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FOREWORD
The GCOS Regional Workshop for Eastern and Central Europe, which is described in this
report, is the start of a process. GCOS looks forward to working with the principal
stakeholders in the region, building on national, regional, and international efforts to improve
systematic observations for climate. We plan to do so in part through working collaboratively
with the countries of the region in the development of a Regional GCOS Action Plan.
During the workshop, we made progress in identifying regional and national needs for
climate information as they relate to climate policies, national activities, and sustainable
development. We also identified deficiencies in current observing systems for climate and
agreed on a number of key regional priorities. We began discussion of a Regional Action
Plan that can serve as a vehicle to articulate the needs and priorities of the region and bring
these to the attention of the Parties to the United Nations Framework Convention on Climate
Change and donor agencies. We also began a discussion of a way forward that includes a
resource mobilization strategy without which no Action Plan can succeed.
In this process, it is essential for the region to seek support for the Plan from national
authorities and regional bodies. GCOS will provide advice, but the plan needs to be yours –
regionally focused, regionally motivated, and regionally owned. GCOS values the
participation in the Regional Workshop for Eastern and Central Europe and looks forward to
working with the participants as they seek to improve systematic climate observations in the
region.
I wish to express my appreciation to the Government of Germany for its hospitality and the
fine reception that we all enjoyed in Leipzig. I also wish to thank the President of Deutscher
Wetterdienst for his efforts and for those of his staff, which were major factors in the success
of the workshop.

Paul Mason
Chairman
GCOS Steering Committee
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EXECUTIVE SUMMARY
The Global Climate Observing System (GCOS) held the Regional GCOS Workshop for
Eastern and Central Europe at the Ramada Treff Hotel, Leipzig, Germany during the threeday period 26-28 April 2005. GCOS organized this ninth workshop in its Regional Workshop
Programme in collaboration with the Deutscher Wetterdienst. The workshop was made
possible through financial assistance provided by the Global Environment Facility/United
Nations Development Programme (GEF/UNDP), the World Meteorological Organization
(WMO), Germany, Austria, Switzerland, and the United Kingdom. Their contributions are
gratefully acknowledged.
The goals of the workshop were to identify gaps and deficiencies in systematic climate
observing networks and systems in Eastern and Central Europe and to initiate discussions
on the development of a Regional GCOS Action Plan aimed at improving regional
capabilities in atmospheric, oceanic, and terrestrial data collection and the production and
delivery of climate products and services. The proposed Regional Action Plan will contribute
to global and regional efforts to monitor and detect climate variability and climate change
and to plan for adaptation to the impacts of climate variability, extremes of climate, and
climate change. At the same time, it will enhance the abilities of the nations of Eastern and
Central Europe to address their domestic requirements for climate data and services.
In context-setting, opening remarks, Prof. Paul Mason, Chair of the GCOS Steering
Committee, outlined the history and rationale underlying the GCOS Regional Workshop
Programme. He stressed the urgent need to enhance systematic observations of the global
climate system. He pointed out that the workshop represented the first step towards the
development of a Regional GCOS Action Plan for Eastern and Central Europe to address
identified needs. He encouraged participants to contribute actively to the identification of key
regional deficiencies in systematic climate observing programmes and to propose related,
high priority initiatives for inclusion in the Regional Action Plan. He also emphasized that the
completion of a Regional Action Plan would provide a solid basis for resource mobilization
efforts to achieve significant improvements in climate-related infrastructure, systems, and
capacities in Eastern and Central Europe.
Subsequent workshop presentations and plenary discussions addressed user needs for
climate observations; the status, deficiencies, and needs of atmospheric, terrestrial and
oceanic observational networks; and related data management, data exchange, and
archiving systems. Substantial emphasis was also given to the vital issue of resource
mobilization. During their deliberations, workshop participants identified the following issues
as priorities that should be addressed in formulating projects for inclusion in a Regional
Action Plan:
Strengthening the meteorological networks e.g., GSN, GUAN;
Enhancing GAW activities including aerosol monitoring within the region;
Data management, including data rescue;
Enhancing regional capacity and infrastructure for satellite applications;
Enhancing the availability and use of terrestrial observations, especially hydrological
data;
Enhancing ocean observing programmes; and
Improving regional capabilities for assessing climate variability and change, including
regional modelling.
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The presentations also highlighted the need to improve regional coordination,
recommending that an appropriate regional mechanism be developed to facilitate
cooperation and coordination in implementing GCOS initiatives in Eastern and Central
Europe. The designation of national GCOS Focal Points was advocated as an initial step,
along with the establishment of effective networking between these individuals.
At the conclusion of the workshop, it was agreed that a follow-up meeting to compile a draft
Regional GCOS Action Plan would be held in Slovenia, tentatively in September 2005. It
was emphasized that project summaries that address the priorities noted above will need to
be prepared well in advance of the writing group meeting to facilitate their incorporation into
the draft Regional Action Plan. WMO Permanent Representatives and other national
representatives were, therefore, requested to identify individuals who could take the lead in
preparing project outlines and participate in the writing group meeting. When the draft
Action Plan has been completed, it will be circulated to workshop participants for their review
and approval. The overall objective is to finalize an agreed Regional GCOS Action Plan for
Eastern and Central Europe within six months of the present workshop.
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INTRODUCTION
The GCOS Regional Workshop for Eastern and Central Europe was held at the Ramada
Treff Hotel, Leipzig, Germany on 26–28 April 2005. The workshop was made possible
through financial assistance provided by the Global Environment Facility/United Nations
Development Programme (GEF/UNDP), the World Meteorological Organization (WMO),
Germany, Austria, Switzerland, and the United Kingdom. Participants included WMO
Permanent Representatives and national Climate Change Coordinators from nations in
Eastern and Central Europe, the Chair of the GCOS Steering Committee, representatives
from sponsoring countries and the GCOS Secretariat, and invited experts from various
disciplines. A copy of the workshop agenda and a list of attendees are attached to this
report as Appendices 1 and 2. The official opening of the workshop was preceded by a
scientific lecture on the importance of meteorological observations in Europe in
understanding climate variability and signals of climate change, delivered by
Prof. Gerd Tetzlaff of the University of Leipzig.
OPENING CEREMONIES

Chair: Wolfgang Kusch

In opening the workshop, Mr Wolfgang Kusch (Deutscher Wetterdienst) expressed his
thanks and those of participants to Prof. Tetzlaff for the excellent lecture that he had
delivered on the evening prior to the commencement of the workshop. He acknowledged
the support provided by the workshop’s sponsors and stressed that the meeting represented
the start of a process aimed at the preparation of a Regional GCOS Action Plan for Eastern
and Central Europe. He then introduced the distinguished participants in the opening
ceremonies who delivered the following remarks.
Mr Udo Gärtner, President, Deutscher Wetterdienst (DWD), and Permanent Representative
of Germany with WMO, formally welcomed participants to the workshop on behalf of the
DWD. He drew attention to a new global player in systematic observation, the Group on
Earth Observations (GEO), indicating that GEO has drawn heavily from GCOS in addressing
the earth observation challenge. He suggested that GEO could have a positive impact on the
work of the climate community since it represents a “top down” structure under the aegis of
the G-8 countries. He concluded by expressing strong interest in the development of a
Regional GCOS Action Plan for Eastern and Central Europe along with the hope that the
workshop objectives would be achieved.
Prof. Paul Mason, Chair of the GCOS Steering Committee, welcomed participants on behalf
of GCOS. He expressed his thanks to its financial sponsors, to the Deutscher Wetterdienst
for undertaking to host the workshop, and to Prof. Tetzlaff for his stimulating lecture. In a
brief review of the GCOS programme, he drew attention to its sponsoring bodies (WMO,
IOC, UNEP, and ICSU) and its linkage to the Intergovernmental Panel on Climate Change
(IPCC) and the United Nations Framework Convention on Climate Change (UNFCCC). He
pointed out that the UNFCCC Conference of the Parties (COP) had invited GCOS, with
support from UNDP and GEF, to organize regional workshops aimed at the development of
action plans to address identified deficiencies in systematic observations in developing
regions of the world (Decision 5/CP.5, 1999). The present regional workshop was intended
to elaborate a regional strategy to address priority needs related to climate observing
systems in Eastern and Central Europe. He concluded by stressing that it was the desire of
GCOS that the nations of the region themselves identify the key priorities and issues that
should be reflected in that Regional GCOS Action Plan.
Representing the German Ministry of Transport, Housing and Building (BMVBW),
Mr Karl Trauernicht conveyed a welcome on behalf of his Ministry. He noted the increasing
importance of climate in the political context. Since atmospheric concentrations of
1

greenhouse gases (GHGs) are expected to increase over the next century, additional
measures will have to be taken beyond those required under the Kyoto Protocol. Noting that
decisions on such measures need to be based on sound science, he reinforced the need for
a more comprehensive and integrated data system, citing the Global Earth Observation
System of Systems (GEOSS) that is under development. He ended by expressing his
thanks to workshop participants for their commitment and his hope that they would have
some time to see the city of Leipzig.
Ms Ursula Fuentes welcomed delegates on behalf of the German Ministry of Environment,
Nature Conservation and Nuclear Safety (BMU). She pointed out that, while the Kyoto
Protocol represented the first internationally binding commitment addressing greenhouse
gas emissions, it was merely the first step in a process. Emphasizing that climate change
represents a major present and future challenge, she drew attention to the increasingly
frequent occurrence of extreme events, citing the 2002 floods and the 2003 heat wave that
had caused many deaths and massive property damage in the region. Highlighting the
needs of the international community for high quality observational data to underpin efforts to
address the challenge of climate change, she supported the efforts of workshop participants
to address the challenge of ensuring that these essential building blocks were available in a
regional context.
Extending a welcome on behalf of the Free State of Saxony, Mr Hartmut Biele commented
that recent extreme climatic events, such as the flood of the century on the River Elbe, had
demonstrated how vulnerable his State was to the vagaries of climate. He indicated that
Saxony has already taken concrete steps to limit the damage caused by such events and to
adapt to projected future climatic conditions. The Integrated Climate Protection Concept of
Saxony incorporates reducing emissions of greenhouse gases, analysis and projection of
climate change, assessment of climate impacts, and the implementation of protective
measures to minimize adverse impacts. During the past 50 years, the State has
experienced an increase in annual mean temperature, decreased annual precipitation and
an increase in the frequency of warm season dry periods. Model projections suggest a
further increase of 20 C over the next 50 years, decreased precipitation, and more frequent
occurrences of climate extremes. Mr Biele reinforced the importance of comprehensive,
consistent, long duration, observations of climate from representative locations in evaluating
such climatic variations and trends and in downscaling and validating results from climate
models. He drew attention to the efforts made by the Free State of Saxony to process and
make available climate data time series and advocated enhanced data exchange with
neighbouring regions in Poland and the Czech Republic to better define regional climate
features and trends.
Representing the City of Leipzig, Ms Angelica Freifrau von Fritsch highlighted that, prior to
the peaceful revolution of 1989, the Leipzig region had experienced severe air and water
pollution due to lignite mining and the concentration of heavy industry. Subsequently,
however, she noted that major improvements had been achieved in water quality, air quality,
and environmental farming, and that fish populations are returning to formerly polluted lakes
and streams. Citing recent floods and droughts, she emphasized the importance of climate
change to the City of Leipzig and stated that if warming continued, this would change their
town planning priorities. She described Leipzig as an excellent location for the workshop in
view of its long history as a meeting place and market centre and offered her best wishes to
participants for a successful meeting and a pleasant stay in the city.
Following these welcoming speeches, the Chair adjourned the session. The workshop
reconvened to hear and discuss a series of presentations. The slides used during these
presentations
can
be
viewed
at
the
following
web
site:
http://www.dwd.de/en/FundE/Klima/GRW-ECE/index.htm.
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SUMMARY OF WORKSHOP PRESENTATIONS AND DISCUSSIONS
THEME 1: Setting the Context

Chair: William Westermeyer

In an opening contextual address, Prof. Paul Mason, Chair of the GCOS Steering
Committee, summarized the mission, goals and strategy of GCOS; reviewed the major
GCOS observing networks; and discussed the relationship between GCOS and the
UNFCCC. He indicated that COP-9 (Dec.11/CP.9) has urged Parties to the UNFCCC to
address the findings in the Second Report on the Adequacy of the Global Observing
Systems for Climate (hereinafter the 2nd Adequacy Report) and requested GCOS to prepare
a 5-10 year Implementation Plan to address these needs and issues. This GCOS
Implementation Plan is now available on the Internet.1 It has a particular focus on critical
issues in the 2nd Adequacy Report, including the "essential climate variables” (ECVs),
unrestricted data exchange, adherence to climate monitoring principles, improvements in
satellite and in-situ observing networks and infrastructure, and on ensuring the participation
of least developed countries (LDCs) and small island developing states (SIDS). COP-9 has,
moreover, requested the GEO to treat global climate monitoring as a priority, urged the GEF
to address identified high priority needs of non-Annex 1 Parties and instructed its Subsidiary
Body for Implementation (SBI) to incorporate GCOS climate monitoring principles into the
Convention's reporting guidelines for systematic observations. As a result of these
initiatives, the emphasis on systematic monitoring of climate has been strongly reinforced.
Prof. Mason went on to point out that a GCOS Cooperation Mechanism has now been
established with a view to providing a source of stable, long-term, funding for priority
observing systems in LDCs and SIDS and described, briefly, its structure, priorities and early
achievements. He drew attention to the importance of the GCOS Regional Workshop
Programme and its linkage to national reporting under the UNFCCC. The present workshop,
he noted, was intended to identify needs and priorities related to climate observing systems
in Eastern and Central Europe, focus attention on a regional strategy to address these
requirements (including the vital issue of resource mobilization), and underpin national
reporting on systematic observations to the UNFCCC. He concluded by urging participants
to assess requirements for climate observations in relation to regional and national priorities
and to reach consensus on priorities for a regional GCOS Action Plan, including an
approach to resource mobilization.
In a second presentation, titled "Developing a Regional Action Plan for Eastern and Central
Europe," Prof. Mason identified the purposes of a Regional GCOS Action Plan as being to
meet policy and planning needs for local and global climate information; ensure efficient
actions that give the best national and regional benefits; and improve national and donor
engagement in supporting key climate observation programmes and systems. Stressing that
Regional GCOS Action Plans are a key output of each workshop, he indicated that these
Plans must first focus on the regional components of key GCOS global observational
networks and reflect agreement among stakeholders on what is most important for the
region as a whole. At the same time, purely regional needs for climate observations could
also be incorporated, such as those related to regional and national climatic impacts and
vulnerability. He summarized the status of previous Regional Action Plans and outlined the
recommendations from the 2nd Adequacy Report, identifying the progress achieved and
deficiencies that remain to be addressed. He highlighted requirements for the production of
climate products to meet user needs, particularly those of policy makers and the UNFCCC,
the fundamental importance of observational standards, and the need for capacity building.
1

Implementation Plan for the Global Observing System for Climate in Support of the UNFCCC,
GCOS-92, October 2004 (WMO/TD No. 1219). Can be accessed at: http://www.wmo.int/web/gcos.
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In discussing the need for observations of the essential climatic variables (ECVs), he
identified requirements for daily (or more frequent) observations to address the critical issue
of climatic extremes and their impacts.
Following a review of the various GCOS networks, Prof. Mason suggested that a Regional
Action Plan should aim to strengthen global networks. In focusing on regional priorities,
needs and issues, it should improve telecommunications and data exchange; build data
management, analysis and applications capacity; and improve the recovery of historical
data. He saw the goals for the workshop as being to reach a consensus on regional
priorities, outline practical and fundable projects to address these priorities, and to begin the
process of drafting a Regional GCOS Action Plan. When the Action Plan had been finalized,
it would be useful to present it to SBSTA/COP for its endorsement. He ended by stressing
the importance of assuming regional ownership of the planning process and of Action Plan
implementation and by reiterating the need for a coordinated strategy to address the difficult
issue of funding.
The “Rationale and Objectives for a EuroGCOS” was the theme of a presentation by
Mr Stefan Rösner (Deutscher Wetterdienst), the GCOS Focal Point for Germany. He began
by identifying the various regional organizations involved with climate observation issues in
Europe. These include the WMO’s Regional Association VI and EUMETNET for the
atmosphere; EuroGOOS, MedGOOS, and the Black Sea GOOS in the oceans area;
EUMETSAT, ESA, and GMES (Global Monitoring for Environment and Security), focused on
space-based observation; and the Central and Eastern European (CEE) programme of
GTOS in the terrestrial sector. He pointed out that the European Union (EU), the European
Environmental Agency, and several other more political bodies also exert influence on such
programmes. He noted the absence of a Europe-wide organization addressing climate
system observations across all domains and including both in-situ and remote sensing
methodologies. This gap, he suggested, might be filled by the creation of a EuroGCOS.
Such a body would continue the momentum generated at the present workshop, underpin
the development of Regional Climate Centres, encourage the development of national plans
for systematic climate observations, and support Europe-wide political statements and
decisions related to climate issues. Proposed objectives for a EuroGCOS might include
coordinating activities related to the UNFCCC, supporting GEO and GEOSS at the regional
level, facilitating discussions related to the GMES initiative, and furthering the
implementation of a Regional GCOS Action Plan. A useful initial step would be to create a
virtual network of national GCOS Focal Points. This network might eventually be
transformed into a more formal organization capable of pursuing the development of joint
proposals for funding by the EU and other sponsoring agencies. Consequently, he
recommended that all countries in the region should designate National GCOS Focal Points
or Coordinators and that these individuals should be listed on the GCOS Secretariat’s web
site. He concluded by asking workshop participants to express their views on the merits of
his proposal for the establishment of a EuroGCOS.
Mr Howard Diamond (U.S. GCOS Program Manager) spoke on “Experiences from Other
GCOS Regional Workshops – A Pacific Perspective”. He began by noting the importance of
the Pacific Ocean in the context of global climate dynamics, citing the El Niño phenomenon
and its impact on inter-annual climate variability. He pointed out that the Pacific Island
GCOS Action Plan was the first Regional GCOS Action Plan to be completed (in 2002) and
then reviewed the progress that has been made with implementation of the Plan’s prioritized
list of projects. He described regional activities, including work-planning meetings, scientific
workshops, and observational initiatives that have been undertaken in the context of PIGCOS. He drew particular attention to several projects for which funding has been identified,
citing the appointment of a Regional GCOS Coordinator, a synoptic climatology
demonstration project, expanding the use of climate prediction, data rescue, regional
maintenance and logistics support, and the establishment of a Pacific Data Portal. Based on
4

Pacific experience, Mr Diamond identified a number of factors that he considered to be keys
to regional GCOS success. Among these were the needs to have a focused regional
organization to advance GCOS in the region, a sustained regional steering committee, a
solid planning mechanism, active engagement by nations, partners and donors willing to
participate in regional projects, and the maintenance of close liaison with the GCOS Steering
Committee and Secretariat. He also drew attention to the value of leveraging existing
bilateral and multi-lateral agreements in pursuing implementation of GCOS projects and
concluded by emphasizing that a key to success in the Pacific has been to advance PIGCOS from the “grass-roots”.
Plenary discussion following the above presentations centred on the need to establish a
mechanism to carry forward the implementation of GCOS in Eastern and Central Europe. It
was observed that potential donors should also be kept in mind with a view to obtaining
financing and achieving programme sustainability. In this context, it was suggested that EU
involvement in the implementation process could be helpful as could the assistance of the
WMO Regional Office for Europe. The upcoming WMO RA VI session, to be held in
Germany in September 2005, would present an opportunity for exposure of GCOS plans to a
number of donors, including the World Bank and the European Commission. It was
suggested, therefore, that a report on progress in developing a Regional GCOS Action Plan
for Eastern and Central Europe be presented at the Regional Association meeting.
THEME 2: User Needs for Climate Observations

Chair: Gerd Tetzlaff
Rapporteur: Stefan Rösner

The presentations given in the user needs session were intended to illustrate the importance
of climate observations as a fundamental requirement for addressing societal and scientific
needs and concerns. In the opening presentation of Theme 2, Mr Radim Tolasz (Czech
Hydrometeorological Institute) addressed the important topic of the "Planning Process for
Flooding and Other Extreme Events”. He outlined the organization and roles of the Czech
Hydrometeorological Institute, noting that the Institute operates under the umbrella of the
Ministry of Environment, receives over 70 percent of its budget from the government, and
has responsibilities related to meteorology, climatology, hydrology and air pollution.
Following a review of the synoptic, climatological, and hydrological observation networks in
the Czech Republic, he discussed the impacts of recent severe hydrometeorological events
on the nation drawing particular attention to the catastrophic floods of 1997 and 2002. He
noted the significant improvements in emergency response systems that have been put in
place following the 1997 floods. In particular, new laws to deal with emergencies came into
force in 2001, and an integrated crisis management and rescue system was implemented.
All aspects of crises, including natural disasters, are now defined in a systematic way by
these laws, with the specific roles and responsibilities of relevant government departments
and agencies being explicitly defined. The single end user of meteorological and
hydrological warnings is now the Integrated Rescue System of the Czech Republic, an
approach that ensures that consistent warning information is disseminated to police and
rescue authorities, the media, and the public at large.
“Climate and Human Health” was addressed by Ms Tanja Cegnar (Environmental Agency of
Slovenia). She pointed out that weather and climate exert both direct (heat waves, cold
waves, severe weather) and indirect (availability of food and water, air pollution, disease
vectors, etc) effects on human health. A future involving a warmer climate, more frequent
extreme events, and other changes may be expected to increase human vulnerability. This
reality dictates the need to emphasize adaptation by constructing climate-adapted buildings,
changing behaviour, and taking other measures to reduce our vulnerability to the impacts of
climate on human health. She then discussed the specific effects on health of various
phenomena such as air pollution and low-level ozone, ultra-violet radiation, rising sea levels,
5

and vector-borne diseases. In concluding, she re-emphasized the importance of remaining
aware of our vulnerability to climatic changes and extremes and taking prudent measures to
mitigate their effects on public health.
In a presentation entitled “Climate and City”, Mr Jaan Saar (Estonian Meteorological and
Hydrological Institute) focused on the city of Tallinn, Estonia. He cited the Intergovernmental
Panel on Climate Change (IPCC) predictions that, in the year 2100, the region’s climatic
conditions will differ significantly from those experienced during the past century. Average
temperatures are expected to be 2–60C higher with increased precipitation and more wet
days. Sea level is expected to rise by 0.5 to 1 metre, extreme weather events to become
more frequent, and tick-borne encephalitis cases may increase. He then illustrated the
present-day vulnerability of the region to flooding, drawing particular attention to the severe
floods experienced in Tallinn in 2004. Old, under-designed drainage systems and expansion
of paved areas had been, he considered, important contributors to the severity of these flood
events. For the future, precipitation, wind and waves, moisture and mould in buildings, and
an increase in the Ülemiste Lake water level represent critical hazards that must be taken
into account. In consequence, there are related needs for enhanced hydrological services, a
good urban wind model, and consideration of rising sea levels in Tallinn city planning. In
response to these challenges, the City of Tallinn has undertaken a number of initiatives,
including the creation of a working group to address planning requirements, renovation of
the drainage system, and actions to decrease energy consumption and reduce emissions,
including the collection of landfill gases.
“IPCC Needs for Climate Data in the Terrestrial Domain” was the title of a presentation by
Dr Lucka Kajfez-Bogataj (University of Ljubljana), the Vice-Chair of IPCC Working Group 2.
Beginning with an overview of the history, membership, structure and roles of the IPCC and
its Working Groups, she drew attention to its ongoing activities, products and partners.
Noting that the climate system is much more than a meteorological system, she stressed
that it has oceanic and terrestrial as well as atmospheric components and cited the
convergence of interest between the global observing systems for these components. While
over 80 terrestrial variables need to be observed to fully characterize the climate system, the
global terrestrial observing system for climate is the least developed of the global observing
systems. However, 13 essential climate variables (ECVs) have been targeted for early
implementation in the terrestrial sector. These variables are important for climate, proven
measurement technology exists for them, and infrastructure is in place to support their
operational measurement. In the terrestrial domain, particular IPCC needs include free and
open data access, data discovery, data rescue and preservation, standards, capacity
building, outreach and system iimprovements. She advocated the establishment of an
improved international infrastructure for developing standards for terrestrial data and
products and cited particular deficiencies in observations related to carbon storage and
fluxes and water cycles, including validation of satellite observations. In the context of the
present Regional GCOS Action Plan, she proposed the establishment of a ‘web-portal’ for
the Eastern and Central European region that could act as a first “port of call” for IPCC
needs, climate change knowledge, and information on mitigation, adaptation and action
links. In closing, she stated that a major concern was the potential for strongly discontinuous
responses to climate change, possibly leading to extinction of species and rapid expansion
of exposure to diseases such as malaria.
Ms Elena Akentyeva (Voeikov Main Geophysical Observatory, St. Petersburg) delivered the
concluding talk under Theme 2 on the topic “New Approaches to Climate Resource
Estimation”. She defined climate resources as supplies of energy, substances, and
information in the climate system that can be used for human activity. The estimation of
climate resources is based on a set of specialized climate indices that express the influences
of climate on various industrial, agricultural, transport and socio-economic objects and
processes. To facilitate their application, these indices are converted to relative units and
6

are assigned different weights reflecting their individual importance in relation to a given
activity. Regions where index values are near optimal for a given human activity are, then,
the most favourable areas for the activity in question, possessing the most climate resources
for that activity. To facilitate inter-regional comparison across a nation, so-called Relative
Climate Units (RCU), normalized against a national figure of 1000 such units, can be used.
This approach enables the total climate resources of a region to be computed and their total
contribution to the national picture evaluated. Ms Akentyeva illustrated this approach by
applying it to recreational and power generation sectors, presenting the results of these
applications in the form of maps illustrating the spatial distribution across the Russian
Federation of the respective climate resources for these applications. She concluded by
stating that the methodology outlined in her presentation could be useful in assessing the
impacts of climate change and climate variability on economic activities at regional and
national levels.
Plenary discussion following the presentations centred on the following topics:
-

The progress made in application of satellite remote sensing data in the terrestrial
sector. It was noted that validation of satellite imagery is demanding in terms of
both time and resources.

-

A global framework and standards for the collection and archiving of terrestrial
observations is needed but not yet in place.

-

The iterative review process used by the IPCC and involving governments is
intended both to ensure clarity and to engage the commitment of governments.

-

The problems that arise from inconsistent or inaccurate media reporting during
natural disasters. Here it was noted that implementation of new legislation along
with improved response mechanisms and clarification of departmental
responsibilities has improved the situation in the Czech Republic, though media
relationships remain a challenge.

-

The desirability of applying a uniform approach to evaluating the risk of occurrence
of extreme events.

THEME 3: Atmosphere: Status, Deficiencies, and Needs

Chair: Wim Monna
Rapporteur: Thomas Frei

In the opening presentation under Theme 3, the GCOS Focal Point for Germany,
Mr Stefan Rösner (Deutscher Wetterdienst), spoke on the topic “GSN, GUAN, and RBCN".
He provided background information on the various GCOS global networks, drawing
attention to the Global Observing Systems Information Center (GOSIC) as the primary
access point for information on these networks and their data. He than discussed the
current status of the GSN and GUAN networks, with particular emphasis on Eastern and
Central Europe. He drew attention to the data flows from these stations, to the roles of the
GSN and GUAN Monitoring Centres, and to the archival responsibilities of the Wold Data
Centre. He used Monitoring Centre statistics to illustrate the need for improvements in
timeliness, quality, and reliability of reporting for CLIMAT and CLIMAT TEMP messages
from some regional stations. He drew particular attention to the requirement that historical
data and updated metadata for GSN and GUAN stations be provided regularly to the World
Data Centre. Addressing the Regional Basic Climatological Network (RBCN), he gave an
overview of the contributions of nations in Eastern and Central Europe to this network,
including a summary of the performance of individual stations. He completed his
presentation with a series of recommendations aimed at ensuring the provision of updated
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station information to the Monitoring Centres, maximizing the value of information available
from these Centres, and ensuring the supply of missing historical data to global archives.
He also proposed that the performance of RBCN stations should be monitored by the GCOS
Surface Network (GSN) Monitoring Centres (GSNMC).
Extended discussion followed Mr Rösner’s presentation. Five main points were made:
-

In response to a question as to why there were no GUAN stations in a number of
countries in the region, Prof. Paul Mason explained that GUAN was intended as a
minimal global network. Additional stations could, however, be considered for
inclusion where there are gaps in the network and the proposed stations can meet
GCOS criteria, including the requirement that they have a long historical record.
He requested that proposals for additional GUAN stations or replacement of
existing ones be drawn to the attention of Mr Richard Thigpen at the GCOS
Secretariat.

-

A participant observed that designation as a GUAN site could, in some
circumstances, assist in obtaining funding to maintain the operation of an upper-air
station. The suggestion was offered that an alternative approach would be to stress
the importance of stations for the analysis and prediction of extreme events and for
mesoscale modelling.

-

Efforts are currently underway to identify the reasons for differences in the
monitoring results provided by the two GSN Monitoring Centres, operated by the
Deutscher Wetterdienst (DWD) and the Japanese Meteorological Agency (JMA),
and to correct these differences.

-

A suggestion was offered that technical and logistical benefits might be gained
from “twinning” GCOS stations in Eastern and Central Europe with partner stations
in Western Europe, as this could facilitate the transfer of technology, expertise and
consumables.

-

Mr Thigpen drew attention to the fact that all GUAN stations in Eastern and Central
Europe are now working well. He went on to comment, however, that roughly 20
percent of GSN stations are not regularly providing monthly CLIMAT reports to the
global archive. He stressed the importance of ensuring that these CLIMAT reports
were forwarded in a timely manner and indicated that he can provide software to
assist in composing reports in the CLIMAT format.

A joint presentation on “The Global Atmosphere Watch and Aerosol Issues" was delivered
by Dr Karel Vanicek (Czech Hydrometeorological Institute) and Dr Alfred Wiedensohler
(Leibnitz Institute). Dr Vanicek targeted the “Monitoring of Ozone in Eastern and Central
European Countries”. He described the region’s monitoring network for total ozone as
providing good spatial coverage for operational mapping and as comprising stations
equipped with Dobson and Brewer instruments as well as with 23 filter-equipped stations in
Russia. However, he advocated the relocation of surplus Dobson instruments from the
European Union to replace filter stations in Russia and encouraged the relay of all
observations to the World Ozone and Ultra Violet Radiation Data Centre. He then discussed
current monitoring of vertical ozone profiles, pointing out that there are only 3 ozone sonde
stations in the ECE countries. Since these stations provide poor coverage outside of Central
Europe, he recommended the installation of at least one permanent and several temporary
ozone sonde stations in central and eastern Russia. He concluded his presentation with a
brief overview of greenhouse gas monitoring stations in the region, pointing out that about 30
stations from Central Europe contribute data to the World Data Centre on Greenhouse
Gases (WDCGG) but that only a few stations were reporting in Eastern Europe. Since
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spatial coverage was poor outside Central Europe, he advocated expansion of the
observational programme and establishment of calibration facilities in Russia.
Dr Wiendensohler focused on the “GAW Aerosol Program”. He briefly outlined the GAW
monitoring focus and summarized the rationale for its Aerosol Program, highlighting that the
GCOS Essential Climate Variables for Chemicals included aerosols. The GAW Scientific
Advisory Group for Aerosols has defined aerosol optical depth, light scattering coefficient,
light absorption coefficient, mass, and major chemical components as core aerosol variables
for GAW stations. The GAW strategy for the next few years is to obtain measurements of all
key aerosol parameters in all geographical regimes, enhance understanding of aerosol
variability in regions represented by GAW sites, and establish additional monitoring stations
in poorly sampled regions. GAW will also seek to establish strong links between GAW
aerosol and data user communities, pursue the use of GAW data for regional air quality
studies and model validation, and seek partnerships with other interested organizations.
Drawing attention to GAW World Calibration Centres for Aerosols located at Leipzig,
Germany (the Calibration Centre for Physical Aerosol Parameters) and Davos, Switzerland
(the Optical Depth Research and Calibration Centre), he noted that the roles of these
Centres encompass training, the provision of advice, the conduct of site audits, and
calibration and intercomparison workshops for aerosol instrumentation. He pointed out that
the World Data Centre for Aerosols, hosted by the Joint Research Centre of the European
Commission in Ispra, Italy, is also a core component of GAW and encouraged monitoring
stations to submit their data to this Data Centre. In concluding, he highlighted the
importance to GAW of aerosol observations from Eastern and Central Europe and
expressed his hope for successful collaboration with the countries of the region.
Dr Sándor Szalai (Hungarian Meteorological Service) spoke on the “Homogeneity of
Historical Data and Secondary Order Errors”. He pointed out that the availability of longduration digital observational records has become an important issue as climatologists
attempt to determine whether changes in average and extreme conditions are underway.
He considered that time series of observations in Eastern and Central Europe were, in
general, not homogeneous. Though virtually all researchers use at least one method to
ensure homogeneity, almost no one fully understands the implications, since different
methods can give different results. We are, in effect, trying to detect and correct an
unknown break(s) in an unknown signal(s) and ensure both mathematical and climatological
homogeneity. Since there is no exact solution to these problems, he considered that we can
only try to improve our confidence and, here, he stressed the value of good metadata.
Elaborating on the types of errors and inhomogeneities that can occur, he briefly
summarized approaches to their detection and correction. He drew participant’s attention to
MASH (Multiple Analysis of Series for Homogenization (newest version: v2.03)) as a useful
approach incorporating the mathematically well-established relative method and capable of
multiple breakpoint detection at the same time. MASH software is available free of charge at
the following Internet address: ftp://ftp2.met.hu (User name: mash; Password: 2day04sh).
In addressing the problem of homogeneity, Dr Szalai advocated inter-comparison of different
methods using artificial time series, careful documentation of station history, documentation
of the homogenization procedures applied, and retention of the original series. He warned,
however, that attention must be paid to the interaction of different statistical climatological
methods. He finished by stressing the importance of checking the homogeneity of all
international databases and datasets, using only homogeneous time series for climate
change assessment. In addition, he drew attention to upcoming seminars on homogeneity.
In a short presentation, Dr Audrone Galvonaite (Lithuanian Hydrometeorological Service)
reviewed the “Climate Observing System in Lithuania”. The first meteorological observations
in that country were made at Vilnius University in 1770. Hydrological observations
commenced in 1803 and marine observations followed in 1880 on Curonian Lagoon.
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Radiosonde, ozone, radiation and other more complex observations were progressively
added following the end of the Second World War. Today the meteorological observational
network includes 18 meteorological stations, 3 aviation stations and 9 climatological stations.
Conditions in 36 rivers and 3 lakes are also observed by means of a network of 59 watergauging stations. Marine observations are mainly devoted to observations of the circulation
and transformation of water masses in the Baltic Sea and in the Kursiu Marios Lagoon.
Dr Galvonaite concluded by indicating that there was a need for observations of currents,
sea level, and water chemistry in the Baltic Sea and for expansion of coastal wind
observations and phenological observations.
Ms Tanja Cegnar (Environmental Agency of Slovenia) followed with a talk on the
“Meteorological Network in Slovenia”. She described the characteristics and distribution of
the various meteorological and climate networks in her country, stressing their importance
for a wide range of applications including international data exchange, supporting severe
weather warnings, atmospheric monitoring over national territory, underpinning weather
prediction and climatological analysis, and legal and other official uses. Noting that the
country operated 39 climate stations, of which 12 were synoptic stations, along with a largely
volunteer network of 178 precipitation stations, she indicated that the number of stations was
decreasing due to budgetary pressures. Commenting on the importance of data quality and
homogeneity, she ended her talk by stressing that derived variables and model outputs
could be very sensitive to even small errors in input data.
Mr Dusan Hrcek, WMO Representative for the Subregional Office for Europe, delivered the
final presentation under Theme 3. He described the main long-term objectives of his office
as including specific regional issues related to WMO programmes and support of the
NMHSs through expert missions and visits, technical conferences, training workshops,
seminars, and technology transfer. The functions of his Office encompassed working for RA
VI Officers and Members both within the WMO system and with European organizations,
acting as an information centre for Members, and providing general support to them in
implementing WMO programmes and enhancing their capabilities. He noted that the WMO
Subregional Office was in the process of creating a database of WMO’s country profiles that
would facilitate the provision of assistance to Members. He recommended that these
country profiles be used to track the status of the Global Climate Observing System in
individual countries. Moving to discussion of atmospheric chemistry, he drew attention to the
Integrated Global Atmospheric Chemistry Observations (IGACO) and its links with the GAW
programme and requested the support of GCOS in implementing this system. Noting that the
Tenth International Pyrheliometer Comparison (IPC) is planned later in 2005, he also
requested GCOS support for the conduct of Regional Pyrheliometer Comparisons (RPCs) in
all WMO Regions. His additional recommendations addressed calibration of meteorological
and hydrological instruments, implementation of ISO 9001 quality management systems,
and maintenance and modernization of the observing systems.
He concluded by
encouraging NMHSs take maximum advantage of education and training opportunities
available through the WMO Secretariat, through other international organizations, and
through bilateral arrangements.
Plenary discussions following these presentations centred on the following topics:
-

Various viewpoints were expressed regarding the value to NMHSs of ISO
certification. It was suggested that such certification would not guarantee good
data but could bring good policies since it includes a constant improvement
process.

