 emissions. 
 
 In September 2007 the parties of the Montreal Protocol agreed to accelerate the phase-out 
of HCFCs in developed and developing countries. It is estimated that this will put forward the 
recovery of the ozone layer by about three years. In addition, this adjustment of the Montreal 
Protocol is estimated to yield a reduction of 12-15 GtCO2-eq emissions in the coming decades. 
Additional climate benefits that are significant compared to the Kyoto Protocol reduction target 
could be achieved by actions under the Montreal Protocol, by managing the emissions of substitute 
fluorocarbon gases and introducing alternative gases with lower global warming potentials. 
 
 
The WCRP project Stratospheric Processes and their Role in Climate (SPARC) (Thomas Peter, 
ETH Zurich) 

SPARC’s central goal is to address key issues related to the stratosphere and its role in 
climate, from both scientific and policy information perspectives.  Currently SPARC focuses on 
finding answers to fundamental questions in three key themes of modern climate science: 
 
(1) Climate-Chemistry Interactions 

• How do stratospheric ozone and other constituents evolve as climate changes? 
• How do changes in stratospheric composition affect climate? 
• What are the links between changes in stratospheric ozone, UV radiation and tropospheric 

chemistry? 
 
(2) Detection, Attribution, and Prediction of Stratospheric Change 

• What are the past changes and variations in the stratosphere? 
• How well can we explain past changes in terms of natural and anthropogenic effects? 
• How do we expect the stratosphere to evolve in the future, and what confidence do we 

have in those predictions? 
 
(3) Stratosphere-Troposphere Dynamical Coupling 

• By what mechanisms do the stratosphere and troposphere act as a coupled system? 
• What is the role of dynamical and radiative coupling with the stratosphere in extended-

range tropospheric weather forecasting and in tropospheric climate? 
 
 Research on these themes is complemented by a number of cross-cutting activities with 

specific foci. For more information see http://www.atmosp.physics.utoronto.ca/SPARC/ 
 

 
SESSION 4:  SATELLITE RESEARCH AND MONITORING 
 
Importance of satellite monitoring and programmes 
 
NASA and NOAA (Ken Jucks, NASA) 

 Through the collaboration between the USA agencies NASA and NOAA, there is a long 
history of obtaining space based solar backscatter UV observations of ozone columns in order to 
monitor the long term changes in ozone from 1970 until the present using a combination of SBUV 
and TOMS instruments.  These will be continued in the future using OMPS observations on the 
NPOESS series.  These continued observations are critical to maintaining a well-characterized 
science data record for ozone.  The OMPS on the initial NPOESS platform (NPP) will also contain 
a limb scanning capability similar to that done with the NASA SAGE series, SCIAMACHY, and 
OSIRIS.  Limb capability is not currently planned for the later NPOESS satellites. 
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 NASA has been obtaining a very comprehensive set of observations of ozone and ozone 
related species with the EOS Aura satellite with 4 instruments.  This followed on the successful 
observations of the NASA UARS satellite.  This satellite provides highly useful science quality data 
sets in the stratosphere and troposphere for many key species such as O3, ClO, HCl, OH, HO2, 
HNO3, NO2, and CFCs.  Depending on the instrument, some of these observations will be ending 
anywhere from 2008 to 2010.  The satellite has enough fuel to last to 2015.  The next phase of 
satellite observations from NASA come from the NRC Decadal Survey missions.  The first three 
that have relevance to ozone science will not provide the types of observations provided by Aura.  
The most relevant mission is the Global Atmospheric Chemistry Mission (GACM), which is most 
likely to be launched after 2020, if at all.  This will certainly result in a serious gap in the space 
based observation of the key molecules observed by Aura.  It is possible that the role of filling the 
data gap of these key atmospheric constituents via limb sounding could be filled by a venture class 
mission, such as one containing a solar occultation FTS on an inclined orbit along with other 
instruments.  These small missions have yet to be approved and it is not certain which discipline 
within NASA would place priority on these missions.  Since monitoring and understanding the 
science of ozone abundances is a mandate of NASA, it should strongly consider such a mission, 
possibly in collaboration with an international partner. 
 
KNMI (Pieternel Levelt and Pepijn Veefkind) 

 KNMI has been involved with the satellite instruments GOME-1, SCIAMACHY, OMI and 
GOME-2, which all make observations of the atmospheric composition. The involvement of KNMI 
includes, amongst others, data processing, archiving and dissemination, algorithm development, 
validation, calibration (OMI) and instrument commanding (OMI). This series of satellite instruments 
has resulted in data records of ozone, NO2 and other gases starting in 1995. While the current 
satellite instruments for atmospheric composition have been designed primarily for measuring the 
stratosphere, the current science questions also require measurements of the troposphere, with 
sensitivity in the boundary layer. 
 

 It should be realized that after the end of Envisat and EOS-Aura there will be a severe set 
back in atmospheric composition measurements from space. The spatial resolution of nadir UV-
VIS spectrometers will fall back from 13x24 km2 (OMI) to 80x40 km2 (GOME-2). The shortwave 
infrared observations of CO and methane of SCIAMCHY will no longer be available. To fill this gap 
in atmospheric composition observations, a new initiative has been started in the Netherlands for 
the satellite instrument TROPOMI. This instrument builds on the heritage of OMI and 
SCIAMACHY. TROPOMI combines daily global coverage with a spatial resolution of 10 km. In 
addition to the OMI spectral coverage, TROPOMI also has bands in the shortwave infrared to 
measure CO and methane, and a band in the NIR to better characterize clouds. The TROPOMI 
instrument is foreseen to be the payload for the GMES Sentinel 5 precursor mission, to provide 
atmospheric composition measurements with a high spatial resolution in the period 2014-2019. 
However, other missions such as TRAQ, and NASA/NOAA co-operations could also be an 
opportunity for TROPOMI. Currently national studies for TROPOMI are ongoing in the Netherlands, 
and participation of other countries at the instrument science level are being discussed. 
 
China Meteorological Administration (Huang Fuxiang) 
 China has realized the importance of satellite-based ozone monitoring and has made great 
efforts developing such capacity in recent years. The FY-3 satellite, China’s second generation of 
polar orbiting satellite which is scheduled to be launched in late May 2008, will carry two ozone 
instruments: TOU (Total Ozone Unit) and SBUS (Solar Backscatter Ultraviolet Sounder). TOU and 
SBUS are the first ozone instruments made by China. These instruments are also the first ones to 
be carried on a Chinese satellite. To develop the FY-3 ozone instruments, China has made great 
efforts in manufacturing, laboratory calibration and field observing tests and has made plans for 
inter-calibration, validation and inter-comparison of the ozone products after the FY-3 satellite has 
been launched. Ozone products from the FY-3 satellite will be available to all users of the world. 
China hopes that the FY-3 satellite will contribute to the global ozone monitoring effort. In the 
future, China will go on developing further satellite ozone monitoring capacity on the satellites to 
follow. 
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 Chinese scientists have paid extensive attention to research using ozone data from 
satellites in recent years. Some of this research has focused on ozone variations over the Tibetan 
Plateau. The Tibetan Plateau is the highest plateau in the world with an average height over 4000 
meters above sea level and is often called the ‘roof of the world’ or the ‘third pole of the earth’. 
Because of its unique role in the world, it is an ideal region to understand the effects of large scale 
topography on ozone distribution and the interaction between ozone change and climate change. 
Other research has concentrated on comparisons of total ozone and ozone profile data from 
satellites with surface observation. The main goal of this research is to evaluate the precision of 
different ozone observing techniques used by different satellites. In the future, Chinese scientists 
will carry out more and better research projects and contribute to the understanding and detection 
of ozone variation and climate change. 
 
Canadian Space Agency (Thomas Piekutowski) 
 The Canadian atmospheric science community has a long-standing interest and expertise 
in ozone monitoring and science. This is reflected in two of the CSA’s current science missions: 
SCISAT-Atmospheric Chemistry Experiment and OSIRIS on Odin. 
 
 The CSA invests in spaceborne atmospheric remote sensing, in production and validation 
of high quality data, and in interactive chemistry-climate modelling. 
 
 The CSA is likely to continue investing in atmospheric science missions that help us to 
measure atmospheric composition and to understand atmospheric processes of climate and its 
change, including the links between increasing greenhouse gases and ozone recovery. 
 
The CSA places great value in partnerships with: 

• Canadian scientists, government departments and industries. 
• International organizations. 
• Other space agencies. 

 
We appreciate the cost effectiveness that can be achieved through collaboration. 
 
EUMETSAT (Leif Backmann, Finland) 

 EUMETSAT is contributing through its current and future programmes to climate monitoring 
and in particular to global ozone monitoring. GOME-2, on the EPS/Metop series of satellites which 
are providing global data in the 2006 to 2020 time-frame, continues the long series of GOME-
1/ERS-2 and SCIAMACHY/ENVISAT measurements and provides global total column ozone and 
ozone profile information. In addition, key parameters relevant to ozone chemistry are provided. 
EUMETSAT’s Ozone Monitoring and Atmospheric Chemistry Satellite Application Facility, hosted 
by FMI, provides this information. In addition EUMETSAT provides ozone information from IASI 
(Infrared Atmospheric Sounding Interferometer), the hyper-spectral infrared sounding mission on 
Metop, within the Level 2 global sounding product. Information on ozone, both in three layers and 
total column amount, complement the information provided by GOME-2. 
 
 Regarding EUMETSAT’s future programmes, a hyperspectral InfraRed Sounding mission 
(IRS) is envisaged to be flown onboard one of the geostationary satellites of the Meteosat Third 
Generation (MTG). The MTG-IRS will support ozone monitoring on an hourly basis over the 
hemisphere as seen from the geostationary position. Further on, the GMES Sentinel-4 mission is 
planned to be carried on the same MTG sounding satellite providing additional ozone monitoring 
capabilities in the UV/visible at a temporal resolution of one hour over a region of 4.5° N/S - 9°E/W 
centred on Europe. MTG, currently in its Preparatory Programme and about to start Phase B 
activities at industry level, is expected to deliver measurements within the 2015 – 2030 timeframe. 
In the framework of the EPS follow-on programme (post-EPS), requirements for ozone monitoring 
and chemistry are expressed and are currently expected to be realised via the EC GMES initiative 
and in particular, the Sentinel 5 mission which is planned to be embarked on post-EPS. This will 
provide continuity in the global ozone monitoring from polar sun-synchronous orbit. 
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Update on ESA Programmes with a Focus on Atmospheric Missions (Jean-Christopher Lambert, 
IASB-BIRA) 

The European Space Agency (ESA) launched its second Earth Remote Sensing polar-
orbiting platform (ERS-2) in 1995, with Global Ozone Monitoring Experiment (GOME) on board. 
Thirteen years later, the instrument is still operating, although only with partial coverage since the 
failure of the satellite tape recorder in June 2003. GOME measures the column and profile of 
ozone, as well as the column of NO2, BrO, OClO, SO2, and HCHO, cloud parameters and 
aerosols. Following the success of GOME, three improved GOME-2 instruments were delivered by 
ESA to the EUMETSAT, which launched the first one in October 2006 on board MetOp-A.  

 
Envisat was launched by ESA in 2002, carrying Global Monitoring by Occultation of Stars 

(GOMOS), Michelson Interferometer for Passive Atmospheric Sounding (MIPAS), and Scanning 
Imaging Absorption Spectrometer for Atmospheric ChartographY (SCIAMACHY), plus other 
instruments observing the oceans, land and ice. All together, the three atmospheric chemistry 
instruments of Envisat measure a variety of parameters from the ground up to the mesosphere, 
including ozone and ozone-related species, air quality indicators, greenhouse gases, and aerosols 
of various types. Six years after launch, the satellite and the instruments are performing well, and 
ESA has elaborated a technical solution to extend the mission by three years until 2013, based on 
a decrease of orbit altitude.  

 
Within its Earth Explorer programme (seven small satellites), ADM-AEOLUS will be 

launched in the coming years to improve knowledge about atmospheric winds and transport. The 
seventh Earth Explorer mission will be dedicated to atmospheric composition measurements.  

 
In the framework of Global Monitoring of Environment and Security (GMES), a major 

European contribution to GEOSS, ESA will deliver the space segment, consisting of five GMES 
Sentinel missions: SAR imaging (Sentinel 1), hyperspectral imaging (Sentinel 2), ocean monitoring 
(Sentinel 3), a geostationary atmospheric mission measuring at high temporal resolution the 
columns of ozone, NO2, BrO, SO2, HCHO, CO, CH4, aerosols etc. (Sentinel 4 on Meteosat Third 
Generation, MTG, to be operated by EUMETSAT), and a low Earth orbit atmospheric mission 
measuring similar species (Sentinel 5 on post-EPS to be operated by EUMETSAT). To fill in the 
gap between Envisat and the GMES Sentinels S4 and S5, an S5 precursor mission is being 
considered. In preparation to GMES, ESA is also running several GMES Service Element projects, 
the PROMOTE project addressing atmospheric services related to ozone, ultraviolet radiation, air 
quality, greenhouse gases and climate, and a volcanic detection service in support to aviation 
control.  

 
Through partnership in CEOS, ESA has committed to deliver global observations of 

Essential Climate Variables and associated products. The ESA Initiative on Climate Change has 
been proposed, aiming at quantifying the state of the climate system to (i) advance our knowledge 
of climate change, and (ii) support work of UNFCCC and IPCC for mitigation of and adaptation to 
climate change. 
 
 
Summary of the key issues (Jean-Christopher Lambert, IASB-BIRA) 

To fulfil research and monitoring objectives relevant to the Vienna Convention and the 
Montreal Protocol, satellite measurements of atmospheric composition are required for the 
following, non-exhaustive list of activities: monitoring of both the ozone vertical column and the 
ozone vertical profile, monitoring of key species involved in ozone photochemistry (e.g. nitrogen 
oxides, HCl, ClO and BrO, Polar Stratospheric Clouds), monitoring of compounds regulated by the 
Montreal Protocol and its Amendments and their substitutes, investigation of the coupling between 
atmospheric chemistry and climate, and improvement of modelling tools like chemistry-transport 
models (CTM), general circulation models (GCM) and data assimilation systems. At the 7th ORM 
meeting several agencies reported on current and future developments of satellite programmes for 
atmospheric composition measurements, among them, the Canadian Space Agency (CSA), the 
European Space Agency (ESA), the European Organisation for the Exploitation of Meteorological 
Satellites (EUMETSAT), the Royal Netherlands Meteorological Institute (KNMI), the US National 
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Aeronautics and Space Administration (NASA) and National Oceanic and Atmospheric 
Administration (NOAA), and the National Satellite Meteorological Centre (NSMC) of the China 
Meteorological Administration (CMA). 

 
Three series of low-orbit polar missions will take over the long-term, global monitoring of 

the ozone column and of the ozone profile (at low vertical resolution) initiated with the 
TOMS/SBUV-2 and GOME/SCIAMACHY/OMI series started in 1978 and 1995, respectively: 
GOME-2 onboard EUMETSAT EPS MetOp (MetOp-A launched on October 19, 2006), TOU/SBUS 
onboard NSMC/CMA FengYun-3 (FY-3A launched on May 27, 2008), and OMPS onboard NOAA 
NPP/NPOESS (foreseen to be launched in 2009). There is a serious concern about ozone profiling 
capabilities at high vertical resolution after the current era of Odin, Envisat, ACE and Aura: several 
solar occultation and limb profilers stopped operation in the last years, and there is no firm 
programme guaranteeing appropriate continuation. A similar concern exists for observations of 
ozone-related species and parameters (e.g. ozone hole diagnostics and regulated compounds and 
substitutes), performed so far by the same missions. Current plans show a necessary tendency to 
nadir-viewing sensors focusing rather on air quality, greenhouse gases and climate issues, and a 
possible data gap is anticipated between 2011 and 2014, when the GMES Space Component is 
expected to be launched. Space agencies are aware of the problem and solutions for also 
maintaining sufficient ozone-related capabilities and filling in the 2011-2014 data gap are being 
studied, but there are no firm commitments yet. Complementary ground-based networks (Brewer 
and Dobson spectrophotometers, DOAS UV-visible and FTIR spectrometers, lidars, ozonesondes, 
millimetre wave radiometers, surface in situ measurements) constitute the backbone of satellite 
validation. Such networks should be maintained and even extended to cover a greater variety of 
atmospheric states and regions of interest. The deployment of new facilities in the tropics and the 
Southern Hemisphere is encouraged. For some species and instruments, further research is 
needed to improve the station-to-station homogeneity of networks. 

 
With the increasing interest for interactions between ozone and climate issues, ground-

based and satellite measurement systems are facing new challenges and more and more stringent 
data quality requirements. To guarantee interoperability of the systems, traceability of the data 
quality, and suitability (fitness for purpose) of the data, enhanced cooperation (i) between space 
agencies, (ii) within ground-based networks, and (iii) between ground-based networks, satellite 
teams and generic data users, is highly desirable, in the fields of: instrument calibration, level-1-to-
2 retrieval algorithm development, geophysical validation, data access and data policy, data 
integration methods (including comparisons with models and data assimilation), communication, 
training, and education. Traceability and consistency of quality assurance methods and of quality 
information from end to end, that is, from the acquisition of binary data by the instrument to the 
delivery of four-dimensional atmospheric fields by modelling and assimilation systems, is of 
particular concern. Multi-mission/multi-sensor/multi-agency projects and strategies like the GEO-
CEOS Earth Observation Data Quality Strategy, the Global Space-based Inter-Calibration System 
(GSICS), and intercomparison campaigns aiming at understanding and reducing discrepancies 
between different types of observations, are warmly encouraged.  
 
 
SESSION 5: NATIONAL AND REGIONAL REPORTS ON OZONE RESEARCH AND 

MONITORING 
 
In this session, one or more representative of each region presented the regional and national 
situations with regard to 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. 
 
Region 1: Africa (Gerrie Coetzee, South African Weather Service) 
 Many African countries are serious in addressing compliance with the Montreal Protocol 
and many are ahead of the scheduled phase-out of Ozone Depleting Substances (ODSs). In 
general the countries of the Region, except for a handful of the leading developing countries, are 
among the lesser manufacturing, exporting and emission venting culprits of the world. Verification 
by atmospheric monitoring and research activities remains lacking and far behind the 
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aforementioned compliance efforts, because they are more resource demanding for most 
countries.  
 
 In the true sense, expansive regional networks are really non-existent except in regions 
where major first world countries are very actively collaborating. Some of the main activities are 
found in northern and western Africa regions (French Western Africa) and to a lesser extent in 
eastern and southern Africa. The model of a Global GAW station connecting to a vast regional 
network may prove to be a new model to approach for enhancing countries’ participation. Keeping 
in mind that not every country needs to have or maintain a Global station, but investment in the 
existing (and a few more) global stations could ensure that regional networks are maintained, even 
spanning national borders.  It also will leave room for the establishment of new regional activities, if 
such Global GAW station responsibilities are acknowledged and adequately resourced. 
 
 The UNEP Trust Fund for Systematic Observation and Research is inadequate and we 
need to convince or try to leverage the UNFCCC’s Clean Development Mechanism (CDM) type of 
funding. CDM type of funding for the expansion of ozone monitoring and research is needed for 
various reasons. Can we not convince the space agencies of the world to invest more in ground-
based monitoring efforts? 
 
 More regional GAWTEC/WMO and German initiatives could be very helpful if they could be 
directed towards an African GAWTEC. WMO Regional Training Centres for Africa and other 
regions could place more emphasis and dedication towards atmospheric monitoring and research 
training sessions, as usually these centres focus on weather forecasting, climate variability, 
numerical weather prediction, and other more popular related topics traditionally linked to a 
Meteorological Service. A real need exists for expert visits to Africa to maintain the scientific 
interest. A global or regional “slush fund” for this could be created for identified countries and their 
instrumentation and operating networks.  More international support for attendance at workshops 
and international symposiums is needed, but also with some ongoing research projects coupled to 
them for sustained efforts over longer periods. 
 
 
Region 2: Asia 

• Regional aspects (Takashi Koide, Japan Meteorological Agency) 
• Key issues (Takashi Imamura, National Institute for Environmental Studies, Japan) 

 Total ozone in Region 2 (Asia) ranges very widely. For example, in January 2008, monthly 
mean values of 430 DU and below 250 DU were observed, respectively, over the Bering Sea and 
the subtropical northwestern pacific.   Ozone monitoring therefore needs to be carried out widely in 
this region.  To this 7thORM, national reports have been submitted by eleven Asian countries, 
including Bangladesh, China, India, Japan, Kyrgyzstan, Myanmar, Pakistan, Sri Lanka, Thailand, 
Turkmenistan, and Vietnam.  Ozone and UV are being monitored operationally, but some of the 
countries need financial or technical support.  In addition to operational GAW monitoring, ozone-
depleting substances and their substitutes are monitored in China, Korea, and Japan in 
cooperation with AGAGE.  There are also a few NDACC stations operated by Japan and a few 
SHADOZ stations.  After the GAW-GCOS agreement on the GCOS ozone network, we should 
form collaborations among these programmes.  Space monitoring missions are now planned by 
China (Fengyun III) and Japan (JEM/SMILES). 
 
 As an activity of the RDCC, JMA held a Dobson Intercomparison campaign at Tsukuba with 
participation from India, Iran, Pakistan, the Philippines and Thailand in March 2006. As an activity 
of the QA/SAC, JMA dispatched an expert to the Republic of Korea to install an automated 
observation system to the Dobson instrument and to instruct operators at Yonsei University, Seoul 
from July to August 2006. 
 
 Considering that UV information is a very important and very useful product, several 
countries (such as Japan, China, and Thailand) are providing UV index data to the public through 
their web sites.  To detect the variations and long-term trends in ground-level UV radiation, a 
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systematic calibration programme and a well-coordinated monitoring network should be 
established. 
 
 In addition to the measurements of ozone and ozone-depleting substances in the 
atmosphere, the measurements of water vapour and non-reactive species should be encouraged 
to understand the atmospheric processes relevant to the variation of stratospheric ozone.  In 
particular, the observation of ozone, water vapour, and other chemical species near the tropical 
tropopause layer (TTL) should be continued to aid understanding of the role of the TTL because 
the amount of water vapour and other reactive species transported from the troposphere into 
stratosphere is affected by the processes in this region.  Precise and accurate measurements of 
trace gases including tracer molecules in the stratosphere are also essential to provide key 
information on physical and chemical processes.  As an example, careful measurements of non-
reactive tracer chemicals in the middle atmosphere enable detection of the variability in the mean 
age of air and evaluation of how well current models can reproduce changes in dynamical 
processes. 
 
 Development and improvement of numerical models, such as CCMs and CTMs, should be 
continued, which will allow better prediction of future changes in the ozone layer and better 
understanding of the mechanisms of chemistry–climate interaction.  Re-evaluation of chemical 
reactions and photochemical data for stratospheric modelling is urgently required to resolve 
discrepancies between observations and model calculations. 
 
 
Region 3: South America, and Region 4:  Central America and the Caribbean (Geir Braathen, 
WMO) 
 
Reports were received from Argentina, Brazil, Chile and Costa Rica. 
 
Argentina 
 In Argentina there are a large number of institutions that carry out observations and 
research on ozone and UV radiation. The National Weather Service (SMN) measures total ozone 
at four locations, one of these in Antarctica. Ozone profiles (with ECC sondes) are measured from 
two locations. A new ozonesonde observation programme was started in April 2008 in Ushuaia. 
Surface ozone is measured at four locations. Broadband surface UV irradiance is measured at 
nine locations. These programmes are carried out in collaboration with the Finnish Meteorological 
Institute (FMI), INTA (Spain), NOAA (USA), The Spanish Meteorological Agency and WMO. The 
Argentine Antarctic Institute measures total ozone at three locations, ozonesonde observations at 
two locations, and surface UV at one location. These measurements are carried out in 
collaboration with FMI, INTA, SMN, University of Rome, University of Quebec and WMO. The 
Austral Center for Scientific Research (CADIC) in Ushuaia, Tierra del Fuego, performs ozone and 
UV measurements with a variety of instruments, such as Brewer, UV-Vis DOAS, SUV-100, GUV-
511 and NILU-UV. The Center for Laser Research and its Applications (CITEFA-CONICET), 
Buenos Aires, carries out measurements of UV-A and UV-B at Villa Martelli and Río Gallegos, 
tropospheric aerosol and water vapour with a lidar at Villa Martelli, stratospheric ozone with a lidar 
at Río Gallegos and total ozone and NO2 with a SAOZ spectrometer at Río Gallegos. In addition, 
various institutions do radiation measurements at a number of sites. The Argentine Meteorological 
Service (SMN) hosts a WMO-GAW regional calibration centre for Dobson measurements. An 
intercomparison campaign for Latin American Dobson instruments was carried out in November-
December 2006 under the leadership of Robert Evans (NOAA). The SMN has undergone a major 
restructuring and there is a need for support to replace obsolete equipment and facilities. There is 
also a need for help to sustain national and international collaborative projects. 
 
Brazil 
 Ozone and UV are measured at five different sites in the southern half of the country as 
well as at the Brazilian Antarctic Station. Brazil has also deployed instruments in Bolivia and Chile. 
In all, Brazil has six Brewer instruments and two Dobson instruments. Help to carry out annual 
calibration of the Brewer instruments is of prime importance. Brazil participated with the Natal 
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Dobson instrument at the intercomparison conducted in Buenos Aires in 2006. There is also a 
need to support scientists to go to workshops and conferences. 
 
Chile 
 Several institutions are engaged in ozone and UV observations and emphasis is on the 
study of changes in UV radiation. Brewer total ozone and Umkehr measurements are done at 
Punta Arenas and ozonesondes are launched from Easter Island. Universities and the National 
Meteorological Service run a number of UV radiation measurement sites from 13°S to 63°S, taking 
advantage of the impressive latitude range of Chile and the Antarctic Peninsula. Total ozone data 
from Punta Arenas show that the number of days when the ozone column is more than two 
standard deviations below the long-term monthly average has increased over the last few years. 
The ozonesonde programme in Punta Arenas is currently supported by JICA (Japanese 
International Cooperation Agency). For future years there is no support, and any assistance is 
welcome. A fire at the National Meteorological Service in Valdivia led to the loss of several 
instruments, among others, an SUV-100 spectroradiometer. There is a need for help to build this 
capability up again. The Chilean ozone/UV network should be expanded with Brewers in northern 
and central regions. The successful calibration exercises in Punta Arenas should be repeated and 
expanded to include more instruments. 
 
Costa Rica 
 Weekly ozonesondes are launched from Alajuela as part of the SHADOZ programme in 
collaboration with CIRES-University of Colorado, NOAA and NASA. In addition water vapour 
profiles are measured monthly or bi-weekly with frost-point hygrometer sondes, also in 
collaboration with the institutions mentioned above. Broadband UV is measured at Heredia. At the 
same site narrowband filter measurements are done with a Davis weather station. Data has been 
collected for three years but has not yet been analyzed. Computers and software for analysis of 
surface ozone, ozone profile and water vapour data are needed. In addition there is a need for 
support for travel to conferences and workshops. Help to establish a UV network in Costa Rica is 
needed. 
 
 
Region 4:  North America, Central America and the Caribbean 
 
USA (David Hofmann, NOAA) 
Ozone-related research in the US is conducted at five government agencies: 
 

• National Aeronautics & Space Administration (NASA). 
• National Oceanic & Atmospheric Administration (NOAA). 
• National Science Foundation (NSF). 
• Department of Agriculture (USDA). 
• Environmental Protection Agency (EPA). 

 
 The methods used range from simple surface and balloon ozone detectors to complicated 
airborne and remote-sensing instruments and radiation spectrometers.  Observational networks 
include the ESRL Dobson Ozone Network and Ozonesonde Network (including SHADOZ), 
ESRL/EPA Brewer Network. Network for the Detection of Atmospheric Composition Change 
(NDACC) sites, Advanced Global Atmospheric Gases Experiment (AGAGE) network sites, ESRL 
Ozone-Depleting Gas Network, and the Radiation Networks: ESRL SURFRAD and UV Network, 
USDA UVB Monitoring Programme, and the NSF UV Monitoring Network. 
Research highlights during 2005-2008 were reported in the following areas: 
 

• Contributions to ozone assessments. 
• Ozone loss linked to Antarctic climate change. 
• Ozone-depleting gas observations. 
• Dobson total ozone trends. 
• Ozone hole trends at the south pole. 
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• Recent increases in HCFCs. 
• Climate benefits of the Montreal Protocol. 
• Recent airborne measurements of tropical bromine gases. 
• Evaluating ODSs in the laboratory. 
• UV radiation trends. 

 
Canada (Bruce McArthur, Environment Canada) 
 Canada continues to support the Montreal Protocol through making high quality 
observations of ozone and UV radiation, providing leadership through hosting the World 
Meteorological Organization World Ozone and UV Data Centre and sustaining the Brewer Ozone 
Standard Triad at Environment Canada, Toronto, Ontario, producing leading scientific papers and 
reviews and helping develop and train individuals through Brewer Users’ Workshops.  Canada now 
maintains a network of nine Brewer Spectrophotometers, three in the Canadian Arctic, for the 
measurement of ozone and spectral UV radiation.  This network is now under life-cycle 
management and is being upgraded from the present single Brewer instruments to the newer Mk 
III double-spectrometers at a rate of two per year.  These new instruments have significantly better 
capabilities than the older instruments they are replacing and will provide the high quality data 
necessary to assess the response of the stratospheric ozone layer to the elimination of ozone 
depleting substances (ODSs) under the Protocol.  In addition to this network, Canada now 
operates a network of 10 ozonesonde stations, providing weekly vertical ozone profiles, plus 
special flights in collaboration with international programmes, including those supported through 
the International Polar Year. 
 
 Collaborations between the Canadian Space Agency, Environment Canada and Canadian 
universities have resulted in the launch and operation of 3 important satellite borne ozone 
measuring instruments.  Two of these are aboard the Canadian Arctic Chemistry Experiment 
(ACE) mission while the third is flying aboard the Swedish ODIN mission.  These three instruments 
are providing global scientists with important data on the distribution of ozone and other important 
chemicals associated with the chemistry of the stratospheric ozone layer.  In conjunction with these 
high technology observations, Canadian university and government scientists continue to develop 
highly sophisticated dynamic-chemical models that are being used to better understand, explain 
and potentially predict how the stratospheric ozone layer will respond to the elimination of ODSs in 
a period of changing environmental variables. 
 
 The Canadian government hosted the 20th Anniversary of the Montreal Protocol and the 
Nineteenth Meeting of the Parties of the Montreal Protocol in Montreal, 12 - 21 September 2007.  
This anniversary celebration provided scientists the impetus to publish a Canadian Ozone 
Assessment in the Canadian Meteorological and Oceanographic Society journal Atmosphere-
Ocean.  The delegates to the meeting each received an Executive Summary of this document 
(http://www.msc-smc.ec.gc.ca/saib/ozone/ozone_e.html).  Further activities relating to the 
anniversary year included two Brewer Users Group workshops (Manchester, UK and Seoul, Korea) 
that were used to instruct new users to the capabilities of the Brewer Spectrophotometer. 
 
 The International Polar Year also offered Canadian scientists opportunities to enhance our 
understanding of stratospheric ozone through two very successful collaborations.  The first was a 
collaboration with the National Oceanographic and Atmospheric Administration (NOAA) to install a 
Brewer Spectrophotometer at South Pole.  The measurement capabilities of this instrument allow it 
to measure ozone amounts at low solar elevations and throughout the Antarctic winter by using the 
moon as a light source.  The second was a successful national collaboration with the CSA and the 
Canadian Network for the Detection of Atmospheric Change (CANDAC), a university consortium, 
to obtain measurements of ozone and ozone-related chemistry during Polar sunrise.  These 
observations are used to better understand the stratosphere and to validate the quality of the data 
from the instruments aboard Canada’s ACE satellite and its interpretation. 
 
Central America, Mexico and the Caribbean (Geir Braathen, WMO) 
A summary of this presentation is included in the Region 3 report provided above. 
 

http://www.msc-smc.ec.gc.ca/saib/ozone/ozone_e.html�
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Region 5: South West Pacific (Matthew Tully, Australian Bureau of Meteorology) 
 Region V represents a relatively data-sparse area of the world with respect to ground-
based ozone measurements. Australia and New Zealand both operate networks of instruments, 
primarily Dobsons and ozonesondes, while measurements are also made in American Samoa, Fiji, 
Hawaii, Indonesia, Malaysia, the Philippines and Singapore. Some sites now have data  series 
stretching back fifty years, of great value for studying southern hemisphere midlatitude ozone, 
although evaluation of historic data presents some difficulties. NIWA (New Zealand) maintains 
close links with the international ozone research community. A challenge with regard to ongoing 
monitoring is maintaining the resource levels needed for high-quality networks, in particular 
maintaining staff numbers and expertise. Scientific challenges include better understanding of 
ozone behaviour in the southern hemisphere, such as the response to the Mt Pinatubo eruption, 
and the effect of ozone depletion on climate in the region, particularly with regard to the Antarctic 
Ozone Hole. 
 
Antarctica (Jonathan D. Shanklin, British Antarctic Survey) 
 Under the Antarctic Treaty, Antarctica is a continent for science, with co-operation taking 
place between many countries to achieve scientific goals.  It is however a large continent with a 
mean altitude near 3000m and logistics dictate that most stations are on or near the coast.  The 
ozone monitoring network includes most of the manned stations, and utilises the standard range of 
instrumentation, with Dobson, Brewer and SAOZ instruments amongst others.  Roughly a dozen 
stations make routine radio-sonde ascents and many of these also fly ozonesondes, either 
routinely or during campaigns.  Several stations make UV measurements, which reveal that under 
ozone hole conditions peak UV intensity is greater than in the tropics.  The ground based network 
remains essential for verification of satellite measurements, and the present network is probably 
sufficient for this task.  Maintaining the observations at the stations is important, particularly those 
which have long records, as the longer records permit clearer attribution of trends seen in their 
data. 
 
 There is a clear need for real-time ground based ozone data, to provide validation for 
satellite and forecast ozone columns, and hence enable accurate forecasts of surface UV levels.  
There are currently no regular radiosonde ascents from the northern part of the Antarctic 
Peninsula.  Providing support for such a station is one area where developing nations could 
contribute to Antarctic research, as many scientific disciplines have need for the measurements.  
Regular calibration of monitoring equipment is essential for the provision of meaningful data, 
particularly in the case of spectral UV measurements.  Timely archiving of data to world centres, 
even when it is publicly available on the internet elsewhere, is necessary to allow researchers 
simple access to the measurements.  Digitisation of historic data will allow wider access to such 
data, and an area of increasing interest is historic measurements of surface ozone. 
 
 
Region 6: Europe 
 
Czech Republic (Karel Vanicek, CHMI) 

Measurements of total ozone have been carried out at the Solar and Ozone Observatory 
(SOO) in Hradec Kralove, since 1962. Today, the station is equipped with both Dobson and Brewer 
spectrophotometers. Profile ozone measurements have been carried out by the Upper Air 
Department of CHMI in Prague – Libus, since 1978. Today the station uses ECC ozone sondes, 
and a Vaisala ground station for data reception.  
 

Spectral irradiances have been measured by UV scans with a Brewer MK-III at Hradec 
Kralove since 1994. Erythemal UV irradiation has been measured with UV biometers at three sites.  
 

An Ozone and UV public information system provides daily reports to the media and to the 
public via the web pages of CHMI: http://www.chmi.cz/meteo/ozon/UV_online.html. 
 

http://www.chmi.cz/meteo/ozon/UV_online.html�
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CHMI has been involved in the following research and development projects in the 2005-2008 
time period: 

 
• CANDIDOZ: “Chemical and Dynamical Influences on Decadal Ozone Change”, (EC FP-5, 

2002-2005). 
• ENV-CR: “Maintenance of the Network for Monitoring of the Ozone Layer in Developing 

Countries”, (Project of the Ministry for Environment of the Czech Republic, 2004-2006). 
• MATCH: International ozone sonde campaigns for the quantification of polar chemical 

ozone loss. (Multinational funding, every winter/spring since 1998). 
• COST-726: “Long term changes and climatology of UV radiation over Europe”, (EC 

coordinated, 2004-2009). 
• SCOUT-O3: “Stratospheric-Climate Links with Emphasis on the UTLS”, (EC FP-6, 2004-

2009). 
 

CHMI contributes to the WMO GAW system with the GAW Regional Dobson Calibration 
Centre for Europe (RDCCE), which is a bilateral cooperation between MOHp Hohenpeissenberg, 
Germany and SOO Hradec Kralove, since 1999.  
 
The most recent assisted activities were: 
 

• Dobson Intercomparison for WMO Region 1: Africa, which took place in Dahab, Egypt in 
2004. 

• Dobson Intercomparison for WMO Region 2: Asia, where assistance was given to the 
RDCC-A, Tsukuba, Japan in 2007. 

• Re-location of Dobson instruments to Maun, Botswana in 2005, to Lannemezan, France 
and to Nairobi, Kenya in 2006. 

 
CHMI maintains a Dobson web site: http://www.chmi.cz/meteo/ozon/dobsonweb/welcome.htm 
 
 An absolute calibration of European and World Dobson references that will take place in 
Izaña, Spain in September 2008 will be attended by Dobson D074 from SOO (the European 
secondary reference). 
 
 CHMI has contributed to the global total ozone network through training, software and 
hardware tools, calibrations and re-evaluation of data time series. The work is done in coordination 
with the Atmospheric Environment Research Division of WMO and the WMO-GAW Science 
Advisory Group on Ozone. Twenty-six stations in seventeen countries have been assisted through 
missions from 1996-2007. The total cost of these missions amount to approximately USD 120,000, 
paid for by the Czech Government. 
 
 Czech experts have taken part in the definition of the in-situ (ground based) component of 
the GMES Atmospheric Service (GAS), which will provide information on atmospheric variables in 
support of EU policies. Services will cover air quality, climate change, stratospheric ozone and 
solar radiation. The GAS constitutes a potential long-term (i.e. over forthcoming decades) 
important source for ground and satellite ozone and UV observation systems in Europe and its 
surroundings. 
 
 The Czech Republic would like to suggest the following statements for inclusion in the 
recommendations from the meeting: 
 

• Under the theme of data quality one sees the need for a technological workshop on re-
evaluation of total ozone observations from stations identified by the Data Quality Panel in 
2007. The workshop should be organized by WMO and co-sponsored by the Vienna 
Convention Trust Fund. The programme of the workshop and scientific guidance should be 
provided by the WMO-GAW Science Advisory Group on Ozone. 

• Under the theme of capacity building one suggests that contributions donated to the Vienna 
Convention Trust Fund for Research and Systematic Observations and other kinds of 

http://www.chmi.cz/meteo/ozon/dobsonweb/welcome.htm�
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support provided for capacity building by individual countries or agencies should be used 
for a priori specified actions. Priority should be given to realization of intercomparisons and 
calibration missions (DIC Africa 2008, Asia 2010, South America 2010), to relocation of 
unused instruments, mainly to stations in the tropics and Central Asia, and to data re-
evaluation activities recommended by the WMO-GAW Science Advisory Group on ozone. 

 
France (Sophie Godin-Beekmann, CNRS) 

The French research programme on the ozone layer and UV radiation includes long term 
monitoring activities as well as the study of ozone in polar areas, at mid-altitude and in the tropics 
using balloon, aircraft and space borne instruments, most of them being operated in cooperation 
with other European and international institutes. 

As for long term observation activities, France is running two primary stations of the 
Network for the Detection of Atmospheric Composition Changes, at the Observatoire de Haute 
Provence and the Antarctic stations of Dumont d’Urville and Dome Concordia, a complementary 
site at Reunion Island in the Indian Ocean and a number of instruments at other locations in 
cooperation with local institutes. The observations include lidar measurements of ozone, 
temperature, aerosol and water vapour vertical distribution, UV-Visible spectrometer 
measurements of total ozone and NO2, Dobson total ozone measurements, weekly ozonesondes 
and UV radiation measurements by spectral UV spectrophotometers.  

 
Space activities involve the validation and analysis of a variety of satellite measurements, in 

particular from the French co-initiated SMR, GOMOS and IASI instruments on board the ODIN, 
ENVISAT and METOP satellite platforms.  France is running since 1993 with other European 
institutes and the support of the European Commission, the MOZAIC programme of in situ ozone, 
water vapour and NOy measurements on board commercial aircrafts. Several balloon-borne 
instruments, based on different observational techniques have been developed for satellite 
validation activities and observational campaigns related to the study of polar ozone loss and the 
tropical upper troposphere – lower stratosphere.   

 
French institutes have also developed a full set of models ranging from Lagrangian, 3-D 

chemical transport (CTM), contour advection, meso-scale and chemistry climate models (CCM). 
The simulations of the ozone layer in the 21st century by the LMDz-Reprobus CCM have been 
involved in the last WMO ozone assessment published in 2007.  
 
Germany (Hans Claude, DWD) 

 The task of regular and long-term ozone monitoring has been fulfilled by various institutes 
in Germany. With comprehensive programmes, ground-based long-term observations are provided 
by DWD (Hohenpeissenberg, Lindenberg) and AWI at its sites Koldewey (Spitsbergen) and 
Neumayer (Antarctica), UV-monitoring by BfS, UBA and DWD. The remote sensing of ozone and 
ozone relevant species, especially with satellite instruments, has been performed by DLR, IMK-
Karlsruhe and the IUP at the University of Bremen, who have developed and operated satellite 
retrieval algorithms. Very prominent are the developments of the successful instruments MIPAS, 
GOME and SCIAMACHY, with either a German leadership or a substantial contribution. DLR also 
hosts the World Data Centre for Remote Sensing of the Atmosphere (WDC-RSAT). 
 
 State of the art chemistry climate models are used in Germany to simulate and understand 
the past evolution of the ozone layer, and to predict its future development. ECHAM related model 
development takes place at MPI-Mainz, MPI-Hamburg, FU Berlin and at DLR. Models have been 
used to simulate the decadal trends from 1960 to 2020 and have contributed significant results to 
the IPCC/TEAP report (2005) and to the WMO Scientific Assessment of Ozone Depletion (2006). 
 
 The World Calibration Center for Ozone Sondes (WCCOS) at FZ Jülich continues to 
improve and standardize the quality of ozone-soundings made with the main types of balloon 
sondes. Under the auspices of WMO/GAW, the Assessment of Standard Operating Procedures for 
Ozone Sondes (ASOPOS) has been preparing a final document in 2008 with recommendations for 
standardization of sonde operation (SOPs). 
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 The Regional Dobson Calibration Centre for WMO RA VI Europe (RDCC-E) at the 
Meteorological Observatory Hohenpeissenberg (MOHp), in close co-operation with the Solar and 
Ozone Observatory at Hradec Králové (SOO-HK, Czech Republic), has been responsible for 
second level calibration and maintenance service of approximately 30 operational Dobson 
spectrophotometers in Europe since 1999. In the past 9 years, 18 intercomparisons (15 at MOHp, 
2 at LKO, Arosa in Switzerland, and 1 at INTA, El Arenosillo in Spain) were organized, performed 
and evaluated under the lead management of RDCC-E. 
 
 BfS and DWD provide the public with UV-information including daily forecasts of the UV-
index and warnings. The daily UV-forecasts for clear sky and cloudy conditions are available for 
free on a global scale: http://uv-index.de 
  
 MATCH campaigns, coordinated by AWI, and funded by the EU and national institutes, 
have been carried out for more than ten successful years, most recently in the past northern 
hemisphere winter 2007/2008. These campaigns have been instrumental for our current 
understanding of chemical ozone loss in the Arctic. 
 
 Data from nearly all institutes mentioned above are regularly submitted to the data centres 
at Toronto, Thessaloniki, NILU and NDACC. 
 
Spain (Emilio Cuevas, Spanish Meteorological Agency) 

 Continuous monitoring of ozone, related atmospheric compounds and UV radiation and 
related research are mainly conducted by the Meteorological State Agency of Spain (AEMET) and 
the National Institute for Aerospace Technology (INTA). Departments of Atmospheric Physics and 
Meteorology at some Spanish universities also conduct research on ozone and UV, most of them 
funded by the National R+D Programme of the Ministry of Education and Science. Some Regional 
Governments have implemented regional UV networks in the last three years. AEMET and INTA 
operate a national spectrophotometer network consisting of 7 Brewer stations (with 9 instruments) 
and a Dobson. The network is calibrated every two years (most recently in September 2007). Two 
ozone stations are routinely operated at Madrid and Tenerife by AEMET. The observation network 
is complemented with the AEMET's twenty-five UV broadband radiometers and the UV broadband 
calibration laboratory (INTA). 
 
  INTA and AEMET have established long-term cooperation programmes, such as the joint 
Antarctic filter radiometer and UV-VIS network (Ushuaia, Marambio and Belgrano), and the 
ozonesonde programmes at Belgrano, Ushuaia and Keflavik (Iceland). Spain develops capacity-
building programmes in Northern Africa (Morocco and Algeria). An important part of on-going 
research is based on results obtained from these collaborative programmes, and from high-quality 
data obtained within the NDACC programmes (UV-VIS, FTIR, Brewer and ECC) at the Izaña 
supersite. This facility also hosts the Regional Brewer Calibration Center for Europe (RBCC-E), 
which organizes annual international Brewer intercomparisons. Development of techniques and 
methodologies for instrument Quality Assurance, intercomparison of different ozone techniques, 
and satellite-derived ozone-related products validation also constitute important activities. 
 
Switzerland (René Stübi, MeteoSwiss) 

 In the Swiss presentation, an overview of activities related to monitoring, calibration, 
international activities and Nairobi SHADOZ station have been briefly overviewed. The time series 
of the Umkehr, sondes and microwave ozone profiles have been presented and the trends over the 
last decade show stable levels of ozone in the ozonesondes series. Three illustrative examples of 
collaborations on ozone measurements analysis have then been presented: 

• The 10 year long cooperation between Switzerland and Kenya was pointed out and the 
extraordinary stability of the tropical atmosphere was illustrated. 

• The re-analysis of the microwave ozone data at higher time resolution at the University of 
Bern (IAP) were used to detect wave activity in the stratosphere. 

• The difference of the Brewer and Dobson ozone data have been analysed in detail at the 
ETH Zurich (IAC-ETH) and the results presented. 

http://�
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United Kingdom (Andy Chalmers, Defra) 

 Monitoring of column ozone is undertaken at four sites across the United Kingdom (UK), 
using Brewer spectrophotometers at two sites (northern and southern England) and a Dobson 
instrument (northern Scotland) or SAOZ spectrometer (Wales) at the other two sites.  Results from 
the first three sites are submitted to the WOUDC and also uploaded to a dedicated web page; data 
from the site in Wales is reported to the NDACC network.  Column ozone is also measured, by the 
British Antarctic Survey, at two stations (Halley and Rothera) in the Antarctic.  UV levels are 
monitored at the two sites in northern and southern England as well, using Bentham 
spectrophotometers, and reported to the WOUDC.  Broadband measurements of solar UV index 
are made at seven other sites across the UK and they contribute to the global dataset. 
 
 Recent and current ozone research activities include: studies on the distribution of ozone in 
the upper troposphere and lower stratosphere, and the coupled chemistry/climate system; and 
development of a whole atmosphere chemistry model (UKCA), which incorporates modelling of 
tropospheric and stratospheric ozone.  Further research is needed on the interactions between 
stratospheric ozone and climate change; the capability of climate models to represent stratospheric 
(including stratospheric ozone) processes and interactions needs further development.  More 
research is also required to understand the basic physical processes involved in ozone-climate 
links.  Further studies and evaluation may be required to clarify recent findings on the photolysis 
rate for dichlorine peroxide (Cl2O2), in view of its implications for the chemical model of ozone 
destruction. 
 
European Union (Claus Brüning, European Commission) 

 Research at the European level is mainly implemented through the Framework 
Programmes for Research and Technological Development (FPs) of the European Commission. 
Under FP6 (2002-2006, projects still ongoing) interdisciplinary research was promoted to tackle 
global and regional environmental problems in a more integrated way. A specific funding 
instrument called an Integrated Project (IP) was designed to implement the FP6 research priorities. 
 
 The FP6 stratospheric research component was implemented under the sub-priority ‘Global 
Change and Ecosystems’. It focused on ozone-climate interactions, future stratospheric ozone 
levels, UV radiation, aviation impacts on the UTLS and observation of atmospheric composition 
changes. The European Commission supported 3 IPs (SCOUT-O3, QUANTIFY, GEOMON) in this 
area with an overall budget of 31 M€: The emphasis of SCOUT-O3 is on ozone-climate interaction, 
QUANTIFY is focusing on the impact of emissions from the transport sector on climate change and 
ozone depletion and GEOMON supports in-situ atmospheric observations. It is expected that these 
projects will significantly contribute to the next Ozone Assessment planned for 2010. 
 
 Under FP7 (2007-2013), stratospheric research will be implemented mainly under Theme 
6: Environment (including Climate Change), activity 6.1 ‘Climate Change, pollution and risks’, and 
UV research under sub-activity 6.1.2 ‘Environment and Health’. The second call for proposals, 
which closed in February 2008, included a topic on ‘Climate-chemistry interactions in the 
Stratosphere related to ozone depletion’ and a second one on ‘Quantification of changing UV 
radiation levels and its impact on human health’. Research projects supported under these topics 
will ensure continuation of research relevant to the implementation of the Montreal Protocol, 
considered as a significant European contribution. 
 
 Future calls (beyond 2009) might included topics relevant for stratospheric and UV 
research. Priority will be given to ‘atmospheric chemistry and climate interactions’ and eventually 
address ‘links between climate change, atmospheric pollution, UV radiation and its impacts on 
ecosystems'. Other topics on the European research agenda are ‘direct and indirect effects of 
natural and anthropogenic aerosols and cloud climate feed-backs’, ‘lower-middle atmosphere 
interactions’ and ‘global change and radiation transfer’. The European Commission is currently 
developing a road map of future research priorities which will cover the full spectrum of activities of 
the FP7 Environment Programme. In any case, the European Commission is prepared to take new 
research challenges on board such as the recently discovered ClO dimer problem. 
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Belarus (Aliaksandr Krasouski, Belarus State University) 

 A joint scientific group of Russia and Belarus has upgraded the M-124 filter instrument by 
changing the filter type and detector.  This upgraded instrument was tested during Antarctic 
seasonal missions in 2007 and 2008.  More than 15 countries in different regions had operated 
older versions of such instruments.  Thus the Russia-Belarus activity to maintain M-124 network 
outside Russia by an intercomparison and repair campaign is needed, with UNEP/WMO support 
for this activity being necessary. 
 
 
SESSION 6:  DISCUSSION OF RECOMMENDATIONS 
 
 Recommendations arising from the meeting were discussed under four topics.  For each 
topic a short introductory presentation was made by a selected resource person followed by lively 
discussions.  Rapporteurs identified 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 
 

Research Needs: Introduction by John Pyle, Co-Chair SAP; Rapporteur - Paul 
Newman, Co-Chair, SAP 
 
Systematic Observations: Introduction by Karel Vanicek, Czech Republic;  Rapporteur 
-  Ken Jucks, NASA, USA 
 
Data Archiving: Introduction by Bruce McArthur, Canada; Rapporteur - Greg Bodeker, 
New Zealand 
 
Capacity Building: Introduction by Ayité-Lô Ajavon, Co-Chair, SAP; Rapporteur - 
Geir Braathen, WMO 

 
 
 

Recommendations 
 
Research Needs 
 
 There are a number of new questions with respect to expected ozone recovery from the 
influence of ozone depleting substances (ODSs) and the interrelationship between ozone and 
climate variability and change.  The ability to predict future ozone behaviour requires quantification 
of the roles of chemical and dynamical processes responsible for ozone production, loss, transport, 
and distribution, and their respective uncertainties.  The development of realistic scenarios of the 
future abundances of anthropogenic and biogenic trace gases in the stratosphere and troposphere 
is required, particularly with respect to a changing climate. Further research is needed on the 
response of ground-level UV to changes in ozone and other atmospheric parameters in response 
to changes in ODSs, air quality, and climate-forcings.  Research is required on both human and 
biological vulnerability to increased levels of UV radiation and other stress factors (i.e., integrated 
stress assessments). 
 
 A number of general issues are emerging. Coupled chemistry-climate models (CCMs) are 
becoming more mature, but it is clear that more effort must be devoted to model development and 
validation, including through international programmes. Earth System Models are now being 
developed that include crude stratospheric ozone parameterizations, and these models should 
begin to incorporate improved CCM treatments of the dynamics, radiation, and chemistry of ozone.  
In addition, long-term measurements represent an extremely important resource and the 
continued, and increased, exploitation of these data for scientific process studies is strongly 
commended. Finally, there is some concern that capacity for fundamental laboratory studies may 
be decreasing. 
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• Provide support for studies that quantify the chemical, radiative, and dynamical factors 

contributing to ozone layer evolution in a changing atmosphere (i.e., ozone recovery), 
including studies of the unintended consequences of climate change mitigation and 
adaptation strategies.  These include: 

 Studies examining the effects of climate change on ozone production, loss, transport, 
and distribution, as well as possible feedbacks. 

 Studies investigating the dynamical coupling between the upper troposphere and lower 
stratosphere, particularly as it applies to water vapour, short-lived halogen species, and 
ozone, and leading to improved understanding of stratospheric temperatures, the 
stratospheric overturning circulation and their connection to climate change. 

 Studies of aerosol and polar stratospheric cloud microphysics, and of cirrus in the 
tropical transition layer.  

• Provide support for laboratory, photochemical, kinetic, and spectroscopic studies that relate 
to ozone evolution and its monitoring.  

• Support studies aimed at understanding the emissions (both natural and anthropogenic), 
banks, and tropospheric and stratospheric evolution of ozone depleting substances and 
their substitutes and other climate-related trace gases.  This includes studies of the effects 
of climate change on the sources, sinks, and lifetimes of these gases and the study of very 
short-lived species. 

• Support studies to investigate the role and impact of changes in stratospheric ozone and 
ODSs on surface climate.  Also, support studies of the influence of these stratospheric 
changes on tropospheric processes which are influenced by stratosphere-troposphere 
exchange and UV penetration.  

• Support studies that allow quantitative disaggregation of the factors affecting UV radiation 
at the surface so that the influence of factors other than ozone (such as cloud cover, 
aerosol abundance, albedo and temperature) can be better assessed. 

• Support studies on the effects of stratospheric ozone change on human health, 
ecosystems, and materials through exposure to UV radiation. 

• Support the development of new and innovative instrumentation, algorithms, and analyses 
as a means of reducing measurement uncertainty and increasing the global observational 
capacity with regard to ozone, UV, ODSs, and related variables. 

 
 
Systematic Observations 
 
Data Networks 
 Systematic observations are critical to understanding and monitoring the long term changes 
in atmospheric ozone and associated changes in surface UV.  These networks provide the 
backbone of our understanding of ozone and UV, and involve many nations around the world.  The 
operations of these networks also provide the training for atmospheric scientists around the world, 
including those in developing countries.  The demands on these networks are high, in that they 
provide the basis for understanding trends and understanding the processes controlling ozone.  
These networks fall into two broad categories, surface networks (including balloon-borne) and 
satellite networks. 
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Surface Networks 
 These networks span a broad range of surface based observations using numerous 
techniques such as UV instruments (e.g. Brewer, Dobson, Umkehr, M124), in situ instruments, 
UV/visible spectrometers, FTIR, Lidars, microwave observations, and sonde networks.  These 
networks must be maintained, and have a significant need for growth in various regions of the 
globe.  Most of these areas include developing countries such as those in the tropics, central Asia, 
and the mid-latitudes of the southern hemisphere.  The networks at high latitudes are also critical 
and need to be maintained as they give direct observations of polar ozone processes.  There are 
numerous recommendations related to the maintenance and growth of these networks.  These 
include: 

• Priority to be given to the tropics, Central Asia, and southern mid-latitudes for filling data 
gaps in geographic coverage.  We should consider the redistribution of observation sites 
from areas highly populated with instruments to those areas that are poorly populated.  This 
requires infrastructure support in these areas. 

• The parts of the world currently operating the former USSR network of M124 instruments 
should have at least some of those instruments slowly phased out or co-located with 
Brewer or relocated Dobson instruments. 

• Brewers are the preferred instrument for all expansion efforts around the globe where a 
new Ozone and UV monitoring programme is to be established.  Unused Dobson 
instruments are a more economical way to expand these networks and to introduce 
observations into new sites or programmes. 

• There is a need to continue and further expand Umkehr sites to maintain this time series in 
the upper stratosphere.  Umkehr observations represent the primary ground technique to 
observe the upper stratosphere since sondes cannot reach these altitudes. 

• We need to maintain the continuity of ground based in situ observations of ozone depleting 
species (ODSs) and their substitutes, as well as continued observations of N2O and CH4 
(which are both GHGs and ODSs). 

• Key networks that obtain altitude profile information of ozone related species from 
instruments like lidars, FTIR, SAOZ, DOAS, and microwave radiometers, should be 
maintained as they form the primary ground based observations for many of these key 
species. 

• Balloon sonde networks provide critical observations which give vital high resolution vertical 
profiles of ozone and water vapour that are needed for multiple scientific activities in ozone 
research and therefore need to be maintained and increased.  Specific suggestions include: 

 Archived data reports of ozone sondes should also include the simultaneous water 
vapour profiles within the data submissions. 

 Water vapour profiles measured by meteorological radiosondes should be more openly 
available for ozone research and monitoring. 

 
Satellite Networks 
 The other critical networks are those obtained from satellite programmes associated with a 
number of nations.  These networks include the vast and critical solar backscatter observations in 
the UV that have established the trends in mid-latitude and polar total ozone since the 1970s.  
These observations must be continued.  The other critical satellite network is that of limb sounding 
observations (including occultation, emission, and scattering) that provide high vertical resolution 
data of ozone and key ozone related parameters which are critical for understanding the science 
behind changes in ozone in the context of changing climate.  In particular, these limb observations 
provide the types of observations required to fully characterize ozone changes in the critical 
altitude regions of the upper troposphere/lower stratosphere (UTLS), as well as the upper 
stratosphere.  Based on current space agency plans, there will be a serious gap in these types of 
observations from satellites.  Many of these satellite observations provide key meteorological data 
that are needed to fully understand stratospheric transport which controls the distribution of ozone 
and evolution of the ozone hole.  Improved satellite observations of atmospheric transport are 
required to improve this understanding.  Specific recommendations for satellite networks include: 
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• The continuation of the solar backscatter UV observations must be ensured as they 
constitute a key baseline set of measurements.  All of the planned missions with solar 
backscatter instruments are needed to maintain this continuity of observations and maintain 
the required redundancy. 

• Satellite observations of high vertical resolution profiles using limb viewing for O3 and key 
molecules like HCl, CFCs, ozone relevant radicals and reservoirs, tracers of atmospheric 
motion, and H2O are required in order to more accurately understand the changes in O3 as 
CFCs decline and climate change occurs. 

• Gap filling missions providing high vertical resolution of ozone and ozone related 
parameters using techniques such as solar occultation FTS or microwave limb emission 
instruments should be considered as a low cost gap filler between the current limb satellite 
observations and the future missions currently planned by the various space agencies. 

 
Consistency and complementarity of data sets 

• There needs to be systematic understanding of the differences between different data 
observation techniques so that the data can be combined in an appropriate way. 

• Intercomparison missions are desirable because they assist in defining and reducing the 
systematic differences in both identical and different measurement techniques.  Examples 
include the SAUNA campaigns in 2006/7 that were designed to understand calibration and 
stray light issues and improve techniques for the comparison of remotely sensed data. 

 
Re-evaluation of data records 

• Some data sets exist that are not currently analysed.  An effort needs to be made to 
analyse these sets and archive the data. 

• Many data sets need to be reanalysed based on improvements in analysis techniques or 
further understanding of instrument characteristics, and then archived to ensure the highest 
quality of the data available in archives. 

• A technological workshop should be organized to bring together managers of the archived 
data sets that require reprocessing and provide guidance on how best to perform this work, 
following which the reprocessing should then take place.  This process should be arranged 
under the guidance of the Scientific Advisory Group for Ozone monitoring. 

• A workshop on reanalysis of total ozone time series should be organized in 2009 or 2010. 
 
Integration of new instrumentation 

• The networks should make an effort to increase the use of more sophisticated 
instrumentation (e.g., UV-VIS, FTIR. Microwave, lidar, airborne).  As with established 
instruments, definition of Standard Operating Procedures and metadata records for all 
operational instruments should also be available. 

 
Spectroscopic standards 
 All observational operations that rely on the optical properties of atmospheric constituents 
are only as good as the spectroscopic parameters obtained by laboratory spectroscopic studies. 

• Data archives should include documentation of the spectroscopic parameters used for the 
analysis of the data. 

• There need to be continued studies to improve the standardization and consistency of 
cross sections for ozone and related species in different wavelength regions (e.g., UV, IR, 
microwave). 

 
Coordination of existing infrastructures and coordinating bodies 

• The various observation networks should continue and increase their level ofcollaboration 
to ensure economy of scales, shared facilities, increased coverage and other benefits. 

• These networks and coordinating bodies include GAW, NDACC, IGACO, GCOS, CEOS, 
AGAGE and NOAA ESRL. 
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Global UV monitoring system 
 There are multiple calibration sites around the world that are not sufficiently tied together , 
hence; 

• An international calibration infrastructure should be created.  It should promote a quality 
assured protocol such as that used by the NDACC network. 

• The data sets resulting from such observations should not be restricted and should be 
widely deposited into WOUDC. 

• Public information services need to be further implemented. 
• The above activities should be coordinated and supported by the Scientific Advisory Group 

for UV monitoring. 
 
 
Data Archiving 
 The near real-time transmission of observational ozone and UV data is becoming a critical 
need of NMHS for assimilation in forecast models.  While this data use is recognized as an 
important aspect to the observation of these variables, the data is not generally of a quality 
necessary for trend analyses, satellite validation and model development.  Therefore, before being 
archived, data must be quality assessed to ensure that it is of the highest possible quality and 
includes the metadata necessary to be of value for multiple uses by a variety of users today and in 
the future. Data submitters must continue to adhere to existing data submission protocols, 
particularly information on standard operating procedures and calibration histories, in order to 
maintain the overall quality and therefore the reputation of the entire archive. It is acknowledged 
that obtaining data of this 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.  In order to aid in both the 
development of appropriate data quality assurance and submission procedures and the timely 
access by data users to this information, it is recommended that: 
 
1. As not all the recommendations of the 6th ORM have yet to be fully implemented, efforts be 
continued to assure that these be met before the next ORM. 
 
a. Urge all data centres to develop procedures for the prompt submission of their ozone, UV, 

and ancillary ozone- and climate-related data to the World Ozone and Ultraviolet Data 
Centre (WOUDC). Data archiving must include detailed metadata that describe the quality 
of the measurement and the instrument history. 

b. Provide funding for archiving raw data from various observational networks, either at the 
local institution or at the WOUDC, as appropriate. It is understood that archiving raw data 
does not replace the archiving of final data products. 

c. Provide continued support for the re-evaluation of the historical ozone, UV, and trace-gas 
data, in order to preserve and improve the long-term records. 

 
2. Increased efforts be expended on the recovery and assessment of historical data and 
associated metadata records.  Governments and agencies are encouraged to provide resources to 
undertake data salvage as a priority activity. 
 
3. Standard data quality assurance procedures be developed and freely distributed to all data 
providers (O3, UV, ODSs, etc.) in order to increase the overall quality of data through 
standardization.  These procedures would be agreed upon through the appropriate advisory group 
(e.g., WMO GAW SAG) before implementation. 
 
4. Enhancements be made through the WMO and other international organizations in order to 
adequately link various data centres (e.g., Ozone, UV-radiation, GHG, meteorological) as a means 
of ensuring all necessary data required for validation and modeling efforts be available in an easily 
retrievable format (e.g., WMO WIS is a potential system). 
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5. The very important observations obtained through regional process studies be archived in 
such a manner that they can be made freely accessible to scientists and the general public within a 
reasonable period of time. 
 

Capacity Building 
 Many of the world's ozone- and UV-measuring stations are located in developing countries 
and CEITs. The instruments used require sophisticated calibration and maintenance, much of 
which is unavailable without international capability.  At present, there is an insufficient number of 
regional centres for research, calibration, and training in developed and, especially, in developing 
countries.  Therefore, it is vitally important that sufficient resources are made available to maintain 
the current global network of observations, and to expand it to uncovered areas. There is also a 
large need to develop competence and expertise in developing countries and CEITs. 
 

• Support and encourage regional and bilateral cooperation and collaboration (twinning) 
among developed and developing countries and CEITs to extend global expertise in ozone 
and UV measurements and research. Several twinning collaborations are already on-going 
through in-kind contributions. Successful existing twinning collaborations should be 
identified and expanded with additional funds. 

• 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 developing countries and CEITs to use their data, other available data, and 
models in both regional and international research areas.  This should include: 

 Resources for the exchange and visits of personnel from monitoring stations in 
developed and developing countries and CEITs in order to ensure technology and 
knowledge transfer and sustained measurement programmes. 

 A mechanism, through UNEP and WMO, for scientists from developing countries 
and CEITs to spend some months at an institution in a developed country. To start 
with, the aim should be to support two to three such visits per year. The proposal 
should be written jointly by the visitor and the hosting institution and should include 
a plan for the continuation of the work after the visitor returns home. 

 Resources to permit the participation of representatives from developing countries 
and CEITs in regional and international validation and intercomparison campaigns. 
In addition participation as observers needs to be supported at focused workshops 
dealing with instrument characterisation and development of standard operating 
procedures. Such activities are critical to human resource development. 

 Institutions that organise measurement campaigns in developing countries and 
CEITs are urged to involve local scientists and students. 

 The WMO-GAW Training and Education Centre (GAWTEC) established in Germany 
has been successful in providing training in measurements and instrument 
calibration to scientists from 46 countries throughout the world. There is a need to 
expand such targeted training to other regions of the world and also to include 
ozone observations as a theme. The ultimate goal is to establish GAWTEC centres 
in all WMO regions. 

 Resources should be provided to support to scientists from developing countries 
and CEITs to attend conferences and workshops. 

• Provide resources for sustainable, long-term operation of regional centres for research, 
calibration, and validation in developed and, especially, in developing countries. Several 
regional centres for Dobson and Brewer instrument calibration have been established. It is 
of vital importance that these centres receive sufficient support to arrange regular 
calibration exercises for the instruments in their respective regions. 
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• Educational activities, such as the Brewer workshops organised by Environment Canada, 
are highly appreciated by the participants and should be organised more frequently and in 
various regions of the world. 

• All Parties are urged to make continued contributions to the Trust Fund for Observation and 
Research (extended by Decision VII/2) which is critical to enabling the capacity-building 
activities that have been highlighted above. Presently, this fund is far short of satisfying 
these needs. There is a need for both monetary and in-kind contributions. In the reports on 
the Trust Fund to the Parties, specific in-kind contributions that are directly targeted at the 
ozone and UV activities should also be quantified. Past experience and foreseeable needs 
require a minimum expenditure of USD 100,000 per year in addition to various types of in-
kind support. 

• All Parties are urged to submit proposals that seek funding from the Vienna Convention 
Trust Fund for Research and Systematic Observations or other relevant in-kind support. 
Proposals can be submitted throughout the year and advice of the WMO-GAW Science 
Advisory Group will also be sought in the evaluation of the project proposals. 

• UNEP’s Compliance Assistance Programme (CAP) under the Montreal Protocol should 
also include support for capacity building in ozone observations, for example, by inviting 
scientists and WMO experts to participate in the ODS Officers’ network meetings to provide 
information and knowledge on ozone science, research and monitoring issues. 

 
Other Matters 
 Abebe Yeshanew (Ethiopia) gave a presentation on physical modulation of UV radiation. 

 
 
Closure of the Meeting 

Statements of appreciation were made by Mr Geir Braathen on behalf of WMO, Mr Marco 
Gonzalez on behalf of UNEP and the Ozone Secretariat as well as the Parties to the Vienna 
Convention, and Mr Michael Kurylo, the Chair of 7ORM.  The meeting closed at 6:00 pm. 

 
 

**** 
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ANNEX A 
 

WMO/UNEP SEVENTH MEETING OF THE OZONE RESEARCH MANAGERS  
OF THE PARTIES TO THE VIENNA CONVENTION FOR THE  

PROTECTION OF THE OZONE LAYER 
(Geneva, 18–21 May 2008) 

 
 

LIST OF PARTICIPANTS 
 
 
 

 
Argentina 
Dr Eduardo Alfredo Luccini 
Investigador Asistente 
Researcher from CONICET 
Instituto de Fisica de Rosario 
27 de Febrero 2l0 bis -2000 
ROSARIO 
 
Armenia 
Mr Davit Melkonyan 
Deputy Head of the Center of Study of 
Hydrometeorological Regime of the  
Armenian State 
Hydrometeorological and Monitoring Service 
YEREVAN 
 
Australia 
Dr Matthew Tully 
Atmosphere Watch Section 
Australian Bureau of Meteorology 
GPO Box 1289 
MELBOURNE, Victoria 3001 
  
Bangladesh 
Mr Md. Shahjahan 
Director, Department of Environment 
Ministry of Environment & Forest 
 
Belarus  
Dr Aliaksandr Krasouski 
Director 
National Ozone Monitoring Research Center 
Belarus State University 
7-910 Kurchatov Str. 
MINSK 220064 
 
Benin 
Mr Wabi Marcos 
Point Focal National de la Convention 
de Vienne et du Protocole de Montréal 
 
Bhutan 
Ms. Peldon Tshering  
National Ozone Officer  
National Ozone Unit  
P.O. 466  
THIMPHU  
 
 

 
Brazil 
Dr Neusa Maria Paes Leme 
Instituto Nacional de Pesquisas Espaciais (INPE) 
Instituto Nacional de Ciéncias Espaciais e 
Atmosféricas 
Divisão de Geofisica Espacial 
Avenida dos Astronautas 1758 
Jardim da Granja,12227-010  
Caixa-Postal 515 
SAO JOSE DOS CAMPOS, SP Brasil 
 
Bulgaria 
Prof. Dr Staytcho Ivanov Kolev 
Scientific Secretary 
National Institute for Meteorology and Hydrology   
Blvd. Tzarigradsko Chausse No. 66, 
1784 SOFIA 
 
Cameroon 
Mr Enoh Peter Ayuk 
Director of Standards and Control 
Co-ordinator Ozone Office 
Ministry of Environment and Protection of Nature 
YAOUNDE 
 
Mr David Koulbout 
Ministere de la Recherche Scientifique et de 
l’Innovation 
YAOUNDE 
 
Canada 
Dr Bruce McArthur 
Research Manager, Experimental Studies  
Air Quality Research Division 
Science and Technology Branch 
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 ANNEX B 
 

WMO/UNEP SEVENTH MEETING OF THE OZONE RESEARCH MANAGERS  
OF THE PARTIES TO THE VIENNA CONVENTION FOR THE  

PROTECTION OF THE OZONE LAYER 
(Geneva, 18–21 May 2008) 

 
 

AGENDA 
 
 
18 May (Sunday) – Dinner and Opening 
 
18:30 – 18:45 hrs Participants arrive at the cruise boat, embark boat at 18:45 hrs 
 

o Distribution of badges  
o Welcome reception 

 
19:00 hrs  Boat sails 
 
19:00 – 19:50 hrs Opening of the meeting (Part I) 
 

o Welcome (Liisa Jalkanen, WMO) 
o Introduction – objectives of the meeting (Marco Gonzalez, Executive Secretary, 

Ozone Secretariat) 
o Keynote address:  The ozone layer, the gains of the Montreal Protocol and the 

future (A.R. Ravishankara) 
o Retrospective: 6ORM in 2005 and since then (Michael Kurylo, Chairperson of 

6ORM)  
 
19:50 – 20:00 hrs Election of the Chairperson for 7ORM 
 
20:00 – 22:00 hrs Dinner 
 
22:00 hrs  Boat returns 
 
19 May (Monday) 
 
08:30 onwards Registration 
   Coffee, Tea and pastries/fruits will be available from 08:30 
 
09:30 – 10:00  Opening of the meeting (Part II) 
 

o Statement (Per Bakken, Chief, Chemicals Branch, Division of Technology, 
Industry, and Economics, UNEP)  

o Statement (Ghassem Asrar, Co-Director, Research Dept., on behalf of the 
Secretary General, WMO) 

 
10:00 – 10:10 hrs Approval of the agenda 
 
 

SESSION 1:  INTRODUCTORY SESSION: THE VIENNA CONVENTION 
 
10:10 – 10:30 hrs Review of the recommendations of the Sixth Meeting of the Ozone Research 

Managers, Vienna, September 2005 (WMO Global Ozone Report No.48) and the 
resultant decisions of the Seventh Conference of the Parties to the Vienna 
Convention, Dakar, December 2005 (Michael Kurylo, Chairperson of 6ORM) 

 
10:30 – 11:00 hrs Activities under the Vienna Convention Trust Fund for Research and Systematic 

Observation relevant to the Vienna Convention 
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o Financial Status of the Trust Fund (Ozone Secretariat) 
o Report on the Activities (WMO) 

 
11:00 – 11:15 hrs Discussions and Q&A 
 
 

SESSION 2:  THE STATE OF THE OZONE LAYER AND INTERACTIONS BETWEEN OZONE 
LAYER DEPLETION AND CLIMATE CHANGE 

 
11.15 – 11:25 hrs Assessments under the Montreal Protocol (A. R. Ravishankara, Co-Chair, SAP1) 

o 2006 Assessment 
o Plans for the next assessment - 2010 

 
11:25 – 11:55 hrs The current state of the ozone layer 

o Findings from 2006 Assessment (A. R. Ravishankara, Co-Chair, SAP) 
o Findings since 2006 Assessment (Paul Newman, Co-Chair, SAP) 

 
11:55 – 13:30 hrs LUNCH 
 
13:30 – 13:50 hrs Links between ozone and climate (John Pyle, Co-Chair, SAP)   
 
13:50 – 14:10 hrs Influences of ozone layer depletion and climate change on UV-radiation and its 

impacts on human health and the environment (Jan van der Leun, Co-Chair, EEAP2) 
 
14:10 – 14:20 hrs Q&A /Discussion 

 
 
SESSION 3:  INTERNATIONAL MONITORING PROGRAMMES 

 
14:20 – 14:40 hrs WMO Global Atmosphere Watch (GAW) programme (Liisa Jalkanen, WMO) 
 
14:40 – 15:00 hrs The Network For the Detection of Atmospheric Composition Change (NDACC) (Niels 

Larsen, Danish Meteorological Institute) 
 
15:00 – 15:20 hrs The Southern Hemisphere Additional Ozonesondes network (SHADOZ) (Michael 

Kurylo, NASA) 
 
15:20 – 15:50 hrs COFFEE/TEA 
 
15:50 – 16:10 hrs Global Climate Observing System (GCOS) (David Goodrich, GCOS Secretariat) 
 
    
16:10 – 16:30 hrs Integrated Global Atmospheric Chemistry Observations  

(IGACO-O3/UV) (Geir Braathen, WMO) 
 
16:30 – 16:50 hrs Advanced Global Atmospheric Gases Experiment (AGAGE) and associated networks 

(Stefan Reimann, EMPA) 

16:50 - 17:10 hrs ODS concentrations in the atmosphere: Scenarios and trends (Guus Velders, 
Netherlands Environmental Assessment Agency) 

 
17:10 – 18:00 hrs Q&A / Discussions 
 
 
 
 
 
 

                                                 
1 Scientific Assessment Panel of the Montreal Protocol 
2 Environmental Effects Assessment Panel of the Montreal Protocol 
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20 May (Tuesday) 
 

SESSION 4:  SATELLITE RESEARCH AND MONITORING 
 

09:00 – 11:00 hrs Importance of satellite monitoring and programmes 
    

o NASA & NOAA (Ken Jucks, NASA) {30 min} 
o KNMI (Pepijn Veefkind, KNMI) {20 min} 
o China Meteorological Administration (Huang Fuxiang) {20 min} 
o Canadian Space Agency (Thomas Piekutowski, Canadian Space Agency) {20 

min} 
o EUMETSAT (Leif Backmann, Finland) {20 min} 
o Update on ESA Programmes with a Focus on Atmospheric Missions 

(Jean-Christopher Lambert, IASB-BIRA) {10 min} 
 

11:00 – 11:20 hrs COFFEE/TEA 
 
11:20 – 11:35 hrs Summary of the key issues (Jean-Christopher Lambert, IASB-BIRA) 
 
11:35 – 12:05 hrs The WCRP project Stratospheric Processes and their Role in Climate (SPARC) 

(Thomas Peter, ETH Zurich) 
 
12:05 – 12:45 hrs  Discussion: Identification of needs and future gaps; formulation of recommendation or 

declaration on the concerns and how they might be addressed 
 
 

SESSION 5:  NATIONAL AND REGIONAL REPORTS ON OZONE RESEARCH AND 
MONITORING 

 
In this session, each representative of a region will present 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. 
 
12:45 – 13:00 hrs Region 1: Africa (Gerrie Coetzee, South African Weather Service) 
 
13:00 – 13:20 hrs Region 2: Asia 

o Regional aspects (Takashi Koide, Japan Meteorological Agency) 
o Key issues (Takashi Imamura, National Institute for Environmental Studies, 

Japan)  
 
13:20 – 14:30 LUNCH 
 
14:30 – 14:45 hrs Region 3: South America (Geir Braathen, WMO) 
 
14:45 – 15:45 hrs Region 4: North America, Central America and the Caribbean 

o USA (David Hofmann, NOAA) 
o Canada (Bruce McArthur, Environment Canada) 
o Central America, Mexico and the Caribbean (Geir Braathen, WMO) 

 
15:45 – 16:05 hrs Region 5: South West Pacific (Matthew Tully, Australian Bureau of Meteorology) 
 
16:05 – 16:25 hrs Antarctica (Jonathan D. Shanklin, British Antarctic Survey) 
 
16:25 – 16:45 COFFEE/TEA 
 
16:45 – 18:10 hrs Region 6: Europe 

o Czech Republich (Karel Vanicek,CHMI) {10 min} 
o France (Sophie Godin-Beekmann, CNRS) {10 min} 
o Germany (Hans Claude, DWD) {10 min} 
o Spain (Emilio Cuevas, Spanish Meteorological Agency) {10 min} 
o Switzerland (René Stübi, MeteoSwiss) {10 min} 
o UK (Andy Chalmers, Defra) {10 min} 
o European Union (Claus Brüning, European Commission) {15 min} 
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o Belarus (Aliaksandr Krasouski, Belarus State University) {10 min} 
 

18:10 – 18:30 hrs Discussion:  Identification of needs and gaps. 
 
 
21 May (Wednesday) 
 

SESSION 6:  DISCUSSION OF RECOMMENDATIONS 
 
In this session, recommendations arising from the meeting will be discussed and agreed.  Under each topic 
of recommendations, a short introductory presentation (~15 min) will be made, followed by discussions on 
the topic. 
 
09:00 – 9:45 hrs Research Needs: Introduction by John Pyle, Co-Chair SAP (Paul Newman, 

Rapporteur) 
 

9:45 – 10:30 hrs Systematic Observations: Introduction by Karel Vanicek, Czech Republic (Ken Jucks, 
Rapporteur 

 
10:30 – 11:15 hrs Data Archiving: Introduction by Bruce McArthur, Canada (Greg Bodeker, Rapporteur) 
 
11:15 – 11:45 hrs COFFEE/TEA 
 
11:45 – 12:30 hrs Capacity Building: Introduction by Ayité-Lô Ajavon, Co-Chair, SAP (Geir Braathen, 

Rapporteur) 
 
12:30 – 13:00 hrs Discussion of draft recommendations 
 
13:00 – 14:30 hrs LUNCH 
 
14:30 – 16:30 hrs Adoption of recommendations and report. 
  
 Other matters 

• Physical Modulation of UV Radiation (Abebe Yeshanew, Ethiopia) 
 
Closure of the meeting 

 
****
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ANNEX C 
 

National reports available to the meeting 
 
 

Algeria 
 
Argentina 
 
Armenia 
 
Australia 
 
Bangladesh 
 
Belarus 
 
Benin 
 
Brazil 
 
Bulgaria 
 
Canada 
 
Chile 
 
China 
 
Comores 
 
Costa Rica 
 
Czech Republic 
 
Denmark 
 
Egpyt 
 
European Union 
 
Finland 
 
France 
 
Germany 
 
Hungary 
 
India 
 
Islamic Republic of Iran 
 
Italy 
 
Japan 
 
 

 
Kyrgyzstan 
 
Lithuania 
 
Madagascar 
 
Morocco 
 
Myanmar 
 
New Zealand 
 
Norway 
 
Pakistan 
 
Poland  
 
Portugal 
 
Samoa 
 
Slovakia 
 
South Africa 
 
Spain 
 
Sri Lanka 
 
Sweden 
 
Switzerland 
 
Thailand 
 
Togo 
 
Turkey 
 
Turkmenistan 
 
Uganda 
 
United Kingdom 
 
United Republic of Tanzania 
 
United States 
 
Vietnam 
 
Zambia
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ALGERIA 
 
 
INTRODUCTION 
 
Les mesures  de la couche  d’ozone à Tamanrasset  font partie du programme de la Veille de 
l’Atmosphère Globale (VAG) initié en début 1994  entre l’Office National de la Météorologie (ONM) 
et l’Organisation Météorologique Mondiale (Genève) OMM. 
 
Le programme des mesures de la VAG dans la région  est réparti entre les deux sites : 

 
Tamanrasset Ville  et Assekrem ( 50 km au Nord de Tamanrasset ). Cette dernière station a été 
réalisée en 1996 spécialement pour les mesures de la VAG et en fonction depuis mars 1997. 
 
Le programme des mesures effectuées dans ces deux sites est : 
 
Tamanrasset ville  

Ozone Total  
Rayonnement Solaire et Atmosphérique 
Epaisseur optique  (AOD) 
 
La mesure de l’épaisseur optique AOD entre dans le cadre du projet AERONET  (de la 

NASA), il a été installé en octobre 2006 en collaboration avec le service météorologique espagnole 
INM. 

 
Assekrem 

Aerosols 
Ozone de surface  
Monoxide de carbone 
Gaz à effet de serre (GES) 
 
Les mesures des gaz à effet de serre  depuis septembre 1995 montrent que le CO2  est en 

croissance régulière et continue en passant de 360 ppm à 380 ppm en 2007, avec une  
augmentation annuelle de 2 ppm/an. 

 
 

PROGRAMME  DE MESURES  DE L’OZONE TOTAL 
 
Cette mesure de la couche d’ozone a débuté en avril 1994  suite à la réception de l’instrument de 
mesures  le SPECTROPHOTOMETRE  DOBSON N°11.   

 
Cette équipement a été reçu de l’OMM après son étalonnage et mis au point au laboratoire de la 
NOAA à Boulder. Cet équipement est l’un des plus vieux appareils de la série DOBSON. 

 
Depuis sa réception  en avril 1994, il a été étalonné deux fois à l’étranger  dans le cadre des 
campagnes régionales  organisées par l’OMM : en  mars 2000 à Prétoria ( Afrique du sud) et en 
mars 2004 à Dahab ( Egypte ) . En général, ces campagnes sont organisées tous les 4 à 5 ans  
pour  des mises au point et vérification général des instruments pour corriger éventuellement  les 
dérives de mesures. 

 
En plus de ces étalonnages à l’échelle régionale, l’appareil est contrôlé mensuellement au niveau 
local (sur site) à l’aide des lampes étalons fournies avec l’instrument. 
 
Mesures effectuées: 
Trois mesures sont effectuées par jour à 09, 12 et 15 TU  pour déterminer la moyenne journalière  
de la couche d’ozone. 
Les données sont saisis et archivés tous les mois sur site. 
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Les données sont envoyées tous les deux mois, chaque bimestre, au centre mondial de 
publication des données à Toronto (Canada). Ce centre est chargé par l’OMM  d’effectuer une 
évaluation globale des variations de la couche d’ozone à travers le globe et détecter 
éventuellement les trous d’ozone. 
 
Logiciel de traitement  
En septembre 2004, un élément du centre météorologique de Tamanrasset a bénéficié d’une 
formation  au centre de rayonnement et d’ozone en Tchéquie. Durant cette formation, un logiciel 
de traitement et contrôle des données d’ozone a été fourni pour le station de Tamanrasset ; ce 
logiciel a été développé pour  l’ensemble des stations de mesures de l’ozone total. 
 
 
EVALUATION SCIENTIFIQUE 
 
Le traitement des données de l’Ozone total à Tamanrasset  depuis avril 1994 montrent que la 
couche d’ozone  est relativement stable dans cette région  d’une année à l’autre . Les mesures 
montrent que l’ozone total subit une variation saisonnière avec des maximums en période estivale 
de mai à septembre de l’ordre de 280 D.U (Dobson Units) et des minimums en période d’hiver de 
250 D.U. 
 
La moyenne annuelle de l’ozone total  à Tamanrasset est de 270 D.U , une valeur tout à fait dans 
la normale pour une station située à 22 ° latitude Nord. 
 
Les années où la couche d’ozone a été au-dessous de la normale durant cette période sont 1995 
et 2005. 
 
 

**** 
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ARGENTINA  
 
 
The frequent overpass of the Antarctic Ozone Hole each spring, the extreme UV radiation levels 
over the northwestern Andean Plateau and their effects put the territory of the Argentine Republic 
at a strategic situation in studies of atmospheric ozone and solar UV radiation. Research of 
Argentine institutions in these subjects has an increasing development, both within national 
projects and in collaboration within international projects, including monitoring and modeling of 
ozone, UV radiation and related parameters. Argentine is also suffering the consequences of the 
Global Climate Change, and the increasing evidence of ozone-climate interactions imply that the 
subject must be taken in an even wider context. The present report is an update of the activities in 
Argentina and spans the period 2005-2008. 
 
MONITORING 
 
The following are the detailed measurement activities at the principal monitoring institutions and its 
contact address: 
 
Argentine National Weather Service (SMN) 
Lic. Eduardo A. Piacentini 
Servicio Meteorológico Nacional. 25 de mayo 658. Buenos Aires. Argentina. Tel: 54-11-51676767. 
Email: epiace@smn.gov.ar 
 

  Measured Parameters 
Station Location Total O3 

Column 
Surface 

O3 

Vertical 
O3 Profile 

Broadband 
Surface UV 
irradiance 

La Quiaca 22.11ºS, 65.57ºW, 3459m. a.s.l.  X  X 
Resistencia 27.45°S, 58.98°W, 50m. a.s.l.    X 
Pilar 31.66ºS, 63.88ºW, 338 m. a.s.l.  X  X 
Mendoza 32.88ºS, 68.87ºW, 704m. a.s.l.    X 
Rosario 32.96ºS, 60.62ºW, 25m. a.s.l.     
Buenos Aires 34.61ºS, 58.41ºW, 25m. a.s.l. X   X 
Comodoro 
Rivadavia 

45.78ºS, 67.50ºW, 46m. a.s.l. X   X 

San Julián 49.32ºS, 67.75ºW, 62m. a.s.l.  X  X 
Ushuaia 54.80ºS, 68.27ºW, 14m. a.s.l. X X X X 
Marambio 64.23ºS, 56.72ºW, 300m. a.s.l. X  X X 

 
Projects in collaboration with: World Meteorological Organization, Finnish Meteorológical Institute, 

NOAA/Earth Systems Research/Laboratory’s Global Monitoring Division (USA), Instituto Nacional de 
Meteorología (INM, Spain), Instituto Nacional de Tecnología Aeroespacial (INTA, Spain), 
International Polar Year Program. 

 
 
Argentine Antarctic Institute 
Sr. Jorge Araujo 
Dirección Nacional del Antártico - Instituto Antártico Argentino. Cerrito 1248 - C1010AAZ - Capital 
Federal. Argentina. Tel: 4812-0071/72. Email: atmosfera@dna.gov.ar 
 

  Measured Parameters 
Station Location Total O3 

Column 
Surface 

O3 

Vertical 
O3 Profile 

Surface UV 
irradiance 

Marambio 64.23ºS, 56.72ºW, 300m. a.s.l. X  X X 
San Martín 68.13ºS, 67.13ºW, 40m. a.s.l X    
Belgrano II 77.86ºS, 34.62ºW, 250m. a.s.l. X  X  

 
Projects in collaboration with: Servicio Meteorológico Nacional Argentino, Instituto de Física Atmosférica de 

Roma (Italy), Instituto Nacional de Meteorología (Spain), Instituto Nacional de Técnica Aeroespacial 
de España (Spain), Instituto Meteorológico de Finlandia (Finland), Organización Meteorológica 
Mundial (WMO), Universite du Quebec (Canada). 

 

mailto:atmosfera@dna.gov.ar�


 

51 

Argentine National Institute of Genetics and Molecular Biology (INGEBI) - Capital Federal 
Dra. Mirtha M. Flawiá 
Instituto de Investigaciones en Ingeniería Genética y Biología Molecular (INGEBI). Obligado 2490, 
Capital Federal. Argentina. Tel: 54-11-47832871. Email: mflawia@dna.uba.ar 
 

Station Location Instrument 
(Narrowband UV and 

PAR surface 
irradiances) 

Last 
Calibration 

San Salvador de Jujuy 24.17°S, 65.02°W, 1300m. a.s.l. GUV-511 2007 
Buenos Aires 34.58°S, 58.47°W, Sea level GUV-511 2007 
San Carlos de Bariloche 41.01°S, 71.42°W, 700 m. a.s.l. GUV-511 2007 
Trelew 43.25°S, 65.31°W, Sea level GUV-511 2004 

Ushuaia 54.83°S, 68.30°W, Sea level GUV-511 2007 
 
Projects in collaboration with: National Science Foundation (NSF, USA), Centro Austral de Investigaciones 

Científicas (CADIC, Argentina), Dirección Nacional de Antártico (DNA, Argentina) y Dirección 
Nacional de Meteorología (INM, Spain), Instituto Nacional de Tecnologia Aeroespacial (INTA, 
Spain), Programa Nacional para Investigaciones Antárticas (PNRA, Italy). 

 
 
Austral Center for Scientific Research (CADIC) - Tierra del Fuego 
Ing. Susana B. Diaz 
Centro Austral de Investigaciones Cientificas..Ruta 3 y Malvinas Argentinas.CC92 (9410) Ushuaia, 
Tierra del Fuego. Argentina. Tel: 54-2901-430526. E-mail: subediaz@satlink.com 
 

Station Location Measured Parameters Instrument Last Calibration 
Spectral solar irradiance (range: 
280-620 nm) 
 

SUV-100 
spectroradiometer 

2005 
(every 15 days with 
secondary lamps) 

Total O3 Column, NOx EVA 4 2007 

Narrowband UV and PAR solar 
irradiance 

GUV-511 2007 

Narrowband UV and PAR solar 
irradiance 

NILU-UV 2008 

 
 
 
 
Ushuaia 

 
 
 
 
54.83°S, 
68.30°W, Sea 
level 

Total O3 Column 
Spectral solar irradiance (range: 
280-325 nm) 

Brewer MKIV 
Spectroradiometer 

 
1999 

 
Projects in collaboration with: National Science Foundation (NSF, USA), Instituto de Investigaciones en 

Ingeniería Genética y Biología Molecular (INGEBI, Argentina), Dirección Nacional de Antártico 
(DNA, Argentina) y Dirección Nacional de Meteorología (INM, Spain), Instituto Nacional de 
Tecnologia Aeroespacial (INTA, Spain), Programa Nacional para Investigaciones Antárticas (PNRA, 
Italy). 

 
Photo-Biological Station “Playa Union” - Chubut 
Dr Walter Helbling 
Estación de Fotobiología Playa Unión. Casilla de Correos N°15 (9103). Rawson, Chubut, 
Argentina. Tel: 54-2965-498019. Email: whelbling@efpu.org.ar, efpu@efpu.org.ar 
 

Station Location Measured Parameters Instrument 
Surface broadband UVB, UVA and PAR solar 
irradiance 

ELDONET surface spectrometer 

Underwater broadband UVB, UVA and PAR 
solar irradiance 

ELDONET submersible 
spectrometer 

 
Playa Union 

 
43.30°S, 
65.03°W, 
10m. a.s.l. 

Meteorological station 
Laboratory equipment for biological-sample analysis 
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Projects in collaboration with: Universidad de Concepción (Chile), Universidade de Sao Paulo, Fundaçao 
Universidade Federal do Rio Grande e Instituto Nacional de Pesquisas Espaciais (Brasil), 
CONICET, Estación de Fotobiología Playa Unión, Instituto Nacional de Investigación y Desarrollo 
Pesquero (Argentina), University of South Florida (USA), Centro de Procesamiento de Imágenes y 
Fundación La Salle (Venezuela), Interamerican Institute for Global Change Research (IAI), National 
Natural Science Foundation of China. 

 
 
Center for Laser Research and its Applications (CITEFA-CONICET) - Buenos Aires 
Dr Eduardo J. Quel 
CEILAP. Juan B. de La Salle 4397. B1603ALO - Villa Martelli, Buenos Aires. Argentina. Tel/Fax: 
54-11-4709-8217. E-mail: equel@citefa.gov.ar 

 
Station Location Measured Parameters Instrument 

Spectral UV irradiance Jarrell-Ash MonoSpec27 CCD 
spectroradiometer 

Vertical tropospheric distribution of aerosols, 
water vapor and cirrus detection LIDAR 

UV-A irradiance EKO MS-210A 
UV-B irradiance EKO MS-210D 

 
 
 
 

Villa Martelli 
 

 
 
 

34.55°S, 
58.50ºW, 
30m. a.s.l. 

Total solar irradiance Kipp & Zonen 

Longwave irradiance Eppley-PIR 

Direct spectral irradiance for aerosol 
parameters determination 

CIMEL – AERONET Project 

Vertical O3 Profile (range: 14-45 km) LIDAR 

Total O3 Column, NOx SAOZ 
differential absorption at zenith 

Narrowband UV channels GUV-451 

Broadband UVB YES UVB-1 

 
 
 
Río Gallegos 

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

Broadband UVA YES UVA-1 

 
Projects in collaboration with: CONICET Argentina, International Polar Year Program, Institute for Polar and 

Marine Research (Germany), Japan International Cooperation Agency. 
 
 
Institute of Physics of Rosario 
Dr Rubén Piacentini 
Grupo de Radiación Solar – IFIR (CONICET/UNR). 27 de febrero 210bis, 2000, Rosario. 
Argentina. Tel: 54-341-4472824. E-mail: ruben@ifir.edu.ar, ruben.piacentini@gmail.com 
 

Station Location Measured Parameters Instrument 
UV erythemal irradiance YES UVB-1 

Total solar irradiance Kipp & Zonen CM5 

Broadband Total UV Kahl TUVR 

Broadband UVB EKO UVB 

 
 
 
Rosario 

 
 
 
32.96ºS, 60.62ºW, 25m. a.s.l. 

Broadband UVA EKO UVA 

 
Projects in collaboration with: CEILAP (Argentina), International Polar Year Program, Japan International 

Cooperation Agency. 
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Institute for Physical-Chemical Investigations – National University of Córdoba 
Dra. Beatriz M.Toselli 
Departamento de Físico Química – INFIQC. Facultad de Ciencias Químicas, Universidad Nacional 
de Córdoba. Ciudad Universitaria, 5000 Córdoba. Argentina. Email: tosellib@fcq.unc.edu.ar 
 
 

Station Location Measured Parameters Instrument 
UV erythemal irradiance YES UVB-1  

Córdoba 
 
31.40ºS, 64.18ºW, 470m. a.s.l. 

Total solar irradiance YES TSP-700 

 
Projects in collaboration with: CONICET (Argentina), The Third World Academy of Sciences. Instituto de 

Astrofísica de Andalucía (Spain), Institut für Chemie und Dynamik der Geosphaere, 
Forschungszentrum Juelich (Germany), Nacional Center for Atmospheric Research (USA). 

 
Institute of Ecology “Fundación Miguel Lillo” - Tucumán 
Dr Juan A. González 
Instituto de Ecologia - Fundacion Miguel Lillo. Miguel Lillo 251, 4000, Tucumán, Argentina 
E-mail: lirios@cgcet.org.ar 
 

Location Measured Parameters Instrument 
UVB irradiance portable Solar Light 

PMA-2100 
 
San Miguel de 
Tucumán 

 
26.83ºS, 65.22ºW, 400m. a.s.l. 

PAR and Total solar irradiance 

 
 Projects in collaboration with: Argentine institutions and The Interamerican Institute for Global Change. 

 
 
Institute of the Bio-diversity and the Environment (INIBIOMA) - Río Negro  
Dra. María Gabriela Perotti  
INIBIOMA-Centro regional Universitario Bariloche. Universidad Nacional del Comahue. Quintral 
1250, 8400 Bariloche, Argentina. Tel: 54- 2944- 428505. Email: perottigaby@yahoo.com 
 

Location Measured Parameters Instrument 
Narrowband UV channels GUV 500  

San Carlos de 
Bariloche 

 
 
41.15ºS, 71.28ºW, 700m. a.s.l.  

Underwater broadband UV 
Ocean Optics 
submersible 

 
Projects in collaboration with: Universidad Nacional de San Juan, Universidad Nacional de Salta, 

Universidad Nacional del Comahue, Universidad Nacional de Tucumán, Universidad de San Martín, 
Universidad Nacional de Tucumán (Argentina), IIB-Intech y CENPAT (CONICET, Argentina), Lehigh 
University (USA), Innsbruck University (Austria), Universidad de Granada (España), University of 
California, Northridge, Texas A&M University, Washington University. 

 
 
CALIBRATION ACTIVITIES 

 
During November-December 2006, the calibration of the Dobson spectrometers and of the UV 
erythemal solar irradiance instruments (UV-Biometers) of the South-American WMO Network has 
taken place at the Regional Calibration Center for South America - Buenos Aires Central Station of 
the Argentine National Weather Service. 

 
Dobson calibration is coordinated by the World Meteorological Organization (WMO) Secretariat 
and the Argentine National Weather Service with close cooperation and assistance of the USA 
National Oceanic and Atmospheric Administration’s Climate Monitoring and Diagnostics Laboratory 
(NOAA/CMDL).  
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UV-Biometers calibration was coordinated by the World Meteorological Organization (WMO) 
Secretariat and the Argentine National Weather Service with close cooperation and assistance of 
the Physikalisch-Meteorologisches Observatorium Davos, World Radiation Center. The reference 
instrument for this intercomparison was the Solar Light 501A Radiometer s/n 1492 from 
PMOD/WRC which was calibrated during the PMOD/WRC-COST726 intercomparison held at 
PMOD/WRC in August 2006. 
 
THEORY AND MODELING 
 
Program for the Study of Atmospheric Processes Related to the Global Change (PEPACG 
UCA/CONICET) – Capital Federal (Dr Pablo O. Canziani) 
 
PEPACG is the principal research Group where modeling of the physical-chemical properties of 
the atmosphere, as well as climatological studies of the coupled troposphere-stratosphere system 
are carried out. Particularly, PEPACG study the dynamics and climatology of the coupled system 
Troposphere-Stratosphere over the Southern Hemisphere, included the ozone layer and solar UV 
radiation. PEPACG is cooperating with University of Reading (U.K.) in the development and 
application of an adaptive grid Chemistry Transport Model, called Adaptive Mesh Refinement or 
AMR-CTM, which is currently a 2-D model whose resolution adapts locally in order to better solve 
the evolving stratospheric features. Also included in this work is an interaction with Max-Planck 
Institut fur Atmospheric Chemie, University of Mainz, in order to install in the AMR-CTM the 
MECCA-MESSY Chemistry module. Work is under way, and firsts results were obtained with the 
AMR-CTM analyzing the evolution of the vortex edge during the 1999 APE-GAIA Campaign, 
together with Universitá Degli Studi l’Aquila (Italy) as well as the anomalous behavior of the 2002 
ozone hole with regards to the tropospheric dynamics of the period. Present work includes the 
development of a 2-D and 3-D trajectory code. 

 
Modeling of UV radiative transfer in the atmosphere is still limited to 1-D codes using principally the 
Discrete Ordinates algorithm with semi-spherical correction in the direct component, which is 
useful for cases of homogeneous composition of the atmosphere. A reference for this type of 
models is the TUV code (http://cprm.acd.ucar.edu/Models/TUV/). 
 
 
PRINCIPAL RESULTS 2005-2008 
 
Ultraviolet climatology over Argentina. [Luccini et al., Journal of Geophysical Research, 2006] 
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Ozone and UV Radiation over Southern South America: Climatology and Anomalies. [Diaz et al., 
Photochemistry and Photobiology, 2006] 
 

 

 
 

 
 
CH3OCF2CHFCl and CHF2OCF2CHFCl: Reaction with Cl atoms, atmospheric lifetimes, ozone 
depletion and global warming potentials. [Dalmasso et al., Atmospheric Environment, 2006] 
 

 
 
 

Interactive effects of ultraviolet radiation and nutrient addition on growth and photosynthesis 
performance of four species of marine phytoplankton. [Marcoval et al., Journal of Photochemistry 
and Photobiology B: Biology, 2007] 
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Tropospheric transient baroclinic activity, as given by the local EP-flux in the lower stratosphere 
(100hPa) and TOMS total ozone anomalies for June and October, sampled over a twenty year 
period at decadal intervals, over the SH. Total ozone in the early austral winter changes its 
distribution in response the variability of the transiet baroclinic activity. However main ozone 
variability in October is clearly controlled by the quasi-stationary wave 1 [Canziani et al., Journal of 
Geophysical Research, 2008] 

  

 
 
DISSEMINATION OF RESULTS 

 
Data Reporting 
The SMN sends total ozone measurements from Buenos Aires, Ushuaia, Salto (Uruguay), 
Comodoro Rivadavia and Marambio, as well as the ozonesonde data, routinely to the WOUDC. 
The database is currently being transformed to the required CSV format. Surface ozone retrievals 
are submitted to the corresponding centre in Japan. 
 
Information to the public 
The SMN continues providing a daily national UV Index forecast map for clear and cloudy 
conditions both in its webpage as well as to the massive diffusion media. All mentioned institutions 
often provide information to the media. During the ozone hole season SMN, CADIC and PEPACG 
send to the media frequent reports describing the ozone hole evolution, using satellite retrievals 
and meteorological information. 
 
