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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 ozonedepleting 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 pre1980s 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 climaterelated 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
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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 AjiteLo 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 shortlived 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 ‘superrecovery’ 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 worldwide 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, highquality, 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).
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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
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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
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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 extendedrange 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 UVVIS 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 GOME1/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 polarorbiting 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, groundbased 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-to2 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 GEOCEOS 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
MONITORING

REGIONAL

REPORTS

ON

OZONE

RESEARCH

AND

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 groundbased 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, ozonedepleting 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 nonreactive 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, GUV511 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 NovemberDecember 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 AtmosphereOcean. 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.
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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 groundbased 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.
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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, 20042009).

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 reevaluation 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
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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 reevaluation 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, IMKKarlsruhe 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 UVindex 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 capacitybuilding 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.
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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:
¾ Studies examining the effects of climate change on ozone production, loss, transport,
and distribution, as well as possible feedbacks.
¾ 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.
¾ 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:
¾ Archived data reports of ozone sondes should also include the simultaneous water
vapour profiles within the data submissions.
¾ 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.

b.
c.

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.
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.
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:
¾ 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.
¾ 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.
¾ 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.
¾ Institutions that organise measurement campaigns in developing countries and
CEITs are urged to involve local scientists and students.
¾ 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.
¾ 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 inkind 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 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
o

Distribution of badges
Welcome reception

19:00 hrs

Boat sails

19:00 – 19:50 hrs

Opening of the meeting (Part I)
o
o
o
o

Welcome (Liisa Jalkanen, WMO)
Introduction – objectives of the meeting (Marco Gonzalez, Executive Secretary,
Ozone Secretariat)
Keynote address: The ozone layer, the gains of the Montreal Protocol and the
future (A.R. Ravishankara)
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
o

10:00 – 10:10 hrs

Statement (Per Bakken, Chief, Chemicals Branch, Division of Technology,
Industry, and Economics, UNEP)
Statement (Ghassem Asrar, Co-Director, Research Dept., on behalf of the
Secretary General, WMO)

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
o
11:00 – 11:15 hrs

Financial Status of the Trust Fund (Ozone Secretariat)
Report on the Activities (WMO)

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, SAP 1)
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
2
impacts on human health and the environment (Jan van der Leun, Co-Chair, EEAP )

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

1
2

Q&A / Discussions

Scientific Assessment Panel of the Montreal Protocol
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
o
o
o
o
o

NASA & NOAA (Ken Jucks, NASA) {30 min}
KNMI (Pepijn Veefkind, KNMI) {20 min}
China Meteorological Administration (Huang Fuxiang) {20 min}
Canadian Space Agency (Thomas Piekutowski, Canadian Space Agency) {20
min}
EUMETSAT (Leif Backmann, Finland) {20 min}
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
18:10 – 18:30 hrs

Belarus (Aliaksandr Krasouski, Belarus State University) {10 min}

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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