-

The value of clearly identifying specific projects was stressed, and participants
were encouraged not to feel limited by WMO funding guidelines and constraints
since there may be other sources of funding for practical, worthwhile projects. It
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was also pointed out that the WMO Executive Council (EC) has special funds for
specific regions, such as the Western Balkans, and encourages project initiatives.
-

It was noted that there is some emphasis on the sustainability of observing
systems in the EU Research Programme’s next call for project proposals.
Sustainablility of observing programmes was a major concern of workshop
participants.

-

A requirement for drought monitoring in Central and Eastern Europe was
highlighted, which was given added emphasis by the serious impact of the recent
severe drought in parts of the region.

-

It was pointed out that there are deficiencies in the Global Telecommunication
System (GTS) and Regional Meteorological Telecommunication Network (RMTN)
in RA VI. It was further suggested that there was a need to address deficiencies in
the coding and relay of GCOS data.

-

Needs were identified to modernize observation stations and to upgrade satellite
data reception and processing facilities in the region.

-

Problems were cited with the implementation of the BUFR code in some countries
in Eastern and Central Europe.

Theme 4: Oceans: Status, Deficiencies, and Needs

Chair: Hans Dahlin
Rapporteur: Reinhard Zollner

In the opening discussion under Theme 4, Dr Viorel Malciu (National Institute for Marine
Research Development, Romania) reviewed “Sea Level Monitoring Activity in the Black Sea
Basin”. He described commonly used methods of monitoring sea level, illustrated typical
sea level measurement instruments, and discussed real time data acquisition and
transmission. He then addressed the sea level observation networks and programmes in
the Black Sea Basin, providing detailed information on their current status. Six countries are
involved in monitoring sea level in the Black Sea: Bulgaria, Georgia, Romania, Russia,
Ukraine and Turkey. In spite of financial difficulties, national networks continue to exist,
except in Georgia, with the current number of operating sea level recorders in the Black Sea
basin being 36. There is one Global Sea Level Observing System (GLOSS) station at
Tuapse (Russia) and two MedGLOSS stations at Constanta (Romania) and Kaciveli
(Ukraine). Since 1999, these stations have acquired and transmitted hourly sea level, sea
temperature, and atmospheric pressure data. Bulgaria also intends to join the MedGLOSS
project. Given the importance of sea level in the coastal zone and of the development of
operational oceanography, the international community is currently supporting several
programmes in the Black Sea. In 1999, UNESCO/IOC and CIESM initiated the MedGLOSS
programme; this has been continued under the umbrella of the European Sea Level Service
(ESEAS). The ARENA project (2003-2006), an EU funded programme, aims to upgrade
monitoring and forecasting activity in the Black Sea Basin. In concluding his presentation,
Dr Malciu noted that data exchange in the Black Sea Basin has been restricted by national
regulations but that the potential exists for oceanographic institutions to cooperate in sea
level monitoring and other data acquisition programmes.
Dr Hans Dahlin (EuroGOOS) then outlined the “Status of the Ocean Observing System in
the Baltic Sea, the North Atlantic, and the North Sea”. In his opening remarks, he
summarized the history of systematic observations in the region of interest. Noting that sea
level monitoring on the Swedish Baltic coast commenced in 1731, using rock markings, he
then showed a time series of sea level observations from Stockholm for the period
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1774-2003 that reflected coastal uplift in that region. Observations of Baltic Sea ice cover,
he indicated, also commenced in the early 1700’s. Light vessels started to observe weather,
temperature/salinity profiles, and currents in 1860, with many of these observations
continuing for over a century. Early baseline oceanographic cruises were undertaken in
1871, and systematic hydrographic monitoring was expanded in 1903 under the auspices of
the International Council for the Exploration of the Sea (ICES). He drew attention to the
EuroGOOS-sponsored European Directory of the Ocean-Observing System (EDIOS), an
Internet-accessible meta-database on European ocean observation programmes that
provided a valuable information resource on these programmes. Illustrating the various
ocean stations and networks in the Baltic Sea, North Sea and adjacent areas of the North
Atlantic, he noted the use of ships of opportunity, such as Baltic Sea ferries, profilers,
moored buoys, floats, and other automated systems. He expanded on the GOOS Regional
Alliance for Europe (EuroGOSS) formalized in 1999, indicating that its objectives are to
promote, foster, and develop European operational oceanography and oceanographic
services. Dr Dahlin stressed that the ocean data requirements for climate studies and
forecasting must be explicitly highlighted, since climate monitoring is not a main driver
behind the existing ocean observing systems. He pointed to the fact that EuroGOOS has a
Climate Task Team and suggested this Task Team might be co-sponsored by a EuroGCOS,
were such a structure to be established. In view of the fact that the water below the sea
surface is seriously under-sampled, he concluded by advocating the implementation of a
coordinated system of sustained platforms that profile key variables, with a good temporal
resolution and in (near) real time.
The final presentation on the Oceans Theme was delivered by Dr Gennady Korotaev
(Marine Hydrophysical Institute, Sevastopol) on the “Status of the Black Sea Observing
System”. He began with an overview of the geography of the Black Sea Basin and a
description of the temperature, salinity and density structure, and the current regime in that
important water body. He reviewed the “old” observing system structure that existed from
1920 until 1990. During that period, there was considerable observational activity involving
coastal hydrometeorological stations, observations from commercial ships, coastal surveys,
and repeated secular hydrographic sections or basin wide surveys. Since about 1990, the
break-up of the USSR has, however, resulted in a dramatic reduction in observations from
hydrographic and hydrochemical stations. This has necessitated a new approach to
monitoring, as reflected in the development of a Black Sea GOOS Implementation Plan and
in an initiative to develop a prototype Nowcasting System for Black Sea Circulation that aims
to produce useful products. Satellite monitoring of sea surface temperature in the Black Sea
has, however, received continuing emphasis, and a 20-year SST database has been
developed. Drifting buoys are increasingly being used, with 67 drifters having been
deployed from 1999 to 2005. Experiments have also been undertaken with palace floats. As
mentioned earlier, a regional capacity building and networking programme to upgrade
monitoring and forecasting activity in the black sea basin (ARENA) is now underway. In his
final comments, Dr Korotaev stressed the need to build a bridge between old and new
observing systems in the Black Sea and proposed to use circulation as such a bridge.
The following issues and topics were raised during plenary discussions following the oceans
presentations:
-

Since most oceanographers are not trained to perform operational duties or
provide ocean services, national and international structures must be established
to support operational and ocean service provision activities. This requires that
resources be devoted to these aspects and appropriate training provided to the
ocean community. Prof. Mason reinforced this point and indicated that GCOS
stresses the need for countries to dedicate sustained resources to systematic
observation programmes, as this is an important priority for GCOS, and for
facilitating the common use of data.
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-

It was pointed out that the Joint WMO-IOC Technical Commission for
Oceanography and Marine Meteorology (JCOMM) was created in recognition of
the need to address the above priority. While the establishment of JCOMM
represents progress at the global level, more needs to be done at regional and
national scales. The ARENA project, it was noted, is pursuing the operational
requirement by encouraging collaboration between hydrometeorological and
oceanographic institutes.

-

Attention was drawn to the fact that some oceanographic institutes are not
connected to the GTS and that this presents an obstacle to the timely relay of
observations from drifting buoys and other platforms. Institutional barriers that
exist between oceanographic institutes and hydrometeorological services
sometimes reinforce such technical obstacles.

THEME 5: Terrestrial Observations:
Status, Deficiencies, and Needs

Chair: Bruno Rudolf

In the opening presentation on the terrestrial component of the climate system,
Dr Alan Belward (EC Joint Research Centre, Ispra, Italy) spoke on "Satellite Derived
Essential Climate Variables (ECVs): Status, Limitation, and Potential". He began by
emphasizing the importance of terrestrial observations in assessing the impacts of climate
variability and change and pointing to the potential of satellite remote sensing for systematic
observation of important terrestrial variables. Illustrating his remarks with examples of
satellite-derived products, he noted that significant progress has been made during the past
few years, particularly in relation to observations of albedo, CO2, and land cover and change.
In addition, advances are beginning to be made in relation to river and lake levels.
Instrument calibration is, however, a big concern for the terrestrial and climate communities,
including issues related to pre-launch sensor calibration and post-launch sensor
degradation. Citing the climate community’s fundamental requirement for long-duration,
systematic observations, he summarized plans for the future of climatically important
satellites such as MODIS, Landsat, and geostationary platforms. He identified as crosscutting issues needs for mission/in-situ observation continuity, accuracy of observations,
agreed calibration/validation protocols, accuracy of products, benchmarking, validation, and
product acceptability. Important scientific and technical challenges arose from the limited
capacity to measure key variables such as soil moisture, above-ground biomass, and
canopy structure. These limitations generate needs for new observation techniques and
algorithms, deployment of appropriate instruments, and creation of integrated products by
combining data (e.g., GHG emissions from biomass burning). Moreover, development and
implementation of data standards, QA/QC methodologies, and new assimilation techniques
need to be pursued. He emphasized that an important advocacy role could be undertaken
by workshop participants in keeping climate high on the GMES and GEOSS agendas,
supporting the continuity of key missions, and stressing the importance of calibration and
validation. In concluding, he indicated that regional support was needed in
calibration/validation campaigns through provision of in-situ observations and related
expertise.
Dr Thomas Maurer (Global Runoff Data Centre, Koblenz, Germany) spoke next on "Gaps in
In-Situ Networks - Hydrological Variables in General, including River Discharge, Soil
Moisture, Lake Levels, Groundwater". He first examined why hydrological observations are
important in the context of climate, then reviewed the status, deficiencies, and needs from
both local and global perspectives with respect to each of the variables identified above.
Hydrologic data are, he indicated, critical for climate studies and forecasts and are needed to
initialize and provide validation data sets for hydroclimate models, monitor whether
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anticipated changes are taking place, assess whether changes are due to climate, and
underpin advice to water resource managers. He pointed out that a warmer climate is likely
to result in increased evaporation from the oceans, increased water holding capacity in the
atmosphere, and changes in precipitation, runoff, evapotranspiration, and infiltration. As yet,
however, global precipitation data show no clear evidence of acceleration in the hydrologic
cycle, although regional anomalies are evident. He stated that phenomena often have to be
examined in their global context in order to arrive at improved predictions at local or regional
scales and pointed out that an increasingly integrated view drawing on computer and new
types of observations is being taken.
Speaking of in-situ hydrological data, he highlighted data availability and data accessibility
as being two fundamental issues. While the perception at the local level may be that
sufficiently well developed, managed, and accessible networks exist, from a larger
perspective things often appear quite different, as data and information are scattered
regionally and sectorally, and accessibility poses great difficulties. He pointed to the Global
Data Centres that are engaged in archiving historical hydrologic data as important
resources–the Global Precipitation Climatology Centre, the Global Runoff Data Centre, the
GEMS/Water Programme Office (Water Quality), and the International Groundwater
Resources Assessment Centre. Among key issues relating to hydrological observations are
that access to related metadata is not well developed, there are insufficient long-term and
up-to-date records, central repositories have difficulty in acquiring data, and there is no
international coordination mechanism for all terrestrial data. He offered several
recommendations, addressing needs for improved global data infrastructure; standardized,
interlinked inventories; definition of key stations for climate; regular release of near-real-time
data for representative stations; coordination; funding; and capacity building. To conclude,
he suggested that the prerequisites for resolving the challenge presented by integrated data
management at regional and global scales include the political will for action and adequate
technological and financial resources and infrastructure.
The final presentation under Theme 5 was delivered by Ms Tiina Tammets (Estonian
Meteorological and Hydrological Institute) and was entitled “Precipitation and Snow
Measurements in Estonia and Assessment of Their Possible Extreme Values”. She
illustrated the precipitation and snowfall-monitoring networks in Estonia, drawing attention to
the different types of precipitation gauges in use there. She pointed out that snow cover
observations or snow surveys have been conducted at more than 60 locations in Estonia
since 1936, providing extensive data on snow density and other characteristics. These
measurements have, however, been made at different locations and using different
methodologies, leading to the necessity of homogenizing the data time series prior to
investigating variability and extremes in the record. Needs were identified to optimize the
number and location of measurement stations in Estonia, for automatic recording of rain
intensity, and for development of systems for the accurate measurement of solid
precipitation at automatic stations. In addition, there are requirements for automation of data
quality control, enhanced database server capacity, updating of database formats, and
digitizing of historical data in that country. Ms Tammets then proceeded to illustrate a
procedure for the estimation of extreme snow loads in Estonia, presenting the results in the
form of a map of design snow loads. The concluding portion of her talk focused on the
results of an investigation of the frequency of occurrence of wet and dry periods along with
the occurrence of so-called “extremal” (or combined wet and dry) conditions, based on daily
precipitation data from selected Estonian stations for the period 1925-2004. Interestingly,
this study showed that the combined occurrence of wet and dry days has increased during
the period in question, with wet days increasing in frequency more than dry days.
The following issues were raised during the plenary discussion of terrestrial observations:
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-

What progress has been made in using satellite data to interpolate between in-situ
observations, especially in rough terrain? In response, it was indicated that work is
underway on this subject but not a great deal of progress has been achieved to
date.

-

In response to a question, it was indicated that the Terrestrial Observation Panel
for Climate (TOPC) is attempting to prioritize the different elements of the terrestrial
observing system in relation to the continuity of satellite missions.

THEME 6: Cross-Cutting Topics

Chair: Regis Juvanon du Vachat
Rapporteur: Stephan Bojinski

In the opening presentation of the cross-cutting topics theme, Dr Deborah Hemming (Hadley
Centre, UK Met Office) spoke on "The Use of the PRECIS Climate Model for Regional
Climate Predictions". Her talk addressed why Regional Climate Models (RCMs) are
necessary, by providing examples of applications of RCMs, and introducing the PRECIS
system. She pointed out that the United Nations Framework Convention on Climate Change
(UNFCCC) requires the assessment of national vulnerability to climate variability and
change, the preparation of plans for adaptation and the submission of national
communications. These commitments necessitate estimates of climate change impacts, and
studies of impacts must be based on detailed scenarios of the future climate. Such
scenarios, she indicated, are best produced locally, using regional information and expert
knowledge of the area being studied. She then illustrated, by applications in various parts of
the globe, the enhanced spatial detail that can be obtained from RCMs over that provided by
General Circulation Models (GCMs). Pointing to uncertainties at every step in predicting
climate change impacts, she noted the potential for errors in the emission scenarios used,
the carbon cycle and chemistry models applied to atmospheric concentrations, the global or
regional climate models, and the impacts model used. She then described the capabilities of
the PRECIS model, drawing attention to its modest requirements for PC-based computing
power and portability, and indicating that further details could be obtained from her at the
following e-mail address: debbie.hemming@metoffice.gov.uk.
The Hadley Centre would like to assist in capacity building and technology transfer by
supplying PRECIS freely to developing countries, training national experts in its operation,
and providing subsequent follow-up support. Dr Hemming identified the regions where the
PRECIS model is currently being used to develop climate scenarios and locations where
training courses have been held or are planned. She concluded by recommending that
PRECIS be used to extend RCM applications in Eastern and Central Europe and proposing
the organization of a regional PRECIS workshop where representatives from all interested
countries could attend. She noted that WMO support for such an initiative would be helpful.
Pursuit of this proposal would require the identification of interested participants; agreement
on a coordinating centre; and decisions on scenarios, model runs, and the spatial domain to
be used. Such a workshop would, however, offer a number of advantages, including cost
effectiveness, establishment of a clear link between stakeholders and observations,
encouragement of collaboration, and targeting of climate impact assessments to specific
country requirements.
Considerable interest in PRECIS was expressed during plenary discussion following Dr
Hemming’s presentation, and an offer was made to host a PRECIS workshop in Bosnia and
Herzegovina. During these discussions, it was indicated that the PRECIS model is not
necessarily better than other models, though it offers advantages in portability and
computing requirements. The view was expressed that there is value in running two models
in parallel, as this can give some sense of the likely errors in scenarios.
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“Data Rescue in All Domains” was presented by Mr Reinhard Zollner (Deutscher
Wetterdienst). He emphasized the requirement for long, uninterrupted data series to
address climate variability and climate change and pointed out that the 2nd Adequacy Report
identified the related need for rescue of data and metadata. Data rescue, he indicated,
incorporates both the ongoing process of preserving data and the digitization of current and
past data in computer compatible formats to facilitate access. The rescue process involves
the location of data and its quality control and storage in a manner that ensures easy
migration in the face of evolving technologies. Some general problems faced in pursuing
data rescue include the need for trained personnel, the need to convince decision-makers of
its importance, international coordination, and high cost. Mr Zollner drew attention to a
number of international data rescue initiatives, including WMO’s DARE programme, the
Archival Climate History Survey Project (ARCHISS), the European Climate Assessment and
Dataset Project (with its special emphasis on extremes), and the IOC/IODE GODAR Project,
focused on historical oceanographic data. He concluded by identifying needs for support
and funding for data rescue, training workshops in data rescue techniques, and an
overarching infrastructure for the coordination of data rescue activities.
In plenary discussions following Mr Zollner’s talk, the question was raised as to who was
responsible for data rescue in nations and regions formerly ruled by other countries where
historical data records may still be in the possession of the former ruling power. It was noted
that such historical data have, in many instances, already been handed over to the new
states. Where this has not already been done, the nations holding such records were
encouraged to transfer these data so that the new states could assume responsibility for the
rescue and preservation of records for their own territory.
Following the short plenary discussion noted above, Dr Lothar Schueller (EUMETSAT)
provided an overview of “EUMETSAT Satellite Application Facilities and Products”. He
explained that, in 1992, EUMETSAT adopted the concept of a Distributed Application
Ground Segment that includes the EUMETSAT Central Facilities in Darmstadt along with a
network of specialised centres known as Satellite Application Facilities (SAF). These SAFs
utilise the expertise available in EUMETSAT's Member States and Cooperating States,
complement the production of standard meteorological products at the Darmstadt Facilities,
and distribute user software packages. SAF objectives include improving Member States’
ability to exploit satellite data, encouraging the utilisation of their skills and infrastructure in
developing geophysical data products and services, facilitating cost-effective exploitation of
satellite data, and fostering cooperation. SAFs are based in National Meteorological
Services or other agreed entities. They use inputs from meteorological and other satellites,
and their products are distributed via EUMETCast, the GTS and RMTN, and the Internet.
The following SAFs are in the initial operations phase: Ocean & Sea Ice SAF, Nowcasting &
VSRF SAF, Climate Monitoring SAF, NWP SAF, and the Land Surface Analysis SAF.
Ozone Monitoring, GRAS Meteorology, and Support to Operational Hydrology and Water
Management SAFs are under development. Updated information about the SAF Network is
available on the Internet at: www.eumetsat.int/saf.
Dr Schueller indicated that efforts are currently underway to enhance SAF’s contributions to
GCOS. Recommendations to that end were endorsed at a July 2004 EUMETSAT/WMO/
GCOS CM-SAF Meeting in Hamburg and an October 2004 SAF Network Climate Monitoring
Workshop in Darmstadt. Furthermore, it is expected that an August 2005 Climate Monitoring
SAF users workshop and a subsequent 2nd GCOS WMO EUMETSAT Workshop on Climate
Monitoring, planned for September 2005, will continue to pursue this thrust. Dr Schueller
pointed out that GCOS contributes significantly to the SAF system, in particular through the
Baseline Surface Radiation Network (BSRN), which is considered to be the only suitable
source of validation data for SAFs surface radiation satellite products. Consequently, he
encouraged continued efforts to ensure the reliable and timely relay of accurate surface
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radiation measurements from all BSRN stations. A brief plenary discussion following Dr
Schueller’s presentation clarified that close coordination is maintained between the
EUMETSAT programme and other ESA missions.
In the final session under Theme 6, Dr Tobias Fuchs (European Commission) gave back-toback presentations titled “Earth Observation Related Activities of EU Environment Research
in Context of GEO and GMES” and “Opportunities of Research Support in the Context of EU
Framework Programmes”. Dr Fuchs gave a historical overview of EU Earth Observation
research, illustrated the growth in the research budget within the EU Framework
Programme, and summarized the R&D planning and proposal evaluation processes. He
pointed out that the 6th Framework Programme (6th FP) of the EU (2002-2006), currently
being implemented, contains 700 million Euros for research in sustainable development,
global change, and ecosystems and provides details on indicative research topics falling
under that umbrella. He then gave an overview of Global Monitoring for Environment and
Security (GMES), a joint initiative of the European Commission and the European Space
Agency. He noted that initial GMES services target air quality, land use/land cover and risk
management at local and regional levels in Europe. Drawing attention to links between
GMES and the Group on Earth Observations (GEO), such as in operational monitoring and
assessment of water resources, he outlined the rationale underlying GEO, its membership
and governance, and its focus on implementation of a Global Earth Observation System of
Systems (GEOSS). He stressed that the observation component of GMES will constitute a
major European contribution to GEOSS.
Switching to his second topic, Dr Fuchs indicated that the 7th Framework Programme (2007–
2013) is expected to include a 75 percent increase in funding for environmental research. A
tentative thematic priority on environment and climate change explicitly targets earth
observation research activities that contribute to the implementation of GEOSS. Drawing
attention to the general evaluation criteria used in evaluating project proposals submitted
under EU FP, he offered practical advice on how to increase the chances of obtaining EU
research support. He drew particular attention to the opportunities for scientific cooperation
that exist for Eastern and Central European nations within EC environment research
activities supporting GEO. Indicating that the EU Research Framework Programme is open
to the world, he pointed out that GEO-related activities based on all earth observation
platforms will be addressed in the next call for proposals. He advised that FP projects can
support the development, coordination, harmonisation and improvement of European
observation systems even though the operation of such systems cannot be supported. In
concluding his presentation, he stressed that researchers from countries in Eastern and
Central Europe were most welcome to play an active role in EU research projects and
indicated that additional information on EU programmes can be obtained at the following
addresses:
Information on EU environment research: http://www.cordis.lu/sustdev/environment/
Information on FP6: http://europa.eu.int/comm/research/nfp.html
Future research: http://europa.eu.int/comm/research/future/index_en.html
Group on Earth Observations (GEO): http://earthobservations.org
Global Monitoring for Environment and Security (GMES): http://www.gmes.info
EU Point of contact: Tobias Fuchs. Email:

tobias-berthold.fuchs@cec.eu.int

Plenary discussion following Dr Fuchs’s presentations clarified the following:
-

While the EU data policy is not yet firm, there is a desire to see at least general
products made freely available, with the overall aim being to have a more open
data policy.
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-

In response to a query regarding the possibility of EU funding for research
partnerships in Africa, Asia, and the Pacific, it was indicated that international
cooperation is identified as a specific element in assessing research projects.

-

Data rescue initiatives could be included as part of a research project.

-

The Memorandum of Understanding between WMO and the EC has been helpful
in that it has enabled the meteorological community to participate in the
development of EC research priorities.

THEME 7: Resource Mobilization

Chair: Paul Mason

Mr Jim Williams (Consultant to GCOS) addressed the vitally important issue of resource
mobilization for implementation of GCOS projects in a stimulating talk entitled "Resource
Mobilization Principles". He stated that his purpose was to inform efforts towards obtaining
financing to meet priority GCOS needs in Eastern and Central Europe and outline a logical
process for seeking funds. However, success required making one’s institution (e.g.,
weather service) attractive to those organizations with funds, be they governments, research
councils, or donors. His presentation centered on four themes – globalisation, change and
the international development agenda; sources of development assistance; how to make an
institution more attractive for financial support; and the significance of the Regional GCOS
Action Plan and how best to present it. He stated that institutions must continually adapt to
change in a globalised world if they are to avoid becoming irrelevant. A vitally important
consideration here is the Millennium Development Goals, established by OECD, and leading
most governments now to espouse a common development agenda aimed at sustainable
development and a reduction in poverty. Against this backdrop, considerable opportunity
exists for adaptable institutions, and there are increasing incentives for regional
collaboration.
Pointing to the large amount of development assistance flowing to Eastern and Central
Europe, Mr Williams provided detailed information on potential sources of funding for
implementation of GCOS Action Plan projects. National Hydrometeorological Services and
other institutions involved with climate must, however, be seen to be a vital part of the
national development agenda and to deliver services in areas that are priority targets if they
are to attract funding from government and be eligible for support from donors and
development banks. The Regional GCOS Action Plan, in his view, needs to emphasise
strengths, address weaknesses and seize opportunities. It must be written in such a way that
busy decision-makers can read it quickly and ‘agree’ with proposals. It must have clear
goals and objectives and details on activities and outputs provided as supporting material
(not the other way round). He noted that what we want to achieve needs to be packaged in
a form that indicates its importance for national and regional development agendas.
Mr Williams then proposed a structure for the Regional Action Plan, incorporating a vision
and problem statement, a goal or wider objectives, a purpose or specific objective, outputs,
and activities. In concluding, he reiterated that significant finance is available for
‘development’ in Eastern and Central Europe and that some of these funds could be
‘attracted’ by a good Regional Action Plan that targets funding agency priorities. Promising
‘directions’ include climate change, integrated water resource management, and real time
environmental monitoring, coupled with effective public services. He also reinforced his
earlier comment that greater regional collaboration is likely to be beneficial in attracting
funding.
Participants made the following points during the plenary discussion following the
presentation on resource mobilization.
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-

Approaches like those advocated by Mr Williams have been used successfully to
obtain funding for modernization projects in Poland. This experience supports the
view that funding is available and can be obtained for worthwhile projects.

-

Partnerships with countries in Western Europe could prove valuable in supporting
and implementing projects in a Regional GCOS Action Plan for Eastern and
Central Europe. Here, it was pointed out that several Western European countries
including the United Kingdom, France and Germany were already assisting with
the modernization or transformation of programmes in the region.

-

Since government ministers have endorsed the GEOSS proposal, it was
considered that linking projects to GEOSS may be helpful in attracting the attention
of governments and other funding bodies.

The second day of the workshop concluded with a presentation by Dr Desmond O'Neill
(Consultant to GCOS) entitled "An Introduction to the Framework Action Plan". He drew
participants’ attention to the framework document that had previously been distributed,
pointing out that it was intended to assist in formulating a Regional GCOS Action Plan by
proposing a structure for their consideration and offering some initial suggestions regarding
content. Following a brief review of the document, he pointed to the many questions included
in its various sections and stressed that these questions were intended to stimulate input
regarding the most appropriate structure for the Plan and what should be included in it. He
then challenged workshop participants to take ownership of the development of the Regional
Action Plan, reach consensus on its key thrusts, and propose specific projects and
recommendations to give substance to the Plan. He also requested that participants suggest
improvements and corrections to the background material contained in the Framework
Document. Comments on the document should be forwarded to the GCOS Secretariat
(Dr William Westermeyer) and copied to Dr O’Neill, using the following e-mail addresses:
WWestermeyer@wmo.int and desoneill@eastlink.ca
Theme 8: The Regional Action Plan

Chair: Alexandre Zaitsev
Rapporteur: William Westermeyer

Theme 8a: First Steps in Developing a Regional Action Plan
Prof. Mason initiated discussions on the development of a Regional GCOS Action Plan for
Eastern and Central Europe with a brief overview of the GCOS experience with other
Regional Action Plans. He pointed out that the present workshop differed from preceding
ones due to the presence of many representatives from Western Europe. Participants from
Eastern and Central Europe, the focus of the proposed Regional GCOS Action Plan, should,
however, consider that it is their workshop and that those from outside the region should not
unduly influence its conclusions. He explained that it was intended that a follow-up meeting
of a smaller group (12 to 15 people) would prepare a draft Regional Action Plan, building on
the present workshop discussions and focusing on the priority issues and needs identified by
regional participants. Ideally, this writing group should be composed of individuals who had
participated in the workshop. Where deemed appropriate by participating countries,
however, other experts might be nominated to assist in the writing process. The draft Action
Plan prepared by the writing team would be circulated for review to workshop participants
and their comments would be incorporated into a final Regional GCOS Action Plan for
Eastern and Central Europe. He emphasized that it would be the responsibility of the
countries in the region to decide how to take forward the Regional GCOS Action Plan.
However, he was of the view that the participation of Western European countries in the
workshop was likely to prove extremely helpful at this later implementation stage.
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Theme 8b: Split into 3 Sub-groups
During this part of the workshop, participants divided into the following three sub-groups to
consider and develop recommendations related to their respective topics.
Sub-group 1:

Regional coordination and cooperation issues
Chair: George Pankiewicz; Rapporteur: Tanja Cegnar

Sub-group 2:

Observation network issues
Chair: Alexandre Zaitsev; Rapporteur: Karel Vanicek

Sub-group 3:

Climate applications, data management and data resource issues
Chair: Lucka Kajfez-Bogataj; Rapporteur: Sándor Szalai

Theme 8c: Plenary Session to Discuss Sub-group Results
Having completed their deliberations, the sub-groups reconvened in plenary session to
present their conclusions and recommendations. Copies of the summary slides used by the
sub-group rapporteurs during their reports to plenary are included in Appendix 3. The
following summarizes the major points arising from these presentations and the associated
plenary discussions.
(a) Sub-group 1: Regional coordination and cooperation issues
In a joint presentation, Ms Tanja Cegnar and Dr George Pankiewicz highlighted the following
issues that had been identified by their sub-group. They drew attention to the fragmentation
of systematic observation programmes in Eastern and Central Europe and stressed the
need for improved coordination in addressing GCOS-related issues. They pointed out that
training opportunities have been missed due to inadequate coordination and that needs exist
for enhanced homogeneity and sustainability in observational programmes. They suggested
that this coordination issue might possibly be addressed within an “all Europe” framework.
They also advocated that a Regional Action Plan should address issues on a range of time
scales (e.g., 1, 2 and 10 years). The sub-group offered the following proposals for
consideration by participants:
-

On a strategic level, a feasibility study for a EuroGCOS should be undertaken to
underpin the long-term sustainability of systematic observation programmes in
Eastern and Central Europe.

-

In the shorter term, enhanced cooperation should be pursued through mechanisms
such as strengthening NMHSs, enhanced networking, and meetings of national
GCOS focal points.

-

A feasibility study should be undertaken for a regional climate data centre for
Eastern Europe or Europe as a whole.

-

A proposal should be developed for a cooperation activity centred on ensuring
adequate instrument calibration in the region.

Plenary discussions were broadly supportive of the proposal for a feasibility study for a
EuroGCOS. It was suggested that this might be presented as an option in a paper prepared
for the upcoming WMO RA VI meeting as part of a GCOS communication to that body.
Plenary session participants were also supportive of early initiatives to enhance regional
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coordination, such as meetings of national GCOS focal points for countries in Eastern and
Central Europe. As far as the recommendation for a regional climate data centre was
concerned, it was suggested that this was a bigger issue than simply a GCOS one but could
be a good idea and should be coordinated with related initiatives under consideration in
other fora. It was further suggested that a cooperation activity focused on calibration could
perhaps be addressed in a coordinated fashion with recommendations addressing that issue
submitted by other sub-groups.
(b) Sub-group 2: Observation network issues
Dr Karel Vanicek reported on behalf of the second sub-group, advocating that the following
recommendations also be reflected in communication to the RA VI conference. It was the
sub-group’s assessment that the following actions need to be undertaken:
-

Update the list of national focal points for GCOS.

-

Review the GSN stations in the region and relocate stations or add new ones
where this was considered to be appropriate and useful.

-

Expand the GUAN network to include additional stations in Eastern and Central
Europe, with particular emphasis on addition of stations in Central and
Southeastern Europe. It was proposed that the GCOS Secretariat or WMO ask
countries to identify and assess stations that could possibly meet GUAN
requirements.

-

Ensure that metadata for these stations are recovered and that these metadata are
made available to the World Data Centre (NCDC).

-

Ensure homogeneity within institutions when implementing new stations or auto
stations and exchange experiences with neighbouring NMSs.

-

Ensure that calibration of instruments is performed in accordance with CIMO
guidelines. In particular, a portable calibration reference should be made available.

In relation to GAW, the sub-group offered the following recommendations:
-

At least one GAW station with a full measurement programme should be established
in Eastern and Central Europe.

-

Brewer ozone stations in the region should be calibrated.

-

The filter stations in the region should be upgraded by replacing this technology with
Dobson instruments removed from service in Western Europe.

-

An accredited laboratory for greenhouse gases should be established in the region.

-

The aerosol monitoring network should be extended in the region and rigid calibration
implemented.

Where oceanographic data are concerned, a need was identified to update the list of
oceanographic stations and monitoring facilities in the Black Sea, the Adriatic Sea, and the
Baltic Sea and to identify gaps in networks and needs for upgrades. It was pointed out that
at present there are only 3 GLOSS stations in the region but that modernization is underway
at stations in the Black Sea and that this might produce additional candidates for designation
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as GLOSS stations. Finally, it was pointed out that other ocean networks should also be
considered.
In the terrestrial domain, needs were cited to identify global runoff stations in an appendix to
the Regional GCOS Action Plan. It was also recommended that GCOS Focal Points should
produce national inventories of terrestrial observation programmes with a focus on the
Essential Climate Variables.
The sub-group also considered requirements related to satellite remote sensing. It identified
requirements for training and capacity building (by SAFs) in understanding and application of
satellite programmes, and recommended that the Space Agencies ensure the continuity of
datasets that are important for monitoring climate. Attention was drawn to the existence of
an extensive archive of EUMETSAT data that could be a useful resource.
In plenary discussion of Sub-group 2, participants were broadly supportive of the
recommendations.
(c) Sub-group 3: Applications, data management, and data rescue
Dr Sándor Szalai reported on behalf of the third sub-group, noting that a number of initiatives
related to the sub-group’s areas of interest were underway in various countries in the region.
He indicated that the sub-group proposed the following as possible project themes in the
applications area:
-

The climatology of extreme events (standardization).

-

Capacity building in the field of regional modelling.

-

Detecting changes in long-duration, terrestrial time series from Eastern and Central
Europe.

-

Applications of satellite information in the terrestrial domain.

-

Drought monitoring by the combined use of surface and remote sensing data.

-

A project on climate change in Europe (utilizing common climate change indices).

In the data management area, the sub-group proposed that particular attention should be
given to the following:
-

Instrument calibration and the application of the GCOS monitoring principles.

-

Metadata, and ensuring unrestricted access to it.

-

Inventories of the contents of data archives.

-

Proxy data archives.

-

Database management system modernization.

-

Training workshops.

-

Standardization of derived climatological indices; development/application of
climate change indices.
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The sub-group also drew attention to the upcoming European Climate Support Network
(ECSN) Data Management Workshop to be held in de Bilt in December 2005.
Data rescue was considered to be a high priority by the sub-group. In this context, the subgroup suggested that particular attention should be paid to:
-

Digitization of old data and paper archives.

-

Historical written information on proxy data.

-

The urgent need for workshops on data rescue.

Abbreviated plenary discussion following Dr Szalai’s presentation drew no objections to the
sub-group’s proposals.
CLOSURE OF THE MEETING

Chair: Wolfgang Kusch

In summarizing the conclusions and agreements that resulted from preceding discussions,
Dr William Westermeyer indicated that, even though a strong consensus had not been
reached on high priority projects, genuine progress had been made. He indicated that a
draft report of the workshop, including summaries of the presentations and discussions,
would be distributed to participants in about a month’s time for their review and comments.
He then stressed that the Regional GCOS Action Plan under discussion should be seen as
an agenda-setting document, i.e., as a strategic document containing project briefs rather
than formal, fully developed project proposals in a form suitable for submission to funding
bodies. He also cautioned that it would not be prudent to overload a Regional GCOS Action
Plan with too many projects, since the Plan should be considered as a living document that
could be updated from time to time as part of an ongoing process. He had heard a
significant number of recommendations during the workshop and these could be reflected in
the Action Plan. However, embedded among these, he considered that there were several
more discrete issues that might be coalesced into Action Plan projects. His initial
assessment was that these potential project areas centred on the following themes:
-

Needs related to GSN and GUAN
GAW
Data rescue
Ocean observations
Terrestrial data, especially relating to hydrology
Regional modelling
Data management
Satellite data and their application, and
The important issue of regional coordination.