In turn, over 30 conferences open to the public were given in the different specialties in the period 
2005-2008. 
 
Relevant scientific papers 2005-2008 
Pazmiño, A., Godin-Beekmann Sophie, Luccini Eduardo, Piacentini Rubén, Quel Eduardo and Hauchecorne 

Alain. Increased UV radiation due to polar ozone chemical depletion and vortex occurrences at 
southern sub-polar latitudes in the period (1997–2005). Atmospheric Chemistry and Physics 
Discussions, 8, 6501-6537, 2008. 

Canziani, P.O., Malanca, F.E., Agosta, E.A. Ozone and UT/LS variability and change at Southern 
midlatitudes: 1980-2000: decadal variations, in press, Journal of Geophysical Research, 2008. 

Ribeiro-Guevara, S., Queimaliños, C.P., Diéguez, M.C. & M. Arribere. Methylmercury production in the water 
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FUTURE PLANS 
 
The current monitoring networks are to be maintained in operation. In turn, important future 
research activities are planned, at the local level and also as part of international projects such as 
the International Polar Year presently under development. Among the main research activities the 
following can be remarked: 

- Evolution of the total ozone column over the region. Trends of ozone and UV levels. 
Dynamics, chemistry and inter-annual variation of the Antarctic ozone hole. 

- Study of the influence of the near vortex and ozone hole incursions over Patagonia 
- Study the relationship between tropospheric and stratospheric dynamic and climatic 

behavior and the links with ozone change. 
- Ozone and climate change interactions. 
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- The chemistry and dynamics of stratosphere-troposphere exchange. 
- Cirrus clouds, the tropopause, and ozone. 
- Effects of the UV radiation on the human health in the region. Biological effects of the UV 

radiation, especially on crops in the region. 
- Studies of solar radiation and its components and biological effects in Antarctic Peninsula 

as part of the International Polar Year 2007-2008. 
 
 
NEEDS AND RECOMMENDATIONS 
 
One of the main problems faced by the Argentine ozone related monitoring and research activities 
has been the lack of adequate funding to maintain such activities over time. This is particularly 
relevant since at this stage the ozone layer seems to have reached the peak state of its depletion 
and sensitive monitoring and important research is necessary to determine the future evolution and 
the start of the possible recovery ozone layer and ozone hole. Furthermore 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 promote and maintain, if not strengthen 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 as proposed 
by SPARC-WCRP and its links with the various WCRP initiatives. The Servicio Meteorológico 
Nacional, main national institution for atmospheric monitoring, is undergoing a mayor restructuring 
and requires support for its new strategies, in particular monitoring aspects, and replacement of 
obsolete and obsolescent equipment and facilities. It also requires including new monitoring 
activities to provide relevant information for both these topics, including long-term monitoring. 
It is essential that research activities be enhanced regionally and globally in the double-pronged 
aspect of ozone depletion and change within the framework of Climate Change due to the many 
joint aspects and couplings that are now starting to be known. 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 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. 
 
 
This report was prepared by Dr. Eduardo Luccini and Dr. Pablo Canziani, on the basis of the 
information provided by the national institutions and research groups involved in Vienna 
Convention related monitoring and research activities. We gratefully acknowledge all the experts 
and institutions that have fully cooperated for the preparation of this Report.  
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ARMENIA  
 
 
OBSERVATIONAL ACTIVITIES 
 
Column measurements of ozone and other gases/variables relevant to ozone loss 
The GAW regional station #410 Amberd carries out the measurements of total ozone. The station 
is equipped by Dobson spectrophotometer D-044.  
 
The begun in 1990 measurements of total ozone on the local network ozone-observing station 
Arabkir in city Yerevan are continued. The station is equipped by filter ozonometer M-124. 
 
The results of carried out in Armenia during 1991-2007 measurements of total ozone are 
presented on Fig. 1. 

 
  
 Figure 1:   Dynamics of changes of total ozone in Armenia during 1991-2007. 

 
 

Profile measurements of ozone and other gases/variables relevant to ozone loss - not made. 
 
UV measurements - not made. 
 
Calibration activities - the calibration of Dobson spectrophotometer D-044 in European RDCC in 
Hohenpeissenberg was executed in 2004.  
 
 
RESULTS FROM OBSERVATIONS AND ANALYSIS 
 
The results of measurements total ozone at Dobson-station Amberd showed, that after 1999 the 
general tendency to its decrease to a level 1993-94 was observed.   
 
The study of connection between changes of total ozone and the morbidity of population by skin 
cancer begun in [1] was continued. 
 
 
THEORY, MODELLING, AND OTHER RESEARCH 
 
Using the results of long-term actinometric observations, carried out on a network of weather 
stations of Armenia during 25 years (from 1980 till 2004), are investigated the climatic distributions 
of direct, diffused, reflected and total solar irradiation on the territory of Armenia, also the seasonal 
changes of transparency, absorption and dispersion in conditions of atmosphere of Armenia.   
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Using the climatic parameters of seasonal changes of total ozone above Armenia, carried out 
during 1990-2006, solar extraterrestrial spectrum in the wavelength range from 280nm to 100mkm, 
coefficients of UV absorption by ozone, and the electronic map of surface with horizontal step of 
300 m, is constructed the computer model of solar radiation transfer in atmosphere and of its 
distribution on the territory according to parameters of relief and albedo of surface. 
 
In particular, are defined the climatic parameters of distributions of the hourly, daily, monthly and 
annual sums of UVR (also separately for UV-A and UV-B,C), UV Indexes and the times in order to 
receive of 1 MED (for 4 skin types) in various regions of country in various time of day, using 
erythemal CIE spectra of McKinlay and Diffey and Practical Guide “Global Solar UV Index”.  
 
Some results of simulation of the climatic regime of ultraviolet irradiation in region of mountain 
Aragats and Ararat Valley are presented below by color maps (Fig.2 – Fig.5).  
 
 
  

      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
          
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
DISSEMINATION OF RESULTS 
 
Data reporting  
Monthly results of measurements of total ozone at station Amberd are regularly submitted in the 
WOUDC.  
 
On the basis of results of measurements of total ozone at stations Amberd and Arabkir is 
continued the creation of local computer bank. 

 
 Figure 2:  Map of region;   range of heights:    

829 – 3787 m  above sea level. 

 
 Figure 3:  Daily sums of total UVR; June, 22nd; 
albedo=0.1; range: 0.88 – 1.78 MJ/m2 . 

 
Figure 4:  UV Indexes distribution; June, 22nd ; 

 albedo = 0.1; range: 6 – 11 . 
 

 
Figure 5:  UV Indexes distribution; 
    December, 22nd; albedo = 0.7; range: 1 – 2.5 . 
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Are prepared for publication the reference book and CD with atlas of climatic resources of different 
components of balance of solar radiation and with their decomposition on separate standard 
spectral intervals: UV, UV-A, UV-BC, visible, IR, photosyntetic, short- and longwave radiation, - in 
all regions of territory of Armenia. 
 
Information to the public 
Using the forecasts of total ozone distribution above northern hemisphere from  WMO/GAW ozone 
mapping program and forecasts of cloudiness with use of the model of solar irradiation are 
developed the daily maps of forecasts of distribution of UV Indexes on the territory of Armenia. The 
forecasts of UV indexes for mostly inhabited areas of Armenia, calculated according to "UV Index 
for Public" (COST-713 Action UVB Forecasting) on the base of daily maps of UV Indexex, are 
included in the weather forecasts for dissemination to the public via mass media. 
 
Relevant scientific papers 
Melkonyan D. (2004) Effect of UV irradiation on skin cancer morbidity in Armenia // Proceeding of the 

Quadrenial Ozone Symposium “KOS-2004”, Vol. II. – s. 1132-1133. 
 

 
PROJECTS AND COLLABORATION  
 
Execution of Dobson program is being implemented in scientific and methodical collaboration with 
DWD (Germany) and SOO CHMI (Czech Republic).  
 
At the station Amberd is being created the first level station for EMEP for measurements of 
concentrations of pollution in precipitations and of solid particles in air, also of SO2, NOX and 
surface ozone.   
 
The model of solar (in particular, UV) irradiation was developed for implementation of national 
project "Estimation of resources of solar radiation on the territory of Armenia" (2005-2007).  
 
 
FUTURE PLANS 
 
The results of modeling of a climatic regime of UV irradiation will be used for development of 
results begun in [1] research of vulnerability of health of the village and urban population to 
increase of ultraviolet radiation and the influence on vulnerability of height of location. The research 
was executed on the basis of long-term statistics on morbidity of the population of Armenia by skin 
cancer and by results of total ozone measurements. 
 
The edition of prepared for publication the reference book and CD with atlas of climatic resources 
of solar radiation in all regions of territory of Armenia. 
 
 
NEEDS AND RECOMMENDATIONS 
 
The comparisons of results of the ozone measurements at station Amberd with the satellite data 
testify to need of new calibration of Dobson spectrophotometer D-044.  
 
The capacities of weather station Amberd allow performing of national and international projects on 
monitoring of solar radiation, investigations of vertical distribution of ozone with balloon sondes, 
lidar observations, aerosol transfer and transboundary air pollution in region of South Caucasus.  
 
 

**** 
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AUSTRALIA 
 
 
OBSERVATIONAL ACTIVITIES 
 
Column measurements of ozone and other gases/variables relevant to ozone loss 
Column measurements are primarily taken by the Australian Government’s Bureau of Meteorology 
(BoM) and certain universities: 
 
• The BoM Dobson network consisting of stations located at Brisbane, Darwin, Macquarie 

Island, Melbourne, and Perth (in conjunction with NOAA). 
• Brewer spectrophotometer at the University of Tasmania (operating costs financed by the 

BoM). 
• Remote sensing FTIR at the University of Wollongong (the measurements are made as 

part of the Network for the Detection of Atmospheric Composition Change, NDACC). 
 
Profile measurements of ozone and other gases/variables relevant to ozone loss 
Regular ozonesonde measurements are taken by the BoM at: 
 
• Macquarie Island (weekly flights since 1994) 
• Melbourne (weekly flights operated from various locations around Melbourne since 1965). 
• Davis station, Antarctica, in conjunction with the Australian Antarctic Division (AAD). Since 

Feb 2003 there have been weekly flights between Jun-Oct and monthly flights between 
Nov-May).  In conjunction with these ozonesonde flights, the AAD operates a 
Rayleigh/Mie/Raman lidar at Davis to measure temperature and aerosol loading in the 
stratosphere. 

 
Rayleigh/Mie lidar profiling of stratospheric temperature and aerosol loading has been undertaken 
since Feb 2001. 
 
UV measurements 
 
Broadband measurements 
The BoM has had a Solar Light SL501A broadband instrument running at Cape Grim, Tasmania, 
since 1993. The status of this instrument currently is unknown as its calibration depends on a co-
located spectral radiometer. 
 
The Australian Radiation and Nuclear Safety Agency (ARPANSA) maintain a network of UV 
detectors in capital cities around Australia since 1989 and in 1996 they were changed over to Solar 
Light UVB 501 broadband biometers. Kingston, Tasmania was recently added as a new site. 
Biometers have also been collecting data at Macquarie Island since 2001 and the Australian 
Antarctic stations at Mawson since 2002 and both Davis and Casey since 1996. The sites in 
Antarctica are currently being upgraded with new biometers. The biometers are intercompared at 
Yallambie before placement in the field. Once the biometer is running at the site their performance 
are checked against clear sky solar UVR models. The models require total column ozone values 
which are obtained from satellite data. 
 
Narrowband filter instruments 
N/A 
 
Spectroradiometers 
A UV spectroradiometer has been generating data at Cape Grim since 1999 (2006 data is due to 
be calibrated), while NIWA is soon to fully establish spectroradiometers in Alice Springs and 
Darwin as part of the BoM’s network.  
 
ARPANSA currently uses a Spex spectroradiometer based at the Melbourne site to simultaneously 
measure solar UVR and transfer a traceable calibration to the biometers before installation. A new 
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Bentham spectroradiometer is currently being tested and will be installed at the Melbourne site to 
provide continuous spectral scans. 
 
Calibration activities 
The BoM holds the RA V Dobson standard and operates the Regional Dobson Calibration Centre 
(RDCC) for Australia. The regional standard Dobson is inter-compared regularly with the world 
standard Dobson.  ARPANSA meets the WMO’s instrument specifications and characterization as 
a health advisory agency that provides the daily UV levels. 
 
 
RESULTS FROM OBSERVATIONS AND ANALYSIS 

 
Ground-based total ozone data and satellite data sets have being used by the BoM to estimate the 
total ozone variations for several Australian cities over the period 1958 to 2004. The data sets have 
been de-seasonalized and the differences with the pre-ozone hole period 1970-1980 established.  
All data sets show changes in the rate of the total ozone decline during the 1980s while the ozone 
decline during the 1990s was fairly constant.   

The UV Index distributions within the period 1958-2004 have being calculated using the ground-
based total ozone as input to the “single column model version” of the Australian Ozone and UV 
Forecasting System.  The UV Index has been compared with the occurrence of non-melanoma 
skin cancer rate over Australia (the first results were presented by Lemus-Deschamps et al., at 
AMOS and AGU Conferences in 2007).  
 
Monthly, seasonal and annual UV Index and UV dose are due to be calculated (1958-2008) for the 
Southern Hemisphere.  The deviation from the 1970-1980 average will be recalculated for this data 
set and will complement the Australian UV Index and Ozone climatology (Lemus-Deschamps et 
al., 2004) 
 
Analyses of ozonesonde data from Davis station (Antarctica) are used the following areas; 
 
• Investigation of polar ozone loss processes and ozone variability through project 737 of the 

Australian Antarctic program (e.g. Klekociuk and Tully, 2007; Innis and Klekociuk, 2006; 
see also  http://cs-
db.aad.gov.au/proms/public/projects/report_project_public.cfm?season=0708&project_no=
737) 

• 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. Dupuy et al., 2008). 
 
Existing UVR measurements have had difficulties in detecting any increase in UVR due to the 
natural variability in solar UVR at the earths surface (Peter Gies et al., 2004). 
 

 
THEORY, MODELLING, AND OTHER RESEARCH 
 
The BoM UV forecast is based on satellite radiance and total ozone analysis.  The analysed ozone 
field is mapped to potential vorticity and advected using the BoM weather forecast model fields.  
The resulting total ozone fields and meteorological fields are then used in a two stream delta-
Eddington radiation code to generate global and Australian UV fields (Lemus-Deschamps et al., 
2007, 2006, 2004, 1999).   
 
The UV and ozone forecast system: http://www.bom.gov.au/weather/uv/, is under continuous 
development (upgrades to the system are described by Lemus-Deschamps et al., 2008 at: 
http://www.bom.gov.au/bmrc/mdev/expt/uvindex/uvi.shtml) 
 

http://cs-db.aad.gov.au/proms/public/projects/report_project_public.cfm?season=0708&project_no=737�
http://cs-db.aad.gov.au/proms/public/projects/report_project_public.cfm?season=0708&project_no=737�
http://cs-db.aad.gov.au/proms/public/projects/report_project_public.cfm?season=0708&project_no=737�
http://www.wmo.ch/pages/prog/arep/gaw/ozone/index.html�
http://www.bom.gov.au/weather/uv/�
http://www.bom.gov.au/bmrc/mdev/expt/uvindex/uvi.shtml�
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Satellite measurements are being used to investigate the long-term behaviour of longitudinal 
asymmetries in the Southern Hemisphere ‘ozone collar’ and ozone near the tropopause (e.g. 
Grytsai et al., 2007).   
 
 
DISSEMINATION OF RESULTS 
 
Data reporting 
The BoM Ozone and UV Forecast System has been part of the "Scientific Assessment of ozone 
Depletion” reports for 2006 and 2002. 
 
• Chapter 7, 7.3.4 Short Term UV Forecasting 2006. 
• Chapter 5. 5.2.2 Daily  Forecasting of Ozone and UV.2002 
The UV data from Cape Grim are included in the BoM’s UV database.  

 
Measurements of column amounts from the FTIR system at Wollongong are reported via the 
NDACC database (see http://www.ndsc.ncep.noaa.gov/data/).  Ozonesonde and Dobson data 
from all stations are archived at the WOUDC. 
 
Information to the public 
The UV forecast is issued daily by the Bureau of Meteorology.  The UV forecast is important 
because approximately 380,000 Australians still get skin cancer every year.  The UV forecast is 
released to the public by the Bureau of Meteorology regional office in each state and it is provided 
to the media as part of the weather report (Deschamps et al., 2006). It is also available at 
http://www.bom.gov.au/weather/uv/, and it is extensively used in Australia’s SunSmart promotional 
and educational campaigns.  Ozone analyses and forecasts are used by a number of groups to 
issue statements on the development of the ozone hole each year. 
  
ARPANSA provide measured real-time UV levels which are updated every minute. A plot of the UV 
levels for Australian sites is available on the ARPANSA web site at 
http://www.arpansa.gov.au/uvindex/realtime/index.cfm.  
Historical UV index data since 2004 is also available on the ARPANSA web site at 
http://www.arpansa.gov.au/uvindex/monthly/ausmonthlyindex.htm 
 
Relevant scientific papers 
Deschamps L., P. Gies, L. Rikus, R. Dare and K. Strong, 2006: UV Index for Sun Safety. BMRC Res.Lett. 

No4, 34-35.  
E. Dupuy, K. A. Walker, J. Kar, et. Al, 2008. Validation of ozone measurements from the Atmospheric 
Chemistry Experiment (ACE). Atmos. Chem. Phys. Discuss., 8, 2513-2656, 2008 

Grytsai, A.V., Evtushevsky, O.M., Agapitov, O.V., Klekociuk, A.R., Milinevsky, G.P. 2007. Structure and long-
term change in the zonal asymmetry in Antarctic total ozone during spring. Annales Geophysicae 25. 
361-374. 

Innis, J.L., Klekociuk, A.R., 2006. Planetary wave and gravity wave influence on the occurrence of polar 
stratospheric clouds over Davis Station, Antarctica, seen in lidar and radiosonde observations. Journal 
of Geophysical Research. 111. D22102, doi:10.1029/. 

Klekociuk, A.R., , 2007. Seasonal variation of ozone above Macquarie Island and Davis BMRC Research 
Letters 6. 12-16. 

Lemus-Deschamps L., 2007: The Ozone and UV Forecasting System, Presented at the AMOS Conference, 
Adelaide, Australia, February 2007.  

Lemus-Deschamps L., J. Easson and P. Shinkfield, 2007: Changes in Ozone and UV Index of Australian 
Cities (1958-2004). Presented at the AGU Conference, Acapulco Mexico, May 2007. 

Lemus-Deschamps L., B. Tacal, L.Huntington, J. Easson and P. Shinkfield, 2007: Ozone and UV Index over 
Australia (1958-2004). Presented at the AMOS Conference, Adelaide, Australia, February 2007. 

Lemus-Deschamps, L., P. Gies, L. Rikus, K. Strong and H. Dixon, 2006: UV Index: Forecasts and Media 
Weather Reports. UV Radiation and its Effects, Report of the NIWA Workshop, Dunedin, New 
Zealand, April 2006. RSNZ, Miscellaneous series 68,25-26.  

Lemus-Deschamps L., L.Rikus, S.Grainger, P.Gies, J.Sisson and Z.Li, 2004: UV index and daily total UV 
dose distributions for Australia (1997-2001). Aust.Met.Mag. 53,239-250.  

http://www.ndsc.ncep.noaa.gov/data/�
http://www.bom.gov.au/weather/uv/�
http://www.arpansa.gov.au/uvindex/realtime/index.cfm�
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http://its-db.aad.gov.au/proms/pubn/pubsearch_results.asp?pub_author_list=Agapitov+O.V.&limit=100�
http://its-db.aad.gov.au/proms/pubn/pubsearch_results.asp?pub_author_list=Klekociuk+A.R.&limit=100�
http://its-db.aad.gov.au/proms/pubn/pubsearch_results.asp?pub_author_list=Milinevsky+G.P.&limit=100�
http://its-db.aad.gov.au/proms/pubn/pubsearch_results.asp?pub_author_list=Innis+J.L.&limit=100�
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Lemus-Deschamps Lilia, Lawrie Rikus and Peter Gies, 1999: The operational Australian ultraviolet index 
forecast 1997. Meteorol. Appl. 6, 241-251. 

Wilson, S. R. (2006), The Cape Grim Scanning UV Spectrometer, in Baseline Atmospheric Program 
(Australia) 2003-2004, edited by J. M. Cainey, et al., pp. 9-16, Bureau of Meteorology/ CSIRO 
Atmospheric Research, Melbourne. 

Wilson, S. R. (2007), Effect of temperature on the Cape Grim UV-B records, in Baseline Atmospheric 
Program (Australia)  2005 - 2006, edited by J. M. Cainey, et al., pp. 25-30, Australian Bureau of 
Meteorology and CSIRO Marine and Atmospheric Research, Melbourne. 

Peter Gies, Colin Roy, John Javorniczky, Stuart Henderson, Lilia Lemus-Deschamps and Colin Driscoli, 
2004. Global Solar UV Index: Australian Measurements, Forecasts and Comparison with the UK. 
Photochem. Photobiol. 79, 1, 32-39. 

 
 
PROJECTS AND COLLABORATION 
 
Bureau of Meteorology has ongoing collaboration projects: 
 
• With the Australian Radiation Protection and Nuclear Safety Agency (ARPANSA) on UV 

Index validation against surface measurements.  
• With SunSmart (Cancer Council Australia) on the use of the UV Index to promote sun 

protection. 
• With University of Colorado on ozone inter-annual variability.  
 
The Australian Antarctic Division’s ozonesonde and lidar measurements at Davis station in 
Antarctica contribute to the International Polar Year cluster project ORACLE-O3.  
 
 
FUTURE PLANS 
 
• The scanning spectrometer used at Cape Grim is approaching end of life.  A replacement 

system is currently being developed in conjunction with the BoM’s Radiation Group. 
• Total column FTIR measurements of ozone and related trace gases at Davis station are 

currently being validated by the AAD. 
• An ozonesonde program at Darwin is being planned by the BoM. 
• A low-cost UV spectroradiometer is also being developed by the BoM and is currently at the 

prototype stage.  
 
 
NEEDS AND RECOMMENDATIONS 
 
Continued provision and development of international data archival facilities (e.g. WOUDC) and 
instrument calibration standards and inter-comparisons (e.g. through NDACC and WMO). 
 
 

**** 
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BANGLADESH 
 

 
INTRODUCTION 
 
Bangladesh ratified Vienna Convention for the Protection of Ozone Layer and the Montreal 
Protocol on Substances that Deplete the Ozone Layer on 2 August 1990 and Country Programme 
was approved in 1994 chalking out a strategy to phase-out consumption of Ozone Depleting 
Substances (ODS). National Ozone Unit (NOU) was established in 1996. 
 
Since ratification MLF approved about 2.9 million U.S. dollar for reconnaissance Survey, Country 
programme preparation, Institutional Strengthening, Aerosol Sector Phase-out, RMP, National 
ODS Phase-out Plan and for related consultancy services. Projects are being implemented by 
UNDP and UNEP. Activities were limited to Phase-out Aerosol Sector in 2002 (phase-out 50% of 
total ODS), halons, Methyl Bromide and introduction of alternatives in refrigeration, air-
conditioning, solvent sector and providing regulations and licensing system. Total ODS 
consumption in 2004 was 470.80 MT and per capita consumption was about 3.48 gm. As per 
Protocol, Bangladesh is now in full compliance. 
 
 
OBSERVATIONAL ACTIVITIES (CURRENT STATUS) 
 
Bangladesh 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. 
 
However, we do have the Meteorological Department called, Bangladesh Meteorological 
Department (BMD) has historical experience meteorological data observation and monitoring. But 
1st meteorological observatory was established in Jessore (1864) long before IMD established 
under British Government. Dhaka Meteorological Observatory was established in 1949. 
 
BMD at present has 34 meteorological observatories, 10 pilot balloon observatories, 3 Rawin 
Sonde (RS) observatories, 12 agro-meteorological observatories, 4 Radar stations and 1 
Seismological observatory. 3 More seismological observatories are going to be established soon. 
All the observations are taken as per WMO standard and equipments are also standardized 
accordingly. 
 
 
PROJECTS AND COLLABORATION  
 
Currently, we don’t have any project or activities relating to research/monitoring on the status of 
ozone over Bangladesh as well as to determine the level of ground UV/ozone. 
 
 
FUTURE PLAN 
 
As BMD is the authorized Department of the Government of Bangladesh for Meteorological and 
Geophysical observation and is also a member of WMO our ozone office has chalked out a plan to 
start 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 BMD, subject to the procurement of necessary instruments for the 
purpose. NOU of the Department of Environment will coordinate and facilitate the activities.  
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IMMEDIATE NEEDS 
 
For column measurement and profile measurement 
One Dobson Spectrophotometer to be set up and one pilot ozonesondes observatory to be setup 
in BMD, Dhaka station attached to the Rawin Sonde (RS) observatory, Dhaka. 
 
For UV measurements 
At present total radiation is continuously taken by Eppley Pyranograph by BMD at its 12 stations 
throughout the country. Introduction of UV Sensor to the present Eppley Pyranograph or by 
procuring additional digital UV measuring instruments to the BMD observatories located in Dhaka 
and for other field stations. 
 
Conclusion 
Necessary funds for procurement of instruments and operational costs along with necessary 
human resource development are utmost necessary for the said activities. 
 
Upcoming efforts of Bangladesh on Ozone Research if materialized will strengthen NOU to 
contribute significantly by providing with the ground truth data in WMO format to the World Ozone 
and Ultraviolet Radiation Data Centre (WO3UDC), Canada for real Ozone mapping supplement to 
the satellite measured global coverage. Also it shall be able to ably contribute to the ongoing 
research to the various institutes on impact of UV-B radiation on human health and eco-system.   
 
 

**** 
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BELARUS 
 
 
On December 18th, 2005 Belarus ratified the Montreal, Copenhagen and Beijing amendments to 
the Montreal Protocol thereby fully joining the countries-participants of the Protocol. In 2005-2006 
customs regulations were changed towards more restrictions on ozone depleting substances 
importation.  Analysis department has been recently created within the National ozone monitoring 
research and education center (NOMREC) as a part of National Environmental Monitoring System 
(NEMS) database. 
 
 
OBSERVATIONAL ACTIVITIES 
 
In accordance with the decisions of the Seventh Meeting of the Conference of the Parties to the 
Vienna Convention Belarus continues to design instrumentation as well as develop monitoring, 
calibration procedures and archiving of stratospheric/ tropospheric ozone, aerosols, and surface 
UV radiation data. 
 
Column measurements of ozone 
Total ozone measurements have been made at the Minsk ozone station (Minsk, 27.469E, 53.833N) by 
a UV spectrometer-ozonometer PION.  

 
Total ozone values have been assessed employing the “direct-sun” procedure. There have been 
80 to 120 series each containing 7 measurements during a daily session under clear sky. Signals 
have been taken at 13 working wavelengths of the spectrometer-ozonometer PION covering a 
range of 295 – 320 nm. The final calculations are based upon technique elaborated in the National 
ozone monitoring centre. The procedure hasn’t been applied under bad weather conditions 
(overcast, rain, heavy snowfall).  
 
The total ozone amount is also retrieved by intensity ratios of pairs of wavelengths measured by a 
spectroradiometer PION-UV.  
 
Total aerosol measurements 
Monitoring of the general optical thickness (GОТ) and optical aerosol thickness (ОАТ) of the 
atmosphere in a spectral range of 295 - 320 nm has been started at the Minsk ozone station since 
2004.  GОТ and АОТ are measured applying a  “direct-sun” method by the UV spectrometer-
оzonometer  PION  within  TOA measurements session. To assume the overcast influence we use the 
signal of its tracking system with sensitivity maximum at 850 nm in addition to 13 working 
wavelengths of the spectrometer-ozonometer.  

 
Total nitrogen oxide measurements 
The measurements have been performed since 2007 at the Minsk ozone station. The nitrogen 
oxide column retrieval technique originally generated at the Obuchov’s Institute of Atmosphere 
Physics (Russia) has been employed. 

 
Surface ozone monitoring 
Measurements of surface ozone concentration have been started at the Minsk ozone station and 
Berezina National Park EMEP station employing DOAS instrument TRIO-1 to have passed 
recently a standard certification in the Belarus state institute of metrology. According to the results 
of the certification a range of ozone measured concentration is 0-200 ppb, the absolute error of 
measurements does not exceed ±1,45 ppb.   

 
The results of monitoring of the surface ozone concentration at both stations for 2007 are 
demonstrated in Fig. 1  
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Figure 1: Concentration of surface ozone.  Data received at the Minsk оzone station are marked 

with asterisks, those from Berezina National Park – with circles.  Results of data 
smoothing with the averaging period for 15 days are brought. 

 
 
Profile measurements of ozone and aerosols 
The stratosphere monitoring was started by the Institute of Physics, National Academy of Sciences 
of Belarus (IP) in 80th.  

 
IP station conducts two wavelength (355 and 532 nm) lidar measurements of stratospheric aerosol 
parameters.   

 
Investigations of ozone concentration profiles in the stratosphere have been maintained since 2000  
at a lidar station of the IP.  
             
Fig. 2 demonstrates seasonal deviations of ozone concentration profiles in the stratosphere.  
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 Figure 2:   Altitude distributions of ozone concentration, Minsk, 2007. 
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The lidar system for sounding ozone in troposphere is being developed. A new type of a 
transmitter at the wavelength 281.7 nm on the base of solid-state stimulated Raman scattering 
converter is used in the lidar.  A new lidar system provides measurements of ozone concentration 
in the layer of 1 – 10 km. 
 
UV Radiation Measurements 
Regular measurements of UV radiation level in a spectral interval of 285-450 nm have been 
maintained at the Minsk ozone station by a portable UV spectroradiometer PION-UV since 
September, 2001. The automatic device PION-UV (a double monochromator spectrometer with a 
resolution of 0.9 nm) registers up to hundred total/diffuse UV spectra per day.  

  
To expand the ongoing activities a new UV-B monitoring site was set up in 2008 at the Naroch 
National Park (the North-Western part of Belarus). An automated double-channel narrow-band 
photometer is operated at the site.   
 
Calibration Activity 
The UV calibration of the spectroradiometer PION-UV was carried out with 300W tungsten band-
lamp certified by the Russian National Standard Agency in a spectral range of 285-450 nm.  

 
The M-124 instrument was recently calibrated against a WMO regional standard (Dobson N108 
spectrophotometer) in St. Petersburg, Russia in 2007. 

 
 

RESULTS FROM OBSERVATIONS AND ANALYSIS  
 
Average annual value of total ozone amount (TOA) over territory of Belarus in 2006-2007 was 
close to climatically normal with deviations up to 8.5 per cent for monthly averaged values.     
"Mini-holes" were observed at a quite unusual period for Belarus – in February and even in July. 
The analysis of surface temperature and TOA shows that their values are correlated (for the 
summer period in Belarus, see Fig. 3). This correlation is assumed in the UV Index forecast 
technique. Moreover, the fact should be considered carefully that number of late spring and 
summer negative anomalies moving from Atlantic direction increased by 3 times during the period 
of 2001-2006 whereas the number of mini-holes coming from Arctic zone remains practically the 
same. 
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Figure 3:  Daily values of surface temperature and total ozone (smoothed by 4 point moving average).  
. 
 

THEORY AND MODELLING 
 
Since the PION ozonometer operates 13 wavelengths being shorter than those at Brewer and 
Dobson devices we are advancing the technique of a measurement process as well as some 
accompanying procedures, particularly, aerosol optical thickness. Also, a self-calibration method 
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based on Langley technique modified to using statistical processing of results is being developed 
to define extraterrestrial constant and other instrument parameters. 
 
 
DISSEMINATION OF RESULTS 
           
The data being derived by the NOMREC along with the data collected at the Institute of Physics 
are submitted to and archived in the NEMS database. So far we are not able to send the 
accumulated data to the WOUDC because of a problem with their reevaluation. Nevertheless, 
certain measures are currently being undertaken towards resolving positively this problem. 
 
Information to the public  
Mapping and UV Index forecast generated specifically for different regions have been realized since 
2006.  

 
UV Index short-term forecast for all territory of the republic as well as a map (for clear sky and 
assuming predicted overcast) is submitted to the National news agency  BelТА on a daily basis  
and published in  republican newspapers "Zviazda" and "Obozrevatel". 

 
These data are also available on the NOMREC site at http://ozone.bsu.by and on the official site of 
the Republican weather centre at  http://www.pogoda.by. A corresponding program automatically 
updating site information has been originated by the NOMREC.  Two brochures named “20 years 
of the Montreal Protocol” and ”UV radiation safe application” were specially published in 2007 for a 
national meeting of environmental specialists dedicated to the 20th anniversary of the Montreal 
Protocol.  
 
 
PROJECTS AND COLLABORATION 
 
The NOMREC is currently in charge of a few national projects related to total ozone amount, UV 
radiation and tropospheric ozone research. Those are as follows: ozone mini-holes dynamics and 
climate parameters, stratospheric and surface ozone interaction, evaluation of solar UV radiation 
long-term changes in Belarus (all in progress); designing of DOAS surface ozone instruments 
(along with the Lithuanian Institute of Physics).  
 
Monitoring of atmosphere is maintained within the framework of lidar net in CIS countries CIS-
LiNet and European lidar network EARLINET.   
 
In 2006 certain activities were implemented towards modernization of a Russian ozonometer M-
124 (addressing current technology and element base) by the NOMREC along with GGO 
atmosphere remote sounding research centre (St. Petersburg, Russia). 
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Figure 4:  Total ozone data measured at  Molodezhnaya Antarctic station. 
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Natural tests of the modernized М-124 model were performed during the seasonal Antarctic 
expedition (2006-2007). The model differs from the initial one by the combine interference-
absorption filters and the solar-blind phototube. 
 
Data analysis shows good conformation of the general trend of TOA variations to satellite data 
(see Figure 4).  
 
 
FUTURE PLANS 
 
Four more UV monitoring stations in different Belarus regions equipped with narrowband filter 
devices (NILU-UV type) will be brought into operation within next 3 years.  

 
The instrument for zenith observation of total nitrogen dioxide is planned to be compared to the 
regional standard in Zvenigorod (Russia).  
 
The lidar system for sounding ozone in troposphere shall be brought into operation regime at the 
IP lidar station. A complex technical project on PION and PION-UV modernization is adopted 
aiming at providing regular measurements of ozone and UV radiation in Antarctica. The GGO 
along with the NOMREC are intended to realize a project on maintaining the M-124 network 
beyond Russia Federation in terms of instrumentation repairing and modernization. As follows, in 
accordance with WMO Global Ozone Research and Monitoring Project Report No. 48 
(Recommendations, point 11.2) we seek for financial and institutional support to keep this 
perspective attainable.      
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BENIN  
 
 
INTRODUCTION 

 
Conformément au calendrier établi par le protocole de Montréal sur l’élimination des substances 
appauvrissant la couche d’ozone (SAO), et unanimement accepté par l’ensemble des parties, les 
chlorofluorocarbones (CFC) sont interdits d’exportation et d’importation à partir du 1er janvier 
2010. 

 
En plus, chaque pays-partie doit tout faire pour éliminer les CFC restants (normalement 15 % de la 
consommation nationale habituelle), former les techniciens du froid à la nouvelle technologie sans 
CFC et reconvertir les appareils frigorifiques à l’utilisation des produits de substitution avant 
l’échéance fatidique. 

 
Nous sommes donc à une étape décisive et le présent projet, tenant compte des réalités 
spécifiques de notre pays, se doit d’être minutieusement ficelé et mené à bon port. 
 
SITUATION DU PAYS 
 
Données générales 
Le Bénin couvre une superficie de 116 000 km² et partage ses frontières avec le Burkina-Faso, le 
Niger, le Nigéria et le Togo. Sa population est estimée à 6,8 millions d’habitants en 2002. 
L’économie du pays est basée sur l’agriculture et l’élevage. 

 
Le secteur du froid y joue un rôle important dans la conservation des produits et la climatisation. 

 
Signalons entre autres l’existence de poissonneries, fabrique de glace, crèmeries… qui sont en 
plein développement. 
 
Mesures prises par le gouvernement pour la protection de l’environnement au Bénin 
Le gouvernement béninois, à travers la constitution adoptée le 11 décembre 1990 et les différentes 
mesures législatives et réglementaires établies par la suite, accorde une importance particulière à 
la protection de l’environnement. 

• En effet, en son article 27, la Constitution de la République du Bénin dispose : 
« Toute personne a droit à un environnement sain, satisfaisant et durable et a le 
devoir de le défendre. L’Etat veille à la protection de l’environnement ».  

• Les articles 28, 29, 74 et 98 de la Constitution ont également trait à la protection de 
l’environnement. 

• La Charte nationale sur la gouvernance en République du Bénin dispose en son 
article 6 : « l’environnement béninois est un patrimoine national et fait partie 
intégrante du patrimoine commun de l’humanité ». 

• Le "Plan d’Action Environnementale" vise essentiellement :  
- Un changement de comportements vis-à-vis de la nature par une 

conscientisation de tous les béninois ; 
- La maîtrise de l’exploitation des ressources naturelles et unr meilleure gestion 

de la biodiversité ; 
• La loi n°98-030 du 12 février 1999 portant loi cadre sur l’environnement en 

République du Bénin précise en son article 73 que : « la fabrication, l’importation, la 
détention, la vente et la mise à la disposition du consommateur de produits 
générateurs de déchets dangereux ou toxiques sont réglementés ». 

 
La loi-cadre réglemente de façon générale toutes les substances chimiques nocives et 
dangereuses pour l’homme et la nature, notamment les SAO. 
 
Ainsi donc, l’environnement fait au Bénin, l’objet d’une grande préoccupation, aussi bien de la part 
du Gouvernement que de la population. 
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A présent, voyons ce qu’il en est des SAO et des équipements les contenants. 
 
Situation du Bénin vis-à-vis des traités sur la protection de la couche d’ozone et les SAO 
Le 16 mars 1993, la République du Bénin a ratifié la Convention de Viennes sur la protection de la 
couche d’ozone et le Protocole de Montréal relatif à des substances qui appauvrissent la couche 
d’ozone. 

 
• De plus, les quatre amendements au Protocole de Montréal ont été également 

ratifiés. 
• Après la ratification des deux traités, le programme de pays du Bénin a été élaboré 

avec le concours du Fonds Multilatéral et du Programme des Nations Unies pour 
l’Environnement (PNUE). 

• La consommation du Bénin en SAO, était de 41 tonnes PAO en 1993. les produits 
consommés sont : CFC-11, CFC-12, CFC-115 (en mélange avec le R-502), les 
halons 1211 et 1301 et le bromure de méthyle. 

• Sans les contraintes du Protocole de Montréal, le programme de pays estime que la 
consommation du Bénin serait de plus de 100 tonnes en 2010. 

• En décembre 2006, la consommation nationale est de l’ordre de 19,54 tonnes. 
 

Cadre législatif et réglementaire sur les SAO au Bénin 
 
Cadre institutionnel 
La structure responsable de la mise en œuvre du Protocole de Montréal est le Bureau National 
Ozone du Bénin placé sous l’autorité du Ministère de l’Environnement et de la Protection de la 
Nature (MEPN). Il est assisté d’un Comité National d’Ozone regroupant aussi bien des industriels, 
des ONG et des Représentants des différents ministères. 
 

Le Bureau National Ozone a pour mission de : 
• Veiller à l’application des engagements pris par le gouvernement.  
• Conseiller les autorités. 
• Assurer le contact avec le Secrétariat du Protocole et les autres organismes 

impliqués,  dans les questions de protection de la conche d’ozone. 
• Collecter et communiquer les données sur la consommation nationale des SAO. 
• Superviser les programmes de sensibilisation du public et de formations spécifiques.  
• Coordonner et assurer le suivi du Plan de Gestion des Fluides Frigorigènes et tout 

autre projet initié dans le cadre du Protocole de Montréal. 
• Elaborer la législation nationale sur les SAO et le code de bonnes pratiques pour les 

techniciens de froid. 
 
Situation de la consommation des CFC ces quatorze dernières années : 
 

Année 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 
Consommation 
(tonnes) 

41 37 62 69,005 72,552 66,653 68,653 65,258 62,414 44,725 26,370 17,535 16,55 19,154 

 
En dehors des CFC, le Bénin a eu à consommer des halons et le bromure de méthyle. 
 
 

Halons: 
Dans le cadre de la mise en œuvre du Protocole de Montréal, le PNUE a assisté les pays africains 
suivants : le Congo, la République Démocratique du Congo, le Cameroun, le Bénin et le Burkina-
Faso à élaborer un projet régional d’élimination des halons et de création d’une Banque de Halons. 
Ce projet avait été approuvé par le Comité Exécutif et financé par le Fonds Multilatéral. 
 
Plusieurs activités prévues dans ce projet ont été déjà exécutées au Bénin. Il s’agit de : 

- La collecte des données nationales sur la consommation des halons au Bénin ; 
- L’organisation de l’atelier national de sensibilisation et de formation sur l’utilisation 

des halons et des alternatives. 
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Des activités réalisées, il ressort que les données collectées ont permis d’identifier les principaux 
utilisateurs, ainsi que les utilisations essentielles. Elles ont aussi montré que les halons 1301 sont 
les plus consommés. Les principaux domaines de consommation identifiés pour les halons 1301 
sont : l’industrie pétrolière, l’aviation et les applications militaires.  
 
Des enquêtes réalisées, il ressort que le stock de halons se présente comme suit : 

- Halons 1301 : 762kg ; 
- Halons 1211 : 663kg 

 
Le bromure de méthyle : 
Au Bénin, c’était la Direction de l’Agriculture du Ministère de l’Agriculture, de l’Elevage et de la 
Pêche qui était la seule utilisatrice du bromure de méthyle pour le traitement de certaines denrées 
avant expédition. Ce produit est actuellement abandonné au profit de la phosphine depuis 
l’adhésion du Bénin au Protocole de Montréal. 
 
Le Bénin détient un stock de 150 kg de bromure de méthyle non utilisé et devenu obsolète. 
 
Réglementation des SAO au Bénin 
Le Bénin a adopté plusieurs textes législatifs et réglementaires dont ceux portant spécifiquement 
sur les SAO. Il s’agit entre autres de : 
 
Le décret n°2000-671 du 29 décembre 2000 portant réglementation de l’importation, de la 
commercialisation  et de la distribution des matériels et biens d’équipements d’occasion.  
 
L’article 4 de ce décret dispose : « l’importation en République du Bénin des appareils frigorifiques 
d’occasion et autres matériels similaires utilisant des gaz contenant des chlorofluorocarbones 
(CFC) et autres substances appauvrissant la couche d’ozone (SAO) est interdite ». 
 
L’intérêt de ce décret est qu’il permet de limiter l’importation des appareils frigorifiques usagés 
susceptibles d’utiliser les CFC et de réduire la consommation du Bénin pour ce qui est de ce fluide. 
 
L’arrêté interministériel n°002/MEHU/MICPE/MFE/DC/SG/DE/SEL/ DEE/SA du 08 janvier 2003 
portant réglementation de l’importation des substances appauvrissant la couche d’ozone et des 
appareils et équipements usagés utilisant de telles substances. 
 
Cet arrêté réglemente l’importation des SAO et des appareils et équipements usagés utilisant les 
SAO. Il fixe la liste de ces substances, appareils et équipements visés par le Protocole de Montréal 
et mentionne, par ailleurs, que l’importation des SAO est soumise à une autorisation spéciale, 
délivrée par la Direction du Commerce Extérieur. Un formulaire de demande d’autorisation 
spéciale d’importation est annexé à cet arrêté.  
 
Cet arrêté fixe également la durée de la validité de l’autorisation spéciale à 6 mois et prévoit des 
peines pour les infractions, commises, conformément aux textes en vigueur, notamment l’article 37 
de la loi n°90-005 du 15 mai 1990. 
 
Système de licence d’importation sur les SAO 
L’importation des SAO au Bénin est réglementée par un système d’autorisation préalable 
d’importation. Pour contrôler l’importation des substances en cause, le Ministre chargé du 
commerce prend des notes de service fixant les quotas annuels de SAO à importer. 
 
Le but de toutes ces dispositions réglementaires est de décourager l’importation des SAO au profit 
des nouveaux produits. 
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LA LEGISLATION COMMUNAUTAIRE SUR LES SAO 
 
L’adoption du Règlement N°04/2005/CM/UEMOA portant harmonisation des règlementations 
relatives à l’importation, à la commercialisation, à l’utilisation et à la réexportation des 
substances qui appauvrissent la couche d’ozone et des équipements les contenant par 
l’Union Economique et Monétaire Ouest Africaine (UEMOA) a pour objectif d’assister les pays 
africains francophones dans l’élaboration, l’adoption et la mise en œuvre d’une réglementation 
harmonisée des mécanismes de contrôle et de suivi des importations des substances 
appauvrissant la couche d’ozone. 
 
Ce règlement s’inscrit bien dans le processus d’intégration de l’UEMOA qui regroupe huit Etats 
membres dont le Bénin. 
 
Ledit règlement est entré en vigueur le 1er janvier 2006 et comporte 12 articles et deux (02) 
annexes à savoir : 

− Annexe 1 portant liste des substances réglementées par le Protocole de Montréal à 
l’importation. 

− Annexe 2 portant liste des équipements contenant les substances réglementées par 
le Protocole de Montréal. 

 
 

PROJETS MIS EN ŒUVRE AU BENIN DANS LE CADRE DE L’APPLICATION DU 
PROTOCOLE DE MONTREAL : 
 
Le tableau ci-après, résume succinctement la mise en œuvre, à ce jour, du Protocole de Montréal, 
notamment du Plan de Gestion des Fluides Frigorigènes (PGFF) adopté au Bénin. 

 
ANNÉES PROJET MIS EN ŒUVRE RÉSULTATS ATTENDUS RÉSULTATS OBTENUS 
1995 Adoption par l’Etat Béninois 

du Programme de Pays du 
Bénin 

- Mise au point par l’Etat d’une 
stratégie visant à la formalisation 
du secteur et le contrôle du 
marché d’importation des SAO ; 

- Adoption du calendrier 
d’élimination des SAO. 

L’implication de l’Etat Béninois a 
facilité la tâche de tous les acteurs 
ayant un rôle dans l’élimination des 
SAO 

1996 - Renforcement 
institutionnel du Bénin 

- Démarrage des activités 
- Création du Bureau 

National Ozone (BNO) 
et du Comité National 
Ozone (CNO) 

- Mise en œuvre et coordination 
des activités prévues dans le 
programme de pays 

- Equipement du BNO 

- Le BNO et le CNO sont mis en 
place et jouent parfaitement leur 
rôle de coordonnateurs et de 
superviseurs des actions de 
collecte de données sur les SAO 
et de sensibilisation des acteurs 
de la filière et de toute la 
population 

1997 Construction par l’Etat 
Béninois d’un bâtiment pour 
abriter le BNO 
Voyage d’étude et 
d’échange au Ghana en août 
par une délégation du BNO-
CNO Bénin 

Mise en place du bâtiment ozone Le BNO et tout son personnel ont 
désormais leurs bureaux 

1998 Formation des journalistes 
en matière de protection de 
la couche d’ozone 

Des représentants (environ une 
vingtaine), des principaux journaux 
de la place, ont reçu, grâce au BNO 
et au CNO une formation sur le rôle 
de la couche d’ozone, les 
conséquences de sa disparition et les 
équipements qui utilisent les SAO 

Renforcement de la sensibilisation 
sur les SAO 
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1999 Formation des formateurs 

des techniciens frigoristes en 
technique de récupération et 
recyclage des CFC 

Former des frigoristes de haut niveau 
(Ingénieurs, Professeurs de froid etc.) 
afin que ces derniers puissent former 
à leur tour d’autres frigoristes. 

- 20 formateurs ont été formés 
dans un premier temps et 22 
dans un deuxième temps. Ceux-
ci ont alors aidé à la formation de 
près de 287 techniciens 
frigoristes. 

2000 Elaboration du Plan de 
Gestion des Fluides 
Frigorigènes (PGFF) du 
Bénin 
Mise en œuvre des activités 
prévues dans ce plan 

- Connaissance de toutes les 
activités liées au froid et au 
conditionnement d’air ; 

- Définition des actions relatives à 
la gestion des secteurs 

- Mise en œuvre de ces actions en 
vue de la réduction et élimination 
des SAO 

La mise en œuvre rigoureuse des 
différentes composantes du PGFF a 
permis à notre pays de respecter le 
calendrier d’élimination des SAO tel 
que fixé par le Protocole de Montréal 

2002 Reconversion de l’Usine 
« Plastique et Elastomère du 
Bénin » (PEB) 

Reconvertir cette usine afin qu’elle 
n’utilise plus de CFC-11 comme 
agent gonflant de la mousse. 

Le projet a été mené à bon compte 
grâce au financement du Fonds 
Multilatéral. L’usine utilise 
actuellement le chlorure de 
méthylène comme agent gonflant de 
la mousse. 
Cela a eu pour effet une diminution 
très remarquable de la quantité de 
SAO utilisée au Bénin 

2003 Elaboration de mesures 
réglementaires et législatives 
sur l’importation des SAO et 
des appareils qui les utilisent 

Les mesures ci-après ont été 
envisagées : 
- Arrêté Interministériel 

n°002/MEHU/MICPE/MFE/DC/S
G/DE/SEL/DEE/SA du 08 janvier 
2003 ; 

- Décret n°2000-671 du 29 
décembre 2000 

- Note de service 
n°711/MICPE/DC/SG/DCE/SRE 
du 05 avril 2002 

Les différentes mesures 
réglementaires proposées ont été 
adoptées par l’Etat 

2004 - Formation des 
Inspecteurs de 
l’Environnement ; 

- Formation des agents de 
la douane 

Formation en 2 phases : 
- Formation des formateurs ; 
- Formation des autres Inspecteurs 

de l’Environnement et des autres 
agents de la douane 

Ces mesures ont permis une 
meilleure application des mesures 
réglementaires et législatives sur les 
SAO et un meilleur contrôle de 
l’importation des SAO au Bénin. 

 - Code de bonnes 
pratiques en matière de 
froid afin d’éviter un 
gaspillage des fluides 
frigorigènes 

- Elaboration, à l’intention des 
frigoristes d’une ligne de conduite 
en matière de réfrigération et de 
climatisation 

- Le code a été élaboré et distribué 
à tous les frigoristes. Cela a 
permis une baisse de la 
consommation des SAO. 

 - Mise à disposition des 
frigoristes des 
équipements frigoristes 
ayant servi à leur 
formation 

- Constituer des lots et les mettre à 
la disposition des écoles de 
formation professionnelle, des 
associations départementales 
des frigoristes 

- Les équipements reçus ont été 
répartis à travers les 
départements du Bénin sous la 
garde des Directions 
Départementales de 
l’Environnement ; 

- Un lot est à la disposition du 
Comité National Ozone pour lui 
permettre de poursuivre ses 
activités de formation 

 
2006 

- Formation des 
inspecteurs de 
l’environnement et 
autres agents : agents 
phytosanitaires policiers 
sanitaires et agents des 
eaux et forêts 

- 35 cadres -  

 
• La formation des 42 formateurs et des 287 techniciens frigoristes n’a été possible que 

grâce à l’ONUDI et à Environnement Canada qui ont mis à la disposition de notre 
pays des équipements de formation dont 4 recycleurs, 20 récupérateurs et d’autres 
instruments ; 
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• Il est important de signaler qu’après la formation, les équipements ont été répartis, 
selon des critères d’octroi définis par le comité de sélection, aux associations 
départementales des techniciens frigoristes, aux établissements d’enseignement 
professionnel qui forment des techniciens de froid, et aux grosses sociétés pour, 
entre autres choses, la récupération et le recyclage du CFC-12 ; 

• Le secteur informel étant très développé au Bénin, la formation des agents de la 
douane (environ 79 agents) et de 22 Inspecteurs de l’Environnement à l’application et 
au suivi de la réglementation en vigueur en matière de SAO a beaucoup aidé le BNO 
à juguler un tant soit peu cette difficulté. Notons que cette formation n’a été possible 
que grâce à Environnement Canada qui a fourni au Bénin quelques identificateurs de 
SAO. 

 
Nous espérons en plus qu’avec l’application de la réglementation de l’UEMOA, le passage 
frauduleux des SAO entre pays UEMOA sera mieux contrôlé. 
 

• La reconversion de l’usine Plastique et Elastomère du Bénin (PEB) a été très 
déterminante pour la réduction des SAO dans notre pays. En effet, cette usine 
importait des quantités importantes et croissantes de CFC-11 pour le gonflage des 
mousses. La reconversion, grâce au Fonds Multilatéral, a permis à l’usine de 
substituer le CFC-11 par le chlorure de méthylène. 

 
Difficultés rencontrées dans la mise en œuvre du Protocole : 
Comme cela a été dit, la mise en œuvre des différentes composantes des activités ci-dessus 
énumérées a permis à notre pays de respecter ses engagements vis-à-vis du Protocole, 
notamment la réduction progressive de la consommation des SAO. 
 
Cependant, cette mise en œuvre n’a pas été sans poser quelques problèmes. Citons brièvement : 

• Le prix élevé des produits de substitution (R-134A, R-404A). Ces derniers étaient en 
effet 3 à 4 fois plus chers que les anciens produits ; 

• Les conséquences socio-économiques de la limitation de la mise en œuvre de la 
réglementation sur les SAO ; 

• La difficulté de contrôler le secteur informel de distribution des SAO. 
 
Il est à noter néanmoins, en ce qui concerne cette dernière difficulté, que la formation des 
Inspecteurs de l’Environnement et des agents de la douane a permis de juguler le problème, un 
tant soit peu. 
 
Quant aux deux premières difficultés, nous espérons que l’interdiction de l’exportation des CFC en 
2010 permettra de les résoudre. 
 
 
CONSOMMATIONS SECTORIELLES : 
 
Réfrigération domestique  
L’enquête menée chaque année sur la consommation des SAO au Bénin indique très clairement 
que dans le secteur du froid, la réfrigération domestique est de loin la plus importante, environ 72 à 
75 % de la consommation totale. 

 
Le produit concerné est surtout le CFC-12, utilisé pour charger les réfrigérateurs, les congélateurs 
et les réfri-congélateurs. 

 
Le CFC-11, utilisé pour le nettoyage des circuits, a tendance à disparaître. 

 
L’utilisation du R-134 A, bien que timide pour le moment à cause de son prix relativement élevé, 
mérite d’être signalée. Tous les appareils neufs actuellement importés (réfrigérateurs, réfri-
congélateurs et congélateurs) sont à base de R-134 A. 
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Réfrigération commerciale et industrielle  
Nous assistons en ce moment à un développement très remarquable de l’utilisation du froid dans 
les secteurs du commerce et de l’industrie au Bénin, notamment les chambres froides pour la 
conservation du poisson importé, les fabriques de glace, les hôtels, les brasseries pour ne citer 
que ceux-là. 

 
L’estimation du CFC-12 consommé dans ces deux secteurs est environ 15 à 17 %. 
 
Climatisation des moyens de transport  
Les frigorigènes utilisés sont le CFC-12 et le R-134 A pour les nouvelles voitures. 
 
Les enquêteurs se sont aperçus que ce secteur occupe également une place non négligeable 
dans la consommation du CFC-12. Elle est estimée, pour ce secteur à 10 %, venant ainsi juste 
après la réfrigération domestique. 
 
Le nombre de voitures climatisées actuellement en circulation dans notre pays est estimé à 4,883. 

 
Air conditionné 
 
Domestique: 
Le produit utilisé dans ce secteur est le HCFC-22. Compte tenu du faible niveau de revenus des 
Béninois, les logements climatisés existent mais ils sont ils sont rares. 
 
Mais l’administration béninoise a la plupart de ses bureaux climatisés à près de 70 %. 
 
Climatisation centrale: 
Dans ce secteur, la consommation du frigorigène R-404 A est de plus en plus importante, avec la 
multiplication des grandes salles de conférence, des hôtels, des banques… 
 
Seulement, étant donné qu’il s’agit d’un nouveau produit, les enquêteurs ne disposent pas de 
donnée chiffrée sur l’utilisation. 
 
Tableaux des résultats 

 
Tableau 1: Importation des réfrigérants en 2006 (en tonnes). 

IMPORTATEUR REFRIGERANTS QUANTITE 
IMPORTEE 

PROVENANCE PAYS 
D’ORIGINE 

FOURNISSEUR 

 CFC-12 14,106 Europe France Société Galex 
 R-22 5,003    
 R-134a -    
 R-502 0,00    
 CFC-11 0,045    

Source : Enquête 
 
 

Tableau 2: Nombre d’équipements frigorifiques et de conditionnement d’air. 
 2001 2002 2003 2004 2005 2006 
Réfrigération Domestique 22,192 23,312 23,805 23,875 23,870 24,005 
Réfrigération commerciale et 
industrielle 

2,56 270 273 277 279 286 

Air conditionné domestique 2,289 2,407 2,410 2,407 2,415 2,425 
Air conditionné de taille 
moyenne et grande 

175 183 190 193 201 198 

Véhicules climatisés MACS 4,543 4,725 4,855 4,860 4,879 4,883 
Sources : Enquêtes, Institut National des Statistiques et d’Analyse Economique, Centre National de 
 Sécurité Routière 
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Tableau 3: Consommation des réfrigérants par secteur (en tonnes métriques). 
 Réfrigérants 2001 % 

2001 
2002 % 

2002 
2003 % 

2003 
2004 % 

2004 
2005 % 

2005 
2006 % 

2006 
CFC-12 17,72 75% 15,95 74% 12,60 73% 8,21 72,5% 7,54 75% 10,57 75% 
R-22             
R-502             
R-134a             

Réfrigération 
domestique 

HC             
CFC-12 3,54 15% 3,45 16% 2,80 16% 1,86 16,5% 1,70 17% 2,4 17% 
R-22             
R-502             

Réfrigération 
commerciale 
et 
industrielle R-134a             
 HC             

CFC-12             Air 
conditionné 
domestique 

R-22 5,024 60% 5,40 59% 4,98 55% 3,37 54,5% 3,30 55% 2,65 53% 

R-22 3,349 40% 3,75 41% 4,07 45% 2,81 45,5% 2,70 45% 2,35 47% Air 
conditionné 
de taille 
moyenne et 
grande 

R-404a             

CFC-12 2,36 10% 2,15 10% 1,90 11% 1,25 11% 0,80 8% 1,13 8% Véhicules 
climatisés R-134a             
Fabrication 
de mousse 

CFC-11 29,62 98% 13,57 98% 0 0% 0 0% 0 0% 0 0% 

Nettoyage 
des circuits 

CFC-11 0,60 2% 0,30 2 % 0,065 100 
% 

0,125 100 % 0 0 % 0,045 100% 

Source : Enquête 
 
 

Tableau 4: Prix des réfrigérants. 
ANNEES REFRIGERANTS 2001 2002 2003 2004 2005 2006 2007 

R-12     97 131 131 
R-11     116 123 123 
R-22     98 112 112 
R-502     357 397 - 
R-134a     250 211 211 
HC        
CTCCTA        
Sources : Société Béninoise de Gaz Industriels (OBEGI) : 21 33 10 75 de M. Gilles. Les prix donnés sont HT 
en bouteilles de 10 kg. Nous avons mentionné l’année 2007 pour voir l’évolution des prix. 
 
 
STRATEGIE D’ELIMINATION DES CFC RESTANTS : 
 
Assistance du Gouvernement Béninois 
Les actions ci-dessous sont de la seule responsabilité opérationnelle et financière du 
gouvernement Béninois. Celles qui ont déjà été élaborées n’ont pas été chiffrées. Mais il sera très 
important de les mettre en œuvre pour permettre au BNO d’atteindre ses objectifs en 2010. Il s’agit 
de : 
 
PROJET DURÉE COÛT 

(US $) 
SECTEURS OBJECTIF IMPACT 

Réglementation des 
importations de SAO 

  Tous Utilisation des 
Substances 
alternatives 

 

Réglementation de 
l’importation des équipements 
utilisant les SAO 

  Tous Substances 
alternatives 
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Interdiction des implantations 
agro-alimentaires et 
industrielles avec CFC 

  Industrie Substances 
alternatives 

 

Interdiction des implantations 
de surface commerciale 
supérieure à 300 m2 à SAO 

  Froid 
commercial 

Substances 
alternatives 

 

Interdiction des adaptations 
de climatisation automobile 
avec CFC 12 

  Climatisation 
automobile 

Substances 
alternatives 

 

Interdiction de 
climatisation centrale à 
SAO dans les immeubles 
neufs 

  Climatisation 
centrale 

Substances 
alternatives 

 

Incitation au remplacement 
des installations avec CFC 

  Commerce, 
industrie, 
climatisation 
centrale 

Substances 
alternatives 

 

Augmentation de la 
taxation des SAO et 
baisse sans SAO 

  Tous Substances 
alternatives 

 

Sécurité des équipements 
utilisant les hydrocarbures 
(HC) 

  Tous Substances 
alternatives 

 

Association des artisans 
frigoristes 

  Tous Diffusion des 
bonnes 
pratiques 

 

Organisation de réunions 
inter-pays 

P.M. 2,000  Diffusion des 
bonnes 
pratiques 

 

Qualité de la distribution 
électrique 

     

Surveillance et contrôle de 
la consommation des SAO 

4 ans 57,000 Tous Contrôle des 
bonnes 
pratiques 

 

Plaquette de 
sensibilisation et 
d’information 

  Tous Sensibilisation, 
information, 
éducation 

 

Label sans CFC protège la 
couche d’ozone 

4 ans 5,000 Tous  sensibilisation  

TOTAL 64,000    
 
 
Les dispositions réglementaires relatives à l’importation des SAO et des équipements neufs ou 
d’occasion qui les utilisent sont déjà élaborées. Cependant, l’Etat Béninois doit veiller à 
l’application stricte de la réglementation. Un accent spécial doit être mis sur la licence d’importation 
et les quotas d’importation. 
 
L’augmentation de la taxation des SAO est du ressort du gouvernement. Il sera intéressant de la 
mettre en œuvre et d’en surveiller l’exécution. 
 
Nous estimons que l’application des mesures décrites dans le tableau ci-dessus permettra 
d’atteindre les objectifs fixés. 
 
Assistance du Fonds Multilatéral/Environnement Canada  
Cette assistance repose sur la mise en œuvre des activités suivantes : 
 
Information, Education, Communication 
Il conviendrait, durant cette période, de renforcer la sensibilisation du public béninois, au moyen de 
supports audio-visuels, de manuels pédagogiques à l’intention des élèves et des étudiants, des 
dépliants…. 
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Coût du projet :     35,000 US $ 
1ère phase :     20,000 US $ 
2ème phase :    15,0000 US $ 

 
Formation et recyclage des techniciens frigoristes 
Cette composante est l’une des plus importantes du TPMP. En effet, elle inclut plusieurs aspects : 

• La formation ou le recyclage des techniciens frigoristes en récupération et recyclage 
des CFC. 

• La formation desdits techniciens à la reconversion des équipements (réfrigérateurs, 
congélateurs, réfri-congélateurs) utilisant les CFC à l’usage des substances 
alternatives et aux hydrocarbures. 

• D’une manière générale, la formation des frigoristes en opérations de montage et de 
maintenance des appareils frigorifiques, à l’aide d’outillage et de consommables 
adéquats pour assurer une prestation respectueuse de l’environnement. 

 
Coût de projet : 
 
1ère phase : (Formation/recyclage des formateurs) 

* Experts internationaux (2) :   20,000 US $ 
* Organisation locale :    25,000 US $ 

2ème phase : (Formation des frigoristes) 
* Organisation locale :    60,000 US $ 
Total :      105,000 US $ 

 
Formation et recyclage des douaniers et inspecteurs de l’environnement : 
Le but visé est l’application stricte de la réglementation sur les SAO et les équipements qui les 
utilisent. Ainsi, les importations illégales seront mieux contrôlées. 

 
Coût du projet : 
 
1ère phase : (Formation des formateurs). 

* Expert international :    10,0000 US $ 
* Assistance technique locale :    10,000 US $ 
* organisation locale :     25,000 US $ 

2ème phase 
* Organisation locale :    40,000 US $ 
* Achat des identificateurs de SAO :  20,000 US $ 
Total :       105,000 US $ 
 

Evaluation et suivi : 
Il sera nécessaire de suivre l’exécution des différents projets et d’évaluer leur impact en organisant 
des ateliers avec tous les concernés. 
 

Coût : 50,000 US $ 
* 1ère phase :    25,000 US $ 
* 2ème  phase :    25,000 US $ 

 
 
 
Création de centres de récupération et recyclage 
Ces centres permettront de recycler les frigorigènes récupérés en vue de leur réutilisation. Trois 
centres seront créés à Cotonou, Bohicon et Parakou pour les usagers du Sud, du Centre et du 
Nord. Des techniciens seront formés, à raison de deux techniciens par centre, pour s’occuper de 
toutes les opérations dans ces centres. 

 
Coût : 
 

* Formateurs locaux (2) :   10,000 US $ 
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* Location de salles :   1,500 US $ 
* Bacs de 6 :    5,600 US $ 
Total :      12,100 US $ 
 

A. Objectifs :   Sensibilisation   des   Acteurs   du   froid,   intervenant   pour    la  
maintenance des équipements dans l’administration : Public/privée 

 
Résultat attendu  
  

- Un répertoire des sociétés de climatisation et des personnes ressources ; 
- le parc de climatiseur est identifié (quantité, puissance,  administration) ; 
- la quantité de R-22 en utilisation est maîtrisée ; 
- etc. 
 

B. Objectif : Commerce Agro-alimentaire 
 
 
ACTEURS IMPLIQUÉS  
 
Niveau national  
 

• Ministère de l’Environnement et de la Protection de la Nature 
 
Le Ministère, coiffant la Direction Générale de l’Environnement et le Bureau National 

Ozone, est l’œil du gouvernement dans le TPMP. Ainsi impliqué, l’Etat remplira plus facilement ses 
obligations dans ce projet. 

 
• Bureau National Ozone  
 
Le BNO est le maître d’œuvre du TPMP. Il est responsable de l’exécution des activités et 

de la bonne prestation de tous les acteurs impliqués. 
 
Le BNO se fera cependant aider par : 

 Le Comité National Ozone, composé des représentants des ministères, de 
l‘Industrie, de l’ONG BENIN 21. 

 Des consultants locaux. 
 Des représentants des Associations Départementales du Froid. 
 et d’autres personnes ressources afin de les mettre à contribution dans le 

projet et recueillir leur avis. 
 
Le BNO devra rendre compte au PNUE et à Environnement Canada de l’évolution des 

activités. 
 

Niveau International  
 
Le Programme des Nations Unies pour l’Environnement (PNUE) et Environnement 

Canada aideront le BNO à mener à bon compte les travaux liés à ce projet et désigneront s’il y a 
lieu les Experts Internationaux nécessaires. 
 
BUDGET 
 

N° PROJET COÛT (US $) OBSERVATION 
PHASE 1 
1.  Information, Education, Communication 20,000  
2.  Formation et recyclage des techniciens frigoristes 105,000  
3.  Formation et recyclage des douaniers et Inspecteurs de 

l’Environnement 
105,000  

4.  Evaluation et suivi 25,000  
5.  Création de 03 centres de récupération et de recyclage 12,100  
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Total Phase 1 267,100  
PHASE 2 
6.  Information, Education, Communication 15,000  
7.  Evaluation et suivi 25,000  
Total phase 2 40,000  
TOTAL GÉNÉRAL 317,500  

 
 
CHRONOGRAMME DES ACTIVITÉS  
 

ACTIVITÉ 2007 2008 2009 
PHASE 1 
Information, Education, 
Communication, 
Sensibilisation 

            

Formation des frigoristes             
Formation des douaniers et 
des Inspecteurs de 
l’Environnement 

            

Suivi-Evaluation             
Création de centres de 
récupération et de recyclage 

            

Rapport de la phase 1             
PHASE 2 
Sensibilisation              
Suivi-Evaluation             
Rapport phase 2             
Rapport final             

 
 
CONCLUSION : 
 
A ce jour, le calendrier d’élimination des SAO a été respecté. 
 
L’élimination finale des CFC à la date prévue, 1er janvier 2010, est possible, à condition que les 
activités programmées dans le TPMP soient menées à bon port, dans des délais convenables et 
que la facilitation dans l’acquisition du matériel d’équipement des techniciens pour l’exonération de 
taxes douanières temporaires facilitera l’obtention rapide du résultat à atteindre pour l’élimination 
des CFC. 
 

**** 
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BRAZIL 
 
 

OBSERVATIONAL ACTIVITIES: 
 
The Ozone Laboratory of the National Institute for Space Research (INPE) was created in 1985 by 
Dr Wolker W. J.H. Kirchhoff and the coordinator is Dr Plinio C. Alvalá. In the present it is formed by 
3 Ph.D.s, 2 engineers, 5 technicians and a few graduate students in special MSc and PhD 
programs. Our major activity is to make observations of the ozone layer using a network of ground 
based spectrophotometers, of the Dobson and the Brewer types. We presently operate 2 Dobson 
stations and 6 Brewer observation sites: Natal and Cachoeira Paulista are Dobson sites; Natal, 
Cuiabá, Cachoeira Paulista, Santa Maria, La Paz, Punta Arenas (1991 to 2000) and Antarctica are 
Brewer sites. In addition, ozone concentrations are also measured by the ECC sounding technique 
on balloons. A long term measurement program at Natal has been operational since 1978. Special 
field campaigns have also been made at other sites, especially in Amazonia, to study biomass 
burning effects. More recently, instruments to measure the UV-B radiation have been added to the 
network.  
 
  Table1:  The  Brazilian  Network Instrumentation. 

 
SITE 

 
LAT. 

(SOUTH) 

 
LONG. 
(WEST) 

 
DOBSON 
NUMBER 

 
GUV 

NUMBER 

 
BREWER 
NUMBER 

PERIOD 
and 

TYPE 
 

NATAL 
 

BRAZIL 

  
5.84o 

  
35.21o 

 
093 

 
since 1978 

 
9285 

- 
since 1997

110 
 

073 
 

1994-1996
MARK IV 

1996 - 
today 

MARK IV 
 

CUIABÁ 
 

BRAZIL 

  
15.3o 

  
56.1o 

 
- 

 
- 

056 
 

081 

1991-1997
MARK II 

2002-today
MARK IV 

 
LA PAZ, 

 
BOLÍVIA 

  
16.54o 

  
68.06o 

 
- 

 
- 

 
110 

 
1996-2004

 
MARK IV 

 
CACHOEIRA 

PAULISTA 
BRAZIL 

  
22,68o 

  
45,00o 

 
114 

 
since 1976 

 
9255 

- 
since 1997

 
124 

 
1997 

 
MARK IV 

 
SAO JOSE DOS 

CAMPOS 
BRAZIL 

  
23,2o 

  
45,86o 

 
- 

 
- 

 
056 

2000 - 
2006 

 
MARK II 

 
SANTA MARIA 

 
BRAZIL 

  
29,26o 

  
53,48o 

 
- 

 
- 

081 
 
 

056 

1992-1998
MARKIV 

2000-2002
MARK II 
2006 – 
2008 

MARK  III 
 

PUNTA  ARENAS 
 

CHILE 

  
53,20o 

  
70,90o 

 
 
- 

 
- 

 
068 

 
1992-2000

 
MARKIV 

 
BRAZILIAN   
ANTARCTIC 

STATION 

 
62.1° 

 
58.4° 

 
- 

 
9285 

- 
since 1996

 
068 

SPRING 
2001 

to 
2007 
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Calibration activities 
 
2007 – WMO calibration 
 
In 2007 new calibration was the Brewer #068 and B# 124 in Punta Arenas, Chile. In José dos 
Campos, Brazil, the Brewers were calibrated: B#163, B#124, B#110 and Natal was the Brewer# 
073. 

 
Five Brewer spectrophotometers were calibrated by International Ozone Serivces Inc. (IOS) in 
2004: São José dos Campos (B#056), Cachoeira Paulista (B#124), Cuiabá (B#081), La Paz 
(B#110) and Natal (B#073).   
 
The Ozone Laboratory participated in internacional calibration in 1994, in Spain, where the Natal 
Dobson (093) was shipped with our expert. In 1997 expert Bob Evans, from NOAA, checked the 
Natal Dobson, on a visit to Natal, but did no adjustments; the Buenos Aires WMO Intercomparison, 
in December 2001 and 2003 and 2006, has shown that the Natal Dobson (093) did not need any 
corrections, even doing some work on it, such as electronic repairs/improvements, optics cleaning, 
and wedge calibrations. The C.Paulista Dobson (114) and a correction was adjusted in 5%. 

Three GUV were calibrated in 2001, in Sao Jose dos Campos, Brazil, using standard instrument of 
Biospherical Instruments Inc. The GUV 9285, is operating in Natal, the GUV 9255, in Cachoeira 
Paulista and the GUV 9285, in Brazilian Antarctic Station. 
 
 
RESULTS FROM OBSERVATIONS AND ANALYSIS 
 
Total column ozone observations 
 
Brewer and Dobson spectrophotometers 
Ground based total column ozone has been measured continuously at low latitude sites, using 
Brewer spectrophotometers. In addition, two of these sites also operate Dobson spectrophoto-
meters to obtain total ozone. The tropical Brewer-Dobson sites are Natal (6º S, 35º W) and 
Cachoeira Paulista (23º S, 38º W). The new Brewer spectrophotometer ozone data set for Natal 
and Cachoeira Paulista is presented it is compared with the TOMS version 8 (V8), from 1997 to 
2005 (june). Only direct sun measurements have been used in this analysis. 
 

 
 
Figure. 1:  The figure shows a new 8 years  data set of the Brewer, obtained  at Natal (a). The data 

are presented as running means of 31 days and this data varies between minima of 250 
and 290 DU,and shows large year to year variability. The fig.1b shows the difference 
parameter Brewer – Toms (version 8).  
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Figure 2: The figure shows a new 8 years  data set of the Brewer, obtained  at Cachoeira Paulista 

(a). The data are presented as running means of 31 days and this data varies between 
minima of 250 and 290 DU,and shows large year to year variability. The fig.2b shows the 
difference parameter Brewer – Toms (version 8).  

 
 
 

 
Figure 3: The figure shows a new 26 years data set of the Dobson, obtained at Natal (a) and 

C.Paulista (b). The data are presented as mensal average (black line) ands running 
means of 15 days (gray line) and this data varies between minima of 240 and 300 DU, and 
shows large year to year variability. The average is 266.5 DU and the standard deviation 
is 10.5 at Natal and 269.3 DU at Cachoeira Paulista and the standard deviation is 12.9.  

 
 
The Tables 2 and 3 give further statistical details of the data sets. The total column ozone data are 
compared with the Total Ozone Mapping Spectrometer, Toms data, versions 7 and 8. The data set 
of 6 years (1997 – 2003 ) is discussed. 

 
 Table 2:  Monthly Average O3  data statistics (DU). 
 

STATION  
NAME INSTR. AVERAGE SIGMA MIN. MAX. # DATA 

POINTS 
BRW 268.9 9.6 250.0 290.4 75 
DOB 268.7 10.1 252.3 289.4 66 
TMS7 268.4 8.7 253.2 286.4 76 

 
NATAL 

TMS8 263.5 8.9 245.8 282.3 77 
BRW 265.4 12.3 240.4 289.9 72 
DOB 267.6 12.5 245.6 293.5 71 
TMS7 268.0 11.1 243.9 290.5 77 

 
C.PAULISTA 

TMS8 264.4 12.9 234.5 292.8 77 
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    Table 3:   Monthly  Averages  of  the  difference  parameters: data statistics for 100*(BRW- 
 DOB)/BRW,  100*(BRW-TMS)/BRW  and 100*(DOB-TMS)/DOB, in %. 
 

STATION 
NAME DIFFER. AVERAGE SIGMA MIN. MAX. # DATA 

POINTS 
BRW-
DOB 0.2 1.2 -2.4 3.1 55 

BRW-
TMS7 0.0 2.1 -4.3 7.9 74 NATAL 

BRW-
TMS8 0.32 1.4 -4.56 3.13 77 

BRW-
DOB -1.0 1.6 -4.5 4.5 63 

BRW-
TMS7 -1.0 1.5 -5.4 3.7 73 

BRW-
TMS8 1.1 3.6 -11.9 8.0 74 

DOB-
TMS7 -0.1 1.9 -7.6 3.9 68 

C.PAULISTA 

DOB-
TMS8 3.18 4.5 -18.1 12.6 74 

 

 
A new set of ground based total column ozone data is described for the period 1996 to 2004 (May) 
at the high altitude (3.400 m) site La Paz (16,5º S, 68º W). This station operates a Brewer 
spectrophotometer. These are compared with the Total Ozone Mapping Spectrometer, Toms, 
satellite data (version 8). 

 

 
 
Figure 4: Shows a new 8 years  data set of the Brewer, obtained  at La Paz . The data are presented 

as running means of 31 days and this data varies between minima of 235 and 270 DU.The 
average and the standard deviation are 252.1± 9.4 DU (a).The fig. 4b shows the difference 
parameter Brewer – Toms, version8. The average difference is slightly negative before 
2000 and close to zero after that, with higher deviations.  

 
 
Ozonesondes 
Since 1978, weekly ozonesondes were lauched in Natal, Brazil, and  campaigns were made in 
Punta Arenas, Chile< (1995,1997 and 2001), in La Paz, Bolivia (2000) and  Brazilian Antarctic 
Station (1992, 1999,2003 and 2004). 
 
 
 
 
 
 
 
 

 



 

90 

 
Figure 5: Average ozone profile 
characterizing the normal profile of ozone 
concentration, expressed as partial 
pressure, at Natal, Brazil, Punta Arenas, 
Chile and compared with ozone profile at 
Ascension Island. (F. Guarniere, Ph.D. 
Thesis, INPE 2001). 
 
 

 

 

Results are described from an intense field campaign, at the Brazilian Antarctic Station 
Comandante Ferraz, on King George Island (62.1o S; 58.4o W) during the Spring of 2003. Ozone 
was measured using a ground based Brewer spectrophotometer, filter photometers, and the 
vertical profile was obtained on several days using balloon-borne ECC ozonesondes. In terms of 
the UV-B index, higher values were seen during 2003: on two occasions the Index passed the level 
of 9; which is larger than values observed on any previous campaign at the site. 

 

 
 
Figure 6: Shows the comparison between the UV-B index (a) and total ozone (b) for September 

and October, 2001 and 2003. Higher values were seen during 2003 when the ozone hole 
appeared earlier and the minimum of ozone was present during several consecutive 
days. The anti correlation for ozone and UVB (%) during the spring of  2003 (c). 

 

 
 
Figure 7:  Shows a composite of the vertical profile of the severe ozone hole of October 6, plus a 

"normal" profile shown for comparison, obtained on October 20. The second panel 
shows the ozone integrals measured by a Brewer spectrophotometer, plus the ozone 
integrals from vertical soundings, shown with x sign. The UV-B index observed on this 
day was 9.9 and the ozone was 121 DU measured with the Brewer spectrophotometer. 
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DISSEMINATION OF RESULTS 
 
Data Reporting 
The Brewer data have been submitted for the WOUDC, since 2004 and the Dobson data since 
1978. 
 
Information to the public  
The UV forecasts is in web site www.dge.inpe.br/ozonio 

 
Relevant scientific papers 
Kirchhoff, V.W.J.H., R.A. Barnes, and A.L. Torres, Ozone climatology at Natal, from in situ ozonesonde data, 

J. Geophys. Res., 96, 10899-10909, 1991. 
Kirchhoff, V.W.J.H., Zamorano B, F., and Casiccia S, C.A.R. UV-B Enhancements at Punta Arenas, Chile, J. 

Photochem. Photobiol., B: Biology, 38, 174-177, 1997a. 
Kirchhoff, V.W.J.H., Casiccia S, C.A.R., and Zamorano B, F., The Ozone Hole over Punta Arenas, Chile, J. 

Geophys. Res., 102, 8945-8953, 1997b. 
Kirchhoff, V.W.J.H., Sahai, Y., Casiccia S., C.A.R., Zamorano B, F., and Valderrama, V., Observations of the 

1995 ozone hole over Punta Arenas, Chile, J. Geophys. Res., 102, 16109-16120, 1997c. 
Sahai, Y., V.W.J.H. Kirchhoff and N.M.Paes Leme, Total ozone trends in the tropics, J. Geophys. Res., 

105D15, 19823-19828, 2000. 
Kirchhoff, V.W.J.H. and F.L. Guarnieri, Missing ozone at high altitude: comparison of in situ and satellite 

data, J. Geophys. Res., 107D11, ACH 2-1 to 2-6, 2002. 
Saleska, S.R., V.W.J.H.Kirchhoff, et al., Carbon in Amazon forests: unexpected seasonal fluxes and 

disturbance-induced losses, Science, vol.302, no.5650, 1554-1557, 2003. 
Casiccia, C.A.S., V.W.J.H. Kirchhoff, and A. Torres, Simultaneous measurements of of Ozone and Ultraviolet 

Radiation: Spring Ozone 2000, Punta Arenas, Chile, Atmosph.Env., 37, 383-389, 2003.  
Thompson, A.M., V.W.J.H. Kirchhoff, et al., Southern Hemisphere Additional Ozonesondes (SHADOZ) 1998-

2000 tropical ozone climatology 2. Tropospheric variability and the zonal wave-one, J.Geophys.Res., 
Vol.108, No. D2, 10.1029/2002JD002241, 31 January 2003. 

Thompson, A.M., V.W.J.H. Kirchhoff, et al., J.Geophys.Res., Southern Hemisphere Additional Ozonesondes 
(SHADOZ) 19982000 tropical ozone climatology 1. Comparison with Total Ozone Mapping 
Spectrometer (TOMS) and ground-based measurements J. Geophys. Res., Vol. 108 No. D2, 
10.1029/2001JD000967, 30 January 2003. 

Rosen, J.M., R.M. Morales, N.T. Kjome, V.W.J.H. Kirchhoff, and F.R. da Silva, Equatorial aerosol-ozone 
structure and variations as observed by balloon-borne backscattersondes since 1995 at Natal, Brazil 
(6ºS), J.Geophys.Res., 109, D03201, doi: 10.1029/2003JD003715, 2004. 

 
 

PROJECTS AND COLLABORATION 
 

Project in the Brazilian Antarctic Programme: The ozone and UVB radiation over Brazilian Antarctic 
Station and Punta Arenas, Chile. 

 
Collaboration with the project SHADOZ (Southern Hemisphere Additional Ozonesondes). 

 
Collaboration with the San Andres University, La Paz, Bolivia 

 
Collaboration with the Magallanes University, Punta Arenas, Chile 
 
 
FUTURE PLANS 
 
Participation in the Internacional Polar Year (YPI) and  International Heliophysical Year (IHY).  
Study of the Mesosphere, Stratosphere and Troposphere Antarctica and its links South 
America. (MST- ASA) proposta final -  atividade 442 
Neusa M. Paes Leme e Hisao Takahashi  - 
nleme@dge.inpe.br  e  hisaotak@laser.inpe.br 
Instituto Nacional de Pesquisas Espaciais ( INPE) 

mailto:nleme@dge.inpe.br�
mailto:hisaotak@laser.inpe.br�
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Brazil participants: 
 
Dr. Alberto Setzer (INPE), Dra. Cláudia Boian (INPE) , Dr. Delano Gobbi (INPE), Dra Emilia 
Correia (INPE/CRAM), Dr.Plínio C.Alvalá (INPE),  Dr.Volker Kirchhoff  (INPE);  Dr.  Phan  Van 
Ngan (IO/USP), Dr. Vicente Gomes (USP), Dra. Maria de Fátima Andrade ( IAG/USP), Dra. 
Adalgisa Fornaro ( IAG/USP), Dra. Damaris K. Pinheiro (UFSM), Msc. Francisco Eliseu Aquino 
(UFRGS). 
 
Others countries: 
 
Prof. Eduardo J.Quel (ARGENTINA), Dr. Gary. Burn (AUSTRALIA), Dr. Francesco Zaratti 
(BOLIVIA), Dr. Eduardo Palenque (BOLIVIA), Dr. Andrés Mansilla (UMAG, CHILE), Dr. Claudio 
Casiccia (UMAG, CHILE) ,Felix Zamorano ( UMAG, CHILE), Dr. Hernán Moreano (ECUADOR), 
Dr. Kazuo Shioka ( JAPAN), Ing. Luis Suárez Salas (PERU), Ing. Jose Pomalaya Valdez (PERU), 
MSc. Hugo Trigoso Aviles (PERU), Dr. P. J. Espy (UK), Met. Raul Garcia, (URUGUAI), Msc.  
Jorge Zarauz (URUGUAI). 

 
 

NEEDS AND RECOMMENDATIONS 
 
It is very important the support for the annual calibrations and maintenance of the Brewer. 
Financial support for trips techniques and participation in Ozone and UV Meetings, Congresses 
and Symposium. 
 

**** 
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BULGARIA 
 
 
OBSERVATIONAL ACTIVITIES 

 
One of the goal, outlined in the Recommendations of the last meeting of the Ozone Research 
Managers is the systematic measurements, which provide the basis for understanding the ozone 
regime, its trends and validation the effects of the measures requested by the Montreal Protocol. 
 
Column measurements of ozone and other gases/variables relevant to ozone loss 
In Bulgaria, the first total ozone measurements were initiated to the early 1960s, under the 
supervision of Prof. Dr. R. D. Bojkov. Germany carried them out using Dobson spectrophotometer 
# 64 provided for about 5 years. After a few years interruption Russian filter ozonometers started to 
be used in the Bulgarian National Institute of Meteorology and Hydrology. In 1998 with the financial 
support from WMO two Russians ozonometers M-124 were renovated and calibrated at Main 
Geophysical Observatory – St. Petersburg. The measurements at only one station (NIMH-Sofia) 
could be maintained (but experiencing technical problems because of the device age). 
Unfortunately in recent years these devices demonstrated a lot of measurement errors, which 
leaded to stop further measuremet with it. 
 
Profile measurements of ozone and other gases/variables relevant to ozone loss 
In the period 1983-1992, balloon ozone soundings were released once a week at the NIMH-Sofia. 
For that purpose were used ozonesondes OSE – manufactured in the former German Democratic 
Republic. The activities were interrupted largely due to financial difficulties resulting from transition 
to market economy.  From May- 2001 a Vaisala DigiCORA III –a PC based radiosounding system 
for measuring pressure, temperature and humidity has replaced the Russian radiosounding 
system. The present financial status doesn’t allow us to expand the measurements of the ozone 
vertical profiles with the above-mentioned Vaisala system, because of the expensive additional 
equipment (ozone sensors, special balloons, etc.). 
 
UV measurements 
At the present moment in NIMH we are not provide a modern spectral UV-radiation monitoring. 
Such kind of regular measurements are very desirable to be developed in our country, but again 
there is a shortage of funds. 

 
Note: The NIMH experiences financial difficulties to buy modern equipment for measuring Ozone, 
ozone profiles, UV solar radiation, NOx  profiles. 
 
 
RESULTS FROM OBSERVATIONS AND ANALYSIS 
 
The data, used for the study the total column ozone over Sofia are derived by “ SCIAMACHY”, 
which  is an atmospheric sensor aboard the European satellite ENVISAT. The comparison 
between the monthly variations of the total column ozone over Sofia for 2006 and 2007 is 
presented at the next Fig.1. 
 
A comparison for the monthly mean magnitudes over Sofia, Rome,Thessalonike for 2006 (derived 
by SCIAMACHY/ENVISAT) are presented at the further Fig.2. 
 
At fig. 3 are presented the comparison for the monthly mean magnitudes of the total ozone 
(Sciamachy) over Sofia,Rome,Thessalonike and Turkey (Brewer) 2007. The author would like to 
acknowledge a favour to the colleagues from the Turkish MetOffice for the placing their Brewer 
data  by 2007 at our disposal. 
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The comparison between the monthly variations of the total ozone over Sofia 
for 2006 and 2007 ( Derived by Sciamachy/Envisat )
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 Fig.1 
 
It is clear seen that during 2007, the mean value of the magnitudes of the total column ozone are 
increased.  

A comparison for the monthly mean magnitudes of the total ozone over Sofia, 
Rome,Thessalonike for 2006 (Derived by SCIAMACHY/ENVISAT)
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Fig.2 
One can see that the annual run for Sofia is similar to those by Thessalonike in a great extend. 
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A comparison for the monthly mean magnitudes of the total ozone 
(Sciamachy) over Sofia,Rome,Thessalonike and Turkey (Brewer) 2007 
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Fig.3 
 
 
We are going to skip the detail analisys of the results. It is obvious that the annual run of the total 
column ozone magnitudes follow well their seasonal variations and latitude dependances. 

 
 

Surface ozone 
Another important topic is the surface ozone. Initial investigations of the surface ozone in Bulgaria 
began ten years ago. The following goals were pursued: to evaluate the surface ozone state in 
Sofia ;  to ascertain the diurnal and seasonal ozone variations, ; to investigate ozone behaviour 
with respect to meteorological conditions. 
 
Site description. The measurements were performed in Sofia, located in the western part of 
Bulgaria (42o 49’ N, 23o 23’ E, 530 m. a.s.l.). The observation site is about 7 km to southeast of 
Sofia center and possesses a ground cover of fairly well vegetation. At 100 m distance from the 
site the road of considerable car traffic runs. The ozone recorder was installed at height of about 
10 m above the ground level. 

 
Instrument. The ozone detector used in the investigations is chemiluminescent analyzer, model 3-
02P1, OPTEC Inc. The measuring principle of the sensor is arisen in ozone presence 
chemiluminescence of an organic dye, adsorbed on the solid state composition. The ozone 
analyzer has the following characteristics: response time is no more than 1 s, the sensitivity is 2 
μg/m3. Periodically, the analyzer was calibrated by using an external O3 generator.The 
measurements were performed mostly at the daylight hours and less regularly in twenty-four hour 
period. The analysis of the diurnal ozone variations is carried out by using the hourly values of the 
ozone concentrations determined as 15-min average. 
  
Diurnal variations. The pattern of diurnal variations of the surface ozone concentrations is strongly 
influenced by meteorological conditions. The pronounced O3 maximum in the daytime, which is 
explained in terms of vertical mixing process and photochemical ozone production, occurred on 
clear windless afternoons. 
 
The ozone data show a maximum in summer months, roughly three-four times higher that in winter 
months. During the fine windy weather the dilution of the atmospheric pollutants takes place. So 
the decreased ozone concentrations are detected and ozone level is approximately constant 
throughout the day. However, in the cases when vertical exchange is limited (autumn-winter 
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period, nocturnal inversions) the wind enhances the vertical mixing and increases the ozone 
content near the ground. The cloudiness strongly decreases the ozone concentrations near the 
ground but when it is foggy the ozone content is very low, often zero. 
 
So, the ozone concentrations sensitively reflect meteorological conditions at which measurements 
are performed. It is very like that more realistic information about temporal and spatial ozone 
variations may be obtained if ozone data received at similar meteorological situations are 
analyzed. The surface ozone behavior clearly shows a seasonal variation with a summer 
maximum. 
 
The variations are indicated by monthly mean, obtained by averaging clear and overcastted days 
mean concentrations. The minimal, 19-33 μg/m3 ozone concentrations were detected during 
winter period, the maximal, 50-90 μg/m3 ozone content near the ground was observed in summer 
months. 
 
Only in windless days diurnal cycle of ozone concentrations displays pronounced maximum in the 
early afternoon (12:00-14:00 Local Time). The forcing of the wind with increased speed and the 
cloudiness decreases ozone pollution. Average summertime daylight means at site vary from 100 
to 50 μg/m3, depending on meteorological circumstances. 
 
The peak concentrations during photochemical episodes rarely exceeded 125 μg/m3 and are 
observed a several  times during summer season. 
 
It is considered that episodes with high surface ozone concentrations in southern Europe show 
local character and are associated with local primary pollutant emissions, but in western Europe 
summer smog is due to long-range transport of ozone and its precursors and so has 
transboundary character. 
 
Summary :The experimental data from Sofia site and from other sites of Balkan peninsula (with the 
exception of Athens), for which information is available show that  summer ozone concentrations 
(peak and average) have more lower values in comparison with those, measured in western and 
central Europe. 
 
In general, the ozone pollution doesn’t exceed the EU threshold values. The result is consistent 
with the model calculations, which show that in spite of the efficiency of the photochemical ozone 
production (the number O3 molecules per NOx molecule) is higher in southern Europe than in 
western Europe, the chemical ozone formation per unit area is more intensive in the western part 
of the Continent due to the high precursors concentrations. 
 
 
DISSEMINATION OF RESULTS 

 
Data reporting 
At the present moment, as we haven’t own data provided from our measurments, we temporally do 
not deliver any information to the Toronto center-Canada. 
 
Information to the public (e.g. UV forecasts) 
In case of inquiry we provide roughly information on a base of distributed Large-Scale UV Index 
forecasts by Germany. 
 
Relevant scientific papers 
1.   St. Kolev  and V. Grigorieva,  Surface and Total Ozone Over Bulgaria, 2005, Kluwer Academic 

Publishers,    NATO publishing unit,. 
2.   Grigorieva, V., S.Kolev and M.Mihalev;  Investigation of correlations between the high surface ozone  

episodes and the stratospheric intrusion events, 2004, Proc. SPIE (in press). 
3 .  V.Grigorieva, S.Kolev, ; Ts.Gogosheva, B.Petkov, S.Bogdanov, P.Videnov “Surface and Total Ozone 

Over Bulgaria During Solar Eclipse”, Proc. of the EUROTRAC-2 Symposium'2002, Garmisch-
Partenkirchen, Germany,    P.Midgley (Ed.), Margraf Verlagm Weikersheim 2002. 



 

97 

4. V.Grigorieva, S.Kolev; “Spring-Time Peculiarities in Ozone Behaviour at the Bulgarian Site”, Proc. of 
the EUROTRAC-2 Symposium'2002, Garmisch-Partenkirchen, Germany, P.Midgley (Ed.), Margraf 
Verlagm Weikersheim 2002. 

5. V.Grigorieva, S.Kolev, M.Mihalev; "Summer Ozone Episodes at City of Sofia", Proc. of the 
EUROTRAC-2 Symposium'2000, Garmisch-Partenkirchen, Germany,   P.Midgley (Ed.), Springer-
Verlag, Heidelberg, 4 page, 2001. 

6.  V.Grigorieva, S.Kolev ; “Ozone and Related Species Concentrations at Two Bulgarian Sites”, Annual  
Report, Tropospheric Ozone Research - project, EUROTRAC-2, Munchen, 81- 85, 2000. 

7.   V.Grigorieva, S.Kolev, M.Mihalev; "Ozone Air Pollution Over the Balkan Peninsula" Bulg. J. of Physics, 
27,  72-75, 2000. 

 
 
PROJECTS AND COLLABORATION 
 
National project, Peculiarities in the ozon variations and a study of the proceessess which 
determine them. ; Project № НЗ 1406, 2004-2007, funded by the Bulgarian Мinistry of Education 
and Science. 
 
 
FUTURE PLANS (e.g. new stations, upcoming projects, instrument development) 
 
NIMH would like to to establish a regular station for ozone and UV solar radiation measurements. 
We are expecting supprot from our ministry and interested parties. 
 
 
NEEDS AND RECOMMENDATIONS      
 
NIMH needs modern equipments for measuring total column ozone and the ozone profiles, UV 
solar radiation, NOx profiles. 
 
 

**** 
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CANADA 
 
 
OBSERVATIONAL ACTIVITIES 
 
Since the last Country Report, Environment Canada has undergone an organizational change that 
has separated the monitoring of column ozone and UV radiation from the scientific research and 
the ozonesonde launches with which it has historically been associated.   Today, the Canadian 
Brewer Network is part of the Meteorological Service of Canada (MSC), while the scientific 
research, the World Meteorological Organization components (World Ozone and Ultraviolet Data 
Centre (WOUDC), Brewer Reference Triad) and the vertical profiling of ozone by ozonesondes and 
LIDAR observations are part of a newly created Science and Technology Branch.  These 
administrative changes, however, are not reflected in daily operations, nor have they had any 
adverse affects on the personnel involved in the observational activities.  A second key factor in 
Canadian Brewer network observations that has occurred over the last 2 years is the 
Meteorological Service of Canada has undergone certification under the International Standards 
Organization (ISO) and the network observations are now certified under ISO 9002.  It is 
anticipated that the greater degree of accountability found under ISO 9002 will be reflected in the 
overall improvement in the quality of the operating procedures used throughout the Canadian 
networks. 
 
Column Measurements of Ozone and Other Gases 
The MSC operates a network of 8 Brewer Spectrophotometers across Canada (see map).  
Significant effort over the last several years has seen the duplication of instrumentation at all of the 
northern stations as a means of improving the overall number and quality of the observations, 
while reducing the need and costs of providing emergency service to instrumentation at remote 
locations.   Two years ago a new life-cycle management plan was established for this network 
under an overall MSC initiative to improve and maintain the overall quality of observations used 
within the weather program of Environment Canada.  As part of this program two new Mk III 
Brewers were purchased in each of 2006 – 07 and 2007 – 08 to replace older Mk II and Mk IV 
versions.  Another two will be purchased in fiscal 2008 – 09.   
 
An updated version of the Brewer operating software has been installed for all network and 
research Brewer Spectrophotometers over the last year and aerosol optical depth (AOD) 
measurement capability is currently being added into the network as part of an on-going process to 
provide more real-time forecast capabilities to the network.   
 
As part of ISO 9002, quality metrics are being developed for the network and as part of this activity 
new software is under development that will allow for the monitoring of instrument warning and 
error messages along with diagnostic and measurement summary information as a means of 
improving data quality assurance and the monitoring of the newly developed process metrics. 
 
During 2008, a Brewer spectrophotometer will be installed at Environment Canada’s Centre for 
Atmospheric Research Experiments (CARE), Egbert, Ontario.  Over the last three years this facility 
has expanded its ozone monitoring capabilities with the addition of weekly ozonesonde launches 
and the completion of a tropospheric ozone LIDAR system.  New funding beginning in 2008 – 09 
has been budgeted for the development of a new stratospheric LIDAR system with the intention of 
being able to observe the complete ozone profile from the surface to 40 km as part of a ‘one 
atmosphere’ research initiative within the Air Quality Research Division of the Science and 
Technology Branch of Environment Canada. 
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Fourier Transform Infrared Spectrometer observations using a Bomem DA8 have been ongoing 
over the last 12 years at Eureka, Nunavut and Egbert, Ontario.  Resource and manpower 
limitations have kept the Eureka observations primarily to periods immediately following Arctic 
sunrise.  With the launch of the Atmospheric Chemistry Experiment in 2004 (see below), these 
observations have increased in number and importance.   The Egbert, Ontario instrument operated 
more frequently during this timeframe and is now in the process of being automated in order to 
provide continuous operation throughout the year (weather permitting).   
 
Profile Measurements of Ozone and other gases/variables relevant to ozone loss 
Environment Canada now operates 10 ozonesonde stations across the country (Figure 1).  In 
2004, four southern Canadian stations were added to the original network of northern stations as a 
means of studying trans-boundary pollution and the affect of stratospheric intrusions on lower 
tropospheric ozone concentrations.  Although originally designed as a short-term (3-year) project to 
understand ozone dynamics and trans-boundary flow, the operation of these stations has provided 
significant scientific information and has been given an extended life of at least another 3 years.  
 
Originally operated as part of Environment Canada, the Arctic observing site at Eureka, Nunavut 
now operates through a university consortium CANDAC (Canadian Detection of Atmospheric 
Change).  As part of this effort, the stratospheric ozone DIAL LIDAR system operates during the 
period about polar sunrise for the purposes of monitoring stratospheric ozone concentrations 
during this critical period when ozone destruction may be at its peak, depending on the location 
and temperature of the Arctic vortex, and to provide validation data for the ACE satellite mission.  
Figure 2 provides a comparison of ozone and temperature profiles for the 2008 spring season 
showing the change in ozone concentration as the vortex moves over the Eureka location.  Spring 
2008 was exceptionally clear at Eureka providing some of the best LIDAR retrievals since the start 
of operation in the early 1990’s. 
 

Figure 1:  Canadian Stratospheric Ozone Observation Networks. 
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UV Measurements 
 
Broadband Measurements 
Environment Canada does not collect broadband data. 
 
Narrowband filter instruments 
Although Environment Canada does not collect data from narrowband filter instruments, it does 
provide logistical support for the United States Department of Agriculture (USDA) UV-B Monitoring 
and Research Program at two Canadian stations; Toronto, Ontario and Bratt’s Lake, 
Saskatchewan, as part of a data sharing and scientific research agreement. 
 
Spectroradiometers 
The Brewer spectrophotometer obtains spectral scans between 290 and 325 nm or 286 nm and 
363 nm depending on the instrument type, as part of its normal operation.   Spectral scans are 
obtained approximately once every 20 minutes during daylight hours.  The instruments are 
calibrated on site once every two years using a set of NIST standard quartz halogen bulbs and a 
specially designed travelling calibration unit.  In order to monitor the overall quality of the scans 
between calibrations the spectrophotometer obtains internal standard lamp and mercury lamp 
scans with each spectral UV scan.  The results of these scans are monitored for internal 
consistency and to ensure the spectral wavelength accuracy of each scan.  Along with these scans 
each Brewer is equipped with an internal sky imager to provide information on cloud cover during 
the scan period. 
 
Calibration Activities 
The World Meteorological Organization Global Atmosphere Watch Brewer Spectrophotometer  
Ozone Calibration Centre is housed within the Environment Canada research laboratory in 
Toronto, Ontario.  The Brewer ‘triad’ of single monochromator instruments acts as the ozone 
calibration reference group of instruments.  These instruments are regularly characterized and 
approximately once every two years one of the three instruments is taken to Mauna Loa 
Observatory (MLO) as a means of tracking their extraterrestrial readings.  Further, a Brewer 
instrument is permanently maintained at MLO to further facilitate maintaining the quality of the 
Brewer ‘triad’.  Within the network a travelling standard instrument is used to compare the network 
instruments to the reference ‘triad’.  A second travelling standard is on permanent loan to the WMO 
as a means of linking the global Brewer network to the ‘triad’. 
 
Over the last several years, EC has participated in comparisons affiliated with the European 
Brewer Reference Standard at Izania, Spain and NASA.  In all cases, the quality of the 
observations indicates that excellent agreement is being maintained within the various ‘standard’ 
groups of instruments. 

Figure 2:   LIDAR profiles showing changes in stratospheric ozone concentration as the Arctic 
Vortex moves over Eureka, Nunavut. 
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Over the last 18 months, EC has further enhanced its calibration efforts with the purchase of new 
NIST traceable standard lamps and re-established ties with the NOAA Central UV Calibration 
Facility (CUVCF) as part of a continuing effort of improving the UV component of the Canadian 
network.  
 
RESULTS FROM OBSERVATIONS AND ANALYSIS 
 
Ground-based / In-situ Observations 
Environment Canada maintains the WMO World Ozone and UV Data Centre as part of its on-going 
commitment to the WMO.  Data obtained from the Brewer network and the 10-station ozonesonde 
network, once quality assured, is permanently archived in the WOUDC.    
 
The WOUDC continues to expend significant effort to improve its overall effectiveness as a WMO 
data centre.  Details can be found at the WOUDC website:  www.woudc.org.  Overall, 131 
Agencies from 75 Countries representing 406 platforms (stations) have contributed or continue to 
contribute data to the WOUDC. 
 
 

Data Category Number of  Platforms Number of Files Representative Years 
Lidar 2 675 1991-1998 
Ozonesonde 124 55,826 1962-2008 
Total column ozone 280 58, 718 (monthly) 1924-2008 
Umkehr 64 10,000 monthly records, 

>50,000 retrievals 
1951-2008 

 
 
Data stored within the WOUDC is subjected to various forms of quality assurance and data 
submitters are informed if their data does not pass quality control procedures.  The overall data 
policy for the WOUDC does not permit the WOUDC to alter data, but only request data submitters 
to either reprocess and resubmit data or provide an explanation as to why the data does not 
conform to the standard quality assurance procedures. 
 
While the primary purpose of the archive is the storage, quality assurance and re-transmission of 
data to the global user community, several on-line products are available such as the daily global 
distribution of ozone. 
 

 
 
Space-based Observations 
Through the Canadian Space Agency, Canada has three instruments aboard 2 satellites (one 
Canadian) that are observing ozone and ozone-related variables. 
 
 

Figure 3: Daily global ozone map:  product of the WOUDC. 

http://www.woudc.org/�
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OSIRIS Instrument on the Odin Satellite 
The Canadian instrument OSIRIS, onboard the Swedish satellite Odin, has been fully operational 
since November 2001 and continues to deliver global profiles of ozone from the upper troposphere 
to the lower mesosphere, 7 km to 60 km. The instrument, measures limb radiance profiles of 
scattered sunlight from 270 nm to 810 nm.  The profiles, which are constrained to the sunlit section 
of the orbit, have a height resolution varying between 1 and 2 km and are spaced between 3 and 8 
degrees along the satellite track, depending upon the mode of operation. 
 
The OSIRIS ozone results have been validated against both ACE-FTS and SAGE II coincident, 
solar occultation profiles. The agreement with both ACE-FTS and SAGE II is, on average, better 
than 3% over the entire altitude range from 18 km to 53 km. 
The OSIRIS Level 1 radiance measurements as well as the OSIRIS level 2 ozone and aerosol 
products have been in algorithm development associated with the OMPS instrument on the 
NPOESS Preparatory Project. The OSIRIS and OMPS team members have worked closely 
together over the past year, sharing data and retrieval techniques, to ensure the success of this 
mission.  
 
The OSIRIS Level 2 ozone product has also been found to be a valuable resource for studying 
Upper Troposphere Lower Stratosphere (UTLS) transport, and in particular, the flux of ozone 
across the tropopause. Unlike many other limb profiling instruments, OSIRIS has both sufficient 
sensitivity and spatial-temporal coverage to measure global ozone transport across the tropopause 
on a weekly or even daily basis. Collaborative studies between researchers at McGill, University of 
Saskatchewan, University of Toronto and Cairo are underway.  
 
The Odin mission is an international collaboration between Sweden, Canada, Finland and France 
and was officially designated an ESA Third Party Mission in 2007.  The OSIRIS data are freely 
available through an ESA portal at http://eopi.esa.int/esa/esa.  The OSIRIS team is led by principal 
investigators from the University of Saskatchewan. 
 
Atmospheric Chemistry Experiment (ACE) aboard SciSat1 
The Atmospheric Chemistry Experiment (ACE), is a Canadian Space Agency small satellite 
mission for remote sensing of the Earth’s atmosphere using solar occultation (Bernath et al. 2005). 
The primary mission goal is to improve our understanding of the chemical and dynamical 
processes that control the distribution of ozone in the stratosphere and upper troposphere, 
particularly in the Arctic. The high precision and accuracy of solar occultation makes SCISAT 
useful for monitoring changes in atmospheric composition and the validation of other satellite 
instruments including MIPAS, HIRDLS and MLS. 
 
The satellite carries two instruments:  (1) A high resolution (0.02 cm 1) infrared Fourier transform 
spectrometer (FTS) operating from 2 to 13 microns (750-4400 cm-1) is measuring the vertical 
distribution of trace gases, particles and temperature  with a vertical resolution of about 3-4 km 
from the cloud tops up to about 150 km. P. Bernath of the University of Waterloo is the principal 
investigator.  (2)  A dual optical spectrograph called MAESTRO (Measurement of Aerosol 
Extinction in the Stratosphere and Troposphere Retrieved by Occultation) covers the 400-1030 nm 
spectral region and measures primarily ozone, nitrogen dioxide and aerosol/cloud extinction. It has 
a vertical resolution of about 1-2 km. T. McElroy of Environment Canada is the principal 
investigator.  
 
SCISAT is able to monitor all of the main components involved in activated polar chlorine 
chemistry: O3, HCl, ClONO2, ClO, HNO3, H2O and polar stratospheric clouds (PSCs).    Nassar et 
al. (2005) determined a global inventory of atmospheric chlorine for 2004 and included in the 
Scientific Assessment of Ozone Depletion: 2006. The average total stratospheric chlorine 
concentration measured by ACE was 3.65 ppb, which is significantly higher than the accepted 
value derived from HALOE observations of HCl. The HCl concentrations from SCISAT and MLS 
are in good agreement, suggesting that the HALOE values are about 10-15% low. The newer, 
higher values for the total stratospheric chlorine concentrations suggest that the recovery of the 
ozone layer is somewhat delayed, compared to previous estimates. Although the total chlorine in 

http://eopi.esa.int/esa/esa�
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the atmosphere is declining, the total fluorine is increasing. Fluorine-containing molecules such as 
CFC substitutes are potent greenhouse gases and cause global warming. 
 
 
THEORY, MODELLING AND OTHER RESEARCH 
 
Complementary chemical weather projects relying on coupled Global Circulation and Chemistry 
modelling (GCCM) and data assimilation systems (DAS) have been initiated in Canada. 
Meteorological data assimilation provides analyses of dynamics and temperatures impacting 
species chemistry and transport. The chemical (and meteorological) state can be further improved 
by also assimilating observations of constituents such as ozone. 
 
The first successful integration of chemical data assimilation and forecasting into an operational 
Numerical Weather Prediction (NWP) system was accomplished in 2006 through an ESA-funded 
project on Coupled Chemical-Dynamical Data Assimilation (CCDDA) that produced the model 
GEM-BACH (Global Environmental Multiscale model with Belgium Atmospheric CHemistry) as part 
of a collaborative effort between EC and the Belgian Institute for Space Aeronomy (BIRA-IASB), 
which provided online calculation of detailed stratospheric chemistry integrated into an operational 
NWP model.  The CCDDA project focused on the stratosphere and the use of ENVISAT 
observations. The study investigated the interactions between atmospheric dynamics, radiation 
and chemistry from analyses relying on chemical and meteorological observations using a GCCM-
DAS. The project final report was delivered in December 2007. The overall success of the effort is 
seen in the number of important results produced on topics such as ozone-radiation interaction, the 
dependence of photochemistry on temperature, the wind-tracer relationship, and the impact of 
multi-species assimilation on ozone. 
 
 
DISSEMINATION OF RESULTS 
 
Data Reporting 
Canadian observations of ozone and UV radiation are reported in near-real-time to the Canadian 
Meteorological Centre (CMC) as part of the forecast validation system.  These data are quality 
assured before being archived in the WOUDC.  Data from the 10 ozonesonde stations are 
generally processed within days of the weekly flights with the objective of being archived in the 
WOUDC on a quarterly basis. 
 
Information to the Public 
Environment Canada continues to provide UV-index forecasts to the general public.  These 
standard forecasts are distributed through normal media outlets and through the Environment 
Canada website:   
http://weatheroffice.gc.ca/forecast/textforecast_e.html?Bulletin=fpcn48.cwao 
 
A spring / summer seasonal forecast is normally placed on the EC website in late April or early 
May. 
 
The EC website displays information on the UV Index, year-to-date ozone values and plots of 
global ozone concentrations; http://exp-studies.tor.ec.gc.ca/e/ozone/Curr_map.htm.   
 
Figure 4 illustrates one of the types of data that can be publicly accessed.  Maps of total ozone are 
updated automatically each daylight hour. 
 
 
 
 
 
 
 

http://weatheroffice.gc.ca/forecast/textforecast_e.html?Bulletin=fpcn48.cwao�
http://exp-studies.tor.ec.gc.ca/e/ozone/Curr_map.htm�
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The 20th Anniversary celebrations associated with the Montreal Protocol meeting held during 2007 
provided Canadian researchers an unparalleled opportunity to provide scientific information to 
politicians, policy-makers and the public.  In honour of the Montreal Protocol, Canadian scientists 
from both government and academia published a peer reviewed scientific ozone assessment in the 
Canadian journal Atmosphere-Ocean (references below) and provided participants of the Montreal 
meeting an executive summary of the document. This summary document is accessible at 
http://www.msc-smc.ec.gc.ca/saib/ozone/ozone_e.html.  Along with these science and policy 
documents, scientists developed a display available to both the public and policy-makers on the 
ozone history of Canada that included a combination of historic instruments and modern interactive 
data displays.  The EC Communications Department developed a special issue of the EC online 
magazine Envirozine to enhance further the department’s public outreach on ozone and UV 
radiation during the period surrounding the Montreal Protocol meeting, 
http://www.ec.gc.ca/EnviroZine/english/issues/75/home_e.cfm 
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Figure 4: Daily total ozone map automatically generated 
from Canada Brewer Network observations. 
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PROJECTS AND COLLABORATION 
 
• During the 20th Anniversary Year of the Montreal Protocol, EC gave 2 Brewer User Group 
Workshops, Manchester, UK (June 2007) and Seoul, Korea (October 2007) as part of an on-going 
WMO collaborative activity. 
 
• The Canadian university consortium CANDAC (Canadian Network for the Detection of 
Atmospheric Change) continues to successfully operate the former EC ASTRO laboratory, 
renamed PEARL (Polar Environment Atmospheric Research Laboratory) at Eureka, Nunavut.  EC 
continues to play an important logistical and scientific role at the laboratory.  One continuing project 
is the overhaul of the DIAL LIDAR system at Eureka.  Over the last two years over $500K has 
been allotted to upgrading this system.  This summer work will commence on installing a new 
laser, provided through funding to CANDAC and new electronics components by EC. 
 
• NOAA and EC have teamed up to install a new EC MK III Brewer at South Pole.  First 
observations from the Brewer were taken February 12, 2008.  The objective of this collaboration is 
to provide improved columnar ozone amounts at high low solar elevations and to observe 
columnar ozone throughout the Antarctic winter by using lunar observations.  Several cold weather 
enhancements necessary for this system to function in the Antarctic climate regime have shown 
significant improvements in maintaining the Brewer internal temperature and reducing the overall 
power consumption of the system that they will now be installed in systems in the Canadian Arctic.   
 
• A new four-year research and development project called BACCHUS (Belgium And 
Canada for CHemical weather User-oriented Services) has also been undertaken as a spin-off of 
the CCDDA project (under modelling). It is a bilateral collaboration of the Belgian and Canadian 
governments involving EC and BIRA-IASB.  The main objective of BACCHUS is to develop an 
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integrated assimilation/forecasting system for chemical weather applications on global and 
continental scales. Its focus is Air Quality in the troposphere (global and continental scale) and 
ozone depletion in the stratosphere (global scale).  
 
• The human health aspects of increased UV radiation reaching the Earth’s surface has 
brought about a number of collaborations between the Canadian health community; both 
government and non-governmental agencies, and EC.  These collaborative arrangements have 
produced a number of algorithms that use various surface and satellite observations to obtain 
spatial distributions of UV Index, erythemal and vitamin D uptake over Canada to match with public 
health products and surveys.   
 
FUTURE PLANS 
Observations of ozone will not likely change in the near future.  While EC is presently undergoing 
two reviews concerning its mandate and notional funding levels, it is not anticipated that ozone and 
UV radiation monitoring will be reduced from their current levels. 
 
Over the last several years, EC has moved away from monitoring stratospheric ozone as a means 
of assessing the success of the Montreal Protocol and become more concerned with human and 
environmental health as they more directly relate to the overall direction of present government 
mandates.  This new direction has nevertheless included UV radiation and tropospheric ozone and 
provided increased funding for monitoring ozone levels in southern Canada.  Furthermore, 
increased interest in air quality modelling and assessing the effectiveness of new government 
regulations on emission has increased Canadian interest in the UTLS and how stratospheric 
intrusions affect near-surface ozone concentrations (note Canadian involvement in IONS and 
ARCTAS programs and follow-on studies).   This same change in mandate has also increased the 
interest in tropospheric ozone profiling using LIDARS.  Therefore, it is anticipated that over the next 
5 years their will be increased development in these systems with the intention of developing a 
national network of aerosol and ozone LIDARs for assimilation into a next-generation air quality 
model. 
 
Results from the recently completed ESA contract on data assimilation has shown that ozone 
profiles can improve upper atmospheric forecasts and may, in fact, improve surface forecasts 
under certain conditions by up to one full day.  Based on this, it is anticipated that increased efforts 
on data assimilation of vertical ozone profiles will continue.  ECMWF has approached EC to 
operationalize and increase the number of ozonesonde stations across Canada as a means of 
improving its forecast, however, funding for such increased activities has yet to be acquired.   
 
Although SCISAT has been in orbit for 4.5 years, the performance remains nominal; indeed the 
FTS spectra are now better than just after launch because the rate of contamination of the 
detectors by ice is now very low. To maintain the long-term data record of solar occultation 
measurements needed to monitor changes in atmospheric composition, a SCISAT follow-on 
mission is needed. A small proposal for a feasibility study for a mission called SOAR (Solar 
Occultation for Atmospheric Research) has been submitted to the Canadian Space Agency. 
 
With the effects of climate change being seen more frequently in the Arctic, Canada has become 
acutely aware of its responsibility to northern Canadians and the need to protect Arctic sovereignty.  
In a recent Speech from the Thrown, the present Canadian government has recognized the need 
to enhance Arctic research.  Therefore, it is anticipated that over the next 7 – 10 years there will be 
a significant shift toward the Arctic research, including increased monitoring and process studies 
associated with atmospheric chemistry. 
 

NEEDS AND RECOMMENDATIONS 
In a recent meeting of a Senior Scientific Advisory Committee instituted by the Space Science 
Directorate of the Canadian Space Agency concerns were raised on the lack of quality profession 
technical staff, young scientists and the capacity within Canada to develop new scientific 
instrumentation.  While these comments were primarily directed toward the development of Earth 
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Observation instruments, the same concerns have been raised within universities and science-
based federal government departments.  For Canada to continue as a provider of quality space-
based scientific instruments and a developer of ground-based instrumentation, new ways must be 
found to increase the ability of scientists to train highly qualified personnel and sustain working 
technical laboratories. 
 
Canada over the last decade has played a significant role in the development of scientific 
instrumentation to measure ozone and other chemicals, both from the surface and from space.  
The recognition by the global scientific community for these efforts has been overwhelming.  
Nevertheless, this global support has not been fully utilized in moving Canadian research into the 
future.  Canadian scientific community must find an effective means of using the respect of the 
global community to obtain national support (funding) if we are to continue to play a role in 
understanding our environment. 
 
The scientific community is awash in data, but within the Canadian context, the overall capacity to 
effectively archive and then utilize this data is lacking.  This includes the ability to use effectively 
the internet and web to manipulate and transfer this data.  While data archival is an important 
scientific issue, obtaining the significant amounts of funding needed to properly archive and use 
this data is difficult to obtain.  Therefore, is it crucial for the global scientific community to 
recommend strongly the need for governments to protect the investment made in making these 
observations through the adequate funding of data archival. 
 
The apparent lack of limb scanning instruments needed to obtain ozone vertical profiles is a grave 
concern.  The Ozone Research Managers need to recommend that national space agencies re-
assess and correct this situation in a timely manner. 
 
 

**** 
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CHILE 
 
 

Introduction 
According to recommendations of the Sixth Meeting of the Ozone Research Managers of the 
Parties to the Vienna Convention for the Protection of the Ozone Layer, Vienna 2005 summarized 
in its report.  
  
Several different scientific groups and institutions are engaged in the investigation of ozone 
depletion and ultraviolet radiation. The majority are studying changes in incident UV using several 
types of instruments, mostly broad band.  
 
 
OBSERVATIONAL ACTIVITIES 
 
Column measurements of ozone 

 
Station Instruments Institution Lat. Long. Period of 

observations 
Punta Arenas Brewer MKIV 

068 
University of Magallanes 53o18´S 70o54´W 1992-2000 

Punta Arenas Brewer MKIII 
180 

University of Magallanes 53o18´S 70o54´W 2002 – Jun.2006 

Punta Arenas Brewer MKIV 
124 

University of Magallanes 
(Chile)- INPE (Brazil) 

53o18´S 70o54´W Aug.2007-
Nov.2007 

Punta Arenas Brewer MKIII 
180 

University of Magallanes 53o18´S 70o54´W Nov.2007-today 

 
Profile measurements of ozone 

 
Station Type Institution Lat. Long. Period of 

observations 
Punta Arenas Umkehr University of Magallanes 53o18´S 70o54´W 2002 – today 
Punta Arenas Ozone sondes University of Magallanes 53o18´S 70o54´W Campaigns spring 

time 
1995-1996-1997-
2001-2005 

Isla de Páscua Ozone sondes DMC 27o09´S 109o27´W 1994- today 
 DMC: Dirección Meteorológica de Chile (National Meteorological Service) 

 
UV measurements 
 
Broadband measurements 

 
Instruments of the groups of research                

Station Instruments Institution Lat. Long. Period of 
observations 

Arica Solar Light 501 University of 
Atacama 

13º 28'S 70º 20'W 1998 - 2005 

Santiago Solar Light 501 University of 
Santiago 33º26’S 70º40’W 1999 - today 

Puerto Natales Solar Light 501 University of 
Magallanes 

51° 43'S 
 

72° 31'W 1997 - today 

Punta Arenas Solar Light 501 University of 
Magallanes 

53o18´S 70o54´W 1997 - today 

Puerto Porvenir Solar Light 501 University of 
Magallanes 

53° 17'S 70°22'W 1997- 2002 

Puerto Williams Solar Light 501 University of 
Magallanes 

54° 55'S 67° 37'W 1997 - 2004 

Bernardo 
O´Higgins 

Solar Light 501 University of 
Magallanes 

63o19´S 56o54’W 2007 - today  
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Network of DMC 
Station Type Lat.  Long. Elev. Period of 

Observations 
Pyranometer YES  
 UV – B  Iquique Pyranometer  EPPLEY 
UV (A+B)  

20º32’S 70º19’W 52m 1998 – today 

San Pedro de 
Atacama 

Pyranometer  YES  
UV – B  22º55’S 68º12’W 2450m 2006 – today 

Antofagasta Pyranometer  YES  
UV – B 23º27’S 70º26’W 145m 2006 – today 

Pyranometer  YES  
UV – B La Serena Pyranometer  EPPLEY 
UV (A+B) 

29º54’S 71º12’W 25m 2003 – today 

El  Tololo Pyranometer   
Kip –Zonen /Li-Cor UV – B 30º10’S 70º48’W 2030m 1997 – today 

Valparaíso Biometer Solar Light 32º56’S 71º 28’W 131m 2002 – today 
Cordillera Central Pyranometer   

 UV – B 33º21’S  70º15’W 3015m  2006 – today 

Santiago- Pudahuel  Pyranometer  YES   
UV – B  33º23’S 70º47’W 475m     1992 – 2006 

Santiago- Quinta 
Normal 

Pyranometer  YES  
 UV – B 33º26’S 70º40’W 520m 2006 – today 

Pyranometer  YES 
UV – B Concepción 
Pyranometer  UV (A+B) 

36º46’S 73º03’W 8m 2002 – today 

Pyranometer  YES 
UV – B 

Puerto Montt 

Pyranometer  EPPLEY 
UV (A+B) 

41º25’S 73º 05’ W 85m 2001 – today 

Coyhaique Pyranometer  YES 
UV – B 45º35’S 72º 07’ W 310m 2001 – today 

Punta Arenas  Pyranometer YES 
 UV – B 53º00’S  70º 51’ W 37m 2001 – today 

Centro Meteorológico 
Antártico Presidente 
Eduardo Frei 

Pyranometer  YES 
UV – B 62º25’S 

 
58º 53’ W 

 
10m 

 
1992 – today 

 
 
 
Narrowband filter instruments 
 

Station Instruments Institution Lat. Long. Period of 
observations 

Santiago GUV 511 University of 
Chile 33º26’S 70º40’W 1995 - today 

Valdivia GUV 511 University 
Austral 

39o48’S 73o14’W 1995 - 2007 

Punta Arenas GUV 511 University 
Magallanes 

53o18´S 70o54´W 1993 - today 

Base Prof. Julio 
Escudero 

NILU UV University 
Magallanes 

62o12’S 58o57’W 2005 - today 

 
Spectroradiometers 

 
Station Instruments Institution Lat. Long. Period of 

observations 
Valdivia SUV 100 DMC-University Austral 39o48’S 73o14’W 1997 - 2007 
Station Brewer MKIII 

180 
University of 
Magallanes 

53o18´S 70o54´W 2002 - today 

 
 
Calibration activities 

 
a) DMC-network: The instruments of the DMC were compared and calibrated every two 

years in Valdivia, until 2005.  The calibration of the year 2007 could not carry out, due to 
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the fact that a fire consumed the department of physics of the University of Valdivia, 
which caused the loss of valuable information and set of instruments, among them the 
spectroradiometer (patron instrument) and the pyranometers that were ready for 
calibration. In view of the cost of the spectroradiometer, reinstatement becomes difficult 
in the short term. 
 

b) BREWER 180 (Punta Arenas): International Ozone Services Inc. (IOS) completed the 
ozone and UV calibration and service of two Brazilian (INPE) and one Chilean Brewer 
Spectrophotometer during period Nov. 21 – 26, 2007 at in Punta Arenas, Chile. The 
instruments #180 (local), #068 and #124 were calibrated and repair. The World 
Meteorological Organization (WMO) supported this project. All three instruments 
produced lower (~5%) ozone results initially with existing constants, when compared to 
the traveling Brewer #017. 
 

 
Figure 1:  Brewer MKIII #180, MKIV#124, MKIV#068 and the traveling Brewer MKIV#017, 

during the calibration activities at Punta Arenas. 
 
 

c) Biometers network (University of Magallanes): The Solar Light instruments of the 
group of the University of Magallanes are calibrated once per year using the Brewer 180 
located in Punta Arenas. 

d) Narrowband GUV: A Inter-comparison activity was carried out during the period 20-25 
February, 2008 with the instruments GUV of Río Gallegos and Punta Arenas. This 
activity form part of the objectives of the binational project “PROJECT FOR 
STRENGTHENING THE CAPACITY TO MEASURE THE OZONE LAYER AND UV 
RADIATION IN THE SOUTHERN PATAGONIA, AND THE PROJECTION TOWARDS 
THE COMMUNITY” supported by the Japan International Cooperation Agency (JICA). 
  

 
 
RESULTS FROM OBSERVATIONS AND ANALYSIS 
 
Results of Studies at Punta Arenas Chile (Lat. 53S, Long. 70W). 

 
The Brewer instrument has been operational at Punta Arenas from May 1992 until today, 
considering the Brewer #068 (1992-2000) and Brewer #180 (since year 2002). The Figure 2 shows 
the variation of the ozone column measured by Brewer from 1992 until 2007. The black line reefers 
to the running average (n=30) and the 220 UD threshold line is shown for reference.  
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 Figure 2: Daily and running average values of  total column ozone over Punta Arenas 

Chile 1992-2007 obtained with Brewer spectroradiometer  (No 068 and No. 
180). 

 
 
The number of days in which the Antarctic Ozone Hole (AOH) has been over the Magallanes 
region varies from year to year.  Figure 3 shows the number of events of low ozone to Punta 
Arenas. The criteria for defining an event of low ozone is that ozone column (daily average) must 
be lower than the reference (mean monthly climatological values for Punta Arenas from TOMS 
overpass data for the period 1978-1987), minus twice the standard deviation of the mean (mean 
monthly - 2σ). The number of days per year is shown in part (a), after 1995 the higher frequency 
occurred in February of 1998 with 27 days.  In the period of 1994-1999 there were many days of 
low ozone events during summer time.  Between 2001 and 2003 there were fewer significant days 
showing a possible recuperation of the ozone over Punta Arenas.  However, during 2004-2007 the 
days began to increase again.   
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Figure 3:  Number of days per year under the climatological (1978-1987) average minus 

two standard deviations. 
 
 

DISSEMINATION OF RESULTS 
 
Data reporting 
• GUV-Network: The database of the GUV instruments are stored and maintained by each 

group, also exists an archive of all data (IAI) from all stations. 
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• The UV-B data from DMC network and vertical ozone profile from Isla de Pascua are being 
regularly sent to the World Ozone Data Centre, Canada. 

• The data from Brewer 180 in the course year will be sent to the WOUDC. 
 
Information to the public 
• The National Meteorological Service (DMC) gives UV-Index forecast for all stations shown in 

2.3.1. 
• Since the summer of 1999 the Ozone Laboratory and RUV of the University of Magallanes 

provides a UV-Index daily forecast during spring and summer time. 
 
Relevant scientific papers 
Casiccia, C.; F. Zamorano; A. Hernández, Erythemal irradiance at the Magellan´s región and Antarctic 

ozone hole 1999-2005, Atmósfera 21(1), p. 1-12, 2008. 
Sanchez, F., The relationship between the ozone layer and skin cancer, REVISTA MEDICA DE 

CHILE,  Vol: 134(9) p.:1185-1190, 2006. 
Diaz S, Camilion C, Deferrari G, et al., Ozone and UV radiation over southern South America: 

Climatology and anomalies, PHOTOCHEMISTRY AND PHOTOBIOLOGY, Vol:82(4),  p:834-843, 
2006. 

Munakata N., et al., Biological monitoring of solar UV radiation at 17 sites in Asia, Europe and South 
America from 1999 to 2004, PHOTOCHEMISTRY AND PHOTOBIOLOGY,  Vol: 82(3), p:689-694, 
2006. 

Huovinen P, Gomez I, Lovengreen C., A five-year study of solar ultraviolet radiation in southern Chile 
(39 degrees S): Potential impact on physiology of coastal marine algae?, Vol:82(2), p:515-522, 
2006. 

Cordero RR, Roth P, Georgiev A, et al. Climatology of surface ultraviolet-radiation in Valparaiso, chile, 
ENERGY CONVERSION AND MANAGEMENT Vol: 46(18-19), p:2907-2918, 2005. 

Diaz S, Booth CR, Armstrong R, et al. Multichannel radiometer calibration: a new approach, APPLIED 
OPTICS, Vol:44(26), p:5374-5380, 2005. 

 
PROJECTS AND COLLABORATIONS 
 
UVO3PATAGONIA: PROJECT DESIGNED TO STRENGTHEN THE CAPACITY TO MEASURE 
THE OZONE LAYER AND UV RADIATION IN CHILEAN-ARGENTINE SOUTHERN 
PATAGONIA, AND THE PROJECTION TOWARDS THE COMMUNITY, supported by the Japan 
International Collaboration Agency (JICA) 
The Ozone and Ultraviolet Radiation Laboratory, (Laboratorio de Ozono y Radiación Ultravioleta) 
LabO3RUV of the University of Magallanes, and the Center for Research into Lasers and 
Applications (Centro de Investigaciones en Láseres y Aplicaciones), CEILAP (CITEFA-CONICET), 
in Villa Martelli, in the Province of Buenos Aires, propose to carry out joint research and socially-
oriented activities aimed at the communities of Southern Patagonia, in relation to this important 
issue. These institutions have laboratories located 200 Km from one another: in Punta Arenas (Lat. 
53oS; Lon. 70o54´W) and in Rio Gallegos where CEILAP has set up a mobile laboratory 
(Lat.51o55´S; Lon.69o14’W), both situated in the extreme south of the American continent where 
the AOH passes over.  
 
IPY: Study of the Mesosphere, Stratosphere and Troposphere Antarctica and its links South 
America. 
The MST – ASA is a study of the Mesosphere-Stratosphere-Troposphere using different 
techniques in the Brazilian Antarctic Station, Chile, Bolivia and Brazil. 
This co-ordination will be directed toward ground-based experimental campaigns, with Radar, 
Spectrophotometers, radiometers, ECC sonde technique launched on balloons, to increase 
understanding of the Antarctic atmosphere and the teleconection to South America. 
 
 
FUTURE PLANS 

 
• Under the project UVO3PATAGONIA , supported by JICA during 2008 will be implement a 

long term program of continuous balloon sonde measurements to establish a profile of 
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stratospheric ozone concentrations over Punta Arenas (Chile), incorporating LIDAR 
systems for taking measurements of ozone, water vapour and aerosol profiles, and passive 
sensors for measuring UV radiation at Rio Gallegos (Argentina). The LIDAR was designed 
and constructed at CEILAP (CITEFA-CONICET). 

 
 
NEEDS AND RECOMMENDATIONS 
 

• Currently the UVO3Patagonia project financed by JICA is supporting to buy instruments for 
monitoring the launch of ozonesondes at Punta Arenas. However for the next years, it does 
not exits support for buying radiosondes, ozonesondes, balloons, and spare hardware 
required to obtain ozone profiles. Thus, any cooperation is welcome. 
 

• Since already it was mentioned, due to the disaster happened in Valdivia the 
Meteorological National Service suffered the loss, among others, of the spectroradiometer  
SUV 100, instrument that was in use as patron instrument of calibration who was acquired 
across the project GEF. In view of the cost of the spectroradiometer, reinstatement 
becomes difficult in the short term; the Meteorological National Service is looking for the 
financial support in the acquisition of a new instrument, any help is welcome. 
 

• Construct a network of instruments to measure ozone and ultraviolet radiation along the 
total length of Chile using the country’s unique geographical features and scientific 
installations, with two or three additional Brewer Spectroradiometers in the northern and 
central regions.  
 

• The experience of the intercomparasion and calibration activities in Punta Arenas was very 
successful, it would be important to replicate with more instruments. 
 

 
**** 
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CHINA 
 
 
OBSERVATIONAL ACTIVITIES 
 
In 1938 and in 1958, two Dobson Spectrophotometers have been setup in Kunming, Yunnan 
province and in Xianghe, Beijing, by the Institute of Atmospheric Physics (IAP), the Chinese 
Academy of Sciences (CAS). Four MK II Brewer Spectrophotometers have been set up by Chinese 
Meteorological Administration (CMA) in Waliguan, Lin’an, Longfengshan WMO GAW station, and 
Chinese Zhongshan South Pole station in 1990s. In Taiwan and in Hongkong, they each have one 
Brewer to observe ozone and UVB. They are the current total ozone and UVB observation net in 
China. Their data are reported to WOUDC routinely. 

 
Another Brewer Spectrophotometer has been set up in Lhasa, Tibet in 2008. Total ozone 
observation from space will be implemented when satellite Fengyun III is launched in May 2008. 
 
Column measurements of ozone and other gases/variables relevant to ozone loss 
 

Station Institution Instruments Location Start of observations 
Xianghe Institute of Atmospheric Physics, 

Chinese Academy of Science 
Dobson  116°E, 39°N 1979 

Kunming Institute of Atmospheric Physics, 
Chinese Academy of Science 

Dobson 102°E, 25°N  1979 

MT. Waliguan China Meteorological Administration Brower#54 
MKII 

100°E, 36°N 1991 

Longfengshan China Meteorological Administration  Brower#76 
MKII 

127°E, 44°N  1993  

Lin’an China Meteorological Administration  Brower#77 
MKII 

119°E, 30°N  1993 

Zhongshan China Meteorological Administration Brewer#74 
MKIV 

South Pole 1993  

Hongkong  Brewer 114°E, 22°N  
Taiwan  Brewer 121°E, 24°N  
Lhasa China Meteorological Administration Brewer 91°E, 23°N 1998; 2008 

 
  
Profile measurements of ozone and other gases/variables relevant to ozone loss 
 
There are two stations for ozone profile observation which are in constructing by CMA. One is in 
Lhasa, another is in Beijing. Ozone sondes have been routinely released in Shanghai by Shanghai 
Meteorological Bureau since 2007. 
 
UV measurements 
 

Station Institution Instruments Location Start of observations 
MT. Waliguan China Meteorological Administration UVB-1 Yankee 100°E, 36°N 1991 
Longfengshan China Meteorological Administration   127°E, 44°N  1993 
Lin’an China Meteorological Administration   119°E, 30°N  1993 
Zhongshan China Meteorological Administration UVB-1 Yankee South Pole 1993  
Hongkong   114°E, 22°N  
Taiwan   121°E, 24°N  
Lhasa China Meteorological Administration  91°E, 23°N 1998; 2008  
Shangdianzi Institute of Urban Meteorology, CMA, 

Beijing 
KIPP&ZONEN 117°E, 40°N  

 
           
Calibration activities 
The Brewers are calibrated by WMO/GAW Brewer Spectrophotometer Ozone Calibration Centre 
about every two year. A calibration lab in CMA will be setup in 2008. 
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RESULTS FROM OBSERVATIONS AND ANALYSIS 
 

The published and unpublished results all shows the total ozone concentration was slightly 
decreasing during last 20 years. 

 

 
Figure 1:  The monthly mean variation of the total ozone in Mountain Waliguan (Linear 

fitting trend: y = - 0.106X + 295.51)1 . 
 

 
 
Figure 2:  The daily average variation of total O3 over Mt1 Waliguan in 1993—20052. 
 

 
THEORY, MODELLING, AND OTHER RESEARCH 
 
School of Earth and Space Science, University of Science and Technology of China and other 
research organizations, have done some research on the vertical distributions and variation 
characters of ozone over the Iranian Plateau and Tibetan Plateau by using the TOMS, HALOE and 
SAGE II data3. 
 
_________________ 
1 ZHANG Zhongbo, BIAN Jianchun, et al. Analyze and Verify Variation Features of Total Atmospheric Ozone in Mountain 

Wal iguan Based on Comparison between Brewer and TOMS Data. Climatic and Environmental Research, 11(4): 
451-456, 2006. 

2Deliger, ZHAO Yucheng. The Variation Characteristics of Atmospheric Background Chemical Component in Recent 10 
Years over Mt. Waliguan of Qinghai Province. Environmental Chemistry, 26(2): 241-244, 2007. 

3  ZHOU Renjun, CHEN Yuejuan. Ozone Variations over the Tibetan and Iranian Plateaus and Their Relationship with 
the South Asia High. Journal of University of Science and Technology of China, 35(6): 899-908, 2005. 
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Figure 3:  Profile of ozone number density from SAGEα data and ozone mixing ratio from 
HALOE data (in summer)4. 

 

 
Based on the observation data of CERN (Chinese Ecosystem Research Network) from 29 
ecological stations of CAS in 2002, including UV radiation, global solar radiation, sunshine 
duration, relative humidity, temperature, etc., then on the basis of the 1km×1km grid Atlas of the 
Chinese Meteorological Factors, ZHU Qinglin use ArcGIS to accomplish the spatialization of 
monthly UV radiation in China.5 

 

Figure 4:  Spatial distribution of UV in January (left) and July (right)6. 
 
 
 
_________ 
 

4ZHOU Renjun, CHEN Yuejuan. Ozone Variations over the Tibetan and Iranian Plateaus and Their Relationship with the 
South Asia High. Journal of University of Science and Technology of China, 35(6): 899-908, 2005. 

5  ZHU Qinglin, YU Guirui, et al. Spatialization Research on Ultraviolet Radiation in China. Resources Science, 27(1): 
108-113, 2005. 

6ZHU Qinglin, YU Guirui, et al. Spatialization Research on Ultraviolet Radiation in China. Resources Science, 27(1): 108-
113, 2005. 
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DISSEMINATION OF RESULTS 
 
Data reporting 
The data from the current ozone and UVB observation net in China are reported to WOUDC 
routinely. 
 
Information to the public            

 The National Meteorological Service has included UV-Index in the public weather forecasts 
and reports. 

 Relevant information can be seen on the China Meteorological Data Sharing Service System, 
http://cdc.cma.gov.cn/. 

 
Relevant scientific papers 
Deliger, ZHAO Yucheng. The Variation Characteristics of Atmospheric Background Chemical Component in 

Recent 10 Years over Mt. Waliguan of Qinghai Province. Environmental Chemistry, 26(2): 241-244, 
2007. 

ZHANG Zhongbo, BIAN Jianchun, et al. Analyze and Verify Variation Features of Total Atmospheric Ozone 
in Mountain Wal iguan Based on Comparison between Brewer and TOMS Data. Climatic and 
Environmental Research, 11(4): 451-456, 2006. 

ZHOU Renjun, CHEN Yuejuan. Ozone Variations over the Tibetan and Iranian Plateaus and Their 
Relationship with the South Asia High. Journal of University of Science and Technology of China, 
35(6): 899-908, 2005. 

ZHU Qinglin, YU Guirui, et al. Spatialization Research on Ultraviolet Radiation in China. Resources Science, 
27(1): 108-113, 2005. 

 
 
PROJECTS AND COLLABORATION 

 
Table 1:  List of recent projects supported by the National Science Foundation of China (NSFC). 
No. Project Institution Period of 

the project 
49645006/D0507 Vertical structure of ozone over large scale 

topography 
Institute of Atmospheric 
Physics, CAS 

1996.1 – 
1996.12 

49675254/D0503 Research on Multi-Wavelength Laser Detection of 
ozone and aerosol 

Institute of Atmospheric 
Physics, CAS 

1997.1 – 
2000.12 

49765012/D0507 Analyses on  the Meteorological Fields of ozone 
anomaly over Tibetan Plateau 

Xizang Meteorological 
Bureau 

1998.1 - 
2001.12 

49775275/D0510 Observation of ozone and aerosol over Tibetan 
Plateau 

Institute of Atmospheric 
Physics, CAS 

1998.1 – 
2000.12 

49775258/D0503 Research on troposphere ozone based on laser radar 
measurement 

Anhui Institute of Optics and 
Fine Mechanics, CAS 

1998.1 – 
2000.12 

49775276/D0512 Research on secular variation of ozone over large 
scale topography 

Institute of Atmospheric 
Physics, CAS 

1998.1 – 
2000.12 

49865001/D0501 Research on climatologic and environmental effect of 
stratospheric ozone in Yunnan, China  

Yunnan University 1999.1 – 
2001.12 

49975026/D0510 Research on characteristics of ozone concentrations 
vertical distributions over several sites in China 

Peking University 2000.1 – 
2002.12 

40265001/D0501 Variation of ozone and UV-B Radiation and effect on 
the ecological environment over the low latitude 
plateau area  

Yunnan University 2003.1 – 
2005.12 

40375005/D0503 Total ozone amount and aerosol optical properties 
based on the Brewer spectrometer 

Chinese Academy of 
Meteorological Sciences 

2004.1 – 
2006.12 

40475014/D0503 Research on the characteristics and variation of 
ozone vertical distribution in the atmosphere over 
Beijing 

Institute of Atmospheric 
Physics, CAS 

2005.1 – 
2007.12 

40775024/D0503 Quantitative Evaluation on accuracy of retrieval 
method for ozone vertical profiles based on the 
satellite measurement  

National Satellite 
Meteorological Center 

2008.1 – 
2010.12 
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FUTURE PLANS 
 
The current monitoring networks are to be maintained in operation. However, there is no special 
plan or project for building new capacities to conduct ozone or UV radiation,  some projects, such 
as projects focusing on climate change, may include instruments installation and research related 
to ozone and UV. 
 
 
NEEDS AND RECOMMENDATIONS 
 
Much work needs to be carried out to understand many aspects of the ozone evolution and 
change, including impact of HCFCs, ozone-climate relationships, UV relationships, etc. The 
international cooperation and assists for improvement the research level and quality are 
appreciated. 

 
**** 
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COMORES 
 
 
INTRODUCTION 

 
L’Union des Comores est constituée d’un archipel de quatre îles  situées dans le Canal de 
Mozambique à mi-chemin de Madagascar et de la côte Est africaine ; elles couvrent une superficie 
de 2236 km2 : Grande Comore (Ngazidja : 1148 km²), Anjouan (Ndzuani : 374 km²),  Moheli 
(Mwali : 290 km²) et Mayotte (Maore : 424 km²). Mayotte est toujours sous administration française 
malgré l’indépendance des Comores en 1975. Le relief est accidenté et volcanique et les sol et 
sous-sol sont dépourvus des ressources minières et énergétiques, mais ont beaucoup de 
potentialités agricoles 

 
Le climat tropical mais tempéré à la fois par l’altitude et par l’influence océanique est caractérisé 
par deux saisons : saison chaude et humide marquée par de fortes pluies et des vents violents 
(kashikasi) et une saison sèche et fraîche caractérisée par des vents (kusi) avec des températures 
oscillant entre 24 et 30° C, d’où l’utilité et la consommation du froid (climatisation, réfrigération, 
congélation, chambre froide etc…). 
 
Le recensement de 2003 donne 576 000 habitants pour les trois îles dont 29% localisés en milieu 
urbain et 71% en milieu rural. Ainsi l’environnement subit une série d’agressions à cause de 
l’ignorance de la population ou tout simplement pour le désespoir de survie. Le taux 
d’accroissance annuel moyen étant de 2,1% entraînant un doublement projeté de la population en 
33 ans ; les projections de ce recensement donnent une population de 648 000 habitants en 2008 
et 716 000 en 2013 repartis inégalement dans les îles. 

 
Pour leur fonctionnement, les secteur agricole (40% du PIB) et du froid (sous-secteurs de la 
réfrigération domestique et commerciale, de la climatisation domestique et automobile, et des 
chambres froides) utilisent les Substances Appauvrissant la couche d’Ozone (SAO) dont les 
CFC12 représentent plus de 90%. 
 

Tableau 1: consommation de CFCs aux Comores. 
 

 1998 1999 2000 2001 2002 2003 2004 2005 2006 
Consommation totale de 
CFC-12 

3.04 2.126 2.42 1.74 1.70 1.1 1.05 0.8 0.59 

Consommation totale de 
HFC-134a 

0 0 0 0 0.50 0.89 1.40 1.60 1.444 

Consommation totale de 
réfrigérants 

3.04 2.126 2.42 1.74 2.2 1.99 2.45 2.4 2.034 

 
Les Comores se trouvent donc impliquées dans une politique de gestion durable des 

ressources naturelles et de l’environnement. 
 
 
CADRE INSTITUTIONNEL ET JURIDIQUE 

 
a) Institutionnel 

 
Le Bureau Ozone Comores (BOC) est crée au sein de la Direction Nationale de l’Environnement 
au Ministère de l’Agriculture de la Pêche et de l’Environnement (MAPE) qui est chargé de la tutelle 
institutionnelle de la protection de la couche d’ozone. Le Bureau Ozone a pour mission d’assurer la 
coordination et d’impulser toute la politique nationale pour la protection de la couche ozone.  

 
Les personnes ressources y sont affectées pour la gestion quotidienne du programme et un 
Comité Ozone, impliquant tous les acteurs concernés, devrait être mise en place pour renforcer 
l’efficacité du Bureau Ozone Comores.  
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b) Juridique 
 

Depuis 1993, les Comores sont dotées d’une Politique Nationale de l’Environnement :  
• La loi cadre n° 94-018 relative à l’environnement stipule dans son article 38b : «un décret 

portant des mesures pour limiter et réduire l’importation, la production, la consommation 
et l’exploitation des substances de nature à détruire la couche d’ozone et encourager le 
recours à des substances et techniques de substitution », 

• La loi n° 94-011 autorise le Président de la République à ratifier la Convention de Vienne, 
le Protocole de Montréal et ses amendements 

 
Les Comores, à l’instar de la communauté internationale soucieuse de préserver un 
environnement sain pour les générations présentes et futures, ont adhéré à la dynamique 
d’asseoir un cadre juridique international en ratifiant : 
 
 

en 1994,     
- la Convention de Vienne,  
- le Protocole de Montréal,  
- l’Amendement de Londres ; 

 

et en 2002, 
- l’Amendement de Copenhague, 
- l’Amendement de Montréal,  
- l’Amendement de Beijing. 

 
La mise en application de ces instruments juridiques internationaux s’est traduite sur le plan local 
par :  

• la signature d’un arrêté interministériel, en 2001, réglementant l’importation aux Comores, 
des SAO, des équipements et autres appareils utilisant ces substances. 

• l’introduction d’un système des licences afin de pouvoir mieux gérer les quotas à 
l’importation des SAO jusqu’à leur élimination pure et simple en 2010.  

 
 

PLAN D’ACTION 
 
Dans le cadre de la mise en œuvre du  Protocole de Montréal d’une part, et d’autre part du 
partenariat avec le Secrétariat Exécutif de l’ozone, le Programme des Nations Unies pour 
l’Environnement, le Fonds  Multilatéral ainsi que le PNUD, les Comores ont bénéficié d’une 
assistance technique et financière caractérisée par un ensemble de projets pour la Protection de la 
couche d’ozone. Cet ensemble de projets qui vise comme objectif, l’élimination des Substances 
Appauvrissant la couche d’Ozone (SAO) avant 2010, se présente comme suit : 

 
• Préparation du programme pays : réaliser un diagnostic de la consommation des SAO et 

projeter des mesures appropriées pour une gestion rationnelle des ces substances ; 
• Renforcement institutionnel : renforcer les capacités institutionnelles nationales en vue de 

protéger la destruction de la couche d’Ozone par l’élimination progressive des SAO et par 
la promotion des produits de substitution ; 

• Plan de gestion des fluides frigorigènes (PGFF) : planifier et gérer d’une manière 
dégressive  les fluides frigorigènes nocives importées et existantes au niveau du pays en 
vue de leur élimination définitive  programmée d’ici  2010 ; 

• Projet régional de bromure de méthyle : mise en place d’une stratégie nationale pour 
prévenir l’introduction et la diffusion des utilisations du bromure de méthyle ;  

• Préparation et mise en œuvre du programme d’élimination finale des fluides frigorigènes 
d’ici 2010 (TPMP). 

 
L’exécution  de cet ensemble de projets a eu comme mesures : 
 

• Le renforcement institutionnel, 
• L’élaboration et mise en œuvre d’une stratégie de communication sur la problématique de 

l’ozone à l’endroit des diverses couches sociales, 
• L’élaboration et l’exécution d’un Plan de Gestion des Fluides Frigorigènes (PGFF), 
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• La formation de formateurs et de techniciens frigoristes sur les bonnes pratiques en 
matière de froid (réparation, entretien, récupération et recyclage), 

• La formation des officiers douaniers sur l’identification et le contrôle des importations des 
SAO, 

• La mise en place d’un cadre législatif de contrôle des importations  des SAO et les 
équipements les contenant ainsi que l’utilisation des mesures tarifaires au niveau des 
douanes pour décourager l’utilisation des SAO au profit  des substituts, 

• L’instauration d’un système de nomenclature des SAO au service des douanes, 
• La reconversion des installations frigorifiques, 
• La création d’une cellule de suivi du PGFF, 
• La mise en place des Associations frigoristes des Iles, 
• La collecte des données et le suivi régulier de la consommation des SAO. 

 
 

Tableau 2 : Consommation réelle des ODS et consommation ODS exigée par le protocole de  
Montréal. 

Année Scénario  
Base line 97 98 99 00 01 02 03 04 05 06 07 08 09 2010 

Selon le 
protocole 

         1,25   0,375  0 

Situation 
réelle  

2,5 2,9 3,6 2,5 2,7 1,9 1,8 1,1 1,1 0,9      

 
 

Tableau 3 : Plan prévisionnel d’élimination des CFCs   sur le temps imparti. 
Année Quantité annuelle à éliminer, Kg 
2008 225 
2009 150 

 
 

ACTIVITES SUR L’OBSERVATION ET LA RECHERCHE EN OZONE 
 
Malgré la faiblesse de l’industrie du froid aux Comores, la recherche constitue un maillon essentiel 
pour l’accompagnement du programme Ozone aux Comores. D’importants efforts ont été déployés 
pour la réduction de la consommation des SAO et des résultats significatifs ont été obtenus. Ces 
efforts méritent d’être soutenus par la mise en place d’une Unité d’observation et de recherche sur 
l’ozone, devant servir de base d’orientation dans la mise en œuvre du programme ozone aux 
Comores : 

 
Dans le souci d’opérationnaliser l’Unité d’observation et de Recherche sur l’ozone, il y a donc lieu 
d’associer l’expertise locale dans les activités de recherche au niveau international et soutenir 
notre pays pour :   

• l’identification ou l’implantation d’une station de contrôle de la pollution de l’air afin de 
déterminer les principaux polluants, 

• l’équipement de ladite station en instruments pour les mesures (UV-B), 
• le  renforcement des capacités des cadres impliqués dans les activités d’observation et de 

recherche, 
• l’archivage des données provenant de diverses sources d’observation 

 
 
CONCLUSION 
 
Notre pays participe au mieux de ses moyens à l’effort mondial de mise en œuvre des dispositions 
planétaires sur la protection de la couche d’ozone sur le plan politique, et juridique. Le plan 
technique et matériel mérite d’être renforcé et soutenu financièrement. 

 
 

**** 
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COSTA RICA 
 
 
OBSERVATIONAL ACTIVITIES 
 
The Laboratorio de Análisis Ambiental, Escuela de Ciencias Ambientales (EDECA), Facultad de 
Tierra y Mar, Universidad Nacional (UNA) is the main institution in scientific research and 
monitoring of ozone in Costa Rica. The Laboratorio de Análisis Ambiental-UNA works in 
collaboration with other National Institutions: Instituto Meteorológico Nacional (IMN), Centro 
Nacional de Alta Tecnología (CENAT) and Universidad de Costa Rica (UCR). The Department de 
Physics, Universidad Nacional and the Universidad de Costa Rica (UCR) perform UV 
measurements. 

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

Not available. 
 
Profile measurements of ozone and other gases/variables relevant to ozone loss 
      
Balloon-borne measurements take place at Alajuela, Costa Rica (10.0°N, 84.13°W, 908 m a.s.l).  
 
Ozonosondes 
Since 2005, the Alajuela ozonesonde station was officially accepted into the Southern Hemisphere 
Additional OZonesondes (SHADOZ) network. Weekly ozonesonde soundings have been 
conducted on a weekly basis, using ECC ozonesondes. Ozonosondes launches are a 
collaboration between CIRES-University of Colorado/NASA/NOAA and the Laboratorio de Análisis 
Ambiental-UNA/IMN/CENAT.  
 
Water Vapour Measurements 
Since 2005, together with ozone soundings also water vapour soundings have been taken place. 
Monthly or biweekly soundings have been conducted, using cryogenic chilled-mirror hygrometers 
that are flown in combination with ozonesondes. Water vapour soundings are a collaboration 
between CIRES-University of Colorado/NASA/NOAA and the Laboratorio de Análisis Ambiental-
UNA/IMN/CENAT.  
 
Radiosondes 
Since 2004, radiosondes have been launched on a daily basis. These include sensors of 
temperature, relative humidity; direction and wind speed.  Radiosondes are performed by the UCR 
in collaboration with the IMN. 

 
UV measurements 
The UV measurements are performed by the UNA and UCR.  
  
Broadband measurements 
These measurements take at Heredia, Costa Rica (10º 02´N, 84º 09´W; 1050 m). Data has been 
collected since ~10 years ago by the Departamento de Física of UNA. 
Global solar radiation is measured with an Eppley piranometer of spectral precision, model PSP, 
effective measurement range: 0.295 μm to 2.8 μm.  
Infrared radiation of the atmosphere is measured with an Eppley pirgeometer of spectral precision, 
model PIR, with effective range: 4 μm to 50 μm.  

 
Narrowband filter instruments 
Davis Weather station, Vantage Pro2 Plus is used to measure UV. The UV Sensor measures the 
sunburning portion of the UV spectrum (290nm - 390 nm). Its spectral response matches very 
closely the Erythema Action Spectrum (EAS), and was adopted by the Commission Internationale 
de l’Eclairage (C.I.E.) as the standard representation of the human skin’s sensitivity to UV 
radiation.  This equipment is property of the UCR. Measurements have been taken since 3 years 
ago though data is not yet been analysed. 
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Spectroradiometers 
Not available 
 
Calibration activities 
Pre-launch calibration takes place in a regular basis. Vaisala is calibrated at NOAA/CIRES-
University of Colorado/NASA.   

 
 

RESULTS FROM OBSERVATIONS AND ANALYSIS 
 

• Validation of Ozone Measurements from HIRDLS (Nardi et al., 2007). 
• Validation of Aura/MLS Water vapour (Vömel et al., 2007). 
• Solar radiation maps from Costa Rica (Wrigth, 2002). 
• Involvement of the students in the measurements: Licentiate thesis from SIBAJA, J.P., 

2007. Evaluation of the profile of ozone and water vapour concentration in the lower 
troposphere over Costa Rica, Tutor: Dra. Jéssica M. Valverde Canossa, Universidad 
Nacional. 

• Influence of volcanic emissions on ozone data. 
 
 
THEORY, MODELLING, AND OTHER RESEARCH 
Spectral modelling of the direct, diffuse and global solar radiation (Wright, 2005) 

 
 

DISSEMINATION OF RESULTS 
 

Data reporting 
The ozone profile data collected in Costa Rica is sent to NOAA in Boulder, Colorado. The data 
from there is then transferred to the SHADOZ (Southern Hemispheric Additional Ozonesondes) 
archives: http://croc.gsfc.nasa.gov/shadoz/. 

 
Information to the public 
Vertical ozone profile data is made available after every launch on the SHADOZ website for the 
scientific community. 

 
Relevant scientific papers 
Vömel, H., Selkirk H. B., Miloshevich L., Valverde-Canossa J., Valdés J., Kyrö E., Kivi R. Stolz W., Grace S. 

Peng, and Diaz J.A., 2006. Radiation Dry Bias of the Vaisala RS92 Humidity Sensor. Journal of 
Atmospheric and Oceanic Technology. 

H. Vömel, J. E. Barnes, R. N. Forno, M. Fujiwara, F. Hasebe, S. Iwasaki, R.Kivi, N. Komala, E. Kyrö, T. 
Leblanc, B. Morel, S.-Y. Ogino, W. G. Read, S. C. Ryan, S. Saraspriya, H. Selkirk, M. Shiotani, J. 
Valverde Canossa, D. N. Whiteman, 2007. Validation of Aura/MLS Water Vapor by Balloon Borne 
Cryogenic Frostpoint Hygrometer Measurements. Submitted to JGR, March 2007.  

Bruno Nardi, John C. Gille, John J. Barnett, Cora Randall, V. Lynn Harvey, Alison Waterfall, Jolyon Reburn, 
Thierry Leblanc, Sophie Godin-Beekmann, Tom McGee, Laurence Twigg, Peter Bernath, Bojan 
Bojkov, Chris Boone, Charles Cavanaugh, Michael Coffey, James Craft, Cheryl Craig, Vincil Dean, 
Thomas Eden, Gene Francis, Lucien Froidevaux, Chris Halvorson, James Hannigan, Christopher 
Hepplewhite, Douglas Kinnison, Rashid Khosravi, Charlie Krinsky, Alyn Lambert, Hyunah Lee, Joanne 
Loh, Steven Massie, Stewart McDermid, Dan Packman, Anne M. Thompson, Brendan Torpy, Jessica 
Valverde-Canossa, Kaley Walker, Claire Waymark, David N. Whiteman, Jacquelyn C Witte, Greg 
Young, 2007. Initial Validation of Ozone Measurements from the High Resolution Dynamic Limb 
Sounder (HIRDLS). Submitted to JGR April 2007. 

Wright, J. 2005. “Modelación espectral de la radiación solar directa, difusa y global en la atmósfera”. En 
prensa Revista Tópicos  Meteorológicos y Oceanográficos. 

Wright, J. 2002. “Mapas de radiación solar en Costa Rica”. Revista Tópicos Meteorológicos y 
Oceanográficos 9(2)79-87. 

 
 

 

http://croc.gsfc.nasa.gov/shadoz/�
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PROJECTS AND COLLABORATION 
 

The major international collaboration is with CIRES-University of Colorado-NOAA/NASA. Through 
this project we launch regularly ozone and water vapour sondes. The UNA has participated in a 
series of projects: 
 
• Observations of the Variability of Ozone and Humidity in the Tropical Tropopause Region in 

Support of TC4 and AURA Validation. Financed by CIRES-University of Colorado/NOAA, 
from: 01.07.2007- 31.07.2010. 

• Southern Hemisphere ADditional OZonosondes, SHADOZ, Financed by NASA, from: 
01.09.2005- not defined. 

• Impact of Biogenic emissions on Organic aerosols and Oxidants in the Troposphere – 
IBOOT, financed by BELGIAN FEDERAL PUBLIC PLANNING SERVICE SCIENCE 
POLICY, from 15.12.2005 to 15.12.2006. 

• Ticosonde/CR-AVE 2006, financed by CIRES-University of Colorado/NOAA/NASA, from: 
01.01.2006 to 31.02.2006. 

• Ticosonde Veranillo 2006, financed by CIRES-University of Colorado/NOAA/NASA, from: 
01.07.2006 to 07.08.2006. 

• Ticosonde/Aura-TCSP 2005, financed by CIRES-University of Colorado/NOAA/NASA, 
from: 08.07.2005 to 25.07.2005. 

 
At La Selva Biological Station flux measurements of CO2 are taking place in the frame of the 
CARBONO project, more information at http://www.fiu.edu/~carbono/. 
 
 
FUTURE PLANS 
 
The following activities are planned for the future: 
 
• Continue monitoring vertical ozone profiles under the SHADOZ programme. 
• Ozone Climatology. 
• Continue monitoring water vapour profiles. This station has the highest frequency of 

measurements in the tropics. 
• Start continuous UV-B monitoring programme at SHADOZ station; this will depend on the 

help of the Oficina Técnica del ozono. 
• Perform Surface ozone measurements. 
• Continue with the NASA agreement to include Costa Rica in the MPLNET and AERONET 

networks. 
• Improve the dissemination of data to the public by establishing a webpage. 
• The Department of Physics of the UNA and IMN will start measuring UV-B radiation with a 

Kipp & Zonen radiometer donated by the Oficina Técnica del Ozono. 

 
NEEDS AND RECOMMENDATIONS 
 
We need two computers one for surface ozone measurements and another one to work the ozone 
and water vapour data and also a better program such as IDL and financial support to travel to 
meetings, congresses, seminars and workshops abroad. We recommend starting with an UV 
network in Costa Rica and help with the calibration and maintenance of these equipments. 

 
**** 

http://www.fiu.edu/~carbono/�
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CZECH REPUBLIC 
 

 
OBSERVATIONAL ACTIVITIES 
 
Column measurements of ozone and other gases/variables relevant to ozone loss 
Routine daily observations of total ozone (DS and ZS) are performed with the Dobson and Brewer 
(single and double) spectrophotometers operated at the Solar and Ozone Observatory (SOOHK) of 
the Czech Hydrometeorological Institute (CHMI) in Hradec Kralove that is a long-term platform of 
the GAW Programme. The observations are saved in the ozone database of CHMI and submitted 
to partner institutions including the WOUDC, Toronto.  
 
Profile measurements of ozone and other gases/variables relevant to ozone loss 
Balloon-borne ECC ozone sondes are launched three times a week from January to April at the 
Upper Air Department (UAD) of CHMI in Prague. The vertical profiles of ozone from the ground to 
about 30 km, with a vertical resolution of approx.150 m are stored in the ozone database of CHMI, 
WOUDC and NDACC, as well.  Vertical distribution of ozone is also measured by the Umkehr 
inverse technique with the Brewer spectrophotometers and processed by the NOAA/NASA UMK-
2004 algorithm at SOOHK.  
 
UV measurements 
 
Broadband measurements 
UV-Biometers are operated at three CHMI stations (Hradec Kralove, Kosetice and Labska Bouda) 
that are located in typical climate and geographical regions (lowlands, rural land and mountains). 
On-line erythemal irradiances (EUV) are collected in the NRT regime and displayed together with 
UV-Index values at the web site of SOOHK and used for research applications.  
 
Narrowband filter instruments 
Narrowband filter instruments are not operated in the Czech Republic. 
 
Spectroradiometers 
Spectral measurements of UV solar radiation (298-325 nm) are performed with single (MKIV) and 
double (MKIII) Brewer spectrophotometers at SOOHK.  After passing through strict QA/QC 
procedures more than 7.000 UV scans are submitted to the European UV Data Base (EUVDB) 
maintained at FMI, Helsinki. The scans are also used for calculation of reference EUV values for 
calibration of the UV-Biometers. The observations are accompanied by measurements of other 
auxiliary solar radiation fluxes (global, direct, diffuse, reflected). 
 
Calibration activities 
All ozone and UV instruments in CHMI are regularly calibrated towards GAW etalons and operated 
according to proper SOPs. In this way ISO standards on observations and data quality assurance 
are met and long-term drift of calibration stability of instruments are kept in the best accessible 
limits. The experience gathered in recent decades allows experts from SOOHK to assist in 
calibration of ozone spectrophotometers in other countries, e.g. under the umbrella of the GAW 
Regional Dobson Calibration Centre - Europe (RDCC-E) – see Projects and Collaborations. 
 
 
RESULTS FROM OBSERVATIONS AND ANALYSIS 
 
Ozone an UV observations performed in CHMI are analyzed both by Czech experts and by the 
international scientific community. The data sets from Czech stations have been used for analyses 
presented in the WMO/UNEP “Scientific Assessment of Ozone Depletion: 2006” or in the national 
expert publication devoted to the 20-th anniversary of the Montreal Protocol [1] among others.  
Results of the analyses show, that the ozone layer over Central Europe remains depleted by about 
6 % towards the pre-ozone hole period. Though the ozone reduction was almost stabile in recent 
years the recovery has not appeared yet. Surprising persistent depletions are seen in the summer 
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Figure 1:  Differences between seasonal averages 
of total ozone towards the pre-ozone hole period  
(1962-1980), Hradec Kralove, Czech, 1962-2007.
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Figure 2:  Annual courses of differences between 
ground Brewer and overpass satellite OMI_TOMS 
and OMI_DOAS total ozone observations, Hradec 
Kralove, Czech, 2004-2007. 

season - Fig.1. This indicates a change in the UT/LS dynamics over European mid latitudes during 
last two decades.  Ground ozone observations taken at SOOHK have been compared with 
overpass total ozone observed by the GOME and OMI satellite instruments [2]. As for the current 
OMI mission it has been found that the OMI-TOMS data agree with ground (mainly Brewer) 
observations within 1% but the difference of OMI-DOAS data have a seasonal variation up to 4 %, 
Fig.2.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Data from ozonesonde measurements taken at UAD Prague are periodically analyzed and 
compared towards the long term mean values. The results show that there is an evident increase 
in tropospheric ozone during last twenty years and that the difference is nearly constant in last five 
years. Stratospheric ozone values remain under the long term average. This is in good agreement 
with analysis of connection between pressure in tropopause level and amount of ozone above the 
Czech Republic [3]. Changes in ozone values integrated through 20 hPa layers were studied for 
the period 1979-2005. It has been found that amount of ozone increased rapidly in lowest 
troposphere (layer between 900 and 880hPa) during last two decades. There is a turning point in 
ozone amount in the 80-60 hPa layer approximately in 1996, Fig.3.  But the strong reduction of 
ozone in higher levels that has occurred up to the middle nineties has not been ensued by 
significant increase in the 40-20 hPa layer. The ozone values remain nearly constant in this part of 
stratosphere during last ten years. 

 

        
 
Figure 3:  Changes of ozone amount in the layers 80-60 and 40-20 hPa in Prague, Czech, 1975-2005. 
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THEORY, MODELLING, AND OTHER RESEARCH 
 

Cooperation of SOOHK with specialists from 
NASA and NOAA on development and tests 
of a new software package for processing of 
Brewer Umkehr observations with the new 
UM-2004 algorithm was performed in recent 
years. The product is now available for 
operational application in the network or at 
data centres. 

Long-term trends in strong laminae in ozone 
profiles and Impact of geomagnetic storms 
and Forbush decreases of cosmic rays on 
total ozone at higher middle latitudes (40-60o) 
were investigated by specialists of the 
Institute of Atmospheric Physics (IAP) of the 
Czech Academy of Science. Substantially 
higher ozone content, numbers of laminae 
and well pronounced trend reversal due to 
stratospheric dynamics and NAO have been 
found in the mid-1990s in the Northern 
Hemisphere, [6], Fig 4. Also, the total ozone 
response to strong geomagnetic storms 
seems to be caused by storm-related 
changes in atmospheric dynamics. The 
Forbush decreases of cosmic rays seem to 
play important, likely rather decisive role in 
the effects of geomagnetic storms on total 
ozone [7].  

 

UV models based on neural-network 
technologies developed at CHMI were used 
for reconstruction of the EUV irradiances in 
the territory of Czech Republic during last 
decades. The results show, that since the 
early nineties the yearly totals of erythemal 
UV radiation have increased by more than 10 
%, Fig.5. But this trend is mostly originated by 
higher numbers of sunny days and by lower 
total ozone in the summer months (see Fig.1) 
related to UT/LS dynamics during last 15 
years than by chemical ozone reduction in 
the Winter/Spring season.   

 
 
DISSEMINATION OF RESULTS 
 
Data reporting 
Ozone observation are regularly submitted to the WOUDC, Toronto and also to other partner 
institutions and projects  - e.g. the Ozone Mapping Centre of Environment Canada, NDSC data 
base, GAW cooperating stations in Central Europe, MATCH campaigns and satellite validating 
teams. The UV observations are reported to partners in current research projects (COST-726, 
SCOUT). The high quality UV spectral irradiances are deposited into the European UV Data Base 
(EUVDB) at FMI.  
 
 

Figure 4:  Trends in the ozone content in positive 
laminae per profile at middle latitudes of the SH 
(Lauder, Laverton) and NH (Payerne, Sapporo). 

 

Figure 5:  Reconstructed (1962-1995) and measured 
(1996-2005) yearly sums of EUV, Hradec Kralove, 
Czech. 
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Information to the public 
The public ozone and UV information system has been operated by CHMI since 1999. Actual and 
forecasted UV Indices and variation of ozone are presented in NRT at the web site of CHMI-
SOOHK: http://www.chmi.cz/meteo/ozon/hk-e.html and disseminated to mass media daily. The 
system is supported by information campaigns joined by medical experts and linked with 
international centres (e.g. TEMIS/KNMI the Netherlands and ECUVF/DWD, Germany). Actual 
ozone profiles are presented at the web site of CHMI-UAD: 
 http://www.chmi.cz/meteo/oap/eoap_o3data.html.  
 
Relevant scientific papers 
[1] Achrer J. et al, (2007): Protection of the Ozone Layer in the Czech Republic – 20 Years of the 

Montreal Protocol. Publ. of the Ministry for Environment, Prague, ISBN: 978-80-7212-471-8, 2007 (in 
Czech) 

[2]  Vanicek K. (2006): Differences between Dobson, Brewer and satellite TOMS-8 and GOME-WFDOAS 
total ozone observations at Hradec Kralove, Czech. Atmos. Chem. Phys. Discuss., 6,5839–5865, 2006 

[3] Motl M., Kalvova J., Skrivankova P. (2008): Connection between pressure in tropopause level  and 
amount of ozone above the Czech Republic, Meteorological  Bulletin, In Press (in Czech)  

[4] Schmalwieser A.W. et al.(2005): Global Forecast Model to Predict the Daily Dose of the Solar 
Erythemally Effective UV Radiation, Photochemistry and Photobiology, Vol.81, Number 1,154-162. 

[5]  Seckmeyer G et al. (2007): Variability of UV irradiance in Europe. Photochem. and Photobiol., 83: 1-8. 
[6] P. Križan, J. Laštovička: Ozone laminae: comparison of the Southern and Northern Hemisphere, and 

tentative explanation of trends, J. Atmos. Solar Terr. Phys., 68, 1962-1972, 2006.  
[7] J. Laštovička, P. Križan: Geomagnetic storms, Forbush decreases of cosmic rays and total ozone at 

northern higher middle latitudes, J. Atmos. Solar Terr. Phys., 67, 83-92, 2005.  
[8] Harris N.R.P et al. (2007): Ozone trends at northern mid- and high latitudes – a European perspective. 

Analys Geophysicae, In Press. 
 
 
PROJECTS AND COLLABORATION 
 
In recent years experts from Czech institutions participated in the following research and 
development projects that were focused both on scientific topics, analyses of observations and 
cooperation on maintenance of the international ozone monitoring systems.  
 

• CANDIDOZ: “Chemical and Dynamical Influences on Decadal Ozone Change”. EC FP-5, 
2002-2005. CHMI-SOOHK, IAP-CAS, [7]. 

• COST-726: “Long term changes and climatology of UV radiation over Europe”. EC 
coordinated, 2004-2008. CHMI-SOOHK, MFUK-HK 

• Czech-German project (2007-2010) “Structural changes in long-term trends of the 
dynamics of the upper atmosphere”, where changes in long-term trends in lower 
thermospheric, mesospheric (MLT) and stratospheric dynamics are investigated, IAF-CAS 

• ENV-CR: “Maintenance of the Network for Monitoring of the Ozone Layer in Developing 
Countries” Project No.: RV/32/2004 funded by the Ministry for Environment of the Czech 
Republic, 2004-2006 

• GMES: “Global Monitoring for Environment and Security - GAS”. An initiative of the 
European Commission, since 2007. Contribution of Czech experts in definition of the 
Implementation Plan of the GAS in the area of In-situ infrastructure for monitoring of Ozone 
and UV. CHMI-SOOHK. 

• MATCH: International ozone sonde campaigns for the quantification of polar chemical 
ozone loss since 1998. Participation in particular campaigns by alert ozone sonde flights. 
Multinational funding. CHMI-UAD 

• NDACC: “The Network for the Detection of Atmospheric Composition Change”. 
Contribution to ozone monitoring infrastructure. CHMI-UAD.  

• SCOUT-O3: “Stratospheric-Climate Links with Emphasis on the UTLS”. EC FP-6, 2004-
2009. CHMI-SOOHK 

http://www.chmi.cz/meteo/ozon/hk-e.html�
http://www.chmi.cz/meteo/oap/eoap_o3data.html�
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• WMO-GAW-RDCCE: The Regional Dobson Calibration Centre – Europe. Bilateral 
cooperation between MOHp Hohenpeissenberg, Germany and the CHMI-SOOHK on 
activities, since 1999. 

• WMO-GAW-SAG Ozone: “The Scientific Advisory Group for Ozone”, Participation of Czech 
experts since 2002. CHMI-SOOHK.  

 
 
FUTURE PLANS 
 

• Long-term monitoring of ozone and UV will be pursued in CR as specified above. Attention 
will be paid mainly to implementation and application of ISO quality standards on the data 
products.  

• Participation of Czech experts in the ongoing projects will continue. Future activities will be 
focused on the Czech contribution to building up the GAW/IGACO infrastructure in the 
regional scale. This includes the assistance to the Regional Dobson and Brewer Calibration 
Centres and to implementation of the GMES-ACS infrastructure in the area of in-situ 
monitoring ozone and UV. 

• Studies of long-term trends in laminae in relation to in dynamics of the stratosphere and 
investigation of impacts of ozone trends in the upper atmosphere and ionosphere will 
continue. 

• Implementation of ozone and UV observations into the Czech Antarctic programme is 
proposed. 

• The UV models developed in CHMI will be applied in the reconstruction of UV climatology 
in the territory of CR and in the Czech and international integrated environmental projects. 

 
 
NEEDS AND RECOMMENDATIONS 
 

• Implementation of ISO standards for data quality assurance is needed for all instruments 
and observation technologies used for monitoring of ozone and UV in the global networks. 
This includes manly definition and implementation of traceable calibration systems/chains, 
SOPs and maintenance of relevant metadata files. 

• The GTS/WIS telecommunication system should be more extensively used for the NRT 
ozone and UV data transfer. 

• The BUFR/CREX descriptors need to be defined for reporting of the UV data.  
• 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 Programmes should 
reinforce their key role in the capacity building and in maintenance of the global ozone and 
UV monitoring infrastructure. 

 

**** 
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DENMARK 

 
OBSERVATIONAL ACTIVITIES 
 
The Danish Meteorological Institute (DMI), in collaboration with the Danish Environmental 
Protection Agency, conducts permanent measurements of the stratospheric ozone layer. Daily 
ground-based measurements of the ozone layer thickness as well as weekly balloon based 
measurements of the vertical ozone profiles are performed in Denmark and Greenland. The 
measurements are reported to international databases. In addition the measurements are 
incorporated in validation of satellite measurements, e.g. measurements from ENVISAT and 
AURA. Balloon-based measurements of the ozone layer are often conducted as part of larger 
international projects.  
 
Column measurements of ozone and other gases/variables relevant to ozone loss 
Daily observations of total ozone are performed by the DMI in Denmark and Greenland: 
 

Station Location Instrument Start of observations 
Copenhagen 56°N, 12°E Brewer Mark IV May 1992 
Sondre Stromfjord 
(Kangerlussuaq) 

67°N, 51°W Brewer Mark II September 1990 

Thule Air Base 
(Pituffik) 

77°, 69°W SAOZ  
1024 diode array 

September 1990 

  
On non-regular basis, total ozone has also been measured from Qaanaaq (78°N, 69°W) in 
Greenland, using the DMI Dobson #92 instrument since early 2000. 
 
Profile measurements of ozone and other gases/variables relevant to ozone loss 
Weekly ozone soundings have been performed using balloon-borne EEC sensors from 
Scoresbysund (Illoqqortoormiut, 71°N, 22°W) since January 1993. Ozone soundings have also 
been performed on campaign basis from Thule Air Base each winter since January 1992 and 
occasionally from Copenhagen. 
 
UV measurements 
 
Broadband measurements 
 A Yankee Environmental Systems model UVB-1 radiometer has been operated by DMI in 
Copenhagen since 1996. A custom UV radiometer (erythemally weighted UV and total UV-A) has 
been in operation in Thule (Pituffik) since 1993. The latter instrument is owned by the Health 
Protection Agency in the U.K. (former National Radiological Protection Board) and the UV-B part of 
the instrument is similar to the Solar Light model 500. 
 
Narrowband filter instruments 
A narrowband filter instrument – Biospherical Inc., model GUV2511 – has been operated on the 
east coast of Greenland at Scoresbysund (Illotoorqqortoormiut) by DMI since 2008. 
 
Spectroradiometers 
Daily measurements of the surface UV radiation are performed by DMI at Thule (Pituffik), using a 
high resolution spectroradiometer, since summer 1994. The Brewer MkII instrument at Sondre 
Stromfjord (Kangerlussuaq) has measured spectral UV-B (290-325nm) since late 1990. 
 
Calibration activities 
DMI has contributed with ozone measurements from Greenland to the international projects 
CINAMON (AO-ID 158), OMI cal/val and GOME-2 validation as proposed in connection with 
ESA/NASA/EUMETSATS’s ”announcement of opportunities” concerning the ENVISAT, AURA and 
METOP satellite missions. 
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RESULTS FROM OBSERVATIONS AND ANALYSIS 
  
Summer (June, July, August) average column ozone measurements, based on NASA TOMS 
Nimbus 7 version 8 (years 1979-1991) and DMI Brewer (years 1992-2007) from Kangerlussuaq, 
Greenland, are shown in left-hand side in the figure below. The whole data series shows a 
significant trend of -2.1±1.1% per decade (2 σ) while there is no significant trend during the past 15 
years. 
 

 
Likewise summer (June, July, August) average column ozone measurements, based on NASA 
TOMS Nimbus 7 version 8 (years 1979-1991) and DMI Brewer (years 1992-2007) from 
Copenhagen, Denmark, are show in the right-hand side of the figure. The whole data series shows 
a significant trend of -2.6±1.2% per decade (2 σ) while there is no significant trend during the past 
15 years. 
 
 
THEORY, MODELLING, AND OTHER RESEARCH 
 
DMI has participated in major European Arctic and tropic campaigns since the beginning of the 
1990's including EASOE, SESAME, THESEO, THESEO-2000-SOLVE, VINTERSOL, HIBISCUS, 
and Scout-AMMA, as well as a long series of EU-projects. The research is based on a broad 
spectrum of accessible observations, including data from the European environmental satellite 
ENVISAT and analyses of meteorological conditions in the stratosphere. The research includes 
analysis of transport of ozone depleted air masses from Arctic areas to mid-latitudes and 
experimental and theoretical studies of polar stratospheric clouds. In addition research is carried 
out on cirrus clouds from airplane condensation trails, and on cirrus clouds in the tropics, which is 
important for transport of water vapour to the stratosphere. Studies are performed on the 
downward influence from the stratosphere on tropospheric climate. 
 
 
DISSEMINATION OF RESULTS 
 
Data reporting 
The measurements are reported to databases under Network for the Detection of Atmospheric 
Composition Change (NDACC) and World Ozone and UV-radiation Data Center (WOUDC) under 
the WMO-programme Global Atmosphere Watch (GAW). 
 
Information to the public 
UV-index forecasts, based on Danish total ozone measurements, were initiated at DMI in summer 
1992. This public service runs every summer season, made public on the Internet and in several 
media. DMI is responsible for the Near Real Time UV-index processing as part of the EUMETSAT 
Satellite Application Facility on Ozone and Atmospheric Chemistry Monitoring and provides daily 
global maps of clear sky UV-indices. As part of the ESA-GMES Service Elements project Promote, 
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DMI has initiated a UV service for Greenland in collaboration with the Greenland Directorate for 
Health. DMI’s ozone measurements are made available on the Internet (www.dmi.dk) together with 
a status report (in Danish language). 
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PROJECTS AND COLLABORATION 
 
Thule and Sondre Stromfjord are primary Arctic stations within the Network for the Detection of 
Atmospheric Composition Change. In addition to the DMI instrumentation, aerosol lidars are 
operated at these stations by the University of Rome (Italy) and SRI International (USA), 
respectively, together with an FTIR spectrometer at Thule, operated by National Center for 
Atmospheric Research (USA). DMI also collaborates with Service d’Aeronomie du CNRS (France) 
for daily total ozone measurements by a SAOZ instrument at Scoresbysund which is a 
supplementary NDACC-station. DMI participates in the EU-project Global Earth Observation and 
Monitoring (Geomon) providing SAOZ total ozone data from Greenland.  
 
Within the current EU-project Stratosphere-Climate links with emphasis on the UTLS (Scout-O3) 
DMI is involved in modelling aspects of the stratosphere-troposphere coupling, investigating to 
what extent the downward propagation can increase the performance of operational dynamical 
seasonal-prediction models, and to what extent a well-resolved stratosphere is important for the 
modelling of the tropospheric climate. In Scout-O3 DMI is also involved in tropical balloon-borne 
investigations of transport of water vapour to the stratosphere. 
 
The DMI participates in EUMETSAT’s Satellite Application Facility on Ozone and Atmospheric 
Chemistry Monitoring, developing operational UV-index products, based on satellite measurements 
of the ozone layer, and DMI participates in the EU-project Global Earth-System Monitoring Using 
Satellite and In-Situ Data (GEMS) concerning validation of UV-indices.  
 
 
FUTURE PLANS 
 
National funding for ozone and UV monitoring in Denmark and Greenland is secured until the end 
of 2009. After this period the funding situation will be renegotiated. 
 
Research efforts will be directed towards improved understanding of the role of stratospheric 
changes for tropospheric climate including the dynamical coupling between the troposphere and 
the stratosphere, and to assess how well this coupling is included in current chemistry-climate 
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models. It is intended to include a stratospheric representation in new developments of an Earth 
System model complex. In addition research efforts will be directed towards cirrus cloud formation 
in the tropical tropopause layer and transport of water vapour to the stratosphere, based on 
improved microphysical modelling and combining experimental balloon-borne experiments with 
satellite measurements from the International Space Station. 
 
 
NEEDS AND RECOMMENDATIONS 
 
It is considered important to monitor the recovery of the ozone layer at high latitudes during 
changing stratospheric climatic conditions (decreasing temperatures, perhaps increased water 
vapour concentrations and other changes in chemical composition, changes in stratospheric 
dynamics). Maintaining and running stratospheric monitoring stations in the Arctic and elsewhere is 
becoming an increasingly heavy burden on national funding sources and possibilities for direct 
funding of ground-based monitoring activities and data provision should be considered to be 
included in major international programmes such as the European Global Monitoring for 
Environment and Security (GMES). 
 

**** 
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EGYPT 

Ozone Depleting Substances (ODS)     
In line with the government’s general policy and reflecting the country's commitment to the 
Montreal Protocol, the Egyptian Government has shown sustained commitment to reduce the 
consumption of Ozone Depleting Substances (ODS).  
 
Egypt is neither a manufacturer nor an exporter of ODS. Egyptian Environmental Agency Affairs 
(EEAA) monitoring Ozone Depleting Substances (ODSs) as CFCs, CC14, Halons, CH3Br, 
C2H3Cl3, and other. 
           . 
Data reporting   
The annual consumption data of ODSs available from the Fund Secretariat and the Ozone 
Secretariat in Nairobi Table (1.2) show that Egypt is in compliance for all phase-out targets and 
according to the control measures of Montreal Protocol Fig. (1.2.): 
 
 

Table (1.2): ARTICLE 7 DATA (ODP TONNES). 
 Baseline 1999 2000 2001 2002 2003 2004 2005 2006 
CFC 1,668.0 1,373.6 1,267.0 1,334.8 1,294.0 1,102.2 1,047.6 821.2 593.6 
CTC 38.5 33.0 27.5 11.0 11.0 13.0 12.1 5.5 5.5 
Halons 705.0 810.0 860.0 790.0 230.0 180.0 193.0 145.0 4.4.0 
MB 238.1 409.2 420.0 432.0 270.0 238.0 219.0 188.4 180.0 
TCA 26.0 25.0 20.0 15.0 19.0 18.0 17.5 15.0 12.5 
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Fig. (1.2.a): CFCs Consumption (ODP tons). 
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          Fig. (1.2.B): CTCs Consumption (ODP tons). 
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Fig. (1.2.C): Halons Consumption (ODP tons). 
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Fig. (1.2.D): MB Consumption (ODP tons). 
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Fig. (1.2.E): TCA Consumption (ODP tons). 
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Information to the public 
• The awareness campaigns especially addressed to decision-makers, customs, investors, 

labour and general awareness addressed to NGOs, universities and the public. 
• Celebrating the International Ozone Day on 16 September, and participating in celebrating 

other environmental days every year. 
• Updating the web page for Ozone Unit activities and the Egyptian achievements for 

protecting the Ozone layer within the web site of EEAA (http://www.eeaa.gov.eg). 
 
Measurements of Stratospheric Ozone  
Egyptian Meteorological Authority (EMA) is responsible for measurements of column ozone 
amount (stratospheric ozone) and operates the main total ozone-monitoring network. Long-term 
daily observations of total ozone have been performed at the regional ozone centre of EMA at 
Cairo (30.08ºN, 31.28ºE) with the Dobson Spectrophotometer (D096) since 1967. Since 1984 
second Dobson instrument (D069) has been maintained at Aswan (23.97ºN, 32.87ºE) to measure 
the amount of ozone over tropical area. At the late of 1998 Brewer Spectrophotometer mark II 
(B143) has been maintained at Matrouh (31.33ºN, 27.22ºE) to measure the total ozone and SO2 
over northwest coast area of Egypt. With the end of 1999 third Dobson Spectrophotometer (D059) 
has been maintained at Hurghada (27.28°N. 33.75ºE) to measure the amount of ozone over Red 
sea area.  
 
The daily and monthly mean values of total ozone amount are stored in the ozone database at 
EMA and they are also deposited in the WOUDC, Toronto, Canada.  
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    Fig. (2.1.A): Annual variation of ozone column over Egyptian ozone stations. 
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Fig. (2.1.B): Variation and trend of ozone amount over Cairo and Aswan (DU). 
 
 
Vertical Distribution of Ozone  
Vertical distribution of ozone in the atmosphere is measured with Dobson and Brewer 
Spectrophotometers (Umkehr method) at Aswan, Matrouh and Hurghada. The N-values are stored 
in the ozone database at EMA and they are also deposited in the WOUDC, Toronto, Canada.  
 
Surface ozone 
EMA measure surface ozone outside urban regions, at Hurghada (27.28°N. 33.75ºE) which is an 
official WMO Global Atmospheric Watch (GAW) station. Also EMA measure surface ozone at Sidi 
Branni (31.37ºN, 25.53ºE). South Valley University (SVU) in cooperation EMA has been measured 
surface ozone at Qena (26.20ºN, 32.75ºE). 
 
UV measurements 
 
Broadband measurements 
EMA take the measurements of broadband UV solar radiation using Eppley Ultraviolet Radiometer 
at Cairo and Aswan since 1989. Also EMA in cooperation with SVU have been measured the 
broadband UV radiation at Qena since 2000. 
 
Narrowband filter instruments 
EMA measured the biologically effective solar UV-B radiation by UVB-1 Pyranometer at Cairo, 
Aswan since 1998 and at Rafaah (31.22ºN, 34.20ºE) since 2000. The measurements of the global 
UV-B are performed with the Brewer single monochromator for different solar zenith angles at 
Matrouh. Also EMA in collaboration with SVU have been measured the   UV-B radiation at Qena 
since 2000. 
 
 
DISSEMINATION OF RESULTS 
 
Data reporting 
The ozone data collected from the network of Egyptian ozone stations by EMA at Cairo regional 
ozone centre monthly. Data files of ozone are transmitted regularly with SO2 to World Ozone Data 
Center (WOUDC) in Toronto, Canada. 
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Information to the public 
• Updating the web page for Ozone research and the Egyptian Meteorological Authority 

(EMA) achievements for weather and climate change within the web site of EMA 
(http://www.nwp.gov.eg). 

• Matrouh lie on the coast of NW Egypt and summer resort. The scans are used for 
calculation of actual values of UV Index (UVI) daily presented for the public during the 
seasons especially the summer season. UVI is a numerical risk scale and a way of 
describing the daily danger from solar UVB radiation. The EPA used the following 
classification of the UV exposure level based on the UV index (0-2 minimal, 3-4 low, 5-6 
moderate, 7-9 high  and >10 very high).UVB insulation displays a daytime variation with 
maximum at solar noon, figure (2.1) and variation with months take a maximum at summer 
months (figure 2.1.c). UVB protection is critical during summer and especially so 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. 

.  

 

 

 

 

 

                 

 
 
 
 
 
 
 
 
Fig. (2.1): Diurnal variation of DUV and UVI on a clear summer day over Matrouh. 
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(b)Spring 
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(c)Summer 
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(d)Autumn                                                         
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                   Fig. (2.2): Diurnal variation of UV index over Matrouh at different seasons. 
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NEEDS AND RECOMMENDATIONS 
 
• Continuity of the rule of the MLF ( technical and financial support to Article 5 countries will 

automatically lead to enabling Egypt and other developing countries to meet the changing 
requirements after 2010. 

• We are in great need for scientific research program in ozone and climate change model. 
• We will appreciate assistance to start measurements of vertical ozone distribution advice to 

elaborate a by ozonesonde especially at Aswan station (tropical area). 
• We need technical and financial assistance for the regular calibration of Brewer with the 

traveling standard.      
 
 

**** 
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EUROPEAN UNION 
 
European research on stratospheric ozone and UV radiation  
 
INTRODUCTION AND OVERVIEW 
Stratospheric research was a priority of the European Framework Programmes for Research and 
Technological Development (FPs) from the very beginning and has been coordinated at European 
level since the late 1980s. The early European stratospheric research programmes (FP1-FP3, 
1982-1994), focused on the investigation of potential severe Arctic ozone losses and increased UV 
radiation across Europe and the populated northern mid-latitudes. Results from a series of national 
and international programmes including the European Arctic Stratospheric Ozone Experiment 
(EASOE, 1991-92) and the Second European Stratospheric Arctic and Mid-latitude Experiment 
(SESAME, 1994-95) concluded that the winter polar stratosphere over northern Europe was 
primed for severe ozone losses. Large ozone losses over the Northern Hemisphere have indeed 
been observed in some winters in the early 1990s. This trend has continued in the early 2000s, 
coincide with a stratospheric cooling trend and new record low temperatures. Low stratospheric 
temperatures favour the development of Polar Stratospheric Clouds (PSCs) which play a key role 
in the process of ozone destruction. 

In the 4th Framework Programme for Research and Technological Development (FP4, 1994-1998) 
stratospheric research was focusing on basic processes affecting ozone depletion, in particular 
over Northern Europe. The Third European Stratospheric Experiment on Ozone (THESEO, 1998-
2000) was a major component of this coordinated programme. Moreover, research addressed the 
mid-latitude lower stratosphere, the interaction with other layers of the atmosphere, the Arctic 
vortex, and exchanges processes between the Troposphere and the Stratosphere in the tropics 
and sub-tropics.   

The 5th Framework Programme for Research and Technological Development (FP5, 1998-2002), 
Programme Energy, Environment and Sustainable Development (EESD) was designed to support 
environmental legislation and international commitments such as the Montreal Protocol, promoting 
interdisciplinary research. Research focused on understanding, quantification and prediction of 
stratospheric changes and changing of UV-radiation levels. The programme has been 
implemented through multitude projects organised in a number of research clusters addressing 
similar topics: UV radiation (ATUV), impact of aircraft emissions (CORSAIRE), ozone–climate 
interactions (OCLI), stratospheric ozone loss (SOLO).  

The 6th Framework Programme for Research and Technological Development (FP6, 2002-2006) 
was designed to promote interdisciplinary research in a more integrated way. The newly designed 
funding instrument, called Integrated Project (IP), was a very effective implementation tool for 
stratospheric research at European level. Stratospheric topics of the Programme addressed future 
stratospheric ozone levels and physical and chemical processes affecting ozone depletion. Also 
ozone-climate interaction and the study of exchange process between the Troposphere and the 
Stratosphere received high priority. Projects funded under FP6 (still ongoing) are listed in Table 1. 

Integrated and interdisciplinary UV and stratospheric research will continue in the 7th Framework 
Programme for Research and Technological Development (FP7, 2007-2013) under Programme 6. 
Environment (including climate). In addition, the GMES (Global Monitoring for Environment and 
Security) initiative, part of Programme 9. Space, addresses some stratospheric research aspects 
(related to pre-operational services) under topic 'Pilot Services Atmosphere'. 
 
In the past effective links have been maintained with existing international observational 
programmes such as NDACC and the Global Atmosphere Watch programme of the World 
Meteorological Organisation (WMO-GAW). This collaboration will continue. The International 
Ozone Commission and the WCRP programme Stratospheric Processes And their Role in Climate 
(SPARC) should also be mentioned in this context. 
 
Overall, European research has greatly benefited from the European research programmes which 
have provided an effective co-ordination mechanism and have helped European scientists to make 
major advances to the understanding of stratospheric ozone depletion, climate-stratospheric 
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interactions and changing UV levels. As a result, they have significantly contributed to the 
international Scientific Assessment of Ozone Depletion: 2006, basically concluding that the 
Montreal Protocol is on track. 
 

STRATOSPHERIC RESEARCH IN FP6 (2002-2006) 
 
The following section gives a more detailed overview of the FP6 stratospheric research priorities 
and the objectives of the ongoing FP6 research projects supported by the European Commission 
(EC). Stratospheric research was mainly addressed under topic I.5. Stratospheric Ozone and 
Climate Interactions in the Work programme of the Thematic Sub-Priority 1.1.3 Global 
Change and Ecosystems, as indicated below: 
 

I.5. Stratospheric Ozone and Climate Interactions 
 
Research will focus on future stratospheric ozone levels affected by halogens, aerosols, 
water and greenhouse gas emissions and how physical, radiative and chemical changes in 
structure and circulation in the global stratosphere will be affected by climate change. UV 
radiation fluxes reaching the ground and the factors affecting their transfer in the 
atmosphere as well as the effects of surface pollution, aviation and natural factors on the 
upper troposphere and lower stratosphere will be studied in the context of ozone-climate 
interactions.  

 

Under FP6 European Commission supported 3 IPs focusing on ozone-climate interactions and UV 
radiation (SCOUT-O3, Stratospheric-Climate Links with Emphasis on the Upper Troposphere and 
Lower Stratosphere), on quantifying the impact of emissions from the transport sector on climate 
and ozone depletion (QUANTIFY, Quantifying the Climate Impact of Global and European 
Transport Systems)  and on atmospheric observations (GEOMON, Global Earth Observation and 
Monitoring of the atmosphere ), respectively. In addition, IP GEMS (Global and regional Earth-
system (Atmosphere) Monitoring using Satellite and in-situ data) has a work package on the 
assimilation of gas-phase chemical species in the stratosphere and troposphere, and the project 
DYNAMITE (Understanding the Dynamics of the coupled Climate System) has a component which 
investigates the Troposphere/Stratosphere coupling. Please note that the financial volume of some 
IPs exceeds that of FP5 research cluster (for details see Table 1).  

Furthermore, the European Commission funded a number of Specific Support Actions (SSAs) to 
underpin stratospheric research and relevant policies. ATTICA (European Assessment of 
Transport Impacts on Climate Change and Ozone Depletion) was designed to assess the impact 
of the transport sector (aviation, land traffic, shipping) on climate change and ozone depletion, and 
the HCFC-Workshop (5-6 April 2008, Montreal) should help to find ways to reduce and early 
phase-out HCFCs consumptions and emissions. Furthermore, the EC also contributed to the 
Quadrennial Ozone Symposium 2004 (Kos, Greece, 1-8 June, 2004).    
 
Core objectives of SCOUT-03 
The aim of this project is to study and predict the evolution of the coupled chemistry/climate system 
with emphasis on reliable prediction of the future evolution of the ozone layer and surface UV. 
Forecasts will be build on refined and improved models by exploiting  existing data for model 
testing and validation and by provision of new data on fundamental processes. In order to meet 
these goals, 10 project activities have been defined: 
 

• Determination of air residence time (with major field campaign) 
• The influence of clouds on the tropical UTLS (with major field campaign) 
• Understanding the stratospheric water vapour trend and its consequences 
• The stratospheric aerosol layer – role of TTL and possible changes 
• Past UV changes, variability and trends  
• Ozone variability and past changes at mid-latitudes 
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• Inter-annual variability in polar processes and likely changes in a changing atmosphere 
• Improved understanding of the Brewer-Dobson and general stratospheric circulation. 
• Stratosphere/troposphere coupling – past and future. 
• Predictions of ozone recovery, effect on climate change on recovery and the impact of the 

ozone changes on surface UV. 
 
Campaigns 

• Tropical aircraft campaign has been carried out November-December 2005, Darwin, 
Australia (Russian stratospheric research aircraft M55 Geophysica was contributing). 

• Atmospheric research campaign with M55 Geophysica  from July 31 to August 18, 2006 
in Ouagadougou, Capital of Burkina Faso, West Africa. 

• SCOUT-O3/AMMA tropical balloon campaign, Niger, July-August  2006. 
• SCOUT-O3 UV radiation and aerosol campaign, Thessaloniki (Greece) July 2006 in 

Southern Europe. 
• Balloon campaigns are planned for 2008. 

 
 
Core objectives of QUANTIFY 
The main goal of QUANTIFY is to quantify the impact of global and European transport systems on 
climate and ozone depletion for the present situation and for several scenarios of future 
development. The climate impact of various transport modes (land transport, shipping, and 
aviation) will be assessed, including those of long-lived greenhouse gases like CO2 and N2O, and 
in particular the effects of emissions of ozone precursors and particles, as well as of contrails and 
ship tracks.  
Several transport scenarios and potential mitigation options will be assessed on a sound common 
basis to identify the most effective combination of short and long-term measures as input for policy- 
and industrial decisions. The project aims to provide such guidance by focused field 
measurements, exploitation of existing data, a range of numerical models, and new policy-relevant 
metrics of climate change.  The project will focus on the following activities: 
 

• Establishment of transport Scenarios and emission inventories. 
• Regional dilution and processing (with emphasis on chemical conversion of ship 

emissions). 
• Large –scale chemistry effects (impact of transport emissions on chemical composition 

for past and present day conditions). 
• Long-term measurements of UTLS compounds. 
• Aviation, shipping and clouds (generation and modification of clouds by emissions of 

different traffic modes, with emphasis on cirrus clouds). 
• Radiative forcing and climate change (contribution from different modes of transport) 
• Development of improved metrics of climate change. 
• Synthesis of the results. 
 

Campaigns 
• CIRCLE-1 aircraft campaign ship emissions, Brest, June 2007. 
 

Core objectives of GEOMON 
The goal of GEOMON is to sustain and analyze European ground-based observations of 
atmospheric composition complimentary with satellite measurements. It is a first step to build a 
future integrated European atmospheric observing system dealing with observations of long-lived 
greenhouse gases, reactive gases, aerosols, and stratospheric ozone. GEMON is a European 
contribution to GEOSS (Global Earth Observation System of Systems) helping to optimize the 
European strategy of environmental monitoring in the field of atmospheric composition 
observations. Furthermore, the project is also relevant for the European GMES (Global Monitoring 
for Environment and Security) initiative integrating in-situ and satellite measurements. Main 
activities: 
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• Unify and harmonise the main European networks of surface and aircraft-based 
atmospheric measurements. 

• Support data gathering at existing networks. 
• Co-ordinate and access to data and data-products at a common data centre. 
• Integrate surface measurements with those of satellites with emphasis on data gathered 

by NDACC stations. 
• Develop new methodologies to use these data for satellite validation. 
• Enable new ground based measurements complementary to satellites. 
• Deduce biases and random errors in satellite observations, to identify long-term trends in 

tropospheric and stratospheric composition related to climate change. 
 
 
Core objectives of GEMS 
The GEMS project will create the first-ever system for operational global monitoring and medium & 
short range forecasts of atmospheric chemistry and dynamics. Much improved exploitation of the 
best available satellite and in-situ data will be achieved through assimilation into numerical models. 
By 2008, GEMS will produce near-real-time & retrospective analyses of greenhouse gases, 
reactive gases and aerosols in the troposphere and in the stratosphere on the regional and on the 
global scale. GEMS covers the atmospheric theme within the GMES initiative of the EC, and 
GEMS data products will provide valuable new analysis & forecast products for the GMES Service 
Element.  Focus is on: 

• Global Greenhouse Gases. 
• Global Reactive Gases. 
• Aerosols. 
• Regional air quality. 
• Data assimilation and production. 
• Data validation. 
 

 
Core objectives of DYNAMITE 
The aim of the project is deepen the understanding of strongly and weakly coupled processes 
underlying the natural variability of ENSO and NAO/AO. It will evaluate the representation of the 
coupled processes underlying ENSO and the NAO in state-of-the-art models used to predict 
climate change. Furthermore, it will advance understanding of the response of ENSO and NAO/AO 
to climate change and will assess the role of ocean biology in the variability of the tropical coupled 
climate system, including ENSO. The coupling between the Troposphere and Stratosphere forms 
part of the modelling activity as indicated below: 
 

• To quantify strongly and weakly coupled processes underlying the natural variability of 
ENSO and NAO/AO. 

• To evaluate the representation of the coupled processes underlying ENSO and the NAO in 
state-of-art models used to predict climate change including tropospheric/stratospheric 
coupling. 

• To identify the response of ENSO and NAO/AO to climate change. 
• To quantify the role of ocean biology in the variability of the coupled climate system, 

including ENSO. 
 

 
Core objectives of ATTICA 
The SSP ATTICA will provide a coherent series of assessments of the impact of transport 
emissions on climate change and ozone depletion. Three assessments will cover the emissions of 
single transport sectors (aviation, shipping, land traffic). Another assessment will deal with metrics 
that describe, quantify, and compare in an objective way the effects of the transport emissions in 
the atmosphere. Finally, the synthesis will summarise the key results of the individual reports in a 
coherent way, considered as a reference document for stake holders and environmental policy 
makers. 
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Core objectives the HCFC workshop 
The international HCFC workshop, scheduled for 5-6 April 2008, Montreal, Canada, is focusing on 
the reduction of HCFC consumption in developing countries between now and 2015. Furthermore, 
it will identify ways to further reduce consumption and dependence on HCFCs between 2016 and 
2040. Specifically, the workshop will provide developing country stakeholders with the technical 
tools and needed to phase-out HCFCs (e.g., information on viable alternatives, technology 
transfer, funding opportunities) and to build consensus among stakeholders on next steps for this 
important issue that faces all of the Parties to the Montreal  Protocol. 
 
 
STRATOSPHERIC AND UV RESEARCH IN THE 7TH FRAMEWORK PROGRAMME 
(FP7, 2007-2013) 
 
UV and stratospheric research will remain a priority in FP7, mainly implemented under Theme 6: 
Environment (including Climate). More general speaking, research under the Environment 
theme 6.1 Climate Change, Pollution and Risks will support the implementation of relevant 
international environmental commitments, protocols, and initiatives concluded by the European 
Union and its Member States, such as the UN Framework Convention on Climate Change 
(UNFCCC) and the Kyoto and Montreal Protocols, respectively. Research is considered as an 
essential component in the increasing efforts of the European Commission to combat climate 
change and stratospheric ozone depletion.  Furthermore, health risks associated with changing UV 
radiation levels will be investigated under Activity 6.2 Environment and Health.  
 