As one approach, he proposed that the GCOS Secretariat could prepare a suggested list of
projects addressing the above themes and circulate this list to workshop participants for
comment and approval. He would then ask national delegations and WMO Permanent
Representatives to identify appropriate individuals who could take the lead in drafting
outlines for the agreed projects and participate in a follow-up meeting of a writing team.
During that follow-up meeting, a final draft of the Regional GCOS Action Plan would be
prepared, building on the project outlines. He noted that Slovenia had kindly offered to host
the writing team meeting and that the earliest feasible date for this follow-up meeting would
likely be in September. When completed, the draft Action Plan would be circulated to all
workshop participants for review and, it was hoped, would subsequently be endorsed by the
region as a whole.
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In his final remarks to participants, Prof. Mason observed that he was nearing the end of his
term as Chair of the GCOS Steering Committee. He cited the UNDP-GEF sponsorship of
the GCOS Regional Workshop Programme, noting that this was driven by concerns
regarding the impacts of climate and the need to develop strategies for adaptation to climate
variability, extremes of climate, and climate change. He stressed that GCOS wants to
ensure the availability of systematic climate observations needed to assess climatic impacts
and to support the development of adaptation strategies. He considered that the Leipzig
workshop had been a productive one but underlined the need to link projects in the Regional
GCOS Action Plan to the preceding requirements for systematic observations. Regarding
the issue of GCOS-related coordination in Eastern and Central Europe, he stressed that
GCOS sees real value in the designation of national GCOS focal points and in the
development of national plans for systematic observations. He was cautious, however, in
addressing this issue and considered that the nations in the region must themselves
determine how they wish to operate. Consequently, he encouraged the workshop
participants to have an open agenda in addressing the coordination issue, one that was not
necessarily restricted to only a EuroGCOS option. He then went on to reinforce Dr
Westermeyer’s remarks regarding the need to identify appropriate individuals as writing
group members and suggested that it would be desirable that one or two of these individuals
should have experience in proposal writing. Noting that he was delighted by the attendance
and active participation of attendees, he expressed his appreciation for the privilege of
attending the workshop in Leipzig and concluded by conveying thanks to the DWD and its
staff for the excellent environment and arrangements provided for the workshop.
On behalf of Mr Udo Gärtner, President, Deutscher Wetterdienst, Mr Wolfgang Kusch
conveyed thanks to delegates and to the DWD staff and Secretariat. Mr Kusch then
announced the formal closure of the workshop.
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APPENDIX 1
Agenda - GCOS Regional Workshop for Eastern and Central Europe
26 - 28 April 2005, Leipzig, Germany
Monday, 25.04.05
14:00 17:30

Pre-registration of Participants

18:00 19:00

Scientific Lecture: The importance of meteorological observations
in Europe to understand climate variability and signals of climate
change
(Prof. Gerd Tetzlaff, University of Leipzig)

20:00 21:00

Icebreaker, Ramada Hotel
Tuesday, 26.04.05

08:00 09:00

Registration of Participants

09:00 10:00

Opening Ceremonies

Chair: Wolfgang Kusch

09:00 09:10
09:10 09:20
09:20 09:30

(Udo Gärtner)
(Paul Mason)

09:30 09:40
09:40 09:50
09:50 10:00

1 President of DWD
2 Director, GCOS
3 German ministry of transport, housing
and building, BMVBW
4 German ministry of environment, BMU
5 Representative of Saxonia
6 City of Leipzig

10:00 10:20

Break

10:20 11:35

Theme 1 - Setting the context
Chair: William Westermeyer

10:20 10:40
10:40 10:55
10:55 11:10
11:10 11:25
11:25 11:35

1 Overview of GCOS
2 Towards the implementation of GCOS
3 Rational and objectives for a EuroGCOS
4 Experiences from other GCOS Regional
Workshops
5 Discussion

11:35 12:50

Lunch

12:50 14:50

Theme 2 - User Needs for Climate Observations
Chair: Gerd Tetzlaff; Rapporteur: Stefan Rösner

12:50 13:10

1 Planning process for flooding and other
extreme events
2 Health and climate
3 Effects of climate on cities
4 IPCC Needs for Climate Data in the
Terrestrial Domain

13:10 13:30
13:30 13:50
13:50 14:10
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(Karl Trauernicht)
(Ursula Fuentes)
(Hartmut Biele)
(Angelika Freifrau von Fritsch)

(Paul Mason)
(Paul Mason)
(Stefan Rösner)
(Howard Diamond)

(Radim Tolasz)
(Tanja Cegnar)
(Jaan Saar)
(Lucka Kajfez-Bogataj)

14:10 14:30
14:30 14:50

5 New approaches to the climate resource
estimation
6 Discussion and Workshop Recommendations

14:50 15:10

Break

15:10 17:30

Theme 3 - Atmosphere: Status, Deficiencies, and Needs
Chair: Wim Monna; Rapporteur: Thomas Frei

15:10 15:35
15:35 16:00

1 GSN, GUAN, RBCN
2 Global Atmosphere Watch and Aerosol issues

16:00 16:25

3 Homogeneity of historical data and secondary
order errors
4 Introduction and 2 short national presentations
a. Climate Observing Systems in Lithuania
b. Climate Observing Systems in Slovenia
5 Remarks of the WMO Representative for Europe
6 Discussion and Workshop Recommendations

16:25 16:35
16:35 16:50
16:50 17:05
17:05 17:10
17:10 17:30

(Elena Akentyeva)

(Stefan Rösner)
(Karel Vanicek and Alfred
Wiedensohler)
(Sandor Szalai)
(Gerd Tetzlaff)
(Audrone Galvonaite)
(Tanja Cegnar)
(Dusan Hrcek)

Wednesday, 27.04.05
08:30 09:50

Theme 4 - Oceans: Status, Deficiencies, and Needs
Chair: Hans Dahlin; Rapporteur: Reinhard Zöllner

08:30 08:50
08:50 09:10

1 Sea level monitoring
2 Status of ocean observing systems in the
Baltic Sea, the North Atlantic, and North Sea
3 Status of ocean observing systems in the
Black Sea
4 Discussion and Workshop Recommendations

09:10 09:30
09:30 09:50

(Viorel Malciu)
(Hans Dahlin)
(Gennady Korotaev)

09:50 10:20 Break
10:20 12:10

Theme 5 - Terrestrial Observations: Status, Deficiencies, and Needs
Chair: Bruno Rudolf; Needs Rapporteur: tbd

10:20 10:50

1 Use of satellite derived Essential Climate
Variables (ECVs)
(Alan Belward)
2 Gaps in in-situ networks – hydrological variables
in general including river discharge, soil moisture,
lake levels, groundwater
(Thomas Maurer)
3 Precipitation and snow measurements in Estonia
and assessment of their possible extreme values (Tiina Tammets)
4 Discussion and Workshop Recommendations

10:50 11:20
11:20 11:50
11:50 12:10

12:10 13:40 Lunch
13:40 15:20

Theme 6 - Cross Cutting Topics
Chair: Régis Juvanon du Vachat; Rapporteur: Stephan Bojinski

13:40 14:00

1 The Use of the PRECIS Climate Model to Undertake
Regional Climate Predictions in Eastern and
Central Europe
(Debbie Hemming)
2 Data rescue in all domains
(Reinhard Zöllner)

14:00 14:20
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14:20 14:40
14:40 15:00
15:00 15:20
15:20 15.30

3 Satellite applications/products
(Lothar Schueller)
4 Earth Observation related activities of EU environment
research in the context of GEO and GMES
(Tobias Fuchs)
5 Opportunities of research support in context of
EU Framework Programmes
(Tobias Fuchs)
6 Discussion and Workshop Recommendations

15:30 15:50 Break
15:50 17:00

Theme 7 - Resource Mobilization
Chair: Paul Mason

15:50 16:20
16:20 16.50
16:50 17:20

1 Resource Mobilization Issues
2 Introduction to Framework Action Plan
3 Discussion and Workshop Recommendations

19:00 23:00

Social Event

(J. Williams)
(Desmond O'Neill)

Thursday, 28.04.05
08:30 14:10 Theme 8 - The Regional Action Plan
Theme 8a 08:30 08:40

Chair: Paul Mason

First Steps in Developing a Regional Action Plan

1 Brief statement on GCOS experience with
Regional Action Plans

08:40 10:40

Theme 8b - Split into 3 sub-groups

10:40 11:10

Break

11:10 11:30

Theme 8b - Split into 3 sub-groups (continued)

(Paul Mason)

Theme 8c - Plenary session to discuss sub-groups results
Chair: Alexandre Zaitzev
11:30 12:00

1 Chairs of sub-groups present conclusions

12.00 13.00

Lunch

13.00 14.00
14:00 14:30

1 Chairs of sub-groups present conclusions (continued)
2 Discussion of projects to be included in Action Plan

14:30 15:00

Closure of the meeting
Chair: Wolfgang Kusch

14:30 14:40
14.40 14.50
14:50 15:00

1 Next steps and conclusion of workshop
2 Concluding Remarks
3 Adjournment
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APPENDIX 3
BREAKOUT GROUP PRESENTATIONS
Breakout Group 1: Regional coordination and cooperation issues
Strengths:
Well developed know-how, instrumentation
Similarity of structure (EuroGOOS, Black Sea GOOS)
Global products
Tradition, long history
Bringing together different monitoring (hydrological, meteorological, environmental)
European enlargement
Large no. of small countries
Sub-regional activities
Weaknesses:
Lack of resources (financial, support for open sea facility-technology transfer),
Timeliness /completeness data,
Framework not clear (participation)
Global/regional, Europe as a whole
Data rescue
Oceanographic data (differences in economic situation) Baltic and Black sea
Commercial activities of the NHMSs
Decreasing number of stations, no calibration, traceability, QA
Coordination of international activities in NHMSs (weak network of focal points)
Large no. of small countries
Stability of resources
Not focused
Lack of vision (1, 3, 5, 10 years), global : regional
Training (missed opportunities)
Other issues to consider:
Fragmentation within the region
Need for coordination (through the whole of “Europe”?)
Sustainability
Need to streamline atmospheric, oceanographic, terrestrial observations, and associated
technology – homogeneity
Proposals:
1. Strategic:
1.1 The group proposed a feasibility study for a EuroGCOS, to provide longer term
sustainability within the region, with input from all participants. It should start with a
short proposal of 3-4 pages written by 2-4 volunteers from this group, by correspondence, in
time for the follow up meeting.
Issues to consider:
•
•

Inventory of key players (organizations, people)
Who should do the feasibility study?
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•
•
•
•

A few volunteers needed to prepare a short proposal for the follow-up meeting: S.R.
Use of documents: Key actions (GCOS), GEOSS (10 yr action plan)
A stable framework, whole Europe,
Increasing role of satellites, large area, look for structures already in place, small
countries in disadvantage: calibration – still need for observations
•
Professional /Administrative: Communication, strengthen a role of NHMSs and
between
partners within countries
Sub-regional plans (Balkan, data, measurements)
•
2. Cooperation mechanisms for support shorter term problems:
Commercial activities a barrier to data transfer - changes in policy, legislation.
Strengthening the role of NHMSs. Cooperation between neighbours comes first. Regular
meetings of focal points. Natural ways to network (geographic units).
2.1 The group proposed a feasibility study for some form of a regional data centre for
Europe or Eastern Europe, as a way to bond together different organisations and
approaches. The feasibility study should consider regional requirements and objectives for
such a centre. It could, if needed, become part of a EuroGCOS.
Function of data gathering? Responsibility for European coordination with US NCDC?
Promotion of GCOS “best practices”.
2.2 The group proposed the drafting of a proposal for a cooperation activity to ensure
adequate calibration in the region (for example, to consider questions of a calibration
facility versus exchange of techniques?). It could propose a WG on QC, e.g. to ensure
homogeneity of precipitation data.
Countries in Region VI are not all members of EU, not enough stations, establish working
group on quality control and increasing homogeneity of precipitation data.
Breakout Group 2: Observations and network issues
Recommendations:
1. GSN segment
-

To update national Focal Points.
To review the current list of GSN stations – Appendix II.
Proper distribution of the stations needs to be evaluated and new stations for
GCOS recommended.
The current metadata of the above stations to be reviewed and be available in the
WMO´s standard formats as electronic files.
Calibration and maintenance of instruments on the national base and according to
WMO (CIMO) guides.
If GSN stations can not be maintained by national facilities a system of portable
calibration references should be included in a GCOS assistance project.
Implementation of new instrumentation (e.g. automated stations) should be
accompanied by assessment of homogenity of long-term data records. Exchange
of experiences and methods used in particular GCOS institutions is recommended.
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2. The GUAN segment
-

To extend number of the current ECE GUAN stations at least by stations from
Central Europe and Balkan area – Appendix III.

3. The GAW segment
-

The Filter instrument network is proposed to be upgraded primarily in Eastern
Europe by unused Dobson spectrophotometers re-located from EU countries under
the auspices of the GAW Programme.
The Brewer stations in Eastern Europe should be regularly calibrated in the frame
of the international assistance organized by WMO.
At least one GAW station with a permanent ozone sounding and a complex GHGs
monitoring programme is needed in the Eastern European area.
A regional accredited laboratory for analyses of GHGs measurements is needed in
the Eastern Europe.
Extension of the network for aerosol measurements is needed in the ECE area.

4. The BSRN segment
-

GCOS should support the Baseline Surface Radiation Network mainly to ensure
traceability of the WRR through organization of regular calibration of national
radiation radiometers.

5. Other issues
-

No comments on the Regional Basic Climatological Network (RBCN) – see GSN
and GUAN proposals.

6. The ocean segment
-

To update the list of stations and monitoring facilities for the Black, Adriatic and
Baltic Seas and identify gaps and needs for upgrade.

7. The terrestrial segment
-

National inventories of existing stations monitoring of ECVs have to be performed.
Based on the above outputs the cooperation and the exchange of experiences on
the international level should be strengthened.

8. The satellite segment
-

Training of GCOS participating groups by SAFs in understanding and application of
satellite products is proposed.
Exploitation of existing data sets from the METEOSAT archive for the GCOS
purposes is recommended.

Breakout Group 3: Climate Applications, Data Management, and Data Rescue
1. Applications:
Ongoing Applications:
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-

ECSN activities (homepage, open activities): Generate Climate Monitoring Products
(DWD, webside exsits, ongoing), EuroCLIS (follow-up activities), EUROGRID
(planned) (ECSN) M
ECA and D (ECSN project), webside at KNMI, prec and temp, high temporal
resolution (daily) time series (1850-, 1950-), software tools, information transfer,
updating of the dataset, can be managed due to the actual data policy M

Proposed Applications:
-

Regional downscaling modelling (workshop in Belgrade ?, Slovenia, Russia,
Hungary, Czech Rep., Bulgaria) (plan) F
Climate impact studies (agriculture, forestry, applied clim.), connection to UN FCCD
(project proposal under preparation, Bulgaria, Slovenia, Belorus, Russia (human
health), Austria (human health modeling)) I
drought monitoring (plan Hungary, Bulgaria, Slovenia, Belorus, Lithuania) M
wind and solar energy, maps, local estimation (looking for co-op, Hungary, Estonia,
Austria)
Phenological observation (development, Lithuania, COST-725) M
Regional and marine climate monitoring
Hydrological climate monitoring network: discharge, groundwater level, metadata
(landuse, damps, water use, irrigation, water supply, etc.) (Germany) M
Coastal protection (Germany) ,M Baltic sea (development, Lithuania) M
Maintenance of long term time series (Netherland, Germany) M
Monitor trace gases and aerosols (Germany) M
CM-SAF, SAT-KLIM (Germany)

Project proposals in the Application Domain:
-

Climatology of extreme weather events (Standardisation).
Capacity building in the field of regional climate modeling.
Detecting changes in the CEE long time terrestrial series.
Satellite information applications in terrestrial domain.
Drought monitoring by the combined use of surface and remote sensed data.
Project 'Climate change in Europe' (common climate change indices).

2. Data Management
Ongoing Activities
- Spatial interpolation, GIS (Hungary, Ukraina, Austria, COST-719)
- UNIDART (EUMETNET project)
- Homogenization, quality control (Hungary, Ukraina, Russia, Austria (ALPCLIM
homogenized database))
Proposed Activities:
-

Standardization of derived climatological indices, calibration, use of GCOS principles,
metadata, to fill data gaps, cc indices (Estonia, Netherland).
Database management system (Ukraine).
Unresticted access to the metadata (Netherland.)
Content of archive (inventories).
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-

Proxy data archives (historical written information).
Training workshops.

3. Data Rescue
Proposed Activities:
-

Digitalization of old data, registered curves, paper archives (all countries).
Proxy data information (historical written information).
Workshops on data rescue issue needed urgently!! (An example - ECSN Data
Management Workshop in de Bilt, December 2005. Can GCOS sponsor (support)
participants?)
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APPENDIX 4
THE GLOBAL CLIMATE OBSERVING SYSTEM AND THE
GCOS REGIONAL WORKSHOP PROGRAMME
Alan Thomas
Director, GCOS
Mission of GCOS
The Global Climate Observing System (GCOS) was established in 1992 to ensure that the
observations and information needed to address climate-related issues are obtained and
made available to all potential users. It is co-sponsored by the World Meteorological
Organization (WMO), the Intergovernmental Oceanographic Commission (IOC) of UNESCO,
the United Nations Environment Programme (UNEP) and the International Council for
Science (ICSU). GCOS is intended to be a long-term, user-driven operational system
capable of providing the comprehensive observations required for monitoring the climate
system, for detecting and attributing climate change, for assessing the impacts of climate
variability and change, and for supporting research toward improved understanding,
modelling and prediction of the climate system. It addresses the total climate system
including physical, chemical and biological properties, and atmospheric, oceanic, hydrologic,
cryospheric and terrestrial processes. Although GCOS does not make observations or
generate data products itself, it does stimulate, encourage, coordinate and otherwise
facilitate the taking of the needed observations by national and international organizations in
support of both their own requirements and of common goals.
Purpose of the Workshop
The United Nations Framework Convention on Climate Change (UNFCCC) has recognized
the importance of research and systematic observation. Further, its Conference of Parties
(COP) has noted that high quality data for climate-related purposes is not available in many
instances due to inadequate geographic coverage, quantity, and quality of the data
produced by current global and regional observing systems. Most of the problems occur in
developing countries, where lack of funds for modern equipment and infrastructure,
inadequate training of staff, and the high costs of continuing operations are often the major
constraints. Decision 5/CP.5 in 1999 invited the Secretariat of the Global Climate Observing
System, in consultation with relevant regional and international bodies, to organize regional
workshops to facilitate improvements in observing systems for climate. The central goals of
the GCOS Regional Workshop programme are:
•

To assess the contribution of the region to GCOS baseline networks;

•

To help participants understand guidelines for reporting on observations to the
UNFCCC;

•

To identify national and regional needs and deficiencies for climate data (including
needs for assessing climate impacts and conducting vulnerability and adaptation
studies; and

•

To initiate the development of Regional Action Plans for improving climate
observations.

Expected Outcome
The GCOS Regional Workshop for Eastern and Central Europe is designed to help
participants identify deficiencies in climate observing systems and to focus their attention on
developing a regional strategy to address priority needs for observing systems. Given the
strong recognition by the UNFCCC Conference of the Parties (COP), a substantial
opportunity now exists to obtain the support of the Parties to make much needed
improvements in observing networks that will benefit not only the global concerns of COP
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but also national and regional purposes. GCOS would like to see participants develop a
regional strategy—a Regional Action Plan—that identifies high priority observing system
needs for the region and that can be used as the basis for seeking funding to address these
needs. The first steps in developing such a plan can be taken at this workshop, and a draft
version of the plan could be prepared and circulated for approval by perhaps October 2005.
With resources limited both nationally and internationally, a regional plan for improving
observing systems is practical, achievable, and fundable.
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APPENDIX 5
THE IMPLEMENTATION PLAN FOR THE GLOBAL OBSERVING SYSTEM FOR
CLIMATE
IN SUPPORT OF THE UN FRAMEWORK CONVENTION ON CLIMATE CHANGE
EXECUTIVE SUMMARY
Paul Mason
Chairman, GCOS Steering Committee
1. Introduction
The Global Climate Observing System (GCOS), in consultation with its partners, has
prepared an implementation plan that addresses the requirements identified in the Second
Report2 on the Adequacy of Global Observing Systems for Climate in Support of the United
Nations Framework Convention on Climate Change (UNFCCC) (hereafter called the
‘Second Adequacy Report’). This plan specifically responds to the request of the Conference
of the Parties (COP) to the UNFCCC in its decision 11/CP.9 to develop a 5- to 10-year
implementation plan. As requested, the implementation plan (the Plan):
•
•

•
•
•

Builds on the Second Adequacy Report and draws on the expressed views of Parties
with respect to that report;
Takes into consideration existing global, regional and national plans, programmes
and initiatives, including those of the European Global Monitoring for Environment
and Security programme and the Integrated Global Observing Strategy Partnership,
as well as the plans of the Group on Earth Observations;
Is based on extensive consultations with a broad and representative range of
scientists and data users, including an open review of the Plan before its completion;
Includes indicators for measuring its implementation;
Identifies implementation priorities and resource requirements.

2. Meeting the Needs of the UNFCCC for Climate Information
This Plan, if fully implemented by the Parties both individually and collectively, will provide
those global observations of the Essential Climate Variables and their associated products,
to assist the Parties in meeting their responsibilities under Articles 4 and 5 of the UNFCCC.
In addition, it will provide many of the essential observations required by the World Climate
Research Programme and Intergovernmental Panel on Climate Change. Specifically the
proposed system would provide information to:
a. Characterize the state of the global climate system and its variability;
b. Monitor the forcing of the climate system, including both natural and anthropogenic
contributions;
c. Support the attribution of the causes of climate change;
d. Support the prediction of global climate change;
e. Enable projection of global climate change information down to regional and local
scales;
f. Enable characterization of extreme events important in impact assessment and
adaptation, and to the assessment of risk and vulnerability.

2

The Second Report on the Adequacy of the Global Observing Systems for Climate in Support of the
UNFCCC, GCOS-82, April 2003 (WMO/TD No. 1143).
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As noted in the Second Adequacy Report, “Without urgent action and clear commitment of
additional resources by the Parties, the UNFCCC and intergovernmental and international
agencies, the Parties will lack the information necessary to effectively plan for and manage
their response to climate change”.
2.1 Essential Climate Variables
The Second Adequacy Report established a list of the Essential Climate Variables (ECVs)
(see Table 1) that are both currently feasible for global implementation and have a high
impact on the requirements of the UNFCCC. Clearly, there are additional climate variables
that are important to a full understanding of the climate system. Many of these are the
subjects of current on-going research, but are not currently ready for global implementation
on a systematic basis. As our knowledge and capabilities develop, it is expected that some
of these variables will be added to the list of ECVs.
Table 1. Essential Climate Variables that are both currently feasible for global
implementation and have a high impact on UNFCCC requirements
Domain

Essential Climate Variables

Atmospheric
(over land, sea
and ice)

Surface:

Air temperature, Precipitation, Air pressure, Surface
radiation budget, Wind speed and direction, Water vapour.

Upper-air:

Earth radiation budget (including solar irradiance), Upper-air
temperature (including MSU radiances), Wind speed and
direction, Water vapour, Cloud properties.

Composition: Carbon dioxide, Methane, Ozone,
greenhouse gases3, Aerosol properties.
Surface:
Oceanic

Other

long-lived

Sea-surface temperature, Sea-surface salinity, Sea level,
Sea state, Sea ice, Current, Ocean colour (for biological
activity), Carbon dioxide partial pressure.

Sub-surface: Temperature, Salinity, Current, Nutrients, Carbon, Ocean
tracers, Phytoplankton.

Terrestrial

4

River discharge, Water use, Ground water, Lake levels, Snow cover,
Glaciers and ice caps, Permafrost and seasonally-frozen ground, Albedo,
Land cover (including vegetation type), Fraction of absorbed
photosynthetically active radiation (fAPAR), Leaf area index (LAI),
Biomass, Fire disturbance.

3

Including nitrous oxide (N2O), chlorofluorocarbons (CFCs), hydrochlorofluorocarbons (HCFCs),
hydrofluorocarbons (HFCs), sulphur hexafluoride (SF6), and perfluorocarbons (PFCs).
4
Includes runoff (m3 s-1), ground water extraction rates (m3 yr-1) and location, snow cover extent (km2)
and duration, snow depth (cm), glacier/ice cap inventory and mass balance (kg m-2 yr-1), glacier length
(m), ice sheet mass balance (kg m-2 yr-1) and extent (km2), permafrost extent (km2), temperature
profiles and active layer thickness, above ground biomass (t/ha), burnt area (ha), date and location of
active fire, burn efficiency (%vegetation burned/unit area).
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2.2 Implementation Actions and Associated Cost Implications
The Plan includes over a hundred specific actions to be undertaken over the next 10 years,
across the three domains. Many of the proposed actions are already underway, at the least
as part of research activities, and most of the required coordination mechanisms have been
identified. The costs of undertaking these actions are summarized in Table 2 by cost and
type of action. Priority should be given over the first 5 years to those actions that will address
the critical issues identified within the Second Adequacy Report, specifically improving
access to high-quality global climate data; generating integrated global analysis products;
improving key satellite and in-situ networks; and strengthening national and international
infrastructure, including the enhancing of the full participation of least-developed countries
and small island developing states.
The Plan is both technically feasible and cost-effective in light of the societal and economic
importance of climate observations to the considerations of the UNFCCC. It involves global
extension and improved operating practices for observing systems that are currently
supported and functioning for other purposes. While its implementation is dependent on
national efforts, success will be achieved only with international cooperation, coordination
and in some cases, sustained technical and financial support for the key global reference
observation sites in least-developed countries. While the Plan focuses on meeting global
requirements, such global data and products are also relevant to regional and local needs. In
the case of extreme events, which are usually of a small scale and/or short-lived, the Plan
provides for global estimates of many such phenomena. Finally, the Plan will be updated
over time as networks and systems become operational and as new knowledge and
techniques become available.
Table 2. Summary of incremental annually recurring costs (in US-$)
Number
of
Common
Actions

Number of
Atmospheri
c Actions

Number
of
Oceanic
Actions

Number of
Terrestrial
Actions

4

8

7

11

30

II – 100K-1M

8

4

11

13

34

III – 1M-10M

2

11

17

11

42

IV – 10M-30M

1

8

6

2

17

0

1

0

0

1

6

-

-

-

6

21

32

41

37

131

34.4M

282.8M

211.2M

102.6M

631.0
M

Cost Category*
I

–

<100K

V – 30M-100M
Uncosted Actions

5

Total Number
Estimated total cost
profile6

Total

*K: 1000s of US-$, while M: 1 000 000s of US-$.
The estimated costs are incremental to the expected future support of the current observing
systems and associated infrastructure. The cost estimates include both the costs of
transition of current systems from research to operations as well as those wholly associated
5

Costs covered in domain actions.
Estimated total cost profile assumes average costs (in US-$) of 0.1M for Category I actions, 0.5M for
Category II, 5.0M for Category III, 20.0M for Category IV, and 65.0M for Category V.
6
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with new systems. The new observations and infrastructure for climate will serve many
applications other than just the climate needs of the Parties. For example, as the climate
component of the proposed Global Earth Observation System of Systems (GEOSS), they
would meet the needs of many other GEOSS applications. Satellites, though a major cost
item accounting for some 40% of the total cost profile, provide unique global coverage. In all
cases the costs noted are simply indicative and would need to be refined by those charged
with executing the actions.
Key Action 1: Parties need, both individually and collectively, to commit to the full
implementation of the global observing system for climate, sustained on the basis of
a mix of high-quality satellite measurements, ground-based and airborne in-situ and
remote-sensing measurements, dedicated analysis infrastructure, and targeted
capacity-building.
3. Agents for Implementation
The global observing system for climate requires observations from all domains – terrestrial,
oceanic, and atmospheric – which are then transformed into products and information
through analysis and integration in both time and space. Since no single technology or
source can provide all the needed observations, the ECVs will be provided by a composite
system of in-situ instruments on the ground, on ships, buoys, floats, ocean profilers,
balloons, samplers, and aircraft, as well as from all forms of remote sensing including
satellites. Meta-data (i.e., information on where and how the observations are taken) are
absolutely essential, as are historical and palaeo-climatic records that set the context for the
interpretation of current trends and variability. Although these individual activities are to be
coordinated internationally through a variety of programmes, organizations and agencies,
success will depend mainly on national and regional entities that will translate the Plan into
reality. Collectively, all of these entities are referred to in the Plan as the ‘Agents for
Implementation’.
The Plan outlines a comprehensive programme that marshals contributions from virtually all
countries and organizations dealing with Earth observations and requires continuing and
strengthened coordination and performance monitoring. An International Project Office is
needed to help coordinate the activities of the component elements of the system, to interact
with regional bodies addressing aspects of the Plan, to monitor the performance of the
system, to identify deficiencies in the system, and to coordinate measures to correct such
deficiencies. It could also oversee the implementation of the GCOS Cooperation Mechanism
(see Section 3.4 in the Executive Summary).
Key Action 2: Parties need to provide support for an International Project Office to
provide overall coordination, to monitor performance, to report regularly on
implementation, to initiate corrective actions, and to oversee the GCOS Cooperation
Mechanism.
3.1 International Agents
The networks, systems, data centres and analysis centres identified within this Plan are
almost all funded, managed and operated by national entities within their own requirements,
plans, procedures, standards and regulations. This Plan calls on all contributing networks
and systems to respond to the actions contained in it and, where appropriate, to adjust their
plans, procedures and operations to address the specified climate observing requirements.
GCOS will continue to emphasize with all relevant international and intergovernmental
organizations the need for their Members to: (a) undertake coordination and planning for
systematic climate observations where this is not currently being undertaken; and (b)
produce and update on a regular basis plans for their contributions to the global observing
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system for climate, taking into account the actions included in this Plan. For this to be
effective, it will also be essential for the Parties to ensure that their requirements for climate
observations are communicated to these international and intergovernmental organizations.
Key Action 3: The international and intergovernmental organizations need to
incorporate the relevant actions in this Plan within their own plans and actions.
3.2 Regional Agents
For some observations, regional planning and implementation of climate observing system
components is particularly effective as a means of sharing workloads and addressing
common issues. The GCOS Regional Workshop Programme has established a framework
for interested nations to work together to optimize their networks and to identify both national
and GCOS network needs in each region. Regional Action Plans, one of the outputs of these
workshops, are being developed and some elements of them are finding support from
member nations and/or donors for implementation.
Key Action 4: Parties need to complete development and alignment of Regional
Action Plans for observations in the context of this Plan.
3.3 National Agents
The needs of the UNFCCC and other users for global climate observations and products can
be addressed only if plans are developed and implemented in a coordinated manner by
national organizations. As noted in the Second Adequacy Report, with the exception of the
main meteorological networks and the planning for individual activities, most climateobserving system activities are poorly coordinated, planned and integrated at the national
level. All Parties need national coordination mechanisms and national plans for the
provision of systematic observation of the climate system. Such mechanisms are usually
best sustained when national coordinators or focal points7 are designated and assigned
responsibility to coordinate planning and implementation of systematic climate observing
systems across the many departments and agencies involved with their provision.
Key Action 5: Parties are requested to undertake national coordination and planning
and produce national plans on their climate observing, archiving and analysis
activities that address this Plan.
Reporting by the Parties8 on systematic climate observation activities as part of their
National Communications under the UNFCCC is essential for planning and monitoring the
implementation of the global observing system for climate. The response by Parties to the
Second Adequacy Report emphasized that accurate and credible information relative to all
aspects of climate observations must be exchanged, according to the relevant guidelines
(decisions 4/CP.5 and 11/CP.9).
Key Action 6: Parties are requested to submit information on their activities with
respect to systematic observation of all ECVs as part of their national
communications to the UNFCCC utilizing an updated Supplementary Reporting
Format.

7
8

The GCOS Steering Committee has developed guidelines for such functions.
Reports are available through the UNFCCC Secretariat.

49

3.4 Participation by all Parties
Recognizing the common requirement for information on climate variability and change, the
need for all Parties to improve global observing systems for climate in developing countries
has been a consistent theme in the considerations by COP on systematic observation. There
are many ways that systems can be improved, including for example through developedcountry agencies working with organizations and personnel from developing countries, and
the donation of equipment and the training of personnel. The GCOS Cooperation
Mechanism has been established by a core set of countries to provide a coordinated,
multigovernmental approach to address the high-priority needs for stable long-term funding
for key elements of the global observing system for climate, especially in least-developed
countries, small island developing states and some countries with economies in transition. It
will complement and work in cooperation with existing funding and implementation
mechanisms (e.g., the World Meteorological Organization (WMO) Voluntary Cooperation
Programme, the United Nations Development Programme, and the many national aid
agencies), many of which deal with climate-related activities and support capacity-building in
particular.
Key Action 7: Parties are requested to address the needs of least-developed
countries, small island developing states and some countries with economies in
transition for taking systematic climate observations by encouraging multilateral and
bilateral technical cooperation programmes to support global observing systems for
climate and by participating in the GCOS Cooperation Mechanism.
4. Access to Climate Data
4.1 High-Quality Climate Data
Ensuring that high-quality climate data records are collected, retained and made accessible
for use by current and future generations of scientists and decision-makers is a key objective
of this Plan. As a result, investment in the data management and analysis components of the
system is as important as the acquisition of the data. The Plan calls for strengthening the
current International Data Centres9 and seeking commitments for new Centres so that all
ECVs have an appropriate infrastructure.
Key Action 8: Parties need to ensure that International Data Centres are established
and/or strengthened for all ECVs.
The flow of data to the user community and to the International Data Centres is not adequate
for many ECVs, especially for those of the terrestrial observing networks. Lack of national
engagement and/or resources, restrictive data policies, and inadequate national and
international data-system infrastructure are the main causes of the inadequacy.
In decision 14/CP.4, the COP urged Parties to undertake free and unrestricted exchange of
data to meet the needs of the Convention, recognizing the various policies on data
exchange of relevant intergovernmental and international organizations. Yet, as the Second
Adequacy Report points out repeatedly with respect to almost all of the variables, the record
of many Parties in providing full access to their data is poor. This Plan is based on the free
and unrestricted exchange of all data and products and incorporates actions to: develop
standards and procedures for meta-data and its storage and exchange; to ensure timely,
9

International Data Centres are responsible for monitoring, product preparation and dissemination as
well as archiving.
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efficient and quality-controlled flow of all ECV data to climate monitoring and analysis
centres and international archives, and to ensure that data policies facilitate the exchange
and archiving of all ECV data and associated meta-data.
4.1.1.

International Standards and Guidance

The international programmes and Technical Commissions of WMO and the
Intergovernmental Oceanographic Commission (IOC) exist to provide the standards,
regulatory material and guidelines for the collection of climate data in the Atmospheric and
Oceanic Domains. There is at present no equivalent international body or technical
commission for climate observations for the Terrestrial Domain. A key requirement for
successful implementation of this Plan is the urgent establishment of such an international
body by the relevant international organizations, including WMO, the Food and Agriculture
Organization of the United Nations (FAO), the United Nations Environment Programme
(UNEP), and the International Council for Science (ICSU).
Key Action 9: The relevant intergovernmental organizations including WMO, FAO,
UNEP, and ICSU need to create a mechanism for establishing standards, regulatory
material and guidelines for terrestrial observing systems.
4.1.2.

GCOS Climate Monitoring Principles

The GCOS Climate Monitoring Principles (GCMPs) provide basic guidance regarding the
planning, operation and management of observing networks and systems, including
satellites, to ensure that high-quality climate data are available and contribute to effective
climate information. The GCMPs address issues such as the effective incorporation of new
systems and networks; the importance of calibration, validation and data homogeneity; the
uninterrupted operation of individual stations and systems; the importance of additional
observations in data-poor regions and regions sensitive to change; and the crucial
importance of data management systems that facilitate access, use and interpretation of the
data. These principles have been adopted or agreed by the UNFCCC, WMO, Committee on
Earth Observation Satellites (CEOS) and other bodies. The implementation actions now call
on all data providers to adhere to the GCMPs and to initiate effective programmes of data
quality control.
Key Action 10: Parties need to ensure that their climate-observing activities which
contribute to GCOS adhere to the GCMPs.
4.1.3.