Please note that Programme 9. Space under the GMES initiative also supports a topic on 'pilot 
services atmosphere in new application fields' which includes stratospheric aspects.  
 
In preparation of FP7 the European Commission had established a Science Panel on Atmospheric 
Research to discuss and prioritize research needs. As a results a report has been prepared and 
was published, entitled “Atmospheric Change and Earth Science AIRES III: Research challenges” 
(EUR 21465). The report indicates a number of topics (given below) which should receive high 
priority in FP7. Most of them include UV and stratospheric research aspects: 
 
1.  Bio-geochemical cycles and climate 
2.  Atmospheric self-cleansing capacity 
3.  Lower-middle atmosphere interactions  
4.  Aerosols, clouds and water cycle 
5.  Global change and radiation transfer  
6.  Air quality, megacities and global change 
 
Consequently, in the first call of FP7, Programme 6. Environment (2006/2007), the European 
Commission has opened a topic on megacities, air quality and climate. As a result of this call 
two projects will be funded. Furthermore, in response of the first call of Programme 9. Space, one 
project on atmospheric data services, closely linked to IP GEMS will be supported. 
 
The second FP7 call (Programme Environment) has been launched end of November 2007, 
deadline 25 February. It included two topics which are directly relevant for UV and stratospheric 
research. It is expected that for each topic at least one project will be funded. Headlines and 
research objectives are described below: 
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Area 6.1.1.2  Emissions and Pressures: Natural and anthropogenic 
 

ENV.2008.1.1.2.1. Climate-chemistry interactions in the stratosphere related to ozone 
depletion 
Anthropogenic emissions of chemical species have altered the atmospheric composition 
with long lasting impacts and consequences such as changing air quality, the forcing of 
climate change and stratospheric ozone depletion. Climate change in turn is affecting 
atmospheric chemistry with many unknown feed-back mechanisms and may further delay 
ozone recovery. Changes in stratospheric composition need to be detected. Research 
should help to better understand stratospheric dynamics, trends and processes of 
stratospheric composition changes, the role of climate-chemistry interactions, including the 
dynamical response of the stratosphere to the chemical composition changes, and its 
impact on stratospheric ozone depletion. Feed-back mechanisms between climate change 
and stratospheric processes need to be better understood in order to predict the future 
evolution of ozone abundance. Standard climate change scenarios should be applied to 
assess the impact on the future evolution of stratospheric composition and its impacts on 
the climate. 

 
Area 6.1.2.1 Health effects of exposures to environmental stressors 
 

ENV.2008.1.2.1.5. Quantification of changing surface UV radiation levels and its 
impact on human health 
The overall aim is to better characterise changing UV exposure in relation to important 
leisure (skiing, beach) and working activities in Europe and to assess its impact on human 
health (e.g. immune response) including risk/ benefit estimations. Furthermore, improved 
measurement techniques and radiative transfer models should be developed to better 
represent radiation in climate models and for prediction of future UV levels. Spectral 
radiance distribution at ground level under changing climate and atmospheric composition 
condition should be quantified, taking into account e.g. the role and interference of clouds 
and atmospheric pollution at ground level. 
 

Projects finally supported under these topics will ensure continuation of UV and stratospheric 
research at European level, also maintaining a critical mass essential for  future contributions to 
international ozone and UV assessments.  
 
 
FUTURE ACTIVITIES 
 
The complexity of the atmospheric processes, the scale of the scientific problems and the potential 
devastating impact on humans and the ecosystems caused by climate change, stratospheric 
ozone depletion and changing UV radiation require real interdisciplinary research collaboration. 
This has already started under the 5th and 6th Framework Programmes and, as indicated above, 
and will continue in the 7th Framework Programme. The AIRES III report points to the need to 
consolidate and strengthen these efforts to establish a solid scientific basis for developing policy 
options to protect the stratospheric ozone layer and the climate system.  The European 
Commission will largely follow the suggestions as indicated in the AIRES report and will implement 
these topics in the cause of FP7.  
 
Moreover, the European Commission is prepared to take new challenges onboard. In particular, 
the ongoing discussions regarding new laboratory measurements and (contradicting) results 
related to chlorine monoxide dimer absorption cross section are of concern. If the new laboratory 
results proof to be correct, than there is a serve lack of understanding of the polar stratospheric 
ozone loss rate. In 2007 a number of consultations and meetings have taken place on this pending 
issue.  In any case, depending on the outcome of these discussions, the European Commissions is 
prepared to address this scientific problem in a coming call. 
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Table 1 : Relevant research projects supported under FP6 
  
SCOUT-O3 (Stratosphere-Climate Links With Emphasis On The UTLS) 
Co-ordinator: Prof. John Pyle, University of Cambridge, UK 
Budget: 15.000.000 €  
Starting date: 1 May 2005                Duration: 5 years 
Web-link: http://www.ozone-sec.ch.cam.ac.uk/scout_o3/index.html 
 
QUANTIFY (Quantifying the Climate impact of Global and European Transport Systems) 
Co-ordinator: Prof. Robert Sausen, DLR, DE 
Budget: 8.388.172 € 
Starting date: 1 March 2006              Duration: 5 years 
Web-link: http://www.pa.op.dlr.de/quantify/ 
 
GEOMON (Global Earth observation and monitoring of the Atmosphere) 
Co-ordinator: Prof. Philippe Ciais, CEA, FR 
Budget: 6.621.740 € 
Starting date: 1 February 2007              Duration: 4 years 
Web-link: http://geomon.ipsl.jussieu.fr/ 
 
GEMS (Global and regional Earth-system (Atmosphere) Monitoring using Satellite and in-situ data) 
Co-ordinator: Dr. Adrian Simmons, ECMWF, UK 
Budget: 12.450.000 € 
Starting date: 1 March 2005                   Duration: 4 years  
http://www.ecmwf.int/research/EU_projects/GEMS/ 
DYNAMITE (Understanding the Dynamics of the Coupled Climate System) 
Co-ordinator: Prof. Helge Drange, NERSC, NO 
Budget: 2.000.000 € 
Starting date: 1 March 2005                   Duration: 3 years 
Web-link: http://dynamite.nersc.no 
 
ATTICA (European Assessment of the Transport impacts on Climate and Ozone Depletion) 
Co-ordinator: Prof. Robert Sausen, DLR, DE 
Budget: 680.000 € 
Starting date: 1 June 2006                       Duration: 3 years 6 months 
Web-link: http://www.pa.op.dlr.de/attica/ 
 
HCFC workshop 
Co-ordinator: ICF international 
Budget: 300.000 € 
Starting date: 1 January 2007                    Duration: 1 year 6 months 
The HCFC workshop is scheduled for 5-6 April 2008, Montreal, Canada 
 
 

**** 
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FINLAND 
 
 
OBSERVATIONAL ACTIVITIES 
 
Column measurements of ozone and other gases/variables relevant to ozone loss 
The discovery of the Antarctic "ozone hole" in the mid 1980s initiated several ozone monitoring 
activities also at northern high latitudes. In Finland, ozone column monitoring has been carried out 
by the Finnish Meteorological Institute at Sodankylä (67.4°N, 26.6°E) since 1988 and at Jokioinen 
(60.5°N, 23.3°E) since 1994. At both stations an automated system based on Brewer 
spectrophotometer is continuously operated. At Sodankylä Arctic research centre (FMI-ARC) 
wintertime ozone columns are also monitored with a SAOZ spectrophotometer which is operated in 
cooperation with CNRS-Paris already since 1990. The SAOZ measurements also provide NO2 and 
OClO column amounts. This instrument works at large solar zenith angles and is thus capable of 
measurements during the wintertime at high latitudes. Multiyear ozone measurements from both 
stations have shown large inter-annual variations, in addition significant ozone loss has been 
observed in the Arctic stratospheric vortex during several years since early 1990s. In 2006 and 
2007 FMI hosted at Sodankylä a NASA lead comparison/validation campaigns aiming to achieve < 
1% total ozone measurement accuracy in both ground based and satellite based platforms. Sub-
percent accuracy is needed for reliable monitoring of the effects of Montreal protocol. 
 
Profile measurements of ozone and other gases/variables relevant to ozone loss 
Ozone soundings has been carried out since 1989 at Sodankylä where balloon ozone sensor 
measurements are carried out regularly throughout the year, while in Jokioinen these 
measurements are conducted during winter and spring when chemical ozone depletion is 
expected. 
 
Another long-term initiative at FMI-ARC related to stratospheric ozone is the measurements of 
polar stratospheric cloud (PSC) properties. PSCs play an essential role in chlorine activation and 
subsequent ozone depletion. PSCs are generally divided in two types based on their optical 
parameters, type II are large particles of primarily water ice, type I are typically smaller particles of 
nitric acid trihydrate or supercooled ternary solution droplets. At Sodankylä these stratospheric 
cloud particles have been observed during stratospheric campaigns since 1991/1992 by lidar and 
since 1994 by aerosol backscatter sondes. 
 
At Sodankylä, since December 2002, stratospheric humidity is monitored in winter months using 
Cryogenically cooled Frost point Hygrometer (CFH) from university of Colorado and/or alpha-lyman 
hygrometers developed at Central Aerological Observatory of RosHydromet. Already earlier, in 
January 1996 an Arctic dehydration event was recorded and investigated at Sodankylä using 
NOAA/CMDL hygrosonde, a predecessor of CFH. FMI has also hosted an international 
intercomparison campaign of lightweight hygrosondes in January-February 2004. 
 
The national meteorological institutes in Finland (FMI) and Argentina (SMN) started a joint ozone 
research program in 1987, including total ozone measurements at Marambio (64.1°S, 56.4°W), 
Antarctica. In 1988 routine ozone soundings were started at Marambio. Recently FMI and SMN 
have started Aerosol optical depth and radionuclide measurements at Marambio. 
 
UV measurements 
 
Broadband measurements 
FMI operates SL501 broadband instruments at six sites in Finland. These instruments provide on-
line information on the erythemal irradiance that is published through the internet along with the 
UV-Index forecast. 
 
Narrowband filter instruments 
FMI cooperates with Argentina and Spain on Antarctic ozone and UV. In 1999 the collaboration 
was extended to include UV radiation research. The established UV monitoring network consists of 
NILU-UV instruments in Marambio, Belgrano and Ushuaia, and a travelling reference. In 
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Sodankylä a NILU-UV radiometer has been used to measure UV radiation of a reference field 
within a large field experiment of FUVIRC (Finnish Ultraviolet International Research Center). One 
NILU-UV, in Helsinki, has been acquired for campaign use. 
 
Spectroradiometers 
FMI has measured spectral UV irradiance with Brewer instruments in Jokioinen (Mark III since 
1995) and Sodankylä (Mark II since 1990). Additionally, a Bentham DM150 has been acquired for 
campaign use, as well as, more recently, a new diode array spectroradiometer SP-J1009. 
 
Calibration activities 
FMI has dark room UV calibration facilities both in Jokioinen and Sodankylä. FMI has participated 
in several UV measurement comparison campaigns, where it has been established that the quality 
of Finnish Brewer measurements is excellent and steady. The Brewer instrument of Jokioinen 
served as one of the core instruments of the QUASUME project (Quality Assurance of Spectral 
Ultraviolet Measurements in Europe). FMI is also responsible for calibration of the Antarctic NILU-
UV instruments and data quality assurance. Brewer ozone measurements in Jokioinen and 
Sodankylä are calibrated by annual visits of a travelling Brewer standard instrument, which in turn 
is calibrated against the Brewer Triad at Toronto. 
 
Satellite observations and instrument development 
FMI has a strong participation in three satellite instruments that are targeted for monitoring ozone 
in the atmosphere (GOMOS/Envisat, OSIRIS/Odin, OMI/EOS-Aura). The GOMOS instrument 
onboard the ESA’s Envisat satellite has been operating since spring 2002. Ozone profiles that 
cover the altitude range from upper troposphere to lower thermosphere during years 2002-2007 
are already available. 
 
The OSIRIS instrument onboard the Swedish small satellite Odin has measured ozone profiles 
since 2001. The ozone profiles are processed also at FMI and during the last years the validation 
and optimization of the algorithms have taken place. 
 
The Dutch-Finnish OMI instrument onboard the NASA’s EOS-Aura satellite has measured total 
ozone columns since 2004. FMI is hosting the OMI UV irradiance processing and archiving facility 
and the validation of the ozone and UV products are ongoing. In addition, local maps of total ozone 
columns and UV irradiance covering Central and Northern Europe are processed at FMI. These 
Very Fast Delivery products exploit the Direct Broadcast antenna at Sodankylä, Northern Finland. 
The total ozone and UV irradiance maps are available in the Internet (omivfd.fmi.fi) within 15 min 
after the overpass of the satellite. 
 
To continue the high resolution ozone profile measurements of OSIRIS and GOMOS instruments 
FMI proposed the OLIVIA (Occultation and limb viewing of the atmosphere) instrument to the ESA 
Earth Explorer program in 2005. 
 
 
RESULTS FROM OBSERVATIONS AND ANALYSIS 
 
Only Brewer UV measurements are considered to have a sufficient quality for assessment of long-
term changes. The smaller the change is the longer time series is required for detection of it. A 
study on the Sodankylä UV time series 1990-2001 revealed no consistent trend during this 12 year 
period. An increase in UV radiation was observed in early 1990s and then a decrease towards the 
end of the period with the largest values occurring in 1993 and after the cold winters of mid 1990s. 
These observations are consistent with the ozone layer development in the same period. 
 
Ozonesonde observations have been conducted in Sodankylä since 1989. This data along with the 
data from other Arctic stations have been analyzed. It was found that during the recent decades 
the largest ozone changes in the stratosphere and troposphere have occurred in the late 
winter/spring period. The observed negative trend in the stratosphere prior to 1996-1997 can be 
attributed to the combined effect of chemical and dynamical changes, while the observed increase 
since then is primarily due to the dynamical changes. In the troposphere, trends have been positive 
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regardless of the chosen time period. This may be related to the long-term changes in Arctic 
oscillation as it regulates the transport of ozone and its precursors from industrialized regions 
towards the pole and it may also modulate stratosphere-troposphere exchange. 
 
Water vapour changes in the UTLS have a large impact on the climate system. Yet the accurate 
measurements of the UTLS water vapour remain a technological challenge. FMI hosted a major 
field campaign of comparison of light-weight instruments capable of water vapour measurements in 
the upper troposphere and lower stratosphere. This campaign led to better understanding of the 
accuracy of the in situ instruments and contributed to significant improvement of the technology. In 
addition, the data provided a unique opportunity to study meteorological processes in the lower 
stratosphere and upper troposphere. 
 
 
THEORY, MODELLING, AND OTHER RESEARCH 
 
The modelling activities related to middle atmospheric ozone includes the use of a global 3D 
chemistry transport model of the stratosphere and mesosphere (FinROSE-ctm), a global chemistry 
coupled climate model covering the altitude range from the surface to ca. 250 km (HAMMONIA) 
and a model of the ionosphere (Sodankylä Ion Chemistry model). The modelling work includes 
both studies of long term trends of stratospheric ozone utilizing reanalyzed meteorological data 
(ERA-40) as well as process studies (PSC, chlorine activation, ozone loss rates). Also trajectory 
modelling is utilized for studying the ozone and water vapour distribution in the UTLS region and 
for determining ozone loss rates from sounding campaign measurements (e.g. the International 
Polar Year Antarctic Match campaigns). The scientific use of satellite measurements is 
increasingly important and an assimilation system combining OSIRIS and GOMOS profile data 
with a CTM model has been developed. In addition, the impact of solar proton events on the 
stratosphere and mesosphere is studied. In this study the unique night time ozone profile 
measurements of the GOMOS instrument are used. GOMOS data is also used for studying 
turbulence and gravity waves in the stratosphere. 
 
FMI has developed models for reconstruction of the past UV time series as well as for assessment 
of the future UV levels. These data are essential for assessment of the long-term changes in 
surface UV. FMI contributed to the Arctic Climate Impact Assessment (ACIA) with a shared lead 
authorship of the chapter on ozone and UV. FMI has participated in multidisciplinary research 
projects that aim at better understanding of the effects of increased UV exposures on human 
health, terrestrial and aquatic ecosystems, or materials. 
 
FMI coordinates the research project UVEMA exploring the Effects of UV radiation on MAterials. 
The study focuses on rubber compounds, natural fibre composites and carbon fibres provided by 
the industrial partners of the project. A program of long-term outdoor material testing has been set 
up at seven European sites, including Jokioinen Observatory and Arctic Research Centre at 
Sodankylä. Prevailing UV radiation and weather conditions are being monitored alongside with the 
program at each station. Exposed material samples will be investigated in respect of various 
properties: colour, quality/coarseness of the surface and compression/flexural/tensile strength. As 
an outcome, more reliable estimates for the useful life-time of the materials are to be gained. 
 
FMI Arctic Research Centre at Sodankylä hosts the experimental fields of FUVIRC-experiment 
(Finland UV International Research Centre) to study biological impacts of UV-B radiation to boreal 
plants at enhanced UV-radiation condition. There are two experimental sites representing typical 
landscape types of northern Fennoscandia, a boreal pine forest test field and peat land test field. 
Enhancement of the ambient UV-exposure can be regulated to desired values through extensive 
monitoring and control system. The field serves atmospheric chemistry, human health, and 
biological research initiatives by providing extensive UV monitoring data, guidance (i.e. calibration 
of instruments, maintenance of field test sites), and research facilities (i.e. laboratories, 
instruments, equipment and accommodation for visiting researchers). 
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DISSEMINATION OF RESULTS 
 
Data reporting 
FMI has participated in the Global Atmospheric Watch (GAW) programme since 1994. Within the 
program, FMI maintains the Pallas-Sodankylä GAW station and conducts an extensive research 
programme related to atmospheric aerosols. Within this twin GAW station surface and boundary 
layer measurements are done in FMI clean air site of Pallas while upper air measurements, UV 
and Ozone monitoring takes place at Sodankylä (fmiarc.fmi.fi). In upper air research Sodankylä 
functions as an auxiliary station in the global Network of Detection of Atmospheric Composition 
Change (NDACC). 
 
FMI maintains the European UV Database (EUVDB). EUVDB is a regional WMO database 
containing some two million UV spectra (uvdb.fmi.fi/uvdb/). The UV spectra of the two Finnish 
Brewer instruments are submitted to EUVDB. 
 
Regular ozone soundings have been performed at Marambio since 1988, the ozone data is sent to 
two international databases at the World Ozone and Ultraviolet Data Centre (WOUDC, Toronto, 
www.woudc.org) and the Norsk institutt for luftforskning (NILU, Oslo, www.nilu.no/nadir/). 
Furthermore, the UV measurements are available at polarvortex.org. Both the ozone and UV 
measurements are used in scientific publications, and form a significant contribution to the WMO 
ozone bulletins (www.wmo.ch). 
 
Information to the public 
FMI provides a 2-day forecast of the UV Index in Europe (www.fmi.fi/uvi). The forecast, which is 
published in the internet, includes a contour map of the local solar noon maximum clear sky 
maximum UV Index. Additionally, local clear sky UVI forecast is provided for several sites in 
Finland and Europe. The Finnish broadband UVI measurements are also incorporated in the web 
page. FMI has actively participated in increasing the awareness of general public on the health 
effects of UV radiation. In addition, FMI contributed to the Arctic Climate Impact Assessment 
(ACIA) document with a shared lead authorship of the chapter on ozone and UV. 
 
Ozone depletion has a large public interest due to related health (UV) and environmental issues, 
e.g. the unprecedented stratospheric conditions and severe ozone loss in the winter and spring 
2004/2005 triggered a wide interest in the Finnish media. The major scientific results are published 
in international refereed journals and are also presented at relevant international conferences. 
Popularized information is distributed through press releases and interviews. Information about 
research activities as well as measurements and analysis results are also available through FMI 
web pages; Arctic and Antarctic research at FMI, www.fmi.fi/research_polar/polar.html, FMI-ARC 
observations and analyses, fmiarc.fmi.fi, Remote sensing projects and general Ozone and UV 
related information, www.fmi.fi/research_atmosphere/atmosphere.html. 
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PROJECTS AND COLLABORATION 
 
The major national funding organisations are the Academy of Finland and the National Technology 
Agency of Finland. The Antarctic research related to ozone and UV and the as well as the research 
of the impact of solar proton events on stratosphere and mesosphere is partly funded by the 
Academy of Finland. FMI collaborates with Finnish Universities on atmospheric modelling and 
developing data retrieval methods and assimilation techniques for the GOMOS and OSIRIS 
instruments. 
 
• FARPOCC (Finnish Antarctic Research Programme on Polar Climate Change, www.fmi.fi/ 

research_polar/polar.html) 
• MAIST (Middle atmospheric interactions with sun and troposphere) 

http://www.fmi.fi/ research_polar/polar.html�
http://www.fmi.fi/ research_polar/polar.html�
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• FUVIRC (Finnish Ultraviolet International Research Center, fuvirc.oulu.fi/index.htm) 
• MUTUAL (Multiproxy Approach to Estimate Changes in UV Exposure in Arctic Lakes, 

www.helsinki.fi/bioscience/ecru/projects/mutual.htm) 
• UVEMA (Effects of UV radiation on Materials, uvema.fmi.fi/) 
 
FMI has participated in several EU funded Arctic and Antarctic research projects including tasks 
such as stratospheric modelling and measurement campaigns. The modelling activities include 
cooperation with the Max Planck Institute, Hamburg and National Center for Atmospheric 
Research, USA. Sodankylä has participated in all major European stratospheric ozone campaigns. 
In 1999, 2003 and 2007 the Marambio activities formed an important part of the international 
stratospheric ozone research campaigns. In addition, FMI takes part in several activities organized 
during the International Polar Year 2007/2008. 
 
• QUASUME (Quality Assurance of Spectral Ultraviolet Measurements in Europe) 
• RETRO (REanalysis of the TROpospheric chemical composition over the past 40 years, 

retro.enes.org/) 
• CANDIDOZ (Chemical and Dynamical Influences on Decadal Ozone Change) 
• SCOUT-O3 (Stratospheric-Climate Links with Emphasis on the Upper Troposphere and Lower 

Stratosphere, www.ozone-sec.ch.cam.ac.uk/) 
• PROMOTE (PROtocol MOniToring for the GMES Service Element, www.gse-promote.org/) 
• ACIA (Arctic Climate Impact Assessment, www.acia.uaf.edu/pages/scientific.html) 
• COSMOS (Community Earth System Models, cosmos.enes.org) 
• SAUNA (Sodankylä total column ozone intercomparison) 
 
FMI is coordinating the EUMETSAT Satellite Application Facility on Ozone Monitoring (O3M SAF, 
o3saf.fmi.fi). O3M SAF is one of the SAFs in EUMETSAT SAF network. SAFs are specialised 
development and processing centres within the EUMETSAT Application Ground Segment 
(www.eumetsat.int). O3M SAF is developed in co-operation with Koninklijk Nederlands 
Meteorologisch Instituut (KNMI), Deutsche Zentrum fur Luft- and Raumfarhrt (DLR), Deutscher 
Wetterdienst (DWD), Aristotle University of Thessaloniki (LAP), Hellenic National Meteorological 
Service (HNMS), Danish Meteorological Institute (DMI), Meteo-France (M-F) and Koninklijk 
Meteorologisch Instituut (KMI). 
 
The purpose of the O3M SAF is to produce a set of near real-time and offline products and 
validation services. Near real-time products are GOME-2 total ozone and ozone profiles, HIRS 
total ozone and UV clear-sky fields. Offline products derived from GOME-2 data are total column 
amounts of ozone, NO2, BrO, ozone profiles, aerosol index and optical depth and UV fields 
including cloudiness and albedo. The ozone and UV data will be validated against ground-based 
observations of total ozone and UV as well as balloon borne, microwave and lidar observations of 
the vertical distribution of ozone. An important part of the O3M SAF activities has been related to 
scientific work to develop radiative transfer calculation methods and other algorithms used for 
satellite ozone and related data retrieval. 
 
The Satellite Data Centre of FMI-ARC started in 2002. The activities include a processing facility 
for the GOMOS/Envisat ozone instrument. The FMI-ARC data centre also process part of the 
OSIRIS/Odin ozone data. Data reception from the EOS-Aura satellite is also going on for Very Fast 
Delivery products of the total ozone and UV irradiance maps, available within 15 min after the 
overpass of the satellite. The Centre is also responsible of reception of OMI data used in near real 
time O3 and UV-products. 
 
FMI also hosts the WMO IGACO (Integrated Global Atmospheric Chemistry Observations) Ozone 
secretariat (www.igaco-o3.fi). IGACO is the atmospheric chemistry component in the Integrated 
Global Observing Strategy (IGOS). One of the objectives of IGACO strategy, implemented through 
the GAW programme of WMO, is to ensure long-term continuity and spatial comprehensiveness of 
atmospheric composition observations, both in the troposphere and the stratosphere. 
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FUTURE PLANS 
 
Although the basic processes related to stratospheric ozone are now fairly well understood, there 
remain important research topics related to ozone and UV, such as the interaction between ozone 
depletion and climate change and the effects of increased UV-irradiance on nature and materials. 
According to the present understanding the recovery of the ozone layer will take several decades, 
therefore it is desirable that the research activities will be continued and developed. 
 
 

**** 
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FRANCE 
 
 
Ozone and UV radiation research in France is managed by the CNRS – Institut National des 
Sciences de l’Univers (INSU) under a dedicated Programme called Chimie Atmosphérique 
(CHAT). Long term monitoring activities relevant to the Network of Atmospheric Composition 
Changes (NDACC) are coordinated by the Institut Pierre Simon Laplace (IPSL). Space and balloon 
components are managed by the Centre National d’Etudes Spatiales (CNES). Additional 
contributions are provided by the Institut Paul Emile Victor (IPEV), Météo-France, the Ministère de 
l’Ecologie et du Développement Durable, the Ministère de la Recherche, the Institut National de 
Recherche Agronomique (INRA) and a number of Universities. Many of the above programmes are 
also supported by the European Commission under the 6th and 7th Environmental Work 
Programmes.  

The research include the long term monitoring of the stratosphere and surface UV-B radiation in 
the frame of NDACC at a variety of sites, the study of ozone depletion in polar areas, at mid-
altitude and in the tropics using balloon, aircraft and space borne instruments, most of them being 
operated in cooperation with other European and international institutes. 
 
 
OBSERVATIONAL ACTIVITIES 
 
Ground-based 
France is running two primary stations of the NDACC at the Observatoire de Haute Provence 
(OHP) and the Antarctic stations of Dumont d’Urville (DDU) and Dome Concordia, a 
complementary site at Reunion Island in the Indian Ocean and a number of instruments at other 
locations in cooperation with local institutes: a lidar at Alomar in Norway and the SAOZ UV-Vis 
spectrometers at Scoresbysund (Greenland), Sodankyla (Finland), Salekhard and Zhigansk 
(Federation of Russia), Bauru (Brazil), Tarawa (Republic of Kiribati) and Kerguelen Island.  

The list of instruments at OHP includes a series of lidar for stratospheric temperature, aerosol, 
stratospheric and tropospheric ozone and water vapour, a SAOZ UV-Vis spectrometer, a BrO UV 
spectrometer of IASB-BIRA in Belgium, an automated Dobson from NOAA, weekly ozonesondes 
and a spectral UV-B spectro-photometer. 

In Antarctica, the instruments operating since 1988 are a PSC / aerosol lidar in cooperation with 
the Italian CNR, a SAOZ, a UV-B monitor and ozonesondes at Dumont d’Urville. The ozone lidar 
closed in 2001, has been replaced in 2008. An additional SAOZ is in operation since 1995 at the 
sub-Antarctic Island of Kerguelen. In addition a SAOZ and ozone soundings have been 
implemented at the inland French-Italian station of Concordia in 2007. 

At the tropical site of Reunion Island, the instruments operating are a temperature / aerosol lidar, 
stratospheric and tropospheric ozone lidars, a SAOZ and weekly ozone sondes. A high altitude 
station is under construction at Maïdo at 2500 m asl for hosting all previous instruments after 2010 
together with a microwave radiometer for water vapour profile measurements and a FTIR operated 
by the Belgian IASB-BIRA. 

France is also responsible for the temperature lidar measurements at the Norwegian-German lidar 
station of ALOMAR in Norway.  

Part of the data (SAOZ ozone / NO2 and ozonesondes) are made available in near real time to 
WMO and to the European data base at the Norwegian Institute for Air Research (NILU) for 
research programmes and satellite validation. They are made publicly available after reprocessing 
through the NDACC archive centre. The SAOZ data together with the lidar measurements at OHP 
and Dumont d’Urville are also part of the GEOmon European project, started in 2007 and which 
has for objective to harmonize ground-based European observations related to greenhouse gases, 
air quality, aerosols and stratospheric ozone.  
 
 
 



 

159 

Summary of Ground-based observations 
 
Column measurements of ozone and other gases /variables relevant to ozone loss 
SAOZ Ozone and NO2 at Scoresbysund (Greenland), Sodankyla (Finland), Salhekard (W. Siberia-
, Zhigansk (E. Siberia), OHP (France), Bauru (Brazil), Reunion Island (France), Kerguelen (France) 
and Dumont d’Urville (Antarctica) 
Dobson at OHP 
 
Profile measurements of ozone and other gases /variables relevant to ozone loss 
Stratospheric Ozone lidar at OHP, Dumont d’Urville (Antarctica) and La Reunion Island 
Ozonesondes at OHP, Reunion Island, Dumont d’Urville and Concordia  
Stratospheric temperature lidar at at OHP, Reunion Island and Alomar (Norway) 
Aerosol lidar at OHP, Reunion Island and Dumont d’Urville 
Tropospheric ozone lidar at OHP and Reunion Island 
 
UV measurements 
Broadband measurements at Dumont d’Urville (Antarctica) 
Spectroradiometers at Villeneuve d’Asq and OHP (France) 
 
Calibration activities 
NDACC intercomparison campaign of UV-Vis instruments in Norway, and ozone lidar 
intercomparison at OHP. 
 
Satellites 
Relevant to stratospheric ozone research, a variety of space activities have been carried out in 
France under the auspices of CNES: 
 

• The analysis of the measurements of the SMR instrument (ozone, water vapour and ClO) 
on board the Swedish-Finnish-Canada-French ODIN satellite placed in orbit in 2001 and 
still operating. 

• The exploitation of the data of the French initiated GOMOS instrument on board the ESA 
ENVISAT satellite in orbit since March 2002, and more generally a participation to that of 
both other stratospheric chemistry instruments MIPAS and SCIAMACHY.  

• A strong involvement in the validation of the measurements of GOME-ERS-2, ODIN, 
ENVISAT, OMI and Aura-MLS from ground based and dedicated balloon flights 
measurements in the Arctic,  at Mid-latitude and in the tropics. 

• The derivation of ozone total and partial columns from the IASI instrument on board 
METOP, the European meteorological polar platform launched in 2006.  Several algorithms 
have been designed for the ozone products, which are currently validated. 

 
In addition, Météo-France is contributing to the EUMETSAT’s Ozone Monitoring Satellite 
Application Facilities hosted by the Finnish Meteorological Institute. This facility delivers ozone and 
minor constituents’ products derived from the GOME-2 and HIRS instruments on board METOP. 
The derivation of ozone columns in the lower stratosphere from METEOSAT Second Generation 
and for METOP/HIRS is the specific contribution of Météo-France.  
 
Aircraft 
The two French research aircrafts have been renewed for an ATR 42 and a Falcon 20, both have 
started operating in early 2006. France is also running since 1993 in cooperation with other 
European institutes and with support of the European Commission, the MOZAIC programme of in 
situ ozone, water vapour and NOy (since 2002) measurements on in-service commercial aircraft, 
from which tropospheric ozone climatology are derived at a number of airport worldwide.  
 
Balloons 
The French contribution to stratospheric balloon activities is twofold: CNES balloon operations in 
France, Sweden and Brazil for a number of European and international scientists, and 
development of scientific instruments designed for ozone related research at French laboratories.  
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The balloons used during the past several years include large open stratospheric balloons carrying 
heavy (500-600 kg) payloads for few hours (20 flights/year), small flexible and cheaper balloons 
which could be flown more frequently particularly in the Arctic in the winter for studying fast 
chemical changes (20 flights/year) and long duration balloons of two types: Infra-Red Montgolfier 
carrying 60 kg at 25 km flown for few weeks in the Arctic or in the tropics, and constant level super-
pressure balloons carrying 20 kg at 19 km for few weeks. 
 
Stratospheric chemistry instruments developed in France include: a FTIR (LPMA) for measuring 
profiles of long lived, reservoir and radical species; a tuneable diode laser system (SPIRALE) for 
the in-situ measurement of nitrogen and chlorine compounds; a star occultation UV-Visible 
spectrometer (AMON) for the night-time measurement of O3, NO2, NO3 and OClO; an aerosol 
particle counter (STAC) and several light weight instruments flown more frequently on small 
balloons together with other European instruments at a variety of sites: the SAOZ UV-visible 
spectrometer for O3, NO2, BrO and OClO by solar occultation; the SALOMON moon occultation 
version; the SDLA diode laser for in-situ CH4, CO2 and water vapour; and the Rumba 
meteorological payload for long duration balloons. 
 
Most recent balloon campaigns relevant to stratospheric dynamics and chemistry were: 
 

• an ESA-CNES  ENVISAT validation campaigns of 5 large balloon flights in Teresina, 
Northern Brazil in June-July 2005; 

• a VORCORE project of 20 long duration constant level balloons in September 2005 in 
Antarctica for studying the dynamics of the stratospheric polar vortex. 

• Several campaigns organised in the frame of the SCOUT-O3 European project (2005-
2009): two campaigns in Australia (2005) and Niger (Africa, 2006) for the study of water 
vapour injection in the stratosphere and an equatorial long duration balloon experiment 
from the Seychelles Island (2008) for the study of clouds, ozone and water-vapour. 

 
Data interpretation, exchange and archival 
The data are analysed through many cross-exchanges with international scientists and particularly 
Europeans within cooperative projects. French institutes have also developed a full set of models 
ranging from Lagrangian, 3-D chemical transport (CTM), contour advection, meso-scale and 
chemistry climate models (CCM). The simulations of the ozone layer in the 21st century by the 
LMDz-Reprobus CCM have been involved in the last WMO ozone assessment published in 2007. 
While the experimental data as well as the results of simulation relevant to European projects are 
archived into the NILU data base available through appropriate protocols, all French space and 
field data relevant to the stratosphere are archived into a newly built national data base ETHER. 
 
 
RESULTS FROM OBSERVATIONS AND ANALYSIS 
 
A number of studies are being conducted based on the above observational data frequently in 
collaboration with foreign scientists and particularly European institutes within projects supported 
the European Commission. Among those studies, two are highlighted here as an illustration: 
 
Figure 1 shows the results of the yearly evaluation of total ozone loss in the Arctic stratosphere 
since 1993 from the SAOZ ground based network illustrating the large inter-annual variability of the 
ozone destruction in relation with the meteorology of the vortex. 
 
Figure 2 shows the validation of ozone profiles retrieved from GOME satellite observations by 
ground-based lidar measurements performed within NDACC. The satellite ozone profiles were 
retrieved from neural network algorithms [Iapaolo et al., 2007]. 
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Figure 1:  Estimation of amplitude of chemical stratospheric ozone reduction the Arctic during the 

winter season from the measurements of the SAOZ network. Left: minimum ECMWF 
temperature north of 60°N at 475 K and 550 K ; Right ozone chemical reduction after 
subtraction of the contribution of transport using a 3D CTM model. [Goutail et al., 2005]. 

 

 
 
Figure 2 :  Relative difference between ozone profile measurements from NDACC ground-based 

lidars and the GOME satellite instrument. The GOME ozone profiles were retrieved with 
two versions of neural networks (NN1 et NN2). 

 
 

DISSEMINATION OF RESULTS 
 
Data reporting 
The SAOZ (ozone / NO2) and ozonesondes data are made available in near real time to WMO, 
WOUDC and the ESA and EC databases at the Norwegian Institute for Air Research (NILU).  All 
NDACC relevant data are deposited, after reprocessing, in the NDACC archive centre. In addition 
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all French space and field data relevant to the stratosphere are archived into the ational data base 
ETHER. 
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FUTURE PLANS 
NDACC ground-based observations will be continued at OHP, Reunion Island, Dumont d’Urville 
and Concordia as well as at the SAOZ stations. The coming NDACC relevant project is the 
implementation of the high altitude (2500 m asl) Maido station at Reunion Island planned to host 
most of the instruments presently installed at the campus of the University of La Reunion. The 
analysis, interpretation and modelling of most of French stratospheric ozone relevant ground-
based, satellite, aircraft and balloon observational projects are part of the SCOUT-O3 EU FP6 
project (2004-2009) supported by the European Commission and coordinated by the University of 
Cambridge (UK). The harmonization of data and satellite observations validation are performed 
within the GEOMON FP6 project (2007-2011).    
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GERMANY 
 
 
Ozone-monitoring and ozone-research in Germany is distributed over numerous institutions. 
Generally, research is carried out at university institutes or research centers (MPI, DLR, FZ-
Karlsruhe, FZ-Jülich). Many institutes are deeply involved in the regular monitoring of ozone by 
several satellite instruments. Ground based long-term observations are provided by DWD and 
AWI, UV-monitoring by BfS, UBA and DWD. Table 1 gives an overview of the institutes and their 
activities. 
 

Table 1:  Institutes involved in ozone/UV research (R), development (D), modeling (MD), 
monitoring (MT), quality assessment /quality control (QA/QC). 

 
Institute Location Field Keywords 
Deutscher Wetterdienst, www.dwd.de/  Hohenpeissenberg, 

Lindenberg 
MT, R, 
QA/QC 

RDCC, NDACC, GAW 

Alfred Wegener Institut für Polar u. 
Meeresforschung, 
www.awi-potsdam.de/ 
www.awi-bremerhaven.de/ 

Potsdam, Bremerhaven R, MT, D Neumayer, Ny Ålesund, 
MATCH 

Forschungszentrum Jülich,  
www.fz-juelich.de/ 

Jülich R, QA/QC, 
MD 

Calibration O3-Sonde, 
JOSIE, ClaMS 

MPI f. Meteorologie (DKRZ), 
www.dkrz.de/ 

Hamburg R, MD ECHAM 

DLR, DLR/DFD, 
www.dlr.de/pa/ 
www.wdc.dlr.de/index.html 

Oberpfaffenhofen R, MD, MT, 
QA/QC 

GOME, ECHAM, Air-
Traffic 

IAP Kühlungsborn, 
www.iap-kborn.de/ 

Kühlungsborn R, D, MT Middle Atmosphere, 
Alomar, 

Bundesamt f. Strahlenschutz (BfS) 
www.bfs.de/ 

Salzgitter MT UV 

Umweltbundesamt (UBA), 
www.umweltbundesamt.de/ 

Berlin MT,  Air quality 

Uni Bremen, IUP, IFE, 
www-iup.physik.uni-
bremen.de/index.html 

Bremen R, D GOME, SCIAMACHY, 
MICROWAVE 

Uni Köln, Inst. f. Meteorologie, 
www.uni-koeln.de/math-nat-
fak/geomet/ 

Köln R, MD EURAD,  

FU Berlin, Inst. f. Meteorologie , 
strat-www.met.fu-berlin.de/ 

Berlin R, MT Stratosphere 

Uni Frankfurt, Inst. f. Meteorologie, 
http://www.geo.uni-
frankfurt.de/iau/PhysAtm/index.html 

Frankfurt R, MT CFC's 

Uni Mainz, MPI f. Chemie , 
www.atmosphere.mpg.de/enid/2_html 

Mainz R, MD ECHAM/CHEM 

Uni Heidelberg,  
www.physik.uni-heidelberg.de  

Heidelberg R, QA/QC DOAS 

IMK, Forschungszentrum and 
University Karlsruhe 
www-imk.fzk.de 

Karlsruhe, Garmisch-
Partenkirchen (IfU) 

R, D, MD, MT, 
QA/QC 

FTIR, MIPAS, 
ENVISAT, LIDAR, 
CARIBIC 

Uni München (LMU) 
www.meteo.physik.uni-muenchen.de/ 

München R, MD UV, STAR 

Uni Hannover, Inst. f. Meteorologie 
www.muk.uni-hannover.de 

Hannover R UV 
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OBSERVATIONAL ACTIVITIES 
 
German agencies are heavily involved at various levels in ongoing satellite measurements of 
ozone. IMK has co-developed the MIPAS instrument onboard ENVISAT, and is routinely deriving 
atmospheric profiles of ozone, temperature and many chemical compounds from the MIPAS data. 
IUP Bremen is a leading partner for the SCIAMACHY instrument on ENVISAT, and for GOME and 
GOME-2, both for instrument and algorithm development and advanced data processing. DLR is 
providing much of the ground-processing for several satellite missions and also hosts the World 
Data Centre for Remote Sensing of the Atmosphere (WDC-RSAT). 
 
Germany's Meteorological Service (DWD) is running a comprehensive ground-based 
measurement program at the Observatories Hohenpeissenberg and Lindenberg, monitoring the 
ozone vertical distribution and total ozone columns on a regular and long-term basis (Table 2). 
Special efforts are put into high quality and long-term consistency. The time series cover up to 41 
years for column measurements of ozone (Dobson since 1967 and Brewer since 1981) and ozone 
profile measurements (balloon-sonde since 1967) and 21 years for stratospheric LIDAR 
observations up to 48km. Data are regularly submitted to the data centers at Toronto, Thessaloniki, 
NILU, and NDSC. In addition to the observational UV-network of the BfS (Table 2), DWD continues 
to measure UV-B radiation for research and development purposes.  
 
Table 2:  Operational network for long-term measurements of ozone and UV. 

 
The Alfred Wegener Institute for Polar and Marine Research (AWI) operates two fully equipped 
polar stations in the Arctic (Koldewey/Ny-Ålesund), and Antarctic (Neumayer) and temporary 
onboard of RV POLARSTERN. The Neumayer meteorological observatory is a radiation and 
climate monitoring station and an air chemistry observatory. The new station (Neumayer III) will 
replace Neumayer II to continue the long-term observations. Since 1992 vertical ozone balloon 
soundings are part of the regular observations. These measurements continue the sounding record 
from the former station Georg Forster, beginning in 1985. Measurements of surface radiation as 
part of a global observation network to detect long-term changes in the Earth's radiation budget 
and their impacts on climate (BSRN) are included.  

Type of observation Location Org. Instrument Type/No. Start 
Total Ozone Column Hohenpeissenberg DWD Dobson No. 104, No. 064 1967 
 Hohenpeissenberg DWD Brewer No. 010 1983 
 Hohenpeissenberg DWD Microtops No. 3128, No. 3785 1996 
 Lindenberg DWD Dobson No. 071 1964 
 Lindenberg DWD Brewer No. 030, No. 078 1987 
Calibration Hohenpeissenberg DWD Dobson No. 064 1999 
Ozone Vertical Profile Hohenpeissenberg DWD Ozonsonde Brewer-Mast 1967 
 Hohenpeissenberg DWD LIDAR (Stratosphere) DIAL 1987 
 Lindenberg DWD Ozonsonde ECC (since 1992) 1974 
 Ny Alesund (Svalbard) AWI Ozonsonde ECC 1990 
 Ny Alesund(Svalbard) AWI LIDAR DIAL 1991 
 Neumayer (Antarctica) AWI Ozonsonde ECC 1992 
 Garmisch FZK LIDAR (Troposphere) DIAL 1988 
Calibration Jülich FZJ Ozonsonde   
UV Garmisch FZK Bentham DTM 300  1994 
 Hohenpeissenberg DWD Brewer MK II No. 010 1991 
 Lindenberg DWD Brewer MK IV No. 078 1995 
 Lindenberg DWD Brewer MK III No. 118 1996 
 Lindenberg DWD Bentham DM 150  2000 
 Lindenberg DWD Spectro 320D  2002 
 Dortmund BAuA Bentham DM150   
 Kulmbach LfU Bentham DM150   
 München BfS Bentham DM150  1993 
 Langen BfS Bentham DM150  1993 
 Schauinsland BfS Bentham DM150  1993 
 Sylt CAU Bentham DM300  1995 
 Zingst BfS Bentham DM150  1993 
 Zugspitze FZK Bentham DTM300  1995 
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The full suite of NDACC measurements are routinely performed at the primary station 
Koldewey/Spitsbergen. This includes ozone-soundings by ECC-sondes, Lidar, microwave, DOAS, 
FTIR and UV-spectrometers. In addition, the same radiation measurements as at Neumayer-
Station are performed as part of the BSRN. 
 
IMK (Forschungszentrum and University of Karlsruhe) contributes with ground based remote 
sensing observations by FTIR- and mm-wave spectrometers and LIDAR instruments. With the 
tropical mm-wave spectrometer station in Merida, Venezuela, 4700 m asl, FZK-sites cover tropical, 
sub-tropical, mid- and polar latitudes. Within the NDACC, FTIR spectrometers are operated by IMK 
at Kiruna (Sweden), at Izaña on Tenerife Island (Spain) and at the Zugspitze mountain. Several 
ozone- and climate-related species have been measured with this technique for about 15 years. 
The stratospheric aerosol content is monitored since 1976 with a LIDAR which is part of the 
NDACC at the Garmisch site. 
 
Measurements of ozone and ozone relevant species by IMK have been performed for many years 
by ground-based, balloon and airborne observations. Since the successful launch of the ENVISAT 
satellite in 2002, the retrieval of MIPAS-ENVISAT data beyond ESA standard products with the 
KOPRA-RCP processor developed at IMK provides high quality data sets on a global scale for O3, 
HNO3, NO, NO2, N2O5, HNO4, ClONO2, ClO, HOCl, COCl2, CFCs, water vapour, atmospheric 
tracers as N2O, CH4, CO, and SF6, and cloud particle properties of PSCs relevant for the polar 
ozone loss. 
 
A new container with many new instruments has been developed for measurements on board a 
passenger aircraft Airbus A340-600 of Deutsche Lufthansa AG. It measures regularly the 
distribution of ozone and other trace gases in the tropopause region within the CARIBIC project 
(Civil Aircraft for the Regular Investigation of the atmosphere Based on an Instrument Container) 
since 2005. This project with many European partners is co-ordinated by Max Planck Institute for 
Chemistry in Mainz. http://www.caribic-atmospheric.com/ 
 
Calibration activities 
The World Calibration Center for Ozone Sondes (WCCOS) at FZ Jülich continues to improve and 
standardize the quality of ozone-soundings with balloon sondes. Under the auspices of 
WMO/GAW the Assessment of Standard Operating Procedures for Ozone Sondes (ASOPOS) has 
been preparing a final document in 2008 with recommendations for standardization of sonde 
operation.  
 
The Regional Dobson Calibration Centre for WMO RA VI Europe (RDCC-E) at the Meteorological 
Observatory Hohenpeissenberg (MOHp) in close co-operation with the Solar and Ozone 
Observatory at Hradec Kralove (SOO-HK, Czech Republic) has been responsible for second level 
calibration and maintenance service of approximately 30 operational Dobson spectrophotometers 
in Europe since 1999. Included are the two Dobsons, at the Antarctic stations Halley Bay (British 
Antarctic Survey BAS) and Vernadsky (Ukraine). 
 
In the past 9 years 18 intercomparisons (15 at MOHp, 2 at LKO, Arosa in Switzerland, and 1 at 
INTA, El Arenosillo in Spain) were organized, performed and evaluated under the lead 
management of RDCC-E. Altogether 57 Dobsons, some of them 2 or 3 times, from 21 countries 
got a complete calibration service. 15 instruments were completely upgraded. RDCC supports the 
establishment of the Regional Dobson Calibration Centre for WMO RA I Africa, run by the South 
African Weather Service. SOO-HK provided valuable contributions to the comprehensive RDCC-E 
tasks like training courses for operators, technical support during campaigns, soft- and hardware 
developments and free distribution. 
 
 
RESULTS FROM OBSERVATIONS AND ANALYSIS 
 
The trend measurements at the IMK sites exhibit declining trends of the chlorine reservoirs in the 
stratosphere since the mid 90ies as a response to the Montréal protocol. In addition, the long-term 
record of the stratospheric aerosol loading shows that current background levels are still at 
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historical low values. Trend analyses of the long ozone records at Hohenpeissenberg (Dobson, 
sonde, lidar) reveal increasing stratospheric ozone since the late nineties of the last century. While 
the ozone increase in the upper stratosphere can be taken as a first sign of a beginning ozone 
recovery from man-made chlorine, this is not the case for the total ozone column and for ozone in 
the lower stratosphere where dynamical factors play a major role in the recently enhanced levels. 
The strongest recent increase is found at about 14 km (+7.0% per decade for the period 1994-
2007). 
 
 
THEORY, MODELLING, AND OTHER RESEARCH 
 
State of the art chemistry climate models are used in Germany to simulate and understand the 
past evolution of the ozone layer, and to predict the future. German activities are well interfaced to 
international programmes like the SPARC-CCMVAL activity. ECHAM related model development 
takes place at MPI-Mainz, MPI-Hamburg, FU Berlin, and at DLR. Models have been used to 
simulate the decadal trends from 1960 to 2020 and have contributed significant results to the 
IPCC/TEAP report (2005), the WMO Scientific Assessment of Ozone Depletion (2006), Germany 
was involved in the preparation of the Fourth Assessment Report of IPCC (2007). Beyond a 
reasonable reproduction of mean parameters and long-term variability characteristics there are 
many apparent features of episodic similarities between simulation and observation. 
 
Downward-transport of NOx-rich mesospheric air into the polar winter stratosphere and its effect 
on the stratospheric ozone budget was one of the foci of the MIPAS-Envisat related IMK work. 
Scientific studies based on the observations of the Arctic and Antarctic winters 2002 to 2004 and 
the results of several CTMs and CCMs showed that NOx transport from the higher atmosphere, 
from high latitudes, or locally produced NOx due to solar proton events reduces considerably the 
stratospheric polar winter ozone which can, under certain circumstances, outweigh the impact of 
heterogeneous chemistry. One of the major results of MIPAS-ENVISAT with respect to polar ozone 
loss has been the retrieval of a global picture of PSC occurrence in the Antarctic during the last 
polar winters and comparison with chemistry-climate model simulations. Balloon-borne 
observations allowed further analysis of the composition of PSC particles, ground based studies 
analyzed ozone loss in several winters.  
 
At Forschungszentrum Jülich (FZJ) various research activities related to stratospheric ozone are 
carried out with special emphasis on model simulations. All these studies significantly improved the 
knowledge on chemical ozone loss processes especially in the arctic (see 4.3 relevant scientific 
papers).  
 
A number of studies on the chemistry of the ClO/Cl2 O2 were conducted, based on both laboratory 
and field observations. Further, the potential impact of ClOx radical complexes on polar 
stratospheric ozone loss processes was investigated. 
 
Chemical ozone loss was analysed by simulation in chemistry climate models. Observed chemical 
ozone loss in the Arctic is still not fully reproduced by models, and towards the vortex edge still 
tends to be underestimated in the Antarctic.  
 
Chemical ozone loss and related processes were deduced from observations for the first time in 
the Antarctic winter 2003 based on Improved Limb Atmospheric Spectrometer (ILAS)-II 
observations; both the setup phase of the polar vortex and the conditions in the established vortex 
were analysed. 
 
The sensitivity of Arctic ozone loss to enhanced stratospheric H2O was investigated. Further, 
strongly enhanced Arctic ozone loss in the years following the eruption of Mt. Pinatubo was 
deduced; these results are important in view of proposed geo-engineering schemes.  
 
In several studies, the chemical ozone depletion in the Arctic vortex has been reproduced rather 
successfully with the CLaMS model. Based on these studies CLaMS was also employed to 
investigate the strength and weaknesses of the Match method to deduce polar ozone loss; ozone 
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loss at lower altitudes seems to be overestimated. Further, a ClaMS study reveals that ozone loss 
driven by nitrogen oxides and triggered by stratospheric warmings can play a major role. 
 
MATCH campaigns, coordinated by AWI, and funded by the EU and national institutes, have been 
carried out for more than ten successful years, most recently in the past winter 2007/2008. These 
campaigns have been instrumental for our current understanding of the chemical ozone loss in the 
Arctic. 
 
The IUP at the university of Bremen is the PI institute for the SCIAMACHY instrument aboard the 
ENVISAT satellite. Research is made in the field of ozone and ozone relevant trace gas analysis 
using Fourier Transform Spectroscopy (FTS) and other methods, aerosol analysis, satellite data 
retrieval and scientific support including validation for the GOME and SCIAMACHY projects. 
 
The Atmospheric Chemistry Department of the Max Planck Institute for Chemistry in Mainz has a 
research focus on ozone and the role of radicals in photo-oxidation mechanisms which play a 
central role in the self-cleansing capacity of the atmosphere. Computer models are developed to 
simulate the interactions of chemical and meteorological processes, and investigate the influences 
of atmospheric composition changes on climate. 
 
 
DISSEMINATION OF RESULTS 
 
The International Council for Science (ICSU) World Data Centre for Remote Sensing of the 
Atmosphere (WDC-RSAT) is hosted by the Cluster for Applied Remote Sensing at the German 
Aerospace Centre (DLR-CAF). The primary focus of WDC-RSAT is the provision of data which are 
primarily gathered from satellite based sensors. Higher level data and information products are 
also generated from the data through assimilation into numerical models of the atmosphere and of 
its interaction with the biosphere. Additionally offered is a service contributing to validation of 
atmospheric measurements through application, for example, of a 3D trajectory model such that 
satellite data can be better matched with correlative measurements. http://wdc.dlr.de/ 
 
Data reporting 
Data from nearly all institutes mentioned above are regularly submitted to the data centers at 
Toronto, Thessaloniki, NILU and NDACC. 
 
Information to the public 
BfS and DWD provide the public with UV-information including daily forecasts of the UV-index and 
warnings. The daily UV-forecasts for clear sky and cloudy conditions are available for free on a 
global scale: http://orias.dwd.de/promote/index.jsp  
Since 1994 DWD regularly distributes the Ozonbulletin des Deutschen Wetterdienstes on current 
ozone- and UV-issues: http://www.dwd.de/ozonbulletin. 
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PROJECTS AND COLLABORATION 
 
German institutions participate in a number of international and EU funded research projects, 
special measurement campaigns and modeling studies, such as CAWSES and SCOUT-O3. They 
also play a major role in ESA and EUMETSAT projects. 
 
FUTURE PLANS 
 
IMK develops new instruments for the German research aircraft HALO and co-ordinates the HALO 
demo mission POLESTRACC which concentrates on the polar ozone chemistry. In addition, IMK 
act as a capacity builder as a new FTIR ground-based station in Ethiopia will be build up in order to 
measure total ozone and other ozone relevant substances with high quality at a tropical station. 
 
FZJ/ICG-1and IMK together with European partners take the initiative for a new ESA satellite 
mission PREMIER (PRocess Exploration through Measurements of Infrared and millimeter-wave 
Emitted Radiation) – to understand processes that link trace gases, radiation, chemistry and 
climate in the atmosphere. 
 
GLORIA (GLObal Radiance Limb Imager for the Atmosphere) is an imaging Fourier-spectrometer 
under development for the German research aircraft HALO and for satellites. From 2009 onward it 
will provide a large number of atmospheric parameters with high resolution. 
 
 
NEEDS AND RECOMMENDATIONS 
 
• Continuing high-quality measurements of total ozone and ozone profiles by satellites on the 

global scale and by ground-based systems at selected stations have to insured for the next 
decades. Without such high-quality data it would become impossible to follow the expected 
recovery of the ozone layer from man-made halogens, and to understand the substantial 
cooling of the stratosphere and warming of the troposphere that are expected over the next 
decades from man-made climate change. 

• The complex system of ozone, atmospheric chemistry and dynamics is still not fully 
understood. Continued research is needed to better understand the underlying processes and 
to explain the discrepancies between model predictions and observations.  

• The release of observational data to the data centers should be accelerated. 
• Quality Assurance/Quality Control activities like calibration centers should be supported to 

maintain the high quality standards of the ground stations, which is necessary for satellite 
validation and ozone monitoring incl. trend analyses. 

• The release of observational data to the data centers should be accelerated. 
 

**** 
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HUNGARY 
 
 
OBSERVATIONAL ACTIVITIES 
 
In Hungary monitoring and research of ozone and UV-B solar radiation are mostly performed by 
the Hungarian Meteorological Service (HMS) in the Observatory of Atmospheric Physics in 
Budapest. HMS has long term data series and scientific experiences in this field. The operative 
column measurements of ozone and the high resolution UV spectra measurements were carried 
out by Brewer spectrophotometer without any data loss during this two year period. Results of 
measurements were inserted into the data base. 
 
HMS runs a broad band UV radiometer network consisting of four stations. This network performed 
continuous, proper measurements and data measured were archived in the data base. There are 
seven UV-B radiometers operated by the ten regional environmental inspectorates as well. There 
is an intention to combine these two networks. 
 
HMS satisfied the international data reporting commitments. 
 
 
CALIBRATION 
 
Monthly routine tests of the Brewer spectrophotometer towards the three standard source of 
radiation given by the manufacturer were carried out. Tests towards inner sources of radiation as 
well as tests controlling mechanic and electronic characteristics of the spectrometer were also 
carried out and archived. Test results show no problem. 
 
In May, 2007 biannual calibration of the Brewer spectrophotometer towards the world standard 
Brewer operated by the International Ozone Service in Canada. During the calibration all 
parameters indicated good performances. Only one minor modification had to be done with one of 
the parameters. 
 
Calibration of network detectors of the broad band UV radiometer network was carried out in both 
years. Before each calibration the national reference detector was checked towards the Brewer 
spectrophotometer. 
 
The national reference detector was calibrated in the World Radiation Centre (Davos, Switzerland) 
in the framework of COST 726 action („Long term changes and climatology of UV over Europe”). 
 
 
UV FORECAST 
 
In 2006 and 2007 daily 24 hour forecast of the maximal UV-B dose was prepared in the period of 1 
May to 30 September. The forecasted values were visualised on maps on the website operated by 
the Hungarian Red Cross (www.napsugarzas.hu). Result of a development in 2007: not only the 
forecasted values but the hourly values measured on that day can be seen as well on the website 
in near-real-time manner. 
 
 
INTERNATIONAL CO-OPERATION 
 
(1) COST 726 („Long term changes and climatology of UV over Europe”): 
The program started in 2004 and is going to finish in 2009. HMS participated in three important 
activities in this EU action during the last two years: 
(i) Co-operation in writing the paper: Practical Guide to Operating Broadband Instruments 
Measuring Erythemally Weighted Irradiance. This work accomplished successfully, the publication 
was issued at the beginning of 2007. 
(ii) Calibration of broad band UV detectors in the World Radiation Centre, Davos. 
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The Working Group 4 of COST 726 together with the WMO Scientific Advisory Group for UV 
Measurements is developing the Standard Operating Procedure (SOP) for the broad band UV 
measurements. Main goal of the Working Group to harmonise the work of national and regional 
networks doing erythemally weighted UV radiation measurements. In this activity calibration of UV 
detectors designated as regional reference towards the WRC’s reference is essential. HMS took 
part in calculation of calibration related to each detector. 
(iii) HMS produced and made available the homogenised global radiation data series of Budapest 
for the modelling work of COST 726 (restoration of UV data series for the past). 
 
(2) EU FP7 framework program: 
 HMS participated in the work of a consortium consisting of 11 institutes from 9 countries 
elaborating a proposal for the tender in autumn 2007 in the framework of EU FP7 „Quantification of 
changing surface UV radiation levels and its impact of human health”. The preparation work started 
at the end of 2007 and the proposal was submitted in due time (25 02 2008) with the title „UV 
radiation at European level and its impact on human health: an European UV atlas”.  
 
 
OTHER ACTIVITIES 
 
In 2006 collaboration of experts from different fields (atmospheric physics, dermatology, 
ophthalmology, biophysics, radiation biology, sociology, public health, labour safety) having 
relation to UV radiation intensified. First the work was organised in an academic working group. 
However, according to the rules of the Hungarian Academy of Sciences does not enable operation 
of an interdisciplinary working committee, it is possible only for certain disciplines. After a longer 
preparation period HMS houses the working committee. 
 
The first relevant work is professional secondment of the related activities of the Hungarian Red 
Cross. One of them is education on the right protection forms against the harmful UV radiation. 
There were many presentations on this topic and an instructor CD was made for schools. 
 
Another one is a summer program, operation of two UV radiation first aid stations at the Lake 
Balaton by the Hungarian Red Cross for two moths. The personal UV dosimeters used 
experimentally here were calibrated by HMS. 
 
Experts from HMS attended the „10th Biennial Brewer Users' Group Workshop” in Northwich 
(Cheshire, UK) in June, 2007. This biannual event deals not only with the Brewer 
spectrophotometer, but general UV spectrometric és spectroscopic theoretical and technical 
questions as well. 
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PRESENTATIONS  
 
Tóth Z.:   Az ultraibolya sugárzás egzakt méréstechnikája  
                 MTA Szociológiai Kutató Intézet, tudományos ülés, 2007. jún. 28.  
 
Tóth Z.:   Elektromágneses sugárzások biológiai hatékonysága, különös tekintettel az  
                ultraibolya tartományra 
                OMSZ belső továbbképzés, 2007. okt. 3. és 17. 
 
Tóth Z,:   A légköri ózon és a biológiailag hatékony ultraibolya sugárzás kapcsolata 
                MMT előadás, Debreceni Egyetem, Debrecen, 2007. okt. 9. 
 
Tóth Z.:  Mennyire káros a káros ultraibolya sugárzás? 
                Bajai Városi Könyvtár előadás sorozata, Baja, 2007. nov. 28. 
 
 

**** 
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INDIA  
 
 
INTRODUCTION 
 
India ratified the Vienna Convention for the protection of ozone layer on June 19, 1991 and the 
Montreal Protocol on Substances that Deplete the Ozone Layer on September 17, 1992.  The 
Copenhagen, Montreal and Beijing Amendments were also ratified on 3rd March 2003.  The India 
Country Programme was prepared in 1993 chalking out a strategy to phase-out production and 
consumption of Ozone Depleting Substances (ODSs). 
 
Atmospheric ozone monitoring started in India since 1928 when Dr. Royds made total ozone 
measurements in Kodaikanal with Dobson photoelectric ozone spectrograph as part of the first 
world-wide ozone measurements organized by Prof. G. M. B. Dobson. The first Dobson 
Spectrophotometer was acquired by India Meteorological Department (IMD) in 1940. The Indian 
ozone observational and research programme are as follows: 
 
 
OBSERVATIONAL ACTIVITIES  
 
Column measurements of ozone and other gases/variables relevant to ozone loss 
Total ozone measurements are being carried out at 6 stations by the IMD. Present network of six 
Dobson and two Brewer spectrophotometers are stationed at Srinagar, New Delhi, Varanasi, Pune 
and Kodaikanal. 
 
At all stations, routine measurements of total ozone are made (upto a maximum of six times per 
day) by trained personnel. Whenever, conditions permit, Umkehr observations are also made form 
these stations to compute the vertical distributions of ozone. Later, two Brewer Ozone 
Spectrophotometers were procured. One (#89) was installed at National Ozone Centre, IMD, New 
Delhi and other (#94) at Kodaikanal. It has an advantage over the Dobson Spectrophotometer 
because it is semiautomatic. Besides, it could also measure SO2, NO2 and UV-B. 

 
Profile measurements of ozone and other gases/variables relevant to ozone loss  
Vertical Ozone Distribution : The development of an Indian ozonesonde was taken up in 1963. The 
first successful sounding was carried out in September, 1964. The sondes were subsequently 
intercompared in WMOII03C. Further, comparisons were also held in West Germany in 1970 and 
1980; in 1991 (Canada) and 1996 (Germany). Since early 1970, fortnightly soundings were 
attempted at New Delhi, Pune, Thiruvanathapuram, Dakshin Gangotri and Maitri (Antarctica). A 
large number of vertical profiles of ozone, water vapor and nitrogen dioxide have been obtained 
and average profiles for Delhi were derived. The data obtained by this method was compared with 
balloon, rockets and LIMS satellite data. The system has been successesfully operated during 13th, 
14th and 16th Indian Antarctica Expedition and measured ozone height profiles in the Antarctica 
conditions both normal and ozone hole period. A similar high tech LHS with wide band (1GHz) 
acousto-optic spectrometers as back-end has also been developed and designed for operation at 
NPL, New Delhi sponsored by Indo-French Centre for Advanced Research.   

 
The Laser Hetrodyn System (LHS) and mm wave radiometer : This system monitors the 10 micron 
ozone line in absorption mode against the Sun. The mm wave radiometer observes the 101 GHz 
ozone line in emission mode. This instrument has the advantage over LHS that it can be operated 
round the clock under all weather conditions as it does not require direct sun light. The line profiles 
in both the experiments are inverted to obtain the Ozone height distribution. The ozone height 
profiles over Delhi and Maitri have been generated for a limited period using these techniques. The 
laser heterodyne spectrometer due to its ultra high spectral resolution and quantum limited 
sensitivity, can resolve the   individual spectral lines completely even Doppler broadened 
absorption lines in the upper stratosphere.  In view of the above a major project has been 
undertaken to design, develop and set up the most sophisticated CO2 laser heterodyne system to 
get on line profiles of various trace species in the atmosphere including ozone over Antarctica as 
well as at NPL, New Delhi.  The system developed earlier has been modified by using wide band 
(1GHz) acousto-optic spectrometers for the first time to improve the height resolution, accuracy 
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and better spectral resolution.  This is the first system of its kind on the global scale to use 1 GHz 
Acousto - optic spectrometer for laser heterodyne system to resolve the line completely with a very 
high spectral resolution and that is also in Antarctic environment. This HI-TECH system has been 
successfully set up and operated at Maitri, (700 46' S, 11o 44' E) an Indian Antarctic station during 
1993-94 and again during 1994-95 and ozone height profiles were obtained on cloud less clear 
days. The absorption line profiles obtain from Laser heterodyne system was used to retrieve the 
height profiles of ozone using inversion technique (an in house developed software to retrieve 
height profiles with inverse solution of radiative transfer equation). 

 
Surface Ozone Measurements : During the 70s, the electrochemical surface ozone measurement 
system was successfully developed. The system is successfully operating at New Delhi, Pune, 
Kodaikanal, Thiruvanathapruam, Nagpur, Srinagar, Dakshin Gangotri and Maitri.  

 
Surface ozone is being measured over New Delhi, an urban site, a region of intensive 
anthropogenic activity since 1997. Temporal variation studies on surface ozone at NPL, New Delhi 
during July, 1997 to December, 2007 shows that in all year’s winter and monsoon months attains 
low values of ozone than the critical value (NAAQS – 1 Hour average -120 ppbv). Where as during 
summer and post monsoon months ozone values attains critical value, which alarming poor air 
quality in these seasons. 

 
Measurement of Minor Constituents : In addition to surface ozone, monitoring of NOx, CO, CH4, 
NMHC, aerosols and meteorological parameters has also been carried out at the same site on a 
continuing basis to help in interpreting surface ozone variations.  The Differential Absorption Lidar 
(DIAL) facility is also being used from time to time to monitor surface ozone, water vapour, 
ethylene and ammonia.  

 
UV measurements 

 
Broadband measurements 
Measurements of UVB started in India around 1980 by independent scientists around India. Since 
its inception, the care of these instruments has changed hands several times and future funding is 
in jeopardy. The instruments were banded into a more formal network under the Indian Middle 
Atmospheric Programme (IMAP) in  1982-83. The IMAP program ended in 1989 and funding has 
continued for all stations except Jodhpur since then under ISRO-UGC. The six instruments 
originally included Jodhpur, Pune, Visakhapatnam, Mysore, New Delhi and Trivandum. The 
instruments are filter based instruments which measure four wavelength bands with 10 nm FWHM. 
The center wavelengths are roughly 280, 300 and 310 nm. For the moment, Dr. S. C. Chakravarty 
of the Space Science Office, ISRO and B. H. Subharay are keeping the program running. 
 
Regular measurement of UV-B radiation by filter photometer were started in 1979 at National 
Physical Laboratory, New Delhi. At present under Indian Middle Atmospheric Programme (IMAP) a 
chain of 7 stations have been established for routine measurement of global UV-B radiation at 280, 
290, 300 and 310nm. 
 
UV-Biometer : The measurement of Minimum Erythermal dose in the UV-B range started at Delhi 
in 1995 January and is continuing. 
 
Narrowband filter instruments 
India started using Narrowband filter instruments for measurement of radiation from July 1957 at 
21 principal and 22 ordinary stations where continuous recording of global and defused solar 
radiances and bright hours of sunshine are measured.  UV-A, UV-B and UV-Total measurement 
has also been introduced at all the stations to study the impact of climate on human health, 
agriculture productivity, ozone depletion etc.   
 
Spectoradiaometers 
The spectral measurements in the UV-B range at ½ nm interval started in 1989 and is continuing. 
The UV network is likely to expand and coordinate with international programme. 
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Calibration activities 
The network instruments are calibrated against the National Standard at regular intervals. The 
National Standard is in turn, inter-compared against World standard in WMO organized 
International Intercomparisons. India participated in such comparisons held at Belsk (1974), 
Boulder (1977), Melbourne (1984) and Japan (1996).  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). 
 
UV measuring instruments have been calibrated by using monochromators and wherever possible 
by using brewer spectrophotometer.   
 
 
RESULTS FROM OBSERVATIONS AND ANALYSIS 
 
The major findings are as follows : - 
 
1) Though the latitudinal variation of trends for Dobson and satellite data are similar for Dobson 
data over India gives small positive trend at the subtropical and equatorial regions, which is a 
significant finding. Extension of trend analysis using neural network over the period 1991-2001 has 
been done to predict ozone over Delhi.  
 
The Stratospheric Ozone profiles obtained from Jharia from north India are found more lower then 
those lines to south. The low stratospheric Ozone according to study may be because of O2, CO, 
CH4 etc on regular basis at Maitri. Two years continuous observation of CO2 hourly average 
concentration revealed that average yearly value of 368.43 ppm in 2002 and 369.72 ppm in 2003 
indicating anthe coal fires containing gases such as methane, oxides of sulphur and carbon.  
 
NPL has established a semi -automatic gas chromatograph for monitoring green house gases such 
as C increase of 1.3 ppm. This corresponds to growth rate of 0.35% per year. 
 
 
2) Analysis of long term total ozone data from the Indian stations have not shown any trend. 
 
 
THEORY, MODELLING, AND OTHER RESEARCH 
 
Impact studies of UV rays on plants, animals and human beings were conducted in Jawaharlal 
Nehru University, Banaras Hindu University etc. which were published in national and international 
journals.  Central Radiation Laboratory, Pune has also been conducting radiation studies at 45 
stations.  India also maintains one weather monitoring station at Maitri, Antarctica with a facility for 
measurements of global and diffuse solar radiation using pyranometers and of optical depth using 
a sunphotometer. 
 
 
DISSEMINATION OF RESULTS 
 
Results of the studies are disseminated through electronic media/website of respective institutions 
and query services. 
 
Data reporting  
The total ozone data and Umkehr data (vertical profile of Ozone) are being regularly sent in WMO 
format to the World Ozone Data Centre (W03DC) Canada, and are being regularly published by 
the Centre. 
 
Information to the public 
The information on ozone concentration and other constituents are placed in the website of India 
Meteorological Department.   
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Relevant scientific papers 
Nandita D Ganguly, Department of Physics, St.Xavier’s College, Ahmedabad. “Low level of stratospheric 

ozone near the Jharia coal field in India”. 
Dr. B. C. Arya, Scientist-F Radio and Atomspheric Sciences Division,”Report on NPL’s activities related to 

Ozone and other trace gases. 
Beig G. Saraf N and Peshin S. K. “Latitudinal Gradient in long trends in Tropospheric ozone over Tropical 

India”. Proceedings Quadrennial Ozone Symposium (1-8 June, 2004).  
Namita Kundu, Peshin S. K., Sachchidannand Singh and Meera Jain “Variation of ozone Chemopause and 

Tropopause height difference with tropospheric temperature”.  Proceedings Quadrennial Ozone 
Symposium (1-8 June, 2004). 

Kulandaivelu E and Peshin S. K. “Measurement of total Ozone, D-UV radiation, Sulphur dioxide and Nitorgen 
dioxide with Brewer Ozone Spectrophotometer at Maitri, Antarctica-2000”.  Mausam, 54, 2(April 2003). 

Peshin S. K., Panda N. C., Dewhare J. N. and Perov S. P. “Comparison of Indian ozonesonde and Umkehr 
profiles at New Delhi 1989-1997”, Mausam, 54, 2(July 2003) 679-682. 

“UV-B flux increase during Coronal Mass Ejection” by Saumitra Mukherjee and Anita Mukherjee, Jawaharlal 
Nehru University, New Delhi; 4th (Virtual) Thermospheric/Lonospheric Geospheric Research (TIGER) 
Symposium. 

“Possible Biological Effects by UV-radiation Newly Detected from Internally Administered Radioisotopes” by 
M. A. Padmanabha Rao, 114, Charak Sadan, Vikaspuri, New Delhi, India 

“Modernization of Radiation Network” by R. D. Vashishha & M. K. Gupta of India Meteorological Department, 
Pune, India 

“Air quality monitoring in Chennai, India in the summer of 2005” by Mr. M. Pulikesi etal.  
“Low level of stratospheric ozone near the Jaharia coal field in India” by Ms. Nandita D Ganguly. 
 
 
PROJECTS AND COLLABORATION  
 
Ministry of Science and Technology, under its atmospheric programme, is developing projects for 
monitoring of ozone and minor constituents including various greenhouse molecules such as 
Carbon Dioxide (CO2), Methane (CH4), Nitrus Oxide (NOx). 
 
Indian Middle Atmospheric Programme (IMAP), operating since 1982, has provided an umbrella for 
integrating all Indian efforts on ozone research. Rocket Programmes in collaboration with ex-USSR 
were stepped up during this period with payloads from Physical Research Laboratory, Ahmedabad 
and the National Physical Laboratory, Delhi. These, along with balloon and ground based 
measurements, have well characterized the ozonesphere over India. 
 
Indo-Russian collaborative programme on variations in ozone and aerosol content in 
tropics/extratropical troposphere and stratosphere are being studied. 
 
A collaborative programme with Ultraviolet International Research Center, Finland has been 
launched to monitor the UV radiations.   
 
 
FUTURE PLANS 
 
a)  Continuous monitoring of ozone profile over the country. 
b)  Study on atmospheric chemistry in relation to ozone layer depletion and climate change. 
c) To participate in the international intercomparisons of Dobson Spectrophotometer, Brewer 

Spectrophotometer and Ozonesonde. 
d)  To develop biological system to monitor UV-B. 
e)  To continue research on impact of UV-B on human health and eco-systems. 
f)  To develop climatic models to predict the climatic change over India. 
 
 

http://fuvirc.oulu.fi/pages/archive.htm�
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NEEDS AND RECOMMENDATIONS 
 
• In accordance with the decision of the Meeting of Parties to the Vienna Convention, present 

activities need to be continued to monitor ozone concentration and UV radiations.   
• Research activities relating to impact of UV radiations on life and its supporting system need to 

be conducted.   
• The Ozone Research Managers meeting may recommend to the Meeting of Parties for taking 

decisions to request Parties to provide adequate support to continue the present activities and 
to carry out future plans.   

• Developed countries may consider to have bilateral assistance programme with developing 
countries to strengthen ozone and UV-monitoring and research system.  

• UNEP networking system may also include ozone and UV monitoring activities in their agenda.   
 
 

**** 
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ISLAMIC REPUBLIC OF IRAN 
  

 
OBSERVATIONAL ACTIVITIES 

 
This report contains the updated information on the ozone and UV observation and research 
activities, which have been pursued in Iran through the past two years since the 6th meeting of the 
WMO/UNEP Ozone Research Mangers.  
 
For the past three decades, the Meteorological Organization (MO) and Geophysics Institute of the 
University of Tehran have been taking over and performing UV-B and ozone monitoring and 
research activities in Iran. 
 
Research and monitoring activities are based mainly on and through continuous cooperation and 
exchange of information between these centers and other research entities, i.e.  the universities 
and related research institutes. 
 
In spite of long history of atmospheric observation and research, the country still lacks sufficient 
capacity to effectively realize its objectives in the field of ozone and UV observation and 
networking, which forms only part of the country's atmospheric research and monitoring platform. 
 
Column measurements of ozone and other gases/variables relevant to ozone loss 
(e.g. Dobson, Brewer, DOAS, FT-IR) 
 
There exist three stations in which the ozone measurement facilities are installed and in use.  
 
The following stations are operating under the supervision of the Meteorological Organization (MO) 
and the Geophysics Institute of the University of Tehran:  

 
1) Geophysics 
2) Firoozkooh  
3) Esphahan  
 

Data on the above stations are provided in the Table 1.  
 

Table 1:  Stations active in the ozone and UV measurement and monitoring activities in Iran . 
Type Coordinates Measurement facilities 

Station Synoptic Upper 
atmospheric Latitude Longitude Altitude 

(m.asl) Surface Vertical Total

Geophysics Yes No 35° 44 ′ N 51° 33 ′ E 1419 Yes No Yes 
Firoozkooh Yes No 35° 43 ′ N 52° 34 ′ E 2986 Yes No No 
Esfahan Yes Yes 32° 47 ′ N 51° 72 ′ E 1550 Yes Yes Yes 

 
 
Firrozkooh Station 
Of the above stations, Firoozkooh has not reportedly been active in the field of stratospheric ozone 
measurements for the past two years. Surface ozone outside urban area has been measured at 
Firooz-kooh. The station is a reference station and official connected to the World Meteorological 
Organization's (WMO) Global Atmospheric Watch (GAW).  
 
Esfahan and Geophysics stations are mainly involved in the ozone and UV observations and have 
been cooperating with Firoozkooh station and the Meteorological Organization in surface ozone 
measurement activities.   
 
Esphahan ozone station 
This station is recognized by an international 336 codes and is connected to the global networking 
system. Total ozone is being measured using Dobson system since January 2000. Since April 
2000, Brewer ozonometric equipment was installed and has been operating at Esphahan station. 
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This system measures total ozone in vertical column in an area of 1 cm2 by attracting solar and sky 
radiation. In addition, the system measures UV-B, SO2 and NO2. Esphahan station is recognized 
by an OIFM code and measures on a daily basis the upper atmospheric conditions between 11 to 
12 GMT. This measurement includes vertical pressure, temperature, humidity, wind speed and 
direction. This station is also equipped with radiosonde (RS80) and hydrogen balloon (Totex 
600gr) in order to study the Upper atmosphere.  
 
Geophysics institute station 
The institute is mainly responsible for total ozone monitoring, data recording and processing, 
networking with World Ozone and Ultraviolet Radiation Data Center (WOUDC) and conducting 
research, training and public awareness campaigns on stratospheric and surface ozone. The 
center is equipped with a Dobson photo-spectrometer and ancillary data processing and analysis 
hardware and software systems. The institute has been in cooperation with Tehran Municipality in 
air pollution monitoring activities through the established network of pollutants monitoring stations.  
 
As of 2000, total ozone has been measured using Dobson system for 30 minutes (from 8am to 
7pm). Results of the measurements are regularly calibrated using satellite data. The data recorded 
at the above stations is being reported to the WOUDC and are available through the center’s web 
pages.  
 
Profile measurements of ozone and other gases/variables relevant to ozone loss 
(e.g. ozonesondes, ozone lidar) 
Profile measurement of Ozone needs employment of special equipment, which are not available at 
the existing stations.  In order to study the Upper atmosphere, radiosonde (RS80) and hydrogen 
balloon (Totex 600gr) are in use at Esfahan station. Data recorded by these instruments then is 
transmitted to the global telecommunication system using a switching system. Esfahan station is 
connected to the global network of ozone observation and reports the data back to the WOUDC on 
a regular basis. 
 
UV measurements 
UV-B is only being measured at Esphahan station. UV is measured at the wavelengths between 
320 and 330 nm including UV-B. There are several other locations reported as high risk spots in 
terms of exposure to UV. UV monitoring in these high risk spots are of utmost importance and 
need establishment and use of new UV measurement equipment and facilities.   
 
Broadband measurements  
(e.g. Solar Light, Yankee, Robertson Berger) (N/A) 
 
Narrowband filter instruments 
 (e.g. GUV, NILU-UV) (N/A) 
 
Spectroradiometers (N/A) 
 
Calibration activities 
Data recorded by the stations is regularly checked for their validation and consistency. In the case 
of data inconsistency the equipment are sent to the WMO for calibration. Currently monitoring 
equipment at Geophysics and Esphahan stations are calibrated and are properly in operation. 
 
Equipment installed at the Firooz-kooh station was damaged and not in use for the last two years. 
In order to maintain the continuity of ozone data series, the station will need to fix the damaged 
apparatus and to improve its measurement system. This station only records surface ozone data. 
An strategy is in place to change the stations' systems to European standards.   
 
Calibration of equipment in Geophysics station has been last made in February 2006 in Japan. In 
an agreement with the Japanese atmospheric research center, the Dobson apparatus at 
Geophysics station will be calibrated once in two years. So, the next calibration is due for end of 
2008. According to the latest calibration, data collected by the Geophysics equipment has 3% 
deviation from the satellite data recorded for the same period, which is considerably acceptable. 
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Equipment at Esfahan Station has been recently calibrated in South Korea and is operating.  
 
RESULTS FROM OBSERVATIONS AND ANALYSIS 
(e.g. trend analyses, UV doses (annual, monthly etc.), UV maps) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1:  Comparison between Dobson data and satellite data for 2004. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2:  Monthly variations of total ozone for the years 2002 to 2005. 
 
 
THEORY, MODELLING, AND OTHER RESEARCH 
 (e.g. 3-D CTM modeling, data assimilation, use of satellite data, UV effect studies) 

Two research units are active and affiliated to the Meteorological Organization as follows: 
- Esfahan Ozone and Atmospheric Chemistry Research Center. 
- Atmospheric Chemistry and Air Pollution Research Group of the Meteorological Science 

Research Center.  
 
These centers are linked to the Esfahan and Firoozkooh stations and provide necessary research 
programmes of assistance for the centers.  
 
Computer software is available at the Iranian Geophysics Centre and Esfahan station for 
processing and modelling of the atmospheric ozone and photo-chemicals. These facilities have 
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only been utilized for data processing and analysis. Models developed thus far have only for the 
simulation and analysis of air pollution in urban areas and so far no model has been developed 
specifically applicable for Ozone and UV analyses.  
The first Iran-Korea joint workshop on climate modelling, Co-hosted by Climatological Research 
Institute (CRI) and Meteorological Research Institute (METRI)  was held on November 16-17 2005. 
The program consisted of invited and contributed oral presentations from both countries and issues 
related to the subjects of the workshop were discussed in full. The workshop covered theoretical 
and applied topics of climate modeling as follows:  

• Long Term Forecasting  

• Climate Change and Variability   

• Extreme Events  

• Application of Climate Information  

• Tele Connections  

• Paleoclimatology  
 
 
DISSEMINATION OF RESULTS 
 
Data reporting 
(e.g. submission of data to the WOUDC and other data centres) 
Firoozkooh and Esfahan Stations are reference stations connected to the global network of 
atmospheric watch. Total and vertical ozone data in WMO format are being regularly reported to 
the World Ozone and Ultraviolet Data Center in Canada (WOUDC). The data recorded by the 
stations also being archived at the related centers. Data on Ozone and UV recorded at Esfahan 
station is reported to WOUDC in Canada once every two months. The Firoozkooh data is reported 
to the same center on a monthly basis.   
 
Information to the public 
(e.g. UV forecasts) 
As its routine procedure, the geophysics institute provides assistances to the graduate and post 
graduate students through their MSc and PhD research programmes on air pollution and 
atmospheric research. These assistances are in the form of long term meteorological data series 
and processed information.  Reports of the student theses are normally available for use by other 
researchers.  
 
The long term and daily meteorological and ozone observation data are also available at the web-
sites of the Geophysics Institute and Meteorological Organization as well as at the web-sites of 
provincial Meteorological Departments for use by researchers and consultants. Information is also 
provided at the above web-sites for public use. (URLs for the web-sites are: 
http://geophysics.ut.ac.ir/En/ for Geophysics Institute and http://www.irimet.net/ for Meteorological 
Organization. Links to provincial Meteorological Departments are available at 
http://www.irimo.ir/english/OSTAN/index.asp ). 
 
 
PROJECTS AND COLLABORATION 
(e.g. national projects, international projects, other collaboration (nationally, internationally)) 
 
The following research programmes have been completed by the Geophysics research institute: 

• The correlation between air pollution/inversion and wind-speed/solar radiation (2000). 
• The correlation between Total Ozone and troposphere/stratospheric parameters (1991). 
• Correlation between tropospheric ozone and ground-base UV (1999). 
• Tehran air pollution and atmospheric parameters (2003). 

http://geophysics.ut.ac.ir/En/�
http://www.irimet.net/�
http://www.irimo.ir/english/OSTAN/index.asp�
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• Trend analysis of Surface Ozone data collected at Geophysics Synoptic Station in 2002 
(2007). 

• Total Ozone change analysis with respect to the periodic solar activities (1983). 
• Development of a model for air pollution prediction in Tehran (1995). 
• Relationship between the dust pollution and meteorological parameters (2000). 
• Analysis of interaction between the Total Ozone recorded at a random meteorological 

station and regional weather systems (1999). 
• Comparative analysis of Ozone change through an eleven-year period of solar activities 

(1994).   
• Study of relation between ozone and  humidity. 
• Investigation of ozone pollution in the earth (2003). 
• Measurement of ozone layer changes using Dobson and Brewer photo spectrometer 

data. 
• The study of stratospheric/trapospheric exchange by means of ground ozone 

measurement (1978). 
• Temporal and spatial variability of Total ozone in Central Plateau of Iran revealed by 

ground-based instruments (2007). 
 

The Geophysics Institute and Meteorological Organization are in continuous cooperation with other 
academic and non-academic research units for the study of atmospheric phenomena.  
 
  
FUTURE PLANS 
(e.g. new stations, upcoming projects, instrument development) 
 
The Meteorological Organization is planning to renovate the equipment and facilities of Firoozkooh 
station. Also a number of high risk UV spots are already identified, for which new equipment and 
facilities will be needed.  
 
The Meteorological Organization and Geophysics Institute are in demand for improvement of their 
research, observation and data recording and reporting systems through regular UV monitoring 
and analysis as well as public awareness campaigns.   
 
There is a strong need for scientific research on environmental impacts of increased UV due to the 
ozone depletion in different parts of country covering effects of UV radiation on: 
 
 A).  Human health 
 B).  Terrestrial and aquatic ecosystems 
 C).  Biogeochemical cycle 
 D).  Air quality 
 E).  Materials  
 
Development and improvement of "data networking system" is considered by the Meteorological 
Organization as an important component of the existing ozone/UV monitoring system. Atmospheric 
Modeling is another area of interest that requires professional training and advanced hardware and 
software facilities.  
 
A new atmospheric research center is also under construction in esfahan for the purpose that will 
need advanced equipment and networking systems.   
 
 
NEEDS AND RECOMMENDATIONS 
 

• Development of advanced research programmes on the UV/Ozone analysis and impacts. 
• Development of National UV Observation and Monitoring Network. 
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• Organization of regional and national training workshops for officials and experts from 
relevant UV/Ozone monitoring organizations and public seminars on ozone/UV changes 
and its effects on terrestrial life. 

• Thematic meetings on UV/Ozone Observation and monitoring will be needed to be included 
in the UNEP/ROAP networking system. This can be accomplished back to back to the 
annual network meetings. 

• Capacity Building and provision of necessary advanced equipment and facilities to the 
existing stations including: 

o Equipping Geophisics station with the following instruments: 
o Sky Radiometer (POM-02) 
o Sky radiometer (POM-01L) 
o Grating Sunphotometer (PGS-100) 
o Multichannel Data Logger (PMMS-100) 
o Brewer Spectrophotometer 
o Automation of existing Dobson Photo-spectrometer for improved and precise 

measurements 
o Renovation of Firoozkooh station 
o Development of new UV monitoring stations in high risk UV spots 
o Provision of upper-atmospheric observation and research facilities to Esfahan and 

Firoozkooh stations 
o Provision of technical assistance and training to the centers for advanced 

atmospheric research and modeling 
• Systematic calibration of surface and upper-atmospheric ozone measurement instruments 

at existing stations. 
 

**** 
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ITALY 
 
 
The contributing institutions are: 
 

INSTITUTION Short name 
CETEMPS/Dipartimento di Fisica, 
Universita’ degli Studi dell’Aquila, 
L’Aquila  

CETEMPS/UNIAQ 

Università degli Studi di Urbino 
“Carlo Bo”, Urbino. 

UNIURB 

Dipartimento di Fisica, Università di 
Roma “La Sapienza”, Roma. 

UNIRM 

ARPA Valle d'Aosta (Regional 
Environmental Protection Agency). 

ARPAVDA 

CMCC,INGV, Roma. CMCC/INGV 
 
 
OBSERVATIONAL ACTIVITIES 
 
Column measurements of ozone and other gases/variables relevant to ozone loss  
 
CETEMPS/UNIVAQ: The ozone total columns observed on routine basis at L’Aquila (683 m asl,  
43.38°N, 13.31°E) are derived from the balloon ozone-sonde profiles. This database has been 
used for a comparison with OMI (Ozone Monitoring Instrument, http://www.knmi.nl/omi/) onboard 
AURA satellite (http://avdc.gsfc.nasa.gov/). 
 
UNIURB: In situ continuous measurements of Ozone Depleting Substances (ODS, Montreal 
Gases) by Gas Chromatography-Mass Spectrometry at the CNR Atmospheric Research Station 
“O. Vittori” at Monte Cimone (Northern Apennines, Italy (2165 m asl, 44°11’ N, 10°42’ E) and 
weekly measurements of the same gases at the ABC-Pyramid Atmospheric Research Observatory 
(Nepal, 27.95 N, 86.82 E) located in the Himalayas, Khumbu valley, at 5079 m a.s.l. 
 
UNIRM: Total ozone and total nitrogen dioxide observations have been collected since 1992 at 
Rome (Lat. 41.9°N, Long. 12.5°E, 75m a.s.l) and at Ispra (Lat. 45.8°N, Long. 8.63°E, 240m a.sl) by 
using two Brewer MKIV spectrophotometers. Brewer MKIV 067 is located at the Physics Dept. of 
Sapienza University of Rome. Brewer MMIV 066, located at the Environment Institute of the Joint 
Research Centre, Ispra (Va) until January 2007, was moved to the alpine station of ARPA (Aosta 
Valley Regional Environmental Protection Agency) at Saint-Christophe, Aosta (Italy), at 
approximately 100 km east from Ispra. Aerosol optical depth (AOD) retrievals in the UV and visible 
regions are now available. 
 
ARPAVDA: Total ozone and total nitrogen dioxide measurements have been collected sine 2007 
in Saint-Christophe (45.74°N, 7.36°E, 570 m a.s.l.), Aosta, using the Brewer MKIV 
spectrophotometer #66. This instrument, owned by Sapienza – University of Rome, was moved 
from the Joint Research Centre, Ispra (VA), where it has been measuring since 1992. The 
spectrophotometer is now being operated by ARPA Valle d'Aosta. Estimates of the total ozone 
content every 30 minutes are available since 2006, retrieved from the Bentham spectroradiometer. 
The results have been successfully compared with those obtained by the Brewer #66 and OMI 
satellite data. 
 
Profile measurements of ozone and other gases/variables relevant to ozone loss 
CETEMPS/UNIAQ: The ozone profiles (balloon-sonde) have been collected since 1994. From 
2004 this activity has achieved a routine pace: about 1.5/2 ozone profiles (from ground up to 
10hPa altitude) per month (This activity is also part of the commitments included in a Convention 
between University of L’Aquila/CETEMPS -Centre of Excellence for the integration of remote 
sensing techniques and modelling for the forecast of severe weather- and Italian 
Government/Ministry of Environment. The Italian Ministry of Environment (Ministero dell'Ambiente 

http://www.knmi.nl/omi/�
http://avdc.gsfc.nasa.gov/�
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e della tutela del Territorio) provides the needed resources for the acquisition of the ozone-sondes, 
the maintenance of the radio-sonde system.). The ozone profiles database has been available for 
the calibration/validation campaign of the MIPAS (Michelson Interferometer for Passive 
Atmospheric Sounding) instruments onboard ENVISAT. There is an overall agreement between 
the two technique (along about 20 spatial and temporal coincident measurements), the main 
difference (below 10%) are located in the lower stratosphere and troposphere, in the high 
stratosphere, the agreement is better than 5%. 
 
UV measurements 
CETEMPS/UNIAQ: Broadband measurements 
UV-A and UV-B (Yankee Environmental Systems) instruments have been operating since 2004. 
 
UNIRM: Spectral UV irradiance (from 290 to 325nm at 0.5 nm stepwidth) have been measured by 
Brewer spectrophotometer #067 operational since 1992. Values of erythemal and Vitamin D dose 
rates are also available. In addition erythemal dose rates and doses are provided by the 
broadband UV radiometer (model YES UVB-1)  operational since 2000.  
 
ARPAVDA: Three UV broadband radiometers (2 KIPP&ZONEN UV-S-AE-T, double band A/E, and 
1 Yankee YES UVB-1) have been operating since 2004 at three different sites (Saint-Christophe, 
570 m asl, La Thuile, 1640 m asl, and Plateau Rosa, 3500 m asl) to account for the altitude and 
snow effect. Data are available as 5 minutes averages (sampling time 10 seconds) and transmitted 
to the elaboration centre by GSM modems. A Bentham double monochromator spectroradiometer 
has been operating continuously since 2004, measuring the global spectral irradiance in the range 
290-500 nm (stepwidth: 0.25 nm, FWHM: 0.54 nm) every 15-30 minutes (scan time: 6 minutes). 
Global spectral UV irradiance is also measured by the Brewer spectrophotometer (from 290 to 325 
nm at 0.5 nm stepwidth). Erythemal and integrated dose rates, along with the UV index, and doses 
are routinely calculated from the spectral measurements and compared with the broadband 
measurements. 
 
Calibration activities 
UNIRM: The absolute calibration of Brewer 067 is made by the IOS inc. (International Ozone 
Service) almost every year. Furthermore, UV measurements are intercompared with the travelling 
standard spectroradiometer B5503 from PMOD/WRC (Physikalisch- 10 Meteorologisches 
Observatorium Davos, World Radiation Center) every two years. The YES radiometer participated 
into the broadband radiometer inter-comparison at PMOD/WRC at Davos (Switzerland) in August 
2006. 
 
ARPAVDA: The ozone calibration of Brewer #66 is performed by the IOS inc. (International Ozone 
Service) almost every two years. UV measurements of the Brewer spectrophotometer and 
Bentham spectroradiometer are intercompared with the travelling standard QASUME from the 
PMOD/WRC (Physikalisch-Meteorologisches Observatorium Davos, World Radiation Center) 
every two year. 
 
The Bentham spectroradiometer is calibrated every month by a local operator by means of 2/3 
calibration lamps (portable field calibrators, 200W, from Schreder CMS). The lamps are calibrated 
by the PMOD/WRC and represent a calibration triad. Cross-calibration between the 
spectroradiometer and the spectrophotometer are regularly performed. The broadband 
radiometers spectral response function and cosine response are measured every year in a 
specialized laboratory (Scheder CMS, Austria). Absolute calibration is performed by ARPA with 
reference to the double monochromator spectroradiometer, following the international guidelines 
(Ann Webb, Julian Gröbner, Mario Blumthaler, A Practical Guide to Operating Broadband 
Instruments Measuring Erythemally Weighted Irradiance) and calculating a calibration matrix 
(ozone-solar zenith angle). The YES radiometer participated into the COST-726 broadband 
radiometer intercomparison at PMOD/WRC at Davos (CH) in August 2006, giving satisfying 
results. 
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RESULTS FROM OBSERVATIONS AND ANALYSIS  
 
CETEMPS/UNIVAQ: Ozone trend analyses: The extended ozone profile database (2004-2007) 
has got the quality-standards for being used in a preliminary analysis concerning the possible 
trends of the ozone content in the different atmospheric region. In summary, such studies show 
that: there is not any significant trend in the lower troposphere; the same in the higher troposphere 
and in the lower stratosphere (these data have a larger standard deviation);  on the other hand in 
the middle stratosphere [20-25km], it is evident a small decreasing in the ozone content (about 
10+/-5DU/decade) which is consistent with other kind of observations (i.e., IPCC’s Special Report 
on Safeguarding the Ozone Layer and the Global Climate System, 2005) 
 
UNIURB: ODS: Atmospheric trends of ODS and allocation of Source regions. 
 
UNIRM: Surface UV radiation: A climatological characterization based on the time series of UV 
index was carried out. The mean of maximum UV index is (7.2±0.2) at Ispra and (8.9±0.4) at Rome 
under clear sky conditions. High exposure category (6< UV index < 7) is more frequent at Rome 
(32%) than at Ispra (26%). Very high UV indexes (≥ 8) occur only at Rome.  
 
ARPAVDA: Surface UV radiation: The UV indexes measured in the three stations are published in 
real-time on the web site www.uv-index.vda.it using the  colour scale recommended by the WMO. 
UV doses are calculated. Extreme UV indexes occur in the Alps of Valle d'Aosta: close by 9 at 
Aosta and La Thuile, during summer, and higher than 12 at Plateau Rosa, because of the coupled 
effect of altitude (3500 m asl) and snow cover (perennial snow is always present on the glacier). 
 
 
THEORY, MODELLING, AND OTHER RESEARCH  
 
CETEMPS/UNIVAQ: Stratospheric and tropospheric Ozone: Research and assessment studies on 
stratospheric ozone have been made using a global chemistry-transport model (ULAQ-CTM) and a 
chemistry-climate coupled model (ULAQ-CCM), both including an interactive module for calculation 
of aerosol formation and growth. Both models have been validated with satellite and aircraft data 
and then used for future projections of the ozone layer and changes of the ozone radiative forcing 
on climate. The above models have also been adapted and used for studies of tropospheric ozone 
and its precursors, as well as for future trends of tropospheric O3. CETEMPS/UNIAQ modelling 
activities have also contributed to the UNEP/WMO/IPCC: Scientific Assessment of Ozone 
Depletion: 2006; Chapter 5: Climate-Ozone Connections, Review Ed. D. Albittron, 49 pp., Geneva, 
Switzerland, 2007; and to UNEP/WMO/IPCC: Scientific Assessment of Ozone Depletion: 2006; 
Chapter 6: The Ozone Layer in the 21st Century. 
 
UNIRM: Comparison with Ozone and UV satellite data: The daily mean ozone values from Brewer 
spectrophotometer #067 showed a good agreement with OMI ozone data retrieved by means of 
both OMI-TOMS 5 (bias=−1.8%) and OMI-DOAS (bias=−0.7%) algorithms. The comparisons 
between satellite-based and ground-based UV data showed that, on average, OMI UV products 
exceed ground-based UV measurements by more than 20%. This may be attributed to the fact that 
the satellite instrument does not effectively probe the boundary layer, where the extinction by the 
aerosols can be important, mainly in an urban site as Rome.  
 
Assessment of solar UV exposure in the Italian population: In the last four years several 
campaigns are carried out focused on quantifying the solar UV exposure in Italian populations such 
as sunbathers, skiers and vine growers searching a possible relation among biological markers of 
individual response to UV exposure. Preliminary results were showed during national conferences. 
Recent results were submitted to international journals. The variability of calibration curves of 
polysulphone dosimetry was widely studied during several ad hoc field campaigns at different 
middle latitude sites (urban, semi-rural and rural sites) and in any season of the year. It was 
concluded (Casale et al., 2006) that a careful quantification of the polysulphone calibration curve 
under the same atmospheric conditions of exposure of population groups is recommended in the 
personal UV measurement programmes. 

http://www.uv-index.vda.it/�
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ARPAVDA: Radiative transfer models (e.g. LibRadtran) are routinely used for the forecasts of the 
UV index in cloudless conditions and for quality control. The forecasts are daily published on the 
UV website www.uv-index.vda.it in the form of WMO-compliant maps of Aosta Valley. The 
standard libRadtran model was modified to take into account some effects typical of a mountain 
region (effective albedo, altitude and “cutted” atmospheric profiles) and compared with a 3D model, 
giving satisfying results (±1 UV index maximum difference). A near-real time UV map of Aosta 
Valley is computed every 15 min accounting for cloud amount, using satellite data from Meteosat 
Second Generation. The daily mean and instantaneous measurements from Brewer 
spectrophotometer showed an agreement with OMI ozone data (daily mean and overpass values), 
similar to that observed and published for other mountain sites. The bias is about -3%, the 
correlation index is 0.99 and the RMS is 3.5%. 
 
CMCC/INGV: Global Modelling of Stratospheric Ozone: The anthropogenic perturbation of the 
atmospheric composition is at the origin of global environmental changes of the Earth System. 
Within this context, our research objectives are aimed at identifying and quantifying the 
connections between ozone evolution and climate change, by using and developing global 
numerical models with interactive meteorology and chemistry. In particular we are working with the 
MAECHAM general circulation models of the troposphere, stratosphere and mesosphere, as well 
as with one of its version coupled to a stratospheric ozone chemistry model [the 
MAECHAM4CHEM chemistry climate model (CCM), and its further evolution, the 
ECHAM5/MESSy1]. CCMs include the full representations of dynamical, radiative, and chemical 
processes in the atmosphere and their interactions. We have been part of the MAECHAM4CHEM 
model team that has contributed to the coordinated simulations of past ozone evolution and 
scenarios of future ozone projection of the last ozone assessment (WMO, 2007). In the last few 
years, we have been part of several international teams and co-authored a number of publications 
aimed at analyzing various aspects of the modelling of stratospheric ozone with comprehensive 
global numerical models: - the evaluation of inter-annual variations in total ozone and lower 
stratospheric temperature in the MAECHAM4CHEM model has been addressed; -the comparison 
of long term evolution of upper stratospheric ozone of the MAECHAM4CHEM model with selected 
observational stations within the Network for the Detection of Stratospheric Change (NDSC); - the 
assessment of the simulation by a number of CCMs of stratospheric temperature, tracer, and 
ozone in the recent past and of stratospheric ozone projection in the 21st century; - and the 
evaluation of the solar cycle and temperature in CCMs. 
 
Modelling of shortwave radiative transfer in Atmospheric Global Models. The spectral resolution of 
the shortwave radiation parameterization used in the Middle Atmosphere (MA) ECHAM5 model 
has been increased from 4 to 6 bands, in order to improve the representation of ozone absorption 
in the stratosphere. 
 
 
DISSEMINATION OF RESULTS 
 
Data reporting  
CETEMPS/UNIVAQ: The multi-annual UV and ozone profile data can be freely used on request at 
CETEMPS. Model data for international data centres. 
 
UNIRM: Daily total ozone are submitted to international datacentres at the end of every year. 
 
ARPAVDA: Every measurement is published in real time on the website of ARPA. Daily total 
ozone and B-files are submitted daily to the WOUDC. 
 
CMCC/INGV: Preparation of numerical data from the MAECHAM4CHEM model for submission to 
the British Atmosphere Data Centre (BADC) data centre, within the procedures for the last ozone 
assessment (WMO, 2007). 
 
Information to the public  
CETEMPS/UNIVAQ: An annual report concerning the stratospheric ozone and surface UV levels 
is yearly compiled within the existing Convention between CETEMPS/UNIAQ and Italian 

http://www.uv-index.vda.it/�
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Government/Ministry of Environment. The observational procedures and their scientific content are 
widely exploited along continuous on-site visiting activities (secondary schools, university students, 
foreign scientists) and press releases. 
 
ARPAVDA: UV forecasts for clear sky are published daily on the ARPA website and on national 
newspapers (La Stampa, regional page). The recommended solar protection factors and the 
erythemal times are reported for some site of Aosta Valley and different phototypes 
 
Relevant scientific papers 
 
CETEMPS/UNIVAQ: 
Brunner D., et al.: An evaluation of the performance of chemistry transport models. Part 2: Detailed 

comparison with two selected campaigns, Atmos. Chem. Phys.,  5, 107-129, 2005.  
Pyle, J., et al.: IPCC/TEAC special report on: Safeguarding the ozone layer and the global climate system: 

issues related to HFC and PFC; Chapter 1: Ozone and Climate,  Metz et al. Eds., Cambridge 
University Press,   Review Eds. M. McFarland, 83-132, 2005. 

Stevenson, D.S., et al.: Multi-model ensemble simulations of present-day and near-future tropospheric 
ozone, J. Geophys. Res., 111, D08301, doi:10.1029/2005JD006338, 2006. 

Andersen, S.B., et al.: Comparison of recent modelled and observed trends in total column ozone, J. 
Geophys. Res.,111, D02303, doi: 10.1029/2005JD006091, 2006. 

Gauss, M., et al.: Radiative forcing since preindustrial times due to ozone change in the troposphere and the 
lower stratosphere, Atmos. Chem. Phys., 6, 575-599, 2006. 

UNEP/WMO (Contribution G. Pitari): Scientific Assessment of Ozone Depletion: 2006; Contribution to 
Chapter 5: Climate-Ozone Connections, Review Ed. D. Albittron, 49 pp., Geneva, Switzerland, 2007. 

UNEP/WMO (Contribution E. Mancini, G. Pitari): Scientific Assessment of Ozone Depletion: 2006; 
Contribution to Chapter 6: The Ozone Layer in the 21st Century, Review Ed. D. Albittron, 43 pp., 
Geneva, Switzerland, 2007. 

Cortesi U, et al.: Geophysical validation of MIPAS-ENVISAT operational ozone data Atmos. Chem. Phys., 7, 
18, 4807-4867, 2007. 

 
UNIURB:  
Greally, B.R. et al.: Observation of 1,1-difluoroethane (HFC-152a) at AGAGE and SOGE monitoring stations 

1994-2004 and derived Global and regional emission estimates, J. Geophys. Res., 112, D06308, 
doi:10.1029/2006JD007527.  

Bonasoni, P. et al.: Climate Altering Trace Gases in the Mediterranean Area: Trends and Source Allocation 
in Regional Climate Variability and Its Impacts in the Mediterranean Area, A. Mellouki and A.R. 
Ravishankara, Eds., NATO Science Series, pp 51-61. 

Maione, M. et al.: Localization of source regions of selected hydrofluorocarbons combining data collected at 
two European mountain Stations, the Science of Total Environment, 391 (2008) 232-240.   

Bonasoni, P. et al.: The ABC-Pyramid Atmospheric Research Observatory in Himalaya for aerosol, ozone 
and halocarbon measurements” the Science of Total Environment, 391 (2008) 252-261. 

 
UNIRM:  
Casale, G.R. et al.: Variability among polysulphone calibration curves, Phys. Med. Biol., 51 4413-4427, 2006. 
Sisto R., et al.: Solar UV radiation exposure in a population of Tuscany vineyard workers" 28th International 

Congress on Occupational Health Milano, 11 - 16 June 2006, 107, 2006. 
Casale G.R., et al.: Spectral Changes of Paper exposed to Ambient Solar Radiation", in "1st International 

meeting on Chemometrics and Multivariate Analysis Applied to Cultural Heritage and Environment  
(ISBN 88-548-0765-6), Nemi (RM) 2-4 October, 2006, 61-62, 2006.  

Siani A.M. et al.: Surface UV radiation monitoring at two Italian Brewer stations (Rome and Ispra): a first 
comparison with OMI data", Proc. The International Symposium on Optical Science and Technology, 
Remote Sensing of Clouds and the Atmosphere XI, 6362, 63622G-1-63622G-8, 2006. 

Seckmeyer, G. et al.: Variability of UV irradiance in Europe”, Photochem Photobiol. 83, 1-8, 2007. 
 
ARPAVDA: 
H. Diémoz and B. Mayer: UV radiation in a mountainous terrain: comparison of accurate 3D and fast 1D 

calculations in terms of UV index, Proceedings of the UV Conference “One Century of UV Radiation 
Research'”, 18-20 September 2007, Davos, Switzerland. 

Siani, A. M., et al.: Personal UV exposure on a ski-field at an alpine site, Atmos. Chem. Phys. Discuss., 8, 
2745-2769, 2008. 
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CMCC/INGV:  
Cagnazzo C., et al.: Aspects of stratospheric long-term changes induced by ozone depletion, Climate 

Dynamics, 2006. DOI10.1007/s00382-006-0120-1, 2007. 
Cagnazzo, C., et al.: Impact of an improved shortwave radiation scheme in the MAECHAM5 General 

Circulation Model, Atmos. Chem. Phys., 7, 2503-2515, 2007. 
UNEP/WMO (Co-Autor, Elisa Manzini): Scientific Assessment of Ozone Depletion: 2006; Chapter 6: The 

Ozone Layer in the 21st Century. Geneva, Switzerland, 2007.  
UNEP/WMO (Contributor, Elisa Manzini): Scientific Assessment of Ozone Depletion: 2006; Chapter 5: 

Climate-Ozone Connections, Geneva, Switzerland, 2007. 
Eyring, V., et al.: Multimodel projections of stratospheric ozone in the 21st century, J. Geophys. Res., 112, 

D16303, doi:10.1029/2006JD008332, 2006. 
Eyring, V., et al.: Assessment of temperature, trace species, and ozone in chemistry-climate model 

simulations of the recent past, J. Geophys. Res., 111, D22308, doi:10.1029/2006JD007327, 2006 
Manzini,  E., et al.,: The influence of sea surface temperatures on the Northern winter stratosphere: 

Ensemble simulations with the MAECHAM5 model, J. Climate, 19, 3863-3881, 2006. 
Steinbrecht, W., et al.,: Long-term evolution of upper stratospheric ozone at selected stations of the network 

for the detection of stratospheric change (NDSC), J. Geophys. Res., 111, D10308, 
doi:10.1029/2005JD00645, 2006 

Steinbrecht, W., et al.: Interannual variation patterns of total ozone and lower stratospheric temperature in 
observations and model simulations, Atmos. Chem. Phys., 6. 349-374, 2006. 

Steil, B., et al.: A new interactive chemistry-climate model: 1. Present-day climatology and interannual 
variability of the middle atmosphere using the model and 9 years of HALOE/UARS data, J. Geophys. 
Res., 108(D9), 4290, DOI: 10.1029/2002JD002971, 2003. 

 
 
PROJECTS AND COLLABORATION  
 
CETEMPS/UNIVAQ: 
National projects: 
Convention between CETEMPS/UNIAQ and Italian Government/Ministry of Environment. 
 
International projects: 
EC-SCOUT-O3; SPARC-CCMVal; EU-ACCENT; AEROCOM; HTAP; WMO Assessments; IPCC 
Assessments. 
 
UNIRM: 
International collaborations 
Australian Sun and Health Research Laboratory, Queensland University of Technology, Institute of 
Health and Biomedical Innovation, Brisbane, Australia; ARPA Valle d'Aosta; Management 
Committee Member of COST Action 726 “Long term changes and climatology of UV radiation over 
Europe”. 
 
ARPAVDA: 
National projects 
Agire POR: exchange program promoted by the Italian economy ministry between ARPA Valle 
d'Aosta and ARPA Basilicata; ARPA Piemonte, Forecast and Environmental Monitoring Area, 
University of Rome (La Sapienza), University of Turin, Institute of Atmospheric Sciences and 
Climate  (ISAC-CNR, Italy), Italian Air Force, Weather Service 
 
International collaborations 
General Joint Research Centre (JRC), Institute for Health and Consumer Protection (ICHP), 
Physical and Chemical Exposure Unit, Ispra (VA), Italy; Physikalisch-Meteorologisches 
Observatorium Davos, World Radiation Center (PMOD/WRC), Davos, Switzerland; World Ozone 
and Ultraviolet Radiation Data Centre, Meteorological Service of Canada, Toronto, Ontario, 
Canada; Deutsches Zentrum fuer Luft- und Raumfahrt (DLR), Institut fuer Physik der 
Atmosphaere, Oberpfaffenhofen, Germany; Department of Medical Physics, Innsbruck Medical 
University, Innsbruck, Austria; Deutscher Wetterdienst, KU3, Human Biometeorology, Freiburg, 
Germany, EUMETSAT, Darmstadt, Germany; Royal Netherlands Meteorological Institute (KNMI), 
Atmospheric Composition, Climate Research, De Bilt, The Netherlands. 
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CMCC/INGV:  
International collaborations 
EC-SCOUT; WMO Assessments; SPARC-CCMVal; 
 
 
FUTURE PLANS  
 
CETEMPS/UNIVAQ: Development of global models (increased horizontal resolution, upgrade of 
hydrocarbon chemistry for tropospheric ozone).  
Re-establishment of ano zone DIAL (DIfferential Absorption Lidar) to extent the temporal coverage 
of the ozone profile monitoring. 
 
UNIRM: Further development of UV sensors for the assessment of human UV exposure; 
investigation on total ozone UV irradiance trend. 
 
ARPAVDA: Further research on solar photometry and aerosol optical depth (AOD) measurements. 
 
CCM/INGV: Development of the investigation concerning the impact of ENSO on Stratospheric 
Temperature and Ozone. Global Modelling of Climate Change and Ozone: it is planned to 
incorporate the MAECHAM5 stratosphere resolving model in the coupled atmosphere ocean 
general ocean model (AOGCM) available at CMCC. The first objective will be to evaluate the 
coupled model with the stratospheric resolving atmosphere by a climate control simulation.  
 

**** 
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JAPAN 
 
 
OBSERVATIONAL ACTIVITIES 
 
Column measurements of ozone and other gases/variables relevant to ozone loss 
The Japan Meteorological Agency (JMA) carries out total column ozone and Umkehr 
measurements at four sites in Japan (Sapporo, Tsukuba, Naha and Minamitorishima) and at 
Syowa Station, a site in Antarctica, as listed in Table 1. A Brewer spectrophotometer is used for 
the measurements at Minamitorishima, whereas Dobson spectrophotometers are used at the other 
observation sites. 
 
Table 1:  Location of column ozone and Umkehr measurement sites operated by JMA. 
Observation site Latitude Longitude Altitude WMO station 

number 
Sapporo 43° 04’ N 141° 20’ E 26.3 m 47412 
Tsukuba 36° 03’ N 140° 08’ E 31.0 m 47646 
Naha 26° 12’ N 127° 41’ E 27.5 m 47936 
Minamitorishima 24° 17’ N 153° 59’ E 8.5 m 47991 
Syowa 69° 00’ S 39° 35’ E 21.8 m 89532 
 
 
Concentrations of ozone-depleting substances and other constituents are monitored by the Center 
for Global Environmental Research (CGER) of the National Institute for Environmental Studies 
(NIES) and by JMA. The locations of the monitoring sites are listed in Table 2. The CGER of NIES 
monitors halocarbons (CFCs, CCl4, CH3CCl3 and HCFCs), HFCs, surface ozone, CO2, CH4, CO, 
N2O, NOx, H2, the O2/N2 ratio, and aerosols at remote sites (Hateruma and Ochiishi). JMA 
measures the surface concentration of ozone-depleting substances (CFCs, CCl4 and CH3CCl3) and 
other constituents (surface ozone, CO2, N2O, CH4 and CO) at Ryori, a GAW Regional Station in 
northern Japan. Monitoring of the concentration of surface ozone, CO2, CH4 and CO is also carried 
out at Minamitorishima (a GAW Global Station) and Yonagunijima (a GAW Regional Station in the 
Ryukyu Islands).  
 
The Ministry of the Environment (MOE) operationally observes the concentration of halocarbons 
(CFCs, CCl4, CH3CCl3, halons, HCFCs and CH3Br) and HFCs at remote sites (around Wakkanai 
and Nemuro) and at an urban site (Kawasaki).  
 
Table 2: Location of monitoring sites for ozone-depleting substances and other minor 

constituents. 
Monitoring site Latitude Longitude Altitude Since Organization  
Ochiishi 43° 09’ N 145° 09’ E 45 m Oct 1995 CGER/NIES 
Hateruma 24° 03’ N 123°48’ E 10 m Oct 1993 CGER/NIES 
Ryori 39° 02’ N 141° 49’ E 260 m Jan 1976 JMA 
Minamitorishima 24° 17’ N 153° 59’ E 8 m Mar 1993 JMA 
Yonagunijima 24° 28’ N 123° 01’ E 30 m Jan 1997 JMA 
Syowa 69° 00’ S 39° 35’ E 18 m Jan 1997 JMA 
JMA also observes CFCs, CO2, N2O and CH4 in both the atmosphere and seawater of the western 
Pacific on board the Ryofu Maru and Keifu Maru research vessels. 
 
 
Profile measurements of ozone and other gases/variables relevant to ozone loss 
 
Ground-based and sonde measurements 
Since October 1990, the CGER of NIES has been measuring the vertical profiles of stratospheric 
ozone over Tsukuba (where NIES is located) with an ozone laser radar (ozone lidar). This is 
accepted as a complementary measurement by the Network for the Detection of Atmospheric 
Composition Change (NDACC). The lidar ozone profiles were assessed by comparison with JMA 
ozone sonde data and Stratospheric Aerosol and Gas Experiment II (SAGE II) ozone profiles, and 
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were registered in the NDACC database. The CGER began measuring vertical profiles of ozone 
with millimeter-wave radiometers in September 1995 at Tsukuba and in March 1999 at Rikubetsu. 
JMA has been observing the vertical ozone distribution by KC (KI solution and carbon electrode) 
ozone sonde at three sites in Japan (Sapporo, Tsukuba and Naha) and at Syowa Station in 
Antarctica. The KC ozone sonde is an electrochemical instrument that has been used in Japan 
since it was developed by JMA in the 1960s. Observations are conducted once a week. 
 
Satellite measurements 
Ozone layer depletion in high-latitude regions was monitored by the Improved Limb Atmospheric 
Spectrometer (ILAS), a satellite-borne solar-occultation sensor, from August 1996 to June 1997.  
ILAS-II, the successor to ILAS, also made measurements of minor constituents associated with 
polar ozone depletion from April to October 2003. Observed data were processed and analyzed at 
NIES. The Version 6.1 data of ILAS, which include O3, HNO3, NO2, N2O, CH4, H2O, ClONO2, CFC-
12 and aerosol extinction coefficients, were released in 2005. The Version 2 data of ILAS-II, 
including O3, HNO3, N2O, CH4, H2O, ClONO2 and aerosol extinction coefficients, were released in 
February 2008. 
 
UV measurements 
 
Broadband measurements 
The CGER has been monitoring surface UV-A and UV-B radiation using broadband radiometers at 
26 observation sites in Japan since 2000. CGER calculates the UV Index using the data observed, 
and provides it every hour to the public via the Internet from 15 monitoring stations. 
 
Spectroradiometers 
JMA observes surface UV-B radiation with Brewer spectrophotometers at Sapporo, Tsukuba and 
Naha in Japan and at Syowa Station in Antarctica. The observations were started in 1990 at 
Tsukuba and in 1991 at the other sites. 
 
Calibration activities 
JMA began operation of the Quality Assurance/Science Activity Centre (QA/SAC) in Tokyo and the 
Regional Dobson Calibration Centre (RDCC) in Tsukuba in accordance with the GAW Strategic 
Plan 2001–2007 to contribute to the assessment and improvement of the quality of ozone 
observations in Regional Associations II (Asia) and V (South-West Pacific) of the World 
Meteorological Organization (WMO). The Regional Standard Dobson instrument (D116) is 
calibrated against the World Standard instrument (D083) every three years. Recent 
intercomparison with the World Standard was conducted in 2007 at NOAA/CMDL in Boulder, 
Colorado, USA. The Dobson instruments used for observation at domestic sites are also calibrated 
against the Regional Standard every three years. As an activity of the RDCC, JMA held a 
campaign of Dobson Intercomparison at Tsukuba with participation from India, Iran, Pakistan, the 
Philippines and Thailand in March 2006. As an activity of the QA/SAC, JMA dispatched an expert 
to the Republic of Korea to install an automated observation system to the Dobson instrument and 
to instruct operators at Yonsei University, Seoul from July to August 2006. 
 
 
RESULTS FROM OBSERVATIONS AND ANALYSIS 
 
The ozone mixing ratios measured with the millimeter radiometer at Rikubetsu Station during the 
period from November 1999 to June 2002 were compared with the Sapporo ozone sonde data and 
satellite data from the Halogen Occultation Experiment (HALOE), and showed good agreement. 
 
Trend analyses were carried out for total ozone at three sites (Sapporo, Tsukuba and Naha), 
eliminating the variation component of solar activity and quasi-biennial oscillation (QBO). The 
results show that total ozone mainly decreased in the 1980s and no significant trends or slight 
increasing trends have appeared since the mid-1990s, although total ozone varies year by year. 
Trends for vertical profiles were examined using Umkehr and ozone sonde measurements. At all 
sites in Japan, reduced ozone levels are seen in two ranges at altitudes of about 20 and 40 km. On 
the other hand, an increasing trend is seen at altitudes of less than 15 km at Naha. 
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Increasing trends are seen in erythemal UV measurements at three sites in Japan since the 
beginning of JMA’s UV radiation observation in the early 1990s. As the total ozone was at its 
lowest level around the early 1990s and no significant trends or slight increasing trends are seen in 
the total ozone after the mid-1990s, the cause of the above increasing trends in erythemal UV 
radiation since 1990 cannot be attributed to ozone changes. 
 
 
THEORY, MODELLING AND OTHER RESEARCH 
 
The Centre for Climate System Research (CCSR), the University of Tokyo and NIES developed a 
chemistry-climate model (CCSR/NIES CCM). JMA’s Meteorological Research Institute (MRI) also 
independently developed another chemistry-climate model (MRI-CCM). Both the CCSR/NIES and 
the MRI groups participate in the Chemistry-Climate Model Validation Activity (CCMVal) of 
Stratospheric Processes and their Role in Climate (SPARC) programme, and contribute to model 
intercomparison for the improvement of CCMs and a better understanding of the ability of such 
models. 
 
CCSR/NIES CCM is based on a spectral atmospheric general circulation model (CCSR/NIES 
AGCM). A new version of this CCM with T42 horizontal resolution has been developed that 
includes bromine chemistry and atmospheric sphericity effects. It was used to simulate global 
distribution and time evolution of the stratospheric ozone layer for the recent past and future under 
a future scenario with the concentration of greenhouse gases and ozone depletion substances 
recommended by CCMVal for the simulation. The results were published in the WMO Ozone 
Assessment Report 2006 and scientific journals. NIES has also developed a three-dimensional 
chemical transport model (CTM) in which temperature and wind velocity data are assimilated into 
the calculated fields in CCSR/NIES AGCM using a nudging method. The model was used to 
investigate the effects of atmospheric sphericity on stratospheric chemistry and dynamics in the 
Antarctic, ozone destruction outside the Arctic polar vortex due to polar vortex processing, and 
N2O distributions in the Northern Hemisphere in early and late Arctic polar vortex breakup years. 
The results were published in scientific journals. 
 
JMA’s Meteorological Research Institute (MRI) has developed a CTM and CCM for the study of 
stratospheric ozone. One of the prominent features of MRI-CCM is that quasi-biennial oscillation 
(QBO), which plays a crucial role in interannual variations in the stratosphere, is spontaneously 
reproduced for wind and ozone in the tropical stratosphere by a T42L68 version that has about 300 
km of horizontal resolution and 500 m of vertical resolution in the stratosphere. MRI-CCM has been 
operationally used at JMA to produce assimilated ozone distributions by incorporating total ozone 
data from Total Ozone Mapping Spectrometers (TOMS) and Ozone Monitoring Instruments (OMI) 
and ozone forecasts for several days. The ozone distributions calculated are utilized to monitor 
variations in the total ozone and in the stratospheric ozone, as well as for the operational UV 
forecast service. MRI-CCM is also used in research for the study of interaction between the ozone 
layer and the climate, as well as for future predictions of the ozone layer. 
 
As an extension of MRI-CCM, a new CCM (MRI-CCM2) has been developed by incorporating 
tropospheric chemistry, resulting in a seamless chemistry module from the Earth’s surface up to 
the model lid at about 80 km. MRI-CCM2 is an important component of the MRI climate system 
model, which includes the ocean, atmosphere, cryosphere and biosphere. 
 
ILAS and ILAS-II data have been used extensively to elucidate the detailed chemical and physical 
processes related to ozone layer depletion in polar regions, such as polar stratospheric cloud 
(PSC) formation, denitrification, chemical ozone loss rates and partitioning among chlorine 
species. 
 
The effects of enhanced UV-B radiation on terrestrial plants are being studied by NIES, which has 
developed a novel method of detecting plant UV-B stresses based on the detection of mRNA 
expression changes by cDNA macroarray analysis. This method illustrates shifts in gene 
expression in response to stressors such as drought, salinity, UV-B, low temperature, high 



 

196 

temperature, acid rain and photochemical oxidants. NIES has also made a mini-scale macroarray 
with 12 ESTs for diagnosis of the above environmental stresses in plants. 
 
 
DISSEMINATION OF RESULTS 
 
Data reporting 
NIES and the Solar-Terrestrial Environment Laboratory (STEL) of Nagoya University have 
established stations at Tsukuba and Rikubetsu with NDACC instruments including lidars, 
millimeter-wave radiometers and FTIR spectrometers. Some of the activities conducted by these 
organizations have been incorporated into the NDACC complementary measurements in Japan. 
The reanalyzed NIES ozone lidar data are registered in the NDACC database every year. 
 
Observation data acquired by JMA are submitted monthly to the World Ozone and UV Data Centre 
(WOUDC) in Toronto, Canada. Provisional total ozone data are also posted daily on the Character 
Form for the Representation and Exchange of Data (CREX) of the WMO Global 
Telecommunication System (GTS), and used accordingly at the WMO Ozone Mapping Centre in 
Thessaloniki. In the Antarctic winter and spring seasons, total ozone and ozone sonde data 
acquired at the Japanese Antarctic station at Syowa are submitted weekly to the WMO Secretariat 
for the preparation of Antarctic Ozone Bulletins. 
 
Information to the public 
An Annual Report on the state of the ozone layer, surface UV-B radiation and atmospheric 
concentrations of ozone-depleting substances is published for the public by the MOE. 
 
Data acquired by JMA on total ozone, ozone sonde and UV-B measurements are summarized 
monthly and published on the Internet for the media and the public. An annual report that includes 
detailed trend analyses of ozone over Japan and the globe is also published for the government 
and the public. Based on UV-B observation results and newly developed ozone forecast 
techniques, JMA has been providing an Internet UV forecast service (in the form of an hourly UV-
index map) for the public since 2005. In addition to forecast information, this service also provides 
an analytical UV map and quasi-real-time UV observation results posted hourly on the website. 
 
Relevant scientific papers 
The MOE supports research on global environmental changes (including ozone layer depletion) 
through the GERF, and their results are published in Annual Summary Reports. 
 
 
PROJECTS AND COLLABORATION 
 
As a GERF-funded activity, a project named Studies on the Variability of Stratospheric Processes 
and Uncertainties in the Future Projection of Stratospheric Ozone is being carried out by NIES, 
CCSR, Hokkaido University and Miyagi University of Education. In this project, the following 
investigations are being conducted: (i) evaluation of the reproducibility of chemical and 
meteorological fields in the stratosphere as calculated using CCSR/NIES CCM, (ii) detection of the 
variation of water vapor in the tropical tropopause layer, (iii) determination of the mean age of 
stratospheric air over Japan, and (iv) understanding of the impact of solar activity change on 
stratospheric ozone distribution. 
 
JMA’s Aerological Observatory has developed an automated Dobson measuring system that 
reduces the burden on the operator and improves the data quality as described on the JMA/GAW 
web site (http://gaw.kishou.go.jp/wcc/dobson/windobson.html). Some foreign organizations are 
interested in introducing this automated Dobson system, and JMA is ready to provide technical 
support to them. 
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FUTURE PLANS 
 
NIES millimeter-wave radiometers are used for continuous measurement of the vertical profile of 
ozone over Rikubetsu and Tsukuba. There are also plans to continuously measure the vertical 
profiles of ozone from the lower stratosphere to the mesosphere as an NDACC activity. 
 
In 2008, JMA’s KC-type ozone sonde, which has been used for measurement of the vertical profile 
of ozone at Naha, will be changed to the ECC (Electrochemical Concentration Cell)-type ozone 
sonde that is widely used internationally. 
 
The observation of ozone, water vapour and other species near the tropical tropopause will be 
continued to aid understanding of the role of the tropical transition layer. Precise measurements of 
trace gases in the stratosphere will be continued to provide key information on physical, chemical 
and dynamical processes. As an example, precise monitoring of trace gases in the middle 
atmosphere enables detection of the variability in the mean age of air and evaluation of how well 
current models can reproduce changes in dynamical processes.  
 
Development and improvement of the CCM and CTM numerical models will continue, which will 
allow better prediction of future changes in the ozone layer and better understanding of the 
mechanisms of chemistry–climate interaction. 
 
A Superconductive Submillimeter-Wave Limb-Emission Sounder (SMILES) is being designed for 
installation in the Japanese Experiment Module (JEM) on the International Space Station (ISS) as 
a collaborative project between the Japan Aerospace Exploration Agency (JAXA) and the National 
Institute of Information and Communications Technology (NICT). The system’s detailed design and 
manufacturing of the proto-flight model (PFM) for JEM/SMILES are complete, and a launch 
scheduled in 2009 by the H-II Transfer Vehicle (HTV) is aimed at. The mission objectives are: i) 
space demonstration of a superconductive mixer and a 4-K mechanical cooler for submillimeter 
limb-emission sounding, and ii) global observations of atmospheric minor constituents in the 
stratosphere (O3, HCI, CIO, HO2, HOCI, BrO, O3 isotopes, HNO3, CH3CN, etc), contributing to the 
atmospheric sciences. The SMILES observation is characterized by its focus on the variation of 
radical species in the stratosphere and the impact of such variations. Based on its high sensitivity 
in detecting atmospheric limb emission in the submillimeter wave range, JEM/SMILES will make 
measurements on several radical species crucial to ozone chemistry (normal O3, isotope O3, ClO, 
HCl, HOCl, BrO, HO2 and H2O2). The SMILES will also try to observe the isotopic composition of 
ozone.  
 
 
NEEDS AND RECOMMENDATIONS 
 
To evaluate the changing state of the ozone layer including detection of ozone layer recovery, 
systematic observations with the cooperation of international monitoring networks, such as the 
NDACC and the WMO GAW Programme, should be continued. A high-quality ozone-monitoring 
network is also required. However, some regions do not have a satisfactory systematic calibration 
program. Each government that conducts ozone observation should recognize the importance of 
periodic Dobson Intercomparisons to ensure high-quality ozone data, and promote activities 
relevant to the detection of ozone recovery. 
 
To predict future changes in the ozone layer more precisely, integration between stratospheric and 
climate models is desirable. The interactions between climate change and ozone layer depletion 
and changes in the ozone layer in the post-CFC period due to emissions of CH4, H2 and N2O need 
to be assessed. Studies on chemical and dynamical processes including the formation of PSCs 
and denitrification mechanisms, cross-tropopause transport and the ozone budget near the 
tropopause region should also be continued. Reevaluation of chemical reaction data including 
photochemical data for stratospheric modeling is urgently required to resolve discrepancies 
between observations and model calculations. 
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To detect the variations and long-term trends in ground-level UV radiation, a systematic calibration 
program and a well-coordinated monitoring network should be established.  
 
Studies on the effects of increased UV radiation on human health, ecosystems, air quality and 
biogeochemical cycles are strongly recommended, especially the effects of increased UV radiation 
under rising temperature conditions. 
 

**** 
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KYRGYZSTAN 
 
 
INTRODUCTION 
 
During long time the Kyrgyzstan carries out investigations on ozone and concerned problems in 
the Central Asian region in two directions: 
 
• A complex monitoring of ozone and main greenhouse gases at the Issyk Kul station located 

on a coast of the high-mountain Issyk Kul Lake (42.6°N, 77°E, 1640 m a.s.l.) (Figure 1). 
• A monitoring solar UV radiation, and of tropospheric aerosol at the Issyk Kul station. The 

station are located in the mountains of the Northern Tien Shan, have the very favorable 
conditions for investigations of the above-mentioned problems due to a high transparency of 
an atmosphere, a lot of sunny days in a year, and also because of absence of sources of 
anthropogenic pollution. It’s unique in the central part of the Eurasian continent. 

 
Investigations of ozone layer and tropospheric aerosol changes and their influence on regional 
climate change are carried out at these stations. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1:  Locations of Issyk Kul station at Northern Tien Shan. 
 
 
MONITORING  
 
At present, a complex monitoring of total ozone and atmosphere parameters that may influence an 
ozone layer state are carried out in Kyrgyzstan. 
 
Investigations of atmospheric ozone in Kyrgyzstan were begun at the Kyrgyz National University in 
1979 Different variants of spectral multiwave methods of measurement of the total content of 
ozone and stratospheric nitrogen dioxide were developed. For realization of these methods the 
devices were made, and the scientific station Issyk Kul was created. 
 
The regular measurements of the total ozone content are carried out at the station since June 
1979. During the next years the monitoring of a content of a stratospheric nitrogen dioxide (NO2), 
an integrated content of carbon oxide (CO2), water vapor (H2O) in an atmosphere, and a spectral 
transparency of an atmosphere in a visible spectrum range of a solar radiation with an estimation 
of effective parameters of troposphere aerosol was organized at this station. 
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For validation of ozone measurements in various years, a comparison of the measurements by the 
ozonometer at the station with measurements by the national etalon device of Russia (Dobson 
spectrophotometer #107) and with the data of measurements by the satellite device TOMS was 
carried out. 
 
Since January 2000, a monitoring of intensity of solar UV radiation at the Earth's surface in 5 
bands of a solar spectrum in width of 2 nm being centralized on wave lengths 305; 312; 320; 340 
and 380 nm was carried out by the device MICROTOPS II. The device registers radiation of a 
solar disk plus scattered radiation within a solid angle of 2.5 degrees. 
 
The global of erythemally weighted solar UV-B irradiance (UV-er) irradiance are regular measured 
since May 2003 with Model 501 UV-Biometer (Solar Light Co). 
 
The measurements of surface ozone concentration in Issyk-Kul station started in August 2003 
carried out with the help of the UV ozone analyzer TEI 49C. The fence of air is carried out at height 
of 5 m above a surface of the ground.  
 
 
RESEARCH 
 
Mean monthly total ozone contents (X) in an atmosphere over the central part of Eurasia for period 
of 1980-2007 are presented in Figure 2. A determination error for X is less than ±0.5%. The figure 
also presents the smoothed total ozone content (thick curve) and the linear trend (straight line). 
During the whole observation period the mean annual ozone content in an atmosphere decreased 
to about 9.5% (32 DU) with an average rate -(0.36±0.01)% per year. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2:  Variation total ozone and linear trend at Issyk Kul station. 
 
 
During the whole measurement period the almost regular quasibiennial oscillations of smoothed X 
content with the amplitude of 15 DU were observed. The disturbance of these oscillations 
regularity took place in the periods of 1980-1983 and 1991-1992. 
 
In different time intervals the real trend of interannual ozone change may significantly differ from 
the linear trend for all period of observations. After a short period (1993-1998) of restoration of 
ozone layer with the mean rate 0.6% per year, a further ozone layer depletion with the rate -1.5% 
per year took place during the following period. 
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The parameters of daily (fast), interdiurnal, seasonal and long-term fluctuations of an ozone layer 
and troposphere aerosol above the Northern Tien Shan were determined. It is established that a 
probable reason of daily (fast) fluctuations are the internal gravitational waves generated by 
instability of jet flows in troposphere. Interdiurnal changes are connected to displacement of air 
mass, reorganization of vertical streams in jet flows, and to planetary waves. 
 
It is seen from Figure 2 that during some time periods, along with usual seasonal total ozone 
variations, considerable "gaps" - negative anomalies of different duration (from several days to 
several months) - were observed at the station. In their essence these anomalies are regional, 
local "microholes" in ozone layer similar and equal in size to the anomalies observed over Europe 
in 1980s. 
 
The variations of mean monthly intensities of the global of erythemally weighted solar UV-B 
irradiance (UV-er) on the ground surface at local noon in the Issyk Kul from May 2001 to 
December 2007 are given in Figure 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: The variations of mean monthly intensities of UV-er on the ground surface at  
  local noon. 

 
The variations of mean monthly intensities of the  ozone surface in the Issyk Kul from May 2001 to 
December 2007 are given in Figure 4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4:  Variation ozone surface Issyk Kul station. 
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The parameters of abnormal deviations of ozone and NO2 were determined (see Figure 5). These 
anomalies appear in a phase or in an anti-phase depending on the shape and displacement of the 
northern circumpolar vortex. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5: Monthly mean of sunrise and sunset NO2 slant column measurement at the Issyk Kul  
  Station. 
 
 
Such measurement have been carried out in Central Asia first time. 
 
 
APPLICATIONS 
 
The results of measurements of ozone obtained at the station Issyk Kul are regularly transmitted 
to the WMO World Ozone and UV radiation Data Centre (Canada) where it is registered by the 
number 347 and WMO World Data Centre for Greenhouse Gases. 
 
 
PUBLICATIONS 
 
The basic results of investigations are being published in national and international journals and 
proceedings: 
Toktomushev S. J., and V.K. Semenov, Ozone holes above Central Asia, Central Asian and Himalayan 

Studies, v. 2,  No 3-4, 111-121, 1993. 
Semyonov  V.K., V.P. Sinyakov, F.V. Kashin,  V. N. Aref'ev, K.N. Visheratin, N.Ye Kamenogradsky, 2000, 

Long-Term Ground-Based Total Ozone Measurements  in the Atmosphere over Tien Shan. 
Atmospheric Ozone Proceedings of the Quadrennial Ozone Symposium –Sapporo 2000. NASDA. 
p.635-636. 2000. 

Semenov V. K., V.P. Sinyakov, S. J.Toctomushev, V.N. Arefyev, Ultra-violet radiation and a transparency of 
an atmosphfere in a resort zone of mountain lake Issyk-Kul. The Second international conference. 
Kislovodsk, on October, 8-14, Moscov, 67-69, (in Russian) 2000. 

Semenov V.K., Sinyakov V.P.,Toktomushev S.J., Solar ultra-violet radiation and an environment of mountain 
region of the Central Asia / Studying of mountains and a life in mountains. Scientific reports of the 
International conference (on September, 8-9, Bishkek, 2000), with 195-200, (in Russian), 2000.  

Semyonov V. K. , V. P. Sinyakov,  Ozone layer and solar Ultra-Violet radiation in the area of Issyk Kul lake. 
Conference proceedings INTAS Monitoring Conference Grants Project INTAS-MCG # 01-MO-167. p. 
82-89, 2001. 
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PLANNED RESEARCH ACTIVITIES 
 
In account of the Decision VI/3. Recommendations of the fourth meeting of the Ozone Research 
Managers, the priority at the above mentioned stations in Kyrgyzstan for the nearest future will be 
given to investigations of interaction between ozone and climate, between stratospheric aerosol 
and climate, and influence of sulfuric acid stratospheric aerosol on ozone. 
To realize these tasks, it is necessary to carry out: 
 
Control of ozone layer and solar UV radiation in a mountain region of the Northern Tien 
Shan: 
• To continue monitoring of ozone, NO2, CO2, H2O, UV-er on the ground surface, and surface 

ozone at the station Issyk Kul. To provide measurements of the ozone vertical profile using 
the Umkehr technique. 

• To establish the devices for measurement of other greenhouse gases (CH4, N2O), tracer 
gases (SO2, CO), total and scattered solar UV radiation at the Earth's surface. 

 
Investigations 
• On the basis of the results of measurements of ozone, greenhouse gases and stratospheric 

aerosol, to carry out investigations of influence of these gases on a climate in the Central 
Asian region. 

• To develop a statistical model of ozone change over a mountain region of the Central Asia for 
medium-term forecast of ozone layer state. 

• To investigate an influence of ozone layer depletion on intensity of solar UV radiation at the 
Earth's surface in the region of the Issyk Kul Lake. 

 
NEED OF SUPPORT 
 
For solution of above mentioned tasks, improvement and expansion of the base monitoring of 
ozone and stratospheric aerosol in the Central Asian region, Kyrgyzstan as a developing country 
needs a financial support from international organizations. 
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LITHUANIA 
 
 
OBSERVATIONAL ACTIVITIES 
 
Atmospheric ozone and UV monitoring is mainly conducted by the Lithuanian Hydrometeorological 
Service under the Ministry of Environment (LHMS), which follows the standard programme of 
observations of the World Meteorological Organization recommendable for hydrometeorological 
services.  
 
The LHMS carries out column ozone operational measurements and UV measurements at: 
 
 Overview of the ozone and UV monitoring locations in Lithuania. 

Station 

 

Location UV-A UV-B Total ozone 

Kaunas 54º53’N, 23º50’E × × × 

Palanga 55º97’N, 21º09’E  ×  

Preila 55020’N, 21000’E  X  

Aukstaitija 55o26’N, 26o04’E x X  

 
 
Column measurements of ozone and other gases/variables relevant to ozone loss 
The state of ozone layer is monitored at the Kaunas meteorological station (WMO Index 312). 
Total ozone measurements have been carried out with the M-124 filter ozonometer since 1 
January 1993. The Kaunas station is located close to the centre of Lithuania. Routine 
measurements of total ozone are made (up to a maximum of six times per day) by trained 
personnel. 
 
Profile measurements of ozone and other gases/variables relevant to ozone loss 
LHMS does not have ozonezondes and ozone lidar to make measurements of ozone profile.  
 
UV measurements 
Ultraviolet solar radiation measurements have been carried out at Kaunas and Palanga (by the 
Baltic Sea) since 2000. Mean and maximum daily radiation is monitored using the UVBiometers 
type 501 A, version 3 (in Kaunas – UV-A radiation and UV-B radiation, in Palanga – UV-B 
radiation). Continously ground-level UV radiation is measured at two background monitoring 
stations:  UVB radiation at Aukstaitija and Preila by SKU430 UV-B (280-315 nm), the global solar 
radiation is monitoring by the Pyranometer sensor SKS1110 (500-1000 nm). 
 
Calibration activities 
The network instruments are calibrated against the National Standard at regular intervals, every 
two years. 
 
The M -124 filter ozonometer is calibrated every two years at the Remote Sensing Scientific 
Research Centre of the Main Geophysical Observatory in St Petersburg, Russia. The last 
calibration was carried out in 2006. 
 
The UV-Biometers have been calibrated by the LHMS Metrological Laboratory in 2007. 
 
 
RESULTS FROM OBSERVATIONS AND DATA ANALYSIS 
 
In 2007, the total amount of atmospheric ozone fluctuated quite significantly. The minimum amount 
of atmospheric ozone (about 202 DU) was observed in December, and the maximum (about 450 
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DU) was measured in 16 February. Mean annual amount of the total ozone was 351 DU. 
Comparing with 2006 measurements, the total amount of atmospheric ozone remained practically 
the same. 
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THEORY, MODELLING, AND OTHER RESEARCH 
 
All observational data are stored and processed on a regular basis. Due to comparatively short 
series of observations, they are considered insufficient for a comprehensive study.  
 
The Lithuanian total ozone climatology, based on available data, was published in 2001 as a 
completed study titled “Ozone In the World and In Lithuania”. 
 
In 2003, the LHMS Meteorology Division carried out the ozone data analysis resulting in 
establishment of the mean total ozone values for the period of 1993 – 2002 that have since been 
used to assess the ozone layer depletion over Lithuania. It is also used in monitoring the ozone 
column and assessment of its quantitative changes.  
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Total ozone fluctuation 1993–2007 (N 312 station, Kaunas). 

 
 
Ozone and UV research activities are carried on in the Vilnius Gediminas Technical University and 
Institute of Physics. The relationship between UVB radiation intensity and the total and ground-
level ozone under low polluted Lithuanian rural conditions was studied and the influence of the 
changeable UV radiation on the ground-level ozone concentration was investigated (Chadysiene et 
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al., 2008).The continuous measurements of ground-level ozone are carried out at 4 backgrounds 
Lithuanian stations. 
 
 
DISSEMINATION OF RESULTS 
 
Data reporting 
The ozone measurement data are sent on a regular basis to the World Ozone and Ultraviolet Data 
Centre (WOUDC) in Toronto, Canada. Since 2004, also the UVB measurement data from the 
Kaunas station have been sent to WOUDC. 
 
Information to the public  
In case of significant ozone layer depletion, the LHMS originates warnings disseminated through 
the mass media and over the Internet. 
 
Since 2001, the LHMS Meteorology Division has been originating the UV index forecasts (UVI) for 
annual periods of May – August. These forecasts are disseminated through the mass media and 
Internet.  
 
Since 2002, the total ozone values and their change as well as the ultraviolet solar radiation 
intensity figures are published in the State of the Environment annual reports issued by the Ministry 
of Environment of the Republic of Lithuania. 
 
Relevant scientific papers 
Chadysiene R., R. Girgzdiene and A. Girgzdys, Relationship of total ozone amount, UV radiation intensity, 

and the ground-level ozone concentration at rural Lithuanian sites. Lithuanian Journal of Physics, 48, 
1, 99-106, 2008. 

Chadyšienė R., Girgždienė R., Girgždys A.,. Ultraviolet radiation and ground-level ozone variation in 
Lithuania. J. of Environmental Engineering and Landscape Management, 13, 1, 31-36. ISSN 1648-
6897,2005. 

 
 
PROJECTS AND COLLABORATION 
 
Establishment of the UV monitoring network in Lithuania was supported by the Italian – Lithuanian 
Counterpart Fund. The Polish Institute of Meteorology and Water Management assisted LHMS in 
application of the UV Index forecasting model. 
 
At present no international and national projects on study of ozone are conducted. 
 
 
FUTURE PLANS 
 
• Observations of the ozone layer and the UV radiation will be continued.  
• It is planned to purchase and install of equipment for monitoring regularly total ozone, ozone 

vertical distribution, surface ozone.  
• To make a research on impact of UV-B on human health and eco-systems. 
 
 

**** 
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MADAGASCAR 
 
 
Dans Madagascar Action Plan (MAP) 2007-2012, la protection de l’environnement est contenue 
dans l’engagement 7 qui se décline sous quatre défis majeurs dont le troisième défi se propose de 
« développer le réflexe environnemental à tous les niveaux. Il s’agit d’une élaboration et d’une 
mise en œuvre d’outils et instruments de gestion de l’environnement de normes mondiales, d’une 
gestion des pollutions, d’une évaluation environnementale pour la protection des zones sensibles, 
d’une internalisation de l’enjeu environnemental à tous les niveaux et d’une mise en œuvre de la 
politique de l’éducation relative à l’environnement. 
 
Dans ce défi 3, il appartient au Ministère de l’Environnement, des Eaux et Forets de Madagascar 
d’assurer la mise en œuvre des Conventions et Accords internationaux relatifs à l’Environnement  
ratifiés par Madagascar. 
 
La Convention de Vienne sur la protection de la couche d’Ozone et le Protocole de Montréal relatif 
à des Substances qui Appauvrissent la couche d’Ozone font partie de  ces Conventions. 
 
 
ETAT D’AVANCEMENT DE LA RATIFICATION 
 
Après les avoir signés, Madagascar a ratifié  la Convention de Vienne pour la protection de la 
couche d’Ozone le 11 janvier 1995 et le Protocole de Montréal relatif à des Substances qui 
Appauvrissent la couche d’Ozone le 02 mai 1996. 
 
Il a ratifié  les Amendements de Londres,  de Copenhague,  de Montréal et  de Beijing le 23 
Octobre 2001. 
 
 
ETAT D’AVANCEMENT DU PROGRAMME DE PAYS 
 
Un Programme de Pays  a été approuvé pour le pays lors de la  réunion du Comité exécutif en 
1999et qui comporte, entre autres, un Projet d’Appui Institutionnel et un Plan de Gestion des 
Réfrigérants (PGF) . Ceci prévoit la formation des agents des douanes sur les produits SAO, la 
formation des formateurs, la formation des techniciens frigoristes sur les bonnes pratiques en 
réfrigération, la mise en place des sites de récupération et de recyclage. 
 
Ce Programme de Pays (PP) de Madagascar a été élaboré en 1999 et approuvé  par suite par une 
réunion du Com Ex. Ce programme reposait sur les données de 1998. 
 
Dès lors, bon nombre de projets ont été mis en œuvre par Madagascar dans le cadre du Projet 
d’Appui Institutionnel (PAI),  du Plan de Gestion des Réfrigérants(PGR), du Plan de Gestion des 
Réfrigérants Actualisé(PGR), du projet de formation et Information sur le Bromure de Méthyle .  
 
Le Programme de Pays a montré que plus de 80% de la consommation des Substances qui 
Appauvrissent la couche d’Ozone (SAO) correspond à l’utilisation de frigorigènes à base de CFC 
dans les sous-secteurs de la réfrigération et des systèmes mobiles de climatisation. Bon nombre 
d’activités ont été effectuées depuis lors en vue d’une réduction de 50% de la consommation de 
CFC pour l’échéance 2005, de 85% en 2007, et de 100% en 2010. 
 
 
ETAT D’AVANCEMENT DU RENFORCEMENT DES INSTITUTIONS 
 
Description du Cadre légal et politique sur le contrôle  des SAO à MADAGASCAR 
A Madagascar, la structure responsable de la mise en œuvre de la Convention de Vienne et du 
Protocole de Montréal est le Ministère de l’Environnement , des Eaux et Forets au sein duquel est 
logé le Bureau National Ozone (B.N.O.) qui a été crée depuis l’année 2000. En tant que structure 
étatique, le Ministère de l’Environnement, des Eaux et Forets, initie, exécute et coordonne toute 
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réglementation ou législation relative à la protection de l’Environnement en vue du développement 
durable. Le B.N.O. assisté d’une Equipe Nationale Ozone (ENO), composé de professionnels 
(publics et privés) oeuvrant dans les différents secteurs qui utilisent les Substances qui 
Appauvrissent la couche d’Ozone, assure la mise en œuvre de la réglementation sur les SAO. Les 
principaux partenaires du B.N.O. sont La Direction Générale des Douanes, le Ministère en charge 
du Commerce, les associations légales des frigoristes, les centres ou instituts de formation en 
froid, l’Ecole Nationales Supérieures de Douane, les grands importateurs des SAO ou 
équipements fonctionnant avec des SAO et les journalistes de l’audio visuel et de la presse. Deux 
inspecteurs de Douanes ont été officiellement désignés par la  Direction Générale des Douanes en 
tant qu’interface du B.N.O. qui collabore avec le BNO.  
 
Contrôle d’importation des SAO : Le contrôle des importations des SAO se fait essentiellement à 
trois niveaux : 
 
Au niveau du Ministère chargé du Commerce : -Délivrance d’autorisation spéciale. 
 
Au niveau du Ministère de l’Environnement, des Eaux et Forets et du Tourisme à travers le Bureau 
National Ozone (BNO) : -Avis technique sur la demande des importateurs  compte tenu du quota 
disponible. 
 

Au niveau des Douanes : Contrôle des importations des SAO.    
 
Description générale du secteur de la réfrigération 
Madagascar est un pays importateur des substances réglementées par le Protocole de Montréal. 
La Grande Ile ne produit ni de substances réglementées par le Protocole de Montréal ; ni 
d’équipement ou appareil  contenant  ces substances. Le niveau de  consommation totale de 
CFCs était estimé en 1995 à 19,48 tonnes en PAO. En 2005, selon le résultat des enquêtes sur le 
niveau de consommation du pays, la consommation totale de CFCs s’élève à 7 tonnes en PAO. Le 
CFC 12 est le plus utilisé, principalement dans le secteur du froid pour les utilisations suivantes : 
 
Réfrigération domestique 
Réfrigération industrielle et commerciale 
Camions frigorifiques 
Climatisation automobile 
Au cours de ces douze dernières années la consommation totale des CFC  de Madagascar se 
présente comme suit : 
 
 
Tableau 1:  Evolution de la consommation des CFCs à Madagascar depuis 1995. 

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 Base 
Consommation (t) 19,48 20,54 103,64 23,90 26,28 12,42 9,86 7,80 7,160 7,09 7,00 4 47,9 
              
*Essentiellement R12 
 
 
Législation Nationale 
• La réglementation de l’utilisation des SAO à Madagascar est fondée sur le système 
d’autorisation préalable d’importation. Elle a fait l’objet d’un Décret gouvernemental publié et  
distribué gracieusement à toutes les parties prenantes, et concerne à la fois les SAO et les 
matériels qui les contiennent. La base légale de cet acte est matérialisée par le Décret n° 2003-
170 du 04 mars 2003 portant réglementation de l’importation et de l’utilisation des  Substances qui 
Appauvrissent la couche d’Ozone et les équipements en contenant. 
• Ce dispositif  a été adopté quelques années après  la ratification par Madagascar de la 
Convention de Vienne et du Protocole de Montréal, suivi de la mise en place  du Bureau National 
Ozone (BNO) en 2000. L’arsenal juridique qui le complète se présente ainsi qui suit : 
 
- La loi N° 90. 033 du 21 décembre  1990 et la loi N° 97.012 du 06 Juin 1997 portant Charte 
de l’Environnement Malagasy et ses modificatifs. Le Code de l’Environnement à Madagascar est 
actuellement en cours d’élaboration. 
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- Le Décret N°99. 954 du 15 décembre 1999 relatif à la Mise en Compatibilité des 
Investissements avec l’Environnement (MECIE) et ses modificatifs. 
- Le code des Douanes par l’Ordonnance n°60-084 du 18 Août 1960 portant refonte et 
codification de la législation et de la réglementation douanières. 
 
L’objectif du BNO consiste dans la réduction des SAO utilisés à Madagascar (Annexes A et C du 
Protocole de Montréal) selon les échéances prévues pour janvier 2005, 2007, 2010, 2016 et 2040. 
Pour y parvenir, les missions principales suivantes sont assignées au Bureau : 
 

• l’évaluation de l’importation et la consommation des substances réglementées par le 
Protocole; 

• l’élaboration d’un plan de gestion et  d’élimination finale des SAO; 
• la communication des données au Secrétariat de la Convention et du Protocole sur la 

production, l’importation et la consommation des SAO; 
• la formation, l’information et la sensibilisation des populations au Programme Ozone et aux 

méfaits de la destruction de la couche d’ozone;  
• la création des sites de récupération et de recyclage des SAO, compte tenu de la superficie 

très vaste du pays s’élevant à 592 000 km2. 
 
 
LES DIFFERENTS SECTEURS DE REFRIGERATION 
 
La Réfrigération Domestique 
Les enquêtes menées sur le terrain lors de la préparation des TPMP au niveau des treize régions 
de Madagascar donnent les résultats suivants : 
Voir tableaux suivants. 
 
La réfrigération dans les Secteurs industriels / commerciaux (Congélateurs) 
Ce secteur englobe ceux qui utilisent des systèmes de réfrigération dans le domaine du stockage 
des aliments, les poissonneries, les usines de conservation de la viande, les brasseries, les 
hôpitaux, les hôtels, les restaurants, les supermarchés. A cela il faut y ajouter les camions 
frigorifiques. L’emploi des CFCs pour le service de maintenance est plus utilisé par rapport aux 
autres emplois. 
 
 
PLAN D’ELIMINATION FINALE DES CFCs à Madagascar  
 
Approche 
Le comité Exécutif du Fonds Multilatéral aux fins d’application du Protocole de Montréal peut 
financer pour Madagascar l’élimination de 3.6 tonnes de CFCs jusqu’en 2010. Les montants 
proposés pour l’ élimination des 10% restant est de l’ordre de 340.000USD (Décision 45/15).Les 
10% restant sont les plus dure à éliminer, car c’est les domaines des services et des réfrigérations 
domestique et commerciale qui les utilisent. 
 
Outre, le renforcement et l’amélioration du cadre juridique en vue de l’interdiction  
d’ importation , de vente et d’ élimination des CFCs, l’objectif pour Madagascar c’est de former, 
sensibiliser et équiper , au maximum le renforcement de l’ amélioration du cadre juridique possible 
les parties prenantes à l’élimination des CFCs. 
 
Pour parvenir à ces objectifs, le TPMP doit porter sur les projets suivants : 
 
Formation en bonnes pratiques de réfrigération/reconversion/R600a : 

• Acquisition des matériels de formation supplémentaires, 
• Formation / recyclage des formateurs déjà formés et formation des formateurs enseignant 

dans des centres de formation en froid dans lesquels le BNO n’a pas encore des 
formateurs. 
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• Formation d’environ 500 techniciens frigoristes pratiquant le métier réparation 
/maintenance. 

• Formation spécifique sur le R 600 a pour tous les frigoristes, étant donné que le R600a est 
une alternative à promouvoir.  

• Acquisitions et dotation des bouteilles de récupération avec vanne de sécurité et des 
petites caisses à outillage aux associations légales des frigoristes formés, pour le 
renforcement de leur capacité matérielle. 

 
Formation des douaniers et des transitaires 
Malgré la sélection des agents des douanes parmi les grands ports d’entrée des marchandises 
importées, le mouvement du personnel de la Direction Générale des douanes par l’ affectation ne 
permet pas de fixer les douaniers formés au poste voulu pour le contrôle des SAO et  des 
appareils en contenant. 
 

• De ce fait, le projet doit comprendre les composantes ci-après.  
• Formation des agents des douanes ( inspecteurs, contrôleurs et préposés), des transitaires 

et des agents de la Société Générale de Surveillance (SGS). 
• Intégration du module de formation ozone (technique de contrôle des SAO et appareils en 

contenant) à l’ Ecole Nationale Supérieure des Douanes pour la formation en amont. 
• Acquisition et dotation d’environ 15 identificateurs SAO, pour le renforcement de capacité 

matérielle des postes de douanes. 
 
Conclusion 
Ce document met en exergue le résumé de l’état des recherches et la mise en œuvre des activités 
liées à la protection de la couche d’ozone à Madagascar. 
 

**** 
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MOROCCO 
 
 

INTRODUCTION 
 
Casablanca is the biggest city in Morocco. It’s located at 7,7° West and 33,6° North. Its climate is 
soft. 
 
Casablanca is a city which has evolved very quickly, its automobile park represents almost 50% of 
the national park and its industry represents 60% of the whole national industrial activity. The 
number of inhabitants in Casablanca is now about 4 million. But each day, there are many cars 
and trucks which enter Casablanca and many individuals who come to the city, from other small 
cities, for their work. This situation, among others, has made Casablanca a polluted locality. 
Obviously, this pollution can affect the measurement accuracy. 
 
Casablanca is also a coastal city and breeze is a mechanism which attenuatea mechanism which 
attenuates the pollution concentration in the city.  
 
In Casablanca, the Ozone measurement began in 1969. Until now, three instruments have been 
used for that purpose: Dobson (1969-1989); Brewer MKII (1989-1993); Brewer MKIII (2000-…). 
Unfortunately, all over these periods, no calibration test has been done. However, during these last 
three years two calibrations have been performed. 
 
 
MEASUREMENTS 
 
Dobson period (1969-1989); 
With this instrument, measurements have been done during the zenith period, once per day. But, 
during the week-ends and days off and days with an important cloud cover, measurements didn’t 
have been done. 
 
Brewer MKII period (1989-1993); 
During this period, measurements have been performed during two hours (12-14 o'clock), because 
the instrument is automatic. Probably measurements are more accurate at least if the instrument is 
well calibrated. The measurements have been performed as above. 
 
Brewer MKIII period (2001-…); 
This period began in late 2000. The instrument measures the SO2 concentration and the UV 
radiation also. The measurements are continuous and it’s an easy to use instrument. Obviously it 
keeps the same limitations as its ancestor. 
 
Missing data and data quality 
The missing data reflect the instruments availability and, in the sense explained above, the 
operating mode. These lacks are numerous in Casablanca during the winter season. There are 
many months indeed where no data has been recorded. Data quality reflects the instrument 
calibration. In this respect, some data are abnormally low or abnormally high. As examples, data 
for February 1977 and October and November 1979 ozone layer thickness reached, respectively, 
210, 221 and 230 DU, and during February 1973 it reached 425. Web distributed maps, show that, 
during these periods, data are almost normal; thus, unless these data represent a local 
phenomenon which had not been observed by satellite and other terrestrial observing systems, it 
can be considered as, at least, suspect. 
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Evolution of the monthly average of the Ozone layer thickness to the vertical of Casablanca,
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Brewer MKIII has been exposed to several breakdowns. Thus, we have little series during 
interrupted periods. Data are available for February 2002, September 2007, and from January to 
March 2008. 
 
 
EVOLUTION OF THE ANNUAL OZONE LAYER TO THE VERTICAL OF CASABLANCA 
 
The annual Ozone layer thickness to the vertical of Casablanca, has two characteristics; The first 
is its general decay and the other is its bimodal shape. These two characteristics are made evident 
by the two trends put in the figure below. The other things that one has to mention are the years 
with missing data (1986-1988) and years with brewer instrument (1989-1983) which are separated 
from the other with the blue vertical bar in the figure below.  

 
 
 
 
 
 
 

Annual average of Ozone layer thickness in Casablanca.
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SEASONAL EVOLUTION OF OZONE LAYER TO THE VERTICAL OF CASABLANCA 
 
In general, Spring is the season where ozone is at the highest level and autumn is the season 
where it is at its lowest level. There is, however, some years where winter is the lowest level. 
These years coincide with the years mentioned above as years with some suspect data in winter 
months. The bimodal shape is visible also in these curves. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ANNUAL RHYTHM OF THE MONTHLY EVOLUTION OF THE OZONE LAYER TO THE 
VERTICAL OF CASABLANCA 
 
The annual rhythm, month by month, shown in the figure below, shows that there is an increase in 
the ozone layer between October and May and a decrease between May and September.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
UV RADIATIONS 
 
The Brewer MK III measures also the UV radiations. The figure on the next page, presents the 
monthly evolution of ozone and the UV radiation during the year 2001. The UV radiation's curve is 
similar to direct radiation, i.e., it increases during the summer and decreases during the winter. 
What is curious is the positive correlation between the ozone and the UV radiation.  
 
 
 
 

Seasonal evolution of ozone layer.
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Ozone and UV radiation evolution on 2001.
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CONCLUSION 
 
As a conclusion, there is a long period of record of ozone in Casablanca. These records have 
some suspect data, but when monthly or annual averages are considered, the data show some 
consistent shapes with other localities. The decrease observed is also consistent with decreases 
observed elsewhere. 
 
In the research center there is many trial-studies to evaluate the impact of weather parameters on 
health, but we never tried to use ozone layer thickness as a predictor because records aren't 
continuous or don't coincide with clinical data. 
 
 
OTHER ACTIVITIES RELATED TO OZONE 
 
Each year, since the creation of the annual anniversary of the ozone layer, the Moroccan 
meteorological Service participate to the radio programs in order to promote the public awareness 
of the environmental effects of the emissions of controlled substances and other substances that 
deplete the ozone layer. 
 
Other activities related to the industrial sector will be also presented. 
 

**** 
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MYANMAR  
 
 

COUNTRY PROFILE: STATUS OF CLIMATE CHANGE AND ENVIRONMENTAL ACTIVITIES 
 
The climate of Myanmar is strongly influenced by the tropical monsoon system. It has a southwest 
monsoon(wet) season and a northeast monsoon (dry) season. Compared with other neighbouring 
countries, Myanmar enjoys a benign climate. Traditionally, droughts and floods are rare, and the 
incidence of natural hazards like cyclones and earthquakes are minimal. 
 
Although Myanmar has not encountered serious environmental problems yet, the consequences of 
climate change have become noticeable recently. Records compiled by the Department of 
Meteorology and Hydrology indicate that the rainfalls in the 1980s are at a record low for the past 
100 years. There are also fewer depressions in the Bay of Bengal than in recent history. The 
average temperature is 0.7 degrees Celsius higher than the average recorded temperature over 
the last two decades in most towns and cities of Myanmar. Just recently, in 2006 and 2007, there 
were more than two storms hit the coast of Myanmar in each year. In 2006, there were five 
incidents of tornados in the country, and in 2007 the total incidents were more than ten compared 
to the long-term average of one in fifteen years. Incidents of thunderclouds formation had 
increased by more than 60% in 2006 and 2007. More than one hundred people died due to hit by 
thunderstrikes. 
 
Due to low population pressure and relatively low level industrialization, the state of the 
environment in Myanmar is comparatively better than many of its neighbours. However, there is a 
need to develop a national program of environmental management to prevent environmental 
deterioration ad pollution. Although, modern guidelines for the preservation of environmental 
quality are being introduced in the country, a coordinated and integrated system is needed for 
managing the environment. 
 
The Government of Myanmar established I n 1990 the National Commission for Environmental 
Affairs (NCEA) as a policy body for environmental protection. NCEA has developed the Myanmar 
National Environment Policy, which was promulgated in December 1994. The National 
Environment Policy provides general guidelines for management of the environment in Myanmar. 
 
Policies have also been established in various sectors of the economy that relate to the 
management and conservation of the environment. An example is that Myanmar Forest Policy 
(1995). 
 
Myanmar does not yet have a national environmental law. NCEA is presently engaged in the 
formulation of this legislation. Sectoral rules and regulations relating to environmental protection 
are currently formulated by the ministries and departments concerned. This sectoral management 
approach means that sectoral environmental issues are managed by the ministries concerned. For 
example, the Ministry of Forestry addresses the issue of deforestation, while soil degradation is 
handled by the Ministry of Agriculture and Irrigation. 
 
The latest initiative taken by Myanmar is the formulation of Myanmar Agenda 21. Myanmar agenda 
21 seeks to strengthen and to promote systematic environmental management in the country. 
Specifically, the Agenda 21 calls for the integration of environmental communities, the private 
sector, and the Government in environmental considerations of economic development. In other 
words, Myanmar Agenda 21 serves as an important guideline for the protection of the environment 
and the sustainable development of the country. 
 
Myanmar is now a party to several international and regional conventions and agreements relating 
to the environment, namely 
(i) Vienna Convention for the Protection of the Ozone Layer, 1985. 
(ii) Montreal Protocol on Substances that Deplete the Ozone Layer, 1987. 
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(iii) London Amendment to the Montreal Protocol on Substances that Deplete the Ozone 
Layer, 1990. 

(iv) United Nations Framework Convention on Climate Change, 1992. 
(v) United Nations Convention to Combat Desertification in those Countries Experiencing 

Serious Droughts and/or Desertification, Particularly in Africa, Paris 1994. 
 
The Government of Myanmar signed the United Nations Framework Convention on Climate 
Change UNFCCC) on 11 June 1992 and ratified the convention on 25 November 1994. 
 
Myanmar commitments to the UNFCCC include the following tasks. 
(i) Developing national inventories on sources and sinks of all greenhouse gases (GHGs); 
(ii) Formulating, implementing, and publishing national and regional programs to mitigate 

climate change. 
(iii) Promoting and cooperating the development, application, and transfer of technologies, 

practices, and processes that control, reduce, or prevent GHGs emission. 
(iv) Promoting sustainable forest management practices by conserving and enhancing sinks 

and reservoirs of GHGs. 
(v) Cooperating in the development of adaptation programs for potential impacts of climate 

change. 
(vi) Taking climate change considerations into account in relevant social, economic, and 

environmental policies. 
(vii) Promoting and cooperating in research and data development to help understand and 

reduce the potential impacts of climate change. 
(viii) Promoting and cooperating in the exchange of technical, scientific, socioeconomic, and 

legal information related to the climate system and climate change. 
(ix) Promoting and cooperating in education, training, and public awareness campaign related 

to climate change. 
(x) Communicating to the Conference of the Parties information related to implementation of 

the Convention's commitments. 
 
1990 National Inventory of GHGs Sources and Sinks 
Myanmar has established the following regulations and programs to support the national climate 
change objectives. 
 
(i) Nationwide Tree Planting Programme 
At present the Myanmar Government is implementing a program of vegetating the arid zones in the 
13 districts of the central part of Myanmar. Since 1977/78, a nationwide tree planting program has 
been conducted with the participation of local communities, and non-governmental and 
governmental organizations.   
 
(ii) Afforestration Programme  
The deforestation rate of Myanmar in 14 years (1975-1989) was 218,800 hectares per annum. The 
Forestry Department is now promoting forestry plantation to enrich and reforest these denuded 
areas. A total of 294,200 ha had been planted from 1963 to 1995, and the current annual planting 
target is approximately 33,000 ha. 
 
Under the ALGAS Project, Myanmar conducted the first inventory of greenhouse gases emissions. 
The 1990" base year" inventory of GHGs is already identified. 
The following are the key findings of the emissions inventory. 
 
(i) The agriculture sector is the dominant source sector. Methane emissions from enteric 

fermentation and rice cultivation account for 94 percent of the national CO2 – equivalent 
emissions. 

(ii) The forestry sector is a net carbon sink (-9,402 Gg of CO2 ) 
(iii) The energy sector contributions to national GHGs emissions are marginal. 
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2. MYANMAR NATIONAL GHGS INVENTORY FOR 1990, GG 
 

Source and Sink CO2 Emissions CO2 
Removal 

Net CO2 CH4 N2O 

Total Net National Emissions 67078.25 72988 -5909.75 2484.111 8.3665 

All Energy (Fuel 
Combustion+Fugitive) 

3311.81  3311.81 119.786 0.8349 

Fuel Combustion 3311.81   111.546 0.8349 
Energy and Transformation  Industries 1414.32   0.036 0.005 
Industry 528.31     
Transport 1005.02   0.16 0.008 
Commercial Institutional 234.16   0.022 0.0008 
Residential      
Traditional Biomass Burned for Energy    111.31 0.82 
Others 130.00   0.018 0.0011 
Fugitive Fuel Emissions    6.24  
Oil and Natural Gas Systems    7.80  
Coal Mining    0.44  
Industrial Processes 180.44  180.44   
Cement Production 180.44     
Others -  -   
Agriculture    1767.73 6.7116 
Enteric Fermentation    396.22  
Manure Management    43.58  
Rice Cultivation    1327  
Agriculture Soils    NE 6.7 
Prescribed Burning of Savannas    0.88 0.01 
Field Burning of Agriculture Residues    0.05 0.0016 
Others      
Land-use Change and Forestry 63,586 72,988 -9,402 118.67 0.82 
Changes in Forest & Other Woody 
Biomass Stocks 

 46,698    

Forest and Grassland Conversion 63,586     
Abandonment of Managed Lands  26,290    
On Site Burning of Forest    118.67 0.82 
Waste    127.92  
Solid Waste Disposal on Land    123.72  
Waste water Treatment    3.25  
Others    0.955  
Bunker Fuel Emissions      
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Source and Sink NOx CO CO2 Equivalent Percent of 

Total CO2 
Equivalent 

Total (Net) National Emissions 71.4578 1119.6782 41500.20 100 
All Energy (Fuel Combustion + Fugitive) 71.01 1095.49 6086.14 14.67 

Fuel Combustion 71.01 1095.49 5913.10  

Energy and Transformation Industries 3.80 0.45 1416.83  
Industry   528.31  
Transport 9.87 54.84 1010.86  
Commercial Institutional  0.22 0.14 234.87  
Residential     
Traditional Biomass Burned for Energy 56.94 1040.02 2591.71  
Others 0.18 0.04 130.72  
Fugitive Fuel Emissions   173.04  
Oil and Natural Gas System   163.80  
Coal mining   9.24  
Industrial Processes   180.44 0.43 
Cement Production   180.44  
Others     
Agriculture 0.4478 24.1882 39,202.922 94.47 
Enteric Fermentation   8320.62  

Manure Management   915.18  
Rice Cultivation   27,867  
Agriculture Soils NE NE 2077  
Prescribed Burning of Savannas 0.39 23.17 21.58  

Field Burning of Agriculture Residues 0.0578 1.0182 1.54  
Others     
Land-use Change and Forestry   -6,655.73 -16.04 
Changes in Forest & Other Woody Biomass Stocks     
Forest and Grassland Conversion     
Abandonment of Managed Lands     
On Site Burning of Forest     
Waste   2,686.43 6.47 
Solid Waste Disposal on Land   2598.12  
Waste water Treatment   68.25  
Others   20.06  
Bunker Fuel Emissions     

 
 

BASELINE PROJECTIONS OF NATIONAL GHGS INVENTORIES TO 2020 
 

Projections of national GHGs emissions to year 2020 indicate that the emissions will continue to 
increase. The agriculture sector will continue to be the predominant source of GHGs, and the 
forestry sector will remain a net sink, but to a lesser degree, through the period. 
 
The energy sector GHGs emissions were projected using the Long range Energy Alternative 
Planning (LEAP) Model. The projection is a business-as-usual one, where energy intensities have 
been kept constant and activities were projected according to government plans, past trends, or 
expected growth in the demand for different end uses or devices. The assumptions of the 
projection included annual GDP growth rates ranging from 6.2 percent in the year 2000 to 7.4 
percent in the year 2020. The population was projected to grow from 41 millions in 1990 to 68 
millions in 2020. Electricity generation was assumed to be split evenly between hydropower and 
natural gas. 
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Options for mitigation of GHGs emissions were identified for each of the three sectors that were 
studied in the ALGAS Project for Myanmar. Fifteen options were selected for analysis for the 
energy sector. The forestry sector analysis considered five options. The agriculture sector analysis 
was conducted applying two options for GHGs mitigation from rice cultivation and two options from 
livestock management. 

 
Energy   
Mitigation options were identified by expert judgement based on the GHGs emissions inventory of 
the year 1990 and projections to 2020. The 2020 GHGs projections by the LEAP Model gave a 
clear indication of the subsectors to target. For Myanmar, the transport and residential subsectors 
were clearly significant. The relevance and appropriateness of each option were carefully studied 
before it was selected for analysis. The mitigation opportunities considered and their cost-
effectiveness from the GHGs mitigation, financial, and economic standpoints are summarized in 
Table(*) 

 
 

Summary of Potential GHGs Mitigation Options for the Energy Sector in Myanmar 
 

 

* The estimated investment cost shown for the vehicle maintenance option is operation and 
maintenance cost only. 

Description of GHGs Emissions 
Reduction Option 

Estimated Investment 
Cost of 

Option,S/Typical sIze 

Estimated GHGS 
Emissions 
Reduction, 

tonnes of CO2- 
equivalent/yr 

Cost 
Effectiveness 
$/per tones of 

CO2-  

Potential CO2-
Abated , million 

tonnes 

Residential 
Compact Fluorescent Lamp 9 0.06 -33.79 1.05 
Biomass Cockstoves 10 0.05 -87.82 6.92 
LPG Cockstoves 20 0.88 -17.21 4.16 
Improved Kerosene Lamp 1.8 0.02 -42.01 0.08 

Commercial 
Compact Fluorescent Lamp 9 0.12 -41.21 0.75 
Efficient Air Conditioners 1,000 1.36 -18.94 0.51 
Cogeneration 40,000 44.22 0.45 1.22 

Description of GHGs Emissions 
Reduction Option 

Estimated Investment 
Cost of 

Option,S/Typical sIze 

Estimated GHGS 
Emissions 
Reduction, 

tonnes of CO2- 
equivalent/yr 

Cost 
Effectiveness 
$/per tones of 

CO2-  

Potential CO2-
Abated , million 

tonnes 

Industry 
Cogeneration 720,000 5214 -24.43 3.72 
Efficient Motor & Drive 900 0.7 -21.38 3.28 
Efficient Boiler 8,400 145.19 -19.95 2.61 

Transportation 
Mass Transit System 40,000 51.92 -11.09 1.29 
Vehicle Maintenance 200* 2.01 -17.58 2.03 

Supply Side Option 
Combined Cycle 140,000,000 246,840 -4.16 9.32 
Bioelectricity 750,000 5,578 5.83 1.73 
T & D Losses 423,465,000 4,278,747 -13.18 5.75 
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A late start, coupled with a lack of previous modeling experience, prevented Myanmar from 
undertaking an optimization modeling exercise for the ALGAS study. For the Myanmar study, the 
cost-effectiveness of the options was calculated by a pair-wise comparison where a baseline 
option was compared with the mitigation option. Fifteen options have been identified for the energy 
sector, of which twelve are in the demand side and three are in the supply side. 

 
Land-use Change and Forestry  
The following mitigation options exist in the forestry and land-usechange sector in Myanmar 
 
(i) Reforestation with short rotation (10 years). 
(ii) Reforestation with long rotation (40 years). 
(iii) Natural Regeneration. 
(iv) Reforestation for Bioelectricity Production. 
(v) Forest Protection. 

 
The reforestation and natural regeneration options will be focused on the critical land, cultivable 
waste land, degraded forest land, and forest land with shifting cultivation. 
 
Three scenarios were considered for the implementation of the forestry options. The 
Comprehensive Mitigation Analysis Process (COMAP) Model was used to assess the options in a 
programmatic scenario, a biomass demand based scenario, and a technical potential scenario. 

 
Mitigation Potential and Investment Costs of Forestry Sector Scenarios 

 
 
 

Mitigation Option Area to be 
Dedicated, mha 

Total Mitigation Potential, 
mt of Carbon 

Total Investment Cost, 
$ million 

Mitigation potential of programmatic scenario (BAU) 

Reforestation with long rotation (LR) 0.138 21.4 17 

Reforestation with short rotation (SR) 0.149 8.2 31 

Total 1.712 126 351 

Biomass demand based scenario 

Industrial wood plantation (SR) 0.240 33 51 

Swan wood (LR) 0.122 19 15 
285 

Total 1.712 126 351 
Mitigation potential of Technical potential scenario 

Reforestation with short rotation (SR) 1.06 58 224 

Reforestation with long rotation (LR) 1.36 211 166 

Natural regeneration (NR) 4.35 144 44 

Reforestation with Biomass electricity 
(RB) 

0.18 14 292* 

Forest Protection (FT) 3.31 156 255 

Total 10.26 583 981 
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Agriculture 
 

 
 
Four agriculture sector GHGs mitigation options were identified as appropriate for implementation 
in Myanmar. Two options were assessed for each of the two major subsectors: rice cultivation and 
livestock management. The rice cultivation options are focused on reduction in use of high 
methane-generating unfermented organic fertilizers. The livestock options relate to improvement of 
feed materials to reduce methane produced in the electric fermentation process. All of the 
agriculture sector options are consistent with the national goals in that they increase production 
while reducing GHGs emissions. 

 
Rice cultivation   
Option 1: Use of biogas sludge as fertilizer in drought-prone and irrigated areas. 
Option 2: Increasing the application rate of urea fertilizer in rainfed and water area. 
 
Livestock 
Option 3: Supplementing ruminant feed with area molasses mineral block 
Option 4: Pre-treatment of paddy straw feed with urea. 

 
Mitigation Potential and Investment Costs of Agriculture Sector Abatement Scenarios 
The mitigation options were assessed under two implementation scenarios. The Feasible Scenario 
assumes application of the options in rates that are both technically and financially feasible in 
Myanmar. The Technical Scenario represents application rates that are technically possible but are 
not financially feasible. 

 
Mitigation Potential and Investment Costs of Agriculture Sector Abatement Scenarios 
In developing the Baseline Scenario, the annual economic growth rate was assumed to be 5.7 
percent on the period 1990 to 2000, 6.5 percent in the period 2000-20102, and 7.1 percent in the 
period 2010-2020. The population growth rate is expected to drop from 1.88 percent in the base 
year 1990 to 1.56 percent in the year 2020. Both GDP and population were assumed to remain 
unchanged in the mitigation scenario.  

 
 
 
 

Mitigation Option Area of Livestock 
Population to be 

Covered 

Total Mitigation 
Potential, Gg 

Total Investment 
Required for the 
Area, $ million 

Feasible Scenario 

Biogas sludge fertilizer 200,000 ha 30 18 

Increased application rate of urea 4,000 17 172 
Using urea molasses mineral block 0.075 million heads 

of cattle 
1.2 2.3 

Using urea treated straw 1.1 million heads of 
non dairy cattle and 
buffalo 

3.70 3.8 

Technical Scenario 
Biogas sludge fertilizer 1 mha 150 90 
Increased application rate of urea 1 mha 4,250 43 

Using urea molasses mineral block 0.3 million heads of 
dairy cattle 

4.8 9.2 

Using urea treated straw 8.87 million heads of 
non-dairy cattle and 
buffalo 

29.57 30.7 

Total 4,434 72.9 
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BASELINE AND ABATEMENT SCENARIOS TO 2020 
 
The Baseline Scenarios was developed using the accounting-type-non-optimizing energy modeling 
software called LEAP, which computes the total energy requirement for a scenario. The Baseline 
Scenario for Myanmar is identical to the Business-as-usual (BAU) scenario. The energy sector 
Abatement Scenario was developed by implementing the fifteen mitigation options listed in table, 
through assumed penetration curves over the period 2000-2020.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The above figure shows the comparison between the Baseline and Abatement Scenarios for the 
energy sector. In the mitigation scenario, the commercial and traditional energy demands have 
been projected to come down in 2020 by 19percent and 17 percent, respectively. On the demand 
side, the improved biomass cookstove has the highest potential for GHGs reduction, followed by 
industrial cogeneration. In the supply side, combined cycle and bioelectricity have considerable 
potential for reducing CO2 emissions. The transmission and distribution (T&D) loss reduction is 
also a very significant mitigation option in the supply side. At this point it is worth emphasizing that 
in the supply side for Myanmar, hydroelectricity is a baseline option, while it is a mitigation option in 
many countries. More than 50 percent of the 2020 electricity needs will be met by hydropower. In 
Myanmar, therefore, the supply side is a considerable environment friendly. 
 
 
Forestry Sector 
 
Baseline Scenario 
The net emission from the forestry sector in 1990 were estimated to be negative, an estimated 8.6 
mt CO2 were sequestered. Thus, the forestry sector is a net sink in Myanmar.  Projections to 
2020 also show that the forests are estimated to remain a net sink in Myanmar. 
 
At present the Myanmar Government is implementing a program of vegetating the arid zone in the 
thirteen districts in the central part of Myanmar. In those areas, cutting of wood is restricted and 
fuelwood substitutes such as liquefied petroleum gas (LPG) and improved firewood and charcoal 
stoves are being introduced to the public. These measures would mitigate GHG emissions in the 
future. 

Comparison of the Baseline and Abatement Scenarios for the Energy Sector
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Under the Baseline Scenario, the total area projected for reforestation with short rotation (10 years) 
for community plantations and fuelwood supply is 1.06 mha. The area projected for reforestation 
with long rotation (40 years) for commercial plantations and watershed management is 1.36 million 
hectors. Natural regeneration is projected to be applied to 4,350 ha. Reforestation for bioelectricity 
will be applied to 1.09 mha, and forest protection for reforestation will be applied to 3.31 mha. 
  
Mitigation Scenario 
Two abatement scenarios were assessed for the forestry sector: the Biomass Demand-based 
Scenario and the Technical Potential Scenario. The Technical Potential Scenario assumes that all 
of the areas actually available are considered for mitigation analysis. 
 
According to projections, demand for sawn wood will reach 926,000 m3 in year 2010. Demand for 
industrial roundwood will reach 4 million m3, and the demands for fuelwood and charcoal would be 
25 million m3. Under the Biomass Demand-based Scenario, the area needed for industrial wood 
plantation with short rotation is 240,000 ha. The area needed for sawn wood with long rotation is 
122,000 ha. Plantation with short rotation is 1.35 million hectares (mha) are needed for fuelwood 
and charcoal. 
 
Under the Technical Potential Scenario, the total available land for short rotation plantation is 1.06 
mha. Short rotation plantations could meet fuelwood and industrial wood requirements and these 
would be a surplus. The total land available for the long rotation option is 1.36 mha. An area of 
4.35 mha is considered for natural regeneration under the potential technical scenario. A total 
potential area of 3.31 mha is available for forest protection under the potential technical scenario. 
The bioelectricity option would require 175,000 ha. 
 
Agriculture Sector 
 
Baseline Scenario 
In the baseline scenario, the area for rice growing will be limited in future years. The projected 
areas under rice cultivation are 4.8 mha, 6,5 mah, 6.5 mha, and 6.5 mha for 1990,2000,2010 and 
2020, respectively. The projected methane estimates for these years are 1,328 Gg, 1,512 gg, 
1,512 Gg, and 1,512 Gg, respectively. 
 
The projected daily cattle population for the years 1990, 2000, 2010 and 2020 are 179,000 heads, 
214,000 heads, 271,000 heads, and 344,000 heads, respectively. Thus, methane emissions from 
dairy cattle are expected to grow from 10.31 GG IN 1990 TO 19.3 Gg in 2020. The estimated non-
dairy cattle populations for 1990, 2000, 2010, and 2020 are 9.w million heads, 11.26 million heads, 
14.275 million heads, and 18.096 million heads, respectively, resulting in methane emissions of 
150 Gg, 179 Gg, 233 Gg, and 288 Gg, respectively. 
 
Mitigation Scenario    
There will be five mitigation options implemented in the agriculture sector: three options for rice 
cultivation (only two were assessed for cost-effectiveness) and two options for livestock. By then, 
52 Gg of methane could be reduced through implementation of these measures. By the year 2020, 
there will be 3,000 biogas plants, reducing 30 Gg of methane, and 4,000 ha of rice will be treated 
with urea fertilizer resulting in mitigation of 17 Gg of methane. Methane reduction from mitigation 
options in the livestock subsector is estimated to be 4.9 Gg. 
 
Twenty-four GHGs mitigation options have been identified and assessed in the study made by 
NCEA and ADB, of which 15 options are from the energy sector, 5 options are from the forestry 
sector, and 4 options are from the agriculture sector. Due to the differences in the assessment 
approaches used in the three sectors, a combined National Least-cost Abatement curve could not 
be constructed. The Cost of Emissions Reduction Initiatives (CERI) curves for the three sectors, 
however, are constructed. 
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NATIONAL ABATEMENT ACTION PLAN AND CONLUSION 
 
A set of five proposals, based on priority of development plans of Myanmar and feasibility of 
implementation are proposed. The proposed projects are summarized as given in the Table (4). 
 
The national inventory of GHGs sources and sinks (1990) indicates that GHGs emissions from 
Myanmar are about 41,500 Gg of CO2. 
 
Equivalent per year, which is fairly small compared with the emissions from some Asian countries. 
The agriculture sector is the source of 94.5 percent of the total emissions from Myanmar, and 
methane is the largest contributing greenhouse gas. The inventory and projections indicate that the 
emissions from the agricultural sector will continue to increase through the year 2020. The net CO2 
emissions in 1990 totalled -5,910 Gg. This indicates that Myanmar is greater sinks than sources of 
CO2. The baseline projection of the national GHGs inventory to 2020 shows that the forestry 
sectors' emissions amount to -5,135 Gg of CO2.  equivalent in the year 2020, indicating that forestry 
sector will continue to be a significant sink in Myanmar in the future.  
 
Summary of Proposed Priority GHGs Mitigation Projects 
 

**** 

Project Title Sector Key Objective of the Project Rationale for 
Project Priority 

Estimated 
Budget, $ 

Nonquanti -
fiable Benefit 

Dissemination of Biogas 
Technology for GHGs 
Emissions Reduction in 
Shan State of Myanmar 

Agriculture To utilize sludge as 
fertilizers; 
To reduce methane 
emissions from rice fields 
and manure; 
To protect the forest by 
conserving fuel -wood; 
To improve rural farm family 
living standard: 

Improvement of 
rural living standard 
and sustainable use 
of fertilizer 

9 million  

Developing Institutions 
and Capacity for Inventory 
of GHGs in Myanmar 

Energy To develop institution for 
monitoring and verification if 
GHGs inventory; 
To build capacity in 
Myanmar for long-term 
monitoring and inventory of 
GHGs. 

Improvement of the 
living standards and 
health of Myanmar 

250,000 Creating public 
awareness on 
extent and 
dangers of air 
pollution 

Fuel-Efficient Cookstoves 
and Participatory Forestry 
for Carbon Emissions 
Reduction in Shan State  
of Myanmar 

Forestry and 
Land-use 
Change 

To achieve forest and forest 
carbon sink; 
Conservation through 
adoption of improved (fuel 
efficient) stoves and 
reforestation of degraded 
forests through participatory 
approach 

Improvement of the 
life of women, 
through efficient 
cook stove program 
and conservation of 
forest carbon sinks. 

10 million Contributing to 
craon sinks 
and reducing 
carbon and 
other GHGs 
emissions 

Rural Electrification 
through Bioenergy 

Forestry and 
Energy 

To electrify rural areas; 
To reduce GHGs emissions 
by adopting suitable bio -
energy technology; 
To reclaim degraded lands 
and sequester carbon 

Rural electrification 
leading to rural 
development 

120,000 Reclamation of 
degraded land; 
Improve 
quality of rural 
women. 

LPG Cookstoves to 
Replace Electric Cookers 

Energy To remove barriers from the 
use of LPG as a cooking 
fuel; 
To conserve electri -city and 
hence natural gas 
To save on electricity 
generation and transmission 
and distribution facilities. 

Improvement of the 
living standards and 
health of Myanmar 

225,000  
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NEW ZEALAND 
 

 
OBSERVATIONAL ACTIVITIES 
 
In New Zealand, most ozone and UV related research is undertaken by the National Institute of 
Water and Atmospheric Research (NIWA), a Crown Research Institute (CRI), at research centres 
at Lauder and Wellington. Lauder is the southern hemisphere mid-latitude charter site in the 
Network for Detection of Atmospheric Composition Change (NDACC). Several other CRIs have 
programmes to monitor changes in biologically damaging UV radiation (e.g., Industrial Research, 
LandCare, AgResearch), some of which are conducted in collaboration with NIWA. The Physics 
and Astronomy Department at the University of Canterbury also contributes to ozone related 
research while the Department of Preventive and Social Medicine at the University of Otago 
researches epidemiological aspects of excess UV radiation exposure. This research is funded 
primarily through the Foundation for Research Science and Technology (FRST), but with 
considerable funding coming from international contracts and also from commercial activities such 
as providing research products and instrument development. 
 
Column measurements of ozone and other gases/variables relevant to ozone loss 
 
Dobson Spectrophotometer 
Ozone measurements were made 
using a Dobson spectrophotometer 
(no. 17) located at Invercargill 
(46.4oS, 168.3oE) from 3 July 1970 
to 30 September 1987. The 
instrument was then re-located to 
Arrival Heights in Antarctica (77.8oS, 
166.7oE), also an NDACC site, 
where it has been operated since. 
Another Dobson spectrophotometer 
(no. 72) has been operated at 
Lauder (45.0oS, 169.7oE, alt 370m) 
since the beginning of 1987 in 
collaboration with NOAA. A satellite 
measurement based climatology of 
total column ozone differences 
between Lauder and Invercargill has 
been used to geographically shift the 
Invercargill measurements to Lauder 
(Figure 1). The large downward step 
in ozone during the mid-1980s, 
which occurred throughout the southern mid-latitudes, has been the focus of recent research. The 
Dobson spectrophotometers are also used to make Umkehr observations to estimate the vertical 
profile of ozone in the stratosphere. 
 
UV-visible spectrometers UV-visible spectrometers at Arrival Heights, Macquarie Island (54.5oS, 
159.0oE), Lauder, Mauna Loa (19.5oN, 155.6oW), and Kiruna (67.8oN, 21.1oE) measure total 
column ozone. These spectrometers are also used to measure slant column NO2 over Kiruna, 
Japan, Hawaii, Lauder, Macquarie Island and Arrival Heights, BrO over Lauder and Arrival Heights, 
and OClO over Arrival Heights. 
 
FTIR High resolution Fourier transform infrared (FTIR) interferometers at Lauder and Arrival 
Heights are used to determine column amounts of O3, HCl, HNO3, CH4, N2O, HF, COF2, CO, C2H6, 
ClONO2, CFC-11, CFC-12, NO2, OCS, and CO2. For some of these species, 2 to 4 vertical partial 
column amounts can also be retrieved from the FTIR spectra.  
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Figure 1: Annual mean total column ozone at Lauder from 
the combined Lauder and Invercargill Dobson 
spectrophotometer measurements. 
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Profile measurements of ozone and other gases/variables relevant to ozone loss 
 
Ozonesondes Vertical ozone profiles over Lauder have been measured weekly since August 1986 
using ECC ozonesondes. Until 1996 flights were made twice weekly during the last four months of 
the year, a time when remnants of the Antarctic ozone hole may be advected over New Zealand. 
The flights are made to an average altitude of ∼33 km. These data were used in a recent validation 
of AIRS ozone profile measurements (Monahan et al., 2006). 
 
Microwave radiometer A microwave radiometer has been used to measure daily ozone profiles at 
Lauder since November 1992 over 20-70 km altitude. A second instrument is used to measure 
water vapour profiles in the upper stratosphere and lower mesosphere. A microwave radiometer is 
also operated at Arrival Heights for measuring ClO vertical profiles. 
 
Ozone and aerosol lidars In collaboration with RIVM, The Netherlands, vertical ozone profiles 
have been measured using a UV DIAL system since November 1994 over the altitude range 8-50 
km. Using equipment provided through past collaboration with MRI, Japan, and CNR, Italy, vertical 
profiles of aerosol have been measured system since November 1992 over the altitude range 2-50 
km. 
 
Frost point hygrometer flights In collaboration with NOAA/GMD, frost point hygrometer flights 
have been made from Lauder every second week since August 2004 to measure stratospheric 
water vapour. The programme is co-funded by the NOAA GCOS office. 
 
Surface ozone measurements Surface ozone measurements have been made continuously at 
Lauder since December 2003 using a TEI in-situ spectrophotometer. Similar measurements have 
been made at Arrival Heights since December 1996. These measurements were made with a 
Dasibi in-situ spectrophotometer until it was replaced with a TEI monitor in December 2003. 
Surface ozone measurements have also been made at Baring Head from 1991 with a Dasibi in-situ 
spectrometer, and from December 2005 with a TEI in-situ spectrometer. These data were recently 
used in an analysis of global long-term changes in tropospheric ozone (Oltmans et al., 2006).  
 
UV measurements 
 
Broadband measurements A wide range of broadband measurements and all-sky images taken 
at 1 minute intervals are made at Lauder. Broadband instruments which measure integrated UV 
with a response close to the erythemal action spectrum, are operated by NIWA at several sites in 
New Zealand (Invercargill, Lauder, Leigh, Paraparaumu, Christchurch) and in the Pacific (Cook 
Islands – Rarotonga and Fiji). Because of the mismatch between instrument sensitivity and 
erythemal response, corrections which depend on solar elevation and ozone are applied to these 
broadband instruments. Dosimeter badges for measuring personal exposures of UV are used in 
epidemiological studies in collaboration with the University of Otago and the University of 
Auckland. Similar sensors have been used in UV displays which have been deployed in public 
places and outdoor sporting facilities. 
 
Narrowband filter instruments Since late 2002, the US Department of Agriculture have 
undertaken complementary measurements of UV radiation at Lauder using multi-filter rotating 
shadow band radiometers. This provides a direct link between the UV climatologies of New 
Zealand and the USA. 
 
Spectroradiometers Since late 1990 surface spectral UV irradiance has been measured routinely 
at Lauder. Scans are made at 5o steps in solar zenith angle, and at 15 minute intervals over the 
midday period. The spectral resolution is 0.6-0.8 nm, and data cover 285-450 nm in 0.2 nm steps. 
Similar spectral measurements have been made in collaboration with NOAA/GMD at Mauna Loa 
Observatory, Hawaii, and at Boulder, Colorado; with the Australian Bureau of Meteorology at 
Melbourne, Alice Springs and Darwin; and with the University of Tokyo at one site in Japan using 
weatherproof, temperature-controlled spectrometers. In addition to the measurements of spectral 
irradiance, measurements of actinic fluxes are now available from Lauder and Tokyo. 
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Calibration activities 
The Lauder Dobson spectrophotometer was last calibrated at a Dobson intercomparison held in 
Melbourne in January and February 2006. The Arrival Heights Dobson spectrophotometer was 
intercompared against the regional standard in Melbourne in January 2004. 
 
 
RESULTS FROM OBSERVATIONS AND ANALYSIS 
 
The NIWA combined total column ozone data base 
The NIWA combined total 
column ozone data base 
combines satellite-based 
measurements of total column 
ozone from 4 Total Ozone 
Mapping Spectrometer 
(TOMS) instruments, 4 Solar 
Backscatter Ultra-Violet 
(SBUV) instruments, three 
different retrievals from the 
Global Ozone Monitoring 
Experiment (GOME), and from 
the Ozone Monitoring 
Instrument (OMI), and 
compares these against 
ground-based measurements 
made by the global network of 
Dobson and Brewer 
spectrophotometers to create a 
homogeneous data base that 
combines the advantages of 
global satellite measurements 
with the advantages of the 
stability of ground-based measurements. This data base was used in the WMO/UNEP ozone 
assessment in 2006. The use of this data base to track the long-term evolution of the Antarctic 
ozone hole is shown in Figure 2. The data base was also used to investigate the characteristics of 
the different metrics used to quantify polar stratospheric ozone depletion (Müller et al., 2008) and 
to develop a new improved measure of the Antarctic ozone mass deficit (Huck et al., 2007). 
 
The NIWA combined vertical trace gas and aerosol profile data base 
A new data base of trace gases and aerosols with global coverage, derived from high vertical 
resolution profile measurements, has been assembled; hereafter referred to as the ‘Binary Data 
Base of Profiles’ (BDBP). Version 1.0 of the BDBP (Hassler et al., 2008) includes measurements 
from different satellite- (HALOE, POAM II and III, SAGE I and II) and ground-based measurement 
systems (ozonesondes). In addition to the primary product of ozone, secondary measurements of 
other trace gases, aerosol extinction, and temperature are included. All data are subjected to strict 
quality control and for every measurement a percentage error on the measurement is included. To 
facilitate analyses, each measurement is added to 3 different instances of the data base where 
measurements are indexed by: (1) geographic latitude, longitude, altitude (in 1 km steps) and time, 
(2) geographic latitude, longitude, pressure (at levels ~1 km apart) and time, (3) equivalent latitude, 
potential temperature (8 levels from 300K to 650 K) and time. By including other trace gases such 
as water vapour, this data base can be used for comprehensive radiative transfer calculations.  
 
The 1985 downward step in southern mid-latitude total column ozone 
The causes of the large decrease in total column ozone over New Zealand from 1984-1985 (see 
Figure 1), which occurred throughout the southern hemisphere, were detailed in a recent 
publication (Bodeker et al., 2007). This event, and similar events which occurred in 1997 and 2006, 
were found to result from a combination of (i) an anomaly in the meridional circulation resulting 
from the westerly phase of the equatorial quasi-biennial oscillation (QBO), (ii) weaker transport of 
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Figure 2: Daily ozone mass deficit (the mass of ozone required to 
restore ozone levels to 220 DU over Antarctica) averaged over 
the Antarctic vortex period (thin line with symbols plotted against 
left axis) together with equivalent effective stratospheric chlorine 
(thick line plotted against right axis). 
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ozone from its tropical mid-stratosphere source across the sub-tropical barrier to mid-latitudes 
related to the particular phasing of the QBO with respect to the annual cycle, and (iii) a solar cycle 
induced reduction in ozone. 
 
Analysis of trends in tropical ozone and effects on radiative forcing  
A least squares regression analysis of trends in tropical ozone showed statistically significant 
negative trends in ozone at ~70 hPa. When provided as input to a radiative fixed dynamical 
heating model it was found that these ozone reductions can lead to significant cooling not only at 
stratospheric levels, but also in the sub-stratosphere/upper tropospheric region between 150 and 
70 hPa. The results provide a possible explanation for the long-standing discrepancy between 
modeled and measured temperature trends in the uppermost tropical troposphere and can explain 
the latitudinal near-homogeneity of recent stratospheric temperature trends (Forster et al., 2007). 
 
Comparison of ClO measurements from Aura and ground-based microwave measurements 
at Scott Base, Antarctica 
Measurements of chlorine monoxide in the lower stratosphere by the Microwave Limb Sounder 
(MLS) on the Aura satellite in the austral spring of 2005 have been compared with ground-based 
spectrometer measurements at Scott Base, Antarctica (Connor et al., 2007). The day-to-day 
variability of ClO is observed to be large, ~30% of its peak value. The daily column densities of the 
two instruments are correlated with a significance of 3σ with most of the mean difference arising 
from 2 days. The statistical agreement between MLS and the Scott Base instrument is good. Scott 
Base values are on average marginally but not significantly larger, by 0.10±0.07 ppb, or 11±8% 
(1σ), in peak mixing ratio, than the MLS values. 
 
Detection and attribution of ozone recovery in the upper stratosphere   
Measurements of ozone between 35 and 45 km altitude from the lidar and microwave radiometer 
instruments based at Lauder and from satellite-based instruments (SAGE II, HALOE and SBUV) 
showed a statistically significant increase in ozone above Lauder since the late 1990s that could be 
attributed to decreases in stratospheric halogen loading over the past decade (Steinbrecht et al., 
2006). This result confirms the onset of ozone recovery in the southern hemisphere mid-latitude 
upper stratosphere. 
 
Results from observations and analyses of UV measurements 
Spectral measurements of UV irradiances at Tokyo have been compared with corresponding 
measurements at Lauder, a pristine site, to identify the causes of the reductions in urban UV 
irradiances, and to quantify their effects. Tropospheric extinctions in Tokyo were found to be up to 
~40% greater than at Lauder. Most of these differences can be explained by differences in cloud 
and aerosols, but ozone differences are also important in the summer. Examining spectral 
signatures of tropospheric transmission of both sites shows that reductions due to mean NO2 and 
SO2 amounts are generally small. However, at times the amount of NO2 can be 20 times higher 
than the mean amount, and on these days it can decrease the UVA irradiance up to 50%. If SO2 
shows comparable day to day variability, it would contribute to significant reductions in UVB 
irradiances. The results indicate that at Tokyo, interactions between the larger burden of 
tropospheric ozone and aerosols also have a significant effect. These results have important 
implications for our ability to accurately retrieve surface UV irradiances at polluted sites from 
satellites that use backscattered UV. Supplementary data characterising these boundary layer 
effects are probably needed. 
 
Analysis of peak summer-time UV at Lauder, first published in 1999, has been updated. The 
summer of 2007-2008 was notable for having the lowest mean ozone on record. The low ozone is 
attributable to the persistent anti-cyclonic weather patterns that occurred over New Zealand during 
this summer which contributed to sunny and warm weather. However, the mean ozone amounts on 
the 15 peak UV days (5 each month) was very similar to that in the previous 4 years, and was 
significantly higher than the minimum in the 1998/1999 summer. The peak UVI was only slightly 
higher than in recent years and at least 5% less than the peak in 1998/1999. 
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THEORY, MODELLING, AND OTHER RESEARCH 
 
Chemistry-climate modelling 
Two coupled chemistry-climate models (CCMs) are operated at NIWA to investigate the feedbacks 
between climate change and changes in stratospheric chemistry; in particular ozone depletion. The 
two models are the Unified Model with Eulerian Transport And Chemistry (UMETRAC) which is run 
on NIWA’s cray T3E supercomputer and the Solar Climate Ozone Links (SOCOL) model which is 
run on a linux workstation. UMETRAC research is conducted in close collaboration with the UK 
Met Office and the NOAA Geophysical Fluid Dynamics Laboratory, while research using SOCOL is 
conducted in collaboration with the Physical-Meteorological Observatory/World Radiation Center, 
Davos, Switzerland and the Swiss Federal Institute of Technology (ETH), Zurich, Switzerland. Both 
CCMs contribute to the SPARC (Stratospheric Processes And their Role in Climate) initiated 
activity to conduct an internationally coordinated validation of CCMs.  
 
Use of satellite data 
Data from satellite programmes of the USA, European and Japanese space agencies are used in 
ozone and UV related research in New Zealand. In turn we have contributed to a number of 
satellite measurement validation activities (e.g. most recently to ENVISAT, AURA and ACE 
validation). Ozone and related trace gas and aerosol measurements from a variety of instruments 
have been used to generate combined data bases. Most recently ClO measurements from the 
MLS instrument onboard AURA have been used to develop a semi-empirical model for chlorine 
activation in the Antarctic stratosphere.  
 
UV effect studies 
Collaboration between NIWA and the New Zealand Cancer Society continues to provide 
information on how the UV Index varies geographically and seasonally in the New Zealand region. 
Consultancy reports for the NZ Commerce Commission on the efficacy of sunscreens have also be 
commissioned. 
 