Data Stewardship and Management

Climate observations that are well documented, and have good meta-data about the
systems and networks used to make them, become more valuable with time. The creation
of climate-quality data records is a fundamental objective of the global observing system for
climate. International standards and procedures for the storage and exchange of meta-data
need to be developed and implemented for many climate observing system components,
including those of the operational satellite community. It is essential that all such data be
properly archived and managed with the full expectation that they will be reused many times
over in the future, often as a part of reprocessing or reanalysis activities. Good stewardship
of the data also requires that data be migrated to new media as technology changes, be
accessible to users, and be made available with minimal incremental costs.
Key Action 11: International standards for meta-data for all ECVs need to be
established and adopted by the Parties in creation and archiving of climate data
records.
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4.2 Domain-Specific Observing Networks and Systems
The global observing system for climate is an integrated system comprised of
complementary satellite and in-situ components. With greater attention to climate monitoring
issues, satellites are expected to become an increasingly more important means of obtaining
observations globally for comparing climate variability and change over different parts of the
Earth. Therefore, a system of satellites and satellite sensors implemented and operated in a
manner that ensures the long-term accuracy and homogeneity of the data through the
adoption of the GCMPs, is a high priority within the Plan. At the same time, some ECVs will
remain dependent on in-situ observations for long-term trend information, for calibration and
validation of satellite records, and for measuring variables not amenable to direct satellite
measurement (e.g., sub-surface oceanic ECVs). Consistent with the role of satellites, the
Plan details the substantial effort required to ensure the operation and refinement of in-situ
networks.
Some of the key domain-specific components merit highlighting.
4.2.1 Atmospheric Domain
Many atmospheric networks and systems, including some satellite components, are
relatively mature, having been in existence for several decades, albeit generally for
non-climate purposes. As a result, a key action for this domain is to ensure the full
global implementation of these networks and systems for climate purposes. Other key
actions respond to the need for additional baseline observations to enable full use of
existing measurements, improvements relating to a few important but poorlyobserved variables, and the use of reanalysis techniques to generate needed climate
information products.
The GCOS Surface Network (GSN), together with the other surface atmospheric networks,
provides the basic observations of the surface climate in which we live. The GCOS UpperAir Network (GUAN), together with related satellite observations, provides a baseline for the
upper atmosphere. Network and system improvements are proposed in many areas,
including the extension of the GSN to include all relevant surface ECVs. Indeed, the
advantages of collocated measurements imply that greater efforts should be made to
establish sites where many of the ECVs for both the Atmospheric and Terrestrial Domains
are observed. In the upper atmosphere, water vapour plays a critical role in climate
feedback, and supplements to the current baseline observations are needed from reference
networks and GPS-based techniques.
Key Action 12: Parties need to: (a) ensure the implementation and full operation of the
baseline networks and systems contained in Table 3 in accordance with the GCMPs,
in order to specifically resolve reported problems, to ensure the exchange of these
data with the international community, and to recover and exchange historical
records; (b) establish a high-quality reference network of about 30 precision
radiosonde stations and other collocated observations; and (c) exploit emerging new
technology including the use of radio-occultation techniques and ground-based
Global Positioning System (GPS) sensing of the total water column.
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Table 3. Existing atmospheric baseline networks and systems
•
•

•
•
•
•

GCOS Surface Network (GSN).
The atmospheric component of the composite surface ocean
observation system including sea-level pressure (see Key
Actions 17 and 18).
GCOS Upper-Air Network (GUAN).
Global Atmosphere Watch (GAW) global CO2 network.
MSU-like radiance satellite observations.
Total solar irradiance and Earth radiation budget satellite
observations.

With the societal importance of precipitation, there is further urgent need for improved global
analyses including unbiased estimation of precipitation over the oceans and at high latitudes
and further development and understanding of the implications of automation on
precipitation measurements.
Key Action 13: Parties are urged to: (a) establish a reference network of precipitation
stations on key islands and moored buoys around the globe and at high latitudes; (b)
submit national precipitation data (preferably hourly data) to the International Data
Centres; and (c) support the further refinement of satellite precipitation measurement
techniques.
The total solar irradiance and Earth radiation budget measurements provide overall
monitoring of the solar radiation and the net greenhouse effect within the atmosphere.
Clouds, as well as water vapour, strongly affect this Earth radiation budget and provide the
most uncertain feedbacks in the climate system. It is vital to maintain long-term records
concerning the overall radiation of the Earth. Cloud properties are of particular importance
and research, some of which is in progress, is needed to improve the monitoring of clouds.
Surface radiation measurements over land are an important complementary observation and
the baseline surface radiation network needs to be extended to achieve global coverage.
Key Action 14: Parties need to: (a) ensure the continued operation of satellite
measurements of the Earth radiation budget and solar irradiance (e.g., the NASA
Earth Radiation Budget Experiment); and (b) support research to extend and improve
current capabilities for monitoring clouds as a high priority.
Greenhouse gases and aerosols are the primary agents in forcing climate change;
continuous observations that are spatially and temporally homogeneous are therefore
required. For the greenhouse gases, elements of the needed networks are in place but
extension and improved attention to calibration are needed. Aerosols are a complex
variable and the Plan proposes a key action in the establishment of an improved reference
network and a global network for the aerosol-related optical depth variable.
Key Action 15: Parties need to: (a) fully establish a baseline network for key
greenhouse gases; (b) improve selected satellite observations of atmospheric
constituents; and (c) extend existing networks to establish a global baseline network
for atmospheric optical depth.

53

4.2.2 Oceanic Domain
New technology, developed and proven by the oceanic climate research programmes of the
1990’s, has allowed the ocean community to design, and commence implementation of, an
initial oceanic climate observing system. The first action of the initial system is the global
implementation of the surface and sub-surface networks, including the establishment of data
analysis systems. This will allow for a composite system of satellite and in-situ observations
collected by operational and research groups to be synthesized into information products.
Sustaining this system will require national designation of and support for Agents for
Implementation, and the establishment of effective collaboration between research and
operational groups. This will also require the continuity of existing and predominantly
research-based in-situ and satellite activities.
Key Action 16: Parties need to: (a) complete and sustain the initial oceanic observing
system for climate; (b) designate and support national Agents for Implementation for
implementing this system; (c) establish effective partnerships between their ocean
research and operational communities towards implementation; and (d) engage in
timely, free and unrestricted data exchange.
The surface ocean network will provide information about the patterns of ocean surface
temperature, pressure, winds, salinity, sea level, waves and sea ice that are important both
to the global climate and its regional distribution and to marine resources and coastal
societies. In particular, sea ice, which plays a key and complex role in climate feedback,
requires continued research into improved in-situ and satellite measurements.
The surface observing network depends critically on the continuity of satellite observations,
most of which are in research rather than operational status (Table 4), and on the full
implementation of the in-situ activities identified in this Plan.
Key Action 17: Parties need to ensure climate quality and continuity for essential
ocean satellite observations (see Table 4).
Table 4. Essential ocean satellite systems
•

•

Sustained support for vector-wind (scatterometer), sea-ice, seasurface temperature (microwave and infra-red) and oceancolour measurements.
Continuous coverage from altimeters to provide high-precision
and high-resolution sea-level measurements (1 high-precision
and 2 lower-precision altimeters).

Key Action 18: Parties need to provide global coverage of the surface network by
implementing and sustaining: (a) the GCOS baseline network of tide gauges; (b) an
enhanced drifting buoy array; (c) an enhanced Tropical Moored Buoy network; (d) an
enhanced Voluntary Observing Ships Climatology (VOSClim) network; and (e) a
globally-distributed reference mooring network.
The sub-surface ocean network will provide critical information on ocean climate variability
and change. The network will provide a capacity for monitoring the regional oceanic uptake
of heat, freshwater and carbon, and identification of abrupt climate change arising from
changes in the planetary hydrological cycle processes. In association with the surface
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observations, they also provide the basis for seasonal-to-interannual predictions that can be
critical in giving forecasts of the likelihood of extreme climatic events.
Key Action 19: Parties need to provide global coverage of the sub-surface network by
implementing and sustaining: (a) the Argo profiling float array; (b) the systematic
sampling of the global ocean full-depth water column; (c) the Ship-of-Opportunity
Expendable Bathythermograph (XBT) trans-oceanic sections; and (d) the Tropical
Moored Buoy and reference mooring networks referred to in Key Action 18 above, as
well as the satellite altimetry system described in Table 4.
In recognition of the importance of potential changes to the ocean carbon cycle and marine
ecosystems, the Plan contains a number of important research and implementation actions
dealing with the establishment of an observing network for the partial pressure of carbon
dioxide (pCO2) and the measurement of the state and change of carbon sources and sinks
in the oceans.
Finally, continuing climate research and technology programmes for the oceans are needed
to enhance the efficiency and effectiveness of observing efforts, and to develop capabilities
for important climate variables that cannot currently be observed globally. This need for
enhanced capability is particularly acute for remote locations, for improved understanding of
the ocean ecosystems, for improving the estimates of uncertainty, and for understanding the
mechanisms of climate change.
4.2.3 Terrestrial Domain
The climate observing system in the Terrestrial Domain remains the least well-developed
component of the global system, whilst at the same time there is increasing significance
being placed on terrestrial data for climate forcing and understanding, as well as for impact
and mitigation assessment.
The Plan proposes actions designed to achieve an initial coordinated and comprehensive
observational programme for all terrestrial ECVs. The nature of the Terrestrial Domain is
such that priority is being placed on obtaining global products for all ECVs from a range of
research-level satellite sensors supported by an increasing number of reference and
baseline in-situ networks.
Key Action 20: Parties are urged to support the operational continuation of the
satellite-based products given in Table 5.
Table 5. Priority terrestrial satellite products
•
•
•
•
•
•

Daily global albedo from geostationary and polar orbiting
satellites.
LAI and fAPAR products to be made available as gridded
products.
Gridded fire and burnt area products through a single
International Data Centre.
Snow cover of both hemispheres.
Digital elevation maps of the ice sheet surfaces and full glacier
inventory from current spaceborne cryosphere missions.
Specification and production of land-cover characterization
data sets.
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A coordinated reference network is needed for: in-situ observations of the fullest possible
range of terrestrial ECVs and associated details relevant to their application in model
validation; process studies; validation of observations derived from Earth observation
satellites; and to address intrinsic limitations in some of these, such as the saturation of LAI
measurements. Opportunities for collocation of Atmospheric and Terrestrial Domain
reference network sites should be sought whenever possible.
Key Action 21: Parties are urged to develop a global network of at least 30 reference
sites (collocated with atmospheric sites if possible) to monitor key biomes and to
provide the observations required in the calibration and validation of satellite data.
The hydrological variables are of critical societal importance. Many are observed but not well
exchanged for the purposes of assessing global climate change. The proposed international
body (Key Action 9 above) is intended to establish standards for, and to facilitate the
exchange of, terrestrial data for climate and other purposes. The Plan proposes specific
actions to continue with the implementation of the Global Terrestrial Networks (GTNs) for
hydrology (including specific lakes and rivers components), for glaciers and for permafrost.
Key Action 22: Parties are urged to: (a) fill the identified gaps in the global networks
for permafrost, glaciers, rivers and lakes; (b) provide support for the designated
International Data Centres; and (c) submit current and historical data to the
International Data Centres.
5. Availability of Climate Products
Use of observations for policy and planning purposes depends on access to information
beyond the basic observations. To meet the needs of all nations for climate information, the
global observing system for climate must generate useful climate products. The preparation
of climate products almost invariably involves the integration of data in time and space, as
well as the blending of data from different sources. Some products, such as reanalysis to
climate standards, involve extensive data set preparation and significant computing and data
management resources, and implicitly require estimation of uncertainties. Providing access
to climate information for all Parties will involve significant information technology
infrastructure. The best use of available resources will come via international coordination of
these activities. Therefore, a sustained and coordinated application of reanalysis is one of
the key actions of this Plan for all domains.
Key Action 23: Parties are urged to adopt an internationally-coordinated approach to
the development of integrated global climate products and to make them accessible
to all Parties. As far as possible, these products should incorporate past data
covering at least the last 30 years in order to serve as a reference for climate
variability and change studies.
Key Action 24: Parties are urged to give high priority to establishing a sustained
capacity for global climate reanalysis, to develop improved methods for such
reanalysis, and to ensure coordination and collaboration among centres conducting
reanalyses.
6. Improving the System
Our ability to measure some key and emerging ECVs from in-situ and remote sensing
systems (both surface- and satellite-based) is limited by the lack of suitable instruments and
techniques. The limitation can vary all the way from difficulties with the fundamental
observing technique to those associated with instrumentation, algorithms, suitable
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calibration/validation techniques, spatial and/or temporal resolution, ease of operation, and
cost.
The development, demonstration, and validation of existing and new techniques are vital to
the future success of the global observing system for climate. It is critically important that as
new global satellite-based observations of environmental variables are made, the validation
of both the measurements themselves (e.g., radiances) and the retrieval algorithms be
carried out under a sufficiently broad range of conditions that they can be confidently applied
in the creation of a global data sets.
Research is needed to improve the ability to blend different data sets and/or data sources
into integrated products. As new types of data are assimilated into models, it will also be
important to understand the error characteristics of the new data and the models used. Data
assimilation for climate purposes is still in an early stage of development and requires
continued research support. As these developments occur, reprocessing of data to take
advantage of the new knowledge will be vital to sustained long-term records.
Agents for Implementation
Intergovernmental organizations sponsoring component observing systems or
activities:
• UNESCO and IOC – geology, Earth surface and ocean observing systems.
• WMO – meteorological, hydrological and atmospheric constituent observing systems.
• UNEP – environmental observations.
• FAO – land-surface, land-cover, water-use observations.
• ICSU – research into most observing systems.
Regional and specialized intergovernmental organizations sponsoring and/or
operating component observing or analysis systems:
• EUMETSAT – Operational meteorological geostationary satellite systems and (soon)
polar orbiting systems.
• ESA – Research and development environmental satellite systems.
• ECMWF – Integrated global analysis systems.
National agencies sponsoring and operating global satellite observing systems:
• USA, NOAA/NESDIS – Operational meteorological polar orbiting and geostationary
satellite systems.
• USA, NASA – Research and development environmental satellite systems.
• Japan, JMA – Operational meteorological geostationary satellite systems.
• Japan, JAXA – Research and development environmental satellite systems.
• Russian Federation, ROSHYDROMET – Operational meteorological polar orbiting
and geostationary satellite systems.
• Russian Federation, FSA – Research and development environmental satellite
systems.
• China – Operational meteorological polar orbiting and geostationary satellite
systems.
• India, ISRO – Research and development environmental satellite systems.
• India, IMD – Operational meteorological geostationary satellite systems.
• France, CNES – Operational polar orbiting satellite systems.

57

Intergovernmental Technical Commissions dealing with climate observations:
• WMO/IOC Joint Technical Commission for Oceanography and Marine Meteorology
(JCOMM) – Comprehensive Global Ocean Observing System.
• WMO Commission for Basic Systems (WMO CBS) – Responsible for the World
Weather Watch (WWW) and its components: the Global Observing System (GOS),
Global Telecommunication System (GTS), Global Data Processing System (GDPS)
as well as WMO Space Programme.
• WMO Commission for Atmospheric Science (WMO CAS) – Atmospheric chemistry.
Lead Commission for the Global Atmosphere Watch (GAW).
• WMO Commission for Instruments and Methods of Observation (WMO CIMO) –
Standardization and compatibility of instrumentation. Instrumentation intercomparisons.
• WMO Commission for Hydrology (WMO CHy) – Operational hydrology including
observing networks, collection, processing, archiving and retrieval of hydrological
data. Standardization of methods, procedures and techniques.
• WMO Commission for Climatology (WMO CCl) – Lead Commission for the World
Climate Data and Monitoring Programme. Data archaeology.
Scientific Programmes and Advisory/Steering committees to the intergovernmental
bodies:
• World Climate Research Programme (WCRP) – sponsored by ICSU, WMO and IOC
of UNESCO – comprehensive climate research programme.
• International Geosphere Biosphere Programme (IGBP) – sponsored by ICSU –
programme to understand the interactive physical, chemical and biological processes
regulating the total Earth system, the changes in this system, and influences from
human actions.
• Intergovernmental Panel on Climate Change (IPCC) – sponsored by UNEP and
WMO –-assesses scientific, technical and socio-economic information for
understanding climate change and its potential impacts.
• GCOS Steering Committee – sponsored by WMO, UNEP, UNESCO, and ICSU –
provides scientific, technical and implementation guidance to the GCOS Sponsors
and has established 3 domain-based scientific Panels:
o Atmospheric Observation Panel for Climate (AOPC).
o Ocean Observation Panel for Climate (OOPC).
o Terrestrial Observation Panel for Climate (TOPC).
Climate observation systems; GCOS made up of contributions from:
• WMO World Weather Watch (WWW) Global Observing System (GOS) –
comprehensive system for observing meteorological variable used in weather
forecasting and other related applications.
• WMO Global Atmosphere Watch (GAW) – comprehensive observations of the
chemical composition and selected physical characteristics of the atmosphere on
global and regional scales.
• Global Ocean Observing System (GOOS) – permanent global system for
observations, modelling and analysis of marine and ocean variables to support
operational ocean services worldwide.
• Global Terrestrial Observing System (GTOS) – programme for observations,
modelling, and analysis of terrestrial ecosystems, for facilitated access to terrestrial
ecosystem information, and to support sustainable development.
Coordination mechanisms and partnerships supporting observational objectives:
• Coordination Group for Meteorological Satellites (CGMS) – provides a forum in which
the Space Agencies have studied jointly with the WMO technical operational aspects
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•
•

of the global network, so as to ensure maximum efficiency and usefulness through
proper coordination in the design of the satellites and in the procedures for data
acquisition and dissemination.
Committee for Earth Observation Satellites (CEOS) – international coordinating
mechanism charged with coordinating international civil spaceborne missions
designed to observe and study planet Earth.
Integrated Global Observing System-Partnership (IGOS-P) – provides a
comprehensive framework to coordinate the common interests of the major spacebased and in-situ systems for global observation of the Earth into integrated
observing strategies for a range of “themes” including: oceans, carbon cycle, water
cycle, geohazards, coastal observations including coral reefs, atmospheric chemistry,
land cover and cryosphere.
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APPENDIX 6
RATIONAL AND OBJECTIVES FOR A EUROGCOS
Stefan Rösner
Deutscher Wetterdienst, Germany
Background and rational
Climate information is needed at different spatial and temporal resolution. A primary need is
at global scale with monthly data. But, as knowledge increases, more and more information
is needed at higher spatial and temporal resolution. As a consequence WMO for one has
defined Regional Baseline Climatological Networks, RBCNs, for atmospheric meteorological
observations, all owned and operated by national meteorological and hydrological services.
But atmosphere is only one of many domains relevant for climatologists.
In the field of meteorology there exist several European organisations for coordination at the
level of operational services, such as the European Meteorological Network (EUMETNET).
Within EUMETNET the European Climate Support Network (ECSN) coordinates
climatological cooperation between the NMHSs in Europe. The European Composite
Observing System (EUCOS) is another initiative between NMHSs focusing on optimising
meteorological observations for purposes of numerical weather prediction and aviation. At a
more political level two informal conferences of European directors of national
meteorological services were established coordinate their activities. Only in September 2004
EUMET was founded. It comprises the national meteorological services of all EU Member
States including Norway, Switzerland and Iceland. Thus EUMET reflects the political
boundary of teh European Union. At a wider geographical representation WMO RA VI is
dealing with all aspects of NMHSs in a more general sense. All these organisations include
different parts of Europe, and have different members.
Looking at the ocean domain, the most important organization coordinating ocean observing
systems in Europe is EuroGOOS. EuroGOOS includes the Baltic Operational Observing
System (BOOS) and the Northwest Shelf Operational Observing System (NOOS). Members
of EuroGOOS are national institutes and governmental agencies as well. Other regional
GOOS structure of relevance are MedGOOS and Black Sea GOOS. For the Terrestrial
Observing System (GTOS), a Central and Eastern Europe (CEE) programme has been
established.
With respect to space based remote sensing, in the context of the European Union, there
exist two organizations to deal with: EUMETSAT for operation of meteorological satellites
and ESA for research and development of satellite systems. Almost all of these activities
are embedded more or less into the European Union as the only regional political body - a
still growing political body. More and more countries are joining this union of now 25.
Objectives for a EuroGCOS
As of today no structure or organization for coordinating climate related observational issues
at a European level is in place within the European Union. EuroGCOS could close this gap.
Thus, EuroGCOS could be beneficial in many regards, without introducing much additional
management overhead. EuroGCOS could be used:
•
•

to coordinate and monitor activities related to the United Nations Framework
Convention in Climate Change (UNFCCC);
as a regional structure to support activities in the context of GEO or GEOSS;

61

•
•

serve as a platform to discuss activities related to the European Global Monitoring for
Environment and Security (GEMS) initiative;
to further the regional GCOS action and implementation plan for which this workshop
marks the beginning point.

How to start
EuroGCOS could start as a network of national GCOS Focal Points. Many European
countries have already nominated national GCOS Focal Points or Coordinators. This
network needs to be expanded and linked together.
As “systematic observation” regularly is on the agenda of the Subsidiary Body for Scientific
and Technological Advice (SBSTA) to the UNFCCC, members of the EuroGCOS network
could meet up to two times a year to discuss GCOS related matters for Europe. But, in a
first step EuroGCOS would work as a virtual network with one of the GCOS Focal Points
taking over the function of a moderator.
Outlook
As the example of the Pacific Island GCOS (PI-GCOS) shows, it might turn out that a more
formal organization is needed with a EuroGCOS Officer responsible, e.g., for monitoring and
pushing the realisation of the regional implementation plan. Another issue to be dealt with at
the regional level is the implementation of the “Implementation Plan for the Global Observing
System for Climate in Support of the UNFCCC,” published as GCOS-92. This will be in the
context of the 10-Year Implementation Plan for a Global Earth Observing System of System
(GEOSS).
Recommendations for the Action Plan
• Participants are invited to nominate National GCOS Focal Points or National GCOS
Coordinators to the GCOS secretariat in Geneva;
• GCOS is invited to maintain on its website a list (or lists) of regionally grouped
National GCOS Focal Points.
• Participants are encouraged to express their views establishing and developing a
EuroGCOS.
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APPENDIX 7
EXPERIENCES FROM OTHER GCOS REGIONAL WORKSHOPS
Howard J. Diamond
U.S. GCOS Program Manager
The first GCOS Regional Workshop was conducted for the Pacific Islands Region and was
held in Apia, Samoa, from 9-11 August 2000. As the first such workshop the region was
obviously a test case for not only determining how to best stage such a workshop, but more
importantly to work in developing a more robust regional GCOS program that satisfies not
only the global objectives for GCOS, but develops a buy-in from nations in each region to
devote more time and resources towards building more effective regional climate programs.
This takes time, resources, and most importantly the dedication of persons in the region
towards fulfilling this goal. While the Pacific Islands (PI) regional GCOS program is now
bearing the fruits of these efforts, it was frankly a rather long process to get to where we are.
In fact, due to changes at the South Pacific Regional Environment Programme (SPREP), the
sponsoring regional organization for GCOS, no work was done from the time of the
workshop in 2000, until an initial organizational meeting was held over a year later in
Honolulu, Hawaii, in October 2001, under the sponsorship of the U.S. GCOS Program
Office.
The goal of the Pacific Islands (PI) region was to establish a robust and sustainable PIGCOS that met the climate change and variability observations and application needs of the
Pacific Islands region as well as the global requirements for GCOS. In early 2002, a PI
Regional GCOS Implementation Team (PIRGIT) was initially established at a meeting in
Auckland, New Zealand, in order to develop a considered action plan for GCOS for the
Pacific Islands region. In order to meet the regional and international requirements for
GCOS in the region, the PIRGIT identified the following five Programme Components as
follows which continue to this day to be the five major areas making up the PI-GCOS
Program:
•
•
•
•
•

PI-GCOS Advocacy
Sustaining Operational Observing Networks
Managing and Exchanging Regional GCOS Data (archaeology, rescue, and
management)
Accessing and Developing Appropriate Products and Services
Building Capacity for the Long-Term PI-GCOS Sustainability

A subsequent PI-GCOS Implementation Plan developed in early 2003 contains 31 projects,
which fit under one or more of these five Programme Components. In order to effectively
manage this integrated programme, the top priority of the PIRGIT was to establish a PIGCOS Regional Programme Officer. This important and essential position was, and
continues to be, funded by the U.S. GCOS Program Office. The position is based at SPREP
in Apia, Samoa, and was filled in January 2004 by Dr. Mark Morrissey a meteorology
professor at the University of Oklahoma. Dr. Morrissey has many years of experience in
working with Pacific Island precipitation data, and took this position on a 3-year term effort
on sabbatical from his university position.
With the finalization of the PI-GCOS implementation plan in 2003, the concept of a regional
Steering Committee (SC) to oversee the sustained development of GCOS in the Pacific
Islands region emerged. Such a PI-GCOS Steering Committee was envisioned to assume a
technical, advisory and guidance role for PI-GCOS activities and the PI-GCOS programme.
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The ad hoc PIRGIT has taken the action to investigate how such a regional steering
committee would fit with the global GCOS programme. As such there was a need to develop
a Terms of Reference delineating how such a steering committee should operate and what
its exact role would be in the overall PI-GCOS regional framework. While the regional SC
and the SPREP would be equal partners in this endeavor, the regional SC role would be to
provide advice and guidance, with SPREP’s role being to provide the day-to-day
management of the PI-GCOS programme through a regional GCOS programme officer.
The rationale for such a regional structure has as its basis the request from the UNFCCC in
1999 (COP-5 decision) to the GCOS Secretariat to stage regional workshops for developing
nations to improve the sustainable nature of climate observing. The first such workshop was
held in Apia, Samoa, in August 2000. A key outcome of the workshop was a resolution to
develop an action plan for furthering GCOS in the region. Such an action plan and strategy
was produced and endorsed by the region in March 2002. Subsequent to that the PIRGIT
was established in order to develop a detailed implementation plan with defined project
concepts, indicative budgets and schedules. This was developed and finalized in March
2003.
The evolution of the PIRGIT to a regional Steering Committee structure (see figure at the
end of this document) was a logical step in this evolutionary process, and further has a
natural linkage to other regional structures such as the relationship that the regional Global
Ocean Observing System programme has to the South Pacific Geosciences Commission
(SOPAC). The conceptual framework for a regional SC structure for GCOS, outlined below,
would be a mechanism for ensuring that global requirements for GCOS are linked with
regional and national initiatives for climate observing.
The region was looking for
concurrence from the GCOS Steering Committee meeting XI in Melbourne, Australia, during
the month of April 2003 for supporting the proposed regional structure and approach and
received overwhelming approval for this approach. As such in February 2004 at a meeting
in Suva, Fiji, a Regional Committee (the name decided upon) was established consisting of
leadership from the developing nations of the region. In addition, a subsidiary Science and
Technology (S&T) Committee, chaired by the U.S. GCOS Program Manager, and with
membership from both developed and developing nations in the region was established to
maintain the original connections to those interested and engaged persons in the region with
an interest in the success of the PI-GCOS program. Both groups will hold meetings at the
10th Regional Meteorological Service Directors Meetings in the nation of Niue from 11-18
April 2005; results of that meeting will be briefed at the GCOS Eastern and Central
European Regional Workshop in Leipzig on 26-April-2005.
In summary, the keys to developing a successful regional GCOS program are as follows:
•

Need to have a focused regional organization that is willing to take up the mantle of
advancing GCOS in the region; a full-time regional program officer is a key
requirement. In the Pacific Region, SPREP was a natural focus for this

•

Need a solid and consolidated planning mechanism to advance projects in the
region.

•

Need to identify partners and donors willing to participate in regional projects and/or
contribute resources.

•

Leveraging upon existing bi-lateral and multi-lateral agreements that can incorporate
GCOS projects is a key factor to consider (e.g., US/New Zealand Climate Change
Partnership, US/Australia Climate Action Partnership, and Global Observing System
of Systems).
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•

In order to ensure success, some kind of sustained regional steering or leadership
group is required; communication with the GCOS Secretariat and international GCOS
Steering Committee is important. This allows for monitoring of the progress of
projects, participation in fund raising, and more importantly is an avenue for GCOS
advocacy in the region.

•

Representation needs to consist of persons with interest in advancing GCOS in the
region rather than being based upon national representation.

•

Broad-based membership - Partners need to come from inside and outside the
meteorological community; GCOS is more than a meteorological system. The one
key to success in the Pacific has been to advance PI-GCOS from the “grass-roots”.
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APPENDIX 8
HEALTH AND CLIMATE
Tanja Cegnar
Environment Agency, Ljubljana, Slovenia
Climate is affecting human health and well being directly and indirectly. First, let us consider
direct impacts. The assessment of the thermophysiological effects of the atmospheric
environment is one of the key issues in human biometeorology. Heat and cold stress are
widely recognized as potential threat to human health and lives. Heat waves can cause heat
related illness and death. The elderly and persons with heart or respiratory disease are
particularly vulnerable. To assess the impact of such extreme thermal conditions not only air
temperature is relevant, but also humidity, wind speed, short and long wave radiation should
be taken into account.
The appropriate tool for assessing the thermophysiological effects are heat budget models.
It should be pointed out that such models are very sensitive to accuracy of input data. Even
small errors in input data could result in significant output error. If no data about long and
short wave radiation are available, a second model for calculation of mean radiant
temperature is adopted; many such models are based on cloudiness type and amount. It
has to be mentioned that heat waves are much more intense in urbanized areas, where
most of the population lives. So there is a need for data from rural and urban sites as well.
Among direct effects we shell mention not only heat waves and cold stress but also extreme
weather events that could threaten lives and human health (strong wind, heavy precipitation
leading to flood, landslide, avalanche and mudslide damage, drought, etc.). Also, the range
and seasonality of infectious diseases is determined by climate and could be altered with
changes in climate. Scientists expect the combined effect of recent stratospheric ozone
depletion and its continuation over the next decades to be (via the accumulation of additional
UVB exposure) an increase in skin cancer incidence in the fair skinned population living at
mid to high latitudes. Thus, solar radiation and especially UV radiation should be integrated
in meteorological monitoring.
Among indirect effects of climate on human well-being and health we should mention that
changes in climate may alter the distribution of important vector species (e.g., mosquitoes,
ticks) and may increase the spread of disease to new areas. Food production may be
undermined not only by drought, but also indirectly through pests and plant or animal
diseases. To a large extent public health depends on drinking water availability and quality.
Droughts can affect regional and national economy and could consequently also reflect on
population well-being and health. Climatic conditions are strongly related to air pollution;
climatic change is projected to exacerbate local and regional air pollution.
Climatic data are crucial for determining the risk of adverse weather and climate conditions
and events. Such assessments are vital for any adaptation measure at the present time and
in the future. Climate change will increase present problems and create new ones. Some
health impacts will be direct, such as heat waves or flood related deaths. Others come from
disturbance of complex ecological processes, changes in water supply, food availability, and
patterns of vectors and infectious diseases. Only reliable meteorological data, with networks
dense enough and measurements and observations of all necessary variables will enable us
to prepare valuable scientific basis for adaptation measures. Homogenous data series and
compatibility of data between different networks is required, but often very difficult to obtain.
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APPENDIX 9
IPCC NEEDS FOR CLIMATE DATA IN THE TERRESTRIAL DOMAIN
Prof. Lučka Kajfež Bogataj
University of Ljubljana
IPCC Vice-Chair of WG2
Introduction
In the last decade of the 20th century, the successive breaking of high temperature records
at the global scale, together with the publication of a large set of climate change scenarios
pointing in the same direction, has definitively put the climate change problem at the top of
the world’s priorities. Climate change poses a serious challenge to policymakers. Actual
climate change, limits of adaptation and expected impacts to threatened ecosystems are
important elements of information for decision makers. The Intergovernmental Panel on
Climate Change (IPCC) is actively responding to these requests through a number of
periodic comprehensive Assessment Reports on climate change, but IPCC work stays
independent of policy objectives.
Intergovernmental Panel on Climate Change
IPCC was established in 1988, under the auspices of the World Meteorological Organization
(WMO) and the United Nations Environment Programme (UNEP). The IPCC is both an
intergovernmental body and a scientific assessment process and has three Working Groups
(WG) and a Task Force on national greenhouse gas inventories. WG I assesses the
scientific aspects of the climate system and climate change; WG II assesses the vulnerability
of human and natural systems to climate change, consequences of climate change and
options for adaptation to them and WG III assesses options for limiting greenhouse gas
emissions and otherwise mitigating climate change and economic issues.
The main IPCC products are periodic comprehensive Assessment Reports on climate
change, its causes, possible impacts and response measures. The IPCC also prepares
Special Reports, often in response a request from the UNFCC; Methodology Reports and
Technical Papers. IPCC Reports consist of detailed assessments and Summaries for
Policymakers. The IPCC’s 1990 First Assessment Report confirmed the scientific basis for
concern about climate change and lead to establishment of the UN Framework Convention
on Climate Change (UNFCCC). The Second Assessment Report “Climate Change 1995”
provided valuable input to the negotiations of the Kyoto Protocol. The Third Assessment
Report “Climate Change 2001” (TAR) consists of three WG reports and the Synthesis Report
of the TAR. Key conclusions of the TAR are:
• Emissions of greenhouse gases and aerosols due to human activities continue to
alter the atmosphere in ways that are expected to alter our climate
• There is new and stronger evidence that most of the warming observed over the last
50 years is attributable to human activities
• Human influences will continue to change atmospheric composition throughout the
21st century and anthropogenic climate change will persist for many centuries
• Global temperatures and sea level are projected to rise under all IPCC scenarios
TAR also indicated that there is a need for additional systematic and sustained
observations. The following are high priority areas of action in systematic observations and
reconstructions:
•

reverse the decline of observational networks in many parts of the world;
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•
•
•

sustain and expand the observational foundation for climate studies by providing
accurate, long-term, consistent data including implementation of a strategy for
integrated global observations;
enhance the development of reconstructions of past climate periods;
improve the observations of the spatial distribution of greenhouse gases and
aerosols.

The IPCC also prepares methodology reports on greenhouse gas inventory-related
methodologies and practice. The “Task Group on Data and Scenario support for Impact and
Climate Analysis (TGICA)” was set up to facilitate the wide availability of climate change
related data and scenarios to enable research in sharing of information across the three
IPCC working groups. It coordinates the Data Distribution Centre (DDC), which provides
data sets, climate and other scenarios, and other materials e.g. technical guidelines on use
of scenarios. In April 2002 IPCC decided that the Fourth Assessment Report (AR4) should
be completed in 2007 and it will be more focused and shorter. A set of crosscutting themes
will be included in the AR4: Uncertainty and Risk, Integration of Mitigation and Adaptation,
Article 2 of the UNFCCC and Key Vulnerabilities, Sustainable Development, Regional
Integration, Water, Technology.
IPCC and WMO programmes
WMO can significantly contribute to the success of AR4. A number of WMO programmes
provide the framework for research that will be assessed in the IPCC report. This concerns
all topics related to the science of the climate system, particularly that of climate observation,
which is intended to be a long-term, user-driven operational system, capable of providing the
comprehensive observations required for monitoring the climate system, for detecting and
attributing climate change, for assessing the impacts of climate variability and change, and
for supporting research oriented toward improved understanding, modeling and prediction of
the climate system. WMO’s observing system enables the detection of changes in the
chemical and particulate composition of the atmosphere. For IPCC process it is particularly
important that WMO Programmes along with the Global Climate Observing System (GCOS)
address the total climate system, including its physical, chemical and biological properties,
as well as the associated atmospheric, oceanic, hydrologic, cryospheric and terrestrial
processes. Unfortunately, the statement made by WMO in 2000 “The current data network
was not designed adequately, or at all, to measure, detect or attribute climate change”
still remains valid.
Climate Data in the Terrestrial Domain
Terrestrial observations for climate are vital for the IPCC process. Climate data in the
terrestrial domain come from inside and outside the meteorological community, because the
“meteorological system” is only a part of the climate system. Unfortunately terrestrial data
and information is usually highly fragmented; has a variety of owners; and numerous gaps in
coverage. Financial support for making in-situ terrestial observations in many countries is
limited at all levels. Furthermore, most monitoring and assessment is targeted at specific
issues (e.g., food security, deforestation) and is of a limited duration. The problem of data in
the terrestrial domain is also that variables of interest are often measured in different ways.
The available procedures sometimes differ in accuracy, complexity, and costs. Various
measurement techniques also provide results over different spatial domains. Thus direct,
detailed measurements can be applied at only few locations because of logistics and costs.
Biosphere, hydrosphere, cryosphere, atmosphere and radiation observations help detect
climate change, assess impacts and predict seasonal-decadal-centennial changes and
feedbacks to climate. They represent also valuable input in modeling approaches to climate
biosphere interactions and are essential for scientific understanding and planning for
sustainable development.
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•

•

•

•

Key variables in the field of biosphere include biophysical properties of vegetation
(Leaf Area Index, NPP, NEP, biomass, plant nitrogen and phosphorous content,
surface roughness, spectral vegetation greenness index, stomatal conductance and
vegetation structure); biogeochemistry (biogeochemical transport from land to ocean,
dissolved C, P and N in water, dry deposition of nitrate and sulphate, emissions of
CO2, NOX, SOX from combustion of fossil fuels, fertilizer use N and P, leaf biomass,
rainfall chemistry and volcanic sulphate aerosols); land cover land use and
disturbance (fire area, land use and land cover); and soil properties (soil moisture,
soil total C, N and P, soil bulk density, particle size distribution, pH, soil surface state
and rooting depth)
Hydrology variables are needed to understand climate impact on hydrological regimes
and Feedbacks to Climate. Key variables are atmospheric water content near the
surface, biogeochemical transport from land to oceans, evapotranspiration, river
discharge (runoff), ground water storage fluxes, precipitation, sediment load at large
river mouths, snow cover area and snow water equivalent, soil moisture and surface
water storage.
Cryosphere measurements required to understand and to model the impact of climate
change on the cryosphere include snow cover (snow cover area, snow depth, snow
water equivalent); sea ice (sea ice concentration, motion and thickness); glaciers and
ice caps, ice sheets (ice sheet mass balance and geometry); freshwater ice (lake
and river freeze up and break up timing); and permafrost (active layer and permafrost
thermal state)
Atmosphere and radiation observations also essential for direct monitoring and
assessing of global changes, especially the forcing of climate system and scientific
understanding. Key variables include radiation and related variables (aerosols,
albedo, cloud cover, incoming and reflected short-wave radiation, photosynthetically
active radiation, outgoing long-wave radiation outgoing, air and surface temperature
surface and tropospheric ozone thickness); trace gases (carbon dioxide and methane
fluxes); and ancillary variables (wind velocity and topography).

In furthering the mission of IPCC, there is need to involve more closely the National
Meteorological and Hydrological Services in the development and strengthening of improved
observing networks, for the detection and monitoring of climate change. This effort should be
in close coordination with WMO, as well as other relevant data gathering, archiving and
processing programmes and initiatives that are emerging. The general strategy is simple:
•

•

•
•

Data and information management are crucial issues for terrestrial observations.
Existing data sources containing information about the climate of the past must be
made (better) accessible. There is a need for a long-term data archiving strategy to
ensure that data sets of long-term value are not lost. Rescue of data from all ageing
media is vital to prevent permanent loss of important archives. There is also a need to
supplement these data with new palaeo-climatological observations. Uncertainties due
to sampling errors and the lack of homogeneity should be assessed.
Global-scale fields of surface temperature, sea level pressure and precipitation should
be developed back in time on a monthly grid over Europe. Regional circulation indices
(e.g., the North Atlantic Oscillation Index) should be extended. Furthermore, it is
essential that monitoring of our climate system continues and is extended, in order to
know what is going on and to build up data sets for future analysis.
Strengthening national capacity in terrestrial observation is also recommended,
together with developing mechanisms for collaboration inside (networks, metadata)
Eastern and Central European region and beyond.
We recommend that a climate change ‘web-portal’ for the Eastern and Central
European region be developed that can act as a first port of call for IPCC needs and
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also for those interested in climate change knowledge, communications and to find
mitigation, adaptation and action links. It would not only increase the use and value of
terrestrial observation but would also be of a great benefit for the people outside the
meteorological community: the scientific community, national policy makers from
governmental bodies, experts from global programmes, NGOs, international
organisations, educators, and the general public.
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APPENDIX 10
NEW APPROACHES TO CLIMATE RESOURCES ESTIMATION
N.V. Kobysheva, E.M. Akentyeva, V.N. Karpenko, K. Sh. Khairullin,
M.V. Klueva, G.B. Pigolzina, E.N. Rasova, J.A. Semenov
Voejkov Main Geophysical Observatory, St. Petersburg, Russia
One of the possible definitions of climate resources may be considered as follows: climate
resources are supplies of energy, substances, and information in the climate system that
can be used for human activity.
An exhaustive economic evaluation of climate resources does not exist. The reason for this
is the great difficulty of quantitative estimation of climate influences on human activities. The
resource method developed at the Main Geophysical Observatory (MGO) under the
leadership of professor N. Kobysheva can be considered as a first step in this direction.
The purpose of this study is to include information on climate conditions in economic
analysis, since climate can be considered as a kind of natural resource forming national
wealth, the same as wood, oil or water.
The quantitative estimation of climate resources is based on the analysis of sensitivity of
concrete human activities to climate conditions. Climate resources can be assessed by
economic sectors: agriculture, forestry, power industry, construction, transport (motorcar,
railway etc), housing and communal services, recreation and so on. The climate resources
can be calculated and mapped on various scales: from world scale to scale of concrete city,
field or forest.
The MGO method is based on a set of specialised climate indices expressing climate
influences on various industrial, transport, and social-economic objects and processes. This
set was created as a result of long-term collaboration between climatologists and experts in
agriculture, building construction, wind and solar power plants, medicine etc. The mean
annual number of temperature degree-days is the example of specialised climate indices for
building construction; frequency of icy conditions on roads, snow shift and fog are
specialised climate indices for motorcar transport. The indices have different physical units
(0C, m/s, mm etc). Therefore, in order to summarise their influence on concrete economic
activities, it is necessary to convert them from initial physical units to relative units like
numbers from 0 to 10.
Various specialised climate indices are important for given branches of human activity in
different degrees. Therefore, they should be summed up with different weights. These
weights could be determined by experts’ estimations.
The regions where index values are near optimum for a given human activity are the most
favorable for the activity in question and have the most climate resources for the specific
economic activity (about 10 in scale from 0 to 10). The climate resources estimation
expressed in numbers in that scale helps to represent spatial distribution of climate
resources for a given field of human activity. However it doesn’t allow evaluation of total
climate resources for a concrete region to compare with the whole country.
Therefore, the authors proposed to use in addition other relative units – relative climate units
(RCU), in order to equalize weight of number for different kinds of climate resources in the
given region. For this purpose, the sum of numbers for each kind of climate resource for the
whole country was established as 1000. After that, climate resources of each region were
calculated in RCU, i. e. relative to 1000. Thus, the climate resources estimation expressed in
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RCU allows assessment of total resources of the given region and calculation of the portion
of local climate resources in the climate resources for the whole country.
According to that methodology, the Encyclopaedia of climate resources of Russia was
prepared. It contains the maps of climate resources assessment for various fields of human
activity and for each region in Russia. This information can be used for regional planning of
economic activity as well as for concrete application including, for instance, estimation of the
economic value of land.
As an example of application of the presented methodology, let’s consider the assessment
of climate resources for recreation activity. This kind of climate resource should be evaluated
separately for summer and for winter.
The radiation-equivalent-effective temperature (REET) is most important specialised climate
index for recreation resources in summer. The most uncomfortable region in summer is the
seacoast of the Arctic Ocean. The REET is about 10 0C and doesn't reach the comfort zone
even in July. Therefore this region has less than 6 RCU.
The southern part of Far East and the Caspian seaside are uncomfortable too (7 RCU only).
The first region is characterized by the largest relative humidity, which is an important
negative climate index for recreation. The second one has too high REET.
Favourable conditions for summer recreation may be found in the central regions of the
European part of Russia (14 RCU) and in the southern part of west Siberia (13 RCU).
In winter the most important index of recreation resources is the number of sunny days.
Solar radiation softens the influence of low temperature very strongly. The southern part of
Siberia (15 RCU) and Far East (14 RCU) have higher values of recreation resources than
the European part of Russia (12 RCU) because of the combination of low wind speed, large
number of sunny days, and low relative humidity.
Thus, the resource methodology for assessment of climate resources allows presentation of
climate information in the focus that could be used in the concrete applications. This method
of climate applications can be very useful, taking into account probable climate change and
increased sensibility of economic activity to climate variability.
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APPENDIX 11
GSN, GUAN, and RBCN
Stefan Rösner*, Udo Schneider*, Marc McCarthy**
* - Deutscher Wetterdienst, Germany
** - UK MetOffice, United Kingdom
Background
High quality and reliable climatological data are needed for many scientific and commercial
purposes. Therefore, these data are globally collected and disseminated via the Global
Telecommunication System (GTS) of the World Meteorological Organization (WMO) for
selected observing stations on the land surface using the CLIMAT code. Presently some
2500 stations are designated by the WMO as climatological stations (or CLIMAT stations).
The GCOS Upper-Air Network (GUAN) and the GCOS Surface Network (GSN) have been
established with the aim to provide the required high quality climate data. The GSN was
based on a proposal of the WMO Commission for Climatology (CCl) Working Group on
Climate Change Detection, which had been discussed at the first session of the Atmospheric
Observation Panel for Climate (AOPC) (GCOS-6, 1994).
Status of the GCOS Surface Network (GSN)
In March 1996, participants of a joint WMO Commission for Climatology (CCl) and
Commission for Basic Systems (CBS) Experts Meeting on the GSN drafted a more detailed
concept. Finally, an initial selection of a GSN was published in 1997. Ranking and selecting
by use of an objective method led to about 1000 stations to be included in the GSN. The aim
is to give a global figure of the temperature and air pressure. For other meteorological
variables such as e.g. precipitation this network is not dense enough to provide a global
climatological picture. Since then, based on results of the monitoring centres, the GSN is
under review and some changes have been introduced meanwhile (deletion of stations,
replacement, new stations).
In January 1999, the GCOS Surface Network (GSN) Monitoring Centre (GSNMC)
Implementation Meeting was held in Offenbach, Germany. This was the official start of the
monitoring activities. The proposed tasks of the GSN Monitoring Centres are:
•
•

To monitor the availability, timeliness and completeness of the CLIMAT messages
distributed via GTS to improve the performance of the GSN;
To perform at least basic quality-control and assurance procedures for GSN stations
to obtain high quality and completeness of the data set.

The GSNMC consists of two centres jointly operated by the Japan Meteorological Agency
(JMA) and the Deutscher Wetterdienst (DWD). Both centres use the same software for
monitoring availability and quality of CLIMAT messages on the GTS. CLIMAT reports are
collected until the 21st day 00 UTC of a month in order to get as many as possible data.
Monitoring results are monthly updated and presented on the Internet. Detailed information
can be found on the GSNMC home page at http://www.gsnmc.dwd.de/.
As of February 2005 the GSN consists of 991 stations, of which 121 are part of WMO RA VI.
Seventy-five stations are operated by countries represented in this workshop. Twenty-six of
these stations are operated by Eastern European and 49 by Western European countries.
Fifty-four GSN stations are operated by Member Countries of the European Union.
Although both GSN monitoring centres are using the same software to analyse the CLIMAT
reports received, the DWD systematically receives more CLIMATE reports than the JMA.
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After merging the received data the overall reception rate for WMO RA VI is about 80 % of
all RA VI GSN stations (Fig. 1). Out of the 75 stations operated by participating countries,
the majority, 62, have reported 100 % in 2004. Only 2 (4270 and 13577) have not been
received at all during that period. Timeliness of the reception is monitored, too, as CLIMAT
reports should be disseminated before the 8th day of the following month. Monitoring of
timeliness shows that most
CLIMAT reports are received before that date. But sometimes both the centres receive a
considerable number of reports also after this date.
Since 2000 the GSNMCs routinely monitor monthly CLIMAT data and subsequently forward

Fig. 1: Time series of GSN CLIMAT reports received at JMA, DWD, and in the merged data set in
precent of the GSN stations in WMO RA VI.

these data to the GSN archive centre located in the US National Climatic Data Center
(NCDC). For 35 out of the 75 GSN stations, historical data are available in the GSN archive.
For some stations monthly and daily data are available, for others only monthly or daily data
have been provided. However, for some stations recent monthly data are not available. In
addition to the GSN data archive centre the GSNMC offers GSN data sets from January
2000 onwards on its web site, including metadata and detailed monitoring information. For
only one station (26242, TARTU) up to date data are available.
Status of the GCOS Upper Air Network (GUAN)
The principal aims of the GUAN are to ensure a relatively homogeneous distribution of upper
air stations that meet specific record length and homogeneity requirements outlined by
GCOS, and make available their current and historical data for climate research. Logistical
and economical reasons have lead to the closures of many global radiosonde sites,
particularly in remote or data sparse areas. At the same time the need for high-quality
observations with which to assess and monitor the state of the climate have never been
greater. This has underlined the necessity for a continuous long-term climate support
network. Currently the GUAN consists of 161 globally distributed stations.
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Routine monitoring of the GUAN is conducted at the European Centre for Medium Range
Weather Forecasts (ECMWF), and at the Met Office, Hadley Centre, providing reports on
quality and receipt of daily TEMP and PILOT observations, and receipt of monthly CLIMAT
TEMP bulletins. Monitoring summaries are available from the GUAN website
(http://www.guanweb.com)
Original data, quality controlled data, and bias-adjusted data are all to be maintained, along
with flags on data quality, and comprehensive metadata information. The principal archive
for GUAN data is the World Data Center (WDC) at the National Climatic Data Center
(NCDC) in the U.S. Bias-adjusted monthly mean products for climate monitoring and
research are also available from the Hadley Centre.
Within region VI there are 17 GUAN stations in a total of 14 countries: Armenia, Austria,
Finland, Germany, Greenland, Iceland, Ireland, Italy, Norway, Portugal (Azores), Russian
Federation, Turkey, Ukraine, and UK (including Gibraltar). The distribution of GUAN and
non-GUAN radiosonde stations over mainland Europe is shown in Fig. 2.
Of the GUAN stations Kyiv (Ukraine) is not currently reporting CLIMAT TEMP bulletins.
Nizhnij Novgorod (Russia), started reporting in August 2004 but has been reliable since,
Sodankyla (Finland) reported 9 months, Wien (Austia), Pratica Di Mare (Italy), and Ankara
(Turkey) reported 10 of 12 months in 2004. All other GUAN stations sent CLIMAT TEMP
bulletins for all of 2004.
Fig 3. shows the monitoring conducted at ECMWF for March 2005. Here we see that most
GUAN stations over mainland Europe have launched radiosondes twice daily throughout the
month, with very few gross errors.
In Fig. 4 is shown the availability of historical GUAN data for WMO regions. Most station
data are available in the GUAN data base, except for Nizhnij Novgorod (Russia), and some
missing data for Yerevan (Armenia) and Lindenberg (Germany). Since 1998 the graph refers
only to CLIMAT TEMP receipt and is also missing Kyiv (Ukraine).
In summary the GUAN performs adequately over Europe. All GUAN stations are currently
launching radiosondes routinely, although not all stations are reliably transmitting CLIMAT
TEMP reports. It is vital that the GUAN is maintained and that data and associated
metadata are recorded as stipulated by GCOS both now and into the future, and are made
available to the global research community through the channels outlined above.
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Fig 2: Receipt of CLIMAT TEMP reports as a percentage of a possible 12, during 2004 over
mainland Europe. GUAN station locations are highlighted by red diamonds.
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Fig 3: Receipt of daily TEMP reports for GUAN stations during March 2005 at ECMWF. Figures
represent total receipt/gross outliers for each station for the launch times specified in the top right
hand corner.
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Fig 4: Percentage of availability of historical GUAN data by WMO region. Europe is represented by
the grey line. Prior to 1998 shows a merge of the CARDS (daily) and CLIMAT TEMP (monthly) data
sets. Post 1998 is CLIMAT TEMP only.

Status of the RBCN in WMO RA VI
The Regional Baseline Climatological Network (RBCN) has been established to form a
climatological backbone in each WMO Regional Association in order to give a good
representation of climate on the regional scale, in addition to global scale. Operators of
RBCN-stations are committed to ensure the dissemination of high quality climatological data
on a reliable basis with a long-term commitment.
The RBCN in WMO RA VI consists of more than 600 stations that deliver climatological
surface and upper air data. The countries presented in the GRW-ECE contribute more than
400 stations.
The performance of the RBCN with regard to availability of the CLIMAT and CLIMAT TEMP
reports is monitored within the Special Main Telecommunication Network (MTN) Monitoring
(SMM). The receipt of messages is monitored in 11 RTHs. The latest monitoring during 4
periods from October 2003 to end 2004 shows for RA VI an overall availability of about
80 %. Fig. 5 gives an example for June 2004.
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Fig. 5: Special MTN monitoring for 1-15 July 2004: CLIMAT reports received from RBCN stations

For CLIMAT TEMP reports the monitoring yields about 66 %. As another source of
information the monitoring procedure of the GSNMCs allows to extract information about all
CLIMAT stations, including RBCN. By this means for January to December 2004 information
for 344 out of 350 stations operated by the countries represented in this workshop can be
extracted (based on the RBCN-list as of 30 October 2004). For 255 stations 100 % of the
CLIMAT messages have been received in the GSNMCs. For 12 stations no CLIMAT reports
have been at all.
Recommendations for the Action Plan
• As the GSNMC is routinely monitoring the reception of CLIMAT messages through the
GTS, it is essential to receive as early as possible information about changes in the
network of CLIMAT reporting stations.
•

The GSNMC provides monthly updated monitoring results of CLIMAT reports received at
JMA and DWD. NMHSs are invited to make use of this information to check if their data
have been received.

•

The GSN data archive centre is invited to include the monthly submitted CLIMAT data of
the GSN stations into the GSN data base.

•

The dissemination of CLIMAT TEMP reports from GUAN station Kyiv (Ukraine) should
be made possible.

•

Missing historical data from GUAN stations should be sent to the GUAN data archive.

•

RBCN performance should be monitored by the GSNMC as well, using the same
procedures.
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APPENDIX 12
GLOBAL ATMOSPHERE WATCH: OZONE AND GREENHOUSE GASES
Karel Vanicek
Czech Hydrometeorological Institute
Solar and Ozone Observatory
The Global Atmosphere Watch (GAW) Programme includes infrastructures for monitoring
minor atmospheric constituents that require specific observation techniques and
instrumentation. Though these species occur in very small amounts in the atmosphere,
some of them significantly contribute to formation of the global climate and the environment.
This is the reason why GAW networks and facilities should become integral parts of GCOS.
With the aim to the knowledge gathered by GAW world data centres, the GAW Station
Information System (GAWSIS), and Scientific Advisory Groups (SAGs) the current status,
deficiencies and needs of the GAW monitoring system in East and Central Europe (ECE)
can be shortly summarized as follows.
1. Atmospheric Ozone
Status
Total ozone: Long-term regular measurements of total ozone are performed at about 28
stations that regularly deposit their observations into the WMO World Ozone and UV
Database, Toronto (WOUDC). Six stations perform high quality Dobson and/or Brewer
measurements (Czech Republic, Hungary, Poland, Romania Slovakia and Russia). The rest
of the stations (mostly located in Russia) operate M-124 Filter instruments that are
maintained and calibrated by the MGO St. Petersburg. Four Brewer stations in Russia
(Kislovodsk, Obninsk, Tomsk, Yakutsk) currently measure total ozone but do not submit data
to WOUDC.
Vertical profiles of ozone: Only 2 stations (Legionowo, Poland and Prague, Czech Republic)
launch balloon borne electrochemical ozone sondes in ECE. The station Zhigansk (Russia)
performs sonde measurements only irregularly for research campaigns.
Deficiences
Though the network covers the region almost adequately for operational mapping of total
ozone only Dobson/Brewer and a few Filter stations can be used for estimation of long-term
changes of the ozone layer. Because of their low accuracy the Filter ozonemeters are not
used for validation of satellite observations. Practically the total lack of expensive ozone
sounding measurements does not allow the scientific community to investigate properly
relation between vertical ozone profiles and stratospheric dynamics in the large and in
circulation patterns important area of the former USSR
Needs, suggestions
The Filter instrument network should be maintained and observations continued in all
post USSR ECE countries.
Several selected Filter stations primarily in Russia and Ukraine should be equipped with
unused Dobson spectrophotometers re-located from EU countries under a financial
support of EC and auspices of the GAW European Regional Dobson Calibration Centre
and MGO. Their observations would mainly contribute to validation of satellite ozone
observing systems.
The Brewer stations in Russia should be regularly calibrated in the frame of the
international assistance organized by WMO both for total ozone and UV and their
observations to be submitted to WOUDC.
At least one GAW station with a permanent ozone-sounding programme is needed in the
Eurasian area to monitor long-term changes of vertical ozone distribution. This should be
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accompanied by several temporary sounding stations for validation of satellites or
experimental campaigns.
2. Greenhouse Gases
Status
Currently 33 stations from 11 ECE countries contribute by their observations to the WMO
World Data Centre for Greenhouse Gases, JMA, Tokio, http://gaw.kishou.go.jp/wdcgg.html see the table below.
Country
Bosnia
and H.
Bulgaria
Bulgaria
Bulgaria
Bulgaria
Bulgaria
Czech
Rep.
Hungary

Station
Ivan Sedlo

GHG
NO2 SO2

Country
Poland

Station
Sniezka

Burgas
Pleven

NO2 SO2
NO2 SO2

Poland
Romania

Suwalki
Black Sea

Latvia

NO2 SO2
NO2 SO2
NO2 SO2
CH4 CO NO
NO2 SO2 O3
Hegyhatsal CO2 CH4 CO
H2
13CO2
C18O2
K-puszta
CO2
NO2
SO2 O3
Rucava
NO2 SO2 O3

Latvia

Zoseni

Hungary

Plovdiv
Sofia
Varna
Kosetice

NO2 SO2

Macedonia Lazaropole

NO2 SO2

Poland

Baltic Sea

Poland
Poland
Poland

Jarczew
Leba
Puszcza
Bor.

CO2 CH4 CO
H2
13CO2
C18O2
NO2 SO2
NO2 SO2
CO2 NO2 O3
SO2

Romania
Romania
Romania
Romania
Russian
Fed.

GHG
NO2 SO2

NO2 SO2
CO2 CH4 CO
H2
13CO2
C18O2
Fundata
NO2 SO2
Fundata
CO2 NO2 O3
Semenic
NO2 SO2
Stîna
de NO2 SO2
Vale
Danki
O3

Russian
Fed.
Russian
Fed.
Russian
Fed.
Serbia and
M.
Serbia and
M.

Ocean
St.Charlie
Shepelevo

CO2
O3

Teriberka

CO2 CH4

Kamenicki
Vis
Zabljak

NO2 SO2

Slovenia
Slovenia
Slovenia

Iskrba
Kovk
Krvavec

SO2 O3
O3
O3

Slovenia

Zavodnje

O3

NO2 SO2

Deficiences
The network of observations is fairly dense in Central Europe but there are only a few
stations located in the Eastern part of the continent. Some big countries like Ukraine do not
perform any observations. Also number of species measured is mostly limited to NO2 and
SO2. Though some attempts were made by NOAA/CMDL to extent measurements of GHGs
in this area these have failed due to problems with shipping of flask samples to central
laboratories.
Needs, suggestions
The GAW contributing institutions in Russia and Ukraine should either solve logistic
problems with shipping samples to international analytic centres or renew/establish national
calibration equipment. Then, observation of GHGs can expand in the region.
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APPENDIX 13
GLOBAL ATMOSPHERE WATCH – AEROSOL PROGRAM
Alfred Wiedensohler
World Calibration Center for Physical Aerosol Properties
Leibniz Institute for Tropospheric Research, Leipzig, Germany
Overview
In order to predict climate change, it is critical to monitor the changing composition of the
earth’s atmosphere as affected by the release of gases and aerosols through natural and
man-made processes. Almost a half a century ago during the International Geophysical
Year (IGY), scientists began a long-term atmospheric chemistry measurement program at
key stations around the world. To coordinate and harmonize this effort, the WMO’s Global
Atmosphere Watch (GAW) was created in 1989, combining earlier WMO programs dating
back to the early sixties. The GAW mission is threefold:
1.

Systematic monitoring of the atmosphere’s chemical composition and related
physical parameters on a global and regional basis.

2.

Analysis and Assessment in support of environmental conventions and future
policy development.

3.

Development of a predictive capacity for future atmospheric states.

In 1992, GAW was incorporated into the Global Climate Observing System (GCOS) as its
atmospheric chemistry component.
Two points should be made about GAW’s role within GCOS. (1) It should be noted that
GAW differs from the other components of GCOS in that the trends and global distribution of
atmospheric chemistry parameters are primarily used in predictive climate models and are
not a direct measurement of climate change per se. (2) GAW has an additional objective of
coordinating regional air quality measurements worldwide. Associated with the air quality
objective is the GAW Urban Meteorology and Environment Program (GURME), which has
been established to assist meteorological services in developing countries with urban air
quality forecasting.
It has long been recognized that climate change and air quality are closely linked. The
results of deteriorating air quality particularly in urban areas are commonly known to cause a
range of environmental issues. For example, respiratory illnesses are intensified during
haze and smoke events. As urbanization increases in the coming decades, the release of
aerosols and gases from cities into the atmosphere will continue to be one common point of
interest between climate change and air quality researchers.
To build and maintain GAW’s worldwide monitoring system, a network of stations has been
set up which consists of Regional (over 300) and Global (22) stations, with additional
observations made at contributing and associate stations. Though the program at GAW
stations vary depending on the monitoring goals of the station, a list of the parameters
measured includes carbon dioxide, methane, nitrous oxide, chloroflurocarbons, total ozone,
vertical ozone, surface ozone, precipitation chemistry, carbon monoxide, the physical and
chemical properties of aerosols, and solar/ UV radiation.
To ensure consistency in the GAW worldwide monitoring network, a strong infrastructure
had to be developed. This structure includes Quality Assurance/Science Activity Centres
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(QA/SACs), World Calibration Centres (WCCs), World Data Centres (WDCs), and the GAW
Training and Education Centre (GAWTEC). The QA/SACs and WCC provide a system for
common calibration and quality assurance standards throughout the GAW system. The
WDCs provide a depository for GAW data and conduct initial analysis and assessment of the
data. Training in the GAW measurements system is provided in a number of ways: directly
at the stations, visits to participating laboratories, technical workshops, or through GAWTEC.
In recent years, the GAW program has broadened its scope by not only improving its
infrastructure but also enlisting the help of the scientific community through the
establishment of Scientific Advisory Groups (SAGs) for different parameters such as ozone,
aerosols, greenhouse gases and precipitation chemistry. These groups have been very
active in advising GAW on the appropriate scientific approach. Also, the recent advances in
satellite technology have made it imperative that ground-based GAW measurement program
be closely coordinated with satellite measurements. This coordination has been actively
pursued through the International Global Observing Strategy. In support of GCOS, the GAW
system must continue to promote quality ground-based measurements, but it must also
broaden its agenda and incorporate efforts to integrate ground- and satellite-based
measurements to lead to a better understanding of climate change.
The experts attending this workshop come from countries that over the last decades have
been growing at an ever-increasing rate in both population and agricultural/industrial
development. The effect of such changes has had a direct impact on the air quality in the
region and hence on the global climate.
Aerosol Program
The WMO Executive Council, through actions initiated by the Commission for Atmospheric
Science (CAS) Working Group on Environmental Pollution and Atmospheric Chemistry, has
placed high priority on improving the quality and spatial coverage of Global Atmosphere
Watch (GAW) measurements. The WMO Scientific Advisory Group for Aerosol (SAG
Aerosol) was established in 1997 to implement the aerosol measurement programme in
GAW that addresses not only climate-related, but also air-quality issues. For developing
countries in particular, regional aerosol pollution issues are frequently of concern. The SAG
Aerosol recognizes that measurements directed at climate and regional environmental
problems can frequently employ common methods. A key role of the SAG Aerosol is drafting
guidelines for measurements, proposing standards for compatible observations, quality
assurance and common systems for calibration, data analysis and data archiving.
It is the goal of the Global Atmosphere Watch (GAW) program to ensure long-term
measurements in order to detect trends in global distributions of chemical constituents in air
and the reasons for them. With respect to aerosols, the objective of GAW is to determine the
spatio-temporal distribution of aerosol properties related to climate forcing and air quality on
multi-decadal time scales and on regional, hemispheric and global spatial scales. This
information also adds to the accuracy with which sources, transport and sinks of pollution
can be determined and long-term trends for prediction of climate change can be observed.
Aerosols influence the atmospheric energy budget through direct and indirect radiative
effects. Direct effects include the scattering and absorption of radiation and the subsequent
influence on planetary albedo and the climate system. Indirect effects involve the influence
of anthropogenic aerosol on available cloud condensation nuclei (CCN). An increase in
aerosol number concentration tends to increase the CCN, which in turn leads to increased
cloud albedo and to changes in the Earth’s radiation budget. Cloud lifetimes and
precipitation frequencies can also be affected. This alters the hydrological cycle and water
supply. Scientific evidence indicates that in regions with high anthropogenic aerosol
concentrations, aerosol forcing is of the same magnitude, but opposite in sign to the
combined effect of all greenhouse gases [IPCC, 2001]. Furthermore uncertainties are great.
IPCC [2001] estimates the average direct radiative forcing, through scattering of incoming
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radiation, at –0.4, –0.2, and +0.2 W m-2, for sulfate, biomass and fossil fuel black carbon
aerosols, respectively, and the indirect forcing, through cloud condensation nuclei effects, at
0 to –2.0 W m-2 for all aerosols. Long-term monitoring of chemical properties of aerosols
will be crucial in determining the role that aerosols play in climate, in documenting changes
in the regional air quality and in providing a scientific basis for policy decisions regarding
control strategies.
In addition to climate influence, atmospheric aerosols affect many aspects of human health
and the environment. Aerosol mass and its toxic chemical components are known to have
links to chronic respiratory and acute cardio-vascular problems. Aerosols are also closely
linked to problems of visibility reduction, acid rain, and urban smog in many locations of the
world.
Aerosol impacts depend on particle size. On a mass basis, two populations of particles, with
characteristically different sources, sinks, sizes and chemical compositions, generally
constitute the tropospheric aerosol. The sub-micrometer fraction (''fine particles'') originates
from condensation sources (both high and low temperature) and from atmospheric gas-toparticle conversion processes. It is primarily removed by precipitation and dry deposition
processes. In contrast, the super-micrometer fraction (''coarse particles'') is produced by
mechanical processes (wind driven soil erosion and seawater bubble-bursting) and is mainly
removed by sedimentation, impaction and interception at the Earth’s surface. It has a
considerably shorter atmospheric residence time than the sub-micrometer fraction. Sizesegregated measurements therefore allow the determination of the aerosol properties of
each of these two populations so that their atmospheric occurrence and hence effects can
be evaluated separately. It also provides data for validation of models used in scientific
assessments of climate change and air quality issues.
Since the atmospheric residence time of aerosol particles is relatively short (days to weeks
in the troposphere and months in the stratosphere), a large number of measuring stations
are needed. The World Meteorological Organization’s Global Atmospheric Watch (GAW)
network consists of 22 Global stations and numerous Regional stations that cover different
types of aerosols including: clean and polluted continental, marine, arctic, dust, biomass
burning, and free tropospheric particles.
Recently, the Scientific Advisory Group (SAG) for Aerosols of GAW recommended the
development of a global aerosol network of ground-based stations. Table 1 summarizes the
recommended list of comprehensive aerosol measurements to be conducted at some
stations as well as a subset of core measurements to be made at a larger number of
stations. Global stations are expected to measure as many of this list as possible while the
GAW Regional stations and contributing partner network stations will measure the smaller
set of core aerosol observations, to complete the global coverage. The Aerosol-SAG
recommends that GAW stations should measure aerosol optical depth, mass concentration
and major chemical components in two size fractions, aerosol light scattering and absorption
coefficients.
Methodologies and procedures for measuring the recommended aerosol variables are
presented in WMO-GAW report 153. Summaries of these procedures have been given
elsewhere, along with the other components of the GAW program. It should be noted at this
point that suitable instrumentation is not presently available for some variables, and some
calibration procedures require further international research efforts and coordination.
The Institute for Tropospheric Research in Leipzig, Germany, hosts the World Calibration
Centre (WCCAP) for physical aerosol properties. To complement this important GAW facility,
there is an urgent need for the establishment of a World Calibration Centre for aerosol
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chemistry as well as Quality Assurance /Scientific Activity Centres (QA/SACs) responsible
for measurements of selected variables.
Continuous Measurement
Multi-wavelength optical depth
Mass in two size fractions
Major chemical components in two size fractions
Light absorption coefficient
Light scattering coefficient at various wavelengths
Hemispheric backscattering coefficient at various
wavelengths
Aerosol number concentration
Cloud condensation nuclei at 0.5% supersaturation
Intermittent Measurement
Aerosol size distribution
Detailed size fractionated chemical composition
Dependence on relative humidity
CCN spectra (various supersaturations)
Vertical distribution of aerosol properties

Table 1: List of comprehensive aerosol measurements with a subset of core variables
(identified in bold) that are recommended by the GAW Scientific Advisory Group on Aerosols
for long-term measurements in the global network.
At the core of the GAW global network of global, regional and contributing partner stations is
a willingness on the part of the participating organizations to pool their observations and
make them publicly available. Public access to a comprehensive set of global aerosol
observations is to be provided by the World Data Centre for Aerosols (WDCA) hosted by the
Environment Institute of the Joint Research Centre, Ispra, Italy. This will be done in
cooperation with data centers of contributing partner networks. GAW participants endeavor
to provide precise, accurate and timely observations of the aerosol parameters listed in
Table 1. In order to achieve this and as important information for the user community, the
data available from the WDCA should have certain characteristics:
1. They should be traceable to the original raw observational data. This requires the
maintenance of an archive of the raw data, and the history of the processes applied
to that data in deriving the processed data series submitted to WDCA. Such archives
are normally the responsibility of the participating organization; however the WDCA
can provide limited assistance as an “archive of last resort,” where the alternative is
the loss of the data.
2. They should be of known quality.
3. They should include all the information required by a user to permit the sensible use
of the data. This is of particular importance in an organization like GAW where
different participants may use different methods to measure individual parameters.
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They should include a contact point for the participant submitting the data. This aids
the sensible use of the data and helps users recognize the work of the participants.
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APPENDIX 14
HOMOGENEITY OF HISTORICAL DATA AND SECONDARY ORDER ERRORS
Sándor Szalai
Hungarian Meteorological Service
Homogenisation is a still not clarified problem of climatology. The first step is done:
everybody recognizes that climatological investigations, studies, and especially climate
change studies need homogeneous time series. Now, we have to take further steps, clarify
the methods and their applications. There are many different homogenisation algorithms,
but they fulfil different requirements. Therefore, we have many homogenized time series;
however, their reliability sometimes is doubtful because
-

the weak quality shown in practice,
there is no information about the real homogeneous series.

We do not know which series is homogeneous, we do not have any ‘fixed’ point. In many
cases, the metadata file is not complete (i.e., there are known gaps), but sometimes if we
believe that the station history is full, there could be changing factors influencing the
measured values. These are long term changes, like urban effects, shorter time effects like
human activities (longer time reconstruction or building works in the neighbourhood) or partly
cyclic influences, like trees or especially deciduous trees.
We can be sure that we can never measure the value of meteorological parameters under
different conditions in the same place and time. As a consequence, we can never know the
exact value of the meteorological parameters under different conditions in that place and in
that time. Therefore, we can give the answers to the ‘if then’ questions only by a given
probability, and the confidence in the homogenized series may be increased by the
examination of the methods and the results.
For the above-mentioned purposes, the applied homogenisation methods have to be
climatologically and mathematically well established, and they should be tested on the basis
of artificially generated time series (otherwise some unknown effects can influence our time
series disturbing the evaluation procedure). In this way, we could benchmark the different
methods. We do not have such an examination--yet. Practically, all methods are accepted
still by literature or some practical application of metadata.
The final results (the so called ‘homogenized’ time series) have to be compared with the
metadata file. (In most cases it is only a weak evaluation, because of the not satisfied
metadata file.) Additionally, the homogenized time series have to suit to the mathematical
verification procedures to evaluate the results.
There are many classifications of homogenising methods. Now, we use the simplest one,
e.g., we differ the absolute and relative methods. As usual, we have to have information to
make decisions; without information we do not have the necessary data for the decision.
The absolute method can be used for only one existing time series, but cannot make a
difference between ‘mathematical’ and ‘climatological’ homogeneity. In the case of
‘mathematical’ homogeneity, the whole time series does not contain any sign, while in the
case of ‘climatological’ homogeneity, the time series can contain a climatological trend, for
example, the climate change signal.
The main question is, how can we keep the climate change signal in the time series, if we do
not know how it looks like? The relative methods can answer this question, but to use
relative methods we need more than one time series. The other approximation at the
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relative methods, that we assume, there is no inhomogeneity in the same time in all time
series, and the time series have the same climate change signal.
As mentioned before, the good (acceptable) homogenisation method has to fulfil
climatological and mathematical requirements. For this purpose, we can look for answers on
many questions, like:
-

Is the system homogeneous after the homogenisation?
What was the degree of inhomogeneity of the original system?
Do the estimated inhomogeneities correspond to the inhomogeneity of the original
system?
What was the degree of the detected inhomogeneity?
How deeply did the homogenisation change the original system?
What is the order of possible remaining inhomogeneity?
Was the system suitable for homogeneity testing, and what was the representativity
of the measurement network?
Can we explain the inhomogeneities of the original data by the metadata?
Can we explain the estimated inhomogeneities by metadata?