Work has just begun on a new 3-year Health Research Council sponsored project to quantify the 
relationship between personal UV exposure, as measured by electronic dosimeter badges, and 
blood serum vitamin D. The project will identify the extent of any problems with vitamin D 
deficiency for the population of New Zealand, and identify regions and seasons when UV is too low 
to maintain satisfactory levels of vitamin D. Approximately 100 dosimeter badges are being used in 
Auckland and Dunedin for this study. Approximately 500 participants will be involved in total. Each 
participant will wear the badge for a period of 8 weeks and have their blood serum vitamin D 
measured twice during that period. Additionally, from the variations in the spectral distribution of 
UV received, and the corresponding increases in vitamin D, we will attempt to improve knowledge 
of the action spectrum for vitamin D production. Those participating in the winter months will also 
receive an additional dose of UV from a sun bed.  
 
 
DISSEMINATION OF RESULTS 
 
Data reporting 
Measurements from the following sites are regularly submitted to the NDACC data base: From 
Lauder: ozonesonde and lidar ozone profiles, Dobson spectrophotometer O3, NO2 columns, UV 
weighted irradiances (Erythema, UVA, UVB), vertical and partial columns of many trace gases by 
FTS; from Arrival Heights: vertical and partial columns of many trace gases by FTS, Dobson 
spectrophotometer O3, NO2 columns; from Kiruna: NO2 columns; from Moshiri (Japan): NO2 
columns; from Boulder (USA): UV weighted irradiances (Erythema, UVA, UVB); from Mauna Loa 
Observatory (Hawaii): NO2 columns, UV weighted irradiances (Erythema, UVA, UVB); from 
Macquarie Island (Australia): NO2 columns. 
 
Measurements from the following sites are regularly submitted the WOUDC data base: From 
Lauder: Ozonesonde ozone profiles; from Arrival Heights: Dobson spectrophotometer O3. 
 
Baring Head surface ozone data are regularly submitted to WDCGG. 
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Aerosol Measurements from Lauder are regularly submitted to the BSRN data base. 
 
Information to the public 
Data from NIWA's broadband instruments and radiative transfer calculations are used to provide 
the public with information on UV radiation levels via the Internet.  Data are also provided to the 
public via the Cancer Society of New Zealand’s web pages, and via contracts with New Zealand 
Met Service. 
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PROJECTS AND COLLABORATION 
 
National Projects 
Ozone and related research in New Zealand is undertaken primarily through the Drivers and 
Mitigation of Global Change research programme as well as a number of smaller research 
programmes including a programme on improving projections of Antarctic ozone recovery funded 
as part of the international polar year. 
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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: 
 
• GEOMON (Global Earth Observation and Monitoring): Contract to supply BAS with BrO, NO2, 

HCl, HF and ClONO2 column measurements from Lauder and Arrival Heights from 2006 to 
2009. 

• SPARC CCMval (Chemistry Climate Model validation): Contributing CCM simulations to the 
CCMval archives and participating in process oriented validation of CCMs. 

• Technical ASsistance To Envisat (TASTE) validation: A wide range of column and vertical 
trace gas measurements, including ozone, are submitted to the ENVISAT validation archives. 

 
Collaboration 
 
National collaborators (external to the programmes listed in Section 5.1) 

Person: Organization Description of collaboration 
Dr A McDonald: University of Canterbury Stratospheric ozone and dynamics. 
Dr T Reeder: University of Otago Effects of UV overexposure in humans. 
Martin Allen, Univ Canterbury UV dosimetry 
Wendy Billingsley, Cancer Society UV Public health advisory 

 
USA and Canada collaborations 
 
5.3.2.1 NOAA 

Person:  
Organization 

Description of collaboration 

Dr S Oltmans: 
GMD 

Funder and co-investigator on frost point hygrometer flights at Lauder, provision of 
surface ozone instruments, data sharing and interpretation 

Dr S Solomon: 
CSD 

Analysis of changes in ozone in the lower stratosphere and upper troposphere; 
analyses of the effects of marine biogenic emissions of halocarbons on ozone 

Dr D Hofmann: 
CSD Global variability of UV (Mauna Loa and Boulder) 

Dr P Disterhoft: 
CUCF Calibration of spectroradiometers 

GMD = Global Monitoring Division (was CMDL); CSD = Chemical Sciences Division (was aeronomy laboratory); CUCF = 
Colorado Ultraviolet Calibration Facility 
 
NASA 

Person:  
Organization 

Description of collaboration 

Dr R Salawitch: 
JPL Collaboration in chemical modelling 

Dr R McPeters: 
GSFC 

Provision of Total Ozone Mapping Spectrometer (TOMS) satellite-based total column 
ozone measurements 

Dr J Herman: 
GSFC Validation of satellite derived UV 

Dr C Rinsland: 
LaRC Collaboration on FTS measurements and interpretation 

Dr L Thomason: 
LaRC 

Provision of Stratospheric Aerosol and Gas Experiment (SAGE) satellite-based 
measurements of trace gases and aerosols 

Dr M Kurylo: 
NDACC  NDACC data archival 

Dr T Kurosa: 
JPL Collaboration in OMI data validation 

Dr M Santee: JPL Provision of AURA and UARS MLS ClO measurements 
JPL = Jet Propulsion Laboratory;  GSFC = Goddard Space Flight Center, LaRC = Langley Research Center; NDACC = 
Network for the Detection of Atmospheric Composition Change 
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USA Universities 
Person: Organization Description of collaboration 
Profs F Murcray and A Goldman: University 
of Denver 

Provision of FTS instrument, analysis algorithm development 
and measurement interpretation 

Prof P Solomon: State University of New 
York 

Provision of microwave instrument for ClO measurements, 
data sharing and interpretation. 

Prof J Slusser, Prof M Uliasz: Colorado 
State University/USDA 

Global variability of UV, USDA radiation suite; collaboration 
on dispersion modelling 

Dr A Parrish: University of Massachusetts Co-investigator on microwave radiometers for ozone profiling 
Dr D Waugh: Johns Hopkins University Collaboration on chemistry-climate modelling 

 
Other USA and Canada 

Person: Organization Description of collaboration 
Dr G Nedoluha: Naval Research Laboratories (NRL) Co-investigator on microwave radiometers 
Dr R Booth and G Bernhard: Biospherical Instruments Validation of UV from spectrometers 
Dr J Austin: Geophysical Fluid Dynamics Laboratory, 
Princteon 

Collaboration on chemistry-climate 
modelling 

Dr S Madronich: National Center for Atmospheric Research Provision of the TUV Radiative transfer 
model 

Dr T Shepherd: University of Toronto, Canada Collaboration on chemistry-climate 
modelling 

 
Australian collaborations 

Person: Organization Description of collaboration 
Dr P Gies: Australian Radiation 
Protection and Nuclear Safety Authority UV and behavioural studies 

Prof D Griffith & Dr N Jones:  University 
of Wollongong 

Collaboration on FTS formaldehyde data; collaboration on FTS 
measurements, especially related to biomass burning 

Dr B Forgan: Bureau of Meteorology Spectral and broadband radiation and aerosols 
Prof D Karoly Collaboration on coupled chemistry climate modelling 

 
United Kingdom collaborations 

Person: Organization Description of collaboration 
Dr B Lawrence: Rutherford Appleton Laboratory Collaboration in transport modelling 
Prof M Chipperfield: University of Leeds Collaboration in chemical modelling 
Dr N Butchart: UK Met. Office Collaboration on chemistry-climate modelling
Prof J Pyle and Dr N Harris: University of Cambridge Chemistry-climate modelling 
Dr H Roscoe GEOMON project  

 
Collaborations with rest of Europe 

Person: Organization Description of collaboration 
Dr D Swart: National Institute for Public Health and 
Environmental Protection, The Netherlands 

Ozone lidar measurements of vertical ozone 
profiles at Lauder 

Prof J van der Leun: United Nations UNEP, Environmental Effects of UV radiation 

Prof U Platt: University of Heidelberg, Germany Development of instruments and techniques, data 
sharing and interpretation 

Prof J Burrows: University of Bremen and European 
Space Agency 

Validation of SCIAMACHY instrument on the ESA 
ENVISAT satellite 

Dr M Dameris: DLR-Institut für Physik der 
Atmosphäre, Germany 

Collaboration on chemistry-climate modelling and 
co-supervision of PhD student 

Dr M Blumthaler: Medical University of Innsbruck, 
Austria Inter-comparisons and sky radiances 

Dr A Adriani: CNR, Italy Aerosol lidar 

Prof D Haeder: University of Erlangen, Germany Global variability of UV Eldonet instrument 
network 

Prof G Seckmeyer: University of Hannover, Germany Sky imagery and pollution effects 
Dr M Van Roozendael, Belgium Institute of Space 
Aeronomy 

Maintain UV/Visible trace gas standards and 
development of new techniques (NDACC) 

Dr L Jalkanen: World Meteorological Organisation WMO instrument working groups (also 
international assessments) 

Dr JC Lambert, BIRA, Belgium Support for validation data for ENVISAT satellite 
measurements 
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Dr M de Maziere, BIRA, Belgium Interpretation of FTS measurements and 
validation of satellite data 

Dr T Egorova, PMOD/WRC, Switzerland 
Prof T Peter, ETH, Zurich 

Collaboration on chemistry-climate modelling 
(SOCOL) 

Prof U Langematz, Free Unievrsity of Berlin, Germany Collaboration on chemistry-climate modelling and 
co-supervision of PhD student 

 
Collaborations with South east Asia and Japan 
Person: Organization Description of collaboration 
Dr H Nakajima: National Institute for 
Environmental Studies, Japan 

Provision of Improved Limb Atmospheric Spectrometer (ILAS) 
satellite-based measurements of trace gases. IPY trace gas 
measurements 

Dr T Nagai: Meteorological Research 
Institute of Japan Aerosol lidar 

Prof Y Kondo: University of Tokyo, 
Japan Spectral irradiance & actinic flux in polluted sites, aerosol studies 

 
 
FUTURE PLANS 

Ozone data base for constraining IPCC global climate model simulations 
The global climate model runs for the IPCC 4th assessment report used a variety of approaches for 
including the effects of stratospheric ozone on past and future radiative forcing. A vertically 
resolved, monthly mean, consensus ozone database from 1850 to 2100 would likely be very useful 
for GCM groups that will seek to prescribe ozone conditions for 20th century simulations (e.g., for 
AR5) as well as for those groups attempting to calculate ozone changes prognostically who may 
wish to compare their findings to observations. Thus both analyses of past changes and methods 
to describe future changes are of interest. A future project will be to extend the observational 
vertical resolved ozone data base described in Section 2.2 as shown schematically in Figure 3. 
 

 
 
 
A semi-empirical approach to projecting Antarctic ozone recovery 
This project will use semi-empirical models of chlorine activation and ozone depletion in the 
Antarctic stratosphere to project the recovery of the Antarctic ozone hole. Chemistry-climate 
models (CCMs) are traditionally used for such studies and remain the optimal method for making 
such projections. However, CCM projections are uncertain because of the uncertainty in future 
emissions and uncertainties in their internal parameterizations of various processes. Ideally, the 
projections should be based on an ensemble of model simulations which encompass the full range 
of uncertainty. However, due to their complexity, these models are extremely computationally 
demanding. A new method, complementary to CCMs, that can be used to conduct inexpensive 
projections of Antarctic ozone recovery will be developed. Because the semi-empirical models are 
sensitive to changes in stratospheric climate, the coupling between climate change and 
stratospheric ozone depletion is accounted for. Future changes in Antarctic stratospheric 
temperatures will be obtained from global climate model output stored in the CMIP3 data base 
while future changes in Antarctic equivalent effective stratospheric chlorine will be obtained from 
WMO/UNEP scenarios. 
 
 

1850 1964 1979 2006 2100

Vertically resolved observational database

Annually repeating climatology calculated
from the 1964-1968 period

Profile shapes from 1979-1983 scaled to match
total column ozone from BUV morphed to Dobson

Chemistry-climate model output scaled and offset
to ensure smooth transition from observations

 
 
Figure 3: Proposed plan for constructing a vertically resolved, monthly mean, ozone database for 
constraining global climate model simulations 
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NEEDS AND RECOMMENDATIONS 
 
The following needs and recommendations require attention: 
• The contribution of very short-lived compounds to stratospheric species abundances, and 

in particular BrO, needs to be better quantified. 
• The inability of state-of-the-art atmospheric chemistry models to reproduce the inter-

hemispheric differences in the response of ozone to the Mt. Pinatubo volcanic eruption 
suggests that our knowledge of the aerosol chemistry driving ozone changes is incomplete. 

• We need better quantification of how management of banks of ozone depleting substances 
may affect the recovery of the global ozone layer. 

• In depth assessment of when and where the ozone layer is likely to recover is required. The 
importance of attribution in the analysis of ozone recovery must be stressed. 

• The effects of stratospheric change on surface climate change, and the mechanisms 
involved, need to be better quantified. In particular forcing of the southern annular mode 
through Antarctic ozone depletion, and its effect on southern middle and high latitude 
surface climate, needs to be better understood. 

• Changes in ozone in the upper troposphere and lower stratosphere, especially in the 
tropics, need to be better quantified and the effects of changes in ozone in this region of the 
atmosphere on the temperature structure of the atmosphere need to be better quantified.  

• We need to confirm that ground- and satellite-based measurements of bromine and 
chlorine containing compounds are in agreement and that the stratospheric loading of these 
trace gases is consistent with our understanding of their surface source emissions. 

• Working with health sciences to improve our understanding of both the positive and 
negative effects of UV exposure. 

• An internationally coordinated effort is required to detail and centrally archive historical 
surface ozone measurements to better constrain global climate model simulations of past 
tropospheric ozone radiative forcing. 

 
****
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NORWAY 
 
 
Ozone monitoring and related research activities in Norway involve several institutions and there is 
no distinct separation between research, development, monitoring and quality control. In this report 
we present the ozone related activities that have been carried out in Norway the last years. 
 
OBSERVATIONAL ACTIVITIES 
 
In 1990 The Norwegian Pollution Control Authority established the programme “Monitoring of the 
atmospheric ozone layer”, which initially only included measurements of total ozone. Some years 
later, in 1994/95, the network was expanded and The Norwegian UV network was established. It 
consists of eight 5-channel GUV instruments located at sites between 58°N and 79°N. In addition 
the network includes ozone lidar and ozone sonde measurements. Table 1 gives an overview of 
the location of the various stations, the type of measurements, and the institutions responsible for 
the daily operation of the instruments at the different sites. 
 

Table 1:       Overview of the locations and institutes involved in ozone and UV monitoring  
                     activities in Norway. 

Ozone profiles Institute 
Station Location  UV Total ozone 

Lidar Sondes  
Grimstad 58oN, 08oE X GUV  Norwegian Radiation Protection Authority  
Oslo   60oN, 10oE X Brewer, GUV  University of Oslo/ Norwegian Institute for Air Research 
Østerås 60oN, 10oE X GUV  Norwegian Radiation Protection Authority  
Bergen 60oN, 05oE X GUV  Norwegian Radiation Protection Authority  
Finse 60oN, 07oE X GUV  Norwegian Radiation Protection Authority 
Kise 60oN, 10oE X GUV  Norwegian Radiation Protection Authority  
Trondheim  63oN, 10oE X GUV  Norwegian Radiation Protection Authority  
Ørlandet  63oN, 09oE     x* Norwegian Institute for Air Research 

Andøya 69oN, 16oE x Brewer, GUV x  Norwegian Institute for Air Research /Andøya Rocket Range
Ny-Ålesund 79oN, 12oE x* GUV  Norwegian Institute for Air Research 
Antarctica 72ºS, 02ºE x** NILU-UV  Norwegian Institute for Air Research 
  

*The sondes at Ørlandet and the GUV measurements at Ny-Ålesund were excluded from the national monitoring 
programme in 2006 due to lack of financial support. 
** UV measurements at the Norwegian Troll station in Antarctica started in 2007. They are financed by the Norwegian 
Research Council. 
 
 
Column measurements of ozone and short-lived gases relevant to ozone loss 
Total ozone measurements using the Dobson spectrophotometer were performed on a regular 
basis in Oslo from 1978 to 1998 and in Tromsø from 1985 to 1999. Furthermore, quality-assured 
Dobson measurements were made at Ny-Ålesund, Svalbard, from 1995 to 2007. In 2007 the 
measurements were stopped due to a technical failure. Brewer measurements started up in 
Tromsø in 1994, but after the termination of other ozone-related observations at the Auroral 
Observatory in Tromsø in 1999 the instrument was moved to Andøya, 130 km southwest of 
Tromsø. Today daily total ozone values from Oslo and Andøya are based on measurements with 
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 method. As the Arctic Lidar Observatory for Middle 
Atmosphere Research (ALOMAR) is located north of the polar circle (69.3°N, 16.0°E, 
http://alomar.rocketrange.no/), there are about 100 days without total ozone measurements during 
the winter. At Ny-Ålesund, an Italian Brewer instrument has been operating since 2006, and the 
data are shared between Italy and Norway. 
 
The Norwegian Institute for Air Research (NILU) is also responsible for measuring ozone and 
ozone relevant traces gases at two sites: At ALOMAR two UV/VIS DOAS instruments (SYMOCS) 
have been used to measure total columns of ozone, NO2, BrO and OClO since 1998. Since 2006 
the UV instrument for monitoring BrO/OClO has been out of operation due to lack of financial 
support. Additionally, there is a DOAS instrument (type SAOZ) at Ny-Ålesund, measuring total 
columns of ozone and NO2, which has been operational since 1991. Near real time data can be 

http://alomar.rocketrange.no/�


 

236 

found at http://www.aerov.jussieu.fr/~fgoutail/SAOZSol-UK.html. The NO2 and ozone 
measurements at ALOMAR and Ny-Ålesund are a part of the Network for the detection of 
Atmospheric Composition Change (NDACC). 
 
Profile measurements of ozone and other parameters relevant to ozone loss 
Together with the Norwegian Defence Research Establishment and the Andøya Rocket Range, 
NILU has operated an ozone lidar at ALOMAR (Andøya) since January 1995. Since 1997 the 
instrument has been approved as a complementary site of the NDACC, and data are submitted to 
the NDACC database. The ozone lidar has also been used to measure polar stratospheric clouds 
and stratospheric temperature profiles. The lidar is run on a routine basis during clear sky 
conditions, providing ozone profiles in the height range 8 to 50 km. The latest measured raw data 
profiles and the latest analysed ozone data are available at http://alomar.rocketrange.no/alomar-
lidar.html. 
 
NILU was also operating an ozone sonde station at Ørlandet (63.4oN, 9.2oE) in the period 1994-
2006. Nominally between 1 and 4 sondes were launched per month, depending on the time of the 
year. These measurements have traditionally been used for national monitoring purposes. In 
addition, NILU has participated in a number of experimental (match) campaigns where several 
stations have launched sondes in a coordinated pattern to sample the same air masses at different 
locations. The campaigns have been used to estimate ozone loss as a function of time and sun-lit 
hours. Finally, the ozone vertical profile soundings have extensively been used for validation of 
satellite instruments, especially on the ERS-2 and Envisat platforms. Unfortunately the ozone 
sonde measurements terminated in 2006 due to lack of financial support. 
 
UV measurements 
 
Narrowband filter instruments 
The instruments in the Norwegian UV network (GUV, from Biospherical Ltd) are designed to 
measure UV irradiances in 4 channels. Using a technique developed by Dahlback (1996)1, we are 
able to derive total ozone abundance, cloud cover information, complete UV spectra from 290 to 
400 nm, and biologically weighted UV doses for any action spectrum in the UV.  
 
In January 2007 NILU started measurements with a similar instrument (the NILU-UV radiometer) at 
the Norwegian research station Troll in Antarctica. The instrument is calibrated every year against 
a travelling standard. Near real time (NRT) data are available at 
http://observatories.nilu.no/Datasets/Radiation/tabid/433/Default.aspx and  
http://observatories.nilu.no/Datasets/Ozonestratosphere/Totalozone/tabid/765/Default.aspx. 
 
Spectroradiometers 
Spectral UV irradiances (both direct and global scans) are measured daily with the Brewer 
instruments at the Department of Physics, University of Oslo, and at ALOMAR. 
 
Calibration activities 
 
The Brewer instruments 
The Brewer instrument at the University of Oslo has been in operation since summer 1990, 
whereas the Brewer measurements in Northern Norway started in 1994. The International Ozone 
Services, Canada, calibrates the Brewer instruments in Oslo and Andøya on a yearly basis, and 
the instruments are regularly calibrated against standard lamps in order to check their stability. The 
calibrations show that the Brewer instruments have been stable during the years of observations. 
Also, the total ozone measurements from the Oslo Brewer instrument agreed well with the Dobson 
measurements performed in the 1990s.  
 
 
 

                                                 
1 Dahlback, A. (1996) Appl. Opt., Vol. 35., No. 33, 6514-6521 
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The GUV instruments 
As a part of the Norwegian FARIN project, described in section 5, a major international UV 
instrument intercomparison was arranged. Altogether 51 UV radiometers from various nations 
participated, among them 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 data are 
available on the ftp server zardoz.nilu.no at NILU, under directories 
/nadir/projects/other/farin/rawdata and /nadir/projects/other/farin/processed. The main results have 
been published by Johnsen et al., International intercomparison of multiband filter radiometers in 
Oslo 2005, Proc. of SPIE, 2006, and are expected to appear in a peer reviewed journal in 2008. 
 
 
RESULTS FROM OBSERVATIONS AND ANALYSIS 
 
Ozone observations in Oslo 

 In order to detect possible ozone 
reductions and trends over Oslo we have 
investigated total ozone values from 1979 
to 2006. For the period 1979 to 1998 data 
from the Dobson instrument has been 
applied, whereas for the period 1999 to 
2006 the Brewer measurements have been 
used. The results of the trend analysis are 
summarized in Table 1. For spring months 
a significant negative trend of –0.22% per 

year is observed. For the winter, summer and fall months no significant trends are detected. When 
all months are included a significant negative trend of –0.14% per year is observed. The analysis 
shows that the low ozone values in the 1990’s strongly contribute to the observed negative trends 
in total ozone. For 2006 the annual ozone mean was 1.6% below the long-term annual mean 
(based on data from1979-1989). 
 
Ozone column variability over Scandinavia and over Oslo in particular, in the summertime has 
been related to dynamical variability. For example, an intense low-ozone episode in August 2003 
was associated to the severe heat wave over Europe that summer. High tropopause and 
anticyclonic anomalies caused westward-propagating, planetary-scale wave trains, extending as 
far as eastern Eurasia.  These wave trains disturbed even the mid-stratosphere, up to about 30 mb 
(Orsolini and Nikulin, 20062). 
 
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. For the time period 1979 – 1994 total 

ozone values from the satellite instrument TOMS (Total ozone Mapping Spectrometer) have been 
used in trend analysis because of insufficient calibration of the Tromsø Dobson instrument before 
1991 and low data coverage. The result of the trend analysis is summarized in Table 3. No 
significant trends were observed for Andøya for this time period. The small negative ozone trend in 
spring is mainly caused by several warm and ozone rich winters after 1998, compensating the 
significant negative ozone trend from 1979 to 1998. 
 

                                                 
2 Orsolini, Y. J. and G. Nikulin, (2006) Quart. J. Roy. Meteor. Soc., 132, 667-680. 

Table 2: Annual percentage changes in total ozone 
over Oslo for the period 1.1.1979 to 31.12.2006. The 
numbers in parenthesis represent uncertainty (1σ). 
Time period Trend (% per year) 

Winter:       December – February -0.17 (0.11) 
Spring:       March – May -0.22 (0.10) 
Summer:    June – August -0.02 (0.06) 
Fall:            September – November -0.08 (0.06) 
Annual -0.14 (0.04) 

Table 3: Annual percentage changes in total ozone 
over Andøya/Tromsø for the period 1979 to 2006. The 
numbers in parenthesis represent uncertainty (1σ). 
Time period Trend (% per year) 

Spring: March – May -0.04 (0.01) 
Summer: June  - August  0.02 (0.04) 
Annual (March-September) -0.02 (0.05) 
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In recent years the historical total ozone series from Tromsø (Fery spectrograph: 1935-1939, 
Dobson #14: 1939-1972, 1985-1999) and Svalbard (1950-1962) have been re-analyzed, 
homogenized, and evaluated by multi-linear regression methods (Hansen and Svenøe, 20053, 
Vogler et al., 20063). The analysis revealed a strong influence of the local stratospheric 
temperature at the 30 mbar level and a composite influence of climate tele-connection patterns.  
 
UV observations  

 
 Annual UV doses for 
the period 1995 - 2006 are 
shown in Table 3 for the three 
GUV instruments located at 
Oslo, Andøya and Ny-
Ålesund. For periods with 
missing data we have 
estimated the daily UV doses 
from a radiative transfer 
model, FastRt, 
http://nadir.nilu.no/~olaeng/fas
trt/fastrt.html. UV 
measurements at Ny-Ålesund 
were excluded from the 
national monitoring 
programme in 2006 due to 
lack of financial support. 

 
 
THEORY, MODELLING, AND OTHER RESEARCH 
 
University of Oslo  
Department of Geosciences runs two models to study stratospheric ozone, namely Oslo CTM2 
and WACCM. The Oslo CTM2 model is a global three-dimensional chemical transport model 
covering the troposphere and stratosphere.  The model can be run in different horizontal and 
vertical resolution and can be forced by either IFS or ERA-40 data. Two comprehensive and well-
tested chemistry schemes are included in the model, one for the troposphere and one for the 
stratosphere. An extensive heterogeneous chemistry has been included. Photo dissociation 
coefficients are calculated on-line.  Emissions of source gases are also included. The Oslo CTM2 
model is used in various experiments to look at the chemical changes in ozone. Past time slice 
runs have used emissions from the Edgar Hyde database to look at the chemical changes up to 
present. IPCC SRES scenarios have been used for calculating chemical changes in future ozone. 
Because of large uncertainties in future emissions in the source gases, several time slice runs with 
different scenarios have been performed. A specific run to look at changes in stratospheric ozone 
from 2000 through 2007 has been performed and will be compared with observations. 
 
The WACCM model is a general circulation model (Whole Atmosphere Community Climate Model) 
developed at the National Center of Atmospheric Research (NCAR).It is now running at the 
University of Oslo. WACCM is a coupled climate chemistry model providing a platform for various 
predictions about the interaction between chemistry and climate. It has 66 vertical levels from the 
surface through the troposphere, stratosphere and the mesosphere. The model is currently used 
with the standard chemistry module, however the scheme from Oslo CTM2 will be included to 
make the results compatible with those from the CTM2. We plan to study impacts of climate 
chemistry interactions on ozone recovery, and to study the impact of very short lived bromine 
source gases on stratospheric ozone. 

                                                 
3 Hansen, G., and T. Svenøe, (2005) J. Geophys. Res., 110, no. D10, D10103,doi: 10.1029/2004JD005387 
3 Vogler, C., S. Brönnimann, and G. Hansen (2006) Atmos. Chem. Phys., 6, 4763–4773. 

Table 4: Annual integrated UV doses (kJ/m2) at three stations 
during the period 1995 - 2006. 

Year Oslo  Andøya  Tromsø* Ny-Ålesund 

1995 387.6    
1996 387.4  253.6 218.5 
1997 415.0  267.0 206.5 
1998 321.5  248.4 217.7 
1999 370.5  228.0 186.1 
2000 363.0 239.7  231.0 
2001 371.0 237.0  208.6 
2002 382.5 260.0  201.8 
2003 373.2 243.4  No measurements 
2004 373.2 243.7  190.5 
2005 No annual UV doses due to calibration campaign 

2006 372.4 217.3  No measurements 

*The GUV instrument at Andøya was operating at Tromsø in the period 1996 – 
1999 

http://nadir.nilu.no/~olaeng/fastrt/fastrt.html�
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Department of Physics UV doses are calculated from a radiative transfer model and ozone 
measurements from available satellite instruments (TOMS and OMI). The cloud parameterisation 
in the model is derived from reflectivity data from the same satellite instruments. The calculated UV 
doses are used in UV effect studies, i.e various cancers and Vitamin D production in humans.  
 
Norwegian Institute for Air Research (NILU)  
At NILU there has been a main research focus to understand the dynamical influence on the 
variability in column ozone, especially at the northern hemisphere at mid and high latitudes.  
Satellite validation of ozone profiles and total ozone is also a central activity. Some activities and 
results are listed below: 
 
 The stratospheric lidar data from ALOMAR have been extensively used for the validation of 

GOME and ENVISAT’s atmospheric instruments (GOMOS, MIPAS and SCIAMACHY). This 
is described in a series of publications. 4, 5, 6, 7, 8 

 Leading modes of climate variability have been shown to induce a strong signature on the 
trend and year-to-year variability in ozone. These modes include planetary-scale components 
of the atmospheric circulation (the North Atlantic Oscillation, the Aleutian-Icelandic Seesaw) 
(Orsolini, 20049) but also more regional patterns, e.g. those associated with blocking 
phenomena (Orsolini and Doblas-Reyes, 200310). 

 The dynamically induced low-ozone episodes (LOE) is studied. Orsolini et al. (200311) 
explained occurrences of summertime LOEs over the northern high latitudes, and 
Scandinavia in particular, and looked at their impact on the UV erythemal dose at the ground. 
An intense LOE occurred over Scandinavia during the European Heat Wave of the summer 
2003 (Orsolini and Nikulin, 20067). 

 Orsolini et al., (200512) have studied the changes in atmospheric composition (HNO3, NOX), 
and ozone depletion occurring in the aftermath of the exceptional autumn 2003 solar storms. 
A highly anomalous layer enriched in nitric acid was observed in the upper stratosphere 
following the storms, and then slowly descended throughout the winter. Simultaneous 
observations of NO2, including the nighttime polar stratosphere, revealed strongly enrichment 
of NOX layers following the storms. The formation mechanism for the nitric acid layer does 
not seem to involve polar stratospheric clouds or aerosols, but rather, is likely to involve 
heterogeneous chemistry on water ion clusters, a relatively new and unknown topic. 

  Jackson and Orsolini, (200713) have developed a new technique for the estimate of ozone 
loss in the stratospheric polar vortex based on the assimilation of EOS MLS and SBUV 
observations in the Met Office data assimilation system. The method has been used to 
assess Arctic ozone loss during the winter 2004/05, and is aimed at better accounting for 
mixing and inhomogeneous descent within the vortex.  The results show that data 

                                                 
4 Steck, T. von Clarmann, H. Fischer, B. Funke, N. Glatthor, U. Grabowski, M. Höpfner, S. Kellmann, M. Kiefer, A. Linden, M. Milz, 
G. P. Stiller, D. Y. Wang, M. Allaart, Th. Blumenstock, P. von der Gathen, G. Hansen, F. Hase, G. Hochschild, G. Kopp, E. Kyrö, 
H. Oelhaf, U. Raffalski, A. Redondas Marrero, E. Remsberg, J. Russell III, K. Stebel, W. Steinbrecht, G. Wetzel, M. Yela, G. Zhang, 
(2007), Atmos. Chem. Phys., 7, 3639–3662. 
5 Iapaolo M., S. Godin-Beekmann, F. Del Frate, S. Casadio, M. Petitdidier,  I.S. McDermid, T. Leblanc, D. Swart, Y. Meijer, G. Hansen, 
and K. Stebel,  (2007) J. of Quantitative Spectroscopy and Radiative Transfer, 107, 105-119. 
6 Brinksma, E.J., A. Bracher, D. E. Lolkema, A. J. Segers, I. S. Boyd, K. Bramstedt, H. Claude, S. Godin-Beekmann, G. Hansen, G. 
Kopp, T. Leblanc, I. S. McDermid, Y. J. Meijer, H. Nakane, A. Parrish, C. von Savigny, K. Stebel, D. P. J. Swart, G. Taha, and A. J. M. 
Piters, (2006) Atmos. Chem. Phys.  6, 197-209. 
7 Keckhut, P., McDermid, S., Swart, D., McGee, T., Godin-Beekmann, S., Adriani, A., Barnes, J., Baray, J.-L., Bencherif, H., Claude, H., 
di Sarra, A.G., Fiocco, G., Hansen, G., Hauchecorne, A., Leblanc, T., Lee, C.H., Pal, S., Megie, G., Nakane, H., Neuber, R., 
Steinbrecht, W. and Thayer, J. , (2004) Review of ozone and temperature lidar validations performed in the framework of the NDSC, J. 
Environ. Mon., 6, 721-733. 
8 Meijer, Y. J., Swart, D. P. J., Allaart, M., Andersen, S. B., Bodeker, G., Boyd, I., Braathen, G., Calisesi, Y., Claude, H., Dorokhov, V., 
von der Gathen, P., Gil, M., Godin-Beekmann, S., Goutail, F., Hansen, G., Karpetchko, A., Keckhut, P., Kelder, H. M., Koelemeijer, R., 
Kois, B., Koopman, R. M., Kopp, G., Lambert, J.-C., Leblanc, T., McDermid, I. S., Pal, S., Schets, H., Stubi, R., Suortti, T., Visconti, G. 
and Yela, M., (2004) J. Geophys. Res., 109, D23305, doi:10.1029/2004JD004834, 2004 
9 Orsolini, Y. J., (2004) J. Meteor. Soc. of Japan, 82, vol. 3, 941-948. 
10 Orsolini, Y. J.  and F.J. Doblas-Reyes. (2003) Q. J. of the Royal Meteorol. Soc., 129, 3251-3263, 2003. 
11 Orsolini, Y.J., H. Eskes, G. Hansen, U-P. Hoppe, A. Kylling, E. Kyro, J. Notholt, R. Van der A. P. Von der Gathen, (2003) Q. J. R. 

Meteorol. Soc., 129, 3265-3276. 
12 Orsolini, Y. J., G.L. Manney, M. Santee and C.E. Randall, (2005) Geophys, Res. Lett., Vol. 32, No. 12, L12S01, 
10.1029/2004GL021588. 
13 Jackson D.R., Y. J. Orsolini, submitted to Quart. J. Roy. Meteor. Soc.,  October 2007. 
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assimilation methods are very promising to potentially lead to more accurate ozone-loss 
estimates.  

 The ozone data from Tromsø have been used to establish a multi-decadal UV climatology at 
a nearby site (Skrova, Lofoten) with meteorological information (Engelsen et al., 200414). For 
the same area UV maps have been derived for the period 1984-2002, based on various 
satellite observation data (Meerkötter et al., 200315). In the frame of the EU project UVAC it 
was found that there is a positive correlation between maximum daily doses around 1 May 
and cod recruitment, in contradiction to the work hypothesis assuming a negative influence of 
UV on cod eggs and larvae. 

 The Svalbard ozone data have been used, together with long-term observations of cloud 
cover at Hopen Island (Svalbard), to calculate high-Arctic UV climatology. A preliminary 
analysis shows that spring UV doses in fact have decreased due to an increase of cloud 
coverage which is larger than the simultaneous decrease in ozone (Hansen et al., 200716).  

 NILU in collaboration with the Institute for Community Medicine at the University of Tromsø, 
pursue research on the relationship between UV exposure, diet and vitamin D status in 
humans and their effects on diseases. The project applies UV simulations based on 
meteorological modelling data, UV measurements, questionnaire forms from cohort 
investigations, and blood sample analyses. NILU is in charge of health risk assessment for 
Europe from UV exposure within the EU project INTARESE. 

 The effect of UV radiation on atmospheric chemistry is studied in EU and national projects, 
e.g. the UV effects on ozone and mercury. 

 
 
CICERO Centre for International Climate and Research – Oslo  
At CICERO changes in the total solar radiation at the surface (Kvalevåg and Myhre, 200717) and 
UV (Kvalevåg et al., 2008) over  industrial areas have been calculated. In the calculations changes 
in gases (ozone, CO2, H2O, CH4, NO2, SO2), direct as well as indirect aerosol effect of sulphate 
black and organic carbon, surface albedo changes, and contrails are taken into account. For 
changes in the total solar radiation at the surface, aerosols is a dominating factor for the dimming 
over land areas, but increase in tropospheric ozone, H2O, CH4, NO2 also give a small contribution. 
At high latitudes reduced total ozone is causing an increase in the total solar radiation at the 
surface (Kvalevåg and Myhre, 200718). The changes in UV follow to a large degree the changes in 
the total solar radiation since pre-industrial times, i.e. with increasing values at high latitudes and a 
reduction over most land regions. Ozone plays a major role in this pattern, but other gases such 
NO2 and SO2 and aerosols significantly contribute to the reduced UV over most land areas 
(Kvalevåg et al., 200818.) 
 
 
DISSEMINATION OF RESULTS 
 
Data reporting: Ozone  
The complete set of revised Dobson total ozone values from Oslo is available at The World Ozone 
Data Centre (WOUDC) http://www.msc-smc.ec.gc.ca/woudc/. There are established daily routines 
submitting ozone data from the University of Oslo and from Andøya to WOUDC. The averaged 
ozone profiles (2 hours) from Andøya are reported to NDACC twice a year. Preliminary lidar 
profiles are reported weekly to GEOMON and quality-controlled data products are submitted 
yearly. 
 
NILU has collected ozone measurements from Arctic balloon flights through the Nadir database 
since 1988. Files are transferred and stored in the NASA-AMES 2160 format, and an automatic 
                                                 
14 Engelsen, O., G. Hansen, and T. Svenøe. (2004), Geophys. Res. Lett., 31, L12103, doi:10.1029/2003GL019241 
15 Meerkötter, R., J. Verdebout, L. Bugliaro, K. Edvardsen, G. Hansen (2003), Geophys. Res. Lett., 30, 18, 1956, doi: 

10.1029/2003GL017850 
16 Hansen, G., O. Engelsen, C. Vogler, and S. Brönnimann (2007), Proc. The Polar Environment and Climate – The challenges, EUR 

22965 EN, 67-69. 
17 Kvalevåg, M. M. and Myhre, G.: (2007) J. Climate, 20(19), 4874-4883. 
18 Kvalevåg, M. M., Myhre, G. and Myhre, C. E. L. (2008): Anthropogenic changes in the UV radiation at the surface during the industrial 
era, To be submitted, 2008. 
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script has been set up to convert incoming data into the CREX format that is used at ECMWF. This 
script also performs a series of data quality checks and can do simple corrections on erroneous 
input files. 
 
Data reporting: UV  
NILU has submitted spectral UV measurements from Norway to the European UV database 
(EUVDB). In the framework of the EU project EDUCE NILU has developed quality assurance 
software for spectral UV measurements. The QA software is applied automatically to all UV data 
submitted to EUVDB. Currently there are Brewer and Bentham UV spectral data from Andøya for 
the period 1998-2001 in the database. 
 
Information to the public 
 
Ozone  
Daily total ozone values for Oslo are available at http://www.fys.uio.no/plasma/ozone/. The latest 
measured raw data profiles and the latest analysed ozone data from the ALOMAR Observatory at 
Andøya are available at http://alomar.rocketrange.no/alomar-lidar.html. 
 
UV and ozone from GUV measurements 
NILU has developed a web portal for dissemination of UV-observations and UV forecasts for 
Norway, http://uv.nilu.no. The content of the UV web pages are: 
 
• UV forecast for three days for user-selected locations in Norway. The UV forecast is given for 

clear-sky, partly cloudy and cloudy conditions. 
• 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.  
 
The public may receive UV forecasts at user-selected locations by SMS or e-mail. The web 
application has been developed by NILU in co-operation with the Norwegian Radiation Protection 
Authority, Storm Weather Center, and the Norwegian Pollution Control Authority. In 2006 the 
Norwegian Meteorological Institute developed an additional UV forecast service where the weather 
forecast is an integrated part of the forecasted UV index.  
 
UV indices and cloud effects measured by a GUV-instrument at the Department of Physics, 
University of Oslo, are presented and updated every 30 min at: 
http://www.fys.uio.no/plasma/ozone/. The observations performed by the Norwegian Radiation 
Protection Authority are available at http://www.nrpa.no/uvnett/ together with annual doses and 
information on sun protection.  
 
World Meteorological Organisation Ozone Assessment  2006 
NILU has contributed to the latest extensive report of WMO on the status of the ozone layer, with 
co-authorship of two chapters (Y. Orsolini). 
  
Relevant scientific papers 
The ozone and UV measurements performed in Norway give rise to research in collaboration with 
national and international partners. The reference list below gives an impression of the 
international collaboration and ongoing research in the Norwegian ozone and UV scientific 
community since 2004. 

 
Bjerke, J.W.; Elvebakk, A.; Dominguez, E.; Dahlback, A. (2005), Seasonal trends in usnic acid 

concentrations of Arctic, alpine and Patagonian populations of the lichen Flavocetraria nivalis. 
Phytochemistry; 66:337-344 

Braathen, G.O., Godin-Beekmann, S., Keckhut, P., McGee, T.J., Gross, M.R., Vialle, C. and Hauchecorne, 
A. (2004) Intercomparison of stratospheric ozone and temperature measurements at the Observatoire 
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PROJECTS AND COLLABORATION 
 
Norwegian institutions and scientists are participating in numerous international and national 
projects. The following section gives an overview of the most important projects related to ozone 
and UV research in Norway. 
 
International projects  
ASSET: “Assimilation of Envisat data” (ASSET) project (2003-2006) was a major European 
initiative in Earth Observation. Its overall rationale was to use the techniques of data assimilation to 
develop a European capability for chemical and UV forecasting, and provide analyses for coupled 
climate/chemistry studies. The objectives were: (1) assess the strategies for exploiting research 
satellite data by the Numerical Weather Prediction (NWP) community, and (2) using this data to 
investigate the distribution and variability of atmospheric chemical species. ASSET had several 
achievements, some of them firsts in the field; we highlight two:  (i) The first implementation of an 
algorithm to assimilate limb radiances into a NWP system, demonstrating the feasibility of direct 
assimilation of limb radiances; (ii) The first intercomparison of ozone analyses. NILU was a partner 
and constructed a database to disseminate the results from the ASSET project to the EO 
community. Lahoz et al. (2007), Atmos. Chem. Phys., 7, 1773-1796. Web-site: 
http://darc.nerc.ac.uk/asset, 
 

GEOMON Global Earth Observation and Monitoring of the atmosphere (2007-2010) is a European 
project contributing to GEOSS. Its mission is to build an integrated pan-European atmospheric 
observing system of greenhouse gases, reactive gases, aerosols, and stratospheric ozone. 
Ground-based and air-borne data are sustained and analysed, complementary with satellite 
observations, in order to quantify and understand the ongoing changes of the atmospheric 
composition. The key objectives of the ozone activities are to continue the monitoring of O3, NO2, 
BrO, Cly/Fy, T, H2O, aerosol/PSC from ground (NDACC) and space. Further the development of 
homogenisation and consistency of time series are central and the identification of links between 
stratospheric ozone and climate changes. Both NILU and the University of Oslo (Dep. of 
Geosciences) participate in this project.  Web-site: http://geomon.ipsl.jussieu.fr/ 

http://darc.nerc.ac.uk/asset�
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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/ 

SCOUT-O3: Stratospheric-Climate Links with Emphasis on the Upper Troposphere and Lower 
Stratosphere (2004-2008). This is an integrated project funded by EU. The central aim of the 
project is to provide scientific knowledge for global assessments on ozone depletion and climate 
change for the Montreal and Kyoto Protocols. The SCOUT-O3 project aims to provide new 
knowledge for EU and national governments, which could be used to develop the European 
position for sustainable development. SCOUT-O3 involves the research efforts of 59 partners with 
more than 100 scientific groups; and takes full advantage of new and existing research facilities 
developed at a national level. Both NILU and the University of Oslo (Dep. of Geosciences) 
participate in this project.  Web-site: http://www.ozone-sec.ch.cam.ac.uk/scout_o3/ 

INTARESE: Integrated assessment of health risks of environmental stressors in Europe (2005-
2009) brings together a team of internationally lead scientists in the areas of epidemiology, 
environmental science and biosciences to collaborate on developing and applying new, integrated 
approaches to the assessment of environmental health risks and consequences, in support of 
European policy on environmental health. NILU is responsible for implementation of the human 
health risk assessment of ultraviolet radiation. Web-site: http://www.intarese.org 

 
National projects 
ARCTIC_LIS Arctic variability and climate change linked to stratosphere (2007-2011) is a NILU-
UiO collaboration funded by the Norwegian Research Council. It aims to investigate the impact of 
climate change on stratospheric ozone chemistry and transport, especially upon the ozone 
recovery, using a comprehensive, stratospheric chemistry model. It will also carry out exploratory 
studies on processes, still poorly represented or missing altogether in current chemistry-climate 
models, and which will be under scrutiny during the International Polar Year: I) the role of solar 
cycle and solar-terrestrial coupling from energetic particle precipitation (EPP), on the stratospheric 
ozone and nitrogen chemistry and budget, II) the role of very-short-lived bromine compounds on 
polar ozone depletion. 
 
FARIN: Factors Controlling UV radiation in Norway (2002-2006). The Norwegian Research Council 
funds the project. The main objective of the project is to quantify the various factors controlling UV 
radiation in Norway, including clouds, ozone, surface albedo, aerosols, latitude, and geometry of 
exposed surface including a comprehensive instrument comparison with spectral and broad band 
meters included in the project. The project applies both UV measurements (including the 
Norwegian GUV network) and radiative transfer modelling. Web-site: http://www.nilu.no/farin/ 
 
LLAE Light and Life in African Environments (2002-2007). In this project a network of NILU-UV 
instruments has been established in the African tropical belt: Serrekunda (Gambia), Kampala 
(Uganda), and Dar-es-Salaam (Tanzania). Further, 3 instruments are located in Kilimanjaro 
(Tanzania) at 1800 m, 3700 m and 5700 m. Total ozone columns, UV-doses and cloud effects are 
derived from the measurements at all sites. The project was funded by Norwegian Council for 
Higher Education’s Programme for Development Research and Education. The project continues 
in 2008 with funding from internal sources from Department of Physics, University of Oslo. 
 
MAREAS Material fluxes from the Russian Rivers Ob and Yenisey: Interactions with climate and 
effects on Arctic Seas (2003-2006). The main objectives of the project are to improve flux 
assessments of DOC, nutrients and contaminants from the Ob and Yenisey rivers in Russia and to 
study the hydro-optical properties of the Kara Sea. The linkage between DOC, UV light regimes, 
primary production and contaminant will also be elucidated. 
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MERFATE  Occurrence and fate of springtime atmospheric deposition of mercury in the Arctic 
(2007-2010), funded by the Norwegian Research Council. Deposition of mercury (Hg) from the 
atmosphere to the sensitive polar ecosystems is of particular interest in the Arctic. This is because 
studies have indicated the possibility of large depositional fluxes of Hg occurring during the polar 
spring (so-called Hg Atmospheric Depletion Events or AMDEs). UV radiation is one of the main 
driving factors in these processes and NILU and NTNU pursue further knowledge about this role of 
UVR. 
 
SATLUFT Use of Satellite observations in the national and regional assessment of air quality, the 
atmospheric ozone layer, ultraviolet radiation, and greenhouse gases (2007-2010). The main 
objectives of the project are to use Earth Observation data to improve the national and regional 
monitoring and assessment of the stratospheric ozone layer and surface UV exposure, the air 
quality in Europe and greenhouse gases. NILU coordinates this project which is funded by the 
Norwegian Space Centre and the European Space Agency,                                                                                  
Web-site: http://www.nilu.no/projects/SatLuft/index.cfm 
 
Atmo-TROLL: Atmospheric research and monitoring at Troll – a long-term observational program 
(2007-2010). This programme 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. 
Web-site:  http://observatories.nilu.no/Observatories/Troll/tabid/417/Default.aspx 
 
UTLS-Air: Chemistry in the upper troposphere and lower stratosphere - impact of aircraft emissions 
(2003-2006). The overall scientific aim of this project is to improve our understanding of the 
processes controlling the chemistry in the upper troposphere-lower stratospheric region with a 
special focus on aircraft impact. The present and future impact of aircraft will be studied.  
Web-site: http://folk.uio.no/asovde/utls-air/home.html 
 
 
FUTURE PLANS  
 
A short presentation of future plans are summarised below: 
 The Quadrennial Ozone Symposium 2008 will be arranged in Tromsø, Norway from June 

29th - July 5th. The Symposium is jointly organized by the International Ozone Commission 
and the European Commission and the local organising committee is lead by Ivar Isaksen, 
Dept. of Geophysics, University of Oslo. 

 The Tromsø Dobson #14 will be moved to Tibet University, Lhasa, Tibet, probably in 2009. 
The Oslo Dobson #56 will be moved to Makerere University, Kampala, Uganda, probably in 
2009 (this is managed by Dept. of Physics, University of Oslo). 

 NILU has deployed a NILU-UV instrument that is installed at the Norwegian Antarctic Troll 
Station (71º S). Analysis, further development, and applications of the instrument are planned 
for the upcoming years and effect studies are forthcoming. 

 NILU plans to use multiple information sources (satellite, laboratory data, chemical model, 
data assimilation) to quantify uncertainties in key chemical parameters and transport 
mechanisms associated with stratospheric ozone chemistry. Multiple assimilation and 
chemistry transport model experiments will quantify uncertainties by confronting models with 
observations; these uncertainties will be input to multi-model climate-chemistry model (CCM) 
experiments. A 12-partner proposal led by NILU has been submitted to FP7. 

 University of Oslo plans to study impacts of climate chemistry interactions on ozone recovery, 
and to study the impact of very short lived bromine source gases on stratospheric ozone. 

 Adaptation and maintenance of NILU-developed UV radiation simulation software to specific 
user needs continues, especially with respect to the popular FastRT model. 

 Further efforts will be put into the re-evaluation of the Svalbard total ozone data 1950-1962. 
More recent data from this site are stored in the WOUDC database (since 1984), but a 
comparison with TOMS and SAOZ measurements shows significant offsets. Therefore, these 
data should be quality-assessed.  
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 The historical Dobson ozone time series from Tromsø contains many days where a profile 
analysis using the Umkehr method may be applicable. The period prior to 1950 is very 
interesting as there were several winters with frequent PSC displays and low ozone values in 
late winter. However, for such a study funding has to be secured.  

 There will be more focus on studies of solar radiation and the aerosols influence on the direct 
and diffuse radiation. 

 There will be more focus on studies of the effects of UV radiation on both biological systems 
and materials.  

 
 
NEEDS AND RECOMMENDATIONS  
 
At present, ozone monitoring has a weak financial basis in Norway. Since the WMO-UNEP 
meeting in 2005 the ozone sondes at Ørlandet and UV observations in Ny-Ålesund have been 
excluded from the national monitoring programme due to lack of financial support for these 
monitoring activities. Also the UV instrument for monitoring BrO/OClO terminated this year due to 
low financial support. In order to secure a continuous operation of total ozone monitors and 
profiling instruments, predictable multi-annual funding schedules should be established in order to 
free operations from additional funding pathways, e.g. satellite validation projects and short-time 
research projects. There is a certain need of stable long-term economic support to be able to run 
instruments properly and continuously, which rarely are secured through research projects. The re-
evaluation of the historical ozone series has clearly revealed the need of observational continuity to 
establish high-quality long-term data sets, which are essential for climatologically studies in a wider 
sense.  
 
We also recommend an even closer international collaboration on UV radiation, particularly with 
respect to UV health risk assessment, UV effects, quality assurance of measurements, databases 
and forecasting.  
 
 

**** 



 

248 

PAKISTAN
An agrarian South Asian countryAn agrarian South Asian country
803,943 sq. km803,943 sq. km

Population 150millionPopulation 150million

PAKISTAN 
 
 
INTRODUCTION  
 
Pakistan lies in the temperate zone. The 
climate is generally arid, characterized 
by hot summers and cool or cold 
winters, and wide variations between 
extremes of temperature at given 
locations. There is little rainfall. These 
generalizations should not, however, 
obscure the distinct differences existing 
among particular locations. For 
example, the coastal area along the 
Arabian Sea is usually warm, whereas 
the frozen snow-covered ridges of the 
Karakoram Range and of other 
mountains of the far north are so cold 
year round that they are only accessible 
by world-class climbers for a few weeks 
in May and June of each year.  
 
Ozone Layer Depletion is a global problem that is affecting the whole world today. From the global 
data coverage and the research conducted by world famous scientists, it is well understood that 
ozone layer is being depleted everywhere, but in different magnitudes. From the information we 
receive, it is noted that Polar Regions account for major destruction especially the Antarctic 
Region. There is also a very large seasonal variation in depletion where the largest ozone hole is 
found in spring and summer. In the tropics there is very little seasonal change but the ozone layer 
is very thin thought out the year. Change in the mid- latitudes are erratic. 
 
Pakistan ratified the Vienna Convention, the Montreal Protocol, the London Amendment in 1992, 
the Copenhagen Amendment in 1995 and the Montreal Amendment-1997 and Beijing 
Amendment-1999 in February, 2005. The Ozone Cell was established in the Ministry of 
Environment in 1996 for the implementation of the Montreal Protocol. Country Programme was 
approved in 1996 and subsequently updated in 2003. As party to the Montreal protocol, Pakistan in 
cooperation with other countries is phasing out the consumption of ozone-depleting substances in 
an effort to safeguard the ozone layer. Pakistan is not an ODS producing country but imports a few 
such hazardous substances to meet its domestic needs. Pakistan has provided financial and 
technical assistance to various enterprises for phasing out the uses of ODS and switching over to 
the ozone friendly technology in collaboration with the implementing agencies World Bank, UNIDO 
and UNDP through Multilateral Fund for the implementation of the Montreal Protocol. CAP, UNEP, 
provides compliance assistance to Pakistan.   
 
 
OBSERVATIONAL ACTIVITIES 
 
Column measurements of ozone and other gases /variables relevant to ozone loss 
Pakistan has no adequate facilities for Column measurement of Ozone, as country is still 
endeavouring to improve its satellite technology for physical monitoring of stratospheric 
substances.   
 
Profile measurements of ozone and other gases/variables relevant to ozone loss       
The stratosphere is one of the constituents of thermal structure of the atmosphere. The maximum 
concentration of ozone is found at the stratospheric region where it is interacted by many species 
including chemical and physical processes. Atmosphere as a whole is an open system that is 
regarded as a non linear system and that seems to be complex. Therefore, a non-linear trend is 
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plausible to explain phenomenon of ozone layer depletion (OLD). Attention has been paid on 
analysis of the major portion of historic data on stratospheric O3 based on ground-based 
measurements by the Dobson spectrophotometer. Where in estimated parameters for describing 
non-linearity in the process using polynomial trend functions and predicted values are calculated 
for the period from 1960 to 1999. Future values for ozone depths are computed till 2006 and 
compared with the minor portion of the data set. 
 
The objective of the research is to present the result of an analysis of the Total Ozone Mapping 
Spectrometer (TOMS), total ozone data over Pakistan. Ozone measurement from the American 
satellite, Nimbus 7 TOMS, which operated from November 1978 through early May 1993 and later 
on data from the TOMS on-board the Russian Meteor 3 satellite till Dec, 1994 have been used to 
determine trends in total ozone over Pakistan. Both TOMS data records with spectral range 311-
380 nm, and spectral resolution 1 nm, provide global measurements of total column of ozone on 
daily basis. Ozone data from 1995 onwards was obtained from Earth Probe and Japanese 
Advance Earth Observation Satellite (ADEOS) measurements, However, data gap existed for the 
period between mid 1994 to mid 1995, The reprocessed daily total ozone observations made by 
these satellites over Pakistan (Karachi 240N, 670E, Lahore 310N, 74ºE, Quetta 31ºN, 670E, 
Chitral 35º N, 71º E) for the period from November 1978 till December 1998 have been used to 
investigate total ozone trends. Long term trend estimates obtained from the linear multiple 
regression analysis show no significant ozone trend in the south of the county (Karachi), However, 
the measurement for mid latitude (Lahore, Ouetta) northern region (Chitral 350N, 710E) have 
shown significant negative trend in ozone.  

In another study, the tropospheric ozone formation, stratospheric ozone subsidence and its 
variation (Seasonal) near and above the ground, temperature and dynamic behaviour of the 
troposphere and stratosphere have been explored. Ozone profile are also measured using GPS 
based Radiosonde / Ozonesonde balloon sounding system. The flight was carried out at 25’ N and 
66º E up to 30-35 Km altitude.  

Global environmental issues include ozone layer depletion, global warming, acid deposition, 
tropical deforestation, desertification, pollution problems in developing countries, its impacts and 
damages affect not only the countries that caused the problems but go beyond their national 
boundaries and reached a global scale. These problems are inter- related in a complicated 
manner. The loss of ozone high in the atmosphere as consequences of human activities is a 
serious global scale environmental problem. Total ozone measurements from Total Ozone 
Mapping Spectrometer onboard Nimbus 7 (NASA). Meteor 3 (Russian), and Earth Probe (NASA) 
from November 1978-2001 use to determine the quantitative spatial and a temporal resolution of 
ozone over the South Asia have been used to investigate total Ozone trends. Long- term trend 
estimates obtained from the linear multiple regression analysis show no significant Ozone trend in 
the Southern part of Asia However, the measurement for mid latitude and northern region have 
shown significant negative trend in ozone.  
 
UV measurements 
Ozone Increased surface UV leads to increased troposphere ozone. Ground-level ozone is 
generally recognized to be a health risk, as ozone is toxic due to its strong oxidant properties. At 
this time, ozone at ground level is produced mainly by the action of UV radiation on combustion 
gases from vehicle exhausts.        
 
The depletion of the ozone shield over the Polar regions has raised many questions such as 
climate and risks for humans and ecosystems resulting from enhanced UV radiations. The human 
exposure to UV radiation may result in many skin and eye disorders. A quantitative relation 
between the amount of UV radiation received and its adverse effects needs to be investigated. It is 
well known that even if the emission of ozone-depleting substances is halted immediately. The 
continuing depletion of the ozone layer will result in several thousands of extra cases of skin 
carcinoma. One of the important parameters to determine the extent of the climate change and the 
increase in UV radiation in the Asia-Pacific region is to monitor solar radiation (UV radiation) on a 
regional basis Minimum UV irradiation has been observed at coastal city of Karachi (24.87ºN, 

http://en.wikipedia.org/wiki/Redox�
http://en.wikipedia.org/wiki/Combustion�
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67.03ºE) during summer monsoon (July-Aug-Sep) with a cloud cover ranging from 90 to 100% UV-
B perturbations have also shown ante-correlation with total ozone.  
 
Calibration activities 
Calibrations are done on experimental scale for specific research needs, large scale calibrations 
are not performed periodically. 
 
 
THEORY, MODELLING AND OTHER RESEARCH 
 
Pakistan lack in physical infrastructure as well as skilled human resource for the simulation and 
mathematical modeling based research in upper atmosphere. The lack of ozone research is due to 
various reasons including lack of funding, lack of awareness and interest among the society and 
scientists etc. However research at least to measure ozone concentration over Pakistan and the 
amount of UV reaching the earth surface is underway. 
 
 
DISSEMINATION OF RESULTS 
 
The research activity for the upper atmospheric research is almost negligible and results are 
disseminated only through the collaborating parties as well as peer reviewed science publications. 
 
Data reporting 
Data is reported off and on to the collaborating space research organizations as well as it is 
occasionally posted on website, whenever available. 
 
Information to the public  
Country has no specific mechanism for public awareness regarding atmospheric forecast. 
Nevertheless, the Ozone Cell is conducting awareness programmes using information regarding 
amount of ozone over Pakistan and the global pictures provided by researchers from other 
countries and the agencies like UNEP and WMO. 
            
Relevant scientific papers 
Study of Nonlinear Dynamics of Ozone Layer Depletion for Stratospheric Region of Pakistan using Ground 

Based Instrumentation, Ayub Khan Yousuf Zai and Asif Khan. 
Long-Term Trends in Total Ozone over Pakistan Using TOMS Data 1978-98 (SUPARCO–Pakistan). 
Ozone Bio-monitoring in Punjab, Prof. Dr. S. Razi Abbas Shamsi. 
A Quantitative Study of Effects of Ozone Layer Depletion on Marine Organisms with Reference to Coastal 

Region of Pakistan, Muhammad Ayub Khan Yousafzai, University of Karachi/ Institute of Space and 
Planet Astrophysic. 

UV Insulation Monitoring in Asia--Pacific Region  (SUPARCO-Pakistan). 
 

 
PROJECTS AND COLLABORATION 
 
Pakistan does not possess adequate facilities for upper atmospheric research. Space and Upper 
Atmosphere Research Council (SUPARCO) is the only public sector organization of satellite 
research and development. Thus a project titled “Long-Term Trend in the Total Ozone over Asia 
using Satellites and Balloon Based Ozonesonde" is underway but the outcome of research is not 
very presentable at any international forum.  
 
Research is also underway for “UV Insulation monitoring in Asia-Pacific Region”. The sole 
organization has collaborations with:- 
 
• Asian Association for remote sensing (AARS). 
• Asia Pacific Space corporation Organization (APSCO). 
• Committee on Space Research (COSPAR). 
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FUTURE PLAN    
  
• Monitoring of ozone profile over the country.  
• Study on atmospheric chemistry in relation to ozone layer depletion and climate change.  
• Participate in the international inter-comparisons of Dobson Spectrophotometer, Brewer 

Spectrophotometer and Ozonesonde.  
• Develop biological system to monitor UV-B.  
• Research on impact of UV-B on human health and eco-systems.  
• Develop climatic models to predict the climatic change over Pakistan. 
 
 
NEEDS AND RECOMMENDATIONS 
 
UV Monitoring Network 
A satellite-based UV monitoring network can be useful to observe the distribution of the solar UV 
insulation over a large area and its seasonal dependence. The salient features of such programme 
can be the determination of seasonal trends and the variations in the distribution of solar UV 
radiation. Such a network would help arriving at representative models of UV radiation incidence 
and would enable the study of the temperature and dynamic behaviour of the troposphere and 
stratosphere providing ground truth information for the calibration and verification of remote 
measurements using satellite, radar. 
 
Ozone Research Talent Pool 
Pakistan and most developing countries desperately need some sort of human resource talent pool 
motivating the young talent for Ozone research. Therefore, a strategy may be evolved at South 
Asia Ozone Network level at least to encourage scientific talent in these countries for Ozone 
related research. 
 
Training of Ozone Research Managers 
Since Ozone research is not of much interest for corporate / business companies, therefore, there 
are least opportunities for training in frontier technologies in Ozone research. Therefore, a periodic 
research training fellowship is needed to be offered to developing countries, so that appropriate 
skilled researchers pool can be built in developing countries. The Ozone Research Managers 
meeting may recommend to the Meeting of Parties for taking decisions to request Parties to 
provide adequate support to continue the present activities and to carry out future plans.    
 
Monitoring Stations 
It will be useful and necessary to set up few monitory stations in the country. These stations can be 
also linked to the global network of monitoring station so that researchers can exchange global 
data and information. It is hoped that Pakistan scientists working in the field of environment will 
take part in this very important exercise. 
 
Bilateral Assistance 
Developed countries may consider having bilateral assistance programme with developing 
countries to strengthen ozone and UV-monitoring and research system.  UNEP networking system 
may also include ozone and UV monitoring activities in their agenda.    
 

**** 
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POLAND 
 
 
In Poland, ozone and UV monitoring and related research activities are conducted by the Institute 
of Meteorology and Water Management (IMWM), and Institute of Geophysics of the Polish 
Academy of Sciences (IGfPAS). The ozone and UV-B monitoring and research, carried on in both 
Institutes, are supported by: Chief Inspectorate for Environmental Protection; National Fund for 
Environmental Protection and Water Management; Ministry of the Environment. 
 
 
OBSERVATIONAL ACTIVITIES 
 
Column measurements of ozone and other gases/variables relevant to ozone loss 
 
Institute of Geophysics of the Polish Academy of Sciences  
Measurements are carried out at the Belsk Observatory (51° 50' N. 20° 47'E). Since 1963 total 
ozone measurements and Umkehr series have been performed by means of the Dobson 
spectrophotometer No. 84. In 1991 Brewer spectrophotometer No. 64 was installed. Total ozone 
and Umkehr profile series have been re-evaluated in 1983 and 1987 respectively.  
The surface ozone measurements with Monitor Labs, ML8810 meter started in 1991, and since 1992 
NOx measurements have been performed with Monitor Labs, (ML8841) meter. 
 
Institute of Meteorology and Water Management 
Surface ozone measurements with Monitor Labs. ML9810 are performed at 3 stations: Leba 
(54.75N, 17.53E) Baltic Coast, Jarczew (51.81N, 21.98E) Centre of Poland, Sniezka (50.73N, 
15.73E) Sudety Mountains. 
 
Profile measurements of ozone 
 
Institute of Meteorology and Water Management 
The ozone soundings have been performed at Legionowo (52.40N, 20.97E) 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 radio sounding system of 
Vaisala is in use.  The ozone soundings are launched regularly on each Wednesday. Legionowo is 
a complimentary station of the global NDAAC/NDSC ozone sounding network. Ozone sounding 
data from Legionowo are submitted to the NDSC database.  
 
• The Legionowo ozone profiles were used in the validation procedures of ozone profiles 

derived from satellite projects: MIPAS, SCIAMACHY and OMI. 
• Since 1993, on the base of the NOAA/TOVS satellite data, total ozone maps over Poland and 

surroundings have operationally been performed at a Satellite Remote Sensing Center of 
IMWM in Krakow. 

 
UV measurements 
 
Broadband measurements 
Broadband UV Biometers model SL 501 vers. 3 have been used for UV measurements at three 
IMMW stations in Poland: Leba (54.75N, 17.53E), Baltic Coast, Legionowo (52.40N, 20.97E), 
Centre of Poland, Zakopane 857m, Tatra Mountains (49.30N, 19,97E). The UV measurements on 
the Henryk Arctowski Polish Antarctic Station (62°09'41''56/S, 58°31'49''99/W) with SL501 were 
performed in 2005-2007.  
 
Systematic measurements of ground level ultraviolet solar radiation (UV-B) with the Robertson-
Berger meter have been carried out at Belsk station since 1975. In 1992 UV Biometer SL501A , 
and in 2005 Kipp and Zonen UV-S-AE-T broadband radiometer were installed. The UV monitoring 
has been conducted at Polish Polar Station at Hornsund, Svalbard since 1996. 
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Narrowband filter instruments 
Two NILU-UV spectral filter instruments, installed at IMWM station Legionowo, measure the UV-B, 
UV-A, total ozone and cloud transmission.          
 
Spectroradiometers 
Spectral distribution of UV radiation has also been monitored with the Brewer spectrophotometer at 
Belsk. 
 
Calibration activities 
The Dobson and Brewer spectrophotometers are regularly calibrated. The recent calibration of the 
Dobson instrument took place in 2005 at Hohenpeissenberg, and Brewer instrument was 
calibrated against Brewer#17 maintained by International Ozone Corporation, in 2007 at Hradec 
Kralove. The next calibration of Brewer and Dobson spectrophotometers is planned in 2008 and 
2009 respectively.  
 
The reference UV Biometer model SL 501 for the IMWM network took part in the calibration 
campaign in El Arenosillo Spain. Since 2001 the NILU-UV spectral filter instrument has been each 
year calibrated at NRPA, Norway. 
 
 
RESULTS FROM OBSERVATIONS AND ANALYSIS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Monthly mean values of total ozone at Belsk. 
 
 
RESEARCH 
 
Institute of Meteorology and Water Management 
Ozone and UV research activities are carried on in the Centre of Aerology in Legionowo in co-
operation with the Satellite Remote Sensing Center in Krakow. 
• The ozone research studies focus continuously on the long term changes in ozone profile. 

During last ten years an ozone increase in the middle stratosphere was detected.  Reasons 
for fast significant ozone increase in the lower tropospheric ozone are also examined.  

• Legionowo is often located at the border of the polar vortex and since 1995 participates in 
MATCH campaigns (statistical evaluation of ozone chemical destruction in Polar Vortex). 
Episodes of serious ozone deficiencies, observed during the displacements of the cold polar 
vortex in the winter/spring seasons: 1995/96, 1999/2000, 2004/2005 and 2007/2008, have 
been studied. 

• Participation in preparation of the Scientific Assessment of the Ozone Depletion 2006. 
• During the last years, UV research activities were directed mainly on UV reconstruction within 

COST 726 Action ‘Long term and variability UV radiation over Europe’. The IMWM 
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reconstruction model participated in comparison of UV reconstruction models from EU and 
showed very good results. Reconstructed UV series over Poland have shown a significant 
increase of daily UV doses since the1960s. 

• Investigation on UV radiation weighted with action spectra: erythemal, previtamin D3, SCUP-
H against total ozone and solar zenith angle. 

• The UV Measurements on the Henryk Arctowski Polish Antarctic Station with SL501 have 
been analyzed for the 2005-2007 period. 

 
Institute of Geophysics of the Polish Academy of Sciences 
The ozone research activities mainly focus on statistical analyses (trends) on local and global 
scale, and methodology of ozone measurements. The changes in the ozone layer over middle 
altitudes are examined in connection with changes in the dynamic factors characterizing the 
atmospheric circulation in the troposphere, the lowermost stratosphere, and the stratospheric 
overworld. The problem of the gradual recovery of the ozone layer in the atmosphere is also 
investigated. The study is focused on the role played by the dynamical factors in ozone variability, 
because natural dynamical processes in the Earth’s atmosphere can perturb the recovery of the 
ozone layer.  
 
Statistical analyses have been applied to the gridded monthly means of total ozone from combined 
TOMS and SBUV measurements (version 8 of the data) for the period 1978-2003 [Krzyscin 2006]. 
The study is focused on the detection of a change in the trend pattern by searching for a 
turnaround in the previous downward trend. The ozone time series have been examined 
separately for each grid point and season, taking into account the various descriptions of the trend 
term: double-linear, proportional to the index of the overall chlorine content in the stratosphere, and 
a smooth curve without an a priori defined shape (the output of the regression model The 
multivariate adaptive regression splines methodology is used to find an optimal set of the 
explanatory variables and shape of the trend curve. The statistical errors of the models' estimates 
have been calculated using block bootstrapping of the models' residuals. The results appear to be 
consistent among models using different formulations of the trend pattern. The 2003 level of total 
ozone after the removal of the variations due to the parameterized dynamical/chemical forcing on 
the ozone is still below the long-term (1978-2003) mean level over the extratropical regions. The 
deficit is ~2-5% in the NH and much larger in the SH and exhibits clear seasonal variability, ~15% 
in autumn, ~10% in winter, and ~-5% in spring and summer. The present total ozone level is higher 
beyond the tropics than that in the mid 1990s but it is too early to announce a beginning of the 
ozone recovery there because of the trend uncertainties, due to errors of the regression estimates 
for individual grid points and longitudinal variability of the trend pattern. A rigorous statistical test 
has shown the statistically significant turnaround for some grid points over the extratropical region 
and a deepening of the ozone negative trend has not been found for any grid point.  
 
Factors influencing the UV radiation (ozone content, aerosol, cloudiness) are studied, with 
particular emphasis on the response of UV radiation to forcing factors, at various time scales. In 
the studies of the UV-B variability advanced statistical methods such as wavelet decomposition 
and multivariate adaptive regression spline are used. The UV Spectrum Reconstruction Model, 
was elaborated and used for reconstruction UV radiation in the past.  
 
 
DISSEMINATION OF RESULTS 
 
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 WMO Ozone Data Centre regularly 
on monthly schedule, and operationally to the Data Base at NILU (Norway). 
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Information to the public 
• Since 2006, an operational monitoring of UV Index from the IMWM network consisting of 6 

stations has been published on www.imgw.pl.  
• Since 2000, the UV Index forecast for Poland has been available from May to August on the 

IMWM home page. 
 
Relevant scientific papers 
Krzyścin, J.W., and Rajewska-Więch, B., Preliminary comparison of the ozone vertical profiles from Umkehr 

and ozonesonde measurements over Poland with EOS-MLS Aura spacecraft overpasses, 2004-2005, 
International Journal of Remote Sensing, vol.28, 6, 2007, pp. 1089-1100. 

Krzyścin, J.W., Krizan, P., and Jarosławski, J., Long-term changes in the tropospheric column ozone from 
the ozone soundings over Europe, Atmospheric Environment, 41, 2007, 606-616. 

Krzyścin, J.W. Change in ozone depletion rates beginning in the mid 1990s: trend analyses of the 
TOMS/SBUV merged total ozone data, 1978-2003, Annales Geophysicae, 24, 2006, 493-502. 

Białek, M. Long-term changes (1980-2003) in total ozone time series over Northern Hemisphere 
midlatitudes, Acta Geophysica, 54, 1, 2006, 60-70. 

Krzyścin, J.W., Jarosławski, J., and Rajewska-Więch, B., Beginning of the ozone recovery over Europe? – 
Analysis of the total ozone data from the ground-based observations, 1964-2004: Annales 
Geophysicae, 23, 2005, 1685-1695. 

Jarosławski, J., and Krzyścin, J.W., Importance of aerosol variations for surface UV-B level, Analysis of 
ground-based data taken at Belsk, Poland, 1992-2004, Journal of Geophysical Research, vol. 110, 
D16201, doi. 10.1029/2005JD005951, 2005. 

Krzyścin J.W., Eerme, K.,  and Janouch, M., Long-term variations of the UV-B radiation over Central Europe 
as derived from the reconstructed UV time series, Annales Geophysicae, 22 2004, 1473-1485. 

 
 
PROJECTS AND COLLABORATION 
 
Institute of Geophysics of the Polish Academy of Sciences and Institute of Meteorology and Water 
Management participate in COST 726 Action. The main objective of the Action is to advance the 
understanding of UV radiation distribution under various meteorological conditions in Europe in 
order to determine UV radiation climatology, and assess UV changes over Europe. 
 
FUTURE PLANS 
 
Continuation of the current monitoring and research and: 
• Installation of the sun-tracker for measurements of diffused radiation with multi-channels and 

broadband instruments (IMWM).  
• Measurements of total ozone with multi channel with NILU UV in the meridional cross section 

of Poland (Leba  - on the Baltic coast, Legionowo- midland, and Zakopane – the Tatra 
mountains) (IMWM). 

• Investigations on mutual relation of tropopause and ozonopause heights over Central Europe 
(IMWM). 

• Climatology of UV radiation over Poland and evaluation of different biological UV action 
spectra (IMWM). 

• Umkehr measurements of the vertical profile of ozone with use of the Brewer                   
spectrophotometer (IGfPAS). 

• Investigation of the effect of UV radiation incident on inclined surface of various orientation. 
(IGfPAS). 

 
 
NEEDS AND RECOMMENDATIONS 
 
An additional Brewer spectrophotometer with double monochromator would make possible the 
extension of monitoring of ozone and UV programme. 
 

**** 
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PORTUGAL 
 
 
INTRODUCTION 
 
In the national report of Portugal, presented in the 4th meeting of ozone research managers of the 
Parties to the Vienna Convention for the Protection of the Ozone Layer, Geneva, 28-30 April 1999 
a historical review on the ozone and UV-B observations in Portugal was given. 
 
In this report, the main activities and results obtained in the period 1999-2008 will be presented. 
 
 
OBSERVATIONAL ACTIVITIES 
 
As national authority on meteorological domain, the Portuguese Institute of Meteorology (IM) has 
followed the long term total ozone observations carried out since 1960 and total ozone and UV 
monitoring continues, despite the significant decrease of available personnel for instruments 
operation and data processing during last 10 years. 
 
Column measurements of ozone 
The current Portuguese total ozone network comprises 3 stations: 
 

Table 1.   Total ozone instruments currently in operation in Portugal. 
Station Instrument Start year 

Dobson #013 1960 Lisbon 
Brewer #047 2000 

Funchal Brewer #048 1989 
Angra do Heroísmo Brewer #102 2004 

 
covering a wide geographical area of about 1.7 106 km2 of Eastern North Atlantic region (figure 1) 

 
Figure 1:   Portuguese total ozone stations. 

 
 
 
The current Dobson observational programme includes hourly C, D and A pairs DS or ZS 
measurements performed every day. Brewer spectrophotometers located at Lisbon and Funchal 
are used for routine total ozone and SO2 measurements (DS and ZS) and results are sent daily to 
the WMO Ozone Mapping Center. Brewer instrument located at Angra do Heroísmo (Azores Is.) 
station should be integrated on the GAW network after some operational improvements at the 
station, but basically with the same observational schedule. 
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Profile measurements of ozone         
No regular ozone sounding programme is currently carried out in Portugal, however an intensive 
campaign performed on 2001 spring (Apr.-May) with simultaneous soundings in Lisbon, Funchal 
(Madeira Is.) and Lajes (Azores Is.) upper air stations (ROCA II), using Brewer-Mast ozone 
sondes, showed the impact of UTLS dynamics on ozone vertical distribution changes (figure 2). 
 

0

10000

20000

30000

40000

50000

60000

70000

0.00 5.00 10.00 15.00

p(mPa)

z(
m

)

        
 

Figure 2:  Left: Ozone profile measured at Lisbon on 02.05.2001, showing a second upper 
troposphere maximum; Right: Ozone sonde launching at Lisboan upper air 
station. 

 
 
UV measurements 
Global UV radiation measurements have been done using spectroradiometers (Brewer MKII) but 
also broadband detectors (figure 3). Broadband measurements were carried out with Solar Light 
501 UV-Biometer detectors during a research project during near two years (2000-2001). 
Currently, only spectral measurements are done at the three ozone stations referred above. Since 
June 2004, a Brewer spectrophotometer MKII was re-installed at Angra do Heroísmo (Azores Is.) 
resuming the measurement programme previously done on 1992-1997. 
 

 
 
Figure 3: UV spectral-broadband network (200-2001). 

 
 
Broadband measurements 
Broadband UV measurements were carried out using Solar Light 501 UV-Biometer in the scope of 
a national funded project (HARTLEY) during 2000-2001. The detectors were located at 4 weather 
stations near the shore: Viana do Castelo, Coimbra, Sines and Faro. Data collected at the stations 
were transmitted daily to a central computer by modem phone lines. 
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Portuguese UV time series are too short for trend studies, however they are very useful for 
comparison with another sites and with model results. Annual maxima measured UV index values 
usually ranges from 10 to 11 at (figure 4) mainland and 12 at Funchal. While moderate values 
started earlier in southern regions, high values (7 ≤ UVI ≤ 8) started almost at the same time on 
summer. 
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Figure 4: Hourly variation of UV index with the day of year at Viana do Castelo (left) and 

Sines (right). 
 
 
Results over almost two years had shown a reasonable good agreement with clear sky model 
(MESTRAD) over 37ºN-42ºN latitude range (figure 5). However, measured UVI was sometimes 
higher than modeled in spring and early summer. 
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Figure 5: Measured (shaded) and modelled (contour) UVI distribution with day of year and 

latitude (37ºN-42ºN). 
 
 
Spectroradiometers 
Global UV spectral measurements have been done since 1990 (Funchal) with a Brewer MKII (290-
325 nm). Spectral UV measurements were resumed in Lisbon on June 2000, continuing the 
measurements started on 1989-1992. Later, in June 2004, a Brewer spectrophotometer MKII was 
re-installed at Angra do Heroísmo (Azores Is.) resuming the measurement programme previously 
started on 1992-1997. Preliminary results showed that Brewer UVI values are generally higher 
than SL500 but closer to the model results using actual total ozone measurements (figure 6). 
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Figure 6: Observed (circles) Brewer and SL500 and modelled (solid line) UVI daily values  

   at Lisbon (1999-2001). 
 
 
Calibration activities 
Since 1999, the Portuguese ozone and UV instruments have participated in several 
intercomparison campaigns in Europe (table 2). 
 
 

Table 2: International Intercomparison/Calibration campaigns. 
Instrument Place Campaign Year Type 
SL501 #3749 Thessaloniki COST 713 1999 UV 
Dobson #13 Hohenpeissenberg WMO 2000 Total ozone 
Dobson #13 Hohenpeissenberg WMO 2004 Total ozone 
Brewer #047 Lisbon QUASUME 2004 UV 
Dobson #13 El Arenosillo WMO/Iberonesia 2007 Total ozone 
Brewer #102 El Arenosillo WMO/Iberonesia 2007 Total ozone/UV 
SL501 #3749 El Arenosillo WMO/Iberonesia 2007 UV 
 

 
 

Figure 7: El Arenosillo Intercomparison - Campaign September 2007 (Brewer set up). 
 
 
 
RESULTS FROM OBSERVATIONS AND ANALYSIS 
 
Total ozone observations were analyzed to evaluate potential stratospheric intrusion events over 
Portugal (STRATOZON project). Results showed that total ozone daily changes are more frequent 
in Funchal (Madeira Is.) than in mainland (Figure 8). 
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Figure 8: Histogram of number of days with total ozone consecutive difference classes. 
 
 
THEORY, MODELLING, AND OTHER RESEARCH 
      
Total ozone and global radiation measurements have been used to derive UV radiation from 
simplified transfer models (figure 9). 

 
Figure 9: Brewer UVI observed values vs estimated values from observed global 

observations and modeled cloudless global and UV (Angra do Heroismo, 2004-
2007). 

 
 
DISSEMINATION OF RESULTS 
 
Data reporting 
Total ozone data from Lisbon and Funchal has been submitted daily to the World Mapping Center 
(LAP-AUTH). Processed and corrected data have been submitted with some delay to the WOUDC. 
UV spectral data have been submitted to the EDUCE database. 
 
Information to the public 
The interest of the public on the UV index information has increased in Portugal. Dissemination of 
current ozone and UVI information in Portugal is done at the Portuguese Institute of Meteorology 
webpage www.meteo.pt. (figure 10). UVI forecasts are based on the products disseminated by the 
WMO UV specialized regional centre (DWD). 

http://www.meteo.pt/�


 

261 

         
 
Figure 10: Yesterday’s UVI observed values (left) and today’s forecasted (right) UVI for 

mainland and islands. 
 
 
PROJECTS AND COLLABORATION 
 
During this period, the Portuguese IM has participated in several national, European international 
projects related with ozone and UV fields: 
 
National Projects: 

ROCA II 
 HARTLEY 
 STRATOZON 
 CLIMAAT 
 CLIMARCOST 
International Projects 
 COST 713 
 COST 723 
 COST 726 

Iberonesia 
EDUCE 
QUASUME 
Pico-NARE (IGAC) 

 
 

**** 
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SAMOA 
 
 
BACKGROUND 
The Government of Samoa acceded to the Vienna Convention for the Protection of the Ozone 
Layer and the Montreal Protocol for the Phase-out of Ozone Depleting Substances (ODS) in 1992.  
Samoa acceded to all the amendments of the Montreal Protocol in 2001. Samoa ratified the 
Vienna Convention 1985, Montreal Protocol 1987, London Amendments 1990, Copenhagen 1992, 
Montreal 1997 and in Beijing 1999. 
 
Samoa does not have a research centre to undertake any research activities of the Ozone Layer. 
However we wish to have the necessary equipments in the future to have observations of the 
Ozone in the Country. 
 
LEGISLATIVE FRAMEWORK 
The existing legislative framework under which the Government Action Plan for ODS phase-out 
includes: 
• Vienna Convention for the Protection of the Ozone Layer. 
• Montreal Protocol on Substances that Deplete the Ozone Layer and Amendments.  
• The Lands, Surveys and Environment Act 1989. 
• The Customs Act (Amendment) 1984. 
• National Policy for the Protection of the Atmosphere 2004. 
• Protection of the Ozone Layer Regulations 2006. 
 
The above-stated international agreements and Acts form the basis for the implementation of the   
Institutional Strengthening Programme of the Montreal Protocol. 
 
“The Ozone Layer Protection Regulation 2006” is the existing legal mechanism used in monitoring 
the licensing system which was enforced on the 1st September 2006. With the Regulations in place 
it has made the implementation of the licensing system effective and this legal mechanism has 
made it possible to carry out all the required obligations of the Samoan government under the 
Montreal Protocol. The Licensing system is now controlling and monitoring the implementation of 
the Protection of the Ozone Layer Project thus meeting Samoa’s obligations under the Montreal 
Protocol. 
 
LICENSING SYSTEM 
 
The licensing system is currently being implemented. Enforced on the 1st September, importing 
companies are being registered accordingly to the required conditions. And with the regulations in 
place it has made it effective to enforce this system having all the appropriate actions to be done 
on any non-compliant company or individuals towards any requirements for the license system or 
the regulations.  
 
 
Please find below activities that are being carried out for Ozone Layer Projection in Samoa. 
 
CURRENT ACTIVITIES 
 
 Enforcement of the ODS monitoring system. 
 MAC retrofit incentive programme and R&R project with UNDP. 
 Training of R&A/C technicians and auto mechanics. 
 Initiate and support the operation of Refrigeration Association. 
 Training of the Custom Officers for Controlling and Monitoring of ODS at check points. 
 Organize meetings with Ministry of Environment, Ministry of Commerce, Customs and Excise 

Department, and other relevant stakeholders to discuss the implement and enforcement of 
ODS monitoring and control system. 
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 Coordinate with Commerce Ministry of Finance and Ministry of Public Works and Transport, 
and its provincial departments on the prohibition of import and of equipment relying on CFCs 
to enter the country as well as the prohibition of registration car equipped with the CFCs that 
was put in place on 01 Jan 2006. 

 Organize regularly workshop/seminars on the ozone issues for the local authorities, for ODS 
importers and for servicing. 

 Conduct mass media awareness with emphasis in the refrigeration servicing sector 
technicians in the whole country. 

 Intensify exchange of information and experiences with countries within SEAP and SA 
Network and with other implementing agencies. 

 Reporting of the consumption data to the Ozone Secretariat as per reporting requirements of 
Article 7 of the Protocol by 30 September (if possible by 30th June) each year for the previous 
year data. 

 Reporting of progress on country Programme implementation to the Multilateral Fund 
Secretariat by 1May each year for the previous year data as per Decision 13/193 of 
Executive Committee. 

  
 
PLANNED ACTIVITIES 
 
 To review existing Atmospheric Policy and the Protection of the Ozone Layer Regulations 

2006, design of and implementation support for additional regulatory interventions that may 
be required for implementation of Montreal Protocol in Samoa.   

 
 To strengthen the national capacity for enforcing regulations, through expanding training and 

equipment support for officers from Customs Division, Ministry of Revenue and other 
organizations including the Ministry of Agriculture’s Quarantine Division. 

 
 To develop a mechanism for sharing information and data from the enforcement departments 

with the other stakeholder ministries, for more effective tracking and monitoring of ODS trade 
and use. 

 
 Promoting and supporting the establishment of a national association for the refrigeration and 

air conditioning servicing industry. 
 
 Expansion of the technician training programme in good practices in servicing to cover an 

additional 100 technicians. 
 
 Provide a refresher training programme for trainers from the Samoa Institute of Technology 

(SIT) and technicians who were trained under the RMP to keep them abreast of the latest 
technologies and practices in refrigeration servicing including servicing of non-ODS 
equipment. 

 
 Incorporate UNEP and other relevant training materials on good practice into Samoa Institute 

of Technology (SIT) national training curricula. 
 
 Strengthening and support the NOU to register and certify all practicing refrigeration 

technicians in Samoa. 
 
The Government of Samoa in close collaboration with UNEP will continue to comply with the 
Vienna Convention and the Montreal Protocol in meeting all the requirements for the protection of 
the ozone layer. Thus we are willing to receive information and help in designing a research centre 
in the country as well as the expertise from existing research centres around the World.  
 

**** 
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SLOVAKIA 
 

OBSERVATIONAL ACTIVITIES 
 
Column measurements of ozone 
Since August 1993 Brewer ozone spectrophotometer MKIV No.097 has been operated at the 
Global Ozone Observing System (GOOS) station No. 331 Poprad-Ganovce (49.03N, 20.32E, 
706 m a.s.l.). The station is a part of the Aerological and Radiation Centre (ARC) of the Slovak 
Hydrometeorological Institute (SHMI). ARC is also performing upper-air measurements and 
conducting SHMI solar radiation network. Poprad-Ganovce is the Global Atmosphere Watch 
(GAW) regional station for the total column ozone monitoring. 
 
Profile measurements of ozone 
Morning Umkehr vertical ozone profile measurements have been made with the Brewer 
spectrophotometer by proper weather conditions since August 1993. Every year about 150 Umkehr 
profiles have been taken and files are available to process. 
 
UV measurements 
Broadband measurements 
At present the Slovak UV-B network consists of five stations. Four of them are equipped with 
SOLAR Light 501 UV Biometers. Three stations belong to SHMI (Bratislava 48.17N, 17.12E, 
287 m a.s.l., in operation since 1997, Kosice 48.70N, 21.27E, 230 m a.s.l., since 1998, Poprad-
Ganovce, since 1999) and one station situated in mountains belongs to the Geophysical Institute of 
the Slovak Academy of Sciences (GISAS) (Skalnate Pleso, 49.20N, 20.23E, 1778 m a.s.l., in 
operation since 2001). GISAS also measures the global ultraviolet radiation with Eppley UV-
radiometer model TUVR for the wavelength range 290-385 nm located at Stara Lesna (49.15N, 
20.29E, 808 m a.s.l., in operation since 2002). 
 
Narrowband filter instruments 
No UV narrowband instruments are installed at SHMI and GISAS stations. 
 
Spectroradiometers 
Spectral measurements of the solar UV-B radiation (in the region 290-325 nm at 0.5 nm 
increments) have been performed with the Brewer spectrophotometer at Poprad-Ganovce since 
August 1993. Observations are scheduled at regular time intervals. Poprad-Ganovce is GAW 
regional station for the spectral UV-B monitoring. 
 
Calibration activities 
The Brewer No.097 is regularly calibrated against World Travelling Standard Brewer No.017 every 
two years. Last international comparison and calibration was held at Hradec Kralove in May 2007. 
 
The ARC maintains the SL 501 UV Biometer designated as the national reference instrument. The 
instrument is compared with the Czech reference UV Biometer during the Brewer calibration 
campaigns. In 2006 the Slovak reference instrument took part in the international calibration held 
at WRC Davos. 
 
 
RESULTS FROM OBSERVATIONS AND ANALYSIS 
 
Figure 1 shows seasonal means of total column ozone at Poprad-Ganovce. Trends in total ozone 
for the period 1994-2007 are positive except for autumn. In contrast with the negative trend 
reported 3 years ago higher ozone in most of last ten years started to compensate very low ozone 
in period 1995-1997. 
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Figure 1: Seasonal trends in total column ozone at Poprad-Ganovce 1994-2007.  
   
 
 
Months with most significant positive and negative trends in total ozone are in Figure 2. In March 
and June positive trends of almost 10 D.U. per decade were observed. Total column ozone was 
low during first half of the investigated period in June. Average ozone loss was about 10 per cent. 
Since 2001 ozone layer in June has improved however total column ozone amount is still about 5 
per cent below long term average. Positive trend of 5 D.U. per decade was observed also in 
February in which big variability in total ozone is typical. In investigated period negative trends in 
total column ozone from -3 to -4 D.U. per decade were observed only in September, October and 
December. 
 
Observations at Poprad-Ganovce indicated that the ozone decline does not continue. The onset of 
ozone increases should be identified in present period which is in accordance with most of models.  
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Figure 2: Months with significant trends in total column ozone at Poprad-Ganovce 1994-

2007. 
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THEORY, MODELLING AND OTHER RESEARCH 
 
A model of daily total ozone for Poprad-Ganovce station was created as the sum of two 
independent models: (1.) model of the monthly total ozone values, (2.) model of daily total ozone 
deviations from the monthly average.  Parameters tested before inclusion into the monthly total 
ozone model were: ozone-depleting substance concentration in the stratosphere expressed by 
equivalent effective stratospheric chlorine (EESC), stratospheric aerosol, index of quasi-biennial 
oscillations (QBO), index of North Atlantic oscillation (NAO), solar activity expressed by sun spot 
number (SSN) and upper-air data (height of tropopause for January–February, temperature at 
700 hPa level for December and difference between 100 hPa and 250 hPa isobaric level heights 
for the other months). Analysis of the Hradec Kralove monthly total ozone showed that 
concentration of ozone-depleting substances in the stratosphere, NAO-index and upper-air 
parameters belong to the best proxies of the total ozone nearly during the whole year. Aerosol 
plays significant role in long-term total ozone variability in December and January. Solar activity 
variations affect the total ozone values in April-July. QBO index does not affect the total ozone 
variability significantly during any month except for February. Comparison of monthly total ozone 
trends determined from modelled and measured 1970 - 2000 time series showed descending trend 
of total ozone during all months, the largest total ozone decrease was detected in April and June, 
but the most significant linear decrease of total ozone was determined in January and October. 
Difference between modelled and measured total ozone trend was below 0.3 %. Short-term total 
column ozone variability was modelled using upper-air proxies only. The error of final model of 
daily total ozone was of 6 %. Coefficient of determination between measured and modelled 1993 - 
2004 total ozone was of 0.86. 
 
Maps of the solar erythemal ultraviolet (UV) radiation daily doses were created for every month 
with horizontal resolution of 500 m at geographical domain 47.15N – 49.86N x 16.94E – 22.81E 
covering the territory of Slovakia. Cloud modification factor (cmf) for the UV radiation was modelled 
utilizing relation between the cmf of total and UV radiation. Measurements of total ozone performed 
with Brewer spectrophotometer at Poprad-Gánovce (inside the investigated domain) were 
considered representative for selected geographical area. Information on snow cover presence 
was the only meteorological parameter used in the model. Verification of the model was performed 
at 5 observatories equipped with broadband solar UV radiometers. The maps of the cmf factor for 
the UV radiation were created utilizing measurements of total solar radiation performed 
at 9 observatories during decade 1995–2004 and the model of monthly cmf dependence on 
altitude. Maps of clear-sky UV radiation daily dose and UV radiation daily dose affected by average 
cloudiness were constructed for average monthly total ozone values, their upper and lower monthly 
limits, for two probability levels of snow cover occurrence as criterion for the snow line altitude and 
for 1 day representing typical values of every month. The maps of the erythemal UV radiation daily 
doses were created for average and limit conditions of factors affecting the erythemal UV radiation.  
 
  
DISSEMINATION OF RESULTS 
 
Data reporting 
The Brewer data are submitted to the World Ozone and Ultraviolet Data Centre (WOUDC) in 
Toronto every month. Total ozone and UV-spectral raw data are monthly submitted to Brewer Data 
Management System (BDMS) in Toronto to process and submit it to WOUDC. Since winter 1994 
the station has participated in the WMO GAW Northern Hemisphere Ozone Mapping Experiment 
by daily submitting of total ozone data to Ozone Mapping Centres. 
 
Information to the public 
The report on present state of ozone layer and intensity of solar damaging UV radiation (Erythema 
effect) for sunny days is sent to Slovak Press Agency twice a day. It is regularly utilized by 
television, broadcast and newspapers. 
 
ARC Poprad-Ganovce also has been preparing short report on the total ozone amount and 
recommended maximal sunburn time. This report is propagated by mobile telephone service. 
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SHMI provides regular total column ozone and UV Index (March-September) forecast. It is 
propagated by SHMI Web site. 
 
Daily means of total ozone and deviations from long term average are part of upper-air information 
in monthly issued Bulletin Meteorology and Climatology, Slovak Republic. 
 
Analyze of total ozone, surface ozone and solar UV radiation is regularly included in the annual 
publication: "Air Pollution in the Slovak Republic". 
 
Relevant scientific papers 
Pribullová, A., Chmelík, M., 2005: Effect of altitude and surface albedo variability on global UV-B and total 

radiation under clear-sky condition. Contributions to Geophysics and Geodesy, 35/3, 281-298. 
Pribullová, A., Chmelík, M., 2005: Reconstruction of UV-B radiation time series at Skalnate Pleso 

observatory in period 1961-2004. Proceedings of conf. Bioclimatology at present and in the future. 
Brno 12 – 14 September 2005, ISBN 80-86690-31-08, p. 59. 

Pribullová, A., Nowaková, B., Chmelík, M., 2006: Modelling of long-term and short-term total ozone variability 
at Poprad-Gánovce, Slovakia. Contributions to Geophysics and Geodesy, 36/3, 283-303. 

Pribullová, A., Chmelík, M., 2007: Solar erythemal UV radiation climatology over Slovakia. Contributions to 
Geophysics and Geodesy, 37/2, 87-108. 

Nowaková, B., 2007: Evaluation of total ozone extremes at Poprad-Gánovce. Contributions to Geophysics 
and Geodesy, 37/3, 275-290. 

 
 
PROJECTS AND COLLABORATION 
 
SHMI participate in international ozone and UV collaboration mainly by regular submitting of the 
ozone, upper-air and UV-B data to the WOUDC and special project data basis. 
 
At national level the project: "UV Biometer calibration methodology and UV-B observation series 
reconstruction" is solved at SHMI and the project: "Effect of atmospheric boundary layer on 
radiative fluxes and heat balance of Earth’s surface" is solved at GISAS. Both projects are included 
into COST action 726: "Long term changes and climatology of UV radiation over Europe". 
 
 
FUTURE PLANS 
 
Because of limited both personal and financial capacities the main task is maintenance and regular 
calibration of all instruments to keep the high data quality. 
 
Since 2007 ARC Poprad-Ganovce has served as the National Radiation Centre. Therefore the 
cooperative research of SHMI and GISAS will be managed to utilize the correlation of global 
radiation and other proxies to UV radiation for more precise modelling of UV radiation over 
Slovakia. The aim is also more comprehensive and detailed information about solar UV radiation 
and ozone layer state to the public. 
 

**** 
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SOUTH AFRICA 
 
 
INTRODUCTION 
 
The depletion of the stratospheric ozone layer, increases in tropospheric ozone, higher levels of 
acidity in rain, rising carbon dioxide and methane concentrations, and changes in the radiative 
balance of the earth-atmosphere energy system - all reflects the increasing influence of human 
activity on the global atmosphere, the life-support system of planet Earth. Environmental issues 
and policy matters have to play a pivotal role in meeting the developing needs and challenges of 
the people in a new democratic South African Society. Clauses in protecting and respecting the 
environment in a sustainable context, is embedded in the South African Constitution.  
 
Worldwide it is proven that sustained systematic observation only survives under the auspices and 
responsibility of a Government. More and more of these specialized environmental monitoring 
activities are shifted towards the responsibilities of National Meteorological Services. This is 
undoubtedly a core service resulting from international agreements undertaken by government of 
the Republic of South Africa. 
 
Since the establishment of the Montreal Protocol, South Africa has succeeded in implementing the 
protocol and has achieved the following with voluntarily co-operation mainly from industry. South 
Africa is in the fortunate position that it is well ahead of the normal phase out of ozone depletion 
substances schedules for developing countries due to its initial classification as a developed 
country. However, it does not rest on its laurels since there are still many ozone-depleting 
substances that must be phased out.  A study has shown that about 75% of methyl bromide is 
used for soil fumigation, 11% for fumigation of structures, and the remaining is used for durable 
products such as beans and nuts as well as for quarantine and pre-shipment treatment. South 
Africa has almost completely phased out the use of ozone-depleting substances such as CFCs 
and carbon tetrachloride, and it stopped using ozone-depleting CFCs in aerosol spray-can 
propellants as far back as July 1992.  However, a small amount of legal CFCs are imported and 
exported to fill asthma inhalers as well as air conditioners and refrigerators manufactured before 
1996.  The CFC methyl bromide (used as a pesticide in the agricultural sector) is still being 
imported and used.  Although methyl bromide is a versatile, cost effective with many applications 
particularly in the field of agriculture, however like all other signatories to the Protocol South Africa 
will have to phase out methyl bromide by 2015. 
 
South Africa is responding to its air pollution challenges in various ways. These include legislative 
reform, revision of ambient air quality limits, proactive planning by local authorities, and sector-
specific controls. On 24 February 2005, President Thabo Mbeki assented to the National 
Environmental Management: Air Quality Act (No. 39 of 2004) (NEMAQA).   
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OZONE OBSERVATIONAL ACTIVITIES 
 
The South African Weather Service (SAWS), an agency of the Government Department of 
Environmental Affairs and Tourism (DEAT), is the focal point of ozone monitoring and research 
activities in South Africa. These activities are enhanced by collaboration with a few national centers 
as universities.  
 
The ozone monitoring and research activities are conducted within the context of the World 
Meteorological Organizations (WMO) Global Atmosphere Watch (GAW) programme. The Cape 
Point Global Atmosphere Watch (GAW) station undertakes a regional network of observations and 
focuses on these research efforts. 
                                                                                                                                                                                   
Column measurements of ozone and other atmospheric variables 
The first South African column ozone measurements were made during 1964 until 1972 with 
Dobson #089 operating from Pretoria. 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. 
Dobson #035 on permanent loan from the UK Met Office still needs to meet the required 
operational specifications and will operate soon from Cape Town ( 34.1S 18.2E ). 
 
A WMO/GAW International Comparison of Dobson Spectrophotometers (SAWB2000IC) was 
organized by the World Meteorological Organization and the South African Weather Service in 
close cooperation with the USA National Oceanic and Atmosphere Administration’s Climate 
monitoring and Diagnostics Laboratory (NOAA/CMDL).  This first Africa, WMO Region-I Inter- 
comparison event was conducted in Pretoria from 18 March – 10 April 2000. In addition the Czech 
Republic Hydro-meteorological institute continued to provide expert assistance to southern African 
training of Dobson operators. A training visit also was conducted in July 2004 at the Irene station. 
The second all African Dobson Inter-comparison was hosted by the Egyptian Meteorological 
authority and participation occurred in 2004 in Dahab. The next is to occur in 2008, South Africa.  
 
Since November 1998, the S A Weather Service has been fortunate to reinstate its ECC RSG80-
15GE Ozonesonde sounding programme, which operated during the period 1990 until 1993. 
Weekly ozonesonde soundings are conducted. This data is shared with the Southern Hemisphere 
Additional OZonesondes (SHADOZ - http://croc.gsfc.nasa.gov/shadoz/) programme from NASA, 
USA, which also is submitted to WOUDC.  Since 2000, the Irene ozonesonde station was officially 
accepted into the SHADOZ network.  The Irene Ozone Launching programme now also formed 
part of the AURA validation of OMI/TES and data after each launch is submitted in near real time. 
In spite of some technical upper air sounding equipment difficulties during 2007, the Weather 
Services is still able and committed to continue with a programme of two ozone ascents per month 
for the foreseeable future. Some preliminary long-term data results from our ozone network are 
revealed below. 
 

 
 
 
Figure 1:  Dobson #132 Total Ozone Column for Springbok. 
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Figure 2:  Dobson #89 Total Ozone Column for Irene. 

 
 
Surface ozone measurements are continuously undertaken at Cape Point since 1982. Our 
programme has also extended surface ozone measurements to the South African National 
Antarctic Expedition Base (SANAE IV) in Antarctica since December 2003. This data will be 
included in research efforts relating to the current ongoing International Polar Year (IPY) activities. 
The SAOZ instrument which operated at SANAE during the early 1990’s, has been refurbished at 
LSCE, CRNS, and France and was reinstated at the new SANAE IV base in December 2005.  
 
Other relevant Trace Gases and profile measurements 
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. The Cape Point GAW Laboratory is also 
scientifically twinned with a research partner, namely the Fraunhofer Institute for Atmospheric 
Environmental Research (IFU) in Garmisch, Germany, now IMK-IFU (Forschungszentrum 
Karlsruhe). 
 
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 and N2O  
greenhouse gases in the troposphere such as CO2  and CH4 and reactive gases such as CO. 
 
Furthermore, UV-A, UV-B and global radiation (total and diffuse) are also measured as well as the 
normal surface meteorological parameters. Radon measurements to assist with the classification 
of air masses arriving at Cape Point have been successfully established over the last five years. 
Regular scientific audits from EMPA, Switzerland for surface O3, CO and CH4 have been 
successfully conducted over the past seven years. In 2003 the WCC-N2O (Forschungszentrum 
Karlsruhe IMK-IFU and Umweltbundesant) conducted an audit for N2O at Cape Point. During 2006 
with German collaborations (GKSS Research Centre Geestacht) the Cape Point gashouse 
mercury measurement programme was also revived. 
 
Since 2005 a project was undertake for the continuous measurements of aerosols. This is now a 
well established programme at the Cape Point GAW station and includes physical, chemistry and 
optical properties being measured.  This milestone was reached with start-up funding support from 
WMO, scientific partnering with NOAA ESRL scientists (who designed and constructed the aerosol 
system) and local SAWS  GAW station scientist running and maintaining the system. The latest 
addition was the establishment of Aerosol Optical Depth (AOD) measurement relevant to global 
climate change in accordance to detailed guidelines set out in GAW Precision Filter Radiometer 
Network (GAWNET) http://www.pmodwrc.ch/worcc  and Global Atmosphere Watch Programme of 
the World Meteorological Organization (GAW) http://gaw.tropos.de 
 

http://www.pmodwrc.ch/worcc/pmod.php?topic=gawnet_aod_network�
http://www.pmodwrc.ch/worcc/pmod.php?topic=gawnet_aod_network�
http://www.pmodwrc.ch/worcc�
http://gaw.tropos.de/�
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Ultraviolet-B measurements  
Since January 1994 the Weather Service has maintained a routine programme 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 programme 
was motivated by and in collaboration with the School of Pharmacy at the Medical University of 
Southern Africa (MEDUNSA), near Pretoria.  
 
Since December 2001, the UV-Biometers are directly linked on the Services wide area network, 
and available in real-time on the SAWS WWW-site http://www.weathersa.co.za/ .  UV-B forecasts 
are also issued for the Cape Town, Durban and Pretoria-Johannesburg metropolitan areas since 1 
December 1997. 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 programmes for education. Regular enquiries from scholars are dealt with to 
satisfy their need to acquire more ozone and ultraviolet radiation knowledge. Two UV-B narrow-
band (~306nm) Kipp&Zonen sensors are located at the two Dobson sites to investigate possible 
trend correlation between ultraviolet radiation and total ozone. Great strides have been made to 
develop our own numerical weather predictions outputs for UV indices. Celebrations around 16 
September, each year, usually focuses to create public awareness. Once a year on this day it is 
also dedicated to the hard working ozone observers and technicians gathering the measurements. 
 
 
RESEARCH AIRCRAFT AND OTHER OBSERVATION/MONITORING NETWORKS 
 
The South African Weather Service’s two research aircraft Aerocommanders are used as Air-borne 
monitoring platforms.  Site sampling is conducted at a speed of 100 ms-1, at low atmospheric levels 
(500m – 3000m above ground level) and the range of the aircraft is around 3.5 hours, over 
predetermined pollution hotspot areas over the country.  
 
In addition to standard meteorological parameters, instruments mounted in and on the aircraft 
measure the following trace gases and aerosols: 
 
• Carbon dioxide, Carbon monoxide, Sulphur dioxide, Hydrogen sulphide, Oxides of nitrogen, 

Ozone, Volatile organic compounds, and the concentration of aerosols between. 
 

There has been a shift in air quality management in South Africa from source control to 
pollution prevention by focussing on ambient air quality and is intended to ensure improved 
air quality for future generations. The aircraft monitoring capabilities complements other 
ground-based research and monitoring processes to ensure that information and data 
associated with air pollution are of the highest quality and are accessible to all South 
Africans. 

 
The primary airborne monitoring project objectives are: 
 
• To determine the spatial and temporal characteristics of air quality over South Africa 

through the use of ground-based, airborne and satellite measurements; 
• To validate the various measurements and integrate them into a holistic picture of the 

South African air quality situation with the context of the region; 
• To build capacity in the fields of air quality and atmospheric chemistry through hands-on 

training. 
 
The aircraft research and monitoring facilities are jointly managed by the South African Weather 
Service and the Climatology Research Group of the Witwatersrand University (Wits) in 
Johannesburg. 
 
 
 
 

http://www.weathersa.co.za/�


 

272 

                 
 

Figure 3:  SAWS research Aircraft and under-wing measurement pods. 
 
 
 
CALIBRATION ACTIVITIES AND DATA SUBMISSIONS 
 
All primary ozone and trace gas data are submitted regularly to WMO recognized World Data 
centers. Data for year 2007 is slightly delayed due to our 2nd level of quality assurance processes 
still needed to be finalized. Since the inception of the Dobson programmes these instruments have 
been internationally calibrated through inter-comparison campaigns as supported by WMO. The 
next all-African Dobson calibration is scheduled to take place in South Africa during 2008, currently 
recognized as a WMO Regional African Dobson Calibration Centre.  
 
Regular scientific audits from EMPA, Switzerland for surface O3, CO and CH4 have been 
successfully conducted over the past years, the latest being in September 2006. We have also 
acquired a surface ozone calibrator. With EMPA references the Cape Point laboratory hope to act 
as a national calibrations facility, especially for the many air quality monitoring networks in 
operation.  
 
 
COLLABORATION - NATIONAL AND INTERNATIONAL  
 
Ozone and related research are conducted sporadically within the country, mostly at a few 
academic institutions such as the University of Kwazulu Natal in Durban, the University of Cape 
Town and the University of the Witwatersrand in Johannesburg. Research interest on the effects of 
ultraviolet radiation amongst the medical and environmental sectors has also become more 
pronounced but are still sporadic. 
 
South Africa must also acknowledge its many international collaborators with specific references to 
international programmes and Institutions such as: 
 
• The World Meteorological Organization (WMO) and many other NHMS in our region 
• SHADOZ/NASA/GSFC/USA  
• USA NOAA CMD  
• WOUDC and ARQP, Toronto, Canada 
• Training assistance from GAWTEC  http://www.schneefernerhaus.de/e-gawtec.htm, Germany  
• EMPA http://www.empa.ch/plugin/template/empa/704/  
• GAWSIS http://www.empa.ch/gaw/gawsis/  and IMK-IFU Garmisch, Germany 
• GAWNET http://www.pmodwrc.ch/worcc/pmod.php 
• LSCE, CNRS  and DEBITS, Paris and Toulouse, France 
• EML, New York, USA 
• The CZECH  NHMS 

http://www.empa.ch/plugin/template/empa/704/�
http://www.pmodwrc.ch/worcc/pmod.php�
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FUTURE PLANS AND RECOMMENDATIONS 
 
In collaboration with various research institutes we still would like to improve the general circulation 
models for ozone and UV-B predictions. The SAWS currently runs the Unified model of the UK 
Met. Office as its operational forecasting model. Efforts in this regard and capacity building in 
extending the NWP capabilities to include future Air Quality Forecasting services as an operational 
task of the weather serves is ongoing. 
 
Also to note is that the Department of Environmental Affairs and Tourism (DEAT) has prioritized 
environmental policies especially through the new Clean Air Act. The South African Air Quality 
Information System (SAAQIS) is being developed under the auspices of a task team comprising 
members from the National Department of Environmental Affairs and Tourism (DEAT) and the 
South African Weather Service. The broad purpose of SAAQIS is to provide all stakeholders with 
access to accurate, relevant, current and complete information pertaining to national air and 
atmospheric quality in order to facilitate informed decision-making with respect to South African 
ambient air quality objectives. http://www.saaqis.org.za/  
 
Through  various other DEAT initiatives and projects it is believed that many municipalities (level of 
local government)  across South Africa who operates air quality monitoring networks  will also 
contribute relevant information to the SAAQIS system.  Some of these monitoring projects can be 
researched at http://www.deat.gov.za/ 
 
The International Polar Year (IPY) also provides ample opportunity for the extension of 
collaboration and monitoring networks in the southern Oceans and Antarctica. Plans are being 
developed to enhance RSA ozone and trace gas measurement activities, at the South African 
National Antarctic Base at SANAE.  These could also include the enhancement at the monitoring 
stations at Gough (40S, 10W) and Marion (47S, 37E) islands where permanent South African 
weather stations are operating. 
 
Enhancing ozone and trace gas activities on the African continent, remains a great need and a 
great challenge.  Many countries have expressed their willingness to participate and to become 
more actively involved in sustaining measurement programme in some form. The challenge, we as 
the scientific community thus must encounter, is how to assist those who also needs further 
investment, capacity and encouragement to secure and enhance the global network.  
 
South Africa remains committed to continue building its scientific capacity relating to – ozone, 
atmospheric research and monitoring in general, and the related integrated Climate Change 
activities. The South African “ozone” community is very small and published peer-reviewed articles 
of research findings are admittedly very scarce. 
 
There is an ever increasing need to establish long term continued high-resolution spectro-
radiometer UV observations at some suitable sites in southern Africa. The first most favorable site 
could be located at the Base-Line Surface Radiations Network (BSRN) station at the De Aar 
location. 
 
Total Quality management is gaining momentum in SAWS and the implementation of ISO 
standards for data quality assurance is needed for all instruments and observation technologies 
used for monitoring of ozone and UV in the national networks. This includes manly definition and 
implementation of traceable calibration systems/chains, SOPs and maintenance of relevant 
metadata files.  
 
 

**** 
 

http://www.saaqis.org.za/�
http://www.deat.gov.za/�
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SPAIN 
 
 
OBSERVATIONAL ACTIVITIES 
Continuous ozone, UV radiation and related atmospheric compounds monitoring and research is 
mainly conducted by the Meteorological State Agency of Spain (AEMET), former “Instituto 
Nacional de Meteorología” (INM), and the National Institute for Aerospace Technology (INTA). 
Departments of Atmospheric Physics and Meteorology of some Spanish universities do research 
on ozone and UV, most of them financed by the National R+D Plan of the Ministry of Education 
and Science. Some Regional Governments have implemented regional UV networks in the last 
three years. 
 
Column measurements of ozone and other gases/variables relevant to ozone loss 
  
Dobson spectrophotometer records 
The longest total ozone record in Spain (since 1980) has been obtained with the Dobson 
spectrophotometer #120 installed at "El Arenosillo" station (Huelva) and operated by INTA. This 
instrument has been used in a number of intercomparisons at Davos and Hohenpeissenberg and 
is in operation at present. The latest calibration was held at El Arenosillo station in September 
2007 against the European standard (Regional Dobson Calibration Center for Europe).   
 
Brewer spectrophotometer national network 
AEMET operates a national Brewer spectrophotometer network (Figure 1 and Table 1). The 
Brewer at the “El Arenosillo” station, financed by the Andalusian Regional Government, is 
managed by INTA. Total ozone and spectral UV are real-time monitored. 

 
Figure 1: National UV broadband radiometer and spectrophotometer network 

 
 

Table 1:  National Brewer Spectrophotometer network 
Station Location Instrument Institution Since Last Calibration 

A Coruña 43ºN 8ºW, 67 m MK-IV #151 AEMET Oct. 1998 Sep. 2007 
Zaragoza 42ºN 1ºW, 258 m MK-IV #166 AEMET Nov. 1998 (#033) 

Nov. 1999 (#166)  
Sep. 2007 

MK-IV #070 AEMET 1988 (#033) 
May. 1992 (#070) 

Sep. 2007 Madrid 
 
 

Madrid 

40ºN 4ºW, 680 m 

MK-III #186 AEMET May. 2007  Sep. 2007 

Murcia 38ºN 1ºW, 69 m MK-IV #117 AEMET May. 1995  Sep. 2007 
El Arenosillo 37ºN 6ºW, 30 m MK-III #150 INTA Jun. 1997 Sep. 2007 

MK-III #157 AEMET May. 1992 (#033) 
Jul. 1998 (#157) 

Aug. 2007 

MK-III #183 AEMET Aug. 1995 Aug. 2007 

Izaña 
 

Izaña 
Izaña 

28ºN 16ºW, 2373 m 

MK-III #185 AEMET Mar. 2005 Aug. 2007 
Santa Cruz Tenerife 28ºN 16ºW, 52 m MK-II #033 AEMET Oct. 2000 Aug. 2007 
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Data is collected on a daily basis through the AEMET local area network by a dedicated server 
located at the AEMET Data Processing Center. Data, once processed, is stored into the AEMET 
Massive Storage Devices (raw and processed files) and published in the AEMET web page.  
 
The Network for the Detection of Atmospheric Composition Change (NDACC) Programme at 
the Izaña “supersite” 
Since 2000/2001 the Izaña Observatory has participated in the NDACC (Network for the Detection 
of Atmospheric Composition Change) network (Former NDSC –Network for the Detection of 
Stratospheric Change-) as a complementary station in the following four programmes: 
 
• Total ozone with a double Brewer spectrophotometer, managed by AEMET. 
• ECC ozonesonde programme operated by AEMET. 
• UV-VIS: An EVA instrument from INTA has been operating at Izaña Observatory since 

1993 for measuring total column NO2 and O3. Two photodiode array spectrographs from 
INTA are running at Izaña since December 1998 and November 2001. One instrument 
routinely measures total columns of O3, NO2 and H2O. Retrievals of Iodine monoxide (IO) 
and Formaldehyde (HCHO) have been attempted but their concentrations in the free 
troposphere are found to be below the instrument detection limit. The second UV 
spectrograph from INTA has expanded its capability to BrO. Bromine species are less 
regulated than chlorine species and their concentrations are believed to be increasing in 
the atmosphere due to Methyl Bromide (CH3Br) and Halon emissions. Additionally, it has 
recently pointed out that a significant amount of bromine, possibly coming from 
halogenated VSLS (Very Short Lived Substances), is required to harmonize measurements 
with present state-of-the-art models. It is expected that the CFCs phasing-out will increase 
the future relative contribution of Bromine in the years to come. As secondary product 
Glyoxal (CHOCHO) is being retrieved but measurements are again below instrumental 
detection limits. 

• Fourier Transform InfraRed (FTIR): From January 1999 to April 2005 a Bruker IFS 120M 
spectrometer was operated (Schneider et al., 2005b) at the Izaña Observatory by the 
Institut für Meteorologie und Klimaforschung (IMK) (Forschungszentrum Karlsruhe, 
Germany). Since January 2005 a Bruker IFS 125HR spectrometer is in operation. Zenith 
column amounts (ZCA) of trace gases such as  O3, H2O, N2O, CH4, CO, OCS, HF, 
HNO3, NO, NO2, ClONO2, HCl. Profiles of gases with narrow absorption lines such as 
O3, NO, HCl and HF can be retrieved.  For the atmospheric O3 retrieval a combination of 
small and broad spectral windows between 780–1015 cm−1 is analyzed.  

 
The Antarctic UV-VIS network 
In the framework of several projects funded by previous calls of the National R+D Plan of the 
Ministry of Education of Science, three UV-VIS spectrometers (EVA) designed and developed at 
INTA to measure column NO2 and O3 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), 
respectively, 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 
southernmost, which is Belgrano, is mostly located inside the vortex, Marambio is on the edge, and 
Ushuaia right outside the vortex. A new UV photodiode array spectrograph from INTA has been 
installed in October 2002 in Marambio (Antarctica) to retrieve zenithal column amounts of 
halogenated species, namely BrO, OClO.  
 
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. Information 
related with this project, including instruments and stations, as well as the results of this network 
can be found at http://www.spain.oracle-o3.org 
 
A long-term ozonesounding programme between INTA and DNA/IAA (Argentina) has been running 
at the Belgrano station (78ºS, 35ºW) since 1999. Ozonesondes have been regularly launched 
throughout the year providing an extremely valuable ozone vertically resolved dataset for seasonal 
characterization of the Antarctic ozone layer, detecting the magnitude of the depletion, periods of 

http://www.spain.oracle-o3.org/�
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occurrence, altitudes, etc. INTA has participated in previous years, and still participate nowadays, 
through the mentioned ozonesounding station in the Antarctic Match Experiment coordinated by 
the AWI (Alfred Wegener Institute, Germany). This experiment was carried out in connection with 
the European projects (QUOBI and Oracle-O3). Sondes were both European and nationally 
funded.  
 
Profile measurements of ozone and other gases/variables relevant to ozone loss 

 
Long-term programmes in Spain 
The long-term ECC ozonesonde programme was initiated in November 1992 within the GAW 
programme at the AEMET’s Izaña Observatory (Tenerife island).  Ozonesoundings are launched 
from Santa Cruz de Tenerife station (36 m.a.s.l.), at a distance of 28 Km. from the Izaña 
Observatory, on a weekly basis and without any interruption since 1992. During intensive 
campaigns more than twenty sondes per month are launched. This is a NDACC programme. 
Quality control is assured by two simultaneous total column ozone comparisons from Brewer#33 
(sea level) and Izaña Brewer triad (2373 m a.s.l.). Coincident ECC and FTIR ozone vertical profiles 
are compared in Tenerife since 2005.   
 
Weekly ECC ozonesoundings have been carried out from 1992 to 2002 at the AEMET’s Barajas 
(Madrid) radiosonde station. Early 2005 the ozone sounding programme was resumed and, since 
then, has continued without interruptions. Integrated total column ozone is validated against 
Brewer #070, which is located at about 25 km far from Barajas station. 
 
INTA operates an ozonesounding facility at the El Arenosillo station with sporadic launches. 
Intensive campaigns, most of them funded by European projects, are frequently carried out at the 
later station. 
 
A long-term ozonesounding programme between INTA and DNA/IAA (Argentina) is running at the 
Belgrano station (Argentina, 78ºS, 35ºW) since 1999. Since then and to date ozonesondes have 
been launched throughout a number of Spanish (MAR and “Caracterización del vórtice Antártico y 
transporte meridional a partir de observaciones remotas de trazadores estratosféricos”) and 
European projects (QUOBI).   
 
INTA and AEMET have participated in previous years, and participate nowadays, through the 
mentioned ozonesounding stations, at Keflavik, Madrid and Tenerife in the Match Experiment 
coordinated by the AWI (Alfred Wegener Institute, Germany).  This experiment was carried out in 
connection with the European projects (EASOE, SESAME/OSDOC, THESEO/O3-LOSS, 
EUROSOLVE). Sondes were both European and nationally funded.  

 
INTA’s station at Keflavik (Iceland) 
A long-term ozonesounding programme between INTA and IMO (Icelandic Meteorological Office) 
is running at the sub Arctic station of Keflavik (Iceland, 64ºN, 22ºW). Activities devoted to 
monitoring the ozone layer in the region of influence of the stratospheric polar vortex started in 
1991 within the First Coordinated European Experiment for Ozone depletion Studies (EASOE). 
Since then and to date, ozonesondes have regularly been launched during winter through a 
number of European projects (SESAME, OSDOC, THESEO, QUOBI, SCOUT-O3) and will 
continue in the near future, at least until 2009.   
 
Ushuaia GAW Station (Argentina)  
A long-term ozonesonde programme has been initiated at the GAW Ushuaia station (Argentina) in 
April 2008 thanks to a joint collaboration of AEMET, INTA, the National Meteorological Service 
(SMN; Argentina) and the “Tierra del Fuego” Government (Argentina).   
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UV measurements 
 
Broadband measurements 
AEMET operates a national UVB (YES instrument) network since July 1999. Nowadays stations 
are described in Table 2. 

 
Table 2:  National UVB pyranometers network. 

 
Station Altitud Latitud Longitud Yankee Brewer 

Almería  29 36º 51' N 02º 23' W UVB   

Arenosillo (Huelva) 30 37º 06' N 06º 44' W UVB UV/O3 
Badajoz  190 38º 53' N 07º 01' W UVB   

Barcelona  35 41º 38' N 02º 12' E UVB   
Cáceres 405 39º 28' N 06º 20' W UVB   
Cádiz 15 36º 30' N 06º 16' W UVB   
Ciudad Real 628 38º 59' N 03º 55' W UVB   
Córdoba 91 37º 50' N 04º 51' W UVB   
A Coruña 67 43º 22' N 08º 25' W UVB UV/O3 
Granada 692 37º 08' N 03º 17' W UVB   

Izaña 2373 28º 18' N 16º 30' W UVB UV/O3 

León 916 42º 35' N 05º 39' W UVB   
Madrid 680 40º 27' N 03º 43' W UVB UV/O3 
Málaga 61 36º 43' N 04º 29' W UVB   
Maspalomas (Gran Canaria) 25 27º 50' N 15º 57' W UVB   
Murcia 69 38º 00' N 01º 10' W UVB UV/O3 
Palma de Mallorca 10 39º 34' N 02º 45' E UVB   
Roquetas (Observatorio Ebro) 44 40º 49' N 00º 29' E UVB   
Salamanca 800 40º 57'N 05º40'W UVB   
Santander 79 43º 29' N 03º 48' W UVB   
San Sebastian 259 43º 18' N 02º 02' W UVB   
Santa Cruz de Tenerife 25 28º 16' N 16º 12' W UVB UV/O3 
Valencia 57 39º 29' N 00º 28' W UVB   
Valladolid 740 41º 39' N 04º 46' W UVB   
Zaragoza 298 41º 40' N 01º 04' W UVB UV/O3 

 
 
 

INTA is collaborating with the Institute of Aerospace Medicine from DLR on solar UV dosimetry by 
biological sensors (biofilms @). The collaboration covers the measurement campaigns at different 
locations in Spanish and German territory and the improvement of data analysis (image 
treatments, unattended exposure devices, etc). 
 
Photosynthetic, UV-A and UV-B radiations are measured at tow sites in La  
Rioja (Logroño since 2001 and Valdezcaray since 2007) using broad-band  
meters (ELDONET type and Skye, respectively). 
 
The Department of Physics of the University of Extremadura operates a regional network 
consisting in 6 radiometric stations (UV-S-E-T Kipp&Zonen UVER pyranometer). The stations are 
located at Badajoz, Cáceres, Plasencia, Orellana, Fuente de Cantos in Extremadura, and at the ski 
station La Covatilla in Southern Salamanca. The stations in Badajoz and Cáceres are operative 
since 2001 and Plasencia since 2002. The others have been recently installed in the last two 
years. 
 
The Regional Government of Valencia, in collaboration with the University of Valencia, has 
deployed a 5-station (Prat de Cabanes, Aras de los Olmos, Valencia, Denia and Torrevieja) 
operational UVB regional network.  
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The Galician Regional Government (namely, Xunta de Galicia), through the University of Santiago 
de Compostela, has implemented a UV surface monitoring network in this Region. This network is 
made up by 5 Solar Light 501A radiometers located at different geographical sites, with diverse 
altitudes and environmental local conditions (Lourizan-Pontevedra, Ferrol, Pedro Murias, Alto do 
Rodicio and Ancares). The network is now managed by MeteoGalicia, the Galician Weather 
service.  

 
Narrowband filter instruments 
Three multi-channel narrow-band radiometers (NILU-UV6) were co-located by AEMET in the UV-
VIS Antarctic stations in 1999, thanks to the scientific collaboration agreements signed by AEMET, 
INTA, DNA/IAA (Argentina) and the CADIC (Argentina). A fourth NILU-UV-6 is operated at the 
GAW Izaña Observatory. The NILU-UV6 instruments measure global radiation at five UV channels 
and PAR. A radiative transfer model is used to calculate the total ozone content, cloud 
transmittance and the biologically effective UV doses. Both complementary instruments are part of 
the Spanish Antarctic network that is now coordinated in the framework of some joint INTA-
AEMET’s projects (“MAR” REN2000-0245-C02-01; EGEO CGL2004-05419-C02-02ANT), financed 
both by the R+D National Programme. The Finnish Meteorological Institute (FMI) is in charge of 
the NILU radiometers’ quality assurance system performing intercomparisons twice a year with a 
traveling reference NILU. The main objective of this network is to provide both long term and near 
real-time observations of column O3 and UV radiation in order to characterize the polar vortex. 
 
A NILU-UV-6 multichannel radiometer from the Department of Physics of the University of 
Extremadura is in operation at "El Arenosillo" Sounding Station (INTA) since December 2007. 
 
In 2005 a multifilter radiometer (GUV 2511; Biospherical Instruments) was installed at Santiago de 
Compostela city. Nowadays research based on UV measurements with this instrument is carried 
out by the University of Santiago de Compostela, supported by MeteoGalicia. 
 
Spectroradiometers 
UV scans every 20 minutes have been obtained at the Izaña GAW Observatory from the Brewer 
spectrophotometers since May 1991.  
 
A double spectroradiometer Bentham DM-150, installed in March 1999 at the GAW Izaña 
Observatory, provides global and diffused UV radiation scans every 15 minutes. This is one of the 
national UV reference instrument. Since June 2005 is also obtained direct sun UV scans. The 
Department of the Fundamental Physics of La Laguna University, in collaboration with INM, 
operates a double Bentham DM-150 spectroradiometer at the Izaña Observatory headquarters 
(SCO; sea level) in Tenerife. A comparison of the UV and visible spectra obtained from this 
spectroradiometer with those obtained at the Izaña Observatory (2400 m a.s.l.) have been used to 
study the connection between UV radiation and radiative properties of the atmospheric aerosols 
and clouds.   
 
Episodic UV spectra are obtained by the Universities of Barcelona (Bentham DM-300), Valencia 
(Optronics and LICOR), Valladolid (LICOR) and la Laguna (Bentham and Optronics). Most of the 
measurements are used in investigations concerning the relationship between aerosol optical 
depth and spectral UV radiation.   

 
Calibration activities 
 
The WMO/GAW Regional Brewer Calibration Centre for RA-VI region (RBCC-E) 
In November 2003 the WMO/GAW Regional Brewer Calibration Centre for Europe (WMO RA-VI 
region) (RBCC-E) was established at Izaña Observatory (IZO) at Tenerife (Canary Islands). The 
project is also intended to contribute to the GAW Programme in the RA-VI Region as a part of the 
closer co-operation between WMO and the European Commission being stated in the 
Memorandum of Understanding signed by WMO and EC in December 2003. 
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IZO is located in subtropical region (28ºN) on the top of Izaña Mountain (2370 m.a.s.l.) with pristine 
skies and low ozone variability. This location allows routine absolute calibrations of the references 
in similar conditions to the Mauna Loa Observatory (MLO) site.  

The RBCC-E reference is based on three double Mark-III Brewer spectroradiometers (the IZO 
triad): a Regional Primary Reference (B157), a Regional Secondary Reference (B185) and a 
Regional Travelling Reference (B183). The IZO triad is regularly sun calibrated by means of 
Langley method and by external lamps. The travelling reference ensures reference transference to 
the WMO-Region VI Brewer network. 

Though B157, B183 and B185 are routinely calibrated by Langley plots method, these absolute 
calibrations are not used for definition of a new calibration scale. The MSC triad is respected as the 
official reference of the GAW Brewer international scale. The establishment of the IZO triad allows 
the implementation of a self-sufficient European Brewer calibration system that respects the world 
scale but works as independent GAW infrastructure. The IZO triad is linked to the world reference 
MSC triad with yearly calibrations towards the Canadian travelling reference B017. Systematic 
extraterrestrial constants (ETC) have been obtained by Langley method with B157 from 1998 to 
2007. A comparison against ETCs transferred by travelling B017 shows an agreement within 1% in 
this period.  

The function of RBCC-E also allows development and testing of new measurement techniques for 
the ground Brewer network like zenith, polarimetric, UV or aerosol optical depth measurements at 
IZO. A radiation laboratory and an electronic workshop are available at IZO for accurate fittings 
and indoors calibration and maintenance of the triad instruments. 

 
Calibration of the national Brewer spectrophotometer network (AEMET) 
The calibration of the spectrophotometers is scheduled as indicated below. 

 
Table 3: Brewer’s schedule Calibration 

Brewer Total ozone calibration 
(Travelling Standard #017 
& RBCC-E triad) 

Spectral UV calibration 
(NIST traceable)  

Against 1000w  lamps  
#157,#185,#183,#033 

 
Annually “in situ” Annually “in situ” 

 
#151,#166,#117,#186,#070,#150 

 
Bi-annually at  El Arenosillo 

Annually “in situ” and at El 
Arenosillo 

 
 
 

The travelling standard Brewer #017 operated by IOS (International Ozone Service) company has 
provided ozone traceability to the world reference in Toronto for the Spanish Brewer instruments in 
September 2007, during the joint intercomparison of Brewer and Dobson organised by RBCC-E 
(AEMET) and RDCC-E at the INTA station “El Arenosillo” (Spain).  
 
Spectral UV calibrations 
AEMET has implemented a UV Quality Control/Quality Assurance (QC/QA) system for brewer 
spectrophotometer. QC consists of 50W lamp tests at each station performed every 2 weeks. 
Spectral UV absolute calibration is carried out every year using a portable 1000W lamp calibration 
system designed by Int'l Ozone Services Inc. (IOS, Canada). QA and UV calibration has been 
provided by PMOD with the European standard, the QASUME unit (PMOD/WRC), scheduled 
every 2 years (El Arenosillo, September 2005 and September 2007).  

 
UV broadband radiometer network (AEMET) calibration  
Concerning the broadband radiometer calibration, a procedure to calibrate the AEMET’s UV 
broadband instruments (YES manufactured) is being implemented according to WMO 
recommendations. The spectral and angular responses are determined at the radiation laboratory 
at the AEMET’s headquarters in Madrid. The final calibration for each instrument will be then 
determined taking into account the laboratory characterisation, the solar spectrum measured by a 
reference spectroradiometer BENTHAM DM-300 located on the roof of the AEMET headquarters, 
and the simulated solar spectra obtained running the libRadTran radiative transfer model for 
different total ozone and solar zenith angles. 



 

280 

A second broadband UV radiometer calibration laboratory is available, as a national facility, at El 
Arenosillo station (INTA). This laboratory fulfils the WMO requirements, and has been used by 
instruments of Regional networks of Spain. 
AEMET and INTA have participated in two different broadband UV radiometer 
calibration/intercomparison campaigns were held at PMOD/WRC (Davos) and at El Arenosillo 
(Spain) in the 2006 and 2007 summers, organised by PMOD and INTA/UNEX/AEMET, 
respectively, as part of the objectives of the COST Action 726. The QUASUME European UV 
standard was the reference.  
 
  
RESULTS FROM OBSERVATIONS AND ANALYSIS 
 
A total ozone climatology and trend analysis has been performed by INM for each ozone station in 
Spain, as well as a comparison with overpass TOMS data. 
 
Annual and diurnal UV index variations have been calculated for each capital of province. 
 
Total ozone measurements from the five Brewer spectrophotometers located at the Iberian 
Peninsula have been compared with GOME (Global Ozone Monitoring Experiment) sensor by 
AEMET, in collaboration with the Remote Sensing Technology Institute of DLR, the German 
Aerospace Center for the period 1995-2004. Results show an excellent Brewer-GOME agreement. 
The effect of cloudiness, solar zenith angle, effective temperature and total ozone values in 
Brewer-GOME differences has been studied (Anton et al., 2008). Total column ozone from the 
Spanish Brewer network have been also compared with TOMS and ERA40 ECMWF reanalysis 
ozone fields during the same period. 
 
The Group of Environmental Engineering and Bioprocesses of the University of Santiago de 
Compostela, have used spectral UV measurements to evaluate the influence of UV radiation and 
rain on fuel spills weathering in the Galician coast. The evaluation is carried out by comparison of 
the composition of fuel on a weathered slab with the composition of fuel located in a sheltered 
zone.  
 
Total column ozone and vertical ozone profiles, using different techniques, are being inter-
compared at the Izaña supersite. Results from DOAS vs Brewer, FTIR vs Brewer and FTIR vs 
ECC intercomparisons have been published in the last 3 years. 
 
The SAUNA (Sodankylä Total Column Ozone Intercomparison) campaigns were held in February-
April 2006 and 2007, confirms the ozone underestimation by Dobsons and single Brewers in high 
latitudes with high ozone concentrations, previously reported  in TOMS Fairbanks campaign 
(2001). An empirical correction was proposed for single Brewers. AEMET-RBCCE contributes to 
the evaluation of the Brewer retrieval algorithm, concerning the use of different ozone absorption 
coefficients and the systematic errors caused by the assumption of stratospheric temperatures. 

 
 
THEORY, MODELLING, AND OTHER RESEARCH 
 
UVI forecasts are provided to the general public by AEMET since around six years ago. A new 
forecasting system based on Radtran Radiative Transfer Model and total ozone column ECMWF 
forecasts has been developed and put into operation along the last year 2007. The system runs 
daily up to D+5 and Maximum UVI forecasts are generated for about 60 cities in Spain. The 
system has been recently updated to spread the information to more than 8000 populated places 
in the country. The ECMWF model includes ozone mixing ratio as a 3D prognostic variable and is 
initialized every 12 hours with satellite data assimilation. UVI forecasts has been validated against 
the maximum UVI available observations (more than 20 stations) under clear sky conditions from 
May 2007 to Mid March 2008.  
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Departments of several universities are carrying out observations and studies regarding solar UV 
radiation and related atmospheric components. A summary of the activities performed by the 
Spanish universities is as follows: 
 
• The Department of Optics and Applied Physics of Valladolid University is working on 

aerosol optical depth (AOD) characterization, including the UV range. 
• The Department of Astronomy and Meteorology at Barcelona University has been taking 

sporadic measurements of UV and visible spectrum for the last nine years using a LI-COR 
1800 spectroradiometer and now with a Bentham DM300 spectroradiometer. This group 
has also measured AOD. Work has also been done on simulation modeling using different 
radiative transfer codes. 

• The Department of Thermodynamics at Valencia University is working on the aerosol 
observations and validating different radiative transfer codes. 

• The Department of Applied Thermodynamics at Valencia Polytechnic University has been 
carrying out continuous measurements of UV with an Eppley radiometer since 1995.  

• The Department of Fundamental and Experimental Physics at La Laguna University is 
working on aerosol characterization and its relationship with spectral UV radiation. 

• The Atmospheric Physics Group at Granada University is working on solar radiation, 
remote sensing and aerosol characterization. 

• The Department of Agriculture and Food at La Rioja University has been studying the 
effects of UV-B radiation on mountain aquatic bryophytes in their natural surroundings and 
has evaluated their use as bio-indicators. In addition, some studies on the effects of UV-B 
on grapevine have been conducted. 

 
 

DISSEMINATION OF RESULTS 
 
Data reporting 
Daily mean ozone data from the Brewer spectrophotometer network is sent to the WMO Northern 
Hemisphere Daily Ozone Mapping Centre at the Aristotle University of Thessaloniki (Greece) and 
to the WOUDC, on a daily basis. Evaluated and refined data periodically submitted to the WOUDC 
database. Refined Brewer and ozonesonde data is submitted to NDACC and NILU databases 
every six months, and UV-VIS and FTIR data to NDACC and ENVISAT CAL/VAL databases, 
periodically. Data submission status is shown in Tables 4-7. Notice the existing agreement for 
periodical data transference from NDACC to WOUDC. 

 
Table 4: Data available at WOUDC 

Platform  Name Category Instrum. S/N Model  Min. Date Max. Date 
STN 308 Madrid (Barajas) O3 sonde ECC  6A 22-May-96 12-Mar-08 
STN 308 Madrid (CR) Total O3 Brewer 070 MKIV 01-Jan-92 29-Feb-08 
STN 405 A Coruña Total O3 Brewer 151 MKIV 01-Jan-04 29-Feb-08 
STN 346 Murcia Total O3 Brewer 117 MKIV 01-Apr-95 29-Feb-08 
STN 411 Zaragoza Total O3 Brewer 166 MKIV 01-Jan-04 29-Feb-08 
STN 213 El Arenosillo Total O3 Dobson 120 Beck 13-Jan-76 31-Dec-06 
STN 213 El Arenosillo Total O3 Brewer 150 MKIII 01-Jan-00 31-Dec-06 
STN 300 Izaña (Tenerife) Total O3 Brewer 157 MKIII 01-Jul-98 31-Jan-03 
STN 300 Sta. Cruz Tenerife Total O3 Brewer 033 MKII 26-May-91 09-Jun-95 
STN 401 Sta. Cruz Tenerife O3 sonde ECC  6A 05-Jan-99 28-May-03 

 
 

Table 5: Data available at NDACC (ftp://ftp.cpc.ncep.noaa.gov/ndacc/) 
Programme Station Instituti

on 
Min. Date Max. Date 

Total Ozone (Brewer) Izaña AEMET Jul. 1991 Apr. 2006 
Ozonesonde (ECC) Sta.Cruz,Tenerife AEMET Jan.1995 Apr. 2006 
UV-VIS/DOAS Izaña INTA Jan. 2000 Apr. 2006 
FTIR Izaña IMK Mar. 1999 Oct. 2005 

 

ftp://ftp.cpc.ncep.noaa.gov/ndacc/�


 

282 

Table 6: Data available at ENVISAT CAL/VAL 
 

 
 
 
 
 

 
Table 7: Data available at NILU 

O3 Station Institution Min. Date Max. date 
Belgrano II INTA Mar. 1999 Dec. 2007 
Keflavik INTA Nov. 1991 Dec. 2007 

 
 

 
Ozone profiles (INTA/DNA) data over Antarctica have been sent to NILU database in the 
framework of QUOBI, ORACLE-O3 projects and Match Campaigns. 
 
NO2 data over Marambio and Belgrano station are sent to NILU-European database in the 
framework of ESA CAL-VAL. 
 
NO2 data over Marambio, Belgrano and Ushuaia stations are sent to GEOMON database in the 
framework of GEOMON project. 
 
The “Iberonesia” web-based data managing interface (www.iberonesia.net) provides near-real 
time ozone and UV information of the Brewer spectrophotometer network. Three Brewers from 
Portugal and two from Casablanca (Morocco) have been incorporated to this network. The 
information is stored and validated automatically.  
 
Data (CIE, UVI, UVA, UVB, UVA/UVB, PAR, Ozone and CLT) from the NILU Antarctic can be 
downloaded from www.polarvortex.org.  
 
Ozone soundings from Keflavik/Iceland are posted in real time in the joined IMO-INTA.  Web page: 
http://grenjandi.vedur.is:8080/ozone/. 
 
Ozone profiles data over Antarctica are sent to the WMO in almost real time as contribution to the 
reports on the evolution of the Ozone hole 
www.wmo.ch/pages/prog/arep/gaw/ozone/index.html#AntBull 
 
Information of the INTA/AEMET Antarctic project for the three stations are disseminated through 
www.spain.oracle-o3.org. 
 
A Summer Course on "Ultraviolet radiation: effects on human health and  
environment" was organized at the La Rioja University, Alfaro (La Rioja), 11-13 July 2007. 
 
The webpage www.unirioja.es/ecophys/ shows the results obtained by the Group of 
"Ecophysiology, Climatic Change and Environment" at the la Rioja University related to the effects 
of UV on ecosystems. 

 
Information to the public 
Observed total ozone column data from Brewer and observed UVI data from broadband 
radiometers are disseminated through the AEMET web page (1 day delay) in the following 
address: www.aemet.es/es/eltiempo/observacion/radiacionuv?opc1=estac&datos=graf 
 
UVI forecasts are disseminated through the AEMET web page up to D+5 in the capital cities, 
autonomous cities and island capitals, and D+3 in the rest of the places. The information is 
available at www.aemet.es/es/eltiempo/prediccion/radiacionuv. 
 

Station Institution Min. Date Max. Date 
Izaña (UV-VIS) INTA-AEMET Jan. 2000 Dec. 2007 
Izaña (FTIR) IMK-AEMET Feb. 1999 Dec. 2007 

http://www.iberonesia.net/�
http://www.polarvortex.org/�
http://grenjandi.vedur.is:8080/ozone/�
http://www.spain.oracle-o3.org/�
http://www.unirioja.es/ecophys/�
http://www.aemet.es/es/eltiempo/observacion/radiacionuv?opc1=estac&datos=graf�
http://www.aemet.es/es/eltiempo/prediccion/radiacionuv�
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UVI forecasting is published by the Valencia Regional Government for five sites of this Region at 
www.cth.gva.es/cidam/emedio/uv/. 
 
The AIRE research group (Department of Physics of the University of Extremadura) provides 
nearly real time information about the UV index (UVI) measured and the forecasted maximum daily 
value for Badajoz, Cáceres, Plasencia, Orellana, Fuente de Cantos in Extremadura, and at the ski 
station La Covatilla in Southern Salamanca. This information is on-line available at 
http://aire.unex.es/uvi. 
The University of Santiago de Compostela (supported by MeteoGalicia) provides +48h UV Index 
forecasting for cloudless conditions in 14 locations of Galicia. Clear sky UVI forecasting is 
corrected manually by a meteorologist using the forecasted cloud cover, following the guidelines 
provided by the COST 713 Action. This task is operative from April to October, as the period when 
UVI levels are higher and more dangerous for the public (www.siam-
cma.org/meteoroloxia/uv/prediccionuv.htm). 
 
The Servei Meteorológic de Catalunya provides information and predictions of UVI for Catalunya at 
www.meteocat.com/marcs/marc_prediccio.html. 
 
EuskalMet, the Meteorological Agency of the Basc Country (www.euskalmet.euskadi.net/s07-
5853x/es/meteorologia/meteodat/uvi.apl?t=3&e=5) provides UVI forecasting for eight locations 
in the Region. 
 
Ozone data over Antarctica are sent to the WMO in almost real time as contribution to the reports 
on the evolution of the Ozone hole (www.polarvortex.org). 
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 P. Skrivankova,  V. Dorokhov, H. de Backer, F. J. Schmidlin,  G. Coetzee,  M. Fujiwara,  V. Thouret, F. 
Posny,G. Morris, J. Merrill,  C. P. Leong,  G. Koenig-Langlo, and E. Josephl. A trajectory-based estimate 
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PROJECTS AND COLLABORATION 
 
International Polar Year 
INTA is involved in ORACLE-O3 (Ozone layer and UV radiation in a changing climate evaluated 
during IPY) project. This project is a cluster which brings together the tasks of 16 expressions of 
interest (EOI) submitted to IPY Join Committee.  It deals with experimental and modelling research 
on the ozone layer, UV radiation and the effects of personal UV exposure during the IPY. During 
the project, INTA ground-based observations are being performed at Ushuaia, Marambio and 
Belgrano stations by means of UV-VIS spectrometers, to measure the seasonal and long-term 
variability of ozone, NO2, and other ozone-related trace gases. Radiosonde and ozonesonde in 
Keflavik and Belgrano provide measurements of wind and temperatures in the troposphere and 
stratosphere. The project implies accurate quantification of polar ozone losses in both hemispheres 
achieved with concerted international campaigns during which hundreds of ozonesondes are 
launched in real-time coordination from station networks in the Arctic and Antarctic. Antarctic 
Campaign was performed in June-October, 2007 and Arctic campaign in December, 2007–March 
2008. 
 
Within the IPY, AEMET-RBCCE has trained four persons of the Antarctic Institute of Uruguay (AIU) 
in Brewer operation, maintenance and data evaluation at the Izaña Observatory. The Brewer#155, 
from AIU has been repaired and calibrated by the RBCCE at Izaña. This instrument was installed, 
with the participation of AEMET-RBCCE, at the Artigas Antarctic Base (62º S y 59º W; King 
George, South Shetland Islands) on December 11, 2007. This cooperation project has been 
financed by the Canary Islands Government.  
 
European Projects 
• SCOUT-O3 (Stratospheric-Climate Links with Emphasis on the UTLS); SCOUT-O3's aim is 

to provide predictions about the evolution of the coupled chemistry/climate system, with 
emphasis on ozone change in the lower stratosphere and the associated UV and climate 
impact, to provide vital information for society and policy use. It is a 54 partners 
international integrated project funded by EU, among them, INTA participates in 
collaboration with AEMET by observations and interpretation of ozone in the UTLS region 
by Ground-based and ozonesonde data. 

• GEOMON (Global Earth Observation and Monitoring of the Atmosphere) in a European 
project contributing to GEOSS. Its mission is to build an integrated pan-European 
atmospheric observing system of greenhouse gases, reactive gases, aerosols, and 
stratospheric ozone. Ground-based and air-borne data are sustained and analyzed, 
complementary with satellite observations, in order to quantify and understand the ongoing 
changes of the atmospheric composition. INTA participates by routine measurements, 
quality control and data storage in general data base of stratospheric ozone related gases. 

• Action COST-723: Spain has endorsed the EU Action COST 723 ("The Role of the Upper 
Troposphere and Lower Stratosphere in Global Change"; www.cost723.org/). 

• Action COST-726: Spain has endorsed the EU Action "Long term changes and climatology 
of UV radiation over Europe": http://i115srv.vu-wien.ac.at/uv/COST726/Cost726.htm 

 
Projects funded by the National R+D Plan of the Ministry of Education and Science 
• MARACA (Medida de componentes Atmosféricos en la Región Antártica y Ártica, 

CGL2004- 05419-C02-01, 2004-2007) 
• CEORACLE-O3 (Contribution from Spain to “Oracle-O3”, POL2006-00382, 2007-2009) in 

the framework of the International Polar Year.  
• TROMPETA (“TROpical Monitoring Phase in the Atmosphere”), It is an INTA project with 

strong collaboration by AEMET. Reference CGL2004-03669/CLI, financed by the Diversity, 

http://cordis.europa.eu/fp6/dc/index.cfm?fuseaction=UserSite.FP6HomePage�
http://cordis.europa.eu/fp6/dc/index.cfm?fuseaction=UserSite.FP6HomePage�
http://www.earthobservations.org/index.html�
http://www.cost723.org/�
http://i115srv.vu-wien.ac.at/uv/COST726/Cost726.htm�
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Earth Sciences and Global Change R+D National Programme. Its goal is to understand 
radiative transfer in the atmosphere during strong Saharan dust events and its impact on 
ozone measurements from nadir-looking satellites. Izaña supersite facility is used in this 
project. 

 
 
Satellite validation exercises  
Pole to pole extensive validation of the SCIAMACHY instrument on board of the European 
ENVISAT platform has been performed through the ESA contracts TASTE and TASTE-II. INTA 
has participated via IASB/BIRA Belgian Institute on O3 and NO2 total column species on years 
2005-2007 by its ground-based instrumentation located at Izaña (Subtropical), Ushuaia, Marambio 
and Belgrano (Antarctica). Further validation, on a climatological perspective, from Izaña 
observatory has included GOME data as well and other ESA instruments (GOME, SCIAMACHY, 
GOMOS, MIPAS). 
 
The European Brewer reference (RBCC-E at Izaña Observatory) has participated in SAUNA 
(Sodankylä Total Column Ozone Intercomparison) campaigns was held in 2006 and 2007 with the 
European Brewer reference. Satellite and ground-based measurements have been compared 
under a greater variety of ozone column amounts and profile shapes. The objective of SAUNA is to 
assess the comparative performance of the ground-based instruments, space-based instruments 
and algorithms which measure total column ozone at large solar zenith angles and high total 
column ozone amounts. See details at http://fmiarc.fmi.fi/SAUNA/. 
 
Validation of ESA/GOME, SCIAMACHY/ENVISAT, NASA/KNMI and OMI/AURA, of more than a 
dozen of atmospheric components, using advanced scientific instrumentation, has been performed 
during 2005-2008 by the FTIR, managed by IMK-ASF Forschungszentrum Karlsruhe, at Izaña 
supersite.  
 
AEMET, the University of Extremadura (UNEX, Spain) and DLR are collaborating on the validation 
of GOME2 ozone (DLR) over Spain using the AEMET Brewer network and ozonesonde data over 
Madrid.  
 
National intercomparison campaigns 
The INTA, AEMET and the AIRE research group (University of Extremadura) have organized, in 
collaboration with the World Radiation Center (PMOD/WRC), and partially supported by the COST-
726 Action, the national Broadband Calibration Campaign held at "El Arenosillo" (Huelva, Spain) 
from August 15 to September 21, 2007. Twenty two (22) UV broadband instruments, from 13 
different institutions, took part in the intercomparison. 
 
International intercomparison campaigns 
• An intercomparison campaign of seven UV spectroradiometers of different types took place 

at the high altitude site of Izaña, Canary Islands, in June 2005. The campaign was focused 
primarily on spectral measurements of direct solar irradiance. Among the objectives was to 
improve the quality of direct solar irradiance spectral measurements, through instrumental 
modifications and standardization of calibration techniques, as well as to assess the 
significance of the differences in the field of view of the spectroradiometers with respect to 
aerosols and to solar zenith angle.  

• In September 2005 and September 2007 were held the first and the second, respectively, 
Brewer intercomparison campaigns at El Arenosillo station (INTA). The scientific 
coordination and organization corresponded to the GAW Regional Brewer Calibration 
Center for Europe (RBCC-E). During the second Brewer intercomparison in 2007 a Dobson 
intercomparison campaign was organized by the Regional Dobson Calibration Centre-
Europe (WMO-RDCC-RA-VI) Meteorological Observatory Hohenpeissenberg (Germany).  
During the first days both calibration campaigns performed in parallel, while the last days 
were used for a Dobson/Brewer comparison. In the two Brewer intercomparisons two 
Brewers from Morocco were fitted and calibrated. 
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PSC detection 
Two campaigns for MPL-4 lidar validation on PSC detection has been carried out during 2007 for 
testing the capability of highly modulated unattended "eye safe" lidars for ozone depletion studies: 
• Ny-Alesund (Spitzbergen, Norway). In collaboration with the Alfred-Wegener Institute (AWI) 

measurements were performed at AWIPEV French-German Research Base, Arctic 
Koldewey Station (1/12-2/9, 2007). 

• Sodankyla (Finland). In collaboration with the Finnish Meteorological Institute (FMI). 
Measurements were carried-out in the Arctic Research Center (ARC) within the frame of 
the international project SAUNA-2 (Sodankyla totAl colUmn ozoNe intercompArison 2), 
(2/11- 3/31, 2007).  

 
Other activities 
INTA, UNEX and AEMET keep close contact concerning the calibration procedures for broadband 
UV radiometers.  
 
 
FUTURE PLANS 
 
The Andalusian Network of UVI measurements will be set up in 2008. Eight (8) stations will cover 
representative locations of social interest within the Andalusian territory. The network will be 
maintained and calibrated by INTA and extended information will be supplied to the public via web 
site and street panels. 
 
INTA will install a MPL-Net Lidar in Belgrano Antarctic station, for detecting Polar Stratospheric 
Clouds, in 2008. The lidar is being tested at INTA Headquarters in Madrid.  
 
INTA will ask to incorporate to NDACC the Antarctic spectrometers and Belgrano ozonesoundings 
in 2008. The quality of the spectral data has been verified by performing daily intercomparison 
measurements between a similar Antarctic spectrometer and PDA installed at Izaña station.  
 
Improvement of polar observing stations (Belgrano, 2009) is foreseen as one of the most important 
INTA’s IPY objectives by the following actions: 
 

o A highly modulated eye-safe almost unattended Micro lidar will be deployed at Belgrano for 
long term monitoring of Polar Stratospheric Clouds (PSC). 

o Two spectrographs devoted to measure OClO and BrO and an improved third one to 
measure NO2, O3, O4, and colour index will be deployed. First instrument has an off-axis 
capability to provide also tropospheric abundances of BrO. 

 
AEMET will ask to incorporate the spectral UV programme at Izaña Observatory into the NDACC. 
A new UV-VIS CCD spectrometer has been purchased to complement the spectral UV range 
provided by the Brewer triad. 
 
A close “twinning” partnership between the AEMET’s Izaña GAW station and the Tamanrasset-
Assekrem GAW station (Algeria) was initiated in September 2006. This collaboration is currently 
being reinforced thanks to the “Agencia Española de Cooperación Internacional” (AECI; Azahar 
programme) which has financed a double Brewer spectrophotometer for the Tamanrasset station 
and a multi-channel moderate band-width radiometer for the Assekrem station, which will be 
deployed in 2008-2009. This new equipment in a strategic site in the middle of the Sahara will fill 
an important gap in the GAW observational capacity, and will constitute a unique ozone, UV and 
aerosol ground-truthing facility for space-based sensors. 
 
AEMET is implementing 17025:2005 standard procedures in the National Radiometric Laboratory 
installed in 2007 at the AEMET headquarters in Madrid (Spain). In near future, TOC and ozone 
vertical observations will be provided in near real-time to ECMWF for the validation of the new 
ozone forecast fields in the framework of the GEMS Project. 
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The time series of AEMET’s Brewer UV irradiance data will be re-evaluated taking into account the 
calibration results against the European standard and the cosine error. Historic data from 
broadband UV radiometers will be also re-evaluated according to WMO recommendations.  
 
The University of La Rioja will perform the project entitled “Prospective and Retrospective 
Bioindication of UV Radiation using Aquatic Bryophytes”. 
 
NEEDS AND RECOMMENDATIONS 
 
Further developments are required in cloud forecasting. Accurate knowledge about effects of 
clouds on UV is needed. These aspects are essential to achieve a realistic UVI prediction in 
operational systems.  
 
Near real-time data exchange within WOUDC, NDACC and other (NILU, CAL-VAL) databases 
should be implemented as soon as possible. This would facilitate the ozone and UV validation 
exercises of numerous existing models.  
 
Monitoring systems should be expanded to Upper Troposphere-Lower Stratosphere (UTLS) 
region.  
 
The adoption of common methodologies for the calibration of UV radiometers, and the organisation 
of periodic laboratory intercomparisons is needed and highly recommended in order to have 
reliable and inter-comparable UV radiation observations.  

 
**** 

          
           
Action is:  
to advance the understanding of UV radiation distribution under various meteorological conditions 
in Europe in order to determine UV radiation climatology and assess UV cha  
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SRI LANKA 
 
 
Sri Lanka, a tropical island is located in the Indian Ocean at the southern tip of the Indian 
subcontinent.  The thin ozone layer over the tropics has shown little change throughout the year.  
As such, UV radiation reaching the earth surface is expected to be high.  Slight reduction in the 
ozone concentration will have disastrous effects on the tropics including Sri Lanka.  Therefore UV 
and the total column ozone measurement are necessary in order to educate the public as well as 
to take action for protection.  There are satellite measurements being done and these observations 
have to be improved.  However in order to obtain a clear picture in a small area it is important to 
have ground base measurements.  These types of measurements are needed to compare with the 
satellite base data in order to make any correction to satellite derived data as well.  When the data 
sparse tropics are considered, Sri Lanka is ideally located to set up a monitoring station that can 
provide very valuable ground truth data to the world research community while using it for local and 
national planning.  
 
As party to the Montreal protocol, Sri Lanka, in cooperation with other countries, is phasing out the 
consumption of ozone-depleting substances in an effort to safeguard the ozone layer. Sri Lanka 
maintains records of ground level ozone concentration in Colombo city in relation to air pollution.  
The Department of Meteorology, Sri Lanka started recording UV-B with Pyranometer about ten 
years ago at two locations in Sri Lanka.  However these instruments are now out of order.   

 
In 2002 the Department of Physics of the University of Colombo has done some total column 
ozone measurements using MICROTOPS II Sun Photometer. Short wavelengths of ultraviolet 
radiation are much more readily absorbed by ozone than other long wavelengths in the same UV 
bandwidth. Therefore the amount of ozone between the observer and the sun is proportional to the 
ratio of two wavelengths of the solar ultraviolet radiation. MICROTOPS II uses this relationship to 
derive the total ozone column from the measurement of 3 wavelengths in the UV region; 300nm, 
305.5nm and 312.5nm respectively. 
 
This study reveals the ozone variation over Sri Lanka obtained from ground based   measurement 
at various locations over more than five months. They have selected Colombo, Galle, 
Hambanthota, Monaragala, Diyatalawa and Kandy as locations for measurements in order to cover 
various geometrical positions.  Hourly measurements have been taken from middle of November-
2002 to June –2003, 8.00 a.m. to 5.00 p.m.  At noon, the highest ozone density is observed in 
diurnal variation due to high solar activity. Averaged ozone value, 283 DU for this period is 
observed and the highest value is found in May and February/March has the lowest values. Most 
of data has been collected in remote areas and the difference between the places has been 
minimal.  The maximum value recorded is 385DU and minimum is 215 DU. 
 
The instruments used in this study are not working properly now and there are difficulties in 
repairing or replacing them mainly due to problems in obtaining funds.  Therefore Sri Lanka is in 
need of assistance to set up a network of stations for observations and research.  With such 
assistance Sri Lanka will be in a better position to join the global community through research as 
well as in providing data. 
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Figure 1: Average total column Ozone values for Sri Lanka. 
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Figure 2: Diurnal variation of total column ozone on December 15, 2002.  
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SWEDEN 
 
 
OBSERVATIONAL ACTIVITIES 
 
Column measurements of ozone 
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 in 1988 using the Brewer #6, which was replaced by Brewer 
#128 in 1996. In Vindeln manual measurements started in 1991 using the refurbished old Dobson 
#30 and since 1996 the automatic Brewer #6 is used. Much efforts has been spent on improving 
the methods to retrievs good observations at low solar elevations, Josefsson (2003). Recently, all 
zenith sky observations recorded by the Dobson (1991-2007) have been recalculated using a new 
algorithm Josefsson and Ottosson Löfvenius (2008). 
 
Profile measurements of ozone and other gases 
At the Swedish Institute of Space Physics in Kiruna there are a number of sophisticated 
instruments in operation. Special radars can track the circulation in the stratosphere. LIDAR gives 
a profile of the ozone and aerosols in the stratosphere, when there are no interfering clouds. There 
is also an instrument KIMRA (Kiruna Millimeter wave radiometer) that is used to monitor O3, ClO, 
N2O and HNO3. The vertical resolution may not be the best, but it is independent of the weather so 
it can operate continuously. Forschungszentrum Karlsruhe has located a Fourier-Transform 
Infrared Spectroradiometer at the same site to record long-term trends. There is also a DOAS-
instrument from NIWA and University of Heidelberg recording primarily total ozone and the column 
amounts of a number of other species.  
 
UV measurements 
 
Broadband measurements 
Monitoring of broadband UV (CIE-erythema weighted) started relatively early in Sweden. 
Supported by SSI (the Swedish Radiation Protection Agency) SMHI has been measuring since 
1983. Josefsson (2006). There has also been a small network of five stations for a limited period. 
Presently, SMHI operates one station in Norrköping using a Solar Light Model 501. In the 
northernmost part of Sweden the Abisko Scientific Research Station is also running a similar 
instrument.  
 
Narrowband filter instruments 
The SSI runs three stations, Stockholm, Tylösand and Visby, using GUV-instruments.  
 
Spectroradiometers 
In between the monitoring of total ozone both Brewer instruments operated by SMHI are used for 
recording about one UV-spectrum per hour. These data have been included in EC-funded projects 
SUVDAMA, EUDUCE and SCOUT-O3, e.g. Bais et al. (2007), Outer den (2006).  
 
Calibration activities 
The Brewer instruments for total ozone are calibrated and serviced regularly by three year interval 
by IOS (International Ozone Services Inc.). Thus the output will be traceable to the Brewer Triad, 
which forms the WMO/GAW calibration centre. The Dobson instrument is recalibrated at longer 
time intervals by visits to the WMO regional calibration centre at Hohenpeissenberg, Germany. The 
last calibration was in June 2007 and the next is planned to be within three years to be able to 
replace some of the electronics before the expert on this retires.  
 
The broadband UV-meter used at Norrköping has participated in a number of international 
comparisons, see e.g. Gröbner et al (2002), Johnsen et al. (2006) and Josefsson (2006). Also the 
radiometers used by SSI have participated in comparisons or have been compared to the one of 
SMHI.  
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Due to lack of funding the absolute calibration (lamp or intercomparisons) of the 
spectroradiometers have not been done for recent years. 
 
 
RESULTS FROM OBSERVATIONS AND ANALYSIS 
 
Controlled and processed total ozone and broadband UV-data are available from SMHI-web site 
and/or WOUDC. Below is shown a summary of various observations made at Norrköping, Sweden.  
Interestingly, the Brewer spectrophotometer data can also be used to compute the aerosol optical 
depth (AOD), Cheymol et al (2006). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1:  Long-term, 1983-2007, CIE-weighted UV, total ozone, global radiation and 
sunshine duration from Norrköping, Sweden. A linear trend is tested on the level 
of 95% significance for each variable. 

 
 
THEORY, MODELLING, AND OTHER RESEARCH 
 
Modelling 
In early 2000 the STRÅNG-model system Landelius, Josefsson and Persson (2001) was launched, 
see http://produkter.smhi.se/strang/ as a co-operation between SMHI, the Swedish Environment 
Protection Agency and the Swedish Radiation Protection Authority. Now, there is over 10 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 northern 
Europe with a present spatial resolution of 11 km. Swedish data has also been used for re-
construction of past UV-variation and for validation of these methods, see e.g. Kaurola et al (2007), 
Lindfors et al (2007).  
 

http://produkter.smhi.se/strang/�
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Satellite 
The Swedish satellite Odin has now been in orbit for more than seven years. On board there are 
two instruments with connection to stratospheric studies a microwave radiometer, SMR, and an 
optical spectrograph, OSIRIS. At Chalmers University of Technology data have been assimilated 
from the SMR instrument into an atmospheric model. From this it is possible to estimate the ozone 
loss over the period 2002-2007 caused by anthropogenic influence Rösevall et al.(2007a, 2007b, 
2008). Using the OSIRIS instrument and limb scatter observations both ozone and nitrogen dioxide 
can be retrieved with global coverage and also vertical resolution. These data can be used for 
validating atmospheric models, Haley et al. (2004), Brohede et al. (2007a, b, c) Haley and Brohede 
(2007), Brohede, Jones and J´egou (2007). Some work has also been done at Stockholm 
University to validate photochemical models using satellite ozone and nitrous oxide data, Khosrawi 
et al. (2006).  

 
Figure 2:  Ozone depletion in all Arctic winters yet observed by the Odin/SMR instrument. 

Vortex average losses in percent, The percentual losses of ozone in all Arctic 
winters yet observed by the Odin/SMR instrument. Assimilated fields compared 
to passively transported fields. (a)-Average ozone loss north of 67o. (b)- Average 
ozone loss north of 75o. From Thesis of Rösevall (2007). 

 
 
DISSEMINATION OF RESULTS 
 
Data reporting 
Daily total ozone data are submitted once a month to the WOUDC. These data are also available 
at the www.smhi.se  where also daily UV can be downloaded. 
 
Information to the public 
General information on the stratospheric ozone and UV-radiation can be found at www.smhi.se and  
at www.naturvardsverket.se/  
The SSI (the Swedish Radiation Protection Authority) has more public information on their web-site 
www.ssi.se and in addition near real-time data from their three sites with UV-measurements. This 
governmental authority also produce brochures and some of them are possible to download from their 
web site. They have also had activities with the goal to change the behaviour of people mainly 
directed towards children. One activity was to publish and distribute “A book about the sun” to all 
kindergartens (8000) in Sweden, http://www.ssi.se/UVindex/PDFer/EnBokOmSolen.pdf another one 

http://www.smhi.se/�
http://www.smhi.se/�
http://www.naturvardsverket.se/�
http://www.ssi.se/�
http://www.ssi.se/UVindex/PDFer/EnBokOmSolen.pdf�
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was to educate the teachers of preschools and primary schools on the basics of and risks of UV. 
Collaboration with the Swedish Life Saving Society offers sun protection information to many 
thousands of children every year. 
 
The distribution of the daily UV-index forecasts from SMHI started in 1993 at the end of June and 
lasted to the end of the summer. In 1994 the distribution started in spring as a weekend forecast at the 
end of each week. This forecast was valid for clear skies and for the optimal slope (the sloping surface 
receiving the maximum radiation). During the summer season the daily forecast produced included 
the effect of clouds. 
 
At a WMO-meeting in July 1994 it was agreed that the UV-information to the public should be 
harmonised. The meeting agreed on a minimum set of criteria that the UV-information should be 
based on. Starting in spring 1995 the Swedish UV-index was changed according to these 
recommendations. One large change was the introduction of the new action spectrum (from ACGIH-
NOISH to the CIE-erythemal action spectrum recommended by WMO, WHO and ICNIRP.  For the 
public the most apparent change was seen in the new scale range. This was a shift from 0-100 to 
roughly 0-16. 
 
In 1996 the UV-index forecast of SMHI was introduced on the World Wide Web (http://www.smhi.se) 
as a Table for 15 regions in Sweden and three resorts. Next year, 1997, the graphical layout was 
improved and since then the daily course of the UV-index is presented for a number of climatological 
similar regions in Sweden. During the first winters there was no forecasting of UV-index done. The 
season started in late March and stopped at the end of August. After the year 2000, it is in operation 
all the year around. There is also some additional text presenting the some specific features of 
interest regarding UV-radiation in general. 
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SWITZERLAND 
 
 
OBSERVATIONAL ACTIVITIES 
 
Column measurements of ozone 
Total ozone is measured regularly at Arosa since 1926. Presently, the measurements are 
performed with two partly computer-controlled Dobson spectrophotometers (D101 & D062) and 
three Brewer instruments B040, B072 (Mark II) and B156 (Mark III). 
 
Profile measurements of ozone 
Balloon ozone soundings are measured from the Payerne Aerological Station three times per week 
since 1968. Until August 2002, Brewer-Mast (BM) ozonesondes 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 
conditions. Originally the measurements were performed 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 Brewer are simultaneously measuring the 
Umkehr profiles. 
 
Since 2001, ozone profiles (20 – 70 km) are retrieved at Payerne from the radiometer SOMORA. 
This instrument delivers thirty minutes averaged profiles continuously.  
 
UV measurements 
The Swiss Atmospheric 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 Vapour (IW) 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. 
 
Calibration activities 
At Arosa, regular calibrations and maintenances are organised for the Brewer (every year) and for 
the Dobson instruments (every 4 years) traceable to the world standards. 
 
Each ozonesonde is calibrated prior to the flight again a reference UV photometer. 
 
The CHARM instruments are compared to reference instruments traceable to the world standards. 
 
Halocarbon measurements at the global GAW station Jungfraujoch  
The high Alpine site of Jungfraujoch (3580m) is one of a few stations covering the entire 
measurement programme of the GAW concerning greenhouse gases and reactive gases.  
The measurements of chlorocarbons (CFCs, HCFCs) and bromocarbons (halones) are performed 
continuously at Jungfraujoch since the year 2000. They are part of the SOGE – network (System 
for Observation of Halogenated Greenhouse Gases in Europe), which is an associate programme 
to the world-wide AGAGE programme (Advanced Global Atmospheric Gases Experiment). Since 
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February 2008 the identical preconcentration unit (“MEDUSA”) as used within the AGAGE network 
has been installed at Jungfraujoch for the continuous measurements. 
 
 
RESULTS FROM OBSERVATIONS AND ANALYSIS 
 
Ozone at MeteoSwiss / Payerne (Dr. R. Stübi, P. Jeannet) 
A detailed analysis of the 35 years long series of BM ozone sounding at Payerne has been 
published in 2007 (Jeannet et al. 2007). An updated trend analysis is included in this paper and the 
seasonal trends are reproduced in the figures below (see the reference for further details). 
 

Figure 1:  Trend profiles of the homogenized Payerne ozone sounding series. On the left 
panel, the trends over the periods 1970-1989 (1970-1995) for the troposphere 
(stratosphere) are given. On the right panel, the similar results for the period 
1990-2006 (1996-2006) for the troposphere (stratosphere) are reported. 

 
 
As mentioned earlier, the ozonesonde type for Payerne station has been changed in 2002. Prior to 
this change, a systematic analysis of the difference between BM and ECC ozonesondes has done 
over a long period of time. The final results are published in Stübi et al, 2008. In figure 2, the 
seasonal difference profiles between BM and ECC based on more than 100 dual flights are given. 
For further details on this analysis, see Stübi et al., 2007 Other similar studies related to the 
difference between ozonesondes have been realised in international projects. The Payerne team 
has participated to the JOSIE (Smit et al. 2007) and BESOS (Deshler et al. , 2008) campaigns. 
 
 

 
 
 
Figure 2:  
Seasonal difference profiles between 
Brewer-Mast and ECC ozonesondes from 
dual flights campaigns. Left panel: the 
direct difference [mPa]; middle panel: 
standard deviation [mPa]; right panel: 
relative difference [%]. 
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UV at MeteoSwiss / Payerne (Dr. L Vuilleumier, D. Walker) 
The European COST action 726 deals with the long term changes and climatology of ultraviolet 
(UV) radiation over Europe. The main objective is to advance the understanding of UV distribution 
under various meteorological conditions. In the framework of this study, MeteoSwiss focus on the 
interaction of erythemal UV radiation with clouds and the complex alpine topography including 
varying snow coverage. Measured time series of erythemal UV radiation are often too short and 
spatially sparse to draw climatological conclusions as requested by the users’ community. 
Therefore, different approaches for UV reconstruction (inference of UV radiation ground flux based 
on proxy data and modeling) are assessed. 
 
In the course of this study the short-term variability of UV radiation due to clouds and turbidity of 
the atmosphere is analyzed. The introduction of clouds in radiative transfer models (RTMs) 
requires detailed information about cloud properties and for the simulation of the most frequent 
scattered cloud situations even 3D modeling techniques are necessary. Therefore, we restrict the 
application of the RTM to clear sky conditions and investigate the cloud influence using shortwave 
global radiation (SW) as a proxy. Shortwave global radiation not only holds information about the 
transmittance of the atmosphere but is also a very common parameter measured within 
meteorological networks that usually offers superior spatial coverage and longer reliable time 
series than UV radiation. 

 
Figure 3:  The relationship between the cloud modification factors (CMFs) in the shortwave and 

UV range at the BSRN station Payerne (CH) is shown. The CMFs represent the ratios 
between observed irradiances and their respective values in case of clear sky 
conditions. They describe the effect of clouds and turbidity on radiation with respect to 
clear-sky conditions. The relationship can be separated into three clusters representing 
different meteorological situations: a circular shaped data cluster (green) close to a 
CMFUV of one describes situations close to clear sky conditions. On the other hand, the 
data shown in red or blue represent cloud situations with more or less intense cloud 
coverage, respectively. This separation of the data is found at all stations in Switzerland 
that measure UV, independently of the climate regime of the meteorological station. 
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University of Bern / IAP (Prof N. Kämpfer, Dr. K. Hocke) 
Two ozone microwave radiometers (GROMOS and SOMORA) are continuously operated by IAP at 
University of Bern and by MeteoSwiss at Payerne. Both microwave radiometers provide ozone 
profiles with a vertical resolution of about 8-10 km and a time resolution of about 30 min to various 
data centres such as NDACC and the Aura Validation Data Centre (Hocke et al., 2007). Currently 
a homogenization of the data sets of GROMOS and SOMORA is in work in order to generate a 
long term series for detection of ozone trends (GROMOS: 1994-2000; SOMORA since 2000; 
Figure 4).  

 
 
 
 
 
Figure 4:  
Homogenized time series 
from the GROMOS (1994 – 
2000) and SOMORA (since 
2000) radiometers. 
 
 
 
 
 
 
 

 
The sampling time of the ozone profiles can be 
shortened from 30 min to 2 min so that the ozone 
measurements can be utilized for monitoring of tides 
and gravity waves in the middle atmosphere. Figure 5 
shows such an analysis of the GROMOS data from  
February, 2nd 2008.  
 
 
Figure 5:  
Ozone mixing ratio deviations from the mean on specific 
pressure levels (top: 0.1 hPa; bottom: 53.9 hPa). This 
corresponds to an altitude range from ~19 km to ~62 km. 
The data are filtered with a band path between 20 and 40 
minutes  
 
 
 
 
 
 

 
ETH Zurich / IAC (Prof J. Staehelin, Dr. B. Scarnato) 
Comparisons of spectrophotometric total ozone measurements of Arosa: The extended data set of 
Arosa mentioned in § 1.1 allows for detailed comparisons of total ozone measurements of Dobson 
and Brewer spectrophotometers. Part of the differences of the column ozone of the two types of 
standard instruments (see Fig. 6) can be attributed to the different wavelengths and the 
temperature dependences of the ozone cross sections used in the two instruments. Note, that the 
retrieval algorithms of the two spectrophotometers ignore atmospheric temperature variability. The 
data analysis (Scarnato et al., 2008a) also indicated, that the accuracy of well calibrated and 
maintained sun spectrophotometers are presently limited by the information of the ozone cross 
sections and their dependence on temperature in the wavelength band of 300-340 nm, where 
ozone cross section considerably depend on temperature. Using an empirical approach a transfer 
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function could be deduced allowing for conversion of Dobson in Brewer measurements and vice 
versa (Scarnato et al., 2008b). 
 

  
Figure 6: Time series of 
measurements of column ozone 
of a Dobson (first panel) 
operated at Arosa. The second 
panel shows the difference of 
the coincident data from a 
Brewer and a Dobson The 
bottom panel, the Dobson 
measurements are converted to 
the Brewer scale applying a 
empirical transfer function 
(Scarnato et al., 2008b) 
 
 
 
 
 
 
 

 
 
The readings of the historical total ozone series of Oxford (UK) was digitized and homogenized 
(Vogler et al., 2007).  
 
A global three dimensional ozone data series in the framework of theta/equivalent latitude 
coordinates was produced by data assimilation from a satellite total ozone series (Brunner et al., 
2006a). The data series can be used for trend analysis using multiple regression analysis (Brunner 
et al., 2006b) 
 
 
EMPA Dübendorf / Zürich (Dr. S. Reimann) 
The continuous in-situ measurements at Jungfraujoch are used to detect trends of ozone-depleting 
halocarbons (CFCs, HCFCs, halones) in the free troposphere over Europe [Reimann et al., 2008]. 
As an example measurements of HCFC 141b at Jungfraujoch are shown in Fig. 7. After usage was 
forbidden in the non-Article 5 countries in 2003, pollution events declined and the trend levelled out 
[Derwent et al., 2007].  
 

 
 
 
 
Figure 7: Concentrations of HCFC 141b 
measured at Jungfraujoch. Pollution events 
are distinguished from background and 
depletion. 
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Furthermore, measurements have been used to calculate the positive trade-offs of the Montreal 
Protocol to climate change by the curbing of the greenhouse active CFCs and HCFCs [Steinbacher 
et al., 2008]. 
 
Continuous in-situ measurements at Jungfraujoch could be used to justify Europe’s phasing-out of 
methyl chloroform [Reimann et al., 2005], previously challenged by data from a short-term airplane 
campaign [Krol et al., Nature, 2003]. 
 
Pollution events from the European boundary layer can be used for the localisation of potential 
European source regions of ozone-depleting halocarbons. For this purpose concentrations during 
pollution events are linked with the respective trajectories from MeteoSwiss (COSMO). Results of 
the temporal development of the emissions for HCFC 141b are shown in Fig. 8. 
 
 

2003 

 

2004 

 

2005 

 

2006 

 
    

Figure 8:  Source regions from trajectory statistics of HCFC 141b between 2003-2006 at 
Jungfraujoch. Units indicate averaged relative increase over the baseline, linked to 
trajectories that passed over the respective grid cell. 

 
 
DISSEMINATION OF RESULTS 
 
Data reporting 
The ozone data from Arosa, respectively Payerne are regularly deposited at the WODC and at the 
NDACC data centres. They are also deposited at NILU data centre for validation projects and 
measurements campaigns (Satellites, ECMWF, MATCH). 
 
The SOMORA radiometer data are deposited at NDSC and NILU data centres. 
 
The radiation data from the CHARM Payerne station are deposited at the WRM-BSRN data centre. 
 
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. 
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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 programme through the 
following services and cooperations: 
 
• Support to the ozone sounding station Nairobi of the Kenyan Meteorological Institute, 
• World Optical Depth Research Centre (WORCC) 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 national Weather and Climate 
office (MeteoSwiss) and the academic and research institutions. This collaboration organised 
within a national GAW-CH programme allows to support 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, halones) is part of 
the SOGE – network (System for Observation of Halogenated Greenhouse Gases in Europe), 
which is an associate programme to the world-wide AGAGE programme (Advanced Global 
Atmospheric Gases Experiment). Combine information on remaining emissions of ozone-depleting 
chloro-and bromocarbons (CFCs, HCFCs, halones) by merging measurements and meteorological 
information from different European background sites within the SOGE network in conjunction with 
AGAGE will be further developed. 

**** 
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THAILAND 
 
 
OBSERVATIONAL ACTIVITIES 
 
Column measurements of ozone  
Dobson No. 90 is mainly used for total ozone observations at Bangkok (13.67N, 100.62E). The 
latest inter-comparison was undertaken in March 2006 at Tsukuba, Japan.  This inter-comparison 
was supported by JMA experts and WMO Scientific Advisory Group on ozone. Routine processing 
of total ozone is done using the Windobson software package, developed by Koji Miyagawa of 
JMA, and Dobson by Martin Stanek of CHMI. 
 
Brewer spectrophotometers No.120 and 121 have been used as ground based measurements for 
total and profile ozone, SO2, NO2, Aerosol Optical Depth and UV spectra in Bangkok and 
Songkhla (7.2N, 100.6E) since 1997. Data analysis is done using O3Brewer and UVBrewer 
software.  
 
Profile measurements of ozone  
Ozone profiles have been retrieved regularly using Dobson and Brewer umkehr measurements. 
Data analysis is done using WOUDC software.  
 
UV measurements 
Spectral UV radiation measurements have been carried out with Brewer spectrophotometer in 
Bangkok and Songkhla since 1997. To enhance temporal resolution, a broadband UV radiometer 
will be installed at Bangkok in 2008. 
 
Calibration activities 
Dobson Inter-comparisons have been undertaken at Tsukuba in 1996 and 2006. Brewer 
spectrophotometers were maintained and calibrated by the International Ozone Service in 2000, 
2004, and 2005 and 2008. 
 
 
RESULTS FROM OBSERVATIONS AND ANALYSIS  
 
The trend of long term ozone is updated as figures below; 
 

            
           

Fig. 1: Seasonal ozone trend                 Fig. 2: Long-term trend of monthly 
average ozone 
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 Fig. 3: Dobson Ozone profile, Mar 23      Fig. 4: Erythemal UV, Bangkok, on April 15, 2008 
 
 
Ozone profiles obtained from Umkehr Dobson and Brewer measurements have been operated 
routinely and distributed to the public via internet. 
 
UV index levels are normally extreme in mid-day over most of the country. UV indices usually 
range between 7 to 14. 
 
 
THEORY, MODELLING, AND OTHER RESEARCH 
 
Daily ozone and UV index modeling and forecasting is in use today. However, there is on-going 
research on the relationship between ozone and its effects on UV radiation, cloud cover and 
aerosol properties.  This research is supported by the Joint Graduate School of Energy and 
Environment, with the goal of improving modeling. 
 
 
DISSEMINATION OF RESULTS 
 
Data reporting 
Ozone and UV data is deposited regularly to the WMO World Ozone and Ultraviolet Data Centre in 
Toronto. Solar radiation data is deposited regularly to the WMO World Radiation Data Centre in St. 
Petersburg. 
 
Information to the public 
Ozone and UV radiation monitoring and forecasts are published via internet at 
http://ozone.tmd.go.th.  An example forecast, from April 19, 2008, 12:00 is shown in Fig. 5. 
 

  
 
 
 
 
 
Fig. 5:  A UV Index map. 
 
 
 

http://ozone.tmd.go.th/�
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PROJECTS AND COLLABORATION 
 
As a member of the Vienna Convention and Montreal Protocol since July 7, 1989, the Thai 
government, through the Department of Industrial Works, has taken action to protect the ozone 
layer.  The Thai government continues to phase out the use of Ozone Depletion Substances, and 
also continues to promote increased public awareness of the issue of ozone depletion.  
 
Thai Meteorological Department has monitored and performed research on the ozone layer since 
1979.  It continues to extend its national radiation monitoring network, which will achieve 
nationwide coverage in 2008.  As Bangkok is A GAW station it will have enhanced capabilities to 
monitor ozone, radiation, aerosol, and clouds.  
 
 
FUTURE PLANS 
 
Although Thailand is not a high-latitude country, the Thai government has encouraged and 
supported studies related to anthropogenic ozone depletion, natural variation in ozone 
concentration and its relation to climate change, and the forecasting of UV radiation.   Thailand 
plans to improve its ozone monitoring capabilities by increasing the number of monitoring stations 
and by upgrading its instrumentation. 
 
 
NEEDS AND RECOMMENDATIONS 
 
Although sufficient support is available for Dobson spectrophotometer #90 from the experts at JMA 
and the WMO Scientific Advisory Group on Ozone, TMD has had some difficulties obtaining 
maintenance and calibration support for Brewer spectrophotometers #120 and #121.  TMD would 
be able to better utilize its Brewer instruments if better support services for the Brewer 
spectrophotometer were available in Asia.  Ultimately, TMD would like to develop the capability to 
maintain itself, and to calibrate its Brewer instruments using Dobson spectrophotometers at a 
standard reference site in Bangkok. 
 

**** 
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TOGO 
 

 
INTRODUCTION 
 
Togo is worried about environmental problems, especially those concerning chemical substances. 
Thus government has signed many international conventions concerning the protection of health 
and the environment. About the protection of the ozone layer, it has adopted a number of 
regulations to help in the elimination process of ozone-depletion substances (ODS) and to 
substitute them with inoffensive substances. There have been many efforts in the information of 
the masses that use these substances. However research services in this domain have problems 
of absence of adequate scientific equipments to conduct follow up researches about the evolution 
of the atmospheric ozone layer. Our report gives an account of the activities conducted in Togo on 
the research projects which are being done or which will be done, what is needed the realize them 
adequately and recommendations in the fight against the impoverishment of the ozone layer.   
 
 
RESEARCH ACTIVITIES 
 
In Togo and at the University of Lomé precisely, research works on the throwing out of chemical 
substances in the environment are mainly done at the Faculty of Sciences by the laboratory G T V 
D (the waste management laboratory), the laboratory of atmospheric chemistry and the laboratory 
of water chemistry. These laboratories make environmental impact studies of the ecosystems and 
do physicochemical characterisations of the samplings. 
 
But, since Togo does not have scientific equipments for the observation of the ozone, direct 
studies on the ozone are impossible. However, our country has a number of observation stations 
like the station of Kouma- Konda (in the south-west of Togo) but the activities of the observation 
station of Kouma-Konda, of the national service of meteorology are reduced to classical 
observations (temperature, pressure, raining) and are incapable of giving information about the 
evolution of the ozone layer. Though this station has been selected by the G A W programme to be 
rehabilitated for sub-regional needs, nothing has been done and it is still without evolution. Direct 
observations on the ozone are still impossible. Its rehabilitation is thus very necessary. 
 
Without direct studies on the atmospheric ozone, the simulations initiated use information from the 
World Meteorological Organization and the National Oceanic Atmospheric Administration. Since 
the results obtained have not yet been validated, they have not been communicated to the centre 
for reference information. 
 
Furthermore, since direct studies are impossible, and before we have simple means of observation 
of the ozone layer, the researches done in the domain of the ozone-depletion substances rather 
focus on the basic actions to take to reduce or eliminate or substitute these substances. 
 
In this perspective, we have recently begun (Prof Gnon BABA) with the support of the University 
of Lomé, a research on the theme « Evaluation des capacités techniques nationales 
d’observation et d’estimation des rejets de substances chimiques dans l’environnement, 
constitution d’une banque de données: Etudes préliminaires » (Evaluation of the national 
technical capacities for the observation and estimation of the rejection of chemical substances in 
the environment, constitution of a data Bank: preliminary studies). This work, in fact constitutes a 
preliminary step for a vast programme that we are thinking of concerning the chemical substances 
which are thrown out in the nature everyday and which obviously have negative effects on the 
environment and public health, especially the ODS. 
 
Furthermore, because of the interactions between the evolution phenomena of the ozone and 
those related to climate changing, our researches are also done on precursor gas. The laboratory 
GTVD is also currently conducting researches on substances often derived from burning or refuse 
incineration. In fact, household and hospital refuses are often burned in the open air because of 
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the lack of incinerators and equipments of smoke neutralization. Researches are conducted then 
on the emission of direct gas such as CO2, CH4 and N2O or indirect ones such as the carbon 
monoxide (CO), the volatile organic compounds and the nitrogen oxides (NOx) whose effects 
seem often neglected. 
 
Among the various works, it is necessary to mention the development by Togo of its control plan 
for refrigerating fluids granting a number of workshops CFC recuperation and recycling equipments 
with the help of the UNDP and the UNEP. 
 
The same way, campaigns are organized by the environment head office, to sensitize the people 
on the consequences of the impoverishment of the ozone layer and the UV increase in the 
atmosphere which have negative consequences on health and the environment. Training 
workshops are also organized and have helped refrigerating engineers, who are the main 
manipulators of the CFC, to acquire the appropriate techniques. 
 
Finally apart from students’ long essays relating to themes about the ozone, professors Ayité-Lô 
Nohende Ajavon and Gnon  BABA from the university de Lomé have also contributed to the  
writing of the Review  Scientific Assessment of Ozone Depletion:2006     
 
The research activities can produce expected results if the projects and perspectives have the 
appropriate support. 
 
 
PERSPECTIVES, PROJECTS AND COLLABORATIONS 
 
Perspectives and research projects 
We are thinking of research projects and perspectives to bring an important contribution to the fight 
against the impoverishment of the ozone layer. They are: 
 
• The follow up for the evolution of the atmospheric ozone layer. 
• Research for new inoffensive substances. 
• Rehabilitation of the Kouma-Konda station. 
• Follow up for the process of reduction and elimination of the ODS. 
• Research for cheap alternatives. 
• Exploration of how to make synthesis of the atmospheric detergents. 
• Recuperation, reduction and/or elimination of the ODS with simple instruments for research 

purposes. 
• Inventory and identification of air pollutants in general. 
 
 
COLLABORATIONS 
 
The lack of adequate scientific services in the universities of Togo weakens their collaboration at 
the national level with other partners concerned with the ODS .We consider that only collaborations 
with international institutions like UNEP, the UNDP, WMO, the NEPAD, European Union, the 
NOAA, the Ozone Secretariat, can help in the research activities conducted in Togo in the fight 
against the impoverishment of the ozone layer. 
 
  
NEEDS AND RECOMMENDATIONS 
 
In order to realize the perspectives and projects enumerated above, a number of things are 
needed, some of which we are going to enumerate also as recommendations. 
 
Needs 
• Fully equipped and simple scientific services for the observation and the follow up for the 

evolution of the atmospheric ozone for research purposes. 
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• Small scientific equipments for the recuperation and the recycling of the ODS which involve 
research services. 

• Financial supports to laboratories on the basis of the projects submitted for research 
activities. 

• Collaborations with international institutions and developed countries. 
 

Recommendations 
• The Rehabilitation of the Koum-Konda station for the follow up of the evolution of   the 

atmospheric ozone in the sub-region. 
• Sustained attention   to research services in developing countries. 
• Material and Financial supports to research laboratories in developing countries. 
• Creation in Africa, of a regional centre for researches on the interactions between the 

ozone and climate changing. 
• Initiation of Sub-regional research projects involving scholars from many countries. 
• Promotion of research services in developing countries because their works are always 

neglected. 
• Creation of international and regional networks for exchanging information and experience 

on the SAO, and even the actions conducted in every country/region. 
• Involvement of industrialists in the search for solutions related to SAO. 
• More sensitizing for decision makes for more involvement in the research for solutions to 

environmental problems in general. 
 
 
CONCLUSION 
 
In Togo, like in other developing countries, despite the consciousness of government and scholars 
on the damages of the SAO , research actions about the protection of the ozone layer, are still 
slow even though they are fascinating .We  have given in this report an account of the main 
research activities about the protection of the ozone layer. This kind of research needs specific 
investments. The researches we are planning will be successful only if they have the multiform 
assistance that we have also enumerated. If our recommendations are taken seriously, they can 
help advance the research on the SAO in a much sustained way. 
 

**** 
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TURKEY 
 
 
Turkish State Meteorological Service is responsible for observing ozone and UV radiation, also 
research activities have been carried out by Meteorology Service. 
   
OBSERVATIONAL ACTIVITIES 
 
Ozone measurement is made only in Ankara by two kinds of observations. Ozonsonde (ECC - 
Electrochemical Concentration Cell) and spectrophotometric methods with a Brewer Instrument are 
used by Turkish State Meteorological Service in Turkey.  
 
Column measurements of ozone and other gases/variables relevant to ozone loss 
 
Brewer Spectrophotometer 
MK III instruments has been installed  on the roof of main building of Turkish State Meteorological 
Service (TSMS) since November 2006 In order to measure total column ozone at Ankara Brewer 
(39° 97‘ N, -32° 86‘ E). Beeing the only Brewer in Turkey, it forms an integral part of the WMO 
ozone monitoring network (WMO, 1994).  
 
Profile measurements of ozone and other gases/variables relevant to ozone loss     
 
Ozonsonde 
Ozone measurements have been made by an ozonesonde instrument at Ankara, Turkey since 
early 1994 by the Turkish State Meteorological Service. Ankara is located at 32° 53' (E) 
Longitude and 39° 57' (N) Latitude with an altitude of 891 m. Ozone observations have been 
operated in every one or two weeks or sometimes a month since beginning. Total ozone 
column is detected with this operation. It is possible to find vertical ozone distribution, vertical 
ozone profile, in this way. Up to now, total 313 balloon have been launched and 282 daily 
total ozone column data have been obtained. The 31 observations could not be 
performed due to the different reasons such early exploding of the balloon. 
 
UV measurements 
 
Broadband measurements 
The B band of the ultraviolet radiation has been measured with an UV-B recorder named 
Model 501 in two one location, Ankara (39° 97‘ N, -32° 86‘ E) and Antalya (located on 
southern coast of Turkey and at 54 m. Altitude, 30° 44' (E) Longitude and 36° 42' (N) Latitude). 
 
The UV-B observations were started on 3 January 1997 at Ankara, and on 21 May 1997 at 
Antalya. There is any problem on the UV-B time series of Ankara. However, time series 
of Antalya has some gaps and missing data. UV-Biometer of Antalya was over in 2003. 
 
Additionally, UV-A and UV-B measurements from Brewer Spectrophotometer are observing by 
the TSMS. 
 
Narrowband filter instruments 
Additionally, TSMS going to assemble ten UVR1-B Global Spectral Radiometer to the east and 
interior of Turkey at the end of the 2008 year. These stations are in Silifke/Mersin, Mardin, 
Elazıg, Oltu/Erzurum, Aksaray, Kahramanmaras, Merzifon/Amasya, Sivas, Giresun and Van 
cities. 
 
Calibration activities 
Calibration of our Brewer spectrophotometer have been planned to carried out in this year.  TSMS 
has the capacity about solar radiation but not instruments of ozone and UV radiation  
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RESULTS FROM OBSERVATIONS AND ANALYSIS 
 
 
 

Long-Term Seasonal Change of Total Ozone of the Ankara (1994-2007)
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Graphic 1 : Seasonal Ozone Change in Ankara 
 
The seasonal variability of ozone in Ankara, Turkey is characterized by a maximum in spring 
and a minimum in Autumn. The mean of the spring ozone  is 349 DU,  the mean of the autumn 
ozone  is 290 DU between 1994 -2007 period. 
 
  

The Change of the Average Total Ozon in Ankara(1994-2007)

319

308

325

294

336

308 305

320

302

321
325

308

318

301

200

225

250

275

300

325

350

375

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

Years

To
ta

l O
zo

ne
 (D

U
)

 
In 1994-2007 period of ozonsonde measurements, the maximum mean of the period is in 1998 
year as 336 DU and minimum mean of the period is in 1997 year as 291 DU. 
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Maximum brewer ozone data of Ankara is 458 DU in 86th Julian day and minimum of ozone data 
is 254 DU in 23rd Julian Day.   
 
 
THEORY, MODELLING, AND OTHER RESEARCH 
 
Turkish State Meteorological Service has been performing on an official project from 
TUBITAK (Turkish Scientific and Technical Research Council) tilted “Observation of the 
tropospheric and stratospheric ozone/UV-B changings over Turkey and analyses of the 
results”.  
 
A few academic personals from ITU (Istanbul Technical University) also includes in this 
Ozone Project under contract no: 105G032 .  
 
Multi-Linear regression model was improved for Ankara by the staffs of this official (tubıtak) 
project. This study is the experimental model for Ankara. Multi correlation coefficients of the 
models differs between 0.775-0.876. It is greater than 0.80 in all months except from January. The 
standard error of the forecast is calculated between 7.28-23.26 DU. Standard error is smaller than 
10 DU in July, August and September. Especially, the results in summer and spring seasons are 
more successful than winter season result. 
 
Within this year has been started experimental UV-Index forecasting in Ankara by using 
Canadian Empirical Model. Confidence level of the model is under % 5, multiple-regression 
coefficient of the model  is 0.98 and standard error of the model is 1.57 mW/m2. 
 
 
DISSEMINATION OF RESULTS 
 
Data reporting 
The measured ozone data is sent to the `World Ozone and Ultraviolet Radiation Data 
Centre' (WOUDC) in order to be archived and published. The station number of Ankara is 348 
in WOUDC. Clients could find both of the Ozonsonde and Brewer spectrophotometer data for 
Ankara in WOUDC. 
 

Brewer Ozone Measurement of 2007 in Ankara
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Information to the public 
There is a ozone and UV radiation web pages under the official meteorology web site. Its address 
is http://www.meteoroloji.gov.tr/2006/arastirma/arastirma-ozon-ozon.aspx 
This web page includes daily maximum UV Index table for all cities of Turkey (collaborated with 
DWD).  
 

Daily Uv Index Forecasts for all cities in Turkey             
 
 
Relevant scientific papers 
C.Kahya, B.Aksoy, D.Demirhan, S.Topçu, S.İncecik, Y.Acar, M.Ekici and  M.Özünlü  ‘Ozone Variability 

over Ankara, Turkey’  European Geophysical Union’ın 15-20 April 2007 
Deniz D. Barı, Sema Topçu, Bülent Aksoy, Ceyhan Kahya, Selahattin İncecik, Yılmaz Acar, Mustafa Özünlü  

and Mithat Ekici  “A Study of Daily Total Column Ozone Forecasting Based on TOMS Data and 
Meteorology”  ‘International Union of Geodesy and Geophysics’  02–13 July 2007 

 B. Aksoy, S. İncecik, S.Topçu, D.D. Bari, C. Kahya, Y.Acar, M.Ozunlu ve M. Ekici ‘Total Ozone Over 
Ankara and Its Forecastıng Using Regression Models’ 

Aksoy, B. ve Acar, Y. 2001. Ozon (O3). Technical Report, Turkish State Meteorological Service, Ankara, 
Türkiye. 

Aksoy, B. ve Ekici, M. 2001. Ultraviole Radiation, Technical Report, Turkish State Meteorological Service,, 
Ankara, Türkiye. 

 
 
PROJECTS AND COLLABORATION 
Turkish State Meteorological Service has been performing on an official project from TUBITAK 
tilted “Observation of the tropospheric and stratospheric ozone/UV-B changings over Turkey and 
analyses of the results”. A few academic personals from ITU (Istanbul Technical University) also 
includes in this Ozone Project under contract no: 105G032. 
 
In 2007, we have collaborated with the DWD about daily UV Index over Turkey. And now these 
informations are published to the public from our official web site. Additionally, we use the ozone 
data for Turkey from Eumetsat satellite and Ecmwf ozone forecast data. These data are used by 
TSMS Research Department for testing purpose in present. We are planning to apply to all region 
of Turkey in this year. 
 
 
FUTURE PLANS 
 
Planned studies for the period of 2008 - 2011 are as follows: 
 
• To have more strong ozone and UV network in Turkey with three Spectrometers and 

UV network.  
• To detect tropospheric ozone profile. 
• To detect stratospheric ozone profile. 
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• To product daily ozone forecast routinely. 
• To make UV index forecast routinely. 
• To analyse time series of the ozone and the UV-B. 
• To evaluate effects of the changes in the ozone and UV time series on the climate.              

To join meetings, congress and symposium about ozone and UV radiation. 
 
 
NEEDS AND RECOMMENDATIONS 
 
It is very important the support for annual calibrations and maintenance of the Brewer and UV 
sensors. 
 
Educational activities and collaboration between ozone services are enhanced by the WMO, 
UNEP, WOUDC etc. 
 

**** 
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TURKMENISTAN 
 
 
Monitoring of atmospheric ozone  
In Turkmenistan monitoring of atmospheric ozone is accomplished by a National Committee on 
Hydrometeorology at the Cabinet of Ministers of Turkmenistan (Turkmengidromet).  
At present continue systematic daily observations of the total amount of the atmospheric ozone at 
three stations: 
 
Ashgabat (37. 57о  N, 58.21о Е, 311.6 m, since 1926)  
Repetek (38.34о  N, 63.11о  Е, 185 m, since 1983) 
Turkmenbashi (40.03оN, 53.0о Е, 82.5 m, since 2002)  
 
The measurements of total ozone amount are done by means of the ozonometer M-124, 
manufactured in Russia. The ozonometers physically became obsolete, already many years they 
were not calibrated. Spare and reserve ozonometers for replacement and control are absent. 
Nevertheless the carried out comparative analysis between the temporary changes in the total 
ozone amount, obtained using the ozonometers M-124 and by data of Central Aerological 
Observatory scientific report, gives satisfactory agreement.  
 
Information 
The daily averaged data of total ozone amount, obtained at three stations are sent by telegram to 
Moscow 736 OZONE. 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).  
 
All primary data are stored in the archive of Turkmengidromet on the paper carrier. As it is known, 
the paper becomes yellow at long storage, records grow dull and there is a danger of important 
information loss received for a long time. Therefore in the near future it is necessary to transfer all 
information on ozone in the electronic format. 
 
Studies 
 It is known that the ozone actively absorbs UV - radiation of the Sun and hereby influences on 
temperature distribution in the stratosphere, consequently on climate. By-turn climate changes, 
leading changes of temperature and composition of the atmosphere can influence on condition of 
ozonosphere. Depletion of the ozone layer will increase hard spectrum of UV - radiation which 
promote initiation of sun burnings, eye diseases, allergic reactions and skin diseases including 
cancer. Therefore studying of change of the total content of atmospheric ozone appears as actual 
task of the present.  
 
Studying of the total amount of atmospheric ozone is conducted by the Scientific and Technical 
Centre "Climate" of Turkmengidromet.  The conducted investigation is directed toward the study of 
regional special features of the total ozone amount change and their time variations, and also 
determination of possible sources responsible for the ozone layer destruction.  
 
Though obtained results of scientific analysis regarding influence of hard spectrum of UV - rays on 
condition of the ozonosphere in a phase of high solar activity, presently an opinion about role of 
anthropogenic factor becomes prevalent. 
 
In the last years an increase of the quantity of industrial objects in Turkmenistan can lead to the 
growth of the role of anthropogenic factor.  
 
Turkmenistan having ratified the Vienna Convention and the Montreal Protocol, and also London 
Amendment to the Montreal Protocol undertook the corresponding obligations on the problem 
solution of the Ozone depleting substances (ODS). Plan of actions is developed on decrease of 
pollutants emission in the atmosphere and on ODS phase-out.  
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22nd of January 2008 the Medzhlis (Parliament) of Turkmenistan has accepted a Decree about 
acceding to the Beijing, Montreal and Copenhagen Amendments of the Montreal Protocol on 
Substances that Deplete the Ozone Layer. 
 
Problems and needs 
The contemporary level of investigations requires the presence of new technical equipment, which 
will permit to carry out the regular control of the content of ozone both in the atmospheric surface 
layer and at the stratosphere heights.  
 
This is dictated by the fact that decrease of the total ozone amount in the stratosphere leads to an 
increase of the intensity of UV - rays dangerous for the life, and its increase in the atmospheric 
surface layer adversely affects on human health and it leads to a drop in the productivity of 
agricultural crops (wheat, rice, potato and etc.).  
 
For obtaining more reliable information about the total ozone amount it is necessary to enlarge a 
network of regular daily observations. Also necessary to more widely use the data, obtained from 
the satellites. This can be carried out with the aid of the acting stations equipping by the 
contemporary instruments and opening of new stations with the technical support of international 
organizations.  
 
In Turkmengidromet also there is necessity in training of young specialists with purpose of effective 
usage of contemporary instruments for measuring the total amount of atmospheric ozone and 
ultraviolet radiation.  
 

**** 
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UGANDA 
 
 
OBSERVATIONAL ACTIVITIES 
 
Currently, Uganda is not implementing any activities relating to monitoring the status of the ozone 
layer and UV radiation – particularly focusing on trends over the years.  Nevertheless, this is a 
matter which Uganda desires to pursue, and initiate activities geared towards monitoring factors 
that important to both climate and the ozone layer. There is urgent need for equipment and funds 
to initiate such activities including setting up monitoring stations.  Although no actual 
measurements have been initiated for measuring ground surface ozone, it is believed that some 
considerable level of ozone emission is high in the urban centres, especially Kampala City, where 
there is high volume of motor vehicle traffic and traffic jams. Of recent, since the year 2003 
Uganda’s Customs Authorities (Department) are clearing on average a total of 2,700 (two 
thousand seven hundred) imported vehicles per month; and out of which a significant proportion of 
these vehicles are reconditioned vehicles). 
 