Unfortunately, climatologists and database experts do not have influence on the occurrences
in the measuring networks, neither the place of nor the changes in the measurements. But
they have to hold on the exact documentation of the station history.
The different statistical climatological operations depend on each other. For example, good
interpolation requires homogeneous time series, but at the same time, homogenisation
needs good interpolation methods. Similar is the situation with representativity. These
operations interact with each other, what we have to take listen during the homogenization’s
process.
Therefore, we recommend:
- to use appropriate homogenisation methods both in climatological and in
mathematical sense
- to document any changes in the stations, to fill a good metadata file
- to document the homogenisation of any time series (e.g. method -version of the
method-), and keep the original data
- to recognize that we homogenize to the last period of the station history, therefore,
the station’s data can be changed
- to complete the time series and metadata files as long as possible. The knowledge of
the domestic language is requested in the most cases, because the elder remarks in
the station’s history are on the language of the given country
- to pay attention to the interaction of the different statistical climatological procedures
- to provide a comparison study with the different, mostly used homogenisation
methods, to determine their applicability and accuracy
- to store the original, non-homogenized data
- to check the homogeneity of overall used international databases and sets
- to use only homogeneous time series for climate change purposes.
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APPENDIX 15
STUDY OF CLIMATE OBSERVING SYSTEMS FOR EASTERN AND CENTRAL EUROPE
D. Daniel, G. Tetzlaff
University of Leipzig, Institute for Meteorology
Leipzig, Germany
1. Introduction
Although climate change has happened throughout the earth's history, it has never before
occurred at the current pace, nor has it ever occurred because of human interference.
Climate change is a highly complex problem, which has the potential to impact negatively on
every sphere of life, if left unabated. Thus climate change and its devastating effects need
continued urgent attention, carefully backed up by a broad understanding of what the
mechanisms for addressing it entail, by political will and scientific findings.
The monitoring of the climate attained a great importance in recent years and public
attention by the discussions about consequences of global warming. The aim of climate
monitoring is to represent the condition of the climate system in regular intervals and
compare it with a reference period. A condition for the ability to monitor the climate is the
availability of long time series of meteorological data, which represent the overall large-scale
state and the changes. This is not trivial, since e.g. stations in urban areas are affected by
urban heat island effect. To build up an appropriate data archive, metadata need to be
included, because they also are an important source of information.
1.1 The Global Climate Observing System – GCOS
The Global Climate Observing System (GCOS) was set up in 1992. It is a composite system
designed to monitor the climate. It is made up of the 4 following components: meteorological
and atmospheric (WWW, GAW), oceanic (GOOS), terrestrial (GTOS), and spatial
compartments. GCOS is a system jointly funded by the World Meteorological Organisation
(WMO), the Intergovernmental Oceanographic Commission (IOC) of UNESCO, the United
Nations Environment Programme (UNEP) and the International Council for Science (ICSU).
GCOS is intended as a permanent, user-controlled system to meet the needs for:
Climate system monitoring, climate change detection and monitoring the impacts of
climate variability and the response to climate change, especially in terrestrial
ecosystems and mean sea-level;
• Research toward improved understanding, modelling and prediction of the climate
system.
•

The priorities of GCOS are:
•
•
•
•
•

The earliest possible detection of climate trends and climate
Climate change due to human activities;
Seasonal-to-interannual climate prediction;
Reduction of the major uncertainties in long-term climate prediction;
Improved data for impact analysis.

For meaningful analyses of trends and as indicators of climate change on different scales,
there is a strong need to have observational material with continuity as well as very high
quality allowing to be used as a reference for global re-analyses (like ERA-40) and other
analyses. The special GCOS networks such as the GCOS Surface Network (GSN) and the
GCOS Upper-Air Network (GUAN) play an important role as the long lasting strong pillars of
the meteorological and atmospheric observing systems. The Global Atmosphere Watch
(GAW) stations are designed to monitor trace gases and aerosol and thus are particularly
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suitable to improve understanding of processes in the atmosphere and its interactions with
the oceans and the biosphere. The GAW-data are particularly essential to understand the
relationship between changing atmospheric composition and changes of global and even of
regional climate (Report to the UNFCCC regarding Sweden’s participation in Global Climate
Observing Systems (GCOS) and on systematic observation in Sweden, Stockholm 2001).
The requirements the observations have to satisfy are comprehensive and the real
observations not in all cases can meet the special and complex needs. Therefore, it is
indispensable to try to further develop and adapt the observation networks. This is, in
particular, true for the aspects concerning local and regional effects.
2. Motivation and Objectives of the Study
In cooperation with the GCOS-Secretariat of the Deutscher Wetterdienst (DWD) this study
was prepared, serving as background material for this GCOS Regional Workshop for
Eastern and Central Europe in Leipzig. The goal of the workshop is to present an analysis
of the status of the GCOS and from there suggest and initiate actions which lead to an
improvement of the climate observing systems in Eastern and Central Europe. These are to
be summarized into an action-plan and converted to an implementation plan. For this
purpose some questions should be clarified with the help of the United Nation Framework
Convention on Climate Change (UNFCCC) - National Status Reports (reports to GCOS).
The following three questions need to be addressed:
•
•
•

Quantify the status of the climate observing systems in the region?
Which are the requirements, the observing systems in this region has to satisfy?
Which adaptation of the existing observing systems is desirable in order to better
meet the requirements?

Although finally a part of these questions can be clarified during the Workshop, an evaluation
of the available information should supply first indications to potential existing deficits. The
question about an optimal network density remains open independently of it. Furthermore it
should be examined for two very different meteorological variables (temperature and
precipitation) in the study:
(a) How does the density of a measuring network affect results of analysis regarding
statements to the climatic analysis?
(b) How should the density of measuring network be in an ideal case?
In which it is assumed that the measuring network is needed for the purpose of regional
climate monitoring on all time scales only. The study will try to identify deficits and, if
possible, show options to the closing of gaps, too.
In addition the National Communications to the Conference of the Parties to the UNFCCC
and particularly the reports to GCOS of 32 ANNEX I/II states of Eastern and Central Europe
were consulted, whereof about 28 could be examined and evaluated. The evaluation of all
reports took place with consideration of the UNFCCC Reporting Guidelines. The UNFCCC
Reporting Guidelines are valid for all Parties that were asked to provide national
communications. The supplementary reporting format, which is a detailed format developed
by national GCOS Focal Points Coordinators (Melbourne, Australia 2000) and based on the
UNFCCC reporting Guidelines was only an optional format to be used (Supplementary
Reporting Format to UNFCCC Reporting Guidelines on National Communications;
Supplementary Guidance to Parties on the Preparation of Detailed National Reports on
Global Climate Observing Systems).
The next figures show how many reports were available and how many could have been
used for the evaluation.
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15.63% 1st Com
(5)
6.25% 2nd Com
(2)

Non Report to GCOS
15.62% (5)

9.37% No Com
(3)
68.75% 3rd Com
(22)

Report to GCOS
84.38%
(27)

Figure 1: Percentage of all reports to Global Figure 2: Percentage of 1st, 2nd and 3rd
Climate Observation Systems (GCOS). Total Communications Com) of the Parties. It
= 32 reports.
means the current available reports from the
internet. Total = 32 reports.

From figure 1 it becomes clear that altogether 27 of 32 National Communications of the
Parties and/or reports to GCOS provides information on climate observing systems. All
national reports are available at:
http://unfccc.int/national_reports/annex_i_natcom/submitted_natcom/items/1395.php
The purpose of the reports on global climate observing systems of Annex I and, as
appropriate, non-Annex I Parties to the Convention, is to report their actions with regard to
global climate observing systems and the development of their observational networks.
Based on the guidelines parties are meant to describe the status of their national
observation programme to meet the needs for meteorological, atmospheric, oceanographic
and terrestrial observations of the climate system as identified by the Global Climate
Observing System (GCOS) and its partner programmes in line with Article 5 of the
Convention (Supplementary Reporting Format to UNFCCC Reporting Guidelines on National
Communications).
3. Observing Systems and Programmes of the Parties
By means of the GCOS Guidelines it would be tried, to give references over the range of the
climatic observation systems in the countries that are participating in GCOS, about the
length of the time series, which are available, to identify trends or other changes of the
climatic parameters. A major issue is to rate and characterise the observational quality over
the entire term of the records.
Altogether 32 national status reports (Eastern & Central Europe) to the UNFCCC should
have been available, of which finally the reports from about 28 countries were accessible for
evaluation. The national GCOS reports of Bosnia and Herzegovina, Luxembourg (available
in French only), Republic of Moldova and Federal Republic of Yugoslavia are missing.
Estland's national report includes no information to GCOS or systematic monitoring.
For the evaluation of the individual reports the following uniform allocation was selected - for
every national status report:
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•
•
•
•
•

Research and Systematic Observation (includes: general information and
information to Meteorological and Atmospheric Observations – GSN, GUAN, GAW)
Observed Changes in Temperature and Precipitation (if provided)
Terrestrial Observations (GTOS – GTN-G, GTN-P; if provided)
Oceanographic Observations (GOOS; if provided)
Space-based Observing Programmes (if provided)

4. Concluding Remarks
It is the first time that such a detailed report to systematic observations is required from all
parties (of Eastern & Central Europe) to the Convention of Climate Change. The final goal is
to determine how much progress was achieved during recent years in defining and
implementing observing systems and to assess how the needs of the convention are met.
This report gives, based on the information of the national reports to the UNFCCC or rather
GCOS, an entire overview of the national observing systems and networks as well as the
programmes and participations on national and international level of the participating
countries.
Finally the questions from chapter 2 could not be clarified in full. As there is no scaling
information available on the governing climatic processes, there is no confirmed method
available on how to design a measuring network in detail and for the whole range of the
orographic situations.
However, statements on the status of the climate observing systems in the different
countries can be made. In most of the countries the status of the observing systems as well
as the measuring network density can be judged as sufficient and well. Only in a few
countries it requires improvements, which concern the network density, the technical status
as well as the support and maintenance of the stations.
However it is questionable whether the measuring network density for the ranges GAW,
GUAN and first of all GOOS is sufficient? Particularly with the oceanographic observations
the gaps will probably not have to be closed easily. Which requirements the observing
systems have to meet also depends on the parameters which are to be measured (sampling,
accuracy...). At this point the Guidelines are formulated very general and should be
extended.
Regarding the questions about difficulties and deficits (see Guidelines), the parties give
either, only very few, diplomatically or no information. Although it becomes evident from
some reports that these obviously exist. Altogether most of the reports meet several of the
requirements as put down in the guidelines. However, it does seem possible to answer all
GCOS questions with the help of the data as described in the national reports. In general,
nearly all parties adhere to the demanded report format and approximately 1/3 of the parties
fulfil those guidelines. In addition, some of the reports are not comprehensive and thus
some information remains to be supplied from other sources. Apparently, here the
Guidelines leave the parties too wide range to define their contributions. In many points the
parties have the possibility to make the demanded information not or only reduced available
due to the formulations into that guidelines. Sometimes these are frequency information,
which are essential for an interpretation of the status of the observing systems. Furthermore
thereby references to appropriate activities and programmes that contributes to an
improvement of the climate observations are missing. Therefore, it is recommended to think
about adaptation and/or supplementation of the Guidelines to make them more precise.
Where the possibility exists in the formulations of the Guidelines a “should“ should be
replaced by a “must“ (have to). Some information on adherence to those principles not
should be given - they must be given in each report, although it was felt that no formalism
should be developed to assist this. Where it is possible and in arrangements with the
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parties, the should could be replaced by must in some important points of the guidelines.
In addition it should be required that all parties have to fill out the demanded tables, because
sometimes it was written in the text or not at all.
The format of the reports to GCOS should be the same for all contributing parties (Annex I &
II). A suggestion would be to submit the GCOS reports either as special reports or as
separate appendixes (formatted requirements) and not only as a chapter in the UNFCCC
report. This would be very meaningful, since the reports to GCOS are partly very extensive
and thus they can be regarded as independent reports.
During the workshop the following points should be discussed with the relevant parties, since
they could not be completely clarified with the help of the examined national status reports
on global observing systems:
•

•

•

•

•

•
•

•

Identification of GCOS requirements (deficits and difficulties) in the region and outline
of an approach to address these needs in a short strategy document → Action Plan →
Implementation Plan.
The goal of the action plan should be to establish a sustainable GCOS that meets the
needs of long term climate observation on regional and global level.
The problem with the analysis of time series on trends should be addressed. Many
stations with relatively uninterrupted long-term observations are found in exposed
rather unique orographic setting. Question: Are these results also representative for
the surrounding areas?
Adoption of standardised evaluation procedures (statistical methods) for the analysis
of data on trends. This should serve for the comparability and statistical strength of
statements about the development of climate parameters (e.g. temperature,
precipitation).
During the Workshop it is to be discussed with the countries: How is the data
exchange, the data archiving and the quality of the data? Are improvements are
necessary in this area and if so, which ones?
How far may/must stations lie apart spatial, so that the observations for the
location/region are still representative? This depends strongly on the area (highlands,
lowlands, coasts, mountains...).
Is an increase of the density of stations necessary for measurements of ozone, air
pollution and aerosols (GAW)?
To what extent are satellite data used for climate observations? In this field of activity
a substantial progress took place in the last years (increasing number of satellites,
Meteosat Second Generation - MSG). Should these data be included even stronger
into the analysis?
Is there a possibility to begin a model-based area covering climatology with the
inclusion of all available measurements?

At present the GSN consists of 998 stations. In addition space-based observing systems,
radiosondes and other remote sensing methods come from the GAW and GUAN networks.
Deficits possibly exist in the GOOS, because only some few countries in this region are
participating in this network as well as of the density of the oceanographic network. If the
density of the climate observing station network is sufficient spatial and temporal in the
participating countries cannot be said for all parties on the basis of the reports to GCOS.
It should be noted, that the current global observation is declining. With concern the report
made by Professor Bert Bolin, in “The Report to the 7th Session of the Subsidiary Body for
Scientific and Technical Advice on behalf of the IPCC“, Oct. 1997, in that he stated that:
The current global observational network is declining. If this decline is not stopped we may,
say, twenty years from now, be in a worse situation than today, when trying to determine to
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what extent and how climate is changing. A continuous close observation of the climate
system is an absolute requirement for dealing adequately with the climate issue.”
It is a fact that at present the climate observing system still has some deficiencies. Today we
use a mix of observations, which are actually serve different purposes. Therefore, it is
important to develop a self-contained and independent climate observing system
(meteorological, atmospheric, oceanographic and terrestrial). Furthermore it is
acknowledged that observing platforms change for many reasons and existing data
management and reporting techniques change, too. This requires a more frequent exchange
of information.
Meteorological agencies alone cannot be expected to carry the burden of fostering an
improved GCOS. It is vital that linkages within each government’s atmospheric,
oceanographic and terrestrial focal points be made. In addition there must be a strong
linkage between the national GCOS focal points and the policy makers of their national
governments in order for the importance of climate observing to socio-economic applications
(e.g., sea-level rise, severe weather, water quality) to be more fully realised (Pacific Island
GCOS Action Plan, March 2002).
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APPENDIX 16
CLIMATE OBSERVING SYSTEM IN LITHUANIA
Dr Audrone Galvonaitė
Head of the Climatology and Methodology Division
Lithuanian Hydrometeorological Service, Ministry of the Environment
Lithuania is a Central European country situated in the very centre of Europe, on the eastern
coast of the Baltic Sea. The most general properties of the Lithuanian climate are
determined by the geographical location of its territory. Lithuania lies in the northern part of
the moderate climatic zone. Annually, our territory receives about 3600 MJ/m2 of solar
energy. The second global factor is the prevailing westerly airflow. Lithuanian territory, as
does the whole European region, lies in the sphere of influence of the Atlantic and its
westerly air flow, with air temperature, precipitation and runoff patterns, sea level and other
parameters being largely determined by the North Atlantic Oscillation (NAO).
Our meteorological observational network covers all Lithuanian territory and includes 18
meteorological stations, 3 aviation meteorological stations. It also includes 9 climatological
stations with reduced variety of observations.
In Lithuania, some other governmental departments also carry out their own meteorological
observations and even are increasing their scope. The Lithuanian Road Administration
operates some 40 automated weather stations situated at main highways. These stations
are measuring air temperature, wind speed and direction, precipitation and visibility. Their
data are posted over the Internet.
Also, the Lithuanian Agricultural Advisory Service operates a network of specialized
meteorological stations. Unfortunately, their field-based automatic stations are not reliable
enough to satisfy departmental demands, thus resorting the latter to rely rather on the
national meteorological network (operated by the Lithuanian Hydrometeorological Service).
Meteorological parameters are also recorded by the ambient air quality monitoring stations
alongside their specific air pollution measurements.
As regards hydrological observations, the actual water-gauging station network consists of
59 water-gauging stations (WGS).
Several WGSs function on the biggest rivers, that way totally 36 rivers and 3 lakes are
observed. Nowadays, our National Environment Monitoring Program applies data from 29
WGSs. There is also underway a water quality research programme on the same WGSs.
Future plans provide for merger of these two monitoring programs into one. This new
monitoring program will require 31 more WGSs on rivers and 17 more WGSs on lakes.
Marine observations are carried out by the Marine Research Centre. Its Oceanology
Department is mainly devoted to observations of the circulation and transformation of water
masses in the Baltic Sea and in the Kuršiu Marios Lagoon. Special attention is paid to water
exchange in the water system of Nemunas River - Kušiu Marios Lagoon - Baltic Sea system.
The Hydrochemistry Department performs basic research into the chemistry of the sea and
participates in the environmental monitoring of the Baltic Sea and Kuršiu Marios Lagoon.
The aim of the ecotoxicological researches is to obtain actual information about the pollution
in the Baltic Sea and the Kuršiu Marios Lagoon. Investigations are carried out according to
both national and international (HELCOM) monitoring programmes. The Hydrobiology
Department studies the main biological components of marine ecosystems to obtain
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essential information on changes in pelagic and bottom communities due to eutrophication
and pollution.
The following types of climate monitoring are carried out in Lithuania:
–
–
–
–
–
–

Atmospheric monitoring;
Water monitoring;
Soil monitoring;
Wildlife monitoring;
Ecosystems monitoring;
Landscape monitoring; etc.

Finally we may conclude that all existing types of climate system observations are
essentially satisfying our basic demands for climate variability analysis; however, taking into
consideration the prevailing global trends in this respect, it is necessary to proceed to the
observations on an hourly basis by automating our meteorological network, increasing
precipitation-gauge density, upgrading of instruments, better interdepartmental coordination,
following unified methods, and ensuring better data accessibility through a single database.
Also radar observations may be considered a very important component of specific
meteorological observations; unfortunately, currently we have no weather radars operating in
Lithuania.
Besides fixed stationary observations, also movable expeditionary observations should be
organized in order to obtain more detailed data, e.g. efficient soil moisture in spring and
summer periods in view of impeding drought conditions as well as other environmental and
natural emergencies, etc.
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APPENDIX 17
CONTRIBUTION OF THE WMO SUBREGIONAL OFFICE
Dušan Hrček
WMO Representative for Europe
Subregional Office for Europe
The Subregional Office for Europe was established in 2003. The Office supports the relevant
Departments of the Secretariat, including GCOS, in discharging of their responsibilities
related to regional activities. The Office maintains close liaison with Members in Region VI in
their efforts to strengthen their National Meteorological and Hydrological Services (NMHSs)
by organizing visits to countries, assisting in follow-up of their requests and provides advice
through visits to Members, study tours of the new Permanent Representatives to WMO
headquarters, and provision of relevant information. An important tool for enhanced
collaboration between the Secretariat and NMHSs, as well as amongst NMHSs is WMO
Country Profile.
The expert missions of WMO Subregional Office and other relevant visits to Member
countries, including high level visits of Secretary-General, should be used to address the
needs of the Member in order to fully implement the Global Observing System for Climate.
The WMO Country Profiles should be used to indicate the status of the Global Observing
System for Climate in the Member country and point out eventual problems with its
implementation.
Global Atmospheric Watch
The Integrated Global Atmospheric Chemistry Observation (IGACO) System is a proposed
framework through which atmospheric composition observations can be integrated using
research and operational atmospheric models to contribute to the goals of IGOS- partners
and the planned Global Observation System of Systems. It is proposed that the development
and implementation of GAW will continue in future within the framework of IGACO.
Support of GCOS is requested in implementing of Integrated Global Atmospheric Chemistry
Observation (IGACO) System.
Instruments and Methods of Observation
A successful determination of the radiation budget, which is fundamental to understanding
the Earth's climatic system, climate variability and climate change, is only possible with very
homogeneous solar radiation data measured all over the world.
The way to guarantee a desired level of quality of radiation data is to assure the traceability
of solar radiation measurements to World Radiation Reference (WRR). At present this is
achieved through International and Regional Pyrheliometer Comparisons done in 5-years
cycles. And we do it for more than 40 years already. The Tenth International Pyrheliometer
Comparison (IPC) is planned in September/October 2005. WMO have 21 RRCs and 11 of
them are from developing countries that require financial support.
The Regional Pyrheliometer Comparisons (RPCs) should be organized in all WMO Regions
in the period from six months to 4 years following the completion of IPC. This is mostly
neglected due to financial constraints.
It is suggested that GCOS supports holding the RPCs in the regions, to ensure that national
pyrheliometers would be traceable through the standards of RRCs to WRR.
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Regular calibration of meteorological and hydrological instruments should be introduced
where it is not in place already. Broader international cooperation in this respect is needed,
especially with institutions able to issue internationally valid certificates.
Quality management system (QMS) is a business tool used by organizations to achieve
efficiency and effectiveness, and improve relationship with customers. It is recommended
that NMHS not having QMS in place would gradually start implementing or seeking to
implement relevant quality management system to improve its overall visibility and
performance.
NMHSs should use the possibilities through WMO Secretariat and other international
organizations and bilateral arrangements to enhance the education and training
opportunities for its staff. Special attention should be given to trainings of observers and
technicians in order to contribute to higher quality of observations and measurements in the
Service.
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APPENDIX 18
SEA LEVEL MONITORING ACTIVITY IN THE BLACK SEA BASIN
Viorel MALCIU
National Institute for Marine Research and Development "Grigore Antipa"
Constanta, ROMANIA
The world's coastline is about 1 million kilometers in length and geomorphologically consists
of different landforms, which support different habitats and ecosystems. Today, about 50%
of the world's population is concentrated in this area. The global warming induces
accelerated sea level rise with adverse consequences on the coastal zone. Nicholls and
Leatherman (1994) summarize the physical effect of the sea level rise into five main
categories. These are erosion of beaches and cliffs, increased flooding and storm damage,
inundation of low lying areas, salt intrusion into aquifers and surface waters, and higher
water tables.
In the Black Sea basin the health and well being of 162 million people are affected by
environmental degradation, and therefore adequate prediction of environmental variability is
required to identify, analyze and determine the cost of solutions for better management of
the marine environment for sustainable development of the resources. Different programs
have been developed aimed at improving marine ecosystems and resources of the Black
Sea, as well as the regional capacity to serve Black Sea GOOS, EuroGOOS, and GOOS.
Sea level is one of the key parameters because it determines the coastline position and
surface. In some cases, flooding of the coastal area is considered to be erosion but opposite
to that, erosion is the physical removal of the sand, while the flooding is either permanent or
temporary.
There are six countries bordering the Black Sea: Bulgaria, Georgia, Romania, Russia,
Ukraine and Turkey. Systematic observations of the sea level are carried out in
oceanographic institutions. The present status of sea level measurements in these countries
is as follows:
1) Bulgaria: Sea level coastal stations (SLCS)
Table 1.3. Number and location of Bulgarian sea level coastal stations
SLCS
Shabla*
Kavarna*
Baltchik*
Varna
Nesebar*
Bourgas port
Bourgas Fish port*
Bourgas Oil port*
Irakly
Ahtopol

National
Index
00150
00100
00200
00300
00400
00500
00550
00600
00700
00800

Latitude N
43° 32′
43° 27′
43° 24′
43° 12′
42° 39′
42° 29′
42° 29′
42° 29′
-- -42° 06′

Longitude
E
28° 37′
28° 22′
28° 10′
27° 57′
27° 44′
27° 29′
27° 29′
27° 29′
-- -27° 56′

With (*) are indicated NIMH sea level coastal stations.
The rest of the stations are property of the Bulgarian Cartographic Service.
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Observational
period (years)
From 1973 (30)
From 1973 (30)
From 1950 (53)
From 1919 (84)
From 1924 (79)
From 1910 (93)
From 1973 (30)
From 1973 (30)
-- -From 1920 (83)

Observational program of sea level coastal stations
The program, implemented by these stations, includes daily measurements of the sea level
with water gauges. The position of the zero mark of the water gauge is checked once per
year. The equipment of the coastal stations, described in the last part, does not give the
opportunity of automation of the observational process and the transfer of the data from the
observations. This problem is solved partially only in the synoptic stations, where a small
part of the observational program is automated. The data from the observations in the
marine synoptic stations are coded and transferred to the meteorological telecommunication
centre in Varna, and through it they are released into national and international exchange.
The data from marine climatic stations and the stations for measuring sea level are recorded
in special work journals and at the end of every month they are sent for control and PC
archiving to the branch of the National Institute of Meteorology and Hydrology in Varna.
Data from the chemical analysis of the seawater is archived in the chemical laboratories in
Varna and Bourgas. A copy of these data is sent for keeping to the National Institute of
Meteorology and Hydrology in Sofia.
2) Georgia
The network of meteorological and hydrological stations (see Annex 1) carried out
observations on surface layer temperature, disturbance, level, storms, destructive waves,
salinity, developing and extinction of storm waving, sea breaker.
Until 1990s, the NMHS of Georgia occupying advance position for last 10 years has
undergone important changes in conditions of socio-economic crisis that has negatively
reflected on its structure and quality of work. A sharp reduction of budget financing and the
lack of action on jurisdiction over a considerable part of Georgia (especially in Abkhazia) has
caused reduction more than 40% of observation posts. This, in turn, negatively affects the
quality of detection and forecast of adverse hydrometeorological phenomena and the
assessment of the state of the Black Sea pollution.
Due to the financial shortages, most of the sea hydrological gauges are not functioning in full
programme, among them in Batumi. At present only seawater, measurement and visual
assessment of wave characteristics are conducted in some stations.
3) Romania
SULINA: located on the Danube middle branch, near the river mouths;Thalimedes
shaftencoder is operational;
CONSTANTZA: Two sea level recorders are located in the Constantza harbour
1. OTT mechanical recorder, functional since 1933
2. MedGLOSS 28 station, Intelligent Digiquartz Depth Sensor and Setra equipment for
atmospheric pressure attached installed since 1999. Since August 2004, National Office
for Cadastre and Geodesy installed a permanent GPS near the MedGLOSS 28 station.
MANGALIA: SUM sea level recorder, daily chart, operational since 1976;
4) Russia
Responsible national Agency: NATIONAL HYDROMETEOROLOGICAL SERVICE
(ROSHYDROMET)
Number of sites: 5 at the coast, near the cities Sochi, Tuapse, Anapa, Novorosiisk,
Gelendgic). Tuapse is a GLOSS station.
Equipment: 4 times/day visual observations of the sea level with the use of a scale (0, 06,
12, 18 GMT)
Tuapse and Sochi are equiped with continuous sea level recorders.
Data availability: on delayed mode, usually with a delay of about one year, through National
Oceanographic Data Centre in Obninsk (near Moscow).
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Operationally data are transmitted to the Hydrometeorological Centre in Moscow, where they
are used for forecasting and savior weather warning and stored during one month from the
date of observation.
Presently no operational model is run, that could use the observed sea level data. However,
such a model is being planned to be established in the Hydrometeorological Centre in
Moscow. Also, data are used for sea level monitoring for climate change. Though, no
dramatic changes of level are typical to the Russian coast of the Black Sea (unlike the
Caspian and Azov Seas).
5) Ukraine
18 points are equipped with sea level recorder (small white square pictures).
On the situation of 2003: 30 stations of the Ukrainian coastal monitoring network carry out
observations on the sea level fluctuations (small tide pole pictures):
•
•
•
•
•

In 2000, MB UHMI and MHI NASU started experimental operations on modernization
of the shore hydro-meteorological stations of the national monitoring network in the
framework of the Black Sea GOOS project.
In 2001 the automatic system for sea level, temperature and salinity measurements
with digitised data recording was installed on Sevastopol hydro-meteorological
station.
In 2002 the automatic system was supplemented with sensors of air temperature, air
pressure, wind speed and direction together with data transmitting unit via e-mail.
Data are registered every 5 minutes and recorded parameters are transferred
through the modem connection to the database of MB UHMI;
The system is working in the experimental mode till now, together with standard
observational complex of the marine station.

6) Turkey
Turkish National Sea Level Monitoring System (TUDES)
8 operational sites: Antalya II, Bodrum II, Mentes/Izmir, Erdek, Trabzon II, Amasra, Igneada
and Erdemli;
3 sites planned to be installed by the end of 2004: Iskenderun, Sinop, Eregli/ Marmara.
Data center: Ankara.
Needs
Most of the countries in the area experience financial difficulties in keeping functional their
national sea level networks. The worst situation is in Georgia, while the opposite situation is
in Turkey. Most of the institutes have sea level data in their archives but little has been done
to put these data in electronic format. This tedious activity should be promoted, but again
the lack of adequate funding is the major obstacle. Monitoring of the benchmarks using
GPS and absolute gravimetry determinations was not a priority in the region.
Recommendations:
In 1999, IOC/UNESCO and CIESM started the MedGLOSS programme which was intended
to upgrade and densify the sea level network in the Black Sea and Mediterranean Sea. Two
digital stations were installed in the Black Sea, one at Constanta (Romania) and another one
in Katchiveli (Ukraine.). Data are transmitted hourly to Institute of Oceanography of Israel,
which is the coordinator of the programme. Later on, the data are reported to European Sea
Level Service. Finding the resources to extend this programme in every country from the
Black Sea will assure a minimal coherent network, providing that each of them is committed
to enjoy such a programme. In turn, this will allow the establishment of a common "zero" for
the Black Sea and Mediterranean Sea.
Data rescue from the specialized institutes would be another priority in the region.
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Regular GPS and absolute gravimetry campaigns would be necessary as well.
This will allow evaluating proper the trends of the sea level in the region and will be a step
forward in better understanding of the sea level fluctuations as well, an important
contribution in understanding and foreseeing the accelerated sea level rise due to global
warming.
All these are important contributions to GOOS and, further, to the economy of the coastal
area.
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APPENDIX 19
STATUS OF OCEAN OBSERVING SYSTEMS IN THE BALTIC SEA,
THE NORTH ATLANTIC, AND THE NORTH SEA
Hans Dahlin, EuroGOOS
Compared with other regions, the North Atlantic to the Baltic Sea System has been well
monitored for a long time. Problems such as winter navigation, the “disappearing water,”
highly variable fishery results, and changing water quality have in combination with curiositydriven research led to relatively intensive monitoring in the area. However, compared with
observations on land and in the atmosphere most observations are scarce in both time and
space, and difficult to sustain for a longer time or into the future.
Annual periods of sea ice create problems and risks for navigation. The best possible
knowledge of the ice situation is necessary for efficient shipping. Observations in harbours
and from ships exist from the early 18th century and have improved from 1880. Today the
ice situation is monitored in detail using different remote sensing techniques in combination
with ground truth. The high economic value of good ice surveillance and forecasting will
guarantee continued and improved monitoring. The existing data enables an analysis of the
extension of the annual ice sheet from 1720 and onwards.
The problem with the “disappearing water”– the mean sea level change due to land up-lift –
initiated already in the mid 18th century systematic observations of sea level. The
observations have been continued and improved for more than two centuries and there is
still a substantial network of mareographs in the area, today delivering data in real time. The
North and Baltic Seas region is sensitive to storm surges, which justifies continued
improvements of the sea level monitoring and forecasting. The observations in Stockholm
represent one of the longest still continued time series in the world. Recent studies of the
Baltic time series show effects of climate change.
Systematic observations of water temperature and salinity started just after the mid 19th
century. Measurements from surface to bottom were made from light vessels; initially three
times a month and later daily. Parallel observations were made of weather and surface
currents. From the mid 20th century the light vessels were successively withdrawn and use of
ships of opportunity and other available platforms increased. These observations could not
fully substitute those from the old light vessels and are today decreasing.
Autonomous moored buoys have been used since the 90s, and new technology such as
ferry boxes, gliders and profiling floats are being tested for high frequency real time
observations, but the operational units are still rather few because of high investment and
maintenance costs.
Surface measurements have been carried out in the WMO/IOC Ships-Of-Opportunity and
Voluntary Observing Ships programmes, in the Atlantic there is also the Drifting Buoy
programme, and for profiling of temperature and salinity there are the Bathy/TESAC
observations and the ARGO Buoy system.
In 1902, low frequency observations were coordinated by the International Council for the
Exploration of the Sea, ICES. Research vessels carried out the measurements and several
of the original stations are still being monitored. The station network covered the North
Atlantic, the North Sea, and the Baltic Sea. Even if the goal was seasonal cruises the
frequency in most areas did not reach once a year. Since the 1950s the variables salinity,
temperature, oxygen, weather and sea state have successively been extended with
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chemical and biological measurements, in particular in the Baltic Area through the regional
environmental convention managed by HELCOM. The oceanographic data bank at ICES in
Copenhagen is the most extensive in the region. The ICES working group on Oceanic
Hydrography produces an annual climate assessment based on the collected data.
During the last two decades there has been a development of coastal local and national
environmental monitoring systems. These cover a wide range of variables and resolutions.
Most of them are today being adapted to the European Water Framework Directive, and the
data are expected to be generally available through joint European data exchange systems.
The ocean module of GCOS is the same as the climate observing module of GOOS. The
Oceans Observation Panel for Climate, OOPC, will continue the earlier development of the
design of the ocean observing system and assist in making inventories of available data and
products needed for the GCOS-GOOS common module.
One of the main objectives of EuroGOOS is to coordinate the European contribution to
GOOS but also to coordinate a joint European infrastructure for ocean and coastal
monitoring and forecasting. This work has now continued for some years and different
projects have started to deliver results on existing local, national and regional infrastructure.
For three years the EDIOS project built the European Directory of the Ocean-observing
System, a unique searchable metadatabase. The EDIOS directory currently holds well over
8,500 data entries, which will be regularly updated. Not all collected information has yet
been quality controlled and included in the Directory. An up-to-date overview of included
data holders can be found on the EDIOS web page, www.edios.org. The work proceeds with
the aim of having the first version of the complete metadatabase finalised this year.
EDIOS is an internet-based searchable directory of the ocean observing, measuring, and
monitoring systems operating in Europe and is an initiative of EuroGOOS. The directory
includes metadata, i.e. information on: location, measured parameters, frequency, data
availability, technical information about instruments, responsible institutes and links to dataholding agencies. Regular updating of the EDIOS directory ensures up-to-date information
and inclusion of most European ocean-observing systems operating on a continuous level.
The directory constitutes a prerequisite for the full implementation of GOOS/GCOS by
allowing an analysis of the continuously available data for analyses, nowcasting and
forecasting systems in Europe, and also the ability to optimise the deployment of new
instruments, and the design of sampling strategy. Classification, based on the accessibility of
the data, of the ocean-observing systems included in EDIOS sets European standards for
ocean observations and helps define the European ocean-observing system.
The EDIOS Classification System categorises entries in the EDIOS metadatabase so that
people working in and using the Global Ocean Observing System (GOOS) or ocean module
of GCOS can identify those records describing stations/data immediately accessible to
GOOS/GCOS with open access and minimal restrictions; those stations/data accessible to
certain organisations and GOOS Regional Alliances; and those stations/data only designed
for single agency or local access and use.
Several projects funded by the European Commission have developed systems for
searching oceanographic data. The main system is Sea Search, www.sea-search.net,
sponsored by the National Oceanographic Data Centres in Europe. The Sea Search
website, services and infrastructure are developed and operated by a partnership of 33
institutes/centres from 30 different European coastal states in response to these questions
and opportunities. The Sea Search partners are highly skilled in management and added
value services on a wide range of oceanographic and marine data & information. Each of
these centres is operating in their country as a national data centre or focal point for
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oceanographic and marine data & information. They are representative nodes in their
countries with links to other organisations, active in marine research and marine
environmental management, thus monitoring and overseeing national marine research
activities and marine data flows.
Recommendations:
-

Since climate monitoring is not a main driver behind the existing ocean observing
systems, and in addition the water below the sea surface is seriously undersampled – it
is important that the data requirements for climate studies and forecasting are well and
explicitly expressed.