In addition, as part of the process of developing Air Quality Standards for Uganda, a number of 
measurements were carried out for carbon dioxide concentrations in different locations in and 
around Kampala City. According to the proposed Air Quality Standards for Uganda (currently 
awaiting approval), the ambient air standard for ozone gas and carbon dioxide is 0.1ppm and 
900ppm, respectively. The last inventory for sources and sinks of greenhouse gases in Uganda 
was finalised in 1994, by the Meteorology Department under the then Ministry of Natural 
Resources.  The inventory was sponsored by UNEP/GEF.  Since then not much has been done to 
update the status of GHG emissions in the country, due mainly to lack of funds and 
equipment/technology. 
 
Column measurements of ozone and other gases / variables relevant to ozone loss  
(e.g. Dobson, Brewer, DOAS, FT-IR) 
 
Such activities have not yet been carried out in Uganda. 
 
Profile measurements of ozone and other gases/variables relevant to ozone loss  
(e.g. ozonesondes, ozone lidar) 
 
Due to lack of the appropriate equipment to capture and process ozone layer-related variables 
transmitted by the satellite in space above Uganda, such measurements have never been carried 
out consistently at national level. 
 
UV measurements 
There is no facility / provision for direct measurement of UV, hence, there are also no UV forecasts 
carried out in the country. Measurements of sunshine give an indirect indication of radiation 
exposures. 
 
Calibration Activities 
This is the responsibility of the Uganda’s National Meteorological Centre at Entebbe. Despite the 
fact that some equipment was acquired by the Centre, calibrated and test-run during the 2005 
period, not further activities have been carried out due to limited financial support to upgrade such 
activities since 2005. 
 
 
RESULTS FROM OBSERVATIONS AND ANALYSIS 
(e.g., trend analyses, UV doses (annual, monthly etc.), UV maps) 
 
The main sources of CO2 emissions are land use change and forestry, main sources of NOx- and 
CH4-emissions are agriculture and savanna burning.  Relative contribution of anthropogenic gases 
to the greenhouse effect:  CO2: 75%; CH4: 13%; and, NO2: 12%.  Uganda participates in the 
Global Climate Observing System with 30 observation stations (1990: 18 stations). Due to lack of 
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funds, the stations are not operating at optimum level. There are no observation stations to 
participate in the Global Ozone Observing System.  
 
 
THEORY, MODELLING, AND OTHER RESEARCH 
(e.g. 3-D CTM modelling, data assimilation, use of satellite data, UV effect studies) 
 
Such activities have not yet been carried out in Uganda. 
  
 
DISSEMINATION OF RESULTS 
 
Available information/records, indicate that data/information relating to the climate or monitoring of 
the atmosphere, Uganda has been submitting data to different data centres.  Although the list was 
not compiled during the preparation of this report, there are certain trends which serve the purpose 
of illustrating the status of efforts in Uganda to protect the atmosphere – regarding climate change 
and ozone protection. 
 
Data reporting (e.g. submission of data to the WOUDC and other data centres) 
There are available some historical trends as depicted in the figures below. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Source:  World Resources Institute (WRI) (2006):  Climate and Atmosphere, Country Profile – Uganda 
 
 
In the WRI (2006) Report, it is indicated that by 1998 the percent change in total emission of 
carbon dioxide since 1990 was at 57%, compared to 10% an 8% for the rest of Africa and the 
world, respectively. Also the percent change per capita of total emissions since 1990 (as recorded 
in 1998) was at 133%, compared to –12% (minus 12%) and –2% (minus 2%) for the rest of Africa 
and the world, respectively. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Source:  World Resources Institute (WRI) (2006):  Climate and Atmosphere, Country Profile – Uganda 
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Source:  World Resources Institute (WRI) (2006):  Climate and Atmosphere, Country Profile – Uganda 

 
 

Other historical data as provide by the Meteorology Department (Kampala, Uganda) in the 1995 
status report, during the preparation of Uganda’s profile on green house gas emissions and sinks, 
is as summarised below in Tables 1 and 2. 
 
Table 1:   Carbon dioxide and Other Gases Emissions for Uganda 
 

Source Giga Grams (Kilo Tonnes) 
(Fossil) Fuel  Combustion 708.51 
Biomass Burned for Energy 13,763.00 
Industrial Processes 43.56 
Land-use Change and Forestry 8,126.67 
Total 22,641.84 

 
 
 
Table 2:   Carbon dioxide and Other Gases Emissions for Uganda 
 

Source CH4 (Gg) N2O 
(Gg) 

NOX(Gg) CO(Gg) NMVOC(Gg)

(Fossil) 
Fuel Combustion 

0.334 0.607 3.971 27.286 4.996 

Biomass 
Burned for Energy 

74.52 4.704 22.81 822.93 - 

Industrial 
Processes 

- - 1173.54 - 0.935 

Agriculture 1189.766 40.38 0.319 16867.05 - 
Land-use 

Change / Forestry 
1.971 0..14 - 17.243 - 

Waste 4.526 - - - - 
 
 
Information to the public  (e.g. UV forecasts) 
Such activities have not yet been carried out in Uganda. 
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Relevant scientific papers 
(Not accessed by the time of writing this report – constrained by time factor) 
 
 
PROJECTS AND COLLABORATION 
(e.g. national projects, international projects, other collaboration (nationally, internationally)) 
 
Uganda is one of the host countries for the implementation of the Clean Development Mechanism 
(CDM) Project, under the auspices of the World Bank, geared towards reducing emission of 
greenhouse gases. Its implementation was initiated in November, 2007, with selection of nine 
(regional) pilot urban centres – namely:  Lira, Soroti, Mbale, Jinja, Kabale, Fort Portal and Mbarara 
Municipal Councils; and two Town Councils – Mukono and Kasese.  Currently, the main activity 
being undertaken in each of the urban centres is the construction of structures for the Compositing 
Plant, and related infrastructure like access roads and water/electricity supply systems.  The 
collaborating authorities for this Project are the local urban authorities (Town Councils and 
Municipal Councils). 
 
Another related on-going venture is the West Nile Hydropower Project bordering the Democratic 
Republic of Congo and the Sudan.  This Project falls within the broader rural electrification and 
development plans of the Government’s Energy for Rural Transformation programme.  The Project 
aims to take advantage of the dual benefits of the CDM – o promote sustainable development in 
rural Uganda by investing in socio-economic development and poverty alleviation, to reduce 
carbon dioxide emissions through renewable energy and to generate certified emissions reduction 
(CER).  Hence, such a project reduces carbon dioxide emissions by replacing the inefficient diesel 
generators with hydropower, and by using reducing the use of kerosene used for lighting purposes.  
Emission reductions are estimated at 1.8 million tonnes over a period of 20 years (UNEP, 2003).  
 
 
FUTURE PLANS (e.g. new stations, upcoming projects, instrument development) 
 
Recognising the importance of ozone monitoring and noting that most tropospheric ozone is 
generated over the tropical atmospheric, Uganda has: 
 
(a) A deliberate plan to acquire and establish its first upper air ozone monitoring station on 

either Mount Rwenzori in western part of the country (bordering the Democratic Republic of 
Congo) or Mount Elgon in the eastern region of the country bordering (Kenya).  It is also 
important to monitor low level ozone generated in urban centres especially in the Kampala 
City.  It is envisaged that Government of Uganda will spearhead these plans with the help 
of development partners. 

 
(b) A plan to set up a measurement site for monitoring and forecasting UV radiation; however, 

the target date has not yet been set. 
 
(c) Plans to train personnel to enhance professional competence in aspects of monitoring, data 

processing and research. 
 
 
NEEDS AND RECOMMENDATIONS 
 
In view of the proposed future plans, Uganda would appreciate support in the following areas: 
 
(i) Financial assistance for acquisition of ozone and UV monitoring equipment. 
(ii) Technical support for installation of the said equipment in (i) above. 
(iii) Training for technical staff for maintenance, calibration and operation of the said equipment. 
(iv) Support for scientific programmes in ozone and climate change. 
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UNITED KINGDOM  
 
 
OBSERVATIONAL ACTIVITIES 
 
Column measurements of ozone and other gases/variables relevant to ozone loss 
The UK Government’s Department for Environment, Food and Rural Affairs (Defra) funds an on-
going monitoring programme that records total values of stratospheric ozone at two UK locations. 
Measurements with a Dobson instrument are taken at the long-term Lerwick Observatory in the 
Shetland Islands (N of Scotland) and a Brewer spectrophotometer is used at the Reading site in 
Berkshire (S England). The latter site replaced the Camborne Observatory site in Cornwall at the 
end of 2003, where a Dobson instrument had been used for ozone measurements. The 
spectrophometers are used to record daily values, except when weather conditions prevent values 
from being recorded and during the winter at Lerwick when the sun is too low in the sky. Column 
ozone measurements which are made (but funded separately) at the University of Manchester (N 
England), using a Brewer instrument, are also made available for this monitoring programme. Days 
where the processed total ozone is below two standard deviations less than the long-term average 
mean for that month are designated as ‘low ozone’ events and are reported to the UK government 
immediately along with additional analysis. 
 
The British Antarctic Survey (BAS), which is funded by the Natural Environment Research Council 
(NERC), runs a Dobson spectrophotometer at the Halley station and a SAOZ spectrometer at the 
Rothera station, in Antarctica. The BAS also supports the ozone monitoring programme run by the 
Ukrainian Antarctic Research Centre at Vernadsky station. 
 
A SAOZ zenith sky visible spectrometer is operated at a site near Aberystwyth, Wales to measure 
mean values of total ozone (and nitrogen dioxide) both at sunrise and sunset on a daily basis. 
  
Profile measurements of ozone and other gases/variables relevant to ozone loss 
Defra has provided support for projects that monitor ozone-depleting substances by analysing 
ground-based measurements at Mace Head, County Galway (Ireland). High frequency, real time 
measurements of the principal halocarbons and radiatively active trace gases have been made at 
Mace Head since 1987, as part of the Global Atmospheric Gases Experiment (GAGE) there. For 
about 70% of the time the measurement station, which is situated on the Atlantic coast, monitors 
clean westerly air that has travelled across the North Atlantic Ocean. For about 30% of the time, 
Mace Head receives substantial regional scale pollution in air that has travelled from the industrial 
regions of Europe. The site is therefore uniquely situated to record trace gas concentrations 
associated with both the Northern Hemisphere background levels with the more polluted air arising 
from Europe. 
 
Using the Mace Head data and a Lagrangian dispersion model NAME (Numerical Atmospheric 
dispersion Modelling Environment), driven by the output from the U.K. Met Office’s Numerical 
Weather Prediction model, it is possible to estimate Northern Hemisphere baseline concentrations 
for each trace gas and their European and UK emission distributions. Analysis of the Mace Head 
data provides valuable information on quantifying Northern Hemisphere and European emissions 
of gases and identifying sources of and trends in ozone formation from different areas. This work 
will also involve a comparison of observed data with expected trends, and identify any new 
substances with ozone depleting or radiative forcing properties. The possible use and analysis of 
any data coming from other sites that could be of policy relevance is currently under consideration.  

 
UV measurements 
 
Broadband measurements 
The solar UV index is measured at seven sites in the UK by the Radiation Protection Division of 
the Health Protection Agency. The Department of Health provides support for this UV monitoring 
work, which provides information for the Global Solar UV Index in association with WHO, WMO, 
UNEP and the International Commission on Non-Ionizing Radiation Protection. 
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Narrowband filter instruments 
No instruments of this type are currently being used in the UK. 
 
Spectroradiometers 
Two UV monitoring sites are in operation, at a green-field site at Reading (funded by Defra) and a 
city site in Manchester.  At Reading the Bentham  DM150 UV spectroradiometer is calibrated on 
site and the site has been providing regular measurements since 1993. This instrument takes 
spectra from 290nm to 500nm at 0.5nm resolution every half-hour, between - 85deg < Zenith < 
+85deg. every day of the year. Periodic international comparisons with other UV 
spectroradiometers have provided consistently good results. The Manchester instrument provides 
five minute averages in each of five narrow wavebands (305, 313, 320, 340, 380nm). Apart from 
calibration periods, the latter instrument has been in continuous operation since 1997, and 
provides a southern site in the Nordic network of GUV radiometers. 
 
Calibration activities 
The Brewer instruments were calibrated in 2005 and 2007 at the Regional Brewer Calibration 
Centre-Europe (RBCC-E) inter-comparison exercises in El Arenosillo, Southern Spain. The current 
recommendation is to re-calibrate every two years.  
 
The Dobson spectrophotometer inter-comparison took place at El Arenosillo in September 2007. 
This forms part of the World Meteorological Organisation’s QA/QC programme to assure the 
quality of the measurements and to assess the performance of the instruments. All instruments are 
carefully maintained and checked monthly. 
 
At the end of 2005, the BAS Dobson spectrophotometer was upgraded with modern electronics 
and recalibrated, at the European Centre at Hoenpeissenberg. BAS’s old SAOZ spectrometer was 
replaced by a new one in 2007, which became the operational instrument in 2008 after a period of 
overlap.   
 
 
RESULTS FROM OBSERVATIONS AND ANALYSIS 
 
The long term monthly means and standard deviations for column ozone levels at both the Lerwick 
and Reading monitoring sites are shown in Figures 1 and 2.  
 

 
Figure 1: Ozone Climatology data, Lerwick, based on 1981-2007. 
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Figure 2: Ozone Climatology data, Reading, based on 2003-2007. 

 
 
THEORY, MODELLING, AND OTHER RESEARCH 
 
No activities to report. 
 
 
DISSEMINATION OF RESULTS 
 
Data reporting 
The ozone monitoring data from Lerwick and Reading are processed daily by the local operators 
and then quality checked and disseminated. A number of checks are performed in order to ensure 
the integrity of these data, including comparison of daily results with OMI satellite measurements 
and the nearest ground-based measurements. Dissemination involves uploading a ‘best daily 
average’ to a dedicated web page (www.ozone-uv.co.uk) on the internet and issuing the results to 
the World Ozone and Ultra Violet Data Centre (WOUDC) Real-time Mapping Centre. Monthly data 
are submitted to the WOUDC for inclusion on their archive. 
 
Data from the BAS Dobson and SAOZ spectrometer measurements are published in near real time 
on the BAS ozone web page (http://www.antarctica.ac.uk/met/jds/ozone/.  
The Dobson measurements are also submitted to the WOUDC and WMO. 
 
The UV measurement data from Manchester and Reading are submitted to the WOUDC. 
 
Information to the public 
Ozone monitoring results from the Lerwick and Reading sites are publicly available on the website 
(http://www.ozone-uv.co.uk/).  
 
UV information and forecasts from the HPA broadband UV monitoring network are made available 
on the HPA and Meteorological Office websites. Data from the Reading monitoring site, converted 
into a simple UV index comparable with the HPA results, is also made available via the website 
(http://www.ozone-uv.co.uk/) in near real-time for public information.  
 
Relevant scientific papers 
Quarterly and annual reports are produced on the ozone and UV monitoring programme. 
 
 

http://www.antarctica.ac.uk/met/jds/ozone/�
http://www.ozone-uv.co.uk/�
http://www.ozone-uv.co.uk/�
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PROJECTS AND COLLABORATION 
 
As part of the UK monitoring project, Defra funds some analysis of the ozone data collected at 
Reading and Lerwick. This research focuses on identifying low ozone events, and predicting how 
the frequency of low ozone events could alter as stratospheric levels change.  
 
There are a number of NERC-funded ozone research projects that have either recently been 
completed or are currently ongoing.  The Upper Troposphere/ Lower Stratosphere (UTLS) OZONE 
Programme, from 1999 to 2006, aimed to improve understanding of the causes of ozone change in 
the UTLS in the past, present and future. Ozone has been changing in this region of the 
atmosphere but the causes have been uncertain. A wide number of scientific research projects 
were funded, with topics ranging from transport of trace gases on annual and seasonal timescales, 
dynamical processes occurring on short-timescales, studies of chemical processes in the 
atmosphere and the laboratory and modelling studies of chemistry-climate interactions. This 
research has led to an improved understanding of chemical composition and structure in the UTLS 
region between 6 and 20km. Results from the Programme have shown, in particular, that 
interactions between dynamics (meteorology) and chemistry in the atmosphere play an important 
role in governing the distribution of ozone and other trace gases in the UTLS. 
 
A 1-year NERC project, which ended in 2007, looked at understanding the climate response to 
stratospheric ozone depletion. The project, led by the University of East Anglia, identified particular 
processes involved in the tropospheric cooling response to ozone depletion over Antarctica. A 3-
year research study, started in 2007 and also led by the University of East Anglia, is modelling 
climate change in the Southern Hemisphere, according to predictions of future ozone change. 
 
NERC is funding a 5-year coordinated study, which started in 2007, on the influences of solar 
variability on atmospheric composition and climate. The SOLCLI consortium is led by Imperial 
College, with partners at the Universities of Cambridge, Leeds and Reading and the British 
Antarctic Survey and with collaborators in Germany, Japan, the USA and the UK Met Office. Study 
topics include: variability over the past 150 years in solar spectral irradiance; detection of solar 
signals throughout the lower and middle atmosphere; response of stratospheric composition, 
specifically ozone, to varying UV; mechanisms for stratosphere-troposphere dynamical coupling; 
and better representation of solar effects in climate models.   
(see http://www.sp.ph.ic.ac.uk/~ssparrow/Solcli_web/solcli_home.htm ). 
 
The European Commission (EC) research programmes encourage collaborative projects involving 
research groups in different countries. The European Ozone Research Co-ordinating Unit 
(EORCU), based at the University of Cambridge, was set up in 1989 to coordinate stratospheric 
ozone research in Europe from both the national research programmes and the European Union 
research programme. There have been numerous joint projects between European scientists, the 
particular project described below is coordinated by a UK institution (University of Cambridge). 
 
Stratospheric-Climate links with emphasis On the Upper Troposphere and lower stratosphere 
(SCOUT-O3) is a 5-year EC Integrated Project, ending in April 2009, which has 59 partner 
institutions and over 100 scientists involved from 19 countries. SCOUT-O3's aim is to provide 
predictions about the evolution of the coupled chemistry/climate system, with emphasis on ozone 
change in the lower stratosphere and the associated UV and climate impact. These forecasts will 
be major European contributions to international assessments of ozone depletion and climate 
change prepared in support of policy such as the WMO-UNEP ozone assessments (Montreal 
Protocol) and the IPCC reports (Kyoto protocol). The forecasts will be built on models, which are 
being refined and improved in this study by exploitation of existing data for model testing and 
validation and by the provision of new data on fundamental processes. These forecasts will 
represent a considerable improvement on current predictions, being based on the significantly 
improved descriptions of the upper troposphere and stratosphere which the project will achieve. To 
meet these goals, SCOUT-O3 is split into 10 project objectives and eight activities (see 
http://www.ozone-sec.ch.cam.ac.uk/scout_o3/). Significant contributions from this project have 
already been made to the 2006 WMO-UNEP Ozone Assessment and to a number of initiatives 

http://www.sp.ph.ic.ac.uk/~ssparrow/Solcli_web/solcli_home.htm�
http://www.ozone-sec.ch.cam.ac.uk/scout_o3/�
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organized within the international programme Stratospheric Processes And their Role in Climate 
(SPARC). 
 
The EORCU is currently, or has recently been, involved in a number of other projects, including: 
the QUANTIFY Integrated Project and the ATTICA assessment project, both of which are 
concerned with emissions from different forms of traffic; and the CANDIDOZ project. 
 
The Met Office Hadley Centre (MOHC), at Exeter, is working on the modelling of stratospheric and 
tropospheric ozone and their relationship to climate change, as part of its Defra and Ministry of 
Defence funded Integrated Climate Programme (ICP). The MOHC co-leads a work package on 
model validation and comparison for the EU SCOUT-O3 project and is represented on the 
coordinating/planning committees of two of the WCRP's SPARC modelling initiatives: CCMVal 
(Chemistry-Climate Model Validation) and DynVar (Modelling the Dynamics and Variability of the 
Stratosphere-Troposphere System). The MOHC group made major modelling and co-author 
contributions to the 2006 WMO/UNEP ozone assessment report. The MOHC is currently 
combining its stratospheric and tropospheric ozone models, in collaboration with the Universities of 
Cambridge and Leeds, to develop a whole atmosphere chemistry model UKCA (United Kingdom 
Chemistry and Aerosols). This will be combined with the MOHC’s climate and ecosystem models 
to create a full Earth-System Model to predict the climate feedbacks involving ozone between 
climate, chemistry and ecosystems. This links in strongly with the NERC QUEST programme, its 
earth-system modelling (QUESM), the atmospheric chemistry component (QUAAC) and the land 
surface component (JULES). 
 
 
FUTURE PLANS 
 
Defra does not have any plans at present to provide direct government funding for any additional 
ozone, UV or ODS monitoring sites in the UK.  The current basic levels of monitoring will, however, 
be continued. 
 
Defra is keeping future research needs for policy development on stratospheric ozone under 
review. 
 
NERC is continuing to provide some funding support for new research projects on ozone. 
 
 
NEEDS AND RECOMMENDATIONS 
 
There is a key need for further research on the interactions between stratospheric ozone and 
climate change. The capability of climate models to represent stratospheric (including stratospheric 
ozone) processes and interactions needs further development. More research is also required to 
understand the basic physical processes involved in ozone-climate links. The impacts of aviation 
on stratospheric chemistry and climate may also need further consideration. 
 
Further work should be undertaken to clarify recent findings on the photolysis rate for dichlorine 
peroxide (Cl2O2), in view of its implications for the chemical model of ozone destruction. 

 
 

**** 
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UNITED REPUBLIC OF TANZANIA 
 
 
INTRODUCTION 
 
The Light and Life in African Environments (LLAE) Project was conceived as a project aimed at 
studying the visible and ultra-violet solar radiation and its effects in the African equatorial regions, 
involving researchers from Norway, Gambia, Uganda and Tanzania. This would encompass 
measurements on land as well as in water on the coasts of the Atlantic and Indian Oceans, and Lake 
Victoria. The project lasted for only one phase, spanning the years 2002 to 2006. NUFU, the 
Norwegian funding agency, did not support it for the next phase, spanning the years 2007 to 2011, 
because it shifted its attention to other research areas. As a result, it became necessary to redefine 
the project on the Tanzanian side, and efforts have continued to seek funding but these have yet to 
materialize. In spite of this, data collection is still going on at the stations established at the 
Department of Physics of the University of Dar es Salaam, and on the slopes of Kilimanjaro Mountain. 
This report provides a short summary of the accomplishments of the project since its establishment, 
and future plans if funding is obtained. 
 
 
GOALS AND OBJECTIVES 
 
The goal of the project was to establish climatology of PAR and UV radiation as well as long-term 
trends of total ozone abundance, cloudiness, PAR and UV radiation levels in the equatorial belt of 
Central Africa. 
 
The attendant objectives were: 
 
• To establish a network of PAR and UV surface-based measurement stations, including one 

station in Gambia, one in Kampala, one in Dar-es-Salaam and five in the Kilimanjaro area. 
• To use the network of surface-based measurement stations to evaluate and validate studies of 

the ozone resolving sensors on ESA's Environmental Satellite (ENVISAT). 
• To use the network of surface-based measurement stations and the satellite sensors to 

establish the climatology mentioned above. 
• To carry out surface-based PAR and UV radiation measurements in Lake Victoria, and later in 

coastal waters in countries on the Eastern (Indian Ocean near Dar es Salaam) and the 
Western (Atlantic Ocean) coasts of Africa. 

• To use the water-based instruments and satellite-based sensors to establish the floating water 
plant coverage, algae distribution, and primary production in the mentioned water bodies, 

• To transfer the science and technology of monitoring environmental parameters and 
assessing national resources to the collaborating African institutions. 

 
Following the requirement to address the interests of Tanzania in a more focused way, and foreseeing 
that it might only be possible to obtain funding for the research component on the Tanzania side, the 
project component in Tanzania has been revised to bear the title Light and Life in Tanzanian 
Environments (LLTE). Its goal is to establish the climatology of PAR and UV radiation, and long-term 
trends of total ozone abundance, cloudiness, PAR and UV radiation levels in Tanzania. The attendant 
objectives are then: 
 
• To extend the network of PAR and UV surface-based measurement stations over that already 

established at Dar-es-Salaam and Kilimanjaro. 
• To extend the area of measurement using satellite-derived data with the ground 

measurements for validation. 
• To use the network of surface-based measurement stations and the satellite sensors to 

establish the climatology mentioned above. 
• To extend the surface-based measurements to include Lake Victoria and the Indian Ocean. 
• To use the water-based instruments and satellite-based sensors to establish floating water 
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plant coverage, algae distribution, and primary production in the mentioned water bodies. 
• To advance the already obtained science and technology of monitoring environmental 

parameters and assessing national resources. 
 
Since the LLTE project is still taking shape, and noting that funds are still being sought to 
operationalize it, the activities reported in this report are those carried out under the LLAE project. 
 
 
ORGANISATION AND OPERATION 
 
The LLAE project was part of a much larger project titled Research in Basic Sciences at Makerere 
and Collaborating Universities to Promote Technological Development in Mathematics, 
Chemistry, Physics, and Biology. Most of the activities in this large project were based at Makerere 
University, with the LLAE sub-project involving collaborators from Norway, Uganda, Gambia and 
Tanzania. As such, the LLAE project was initiated from Uganda, and the Tanzanian involvement 
came in at a later stage. On the Tanzanian side, the project is based at the University of Dar es 
Salaam. 
 
The main and crucial activities in the project include instrument calibration and data collection. The 
instrument in Dar es Salaam is calibrated each week, and it serves as a reference for the other 
instruments. Data is downloaded from the instruments in Kilimanjaro four (4) times a year, and that is 
when the instruments are calibrated. The calibration and downloading of data is done by a team of 
researchers, who have to visit all the stations in Kilimanjaro. In addition, a local technician takes care 
of the instruments in Kilimanjaro, especially cleaning to ensure that dust does not degrade the quality 
of the light going to the sensors within the instruments. 
 
 
ACTIVITIES UNDERTAKEN AND THEIR ASSESSMENT 
 
Establishing the Network 
The initial objective of the project was to establish the network with six NILU-UV stations, one in Dar 
es Salaam and five in Kilimanjaro. Due to financial constraints, this number was reduced to four, with 
one instrument being installed in Dar es Salaam and three in Kilimanjaro. It was envisaged that the 
results from the four instruments could be evaluated to form the basis for the future architecture of the 
network. 
 
Unfortunately, some factors have militated against the proper establishment of the network, especially 
in Kilimanjaro. First, although four instruments were installed initially, one of them failed to operate, 
and it was taken to the manufacturer for repairs. It has since been repaired and is awaiting installation. 
Secondly, after examination of the initial data from Kilimanjaro, it was discovered that the instruments 
needed to be mounted higher than originally planned. The parts for the two stations in Kilimanjaro 
were modified, and were installed in the July-September 2007 phase. The parts for the third station 
have already been fabricated, and are awaiting installation. Thirdly, the power supply in one of the 
instruments in Kilimanjaro operated erratically. This problem contributed to unreliable data, and it took 
quite some time to tackle. Currently, all stations are being monitored carefully to avoid the repetition of 
the anomaly. The latter two problems described above made it necessary to postpone the re-
installation of the third station in Kilimanjaro. Its location is not easily accessed, and its installation 
must therefore be done very carefully to avoid recurrent mal-performance. 
 
The achievement on the LLAE network is the experience that has been gained as far as establishing, 
managing and operating a network of measurement stations is concerned. This experience will 
therefore be very useful in the envisaged LLTE project and any similar work in future. 
 
Data Collection and Analysis 
Data has been collected from the instrument in Dar es Salaam since 2000 and analyzed. Data has 
also been collected from the instruments installed at Marangu and Horombo stations since 2003. 
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The achievements in data analysis are the reliable scientific results that have been obtained so far 
from the instrument installed in Dar es Salaam, which have also been compared with the ones from 
Serrekunda, Gambia and Kampala, Uganda. The results show that the atmosphere at Kampala has 
less ozone compared to that at either Dar es Salaam or Serrekunda because of the higher altitude of 
Kampala. The results also show that the satellite sensors over-estimate the erythemal UV falling on 
the earth's surface and also that clouds have a much reducing effect on the incoming UV radiation. 
These results seem to suggest that there will be less ozone in the atmosphere at Kilimanjaro than at 
Dar es Salaam because of the higher altitude of Kilimanjaro and the presence of less cloud. This, 
however, will be tested when reliable data from Kilimanjaro is obtained and analyzed. The results also 
seem to suggest that accurate results are best obtained by using ground-based measurements. The 
results further show that Dar es Salaam is slightly more affected by aerosols than Kampala because 
of the air-borne salt from the Indian Ocean, whereas Gambia is more affected (4 to 5 times) by 
aerosols than either Tanzania or Uganda because of the dust from the Sahara desert. 
 
Some of the results mentioned above have appeared in several papers. While data collected at the 
Dar es Salaam station is very reliable, there have been a number of problems hindering the smooth 
collection of data in Kilimanjaro. First, as explained before, only two stations have been fully 
operational in Kilimanjaro. Therefore, data has never been collected from one of the stations. 
Secondly, the problem with the power supply in one of the stations as mentioned before made it 
impossible to obtain data that could be analyzed to draw good conclusions. Thirdly, all the instruments 
in this project exhibit some drift which lead to wrong interpretation of the data. Part of this problem has 
been tackled by instituting regular calibrations on the instruments, and these are synchronized to the 
times of collecting data. In addition to the frequent calibrations, software has been developed to 
correct for the drift. It is expected that the two measures will lead to reliable interpretation of the 
collected data. Fourthly, it has been quite a challenge for the researchers to reach the instrument at 
Gilman's Point, especially when the weather is not conducive. For this reason, part of the work in the 
LLTE project will be to design the electronics that will enable the remote collection of data from 
stations that are not easily accessible. Finally, the M.Sc. student in the project declined to proceed 
with the studies, and as a result, no reliable results could be obtained from his work. 
 
The work that is going on now on data analysis is the preparation of a report to incorporate the data 
from Kilimanjaro. Due to the problems mentioned above, that data consists of portions when data was 
not collected and portions when the data collected was not reliable. The report is being prepared in 
collaboration with the counterpart researchers from Norway. 
 
Training 
Only one M.Sc. student was under training for this project, but explained above, that student already 
dropped from studies. Two technicians have been trained on the calibration and data collection 
procedures within the project. 
 
The setback on the postgraduate training side was due to two factors. First, Tanzania was late in 
entering the LLAE project, which was a sub-project of the main project based at Makerere University, 
Uganda, and which had been running for more than 10 years. There was not much time therefore in 
recruiting postgraduate students. Secondly, the project was new, and prospective postgraduate 
students were precarious to join it. 
 
Even though the first M.Sc. student in the project dropped out of studies, there is much research work 
for future postgraduate students in the project. Therefore, much emphasis will be put on attracting 
postgraduate students to the envisaged LLTE project. 
 
Interaction with the Tanzania National Park Sector 
The National Park Sector, that is TANAPA, TAWIRI and KINAPA has been very cooperative and 
helpful throughout the project. KINAPA specifically, has been very instrumental in offering whatever 
assistance was needed by the project personnel going up the Kilimanjaro throughout the instrument 
installation and data collection expeditions. It is hoped that this will continue in the envisaged LLTE 
project. 
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Following the work in Kilimanjaro, KINAPA had requested for 3 weather stations, but due to budget 
constraints only 3 temperature loggers were supplied. The expectation was to enable the purchase of 
the weather stations if NUFU had continued to support the project, but this was not possible. Since 
monitoring of the weather is very important all along the mountain climbing route in Kilimanjaro, efforts 
will be made to include the weather stations in the envisaged LLTE project. Also, an important aspect 
that can be added to the research within LLTE is climate change, which has become important with 
the possibility of the ice on Mountain Kilimanjaro disappearing. This is not only important ecologically, 
but also to the tourism industry. 
 
Significance of the research to cancer research in Tanzania 
The role of UV in cancer has been highlighted in many reports. Excess exposure to UV accelerates 
skin cancer. In efforts to find out more on this, a visit was made to the Ocean Road Cancer Institute 
(ORCI), in Tanzania. First, it was learned that increased skin cancer has been a problem of major 
concern to the institute. Second, it was learned that the most affected group in the population are 
albinos. The skin cancer and complications arising from them lead to a great reduction in the life span 
of albinos, to around 40 years. The second group so affected by this problem are children, especially 
young infants. Thirdly, there has been an increase in cases of skin cancer patients from among the 
general population, so far assumed least unaffected. Thus, while previously dark skinned people have 
been less affected by exposure to UV, there is an increase in the number of dark skinned people 
having skin cancer. Four, quite a number of tourists from Europe have sought treatment at the cancer 
institute after overexposure to sunlight, with some being hospitalized for days. The incidence of skin 
cancer is therefore a very important problem to the Ocean Road Cancer Institute. 
 
The increased incidence of skin cancer and overexposure to UV as explained above led the institute 
to install instruments for measuring the amount of UV reaching the ground as far back as the 80's. 
Unfortunately, the instruments broke down, and attempts to have them repaired failed. Thereafter, no 
more attempts were made to re-start the measurements. It is envisaged that part of the ground-based 
data in the LLTE project will be of assistance to the institute. 
 
 
FUTURE PLANS 
 
Future progress in the research will be based on the goal of establishing the climatology of PAR and 
UV radiation, and long-term trends of total ozone abundance, cloudiness, PAR and UV radiation 
levels in Tanzania. Capitalising on the gained experience which will enable us chart out how we can 
proceed with the research, the intention is to establish LLTE as a successor to the LLAE project, and 
take on the challenge of making it sustainable. That, however, will need the involvement of all the 
relevant stakeholders. 
 
Therefore, in addition to research on UV, PAR and ozone, the future project will focus on a number of 
issues: 

a) Strengthening and expand the established network of measurement stations. 
b) Extending its work to study life in Tanzanian water masses. 
c) Including research on climate change, which will be of interest to the Kilimanjaro National 

Park. 
d) Including research on the effects of UV on cancer, this will be of interest to cancer research in 

Tanzania. 
e) Training more postgraduate students. 
f) Increasing participation of other researchers and stakeholders. 
g) Expanding the science and technology of monitoring environmental parameters. 

 
 

**** 
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UNITED STATES OF AMERICA 
 
 
OBSERVATIONAL ACTIVITIES 
 
Column Measurements: 
Ozone 
 
US Satellites 
Long-term dataset of total column ozone continues to be produced from the SBUV/2 instruments 
on the NOAA polar orbiting environmental satellites (NOAA-16, 17 & 18). One more instrument in 
this series remains to be launched around Feb. 2009. The SBUV record extends back to April, 
1970 with a data gap between 1974 and 1978. The TOMS total ozone series started in October 
1978 and ended in December 2006.  All TOMS data have been reprocessed by applying an 
empirical correction based on the SBUV/2 record. Hence the SBUV total ozone record is 
considered the primary record for trend analysis.  (NASA, NOAA)  
 
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. Neither of the algorithms is fully 
compatible with the SBUV and TOMS total ozone (version 8) algorithms. Most of the differences 
occur over bright clouds and at large solar zenith angles. NASA plans to reprocess SBUV, TOMS 
and OMI data using a common (version 9) algorithm by the end of this year. (NASA)   
 
Ozone Estimates from Infrared Sensors 
NOAA produces estimates of total ozone by using information in the 9.7 micron channel of 
HIRS. The retrieval products are combined with SBUV/2 information to generate global 
maps of column ozone. See http://www.osdpd.noaa.gov/PSB/OZONE/TOAST/.  (NOAA) 
 
Dobson Network 
Dobson total column ozone measurements in the U.S. are done through the NOAA/ESRL/GMD 
Cooperative Network at 16 locations, including 10 national sites in the continental U.S. and Hawaii.  
Five other sites are collaborative international programmes (South Pole, Perth, Lauder, Samoa, 
OHP). 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/ESRL/GMD, NASA) 
 
UVB Monitoring and Research Programme (UVMRP) 
Direct-sun column ozone is retrieved by UV Multi-Filter Rotating Shadowband Radiometers (UV-
MFRSRs) at 33 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).  (USDA) 
 
NOAA-EPA Ultraviolet Brewer (NEUBrew) Network 
Brewer Mark IV UV spectrometers were deployed at six U.S. locations in the last half of 2006 with 
funding from the EPA and NOAA. Total column ozone and ozone profiles using the Umkehr 
technique are derived from these measurements http://esrl.noaa.gov/gmd/grad/neubrew/. 
(NOAA/ESRL/GMD, EPA) 
 
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, and sulphur dioxide. (NASA)  
 

http://www.osdpd.noaa.gov/PSB/OZONE/TOAST/�
http://esrl.noaa.gov/gmd/grad/neubrew/�
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GOME-2 Instrument on MetOp-A 
NOAA is working to implement additional operational products from the GOME-2 Level 1 data. 
These include aerosols, nitrogen dioxide, and sulphur dioxide. (EuMetSat/NOAA) 
 
Network for the Detection of Atmospheric Composition Change (NDACC) 
This international ground-based remote-sensing network was formed 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/ESRL/GMD)  
 
Profile Measurements: 
 
Ozone 
 
BUV Instrument Series (10 Instruments) 
The SBUV/2 instruments on NOAA satellites continue to measure ozone vertical profiles  in the 
upper stratosphere (1-30 hPa) with vertical resolution varying from 6 to 8 km. (This technique also 
provides accurate estimates of the partial column ozone between 30-700 hPa.)  This data record 
extends back to April 1970, with a data gap between 1974 and 1978.  Profile datasets are also 
being produced from the OMI instrument. OMI provides full daily coverage compared to SBUV 
which provides daily coverage in approximately two weeks. OMI profiles have similar information 
content as SBUV in the upper stratosphere (1-30hPa) but have higher vertical resolution (~10 km) 
at lower altitudes.  The long-term ozone profile record from the SBUV/2 instrument series has been 
significantly affected by drifting orbits. Analysis of these effects is currently in progress. NASA 
plans to reprocess data from the entire BUV instrument series, including OMI, using a consistent 
algorithm (version 9) by the end of this year.  Current and archived Version 8 ozone profile data 
are being used in the NOAA/NCEP Climate Forecast System Reanalysis and Reforecast, a 
successor of the NCEP/DOE Reanalysis 2.  (NOAA/CPC, NASA)  
 
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. (NASA)  
 
Aura Satellite Instruments 
Ozone profiles from 0.5- 200 hPa with about 3 km vertical resolution have been produced by the 
Microwave Limb Sounder (MLS). The high resolution dynamic limb sounder (HIRDLS), which 
suffers from a partial obscuration of the field of view that occurred during launch, has recently 
reprocessed the ozone profile data. These data have 1 km or higher vertical resolution in the 
stratosphere. Two other instruments on Aura Tropospheric Emission Spectrometer (TES) and OMI 
produce lower vertical resolution ozone profiles but they measure lower into the troposphere than 
either HIRDLS or MLS. (NASA)  
 
Balloonborne Measurements 
NOAA routinely conducts ozonesonde measurements at nine locations (5 domestic, 4 
international).  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 also 
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flies ozonesondes and an ozone photometer as components of moderate-scale balloon campaigns 
that also utilize a submillimeter/millimeter-wave radiometer, an infrared spectrometer, and a far-
infrared spectrometer. (NOAA/ESRL/GMD, NASA)  
 
Dobson Umkehr 
Profiles are obtained from six automated Dobson instruments using the Umkehr technique 
(Lauder, Perth, Hawaii, Boulder, OHP, Fairbanks). Through collaboration between NASA and 
NOAA, a new ozone-profile algorithm has been developed to process Dobson Umkehr data. This 
algorithm is similar to the SBUV V8 algorithm, and has been optimized for deriving trends. This 
algorithm has been used to process Brewer Umkehr data on a selective basis. However, due to 
lack of availability of the Brewer raw radiance data it has not been possible to reprocess the 
Dobson/Brewer Umkehr data using a consistent algorithm. (NOAA/ESRL/GMD, NASA)   
 
Brewer Umkehr 
Brewer Mark IV UV spectrometers were deployed at six U.S. locations in the last half of 2006 with 
funding from the EPA and NOAA. Total column ozone and ozone profiles using the Umkehr 
technique are derived from these measurements http://esrl.noaa.gov/gmd/grad/neubrew/. 
(NOAA/ESRL/GMD) 
 
Network for the Detection of Atmospheric Composition Change (NDACC) 
NDACC lidars (whose retrievals are limited primarily to the stratosphere) and microwave 
radiometers (whose retrievals are limited primarily to the stratosphere) are providing long-term 
ozone profile measurements.  Ozonesondes routinely launched at many NDACC stations also 
provide ozone-profile data. In addition, several of the high-resolution FTIR spectrometers are 
beginning to yield ozone-profile information. (NASA, NOAA/ESRL/GMD)   
 
NOAA-EPA Brewer Spectrophotometer UV and Ozone Network  
The NOAA/EPA Brewer Spectrophotometer Network (NEUBrew) consists of six stations located in 
the western, central and eastern United States. Brewer MKIV instruments provide twice daily 
ozone vertical profiles based on Umkehr scans.  Data is available online with a latency of one day.  
(EPA, 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 vapour profiles are also available.  (NASA)  
 
Aura Satellite Instruments 
The four Aura instruments provide profile measurements of numerous atmospheric constituents 
and parameters in the stratosphere and troposphere. MLS is delivering profiles of temperature, 
H2O, ClO, BrO, HCl, OH, HO2, HNO3, HCN, N2O, and CO.  HIRDLS is retrieving profiles of 
temperature, O3, and HNO3 at 1.2 km vertical resolution and will soon deliver profiles of H2O, CH4, 
N2O, NO2, CF3Cl, CF2Cl2, and aerosols.  TES is providing limited profile information for O3, CO, 
H2O, and HDO from its nadir viewing owing to it’s high spectral resolution.  (NASA)  
 
Combined NASA Satellite Data  
Past global space-based measurements of atmospheric composition (e.g., from SAGE, SBUV, 
UARS, and TOMS) are being extended via observations available from the Aura satellite and other 
A-Train satellites.  These new measurements are providing an unprecedented global 
characterization of atmospheric composition and climate parameters. Efforts are underway to 
produce merged data sets connecting these recent measurements to past satellite observations of 
the atmosphere.  (NASA)  
 

http://esrl.noaa.gov/gmd/grad/neubrew/�
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Balloonborne Measurements 
NOAA monitors upper tropospheric and stratospheric water vapour using cryogenic, chilled-mirror 
hygrometers that are flown with ozonesondes on a biweekly schedule in Boulder, CO, and at 
Lauder, New Zealand, in collaboration with NIWA.  Water-vapour profiles also are obtained on a 
campaign basis in Indonesia, the Galapagos, and Hawaii. NASA supports the flights of several 
balloon instruments (primarily on a campaign basis) capable of providing profile information for 
numerous atmospheric constituents.   (NOAA/ESRL/GMD, NASA)   
 
Airborne Measurements 
NASA-sponsored airborne campaigns, using both medium- and high-altitude aircraft, have been 
conducted with NOAA, NSF, and university partnerships, with a focus on satellite validation and 
scientific study of ozone and climate change. While designed more for process study than for trend 
determinations, the airborne measurements have provided a unique view of changes in 
atmospheric composition at various altitudes in response to source forcings.  The most recent 
campaigns (Costa Rica AVE and TC4) have concentrated on the convection of source gases to the 
tropical upper troposphere and stratosphere with a goal of understanding the effects on 
stratospheric ozone.  Currently, the international POLARCAT campaign with components from 
NASA, NOAA, DOE, and NSF are being executed looking at atmospheric processes in the Arctic 
troposphere. (NASA, NOAA, NSF)   
 
New Aircraft Technologies: Unmanned Aircraft Systems (UAS) 
NASA Dryden has obtained new resources in Unmanned Aircraft Systems including General 
Atomics Aeronautical Systems (GAAS) Altair (leased), Predator-B (IKHANA), and two Northrop 
Grumman Global Hawks. This new technology will permit longer duration flights (up to 36 hours), 
flights over hazardous areas for pilots, crew, and scientists (polar regions and remote oceans), and 
flights incorporating repetitive tasks (drop radiosondes, routine weather observations, and trace 
gas observations).  NOAA sponsored the NOAA UAS Demonstration in 2005 and operated a two 
airborne channel gas chromatograph (UCATS- UAS Chromatograph for Atmospheric Trace 
Species) that measured greenhouse gases, stratospheric ozone depleting gases, and air quality 
gases.  It included a small ozone ultraviolet absorption spectrometer.   Two atmospheric 
instruments, ARGUS and UCATS with a water vapour instrument added, flew on the NASA UAS 
Fire Mission in 2006.   In FY 2009, NASA will sponsor several flights including a few new 
atmospheric instruments for Aura Validation using one of its Global Hawks, a jet powered high 
altitude UAS (NASA and 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 vapour, CFCs, HCl, HF, CH4, and N2O. (NASA, NOAA, DoD/NRL)   
 
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.  These data provide the basis for 
determining global tropospheric trends and for computation of effective equivalent chlorine (EECl) 
in the atmosphere.  The NASA Advanced Global Atmospheric Gases Experiment (AGAGE) 
network has the longest continuous observational record for such species, extending back almost 
three decades for some CFCs.   New NASA and NOAA/ESRL/GMD instrumentation permits the 
monitoring of many of the CFC replacements, thereby enabling a tracking of such chemicals from 
their first appearance in the atmosphere.  Measurement and standards intercomparisons between 
the AGAGE and NOAA/ESRL/GMD networks and with other international collaborators are leading 
to an improved long-term database for many ozone- and climate-related gases 
(NOAA/ESRL/GMD, NASA)  
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UV Irradiance Measurements: 
 
Broadband Measurements 
 
SURFRAD Network 
Seven Surface Radiation Budget Network (SURFRAD) sites operate Yankee Environmental 
Systems, Inc. (YES) UVB-1 broadband radiometers. The ISIS network of solar measurements 
includes broadband Solar Light 501 UVB biometers at each of nine sites. Other instrumentation 
(located at the Table Mountain test facility near Boulder, Colorado) includes a triad of calibration-
reference YES UVB-1 broadband radiometers, and two calibration reference Solar Light 501 UVB 
biometers. Several other broadband UV radiometers also are operated at the Table Mountain site. 
These include a Scintec UV radiometer, two types of Kipp & Zonen broadband UV radiometers, an 
EKO UV radiometer, and a Solar Light 501 UVA biometer. (NOAA/ESRL/GMD) 
 
NOAA/ESRL/GMD 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/ESRL/GMD) 
 
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. (EPA, NOAA) 
 
USDA UV-B Monitoring and Research Programme (UVMRP) 
Thirty-seven YES UVB-1 radiometers are fielded under this programme. (USDA) 
 
Narrowband Filter Measurements 
 
Central Ultraviolet Calibration Facility 
Currently operating at the Table Mountain test facility in Colorado are a Biospherical Instruments 
GUV-511 UV radiometer, a Smithsonian 18-channel UV narrow-band radiometer, and two YES 
UV-MFRSRs. A YES UV-MFRSR is also deployed at the Central Ultraviolet Calibration Facility’s 
High-Altitude Observatory at Niwot Ridge, Colorado. (NOAA/ESRL/GMD) 
 
NOAA/ESRL/GMD Network 
Narrowband radiometers (Biospherical Instruments, GUV, 305 nm, 313 nm, 320 nm, and 380 nm) 
are used at three sites in Alaska. These sites were established in 1998 and operated for about two 
years with initial funding, but have been operated in a minimal-maintenance mode since.  One site 
was discontinued in 2003 when it was determined that the combination of on-site support and data 
communications problems were prohibitive. Initial and subsequent calibrations of the instruments 
have been performed by the manufacturer. Due to reductions in personnel and funding, since 2001 
the instrument calibration schedules have been reduced and adequate quality control has not yet 
been applied to the data. The measurements were discontinued in 2006.  (NOAA/ESRL/GMD)  
 
USDA UVB Monitoring and Research Programme (UVMRP) 
UV-MFRSRs deployed within this 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 web site at:   
(http://uvb.nrel.colostate.edu/UVB/uvb_data_products.html) (USDA) 
 
NEUBrew Network 
Each NEUBrew station has a Yankee UV-MFRSR and visible MFRSR collocated with the Brewer 
spectrophotometer. (EPA, NOAA) 
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NSF UV Monitoring Network 
Biospherical Instruments (BSI) GUV-511 moderate bandwidth multi-channel radiometers are 
deployed at five of the seven network sites (McMurdo and Palmer Station in Antarctica, San Diego 
California, Barrow Alaska, and Summit Greenland). A BSI GUV-514 radiometer is deployed at the 
South Pole. (NSF) 
 
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. (NOAA/ESRL/GMD) 
 
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/ESRL/GMD) 
 
NSF UV Monitoring Network 
BSI SUV-100 high-resolution scanning spectroradiometers are deployed at all seven network sites 
(McMurdo Station, Palmer Station, and South Pole Station in Antarctica; San Diego California; 
Barrow, Alaska; Summit, Greenland; and Ushuaia, Argentina). A BSI SUV-150B spectroradiometer 
is also deployed at Summit, Greenland. (NSF) 
 
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. (EPA) 
 
NEUBrew Network 
The NOAA/EPA 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 hour. http://esrl.noaa.gov/gmd/grad/neubrew/. (NOAA/ESRL/GMD, 
EPA) 
 
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)  
 
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 
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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. (NASA, NOAA)   
 
Dobson Network 
World Standard Dobson No. 83 is maintained at NOAA/ESRLGMD as part of the World Dobson 
Calibration Facility, and regularly participates in international intercomparisons of regional and 
national standards. (NOAA/ESRL/GMD) 
 
Network for the Detection of Atmospheric Composition Change (NDACC) 
Several operational protocols have been developed to insure that NDACC data is 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/ESRL/GMD)  
 
Ground-Based In Situ Measurement Networks 
Both the NOAA/ESRL/GMD 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. In addition, both networks are developing reliable calibration scales 
for the short-lived halogen-containing gases that have been introduced as CFC replacements.  
(NOAA/ESRL/GMD, 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 more than 80 UV instruments per year for 
several U.S. Government agencies and other UV research concerns, both national and 
international. 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 standards. The secondary standards can be calibrated for operation in 
either the vertical or horizontal orientation. (NOAA/ESRL/GMD) 
 
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/EPA 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) 
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RESULTS FROM OBSERVATIONS AND ANALYSIS 
 
Ozone: 
Merged Satellite Datasets 
Since there are often biases between different satellite instruments it is necessary to create 
consistent long-term data sets by cross-calibration of different records when they overlap and by 
using ground-based data when they do not. Such data sets have been produced using TOMS and 
SBUV total column ozone and profile records. (NASA)  
 
Total Column Ozone 
Trends in total column ozone from 10 two-dimensional and 4 three-dimensional models and solar 
backscatter ultraviolet-2 (SBUV/2) satellite observations were compared for the period 1979-2003.  
Trends for the past (1979-2000), the recent 7 years (1996-2003), and the future (2000-2050) were 
compared.  Future trends are expected to be positive and less than half the magnitude of the past 
downward trends.  (NOAA/ESRL/CSD, NASA) 
 
Ozone Depletion & Recovery 
Statistical analysis of the merged SBUV profile ozone data set from 1979 to June 1997 shows the 
largest negative trends in the upper stratosphere at high latitudes (-8.5% per decade at 47.5˚S and 
-7.5 per decade at 47.5˚N), and less negative trends in the tropics and below 30 hPa (-2 to -4% per 
decade). These trends are in general agreement with previous profile trend estimates from 
satellite and ground-based records.  The downward trend of ozone in the upper stratosphere has 
not continued beyond 1997, suggesting that decrease of chlorine observed in the 
upper stratosphere may be having a positive impact on ozone. 
 
Total ozone levels have remained relatively constant over the last decade (1998-2007). Northern 
midlatitude ozone reached a minimum of 8% below 1979-1980 mean values in 1993 because of 
forcings from the Mt. Pinatubo eruption and the solar cycle minimum. From 1992-1998 total ozone 
levels recovered from the effects of the Mt. Pinatubo eruption to about 3% below the 1979-1980 
values. In the years since, the northern midlatitude total ozone has been highly variable, but has 
increased on average, to about 1.5% below the 1979-1980 values. Southern midlatitude ozone 
decreased steadily until the late 1990s, and has been nearly constant since at 4.5 - 5% below 
1979-1980 average values. There are no significant ozone trends over the tropics. (NASA, NOAA) 
 
Antarctic Ozone Hole 
Since approximately 1997, the underlying trend of Antarctic ozone (i.e., the trend after removal of 
the effect of natural variability in vortex temperatures) has been zero. This cessation of the 
downward trend in ozone is consistently seen at 60ºS to 70ºS in TOMS total ozone columns, 
SAGE/HALOE stratospheric columns, ozonesonde ozone columns at Syowa (69ºS), and Dobson 
total column measurements at 65ºS and 69ºS. The cessation of the downward trend is primarily a 
result of the saturation of the losses, and not due to decreasing levels of stratospheric chlorine. 
 Antarctic ozone depletion is primarily controlled by inorganic chlorine and bromine levels (effective 
equivalent stratospheric chlorine, EESC), and secondarily controlled by Antarctic stratospheric 
temperatures. Fits of various ozone hole diagnostics to temperature and chlorine and bromine 
levels suggest that the ozone hole is very slowly improving.  However, detection of this slow 
improvement is masked by the large natural variability of the Antarctic stratosphere.  (NASA) 
 
Ozone Maps 
Daily maps of total ozone and monthly total ozone anomalies are being produced, as well as 
routine updates of the SBUV-2 total ozone change utilizing a statistical model that includes the 
1979 to 1996 trend, the trend-change in 1996, plus ancillary variables of solar variation (f10.7), 
QBO, and AO/AAO. In addition, twice-yearly (Northern and Southern Hemisphere) winter 
summaries of selected indicators of stratospheric climate are generated. (NOAA/CPC) 
 
Ozone-Related Gases and Variables: 
Chlorine Activation 
Substantial chlorine activation near the midlatitude tropopause was inferred from an analysis of 
airborne measurements of chlorine monoxide and ozone.  The analysis suggests that a 
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heterogeneous mechanism for the chlorine activation exists in volcanically quiescent periods and 
can impact ozone photochemistry in regions of the lowermost stratosphere.  (NOAA/ESRL/CSD, 
NOAA/ESRL/GMD, NASA) 
 
Rates of Chemical Reactions Important to Ozone Depletion 
The rate of the reaction of hydroxyl radical (OH) with OClO has been studied.  This rate affects the 
partitioning of chlorine into its active forms.  The quantum yields for OH production in the 
photodissociation of nitric acid, a key reservoir species, were studied. (NOAA/ESRL/GMD) 
 
Chemistry in Polar Stratospheric Clouds (PSCs) 
High Altitude Balloon and Satellite Observations in the Polar Vortex 
A January 2007 NASA balloon campaign from Kiruna, Sweden was conduction to validate of Aura 
observations in the polar vortex.  A broad suite of Cly, NOy, HOx, and tracers measurements were 
made in PSCs detected by the HIRDLS and CALIPSO satellite instruments.  These data are being 
analyzed to understand reactive radical partitioning in PSCs.  (NASA)  
 
Observations of Nitric Acid-Containing Particles 
Airborne in-situ measurements revealed a new category of nitric acid-containing particles in the 
tropical lower stratosphere, most likely composed of nitric acid trihydrate. It is reasonable to expect 
that the tropical NAT particles and polar NAT particles nucleate via a similar process because of 
similar low temperatures; hence, the investigation of the tropical nucleation process is expected to 
further our understanding of particle nucleation in polar regions also. Observations of condensed-
phase nitric acid in tropical subvisible cirrus clouds and in Arctic cirrus ice crystals have also been 
reported.  (NOAA/ESRL/CSD, NOAA/ESRL/GMD, NASA) 
 
Stratospheric Ozone - Climate Connection 
Antarctic Ozone and Climate 
Research has shown that the atmosphere’s temperature structure is affected by decreases in 
stratospheric ozone.  This has included the demonstration that the observed pattern of recent 
Antarctic surface temperature trends (cooling over the high plateau, accompanied by warming in 
the region of the Peninsula) is largely due to a change in Southern Hemisphere circulation that is 
related to the ozone hole.  
(NOAA/ESRL/CSD) 
 
Stratospheric Ozone and Climate Forcing 
The indirect climate forcing associated with stratospheric ozone changes caused by 21st-century 
changes in the greenhouse gases carbon dioxide, methane, and nitrous oxide were computed 
using a two-dimensional radiative-chemical-dynamical model and radiative transfer models. For the 
various scenarios investigated, the range of future indirect radiative forcings from ozone were 
found to be small compared with the total direct radiative forcings of these greenhouse gases over 
the 2000-2100 time horizon. (NOAA/ESRL/CSD) 
 
Ozone-Relevant Gases 
Research has shown how the Montreal Protocol that protects Earth’s ozone layer has also helped 
slow climate change. The double effect occurred because compounds that destroy the 
atmosphere’s ozone layer also act as greenhouse gases. While protecting the ozone layer, the 
Montreal Protocol and its Amendments has also cut in half the amount of greenhouse warming 
caused by ozone-destroying chemicals that would have occurred by 2010 had these substances 
continued to build unabated in Earth’s atmosphere. The amount of warming up to the year 2010 
that was avoided is equivalent to 7-12 years of growth in radiative forcing by carbon from human 
activities.  Earlier studies showed that continued growth in ozone-depleting substances would lead 
to significant warming of Earth’s climate. The analysis quantifies the near-term climate benefits of 
controlling these substances.  (NOAA/ESRL/CSD) 
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UV: 
 
UV Trends 
SURFRAD Network 
A paper co-authored with Colorado State University (CSU) UVB researchers analyzing trends in 
solar UV irradiance at eight stations in the CSU-USDA network stations over the period 1995 to 
2006 has been submitted for publication. Both positive and negative tendencies were detected 
ranging from –5% to +2% per decade. However, inter-annual variability was between 2 and 5%.  
(NOAA/ESRL/GMD) 
 
USDA UVB Monitoring and Research Programme (UVMRP) 
Analysis of nine years of broadband data indicates no statistically significant trend in UVB, though 
the author of this paper has recently begun to re-evaluate the results using more robust analysis 
methods.  The difficulty in detecting the expected upward trend in UVB is due to calibration 
uncertainties, radiometric sensitivity drift, year-to-year variability due to changes in cloud cover, 
ozone, aerosols, albedo, etc. Improved quantification of these variables is essential for any trends 
analysis, and the UVMRP staff and researchers are, and have been, continuing the work to refine 
these parameters. (USDA) 
 
A clear latitudinal gradient is seen in the data from North America, even though the range of 
selected latitudes (40oN to 47oN) is quite limited. At low altitudes, the peak values of erythemally 
weighted UV (UVEry) increases by (2.5 ± 0.1)% per degree of latitude over the range of latitudes 
sampled. A clear altitudinal gradient is also evident. Near 41oN, the peak value of UVEry increases 
by ~15% as the altitude increases by ~1 km. This rate of increase is about three times larger than 
expected for a Rayleigh atmosphere. The increase is smaller for an altitude change from 1.5 km to 
3.2 km, indicating that boundary layer extinctions are largest at altitudes below 1 km. (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 
 
Ozone: 
Ozone-Layer Recovery Estimates 
Equivalent effective stratospheric chlorine (EESC) is a convenient parameter to quantify the effects 
of halogens (chlorine and bromine) on ozone depletion in the stratosphere.  EESC has been 
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extensively used to evaluate future scenarios of ozone-depleting substances (ODSs) on the 
stratosphere.  Research has led to a new formulation of EESC that provides revised estimates of 
ozone layer recovery.  The work shows that ozone levels will recover to 1980 levels in the year 
2041 in the midlatitudes, and 2067 over Antarctica, assuming adherence to international 
agreements that regulate the use of ODSs.  The researchers assessed the uncertainties in the 
estimated recovery times.  The midlatitude recovery of 2041 has a 95% confidence uncertainty 
from 2028 to 2049, while the 2067 Antarctic recovery has a 95% confidence uncertainty from 2056 
to 2078.  (NOAA/ESRL/CSD and NASA) 
 
Antarctic and Arctic Ozone Loss 
Contrasts between ozone depletion at the poles have been investigated in a recent study that used 
available long balloon-borne records and ground-based records that cover multiple decades.  
Antarctic ozone observations reveal widespread and massive local depletion in the heart of the 
ozone “hole” region near 18 km, frequently exceeding 90%.  Although some ozone losses are 
apparent in the Arctic during particular years, the depth of the ozone losses in the Arctic are 
considerably smaller, and their occurrence is far less frequent.  The observations demonstrate that 
the widespread and deep ozone depletion that characterizes the Antarctic ozone hole is a unique 
feature on the planet.  (NOAA/ESRL/CSD) 
 
SPARC Initiative on Halogen Chemistry and Polar Ozone Loss 
NASA and NOAA scientists are working with international colleagues to examine the effects of new 
laboratory data on the photolysis rate of the ClO dimer (ClOOCl) on the quantification of polar 
ozone depletion.  These efforts are coordinated under a new SPARC initiative on “The Role of 
Halogen Chemistry in Polar Ozone Loss”, which will undertake a comprehensive review of existing 
and ongoing laboratory studies, atmospheric observations, and modeling activities.  (NASA, 
NOAA)  
 
Ozone Forecasts 
Mechanisms to improve the ozone production and loss chemistry in the operational NCEP/Global 
Forecast System (GFS) have been implemented resulting in decreased ozone forecast errors at all 
latitudes.  Aura/OMI near-real-time total ozone data will begin to be assimilated into the 
NCEP/GFS in the Fall of 2008.  This will greatly enhance the horizontal ozone coverage previously 
provided just from the nadir SBUV-2 data.  Additionally, tests using ozone profile information from 
near-real-time versions of the Aura/MLS and Aura/HIRDLS and total ozone data from 
MetOP/GOME-2 are being conducted. (NOAA/CPC) 
 
Lower Stratospheric Halogen Chemistry 
Observations of HOCl, HO2, and ClO from multiple instruments on high altitude balloons, in 
conjunction with Aura MLS observations of ClO, suggest that the rate of the HO2+ClO reaction is 
faster than the rate currently used in stratospheric photochemistry models.  This reaction has a 
significant contribution to ozone loss in the lower stratosphere.  (NASA)  
 
Decadal Analyses and Simulations 
Simulated fields of atmospheric constituents derived using NASA’s Global Modeling Initiative (GMI) 
Chemical Transport Model (CTM) are being used in comparison with Aura data to evaluate the 
transport and photochemical processes in the upper troposphere and lower stratosphere.  These 
simulations are being used along with trajectory calculations to interpret aircraft measurements of 
chlorofluorcarbons and to develop better estimates of their atmospheric lifetimes.  In addition, 25-
year time-slice simulations have been done in which specific years (in terms of halogen amounts) 
are repeated in order to get better mean distributions and estimates of variability for ozone and 
relevant chemical compounds.  These simulations have been included in the Chemistry Climate 
Model Validation (CCMVal) exercise and were part of the 2006 WMO/UNEP Ozone Assessment. 
(NASA) 
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Ozone-Related Gases and Variables: 
Environmental Properties of Atmospheric Gases 
Chemistry of Potential ODS Replacements 
Laboratory and theoretical work has provided information about the ozone-layer friendliness and 
climate friendliness of candidate replacements for ozone-depleting substances used for a variety of 
societal applications such as refrigeration, air conditioning, electronics manufacture, and fire 
protections.  Early information about the suitability of a proposed substance is needed by industry 
before costly development investments are made. These results provide important input 
parameters for model calculations of the future vulnerability of the ozone layer, and are used 
together with industrial production-and-use information to analyze the growth of such chemicals in 
the atmosphere. (NOAA/ESRL/CSD) 
 
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/ESRL/CMD) 
 
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 
programme’s web site at   (http://uvb.nrel.colostate.edu/UVB/uvb_publications.html). (USDA) 
 
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.  Cotton yields for 
the 14-state USA cotton 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 
TOMS, SBUV and Aura data 
 
In June 2004, a 2-DVD set containing the entire TOMS V8 data set was released. The data cover 
the period from November 1978 through August 2003. Similarly, a DVD containing SBUV V8 
ozone profile data was released. Data are from Nimbus 7 (1978 to 1993), NOAA 9 (1985 to 1998), 
NOAA 11 (1988 to 2001) and NOAA 16 (2000 to 2003). In 2007 the entire Earth Probe TOMS data 
record (8/1996-12/2006) was reprocessed using a final correction for instrument degradation.  
Ozone data from Aura instruments (OMI, MLS, TES, 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 web 
site ( http://toms.gsfc.nasa.gov).  (NASA) 
 
NOAA plans to provide a four-year incremental supplement extending the SBUV(/2) Version 8 
ozone profile data record through the end of 2007 by using retrievals from the SBUV/2 instruments 
on NOAA-16, -17 and -18 POES in the Summer of 2008. (NOAA) 
 
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 
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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 is freely available 
(http://avdc.gsfc.nasa.gov/Data/ ). (NASA)  
 
Umkehr Data 
Dobson Umkehr data processed using an SBUV-like algorithm are available at 
http://www.srrb.noaa.gov/research/umkehr/. (NOAA/ESRL/GMD, 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 web sites (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-EPA network are 
available at the web site http://esrl.noaa.gov/gmd/grad/neubrew/ (NOAA/ESRL/GMD, EPA) 
 
Maps 
All daily SBUV/2 total ozone hemispheric analyses generated from NOAA-16, NOAA-17, and 
NOAA-18 observations are available on the Climate Prediction Center’s stratospheric web pages 
at http://www.cpc.ncep.noaa.gov/products/stratosphere/sbuv2to/. The raw data from the SBUV/2 
are available from NESDIS. Additionally, the NCEP/GFS total ozone analysis and forecast fields 
out to five days are available at http://www.cpc.ncep.noaa.gov/products/stratosphere/strat_a_f/. 
(NOAA/CPC) 
Daily maps from the Version 8 total ozone algorithm processing of GOME-2 data are available 
from NOAA Operations at http://www.osdpd.noaa.gov/PSB/OZONE/gome.html 
 (NOAA/CPC)   
 
Assessments 
NASA and NOAA scientists played key roles as reviewers and authors for various chapters in the 
2006 WMO/UNEP Scientific Assessment of Ozone Depletion, mandated under the provisions of 
the Montreal Protocol.  (NOAA, NASA) 
 
2005 IPCC Special Report 
The 2005 Special Report of the Intergovernmental Panel on Climate Change (IPCC) and the 
Technology and Economic Assessment Panel (TEAP) was published (IPCC/TEAP Special Report 
on Safeguarding the Ozone Layer and the Global Climate System: Issues Related to 
Hydrofluorocarbons and Perfluorocarbons).  (NOAA, NASA, EPA, NIST, NSF) 
 
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-Related Gases and Variables 
Aura Data 
Gas and Aerosol constituent data from Aura instruments (OMI, MLS, TES, 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 web site ( http://toms.gsfc.nasa.gov).  (NASA) 
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Ozone-Depleting Substance Data 
Long-term data from the NOAA/ESRL/GMD network are updated every six months on the website 
(http://www.esrl.noaa.gov/gmd/) and 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 (firn-air studies, ocean flux studies), are posted shortly after 
mission completion.  Data on very short-lived gases from ocean research cruises are posted for 
use on the NOAA/GMD website. (NOAA/ESRL/GMD) 
 
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/ESRL/GMD) 
 
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 
web site ( 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 web site, http://ozonewatch.gsfc.nasa.gov/ provides information 
for anyone interested in the Antarctic ozone hole. (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 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 web site 

http://toms.gsfc.nasa.gov/�
http://ozonewatch.gsfc.nasa.gov/�
http://www.cpc.ncep.noaa.gov/products/stratosphere/uv_index/�


 

345 

(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 Chlorine (EECl) measured 
globally in the NOAA/ESRL/GMD network, has been implemented. EECl and WMO/UNEP ozone-
depleting gas scenarios are used to estimate the progress towards ozone recovery (ODGI = 100 
on January 1, 1994 when EECl reached its maximum value and 0 at recovery).  The results are 
updated annually and posted at http://www.esrl.noaa.gov/gmd/odgi. (NOAA/ESRL/GMD) 
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PROJECTS AND COLLABORATION 
 
NOAA/ESRL/GMD 
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) and 
universities (University of Colorado, Harvard, Princeton, Humboldt State University, etc.) is 
maintained through both global monitoring and field missions.  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). 
 
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, balloonborne, and groundbased measurements, as well 
as in various modeling and analysis activities. NASA often supports research activities within these 
laboratories, including support for NOAA groundbased 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 assisting NOAA in the 
implementation of the OMPS nadir and limb instruments on the NPOESS Preparatory Satellite 
(NPP) by developing the limb operational algorithms 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. USDA researchers participated in the NSF MIRAGE 
Mexico City air quality study in February/March 2006.  Collaborations also exist with DoE for 
providing aerosol optical depths and column ozone data.  Agency personnel participated in the 
Norwegian filter radiometer intercomparison held in Oslo in May 2005. 
 
EPA: 
The NOAA/EPA Brewer spectrophotometer network (NEUBrew) consists of six stations located in 
the western, central, and eastern United States.  The NEUBrew network has deployed two Brewer 
Mark IV spectrophotometers to Brisbane, Australia.  The data gathered from this location will be 
used for atmospheric research and human health effects studies. 
 
 



 

350 

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. (NASA) 
 
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) 
 
Ozone-Relevant Gases/Variables: 
 
OMPS and CrIS on NPP and NPOESS 
The Ozone Mapping and Profiler Suite will become the operational US ozone monitoring 
instrument in the NPOESS 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 will fly on the NASA NPOESS Preparatory Project Mission in 2010. The OMPS was 
design to include a third detector, the limb profiler, to provide high-vertical resolution ozone 
profiles. This instrument was de-manifested due to cost issues. It has been restored on NPP and 
options for future flights are under consideration.  The Cross-track Infrared Sounder is a 
hyperspectral IR instrument with spectral coverage including the ozone lines around 9.7 microns. 
NOAA has implemented ozone retrieval algorithms with the AIRS instrument on EOS, and plans to 
use similar algorithms with the IASI on MetOp-A and the CrIS on NPP and NPOESS. (NOAA, 
NASA) 
 
NEUBrew Network 
The NOAA/EPA Brewer spectrophotometer network (NEUBrew) consists of six stations located in 
the western, central, and eastern United States.  Future plans include the addition of UV-aerosol 
optical depths, tropospheric ozone estimates and total column abundance of NO2 and SO2 data 
products. (EPA) 
 
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 
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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 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. (NASA)  
 
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.  (NASA) 
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. (NASA)  

The only currently planned U.S. space-based ozone-monitoring instrument in the post-Aura era will 
be the NPOESS OMPS instrument, a limb scattering measurement with very little heritage. In order 
to provide a calibration source for OMPS so that the data will be of sufficient quality for scientific 
studies and trend analysis, consideration should be given to adding a simple solar occultation 
instrument to NPOESS. (NASA/NOAA/DOD)  
NASA has two Earth Science Decadal Survey satellite missions recommended in the future.  One 
(GEO-CAPE) is a geosynchronous orbit and designed to study North American air quality, but 
should also provide column ozone.  The second (GACM) is described as a follow up to Aura with 
analogous instrumentation using more advanced technology.  This will provide profiles for ozone 
and numerous trace gases in the stratosphere and troposphere.  Neither project is planned to be 
launch until some time after 2017, leaving a large gap between Aura and the next mission.  
(NASA)   
 
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, HIRDLS and OMI are promising as they 
provide ozone profiles which are of greater resolution (MLS and HIRDLS) and of greater horizontal 
coverage (OMI).  As these products are refined and made available in near-real-time, they will 
likely be 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. 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) 
 
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 
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AERONET and UV Shadowband radiometers. Efforts to utilize this methodology for deriving AAOT 
in the UV should be implemented. (NASA)  
 
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/ESRL/GMD) 
 
Field Campaigns 
Aircraft, balloon, and ground-based measurement campaigns for satellite validation and science 
are expected to continue.  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 Houston, TX in August 2006, and the development of 
real-time data streams will be attempted within the network. New interagency collaborations will 
include participation in the NSF MIRAGE air-quality study in Mexico City (February/March 2006), 
and the generation of aerosol atmospheric corrections for a NASA/USGS invasive-species study. 
(UDSA) 
 
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) 
 
Calibration and Validation 
The WMO has requested that the CUCF become the WMO centre for UV calibrations. 
However, funding for this within and outside NOAA has yet to be identified. Efforts to accomplish 
this are continuing. (NOAA/ESRL/GMD) 
 
It is now well established that the ratio of UVB and UVA can be predicted accurately under clear 
conditions and to within a few percent in cloudy conditions wherever quality column ozone data 
exist.  Absolute measurements of ozone amounts from satellites are accurate to 2% resulting in a 
2% error in UV irradiance at 310 nm and an 8% error at 305 nm with larger errors at higher 
latitudes.  UVA variability is known to correlate with variations in clouds, NO2, and aerosols, some 
of which are also measured by satellites.     Ground based intercomparisons studies are using long 
time averages to simulate the spatial footprint of satellites.  Further studies are required to 
determine the effectiveness of this approach. (NASA)  
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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 
CSD  Chemical Sciences Division (formerly the Aeronomy Lab, NOAA, U.S.) 
CSD  Chemical Sciences Division (NOAA,US) 
CSU  Colorado State University (United States) 
CTMs  chemical transport models 
CUCF  Central Ultraviolet Calibration Facility 
DAAC  Distributed Active Archive Center (NASA Langley, U.S.) 
DISC  Data and Information Services Center (NASA Goddard, U.S.) 
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 
EESC  effective equivalent stratospheric chlorine 
EOS  Earth Observing System 
E EuMetSat  European Organization for the Exploitation of Meteorological Satellites 
P  Earth Probe 
EPA  Environmental Protection Agency (United States) 
ESRL  Earth System Research Laboratory (NOAA, US) 
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, U.S.) 
GMD  Global Monitoring Division (formerly CMDL – NOAA, U.S.) 
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, U.S.) 
HALOE  Halogen Occultation Experiment 
HIRDLS  High-Resolution Dynamics Limb Sounder 
HIRS  High-resolution Infrared Radiation Sounder 
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IHALACE  International Halocarbons in Air Comparison Experiment 
IASI Infrared Advanced Sounding Interferometer 
JPL  Jet Propulsion Laboratory (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, U.S.) 
NDACC  Network for the Detection of Atmospheric Composition Change 
NDIR  non-dispersive infrared 
NESDIS  National Environmental Satellite, Data, and Information Service (NOAA, U.S.) 
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 
NPOESS  National Polar-Orbiting Operational Environmental Satellite System 
NPP NPOESS  Preparatory Satellite 
NRL  Naval Research Laboratory (United States) 
NSF  National Science Foundation (United States) 
NWS  National Weather Service (NOAA, U.S.) 
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 
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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VIETNAM 
 
 
INTRODUCTION 
National Hydro – Meteorological Service of S.R. Vietnam (NHMS) has 3 ozone and UV-B 
observing stations. The observation is carried out since May 1992 in Hanoi station (21001’N, 
105051’E). From 1994, Sapa station (22o21’N, 103o49’E) and Tan Son Hoa station 
(10o47’N,106o42’E in Ho Chi Minh City) also start observe. However, the observation in Tan Son 
Hoa station was stopped from April 2008 because of instrument’s problem. All the management for 
the ozone and UV-B observation in NHMS is operated by the Aero – Meteorological Observatory 
(AMO). 
 
Observational Activities 
The Total amount of atmospheric ozone (TO3) and UV-B are measured by M124 filter instrument, 
manufactured in Russia. The TO3 is measured 7 times per day with the sun height is in between 
20o and 70o. The UV-B is measured 11 times per days from 7h to 17h LT (within period of 1st May 
to 31st October), and 9 times per day from 8h to 16h LT (within period of 1st November to 30th April). 
From 2005 to 2008, AMO have sent all M124 for calibration in GGO (Petersburg, Russia) once, in 
2006. Since the new filters of M124 were not available, so after the calibration few months, our 
M124 instruments could not give the data with high quality. Even though, all the 3 stations have to 
absorb TO3 and UV-B, following the National Guide for observation.  
 
Results from observation and analysis 
According to the Global Distribution of Total Ozone, measured by satellite, Vietnam is located in 
the region with the total amount of ozone is changed from 200DU to 300DU (1), minimum in winter 
and maximum in summer.  
 
From 1/2006 to 12/2007, as indicated on the Table and Figure 1 the total ozone measured at Tan 
Son Hoa were changed in between 120DU to 240DU, lower than the result measured by satellite. 
The trend of TO3 was not similar in 2006 and 2007. It seems irregular in TO3 trend of year 2007 
with rapid increase from the minimum in February to the maximum in May and June. Overall, TO3 
in 2006 and 2007 was lower than the normal value. 
 
At the same time the TO3 measured in Hanoi was slightly higher (table and figure 2). Also, it is 
very abnormal in trend of TO3 in 2007. In fact, the maximum appears in February instead of 
summer as usually. 
 
The TO3 measured at Sapa arranged almost from 200 to 300DU along 2006 and 2007. But, the 
annual trend of TO3 in 2007 was not the same compared with the map of Global Distribution of 
TO3, measured by satellite. As shown on the figure, TO3 at Sapa decreased from January to 
December, except for February. 
 
 

Table and Figure 1:  Annual trend of TO3 measured at Tan Son Hoa. 
 

Month Year 2003 Year 2004 Year 2005 Year 2006 Year 2007 

1 251 234 216 211 142 

2 247 243 205 216 120 

3 249 261 199 224 121 

4 254 263 185 219 227 

5 257 267 184 225 239 

6 243 266 183 228 240 

7 248 269  n/a 227 233 
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8 260 263  n/a 226 228 

9 273 260  n/a 226 229 

10 267 256 n/a  201 221 

11 238 229 n/a  187 208 

12 241 225 n/a 144 197 

 
 
 

0

50

100

150

200

250

300

1 2 3 4 5 6 7 8 9 10 11 12

Month

TO3

Year 2003
Year 2004

Year 2005

Year 2006
Year 2007

 
 
 
 
 

Table and Figure 2:  Annual trend of TO3 measured at Hanoi. 
 

Month Year 2003 Year 2004 Year 2005 Year 2006 Year 2007 

1 288 373 274 281 350 

2 290 390 284 296 394 

3 322 439 310 338 292 

4 360 424 310 340 312 

5 385 454 308 344 291 

6 417 478 291 342 283 

7 422 376 311 349 284 

8 377 365 305 344 292 

9 450 314 310 365 285 

10 431 297 316 365 281 

11 431 257 273 367 276 

12 412 267 280 356 265 
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Table and Figure 3: Annual trend of TO3 measured at Sapa. 
 

Month Year 2003 Year 2004 Year 2005 Year 2006 Year 2007 

1 291 382 274 241 286 

2 313 370 257 250 308 

3 342 425 263 283 318 

4 377 452 301 292 261 

5 354 444 292 303 250 

6 352 390 279 298 248 

7 352 459 283 311 239 

8 353 436 277 309 259 

9 365 419 276 312 262 

10 335 460 267 289 256 

11 373 454 246 294 251 

12 330 538 243 288 238 
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So, last two years 2006 and 2007 the TO3 data measured in Vietnam has not been qualified, 
especially in 2007, due the fault M124 and we have no budget for calibrating the equipments in 
Russia every year. Since the ozone data was not qualified, the UV-B would not qualify too. So the 
UV-B data would not be reported here. 
 
Future Plan 
Since the filters of M124 will not be produced NHMS plan to replace the new equipment for ozone 
and UV-B observation and to continue the international collaboration in this field. 
 
In planning from now to the 2010, the total ozone and ultraviolet radiation network will be improved 
and replaced by new equipment. The equipment that we want to equip is Brewer spectrometer. 
However, our difficulty is limited finance. After this workshop, we hope to get the help from WMO 
on this Brewer equipment and document to serve for activity of total ozone and ultraviolet radiation 
in Vietnam. 
 
Needs and recommendations 
1.  NHMS needs the financial support to replace the equipment for measuring the TO3 and 

UV-B to meet the requirement of the quality of data. 
2.  NHMS's personnel’s need the scientific and technical training and more international 

collaboration. 
3.  NHMS needs the financial support for exchange of visits amongst personnel from the 

monitoring stations of NHMS and other countries for improve our personnel’s operational 
skill and knowledge. 

4.  NHMS hope to receive the support to carry out the ozonesounding in Hanoi at least once a 
week since we conduct the radiosounding twice a day by the DigiCORA-RS sonde, 
manufactured by Vaisala Co., Finland. 

 
Finally, I would like to thank to WMO/UNEP give me opportunity to attend this meeting and give the 
national report on ozone and UV-B monitoring activities in S.R. Vietnam and NHMS would expect 
more international support in this field. 
 
References 
D.W. Fahey (2002) Twenty Questions and Answers About the Ozone Layer. 
Report of the Fifth Meeting of the Ozone Research Manager of the Parties to the Vienna Convention for the 
Protection of the Ozone Layer. Geneva, 25 -27 March, 2002. 
National Guide for ozone and UV-B observation, 2002. 
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ZAMBIA 
 
 
INTRODUCTION 
 
Although Zambia places the management of the environment and natural resources as one of its 
priority areas, projects related to the direct monitoring of ozone in the stratosphere none existent.  
Through the Environmental Council of Zambia (ECZ), the country runs programmes to manage, 
monitor and protect the environment and natural resources including effects that could result from 
the modification of the ozone layer from the stratospheric air pollution.   
 
Zambia is classified under Article 5, Paragraph 1 of the Montreal Protocol (MP) since its 
consumption per capita of Annex A, Group 1 chemicals is less than 0.3kg ODP per year. The 
country has no manufacturing facilities for any substances controlled under the Montreal Protocol. 
The total demand for Annex A, Group1 and Annex B Group I, II, III chemicals is met through 
imports. 
 
Zambia’s uses controlled substances in the servicing of refrigerators, freezers and mobile air 
conditioners.  The refrigeration sector in Zambia can be broken down into sub-sectors according to 
the levels of consumption as shown in Table 1. 
 

Table 1: Consumption of ODS in the refrigeration sector in Zambia. 
 
 
 
 
 
 
 
 
Status of Ratification 
Zambia made an accession to the Vienna Convention for the Protection of the Ozone Layer and 
the MP for the phase-out of the Substances that Deplete the Ozone Layer on 24th January, 1990. It 
ratified the London Amendment on 15th April, 1992 and Government is in the process to ratify the 
Copenhagen, Beijing and Montreal amendments. 
 
 
THE COUNTRY PROGRAMME 
 
Zambia has received technical and financial support through The United Nations Environment 
Programme (UNEP) as an implementing agency of the MP.   The Country Programme was 
approved at the 8th Meeting of the Executive Committee in 1992 for funding by the Multilateral 
Fund. The country programme was derived from the ODS consumption data that was collected in 
1991. The consumption pattern showed more than 90% of ozone depleting substances associated 
with the use of chlorofluorocarbons (CFCs) based refrigerants used in cooling systems such as 
refrigerators and air conditioners. Since then, several measures were initiated to meet the MP 
requirements of the 50% cut in consumption by 2005 and the 85% cut by 2007, leading to 100% 
phase-out by 2010.  
 
Consumption Trends of ODS in Zambia 
In the Refrigeration Sector, CFC -12 is the most widely used. During the past 12 years, the overall 
consumption of CFCs in Zambia was as follows: 
 

Refrigeration Sector Percent 
Commercial and Industrial Refrigeration 73.5 
Domestic Refrigeration 24.5 
Mobile A/C Units 2.0 
Total 100 
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Figure 1: Trend of CFC-12 Consumption in tonnes 

 
 
Zambia met its phase-out target in 2005 and seems well positioned to meet the 2007 and 2010 
overall CFC phase-out targets set by the MP. To reduce the CFC refrigerant on imports, the 
government has chosen retrofit of equipment where possible and use the recovery and recycling 
systems as a principle strategy to achieve CFC phase-out.  
 

Consumption of Refrigerants by Sector in Zambia

Domestic
Commercial &Industrial
MAC

 
Figure 2: Refrigeration Sectors in Zambia. 

 
 
Domestic refrigeration sectors 
The importation of domestic refrigerators and air conditioners is increasing, however since 2002 all 
new imported fridges, freezers and air conditioners are CFC free containing R134a or the 
transitional refrigerant R22. The new equipment represents 25% of actual number of fridges and 
freezers.  About 24.5% of the imported refrigerants are used for servicing of domestic refrigeration 
equipments. 
 
Industrial and Commercial Sectors 
These sub-sectors include those which use systems of refrigeration for food storage such as 
abattoirs, the fishing industry, breweries/beverages industry, supermarkets, hospitals and the hotel 
industry. They represent the largest sector in the cooling industry and have been using about 
73.5% of imported refrigerants. The use of recovered CFCs is common compared to other sectors. 
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Mobile Air Conditioners (MACs) Sector 
The number of vehicles in circulation in Zambia has increased by more that 100% from 25000 in 
1998 to 50000 in 2005 according to statistics from government. In compiling refrigerant use 
statistics for this sub-sector it has been assumed that the percentage of cars equipped with MAC 
has increased. This sector uses about 2% of imported refrigerants. However, all vehicles imported 
after 1998 have their MAC equipment using HFC134a. This is due to the rising improved skills of 
MACs servicing sector by the manufacturers of vehicles. 
 
 

 

Consumption of Refrigerants in Zambia in 2006
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Figure 3: Consumption of Refrigerants in Zambia 

 
 
 
The Trend in the Consumption of Refrigerants in Zambia 
The consumption of CFC in Zambia seems to be decreasing. This is due to the enforcement 
measures being applied.  Most of the enterprises involved in the sale of display coolers, fridges or 
freezers are changing to ozone friendly substances and products. The table below shows some of 
the trends in CFC in relation to alternative substances. 
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 Figure 4: Consumption Trends of R22, R12 and R134a in Zambia in tones. 
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DISSEMINATION OF INFORMATION ON OZONE IN ZAMBIA 
 
Submission of consumption data to Ozone Secretariat 
Zambia is constantly conducting surveys to collect data to determine and monitor its consumption 
level of Ozone Depleting Substances (ODS).  Surveys are conducted to determine the current 
consumption of ODS and the need to update data on the consumption of ODS in Zambia. This 
data is analysed in conjunction with the Central Statistics and submitted to the Ozone Secretariat. 
 
Information on ozone issues to the public 
The Ozone Unit under the Institutional Strengthening programme being assisted by UNEP has 
been in effect since 1994. The NOU has raised awareness on ozone related issues among 
refrigerant workshop managers, service managers, suppliers and distributors of ODS through 
workshops, print and electronic media, car stickers (1000), posters (5,000) and brochures (10,000) 
to assist the general public in understanding the protection of the ozone layer.  
 
Awareness activities are also being carried on traders, encouraging them to import ozone friendly 
equipment using alternative refrigerants to ODS. The NOU has also been coordinating 
programmes under the RMP on training and legislation development. One of the main 
achievement of the NOU was the adoption by Government of the Statutory Instrument No. 27 of 
2001 on the ODS control Regulations in Zambia.  
 
 
RELEVANT SCIENTIFIC PAPERS 
 
Scientific papers related to ozone levels are rare due to lack of projects designed to monitor ozone 
in the stratosphere directly. 
 
However, the University of Zambia is currently in the process of doing this and also there are some 
studies being done on Climate Change. 
 
 
PROJECTS AND COLLABORATION 
 
National Projects 
The country has received support through several projects under the Multilateral Fund for the 
implementation of the Montreal Protocol as follows: (1) Country Programme Preparation; (2) 
Institutional Strengthening; (3) Refrigeration Management Plan and Update; (4) Recovery and 
Recycling programme; (5) TPMP Preparation.  
 
International Projects 
The country has received support through several international consultants on the capacity building 
of the stakeholders in the ozone protection projects under the Multilateral Fund for the 
implementation of the Montreal Protocol as follows: (1) Training of Trainers in Refrigeration 
Management, (2) Training of Trainers for Customs Officers, (3), Training of the legal Consultants 
on ODS Regulations and Provision of equipment to higher leaning and Vocational Training 
Institutions. 
 
Other collaboration 
At the sub-regional level, Zambia is a member of SADC (Southern African Development 
Cooperation) and member of COMESA (Common Market of Eastern and Southern Africa) and is in 
cooperation with other states in the harmonisation of the ODS Control Regulations within the 
region. This prescribes a tight measure of control which aims at preventing trans-boundary 
movements of ODS between member states.  
 
Currently, a regional project on ozone impacts to crops – a biomonitoring initiative for southern 
Africa is underway1.  The project under the Air Pollution Information Network for Africa (APINA) to 
investigate whether ozone damage to crops and other plants is likely to occur in selected Southern 
African countries.  Biomonitoring experiments, using white clover clones (Trifolium repens cv. 
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Regal, NC-S (ozone-sensitive) and NC-R (ozone-resistant)), have been successfully piloted in 
South Africa, and was implemented in Zimbabwe, Zambia(based at the University of Zambia), 
Tanzania and Mozambique in the 2007 growing season.  
 
Besides being the first regional biomonitoring initiative in southern Africa, the project will serve as 
an interface between policy-makers and air pollution scientists involved in APINA. In addition to 
highlighting the potential consequences of air pollution, the network will also foster regional 
collaboration in addressing the issue. 
 
 
FUTURE PLANS 
 
Higher learning institutions such as the University of Zambia are keen to participate in research 
programmes such as direct monitoring of ozone using specialized and state of the art instrumental 
techniques.  The starting point is the regional project on ozone impacts to crops, although currently 
ozone measurements are done in Sweden after trapping the ozone with passive samplers. The 
meteorological Department is also positioned to undertake projects related to ground ozone 
monitoring. 
 
 
NEEDS AND RECOMMENDATIONS: 
 
It is recommended that there should be funding to assist the lower ODS consuming countries in:  
• Acquiring the necessary equipment for the data gathering. 
• Training of the data collection assistance. 
• Capacity building of stakeholders institutions data management. 
• The technical measures to sustain the data gathering. 
 
 
References 
E. Arone, P. Büker, L. Emberson, G. Krüger, A. Kaaya, A.B. Mashingaidze, V. Shitumbanuma, A.M. van 

Tienhoven and M. Zunckel , Ozone impacts to crops – a biomonitoring initiative for southern Africa, 
poster presentation for IGAC conference,  Cape Town, September 2006. 
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ANNEXES 
 
Annex 1.  Summary of CFC 12 Consumption 
 
Year 1998 1999 2000 2001 2002 2003 2004 2005 2006 Base 
CFC 24.7 23.6 21.5 11.0 10.4 10.0 10.0 9.53 6.60 27.4 

Source: Ozone Secretariat 
 
Annex 2.    Consumption of Refrigerants by Sector 
Sector Type of Refrigerant Quantity ( Kgs ) % of R12 by Sector 

R-12 1584 24.5% 
R-134a 2400  

Domestic Refrigeration 
and Air Conditioning 

R-22 3240  
R-12 4752 73.5% 
R-134a 7200  
R-507 4080  
R-22 9720  

 
Commercial & Industrial 
Refrigeration 

R-717 5450  
R-12 123 2% 
R-134a 200  

Mobile air Conditioning 

R-22 270 Mainly for Cleaning 
 
 
Annex 3. Trends in the CFC-12 and HFC-134a Consumption in tones 
 
 1999 2000 2001 2002 2003 2004 2005 2006 
CFC-12 23600 21500 11000 10400 10000 10000 9530 6600 
HFC-134a 0 1500 2600 3000 4000 6500 7000 10000 
HCFC-22 14300 18000 9000 14000 15000 14000 15000 13500 
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WMO GLOBAL OZONE RESEARCH AND MONITORING PROJECT REPORTS 
 
 
1. Atmospheric Ozone - A Survey of the Current State (by R.D. Bojkov to the UNEP Meeting of Experts on the 

Ozone Layer (Washington, D.C. March 1977). 
 
2. Report of the Meeting of Experts on Ozone Modelling and Stratospheric Tropospheric Exchange Processes 

(Geneva, April 1977). 
 
3. Report of the Meeting of Experts on UV-B Monitoring and Research (Geneva, May 1977). 
 
4. Report of the Meeting of Experts on Measurements of Rare Species Relevant to the Ozone Budget (Seattle, 

May 1977). 
 
5. Report of the Meeting of Experts on Stratospheric Circulation Analysis and Ozone (Washington, D.C., July 

1979). 
 
6. Operations Handbook - Ozone Observations with a Dobson Spectrophotometer (by W.D. Komhyr). 
 
7. Report of the WMO Meeting of Experts on 2-D Ozone Models (Toronto, November 1979). 
 
8. Report of the WMO Meeting of Experts on Rare Atmospheric Constituents of Importance to the Ozone Layer, 

(Washington, D.C., February 1980). 
 
9. Report of the Meeting of Experts on Assessment of Performance characteristics of Various Ozone Observing 

Systems (Boulder, July 1980). 
 
10. Contribution of Ozone and Other Minor Gases to Atmospheric Radiation Regime and their Possible Effect on 

Global Climate Change (by E.L. Aleksandrov, I.L. Karol, A. Ch. Khrgian, L.R. Rakipova, Yu. S. Sedunov). 
 
11. The Stratospheric 1981 Theory and Measurements (A Meeting of Experts on the State of the Stratosphere, 

Hampton, Virginia, May 1981). 
 
12. Report of the Meeting of Experts on Sources of Errors in Detection of Ozone Trends (Toronto, April 1982). 
 
13. Review of the Dobson Spectrophotometer and its Accuracy (by Reid E. Basher). 
 
14. Report of the Meeting of Experts on Potential Climatic Effects of Ozone and Other Minor Trace Gases 

(Boulder, September 1982). 
 
15. Report of the Meeting of Experts on Tropospheric Ozone, its Changes and Possible Radiative Effects 

(Shanghai, October 1984) (TD No. 156). 
 
16. Atmospheric Ozone 1985 Assessment of our Understanding of the Processes Controlling its Present 

Distribution and Change (3 volumes). 
 
17. Measurement of Atmospheric Ozone Profiles Using the Brewer/Mast Sonde - Preparation, Procedure, 

Evaluation (by H. Claude, R. Hartmannsgruber and U. Kohler) (TD No. 179). 
 
18. WMO/NASA International Ozone Trends Panel Report - 1988 (2 volumes). 
 
19. Survey of WMO-Sponsored Dobson Spectrophotometer Intercomparisons (by Reid E. Basher) (TD No. 657). 
 
20. Scientific Assessment of Stratospheric Ozone - 1989 (2 volumes). 
 
21. Report of the Preparatory Meeting of the Ozone Research Managers of the Parties to the Vienna Convention 

for the Protection of the Ozone Layer (Geneva, February 1990). 
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22. WMO Consultation on Brewer Ozone Spectrophotometer Operation Calibration and Data Reporting (Arosa, 
Switzerland, August 1990). 

 
23. Report of the First Meeting of the Ozone Research Managers of the to the Vienna Convention for the 

Protection of the Ozone Layer (Geneva, March 1991). 
 
24. Report of the International Workshop on Dobson Ozone Data Re-evaluation (Greenbelt, MD, September 

1991) (TD No. 489). 
 
25. Scientific Assessment of Ozone Depletion – 1991. 
 
26. Report of the Meeting of Experts on Surface Ozone Data, their Analysis and Related Issues (Geneva, 

November 1991). 
 
27. Third WMO Intercomparison of the Ozonesondes used in the G030S (Vanscoy, Canada, 13-24 May 1991 ) 

(TD No. 528). 
 
28. Visible light Nigrogen Dioxide Spectrophotometer Intercomparison (Mt. Kobau, Canada, August 1991) (TD 

No. 835). 
 
29. Handbook for Dobson Ozone Data Re-evaluation (TD No. 597). 
 
30. Second WMO Consultation on Ozone Measurements by Brewer Spectrophotometer (Charlottesville, Virginia, 

1-3 June 1992). 
 
31. Atlas of Total Ozone G030S Maps for the European Arctic Stratospheric Ozone Experiment (November 1991 

- March 1992). (Coordinated t R.D. Bojkov and Ch.S. Zerefos) (TD No. 517). 
 
32. Report of the Second Meeting of the Ozone Research Managers of Parties to the Vienna Convention for the 

Protection of the Ozone Layer (Geneva, 10-12 March 1993). 
 
33. Report of WMO Consultation on UV-B Monitoring and Functions of WMO Data Centre - Toronto (Toronto, 15-

17 December 1992). 
 
34. Atlas of G030S Total Ozone Maps for the Northern Hemisphere Winter-Spring of 1992-1993. (Coordinated by 

R.D. Bojkov and Ch.S. Zerefos) (TD No. 593). 
 
35. WMO Meeting of Experts on Homogenizing Total Ozone Records for Ozone Assessments and Early Warning 

of Ozone Changes. Saloniki, 27-30 November 1993 (Preparation coordinated by R.D. Bojkov). 
 
36. Report of WMO/NOAA Meetings on Ozone Data Re-evaluation and use of Dobsons and Brewers in the 

G030S (Tenerife, June 1994). 
 
37. Scientific Assessment of Ozone Depletion – 1994. 
 
38. Atlas of G030S Total Ozone Maps for the Northern Hemisphere Winter-Spring of 1993- 1994 and 1994-1995 

(Coordinated by Rumen D. Bojkov and Ch.S. Zerefos). 
 
39. Atlas of G030S Total Ozone Maps for the Northern Hemisphere W Spring of 1995-1996 and 1996-1997 (Co-

ordinated by Rumen D. Dimitris S. Balis and Ch.S. Zerefos). 
 
40. Consultation of Experts on Reactive Halogen Compounds and the Possible Effect on Ozone (Hradec Kralove, 

Czech Republic, 13-16 November 1995) (TD No. 798). 
 
41. Report of the Third Meeting of the Ozone Research Managers of Parties to the Vienna Convention for the 

Protection of the Ozone Layer (Geneva, 19-21 March 1996). 
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42. Atlas of G030S Total Ozone Maps for the Northern Hemisphere Winter-Spring of 1997-1998 and 1998-1999 
(preparation coordinated by Rumen D. Bojkov, Dimitrius S. Balis and Christos S. Zerefos). 

 
43. SPARC/IOC/GAW Assessment of Trends in the Vertical Distribution of Ozone (Geneva, May 1998). 
 
44. Assessment of the Scientific of Ozone Depletion: 1998. 
 
45. Report of the Fourth Meeting of the Ozone Research Managers of the Parties to the Vienna Convention for 

the Protection of the Ozone Layer (Geneva, 28-30 April 1999). 
 
46. Report of the Fifth Meeting of the Ozone Research Managers of the Parties to the Vienna Convention for the 

Protection of the Ozone Layer (Geneva, 25-27 March 2002) (Report with annexes A and B). 
 
47. Scientific Assessment of Ozone Depletion: 2002 - Twenty Questions and Answers about the Ozone Layer. 
 
48. Report of the Sixth Meeting of the Ozone Research Managers of the Parties to the Vienna Convention for the 

Protection of the Ozone Layer (Vienna, Austria, 19-21 September 2005). 
 
49. An Overview of the 2005 Antarctic Ozone Hole (WMO TD No. 1312). 
 
50. Scientific Assessment of Ozone Depletion 2006.  
 
 


	Three series of low-orbit polar missions will take over the long-term, global monitoring of the ozone column and of the ozone profile (at low vertical resolution) initiated with the TOMS/SBUV-2 and GOME/SCIAMACHY/OMI series started in 1978 and 1995, respectively: GOME-2 onboard EUMETSAT EPS MetOp (MetOp-A launched on October 19, 2006), TOU/SBUS onboard NSMC/CMA FengYun-3 (FY-3A launched on May 27, 2008), and OMPS onboard NOAA NPP/NPOESS (foreseen to be launched in 2009). There is a serious concern about ozone profiling capabilities at high vertical resolution after the current era of Odin, Envisat, ACE and Aura: several solar occultation and limb profilers stopped operation in the last years, and there is no firm programme guaranteeing appropriate continuation. A similar concern exists for observations of ozone-related species and parameters (e.g. ozone hole diagnostics and regulated compounds and substitutes), performed so far by the same missions. Current plans show a necessary tendency to nadir-viewing sensors focusing rather on air quality, greenhouse gases and climate issues, and a possible data gap is anticipated between 2011 and 2014, when the GMES Space Component is expected to be launched. Space agencies are aware of the problem and solutions for also maintaining sufficient ozone-related capabilities and filling in the 2011-2014 data gap are being studied, but there are no firm commitments yet. Complementary ground-based networks (Brewer and Dobson spectrophotometers, DOAS UV-visible and FTIR spectrometers, lidars, ozonesondes, millimetre wave radiometers, surface in situ measurements) constitute the backbone of satellite validation. Such networks should be maintained and even extended to cover a greater variety of atmospheric states and regions of interest. The deployment of new facilities in the tropics and the Southern Hemisphere is encouraged. For some species and instruments, further research is needed to improve the station-to-station homogeneity of networks.
	Measured Parameters
	Station
	Location
	Total O3
	Column
	Surface
	O3
	Vertical
	O3 Profile
	Broadband Surface UV
	irradiance
	La Quiaca
	22.11ºS, 65.57ºW, 3459m. a.s.l.
	X
	X
	Resistencia
	27.45°S, 58.98°W, 50m. a.s.l.
	Pilar
	31.66ºS, 63.88ºW, 338 m. a.s.l.
	X
	Mendoza
	32.88ºS, 68.87ºW, 704m. a.s.l.
	Rosario
	32.96ºS, 60.62ºW, 25m. a.s.l.
	Buenos Aires
	34.61ºS, 58.41ºW, 25m. a.s.l.
	X
	Comodoro Rivadavia
	45.78ºS, 67.50ºW, 46m. a.s.l.
	X
	San Julián
	49.32ºS, 67.75ºW, 62m. a.s.l.
	X
	Ushuaia
	54.80ºS, 68.27ºW, 14m. a.s.l.
	X
	X
	X
	Marambio
	64.23ºS, 56.72ºW, 300m. a.s.l.
	X
	X
	Measured Parameters
	Station
	Location
	Total O3
	Column
	Surface
	O3
	Vertical
	O3 Profile
	Surface UV
	irradiance
	Marambio
	64.23ºS, 56.72ºW, 300m. a.s.l.
	X
	X
	San Martín
	68.13ºS, 67.13ºW, 40m. a.s.l
	X
	Belgrano II
	77.86ºS, 34.62ºW, 250m. a.s.l.
	X
	X
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