-

Since sustained high frequency in-situ ocean monitoring is scarce – promotion and
implementation of an extended coordinated system of sustained platforms profiling key
variables with a good temporal resolution and in (near) real time is necessary for
analyses of state and changes in the ocean.
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APPENDIX 20
STATUS OF THE BLACK SEA OBSERVING SYSTEM
Gennady K. Korotaev
Marine Hydrophysical Institute
National Academy of Sciences of Ukraine
Status
Regular oceanographic observations at coastal stations started in the Black Sea at the end
of the 18th century. The first observations of temperature and salinity profiles were carried
out in the end of the 19th century. Regular hydrographic observations of the open sea
started in the 1920s. Up to now more than 100,000 profiles of temperature and salinity have
been collected. Up to the 1990s four types of oceanographic observations have been carried
out in the Black Sea:
•
•
•
•

A few dozen coastal stations have submitted data to the Global Meteorological
Network;
Regular observations by commercial ships;
Hydrographic sections or surveys of the near coastal area (mainly for estimating
water pollution)
Repeated “secular” hydrographic sections or basin-wide surveys;

Up to the end of the 1980s the data of the Black Sea hydrometeorological network were
accumulated in the oceanographic center of hydrometeorological services and generalized
in the book “Hydrography of the Black Sea Basin” of the series “Seas of the USSR.”
Multinational efforts were undertaken within the framework of the NATO TU Black Sea
project in the middle of the 1990s to merge the archives of the riparian countries. A
multidisciplinary database collecting the data mainly after 1980 was formed. Now, a more
complete data archive containing hydrophysical, hydrochemical, and hydrobiological
measurements has been created within the framework of a set of international initiatives of
oceanographic data archeology.
The number of the Black Sea oceanographic observations was strongly reduced after 1991.
The quantity of coastal stations and near-coastal surveys has decreased by at least by
twice. Commercial ships crossing the Black Sea have stopped data transmission to the
oceanographic centers. The last basin-scale surveys were done in 1992-1995 (once per
year) within the framework of the “ComsBlack” international program.
The Black Sea riparian countries, recognizing the necessity of reviving the Black Sea
observing system, have founded the Black Sea GOOS project, which is being supported by
IOC.
Now, the Black Sea GOOS consolidates the efforts of academic and
hydrometeorological centers of all the Black Sea countries with the purpose of creating a
basin-scale observing system using modern technologies. As monitoring of long-term
changes in the Black Sea ecosystem and maintenance of the basin efficiency are urgent,
estimation of climatic trends of hydrometeorological and ecological parameters of the basin
is considered to be the most important task of the Black Sea GOOS.
A modern Black Sea observing system is arranged using GOOS principles. It is based on
remote sensing observations from space, coastal stations, and free-floating buoys; the data
are transmitted by the satellites. Major attention is paid to the development of the methods of
ecological monitoring using space observational systems. Modern satellite equipment
provides information on sea level, geostrophic currents, near-surface wind, waves,
temperature, seawater biological parameters such as chlorophyll content, etc. Integration of
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heterogeneous information and its interpolation/extrapolation is carried out by means of data
assimilation in the basin-scale dynamic model. A prototype of the nowcasting/forecasting
system of 3D circulation and stratification operates in a near-real time mode. Surface drifting
buoys and profiling floats are used to validate the system outputs. Hindcasting of current
velocity and, with less reliability, temperature and salinity fields (starting from spring 1992) is
available now.
Deficiencies
There is a problem of compatibility of old and modern observations. The old and the new
observing systems are based on absolutely different principles. The major part of previous
observations consists of temperature and salinity measurements. Now space altimetry data
and accurate fluxes of heat and momentum on the sea surface permit estimation of currents
rather accurately. Direct measurements of temperature and salinity profiles are available
either from rare research cruises or from a small number of profiling floats. Both types of
data should be necessarily adjusted for accurate estimation of the open sea climate
changes. Careful quality control of the archival data is required before the climatic analysis
is started. A particular problem consists in lack of deep-sea observations in the basin. Even
temperature and salinity measurements have been collected mainly in the upper 500m layer.
Open sea marine meteorology in recent years is presented only by the measurements of
pressure and water temperature obtained from the surface drifting buoys. During the last
decade, the biogeochemical measurements have been very sporadic.
Needs
Economies of the riparian countries of the basin are still rather weak. Therefore, national
investments in the development of the Black Sea observing system are very restricted. The
experience of the last decade shows that the basin-scale observing system can be based on
the remote sensing measurements from space and free-drifting buoy observations. Remote
sensing data of major space missions are available for the Black Sea community (hopefully,
the GHRSST products will be also available soon). However surface drifting buoys operate
irregularly. Continuous support is strongly required for ten surface drifting buoys in the basin.
Application of the surface drifting buoys with termistor chain successfully tested last autumn
is desirable.
Three profiling floats have been operating on the Black Sea since the autumn of 2002. Two
more floats are to be launched soon. The functioning of the profiling floats in the basin is
sponsored by ONRFO within the framework of NICOP program. The obtained experience
shows the high efficiency of the floats. Two of three floats launched in September 2002
have been working up to present. Measurements by the floats permit the observation of
deep currents, temperature, and salinity distribution in the basin. However, it is highly
desirable to support continuously about ten floats in order to be able to assimilate
temperature and salinity profiles in the circulation model. In this case, accuracy of the
salinity and temperature nowcast will increase significantly.
The Black Sea nowcast and forecast is based on the use of fluxes from regional weather
analysis and prediction. However, the accuracy of simulated fluxes depends on the
availability of meteorological observations in the open sea. It should be extremely
reasonable to place autonomous meteorological stations on the Ferry-boats performing
regular cruises in the basin.
Recommendations for the Action Plan
Arrangement of a GODAE-type project for the Black Sea. The Black Sea is an oceanic type
basin but with a very simple coastline and practically closed boundaries. Therefore, the
prototype of a global ocean nowcasting and forecasting system can be first evaluated on the
example of the Black Sea. For this purpose the Black Sea observing system should be
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improved according to the requirements listed in the section “Needs,” and the data archive
could be prepared for testing and improving the models and assimilation schemes.
Project of archival data assimilation. The method of the Black Sea climate reconstruction
through assimilation of the archival hydrography is validated now using existing climatic
arrays. Analysis of available archival temperature and salinity observations shows that the
continuous evolution of three-dimensional circulation and stratification can be reconstructed
based on assimilation of the archival data (starting from the 1950s). This procedure can
constitute a bridge between the old and the new observing systems. Altimetry observations
of Black Sea circulation contain a hint at a monsoon-like circulation in the Black Sea under
specific conditions of the NAO index. Reconstruction of the continuous evolution of Black
Sea circulation and stratification can clarify a partition of local and global inputs to the
climatic changes in the basin.
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APPENDIX 21
SATELLITE DERIVED ESSENTIAL CLIMATE VARIABLES IN THE TERRESTRIAL
DOMAIN OF THE GLOBAL CLIMATE OBSERVING SYSTEM:
CURRENT STATUS, LIMITATIONS, AND POTENTIAL FOR ACTION
Alan Belward and Michel Verstraete

European Commission, Joint Research Centre
21020 Ispra, Varese Italy
1. Introduction
Observations from the current climate observing systems provide essential information on
the state of the climate system, its variability, forcing factors and attribution of the causes of
climate change. Observations of essential climate variables (ECVs) are also needed to
predict climate change and assess the likely impacts of such change. The terrestrial domain
(including its biosphere, lithosphere, hydrosphere and cryosphere), accounts for some 30%
of our planet’s surface area. It plays a key role in the climate system through modulating
momentum, energy, carbon and water exchanges with the atmosphere, and through acting
as a source and sink in other biogeochemical cycles. The land is also where most of us live,
most of the time; it provides us with food, fuel and fibre and is thus highly susceptible to
anthropogenic activities which change its very nature. Changes in land use, management
practices (such as biomass burning) or response to climate can cause change in the
vegetation cover and such change can provide feedbacks to the climate system.
Observations of over 80 variables are deemed useful to track the various interactions noted
above. The Second Report on the Adequacy of the Global Observing Systems for Climate
highlights those ECVs that are both currently feasible for global implementation and are
important for implementation of the UNFCCC process. For many of the key terrestrial
variables satellite observations are the only feasible way to achieve consistent global
coverage. This requires long-term commitment by the space agencies to the building,
launching and management of Earth Observing satellites capable of measuring these
variables and commitment to the design of in-situ measurement programmes to support the
satellite products. Space agencies and the operational meteorology/climatology institutions
need to be fully engaged with the scientific community to determine the key variables to
measure, the accuracy and the frequency of observations required, and the mechanism to
integrate remotely-sensed and in-situ measurements. This background paper briefly
describes the use, current status and limitations of the terrestrial component of the climate
system as monitored from space.
2. The terrestrial ECVs in the climate system
The terrestrial ECVs are often implicated in more than one component of the climate system.
They also can serve multiple roles ranging from quantitative measures of climate forcing to
indicators of climate change impact, or even for monitoring the effectiveness of climate
change adaptation strategies. Here the ECVs are grouped by climate system component.
Note that this list is not exhaustive; it consists of those terrestrial ECVs primarily derived
from data acquired from Earth Observing satellites.
2.1 Radiation balance
In the last five years significant advances have been made in obtaining reliable estimates of
land surface albedo from satellite observations. This variable, defined as the fraction of the
incoming irradiance reflected by a surface, determines the amount of solar radiation
absorbed by the terrestrial environment, and thus the net radiation balance at the surface.
Surface albedo is both a forcing variable controlling the energy input into the climate system
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and an indicator of changing surface conditions – for example changes due to snow fall or
changes due to crop harvest, desertification, fire and the like. Daily-average surface albedo
values have been derived experimentally from a single geostationary satellite, but could be
obtained from all the current geostationary platforms to give near-global coverage. Archived
data from these instruments could also be used to document the evolution of albedo during
the last two decades. Mono-angular multispectral sensors on polar-orbiting platforms provide
better coverage of Polar Regions and would complement the geostationary satellite derived
product. However, the accuracy of the estimates needs to be assessed, as they often rely on
the accumulation of data over 2 weeks or more, during which atmospheric conditions may
vary considerably.
2.2 Heat balance
The terrestrial domain has a relatively small heat capacity – small relative to the oceans
anyway. The ice sheets do have a large heat capacity, but as heat exchange is through
conduction this is a very slow process, again when compared to heat stores and the speed
of exchanges in the oceans. Land surface temperature measurements from space are
possible, and historic missions have attempted to map heat capacity, but this still remains a
major research topic. Information from earth observing satellites is however used more
routinely for mapping snow extent and monitoring ice sheets. These are discussed below.
2.3 Water balance
Our capacities for global measurement of key variables describing fresh water in its
gaseous, liquid and solid phase from space are currently limited. Satellite altimetry can be
used to accurately monitor river and lake levels, but current global archives only contain
records for a limited number of river basins and large lakes. Snow-cover extent is mapped
daily by operational satellites, but sensor channels change and continuing research and
surface observations are needed to calibrate and verify algorithms and satellite products for
snow depth and snow water equivalent -though note that ground networks are contracting
and automation is changing the nature of snow-depth measurements. Daily Northern
Hemisphere snow extent maps have been produced since May 1999, with weekly maps
available since 1966. Comparable Southern Hemisphere data are not generated. Monitoring
Glaciers and ice caps is important for early detection of climate changes because their
contraction indicates worldwide warming trends and historical-to-Holocene variability.
Satellite observations of polar ice caps, continental mountain glaciers and ice shelves are
helping provide a regular inventory. Satellite derived digital elevation maps of the ice surface
for Greenland and Antarctica are however available, though long-term commitments to such
monitoring are not in place.
2.4 Carbon balance
Among other factors land-cover and cover change force climate by modifying greenhouse
gas sources and sinks. Land-cover distribution is partly determined by regional climate, so
changes in cover may indicate climate change. Land-cover and cover change can be
observed using data from Earth observing satellites, but currently available data sets vary in
nature, are of uncertain accuracy and use different land-cover type characterization systems.
Data of similar, but not identical, nature are provided from different sources and at different
spatial resolutions. The lack of compatibility between the various products makes it difficult
to measure and monitor climate-induced or anthropogenic changes in land cover.
Rather than inferring carbon uptake through land-cover, variables such as fAPAR (fraction of
absorbed photosynthetically active radiation) can be used. fAPAR is a measure of
photosynthetic activity and indicates the presence and productivity of vegetation. Spatiallydetailed descriptions of fAPAR provide information about the strength and location of
terrestrial carbon sinks, and can be of value in verifying the effectiveness of the Kyoto
Protocol’s flexible-implementation mechanisms. Generation of global fAPAR from satellite
measurements has begun. Daily recovery of fAPAR is possible in principle, but cloud and
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haze normally lead to fAPAR values that are multi-day representative values. Leaf Area
Index (LAI) measures the amount of leaf material in an ecosystem, which imposes important
controls on processes such as photosynthesis, respiration and rain interception, that couple
vegetation to climate, hence appearing as a key variable in many models describing
vegetation-atmosphere interactions. LAI production from satellite observations is also now
underway.
Fires in vegetation also have a large influence on the storage and flux of carbon in the
biosphere and atmosphere and can cause long-term changes in land cover. Not only do fires
emit large volumes of greenhouse gas but once burned the vegetation of course looses the
capacity to act as a carbon sink. Fire is a prominent disturbance factor in most vegetation
zones; it can be a naturally occurring - indeed essential - feature of some ecosystems, yet
elsewhere it severely damages vegetation and can lead to long-term degradation. Some
Space Agencies, working with the research community, have been generating regional and
global fire disturbance products (burnt area and active fire). Spaceborne thermal and optical
sensors have also been used to determine the location of active fire events, the spatial
extent of the burnt area and the location and size of smoke plumes and haze.
3. Cross-cutting issues
Satellite observations are an essential part of the global observing systems for climate, not
just for the terrestrial domain, but also for atmosphere and ocean components. However, the
contributions are far from optimal. This is in part because the systems were not designed
with climate monitoring as a primary mission goal, and so general mission features such as
instrument calibration are not stringent enough to provide “climate quality” time-series. The
importance of Cal/Val activities cannot be over emphasised. Progress is being made on pre
and post launch instrument calibration and it is crucial that this continues. The improvements
in calibration (and the dissemination of this information) have allowed new, quantitative
approaches to data processing, and reprocessing. Examples include processing of data to
yield quantitative measurements of fAPAR and Albedo as described above. The availability
of quantitative products such as FAPAR and Albedo calls for sustained calibration activities
on the part of the agencies and also calls for international benchmarking activities to ensure
the scientific adequacy (and reliability) of these new products, as well as internationally
agreed standards. Such benchmarking activities and intercomparisons are beginning to take
place, and these activities must be sustained.
The development of new sensors and remote sensing science is leading to new products
and / or new levels of precision to observations such as FAPAR. The science is published in
the refereed literature; Algorithm Theoretical Basis Documents describe them for
implementation; yet the products are not always operationally produced. This limitation is
compounded by a lack of compatibility between some of the newer ECVs derived from
satellite and the current generation of General Circulation Models. Not all GCMs can
accommodate the new measurements. The systems operated by the Space Agencies
therefore need to extend beyond the management of the space component to include
ground components capable of generating the required products. The disjointed mission-bymission approach to future planning too is seen as a hindrance to optimal use of EO for
terrestrial observations. Agencies should examine missions in the context of a whole
integrated system and a stated plan for data exploitation be provided as part of the mission
planning. Radar systems for biomass estimation are a case in point.
Responsibility for Space missions devolves to individual countries and international Space
Agencies (such as ESA or EUMETSAT). Coordinating the Central and Eastern European
space-based contributions to a GCOS Regional Network will involve liaison with coordinating
bodies, especially the European Global Monitoring for Environment and Security and the
International Global Earth Observing System of Systems. The GEOSS and GMES initiatives
provide an institutional framework for coordination. The importance of climate observations
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from space should be emphasised and specific actions within the GMES / GEOSS process
attuned to the actions set out in the Implementation Plan for the Global Observing System
for Climate.
By ensuring that the long-term plans of agencies are more responsive to research findings
and by ensuring that the decoupling of science and engineering is redressed Space
Agencies will not only provide long term observations needed by the climate community and
by the Parties to fulfil obligations arising from the Convention, but will also provide much
needed information to support sustainable use of nations’ natural resources.
Acknowledgement
This brief summary has been drawn from the material prepared by the Terrestrial Observing
Panel for Climate for the Second Report On The Adequacy Of The Global Observing
Systems For Climate In Support Of The UNFCCC, April 2003, GCOS-82, WMO Technical
Document 1143 (WMO; Geneva), and the Implementation Plan for the Global Observing
Systems For Climate In Support of the UNFCCC, September 2004, WMO Technical
Document WMO/TD 1219 (WMO; Geneva).
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APPENDIX 22
GAPS IN IN-SITU NETWORKS - HYDROLOGICAL VARIABLES IN GENERAL,
INCLUDING RIVER DISCHARGE, SOIL MOISTURE, LAKE LEVELS, GROUNDWATER
Thomas MAURER
Global Runoff Data Centre (GRDC) in the Federal Institute of Hydrology (BfG)
Koblenz, Germany
1. Why hydrological observations for climate?
Around the world, awareness is rising that sustainable answers to management questions
related to topics of high societal relevance such as water, climate, weather, disasters,
agriculture, desertification, health, energy, and ecosystems cannot be found locally without
considering larger scale contexts, both in space and time. For this purpose, researchers and
operational agencies try to mimic the Earth System in computer models of ever growing
complexity and refinement. An inevitable prerequisite for their success, however, is
unrestricted access to sound and comprehensive data and information on the state variables
and fluxes of the governing processes.
This fundamental need is addressed by a number of high level international initiatives, and
expressed in recent documents, such as the Implementation Plan of the Global Earth
Observation System of Systems (GEOSS) or the Proposal of an EU-Directive for the
establishment of an Infrastructure for SPatial InfoRmation in Europe (INSPIRE, EC 2004)
and–last but not least–the Implementation Plan for the Global Observing System for Climate
in Support of the UNFCCC (GCOS-IP, GCOS 2004a), addressing more than 100 so-called
Essential Climate Variables (ECVs) covering the atmosphere, the ocean, and the terrestrial
domain. A subset of the latter is variables related to hydrology, which are essential for
understanding the interactions between the global energy and water cycle. Changes on the
global scale will have implications for local water management issues.
2. Status, deficiencies, and needs – different from local and global perspective!
Judging status, deficiencies, and needs of in-situ observation networks of hydrological
variables for climate has two fundamental aspects. The first aspect is whether at all
observations are made, processed and stored in sufficient quality and resolution. The
second aspect is how and to whom information on the observations and the gathered data
itself are transmitted and disseminated. Especially judging this second aspect is extremely
dependent on the position of the one to judge. While at a local scale the perception of an
insider may be that there are sufficiently well developed and managed networks, accessible
for immediate local purposes, this often does appear differently if one looks at it from an
outsider (= larger scale) perspective. Authority over data and information, especially in the
terrestrial domain is often scattered regionally and sectorally, resulting in highly fragmented
and heterogeneous approaches to their management and involving problems of scientific,
technological, political, organisational and financial nature. For an outsider it is often
extremely difficult and time consuming to only get an overview, not to speak of access to the
data itself. Consequently, researchers and managers striving for larger scale integrated
approaches are regularly on the horns of the dilemma of either spending too much of their
time on searching, retrieving and organising fundamental data or alternatively omitting
relevant information, both being unprofessional approaches that ultimately lead to stagnation
in the development of suitable solutions.
In order to overcome this, the Global Terrestrial Network for Hydrology (GTN-H) had been
launched in 2001 as a joint effort of WMO's Hydrology and Water Resources Programme
(HWRP), the Global Climate Observing System (GCOS) and the Global Terrestrial
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Observing System (GTOS). The GTN-H is meant as a global hydrological "network of
networks" for climate that is building on existing networks and data centres and producing
value-added products through enhanced communications and shared development (cf. Fig.
1). The goal of the GTN-H is to meet the needs of the international science community for
up-to-date (i.e., near real time) hydrological data and information to address global and
regional climate, water resources and environmental issues (GCOS 2000, 2002, 2003a,
2003b).

Ground water*
Soil moisture

Surface storage
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?

?
Water vapour*

Water quality /
BGC fluxes

?

GEMS/Water

Global Terrestrial Network
Hydrology
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Water use*
FAO/AQUASTAT?

River discharge*
GRDC / GTN-R

Isotopes

Lake levels*

IAEA / GNIP
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FLUXNET

Snow cover*
Glaciers and ice
caps*
NSIDC
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GPCP
NCDC / GSN

Global network/coverage defined and contact established
Global network/coverage partly existing/identified and/or contact to be improved
No global network/coverage identified
*

GCOS Essential Climate Variable (ECV)

Fig. 1. The structure and status of the Global Terrestrial Network for Hydrology (GTN-H).
Acronyms denote organisations that already deal with the respective hydrological variables.
Question marks denote absence of a definite commitment.
3. Status and deficiencies – as seen from the global perspective!
Though the picture might look different from an “insider” perspective, from the “outsider”
perspective no comprehensive overview of all available networks and associated data on
hydrological data such as river discharge, soil moisture, lake levels and groundwater is
possible, simply due to a lack of easily accessible, associated metadata. The following
information is drawn from sources, that spent some effort to gain overview, such as the
Global Runoff Data Centre (GRDC) or the International Groundwater Resources
Assessment Centre (IGRAC).
River discharge:
Fig. 2 and Tab. 1 give an overview of river discharge stations and time series of monthly or
daily data stored in the GRDC database for Eastern and Central Europe. The degree of
representation of the 14 countries in the region varies. Though all countries had been
approached since 2004, and many (much more then in global average) had responded as
visible from the relatively small difference between last contact and last import, there is a
delay of 5+ years between last import and last data in the database in 6 cases. Moreover,
as can be seen from Fig. 2, in some countries the year of most recent data in a country only
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applies to very few stations compared to the average (e.g., Russia, Poland). Although less
important from a global perspective, where it is more important to cover major rivers than all
rivers, it is obvious that the density of stations varies largely, from country to country (much
higher density in western as compared to eastern ECE countries) as well as within a country
(e.g. in Russia). Finally, in some countries comparatively up-to-date data is available for
some minor tributories, whereas the major rivers are not covered well (e.g., Byelarus).

Fig. 2. GRDC river discharge stations in the Eastern and Central European countries.
Colour coded according to the time series end in the GRDC database.
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Tab. 1. GRDC river discharge station statistics of Eastern and Central European countries
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Groundwater:
The International Groundwater Resources Assessment Centre (IGRAC) recently published
the results of their attempt to generate a world-wide inventory on groundwater monitoring
(Jousma & Roelofsen, 2004). However, only about 20 % of the 233 countries they contacted
responded to their questionnaire on the groundwater situation and quantity and quality
monitoring, which was send out in October 2003 and was open until March 2004, i.e. 44
persons from only 40 countries replied. Among the 11 European countries that replied, 5
belonged to ECE: Slovenia, Hungary, Latvia, Romania, Bulgaria.
Lake Levels:
As visible from Fig. 1, no data centre is currently assigned for the task of collecting regular
data on lake levels and areas. However, the GCOS-IP considers it as essential to monitor at
least lake level and area of the around 150 largest lakes as well as of closed-basin lakes.
Ideally, such monitoring is also undertaken for highly ephemeral lakes in semi-arid regions,
which contain water only every few years and thus may provide a record of extreme events.
Soil moisture:
Besides the fact that in-situ measurements of soil moisture are usually only representative
for the immediate neighbourhood of a site and upscaling causes significant problems, little is
known about efforts to systematically measure this quantity in a larger regions. Its collection
on global scale has already been regarded as unfeasible in the 2AR (GCOS, 2003c).
4. Highest priority needs
a. Generation of overview by standardise, interlinked inventories (metadatabases)
From the global perspective one of the highest priority needs is to develop an easy to query,
comprehensive inventory of station related metadata of existing networks. This needs to
include reporting of a detailed technical and operational status of each station. Essential is
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the use of established standards such as those of the ISO 19100 series, which also are the
basis for the WMO Core Metadata Standard (v0-2) (WMO, 2004). In addition, rather then
building a monolithic proprietary system it is recommended to maintain distributed
inventories, which by means of standardised interfaces (Catalogue Service Web, CSW) are
able to link their information into more general information brokers/clearing houses, thus
enabling queries across distributed inventories.
b. Definition of key stations for climate and standardised regular release of near-realtime data for agreed representative stations
This may require varying efforts depending on the technical and operational status of
stations. All or some of the following steps may be involved:
1. (Re-) establishment of station operation.
2. Upgrading from analog to digital data collection.
3. Automation of inland data transfer schemes of already digitally recording network stations.
4. Adding near-real-time reporting capability to already automated digital national networks.
5. Publication of near-real-time information via internet
6. Machine-readable publication of near-real-time information via internet
7. Standardization of format of near-real-time information via internet
c. Collaboration with international initiatives on identification and data transmission
of essential stations
It is essential to collaborate with existing or emerging global networks as defined in the
GCOS-IP. Countries should (re-) define their national data policies accordingly. For
terrestrial hydrological variables this is GTN-H, respectively its associated data centres and
sub-networks such as GTN-R for river discharge (Maurer, 2005).
d. Coordination, definition of implementation plan, sources of funding, capacity
building
In order to advance in a traceable way, it is important to develop and follow an
implementation plan. Besides breaking down the task into a series of checkable
intermediate goals for individual countries, it is necessary to agree on opportunities for
funding. Besides national contributions, opportunities for international funding need to be
explored, e.g., in the framework of the European Flood Alert System (EFAS). Needs for
capacity building need to be discussed and solutions found.
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APPENDIX 23
PRECIPITATION AND SNOW MEASUREMENTS IN ESTONIA AND ASSESSMENT OF
THEIR POSSIBLE EXTREME VALUES
Tiina Tammets
EMHI, Estonia
MEASUREMENTS
Precipitation and snow measurements are carried out at 58 Estonian meteorological and
hydrological stations. The stations have been provided with one of the three measurement
types: automatic, semi-automatic, and manual. Automating of basic measurements in
climatical and synoptical stations has been introduced in 2003-2004. Measurements of
precipitation and snow depth are still done both manually and automatically, because we
need a methodical examination before relying on only automatic measurements.
Precipitation measurements are carried out at 15 stations with the Tretjakov gauge and
Vaisala RG 13H sensor. Measurement with the aid of Tretjakov and GEONOR gauges are
carried through at 2 stations. Only the Tretjakov gauge is being used in 5 synoptical
stations. One station is completely automated. Principically the GEONOR sensor allows
reliable measurement of solid precipitation too, while RG 13H is considered only for rain
measurement. Measurements with the aid of Tretjakov gauge are carried out at 06 and 12
UTC in all stations and at 18 UTC in addition in six climate stations. 17 stations are provided
with present weather sensor FD 12P, which is also prescribed for measurement of
precipitation. Overgoing to automatic measurement with the aid of it allows beside
measurement of precipation amount to investigate the values of rain intensity. These data
should solve many problems for users who need new and reliable extremes of rain intensity.
In the small stations measuring of precipitation is done traditionally - twice a day with the aid
of Tretjakov gauge.
Snow depth measurements are being carried out automatically in 7 stations with the aid of
the Vaisala SR 50 sensor and in parallel with the rod (in 3-time repetition). In other stations
snow depth is measured only with the rod. There are many technical problems with
automatic snow depth measurements. The problems of snow depth measurements with the
aid of the SR 50 are basically set up of dependence of the results from air temperature.
Extent of snow cover is being observed visually in all semi-automatic and manual stations.
Since 1936 in different year periods more than 60 stations have carried out routine
snowcover measurements. In 2005 routine snow cover measurements are carried out in
surroundings of 12 climate and 21 small (precipitation) stations. There are 2 types of
routines: open field and forest, with the length accordingly 1000/500 m. Routine
measurements are being made on 1,10, 20 and last day of month by extent of snow cover
more than half of surrounding area. By dissolution of snow cover in winter-spring period the
measurements are carried out after 5 day. The schedule of measurements includes
measurement of: snow and ice depth, extent of snow and ice cover; cross-section
measurement of different snow cover layers depth, and density and specification of snow
cover and snow types. Content of water in the snow cover is being calculated.
In order to investigate the extremes and variability of long time data series it is obligatory to
have homogenous data. The schedule, methodics, gauges and sites of measurements have
been changed many times, and that causes unhomogeneity of data. The first task for
studying long-time series is to homogenize the long time series
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NEEDS
1) methodical examining and supplementary providing with sensors to descend on
the completely automatic measurements.
2) automatic recording of rain intensity
3) homogenizing of long time series
4) optimizing of the number and location of measurement stations
RECOMMENDATION ABOUT MEASUREMENTS
In areas like Estonia where the period and part of solid precipitation is essential, the
sensor of automatic measurement of precipitation should surely be provided with
ability to measure reliably the amount of solid precipation
DATA TRANSMISSION AND MANAGEMENT
Recorded automatic data are being read with the aid of Vaisala Met Man server transmitting
them through the GSM network every hour. The climate data are being introduced into
Oracle database CLIDATA. The manually measured data are being input to computer and
sent from climate and synoptical stations to central server and CLIDATA by means of the
special elaborated software. The quality control has not yet been automatized.
Historical data (archives from Soviet Union) 1961-1991 and the main part of data 1991-2004
(Foxpro database; special software elaborated in EMHI) have been entered into the
CLIDATA database.
The small (precipitation) station data are being sent by mail on paper tables and then coded
and introduced manually into computers. The quality control, archiving and processing
system of these data goes through Foxpro software, also elaborated in EMHI.
DEFINCIENCES/NEEDS:
Enlargement of database server capacity
Digitizing of historical data,
Input data from previous databases into CLIDATA.
Automatizing data quality control
Introducing spatial quality control of data using Arc View software
Switchover to more accomplished way to get data from small (precipitation)
stations
ESTIMATING EXTREMES OF SNOW LOAD AND PRECIPITATION AMOUNT: SOME
EXAMPLES
1. Building snow load map on basis of snow measurement data on field routines in 19622002
The snow load map was elaborated to estimate maximum snow loads on Estonian territory
to switch them into national standard of building construction loads. Statistical approaching
and calculations were assigned with the demands of the corresponding European Standard.
We have had permanent snowcover measurements in Estonia since the end of nineteenth
century. The most comprehensive research of snowcover during last 50 years has been
made by H.Tooming and J.Kadaja. There are measurements on the observation field and
on snow routines by the station. The best source of data to calculate snow load should be
the routine snowcover measurements on open field. It considers the density of snow in
different snowcover layers and therefore the weight of snow is given more exactly than by
snow depth mesurements on observation field. The main tasks to get the data for the snow
load map were to:
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1. choose the time series from snow load annual maximum data in 1962-2002 by
different stations. These data must have the time period no less than 20 years by
high quality of measurements.
2. check the conformity of annual maximum snow load distribution to Gumbel
probability distribution
3. calculate for the chosen and checked time series with the longitude of n years the
characteristic of snow load on the ground with a return period of 50 years using the
following formula:

Sn = Sk













ln(− ln(1− P )) + 0,57722
1−V 6
n
(1+ 2,5923V )

,

where Sk is the characteristic snow load on the ground (with a return period of 50
years, in accordance with EN 1990:2002) ;
Sn is the ground snow load with a return period of n years;
Pn is the annual probability of exceedence (equivalent to approximately 1/n, where n
is the corresponding recurrence interval (years);
V is the coefficient of variation of annual maximum snow load.
The number of used time series (stations measurements) was 58. There was lack of data on
West-Estonia islands and therefore at one station the data of forest routine snowcover
measurements were used. The spatial processing of data was made by software Idrisi
Kilimanjaro and presented snow load map by using of the software ESRI ArcView
(J.Roosaare, Institute of Geography of Tartu University).
2. Studying the frequency of extreme wet and dry condition periods on the basis of
daily precipitation data in some Estonian stations in 1925-2004
To specify very wet and very dry conditions we have chosen criteria, which
agrometeorologists have used by field conditions in Estonia. The extreme dangerous wet
conditions are the daily precipitation amount of 10 mm and more in duration of following 10
days. Extreme dry for field plants is by daily precipitation amount less than 0,1 mm in
duration of following 20 days.
To show the amount of such days in a year we have found the moving average of
precipitation of each day with the period of 10 days (wet condition) and 20 days (dry
condition) through all years of precipitation data (1925-2004) in 8 stations. The results show
that in all stations the sum of extreme days (wet+dry conditions) has risen – the trend is
positive. There are periods with a very small number of extreme days and also periods with
a great number of extreme days. These periods seem not to be at the same time in all
stations. It seems that in the last 30-year period the part of very wet conditions in the sum of
extreme condition days has risen.
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APPENDIX 24
GENERATING DETAILED SCENARIOS OF CLIMATE CHANGE
Debbie Hemming, Richard Jones, Geoff Jenkins
Hadley Centre for Climate Prediction and Research
Met Office, EXETER, UK
Introduction
In order to investigate the impacts of climate change, and plan adaptation to it, all countries
need to have estimates of how their climate will change in the future, in the form of
scenarios. The only tool we have for predicting change, representing all components of the
climate systems, atmosphere, ocean, cryosphere, land surface etc., and the relevant
interactions and feedbacks between them, is the global climate model (GCM). In order to
run global models even on the largest of supercomputers, the models generally have a
resolution of some 300km square, and the predictions from them are not detailed enough to
use directly to study impacts and adaptation. For example, over a distance of 300km there
can be great changes in the terrain, such as mountains and coastlines, the effect of which is
not adequately captured by global models. Hence we need to be able to downscale the
global predictions to give a greater detail over individual countries in order for them to be
useable.
Regional Climate Models
The most robust form of downscaling GCM predictions is the use of a regional climate model
(RCM). This is a full physical climate model very similar to a GCM, containing the same
representations of the climate system, but at a much higher resolution – typically 50km or
25km. Because of computer limitations it can only be run over a limited area (“domain”),
typically 5000km x 5000km (about the size of Australia). It is “nested in” (or “driven by”)
predictions from a global model, and therefore carries any uncertainty in the GCM
predictions. Predictions from RCMs have substantial advantages for impacts studies, viz:
•
•
•
•
•

they show greater geographic detail
they take account of smaller-scale terrain features such as mountains and coasts
they resolve smaller-scale weather features such as cyclones
their representation of current climate is much better than in GCMs
climate extremes simulated in RCMs are much closer to those observed than
simulations in GCMs, and hence changes in extremes will be better predicted.

The Hadley Centre PRECIS regional climate modelling system
In the past, RCMs have required supercomputers or large workstations to run on, and this
has generally limited their availability to developed countries. Over the last few years the
Hadley Centre RCM group has ported its current regional climate model to work efficiently
on a PC, and made it possible for the user to set up the RCM area over anywhere in the
world. A straightforward User Interface has been provided, together with analyses and
graphical software. The whole system is known as PRECIS; Providing REgional Climate for
Impacts Studies. With funding from UK ministries (Defra, Dfid and FCO) and from UNDP,
the model is being made freely available to government and related institutes in developing
countries.
To run PRECIS, users require a fast PC (the faster the better) with adequate memory and
hard disk capacities, a digital tape drive with which to input global data and to store RCM
output data. On a 3GHz PC, with a typical setup (50km resolution; 5000km x 5000km
domain), PRECIS will run for 10 model years in about 1 month. PRECIS can also
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incorporate a full sulphur cycle, allowing prediction of aerosol cooling from sulphur dioxide
emissions, with an increase of about 50% in run times.
Using PRECIS
To generate climate change scenarios using PRECIS involves ideally running the regional
climate model to make a simulation of climate over the period 1961-1990 (the current WMO
reference period) and then running to make a climate prediction over a future period
(generally 2071-2100) under a particular scenario of future emissions (most commonly the
IPCC SRES A2); the basic climate change scenario is the difference between these two.
Running the model for as long as 30 years in each case is not essential; 10 years may be
sufficient to make an initial estimate of changes in average climate although uncertainty in
these estimates due to the effect of natural variability will be larger and little information on
changes in climate extremes will be available.
Climate change scenarios for other emissions (for example, SRES A1F1 or SRES B1) or
other time periods (for example 2041-2070) can be generated from a single climate change
scenario (typically the 2071-2100 SRES A2) by scaling changes by the global temperature
predicted by the GCM for the other time periods and emissions. It is normal practice for the
climate change scenario to be added to a baseline observational data set (for example,
1961-90) to give the scenario of future climate, rather than using the model predictions
directly.
The need for observational data
It is important to validate the model over the area of interest, which can be done in two ways:
(a) by comparing the 1961-90 model climatology with observational data for the same period
(both seasonal means and distributions/extremes) and
(b) by carrying out a run of the model driven by a re-analysis of global observations, such as
that compiled by the European Centre for Medium Range Weather Forecasting (ECMWF)
and known as ERA15 (and recently updated and extended to ERA40), and comparing the
RCM output with day-to-day or month-to-month observations.
Validation allows users to assess the reliability of the model, for specific outputs (eg
precipitation) and in different regions; it is therefore important in estimating confidence in the
predictions. In order to be able to carry out the validation, it is critical that countries maintain
and extend national climatological observations, to GCOS standards. A good observational
data base is also required to provide the baseline climate of the country (for example, over
1961-90), to which the PRECIS prediction of climate change can be added to form a climate
scenario for a future period.
Uncertainties in climate scenarios
The PRECIS system will provide users with a detailed climate change scenario which can be
used to investigate impacts. However, it is important the uncertainties in the scenarios are
fully understood, so that adaptation can be properly designed to reflect these. The first major
uncertainty arises from our lack of knowledge of future emissions; this can be taken into
account by developing scenarios for a wide range of SRES emissions profiles (for example,
A1FI to B1). The second is associated with our incomplete understanding of the climate
system and our inability to model it perfectly – so called “science” or “modelling” uncertainty.
This can be quite large in some regions of the world, as shown in the IPCC Third
Assessment report. We can scope the modelling uncertainty by using global fields from a
number of GCMs to drive the PRECIS RCM; currently PRECIS can be run using data
Hadley Centre GCMs and from the German ECHAM4 model. Later this year PRECIS will be
able to be used with probabilistic GCM predictions from the Hadley Centre and work will
soon start to interface PRECIS with various North American GCMs.
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The remaining uncertainty in scenarios is that due to natural variability of the climate system;
we do not know if natural variability will act in the same direction as human-made climate
change in a particular future period and location and hence accentuate it, or act in the
opposite direction and hence reduce its effects. This uncertainty can be quantified by
running the global model a number of times with different initial conditions, and driving the
PRECIS RCM with each of these global predictions. It is clear from the above that, several
experiments with PRECIS will be required in order to take account of these uncertainties,
and it is more efficient for the work to be done in collaboration between several countries,
and the model domain chosen to include these countries.
It is worth noting that for many European countries a significant database of regional climate
projections already exists from the PRUDENCE project (http://prudence.dmi.dk/index.html).
In this project several GCMs and eight RCMs were used to provide a wide range of climate
projections for most or all of Europe. Though this still will not give a comprehensive picture of
future climate change over the region it could form the basis of an initial assessment which
may then be enlarged upon with additional PRECIS experiments. (PRECIS results for the
European region chosen by the Hadley Centre are available from the PRUDENCE data
archive.) Another potential future source of regional climate projections for the European and
adjacent regions is the recently started EU project ENSEMBLES (www.ensembles-eu.org).
Training for PRECIS users
In order to ensure that PRECIS is used in the most efficient way, but also to ensure that all
the uncertainties in scenario generation are properly understood and appreciated, the model
will be made available together with a week-long training course, ideally involving users from
several neighbouring countries. This has already been done for users in south Asia, China,
West Africa (through ACMAD) and Southern Africa, Central America and the Caribbean and
south America. In 2005, courses will be run in Kazakhstan (including representation from
several neighbouring countries) in May and Turkey (again for countries in the region) in
September. There is also a course for users from any region in Reading, UK in June. Earlier
this year a follow-up workshop was held in India for existing and new users from the south
Asian region and a similar workshop is planned for south American users in Argentina
towards the end of the year.
Using PRECIS predictions
We believe that regional climate models such as PRECIS can provide useful information on
future climate change, with clear advantages of corresponding GCM predictions, whilst
always bearing in mind the uncertainties inherent in GCMs. The use of PRECIS by local
centres of expertise will give national ownership of the scenarios. The scenarios can then
be used:
•
•
•

in publications, to effectively raise national awareness of climate change as an issue
in National Communications to the UNFCCC
to feed into models which estimate the impacts of change on agriculture, water
resources, infrastructure, etc.

Hence PRECIS, used in conjunction with impacts models, will aid choice of efficient
adaptation, through the process of mainstreaming climate change in planning by
governments and businesses.
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APPENDIX 25
THE EUMETSAT SATELLITE APPLICATION FACILITIES (SAFS)
AND PRODUCTS
Lothar Schüller and Lorenzo Sarlo
Programme Preparation and SAF Network Management Division
EUMETSAT
Introduction
SAFs are dedicated centres of excellence for processing satellite data and form an integral
component of EUMETSAT’s distributed applications ground segment. Located at National
Meteorological Services in Member States, they use the expertise of the EUMETSAT
community to process application-specific data from geostationary and polar orbiting
satellites for the generations of new products and tools for the meteorological and climate
data user communities. With many products addressing essential climate variables, the SAF
network is able to make an important contribution to a global climate observation system.
When the European Organisation for the Exploitation of Meteorological Satellites
EUMETSAT was established in 1986, its main objective was to establish, maintain and
exploit European systems of operational meteorological satellites, supporting the weather
forecast activities of the National Weather Services of its member state. The role of
EUMETSAT has been expanded since then: the modified Convention from November 2000
addresses also the operational monitoring of the Earth’s climate as a further objective,
helping to detect climate change. Thanks to the technological and scientific development
during the last decades together with new capabilities arising from the advanced
programmes (Meteosat Second Generation MSG and the EUMETSAT Polar System EPS),
new possibilities appear for various fields. With the highly sophisticated instrumentation of
MSG and EPS much more applications and services become feasible than EUMETSAT’s
core activities on supporting weather forecast. This led to the concept of a distributed
Application Ground Segment, including the Central Facility in Darmstadt, Germany, and a
network of elements, known as Satellite Application Facilities (SAF), as specialised
development and processing centres. Utilising the specific expertise available in
EUMETSAT's Member States and Cooperating States, the SAF network complements the
production of standard meteorological products derived from satellite data at EUMETSAT's
Central Facility in Darmstadt and also distributes software packages related to products
generation.

The Satellite Application Facilities Network
Objectives and benefits
The overall objective of a SAF is the provision of operational services, ensuring a costeffective and synergetic balance between the central and distributed services. The SAF
services are an integral part of the overall EUMETSAT operational services. In this context,
the objective of a SAF is to undertake, on a distributed basis, the necessary research,
development and operational services and products aimed at enhancing the value and use
of data for applications, which are a common need of EUMETSAT Member States and
Cooperating States.
There are a number of specific benefits arising from the SAFs, including the improvements
of short-range forecasts of severe weather, better data for aviation, agriculture, sea transport
and fishing, better understanding of causes and effects of pollution, depletion of ozone and
also high quality data for climate monitoring.
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The SAF themes
Seven SAFs are currently in Development or already in Initial Operations, covering seven
“themes” agreed to by the EUMETSAT Council. Each theme addresses operational
meteorological, observation of climate relevant parameters and other disciplines. The
following list describes briefly the currently established SAFs, their goals and their current
status:
1) The SAF on “Support to Nowcasting and Very Short Range Forecasting” (NWC
SAF) was established to utilise the new data from MSG and the future EUMETSAT Polar
System (EPS) for enhanced Nowcasting. Software packages are being developed for the
operational extraction of products relevant for Nowcasting and are distributed for local
installation. The NWC SAF has been in its Initial Operations Phase (IOP) since March
2002 and the first official software versions have been licensed to users in October 2004.
2) The SAF on “Ocean and Sea Ice” (OSI SAF) routinely produces and disseminates
products characterising the ocean surface and the energy fluxes across the sea surface.
The OSI SAF is in its Initial Operations Phase since July 2002 and is currently
distributing near real-time products based on MSG and NOAA data.
3) The SAF on “Ozone Monitoring” (O3M SAF) is being developed for the processing of
data on ozone, other trace gases, aerosols, and ultraviolet radiation estimated from
satellite observations. Emphasis is given on the preparation for the Global Ozone
Monitoring Experiment (GOME-2) on EPS. The O3M SAF is scheduled to start
operations in spring 2007.
4) The SAF on “Climate Monitoring” (CM SAF) generates and archives high-quality
dataset for specific climate application areas. Currently it concentrates on cloud
parameters, radiation budget parameters and atmospheric humidity. The CM SAF
completed its development phase and entered the IOP in January 2004. Cloud
parameters as derived from NOAA-AVHRR data are produced pre-operationally since
November 2004.
5) The SAF on “Numerical Weather Prediction” (NWP SAF) aims at increasing the
benefits to the various European meteorological services from Numerical Weather
Prediction (NWP) by developing advanced techniques for the effective use of satellite
data. The NWP SAF is in its Initial Operations Phase since March 2004.
6) The SAF on “GRAS Meteorology” (GRM SAF) is dedicated to radio occultation
measurements from the EPS Metop satellite. It focuses on the Global Positioning
System (GPS) Receiver for Atmospheric Sounding (GRAS) instrument to be flown on
EPS. The SAF will provide near-real time and offline sounding data (temperature,
pressure, and humidity) and corresponding validation products as well as software for
the assimilation of GRAS data in NWP models. The GRAS SAF will enter its IOP in
spring 2007.
7) The broad scope of the SAF on “Land Surface Analysis” (LSA SAF) is to increase the
benefit from MSG and EPS data related to land, land-atmosphere interaction, and
biospheric applications by developing techniques that will allow a more effective use of
satellite data. The start of Initial Operations Phase of the LSA SAF was January 2005.
The EUMETSAT council approved an 8th SAF Theme on support to Operational Hydrology
and Water Management in November 2002, thus creating a new SAF opportunity. Currently,
a proposal for a SAF project is under evaluation.
SAF Network Organisation
Each SAF is led by the National Meteorological Service of a EUMETSAT Member State,
working with a consortium of cooperating entities, such as other Meteorological Services,
government bodies and research institutes of Member and Cooperating States.
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The SAFs undergo a development phase, typically lasting 5 years, followed by an
incremental transfer to operations of developed products. During the development phase,
the leading Service assumes the role of host institute of the SAF. During the operational
phase, the operations coordination is assumed by a SAF operational leading entity.
The progress of the development and operations of a SAF is monitored and directed by a
Steering Group chaired by the SAF Host Institute (or Leading Entity), and involving
representatives of the consortium, the EUMETSAT Secretariat, and appropriate EUMETSAT
delegate bodies.
The EUMETSAT Council is responsible for deciding matters of SAF strategy, policy and
funding. The EUMETSAT Secretariat is responsible for the supervision and monitoring of the
overall SAF Network and its evolution, giving advice on management, development,
engineering and planning processes to all entities responsible for the development. To this
aim, the Secretariat establishes and implements SAF Network level coordination
mechanisms to share information and maintain technical and scientific coherence across the
SAF Network.
Satellite Data Sources and product distribution
During development, the SAFs may use data available from any suitable satellite systems,
including research missions. In the operational phases, the primary focus is on the
exploitation of data provided by operational satellites, and in particular by the EUMETSAT
Geostationary and Polar systems.
Near Real Time SAF products are distributed by satellite (e.g. EUMETCast) via the World
Meteorological Organisation's (WMO) Global Telecommunication System (GTS) / Regional
Meteorological Data Communications Network (RMDCN) or by other means as appropriate.
The SAFs are already users of the EUMETCast dissemination capability of EUMETSAT.
SAF products as part of a Global Climate Observation System
Climate observations for the monitoring of the climate, the assessment of its natural
variability and the detection of trends require high quality measurements of relevant climate
parameters on a global scale. Such inputs are extremely essential for any precise prediction
of climate change and its impact and are also necessary to attribute the causes that might
have led to the changes. The parties of the United Nations Framework Convention on
Climate Change (UNFCCC) have expressed the demand on systematic climate observations
and the International Programme on Global Climate Observation System (GCOS) is
coordinating such activities.
Space borne observations systems are obviously and essential element of a global climate
monitoring system, because of their ability to continuously observe large part of the Earth’s
surface and atmosphere. Operational satellite systems, such as the current and future
METEOSAT generations and the Metop satellites of the EPS programme play a particular
role, since they can provide rather long observation records in contrast to research and
experimental space missions.
Within the framework of GCOS, parameters of high relevance for global climate change
have been identified (Essential Climate Variables ECV). GCOS also formulated principles for
global climate monitoring as well as detailed requirements on the measurements of ECV in
terms of accuracy and temporal and spatial resolution.
Many SAF products address Essential Climate Variables, e.g. the large suite of cloud
parameters and radiative fluxes but also important quantities like Ocean and Land Surface
Temperature and Sea Ice properties, and the processing of most of them is / will be in line
with the GCOS requirements. Currently, the SAF products including the ones of the Climate
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Monitoring SAF are focused on the regional scale, but dedicated development and SAF
evolution will lead to global coverage of more and more parameters. For example: In spring
2005, the Ocean and Sea Ice SAF will start the operation of the global ice parameter
product. This will be the first operational global SAF product. When the two SAFs that are
especially related to measurements with instruments on the polar orbiting Metop-EPS
satellites (Ozone Monitoring and GRAS meteorology) enter into operation in 2007, their
product will have global coverage from the beginning.
Further development towards global climate products will be continuously conducted during
the next phases in all relevant SAFs. Regular meetings and consultations within the SAF
Network and/or with GCOS and the World Meteorological Organisation WMO ensure the
consideration of GCOS requirements during the evolution of the SAF Network along the
climate monitoring principles.
Recommendations for satellite observations for climate monitoring
From a first meeting of that kind, held in July 2004, several recommendations were made by
the participants, some of them addressing general issues for satellite observations for
climate monitoring:
•
•

•
•

•

Backward extension of current satellite climate products should be enabled as
far as existing data archives allow
Research institutions are considered as key users of climate monitoring data
and products. Thus, partnerships should be established with them with a view to
a) assess the use of products in climate sciences, b) achieve scientific progress
for existing and new products, c) achieve scientific progress for the integration
of satellite products into integrated climate products and d) bring third party
quasi-operational products into operations.
Satellite climate products should be minimally influenced by dynamical models.
Products should be classified into baseline and integrated products following the
guidelines of GCOS. This will also imply stratification after complexity of
derivation, e.g. simple regression versus NWP model involvement. The products
should be flagged accordingly, to ensure that the users understand for which
purpose the product may be used.
A strategy should be established to produce a) climate-quality calibration for
individual instruments (nominal calibration) b) normalization of similar
instruments on a series of satellites (normalized calibration) and c) vicarious
calibration using other in-situ or remote sensing instrumentation to provide
reference to an absolute standard.

More information
Further information on the EUMETSAT SAF Network, more detailed description on the SAF
activities, products and product characteristics accessible at: www.eumetsat.de/saf
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APPENDIX 26
EARTH OBSERVATION RELATED ACTIVITIES OF EU ENVIRONMENT RESEARCH
IN CONTEXT OF GEO AND GMES
Tobias Fuchs
European Commission, DG Research, Dir. I, Brussels
The Group on Earth Observations (GEO) and the Global Earth Observation System of
Systems (GEOSS)
At present, there are some 100 000 in-situ stations installed on ground-based platforms, on
buoys, ships, in the deep ocean, on aircraft, weather balloons, and many other platforms.
Approximately 50 environmental satellites are currently in orbit. These Earth observation
systems – in-situ sensors for direct observations very close to the object being observed and
remote sensing sensors for indirect observations far away from the observed object - use all
manner of tools and technologies, collecting and processing environmental data around the
world. Unfortunately, many of these systems operate independently, exchanging little or no
information. In addition, several temporal and spatial gaps exist in global Earth observation
systems (comprising all satellite, airborne, terrestrial or ocean-based in-situ and remote
sensing observation platforms). National, regional and global Earth observation research
and operational programmes suffer from a lack of coordination and continuity due to insufficient political support and commitment. Availability and access to Earth observation-based
data, information, products and services, tailored to users needs, is not sufficient in many
domains.
This is why the first Earth Observation Summit on 31 July 2003 in Washington launched the
intergovernmental ad hoc Group on Earth Observation (GEO) to develop a ten-year implementation plan for a Global Earth Observation System of Systems (GEOSS). This plan was
delivered by the ad hoc GEO at the Third Earth Observation Summit on 16 February 2005 in
Brussels and was endorsed by the governments of 53 GEO member countries and the
European Commission. 16 of the countries involved are EU members and an additional 3
are European countries associated to the EU Framework Programme. 41 international
organisations currently participate in GEO, among which are the major global organisations
and institutions dealing with climate-related Earth observations: GCOS, GTOS, GOOS,
IGOS-P, WMO, CEOS. The GEO initiative is currently in its transition phase from end of the
ad hoc phase in mid February 2005 to the start of the implementation phase at the beginning
of 2006.
GEOSS will be a distributed system of Earth observation systems, building on and strengthening current cooperation efforts among existing observing and processing systems within
their mandate, like the Global Climate Observing System (GCOS), while encouraging and
accommodating new components, like the observation components of the European ‘Global
Monitoring for Environment and Security (GMES) initiative. It will acquire observational data
from all different Earth observation platforms, taking care of interoperability and harmonisation of data from different systems, aiming to process data into useful environmental information products for the benefit of the world. GEOSS will address the exchange, dissemination and archiving of shared data, metadata and products. Last, but not least, activities to
strengthen and continue Earth Observation related research, capacity building and outreach
will be undertaken in context of the GEOSS implementation.
GEOSS related environment research challenges on a European level
During its ten-year implementation period, GEOSS will provide new impetus for research.
The GEOSS 10-Year Implementation Plan Reference Document, approved at the Third
Earth Observation Summit on 16 February in Brussels, specifies a 2-year target (2006/2007)
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to facilitate the development and availability of data, metadata and products (including base
maps and common socio-economic data) commonly required across the 9 GEOSS societal
benefit areas (weather, climate, disaster reduction, health, water management, energy, ecosystems, agriculture and desertification, biodiversity). Within the next 6 years (2006-2011) it
is targeted to facilitate in the different GEOSS societal benefit areas improved data management approaches in the context of GEOSS. This will encompass a broad perspective of
the Earth observation data life cycle, from input through data acquisition, processing,
archiving and dissemination of data.
The Sixth EU Framework Programme for Research and Technological Development (FP6) is
addressing research challenges related to the GEOSS activity. The majority of support for
the GEOSS implementation is expected from the EU environment research activities conducted by the European Commission. All 9 current GEOSS socio-economic benefit areas
are closely related to EU environment research topics, whose GEOSS contributions comprise the improvement, integration and use of earth observation systems from all available
in-situ and remote sensing platforms for environmental and sustainability issues and applications. Examples include climate change monitoring, tsunami early warning and risk management. Also interoperability between different Earth observation systems and platforms,
and optimisation of information products for understanding, modelling and predicting environmental phenomena, like natural and human induced disasters and related health impacts,
will further be addressed by GEOSS related environment research activities. The 7th
Framework Programme (FP7) will ensure the continuity of these activities and explicitly
makes the link with the GEOSS Implementation Plan in the thematic area “Environment
(including climate change).”
Coordination of GEOSS with other important EU initiatives will be ensured, in particular with
the EC and ESA-lead Global Monitoring for Environment and Security (GMES) initiative.
GMES uses coordinated Earth observation and environmental monitoring information to
develop operational user driven services to support better decision making on the environment and security. GMES “demonstrator projects” addressing environmental issues are
already supported under FP6 and by ESA funding. The GMES observation component will
be a major European contribution to GEOSS. GMES will be part of the thematic priority on
Space and Security of FP7 and of the EU Space Policy.
Another highly relevant EU initiative is the INSPIRE (INfrastructure for SPatial InfoRmation in
Europe) directive of the EU environment policy. INSPIRE aims at making available relevant,
harmonised and quality geographic information for formulation, implementation, monitoring
and evaluation of Community policy-making by addressing data management and sharing,
standards and interoperability issues of European spatial data. Thus INSPIRE and related
GEOSS activities will also be mutually beneficial. Many other EU environment policies take
advantage of GEOSS, in particular those relating to climate change, biodiversity protection,
the water cycle, natural resources and civil protection strategy. The same remark is valid for
the marine resources issues contained in the maritime strategy.
Beside GMES, other regional and national European national observation systems, modelling and data processing centres and data exchange and dissemination centres will be components of GEOSS. In addition, European countries can make contributions to the GEOSS
initial components from their national observation systems, modelling and data processing
centres, and data exchange and dissemination centres.
European environment research activities will support the development, coordination, harmonisation and integration of existing observations from many different platforms in order to
ensure long-term, systematic measurements. The 4th call for proposals of FP6 on environment research, intended to be published in July 2005, is expected to address climate obser-
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vation-related topics like a ‘European atmospheric observation system’, ‘Health, economic
and social impacts of extreme events‘ and ‘Atmospheric aerosols and climate forcing’.
Conclusion
The implementation of GEOSS during the next 10 years will facilitate the production of high
quality monitoring information on climate variability and change in order to support national
and global decision-making. A major European contribution to the GEOSS will be the Global
Monitoring for Environment and Security (GMES) initiative. GMES will provide operational
user-driven environmental monitoring services based on integration of available Earth observation components. Vice versa GEOSS will be useful for further improvement of GMES services by providing interoperable Earth observation systems and data as well as Earth
system research achievements. Close cooperation between GMES and GEO activities (and
related activities such as INSPIRE) will be mutually beneficial. The same principle will be
applied to the other regional and national European Earth observation initiatives.
FP6 and FP7 European Union environment research projects on topics like natural
disasters, climate variability and change, health, agriculture and desertification, will address
the integrated use and sharing of consistent and systematic long-term data from all Earth
observation platforms supporting the GEOSS needs and benefits such as to better
understand, assess, predict, mitigate and adapt to climate variability and change.
More information on the Internet
EU environment research (incl. FP6 calls): http://www.cordis.lu/sustdev/environment/
FP6: http://europa.eu.int/comm/research/nfp.html
Future European research (FP7): http://europa.eu.int/comm/research/future/index_en.html
Group on Earth Observations (GEO): http://earthobservations.org
Global Monitoring for Environment and Security (GMES): http://www.gmes.info/
EU environment research related to Earth Observation:
http://europa.eu.int/comm/research/environment/themes/article_1357_en.htm
EU Brochure ‘EU research for sustainable Earth Observation’:
http://europa.eu.int/comm/research/environment/pdf/eo_envt_en.pdf
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APPENDIX 27
RESOURCE MOBILISATION ISSUES: SUMMARY
Jim Williams
Consultant supported by the Met Office UK
The Purpose of this presentation is to help inform our collective efforts towards obtaining
finance to meet priority GCOS needs in East and Central Europe. It explores the logic of
how to get enough money, to do what needs doing.
The presentation is structured around four themes pertinent to securing finance for
enhancing (climate and weather) services in Eastern and Central Europe.
These themes are:
1. Globalisation, Change and the International Development Agenda
2. Sources of Development Assistance Pertinent to East and Central Europe
3. How to make a weather service more attractive for financial support
4. The significance of the GCOS Regional Action Plan and how to present it
1. Globalisation, Institutional Change and the International Development Agenda
There is an overriding imperative for institutions (such as weather services, which are de
facto time-sensitive, information service providers) to continually ‘adapt to change’ in a
globalised world where ‘everything is always changing’
o
o
o
o
o

Global economy: World Trade Organisation
Global environment -- Climate change
Meteorology/GCOS: Global technical partnership
Poverty elimination: Global social goal
Global Government: UN +

In this rapidly changing world, institutions must evolve or they become irrelevant very
quickly.
The Organisation for Economic Cooperation & Development plays a key role (see
http://www.oecd.org/home/) in harmonising development. It is effectively a rich-country club
but it has a number of important roles and it is useful to understand its significance (e.g. a
recent call to address environmental degradation).
Today, there is increasing coordination in national objectives, policies, strategies and
practices. Nearly all governments now work to a common development agenda for
sustainable development and reducing poverty worldwide. See the Millennium
Development Goals for an example of global development coordination
There is much opportunity for (individuals and) institutions capable of evolving in accordance
with their economic, social, technical and institutional environment. And increasing
incentives to collaborate within regions (e.g. Europe)
2. Sources of Development Assistance pertinent to East and Central Europe
In principle, it is the responsibility of the national government to maintain a national weather
service that is ‘fit for purpose.’ In practice, meteorology is often a low priority when
competing for funding from a restricted national budget. Possible sources of additional
finance include:
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A. European Union/Commission
o Research funds (Framework Programme 7: more than €2 Billion for Sustainable
development, global change and ecosystems research in FP6)
o Development assistance (TACIS, PHARE, …)
o Enlargement and pre-accession funds
o Regional integration funds (beware: NMS = New Member States as well as National
Meteorological Service)
(See http://europa.eu.int/comm/index_en.htm under International Affairs, and table below for
some examples).
B. European Bank for reconstructin and RD: see http://www.ebrd.com/ under ‘countries’
C. World Bank Group: see http://www.worldbank.org/, under countries and regions, select a
country and then country strategy or overview:
D. Donors and Weather Services in OECD countries.
Significant sums of money are allocated for different development purposes, much of it for
multi-country (regional) funds.
3. How to make a weather service more attractive for finance and support
In order to attract funding, a weather service
a) must be seen to be a vital part of the national development agenda
b) must be sure to be delivering services in areas well financed (water resources,
climate change, pollution monitoring, disaster warning ….)
c) Directors have much larger responsibility for the future of their departments:
important differences to the funding process in a command economy as opposed to a
market economy
d) There is a recognised process for appropriate institutional development (participative
development and implementation of a strategic plan)
If a weather service is perceived as effective in contributing to the national development
agenda then it will receive more finance from government and be eligible for support from
donors and development banks.
4. The significance of the GCOS Regional Action Plan for East and Central Europe,
and how to present it
We need to ask ourselves:
o What is the objective of the Action Plan?
o Who is it written for (who will read it with purpose)?
o Is it a technical document for us?
o Could it be designed to facilitate funding through emphasizing the importance of
weather services in the climate change process and the importance of adequate
funding today (i.e. aimed at government, financiers and partners)?
If so, then:o
o
o

It needs to emphasize strengths, address weaknesses and seize opportunities
The Regional Action Plan needs to be set out so busy economists can read it quickly
and agree with proposals. It is most important to have clear goals and objectives,
with detail (outputs and activities) as supporting material, not the other way round
We need to package what we want to achieve in a form that is high priority on
national and regional development agendas.
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Possible Thematic Approaches to funding:
a) Climate Change
b) Integrated Water Resource Management
c) Environmental Monitoring
a) Climate Change is very high profile at the moment, especially in relation to sustainable
development but a significant obstacle is the duplication of weather services in Europe
(Some 40 national weather services for 400 million people whereas in USA they have some
3 weather services for 300 million people, including the military).
b) Integrated Water Resource Management is also high profile, well funded and most
pertinent to collective European interests (EU Water Framework Directive).
c) Real time Environment Monitoring is a technical area that weather services could
‘naturally extend’ into with benefit, making use of their comparative advantages in access to
meteorological and environmental satellites.
Conclusion
Significant finance is available for development in East & Central Europe, particularly for
regional activities. Some of these funds might be considered for support to GCOS objectives
if we develop a good GCOS Regional Action Plan based on delivering objectives attractive
to the funding sources, and pursue agencies accordingly.
== ==
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Annex: Sources of EU finance for different countries in Eastern and Central Europe (from
EUROPA website)

Country
1

Belarus

2

Bulgaria

3

Czech
Republic

4

Estonia

5

Hungary

6

Latvia

7

Lithuania

8 Republic of
Moldova

9

Poland

10

Romania

11

Russian
Federation

12

Slovakia

EU status

Indicators for EU Sources of Finance

European Some € 220 million invested since 1991through TACIS, TACIS
Neighbourhood regional ECHO, INTAS, etc. Future: humanitarian, regional, and
Policy
cross-border cooperation and projects supporting
democratisation in Belarus: some € 10 million in TACIS each
year. Also INTEREG III
Candidate Bulgaria and Romania together have been allocated some €4.5
Billion in pre-accession aid for the period 2004-2006
New member EU supports 1 national, 1 sub-regional and 2 multi-regional
Also OECD programmes as well as 4 INTEREG community initiatives;
including support to environmental infrastructure.
New member EU Objective 1 programme for the 2004-2006 period. Structural
Funds provide EUR 371 million out of a total budget of over
EUR 507 million in Estonia. Also INTEREG IIIB
New member EU: Three development programmes including an
Also OECD "Environmental Protection and Infrastructure" Programme for
the 2004-2006 with Community assistance of more than EUR
327 million, out of a total budget of approximately EUR 440
million, plus 4 INTERREG III activities.
New member EU Objective 1 programme for the 2004-2006 period. Structural
Funds provide EUR 626 million out of a total budget of EUR 856
million, including developing infrastructure related to quality of
life (environmental etc) also INTEREG IIIB
New member EU Objective 1 programme for the 2004-2006 period. Structural
Funds provide EUR 895 million out of a total budget of EUR 1
211 million. Also INTEREG IIIB
European TACIS for Moldova is implemented through the national Action
Neighbourhood Programme (€ 21 million in 2001) and the Small Projects
Policy
Programme . Moldova benefits also from the TACIS Regional
Programme and the Cross-Border Co-operation Programme
(CBC) which aims to activate co-operation between the eastern
borders of Central European accession countries and the
western borders of Russia, Ukraine, Belarus and Moldova.
New member Four EU multiregional and 7 INTEREG III programmes.
Also OECD Including support for all the Polish regions within the Objective 1
framework (with support for environmental infrastructure. EU
assistance amounts to more than EUR 1 251 million, out of a
total budget of approximately EUR 1 712 million during 2004-6
Candidate Bulgaria and Romania together have been allocated some €4.5
Billion in pre-accession aid for the period 2004-2006:
Cross-Border Co-operation Programme (CBC) which aims
…. to activate regional co-operation between the eastern
borders of Central European accession countries and the
western borders of Russia, Ukraine, Belarus and Moldova. Also
INTEREG IIIB (Baltic)
New member EU co-financing of a "Basic infrastructure" Operational
Also OECD Programme for the 2004-2006 period and provide more than
EUR 422 million out of a total budget of EUR 573 million, plus 4
INTERREG III programmes
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Language
Russian

English
English
English
English

English

English
Russian
English

English

English
Russian

English

13

Slovenia

New member EU supports an Objective 1 programme for the 2004-2006
English
period with EUR 237.5 million out of a total budget of 334.5
EUR million. Also four INTEREG III programmes including
Alpine.
14 Ukraine
European The EU is the largest donor to Ukraine. Total assistance since Russian
Neighbourhood 1991 amounted to more than €1 billion, including through the
Policy
TACIS programme, macro-financial assistance, and
humanitarian assistance. Under TACIS allocations are : 2005: €
88 million and 2006: € 100 million (planned)
15 Bosnia and
Western
The EU has contributed almost € 2.5 billion to support
English
Herzegovina
Balkan
reconstruction and promote EU integration in many areas. Of
the €200 million allocated 2002-2004 (CARDS) € 20 million
were for the environment and natural resources:
16 Croatia Candidate and Between 1991 and 2000 the European Commission supported
English
Western
projects worth EUR 367 million, including: protection of the
Balkan
environment of which €10 million on the environment between
2002 and 2004 (CARDS)
17 Serbia and
Western
Since 1991, the EU has provided assistance to Serbia and
English
Montenegro
Balkan
Montenegro (including Kosovo) totaling almost EUR 3 billion, of
which more than EUR 2 billion since October 2000.
18 The Former
Western
Between 1992 and 2000, the EU contributed some EUR 475
English
Yugoslav
Balkan
million to support the efforts by the Former Yugoslav Republic
Republic of
of Macedonia to implement the reforms required under the
Macedonia
stabilisation and association process and, one day, join the EU.
For environment, 2% of €136 million under CARDS 2002-2004
EU Europa information sources include:
http://europa.eu.int/comm/external_relations/moldova/intro/index.htm,
http://europa.eu.int/comm/enlargement/financial_assistance.htm,
http://europa.eu.int/comm/regional_policy/atlas/index_en.htm
== ==
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APPENDIX 28
LIST OF ACRONYMS
ARCHISS
ARENA
BMU
BSRN
BUFR
CEE
CIESM
CIMO
DARE
DWD
EC
EC
ECSN
ECVs
EDIOS
ESA
ESEAS
EU
EUMETNET
EUMETSAT
EuroGOOS
GAW
GCMS
GCOS
GEF
GEMS
GEO
GEOSS
GHGs
GLOSS
GMES
GODAR
GOOS
GOSIC
GSN
GSNMC
GTS
GRAS
GUAN
ICSU
IGACO
IOC
IODE
IPC
IPCC
JCOMM
JMA
LDCs
MedGOOS
NCDC

Archival Climate History Survey Project
A Regional Capacity Building and Networking Programme to Upgrade
Monitoring and Forecasting Activity in the Black Sea Basin
German Ministry of Environment, Nature Conservation and Nuclear Safety
Baseline Surface Radiation Network
Binery Universal Form for the Representation of Meteorological Data
Central and Eastern European
International Commission for the Exploration of the Mediterranean Sea
Commission for Instruments and Methods of Observation (WMO)
Data Rescue (WCDMP project)
Deutscher Wetterdienst
European Commission
Executive Council (WMO)
European Climate Support Network
Essential Climate Variables
European Directory of the Ocean-Observing System
European Space Agency
European Sea Level Service
European Union
European Meteorological Network
European Organisation for the Exploitation of Meteorological Satellites
European GOOS
Global Atmosphere Watch
Global Climate Models
Global Climate Observing System
Global Environment Facility
Global Environment Monitoring System
Group on Earth Observations
Global Earth Observation System of Systems
Greenhouse Gases
Global Sea Level Observing System
Global Monitoring for Environment and Security
Global Ocean Data Archaeology and Rescue
Global Ocean Observing System
Global Observing Systems Information Center
GCOS Surface Network
GSN Monitoring Centre
Global Telecommunication System
GNSS Receiver for Atmospheric Sounding
GCOS Upper-Air Network
International Council for Science
Integrated Global Atmospheric Chemistry Observations (IGOS Theme)
Intergovernmental Oceanographic Commission
International Oceanographic Data and Information Exchange
International Pyrheliometer Comparison
Intergovernmental Panel on Climate Change
Joint Technical Commission for Oceanography and Marine Meteorology
Japan Meteorological Agency
Least-developed Countries
Mediterranean GOOS
National Climatic Data Center
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NWP
OECD
PI-GCOS
QA/QC
RA
RBCN
RCMs
RCU
R&D
RMTN
RPCs
SAF
SBSTA
SIDS
TOPC
UNDP
UNEP
UNESCO
UNFCCC
VSRF
WDCGG
WMO

Numerical Weather Prediction
Organization for Economic Co-operation and Development
Pacific Island GCOS
Quality Assurance/Quality Control
Regional Associaton
Regional Basic Climatological Network
Regional Climate Models
Relative Climate Units
Research and Development
Regional Meteorological Telecommunication Network
Regional Pyrheliometer Comparisons
Satellite Application Facilities
Subsidiary Body for Scientific and Technological Advice (UNFCCC/COP)
Small Island Developing States
Terrestrial Observation Panel for Climate
United Nations Development Programme
United Nations Environment Programme
United Nations Educational, Scientific and Cultural Organization
United Nations Framework Convention on Climate Change
Very Short-Range Forecasting
World Data Centre on Greenhouse Gases
World Meteorological Organization
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