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FOREWORD
The GCOS Regional Workshop for South America, which is described in this report, is the start
of a regional 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 Action Plan.
During the workshop, we made progress in identifying national and regional needs for climate
as they relate to climate policies, national activities, and sustainable development. We also
identified a range of deficiencies in current systems and determined some key regional
priorities. We began discussion of developing a Regional Action Plan that can serve as a
vehicle to articulate the needs and priorities of the region and bring these needs and priorities to
the attention of the Parties to the United Nations Framework Convention on Climate Change
and prospective 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 the process, it is essential that we seek support for the plan from your national authorities and
regional bodies. GCOS will work with you, but the plan needs to be yours – regionally focused,
regionally motivated, and regionally owned. GCOS values your participation in the Regional
Workshop for South America and looks forward to working with you as we seek to improve
systematic observations in the region.
I wish to express my appreciation to the Government of Chile for its hospitality and the fine
reception that we all enjoyed in Santiago. I also wish to thank Mr Hugo Oliva, Director,
Meteorological Service of Chile, for his efforts and those of his staff, which were a major factor
in the success of the workshop. Finally, the active and effective partnership with the Director
and staff of the World Meteorological Organization's Regional Office for the Americas is greatly
appreciated, and we look forward to future collaboration.

Alan Thomas
Director, GCOS
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EXECUTIVE SUMMARY
The Global Climate Observing System (GCOS) held its Regional Workshop for South America
at the Four Points Sheraton Hotel, Santiago, Chile, during the three-day period of 14-16 October
2003. GCOS organized this sixth workshop in its Regional Workshop Programme in
collaboration with the Meteorological Service of Chile and the WMO Regional Office for the
Americas. The workshop was made possible through financial assistance provided by the
Global Environment Facility/United Nations Development Programme (GEF/UNDP), the U.S.
National Oceanic and Atmospheric Administration (NOAA), the Andean Development
Corporation, and the U.K. Met Office.
The goals of the workshop were (1) to identify gaps and deficiencies in GCOS-related climate
observing systems in South America and (2) to initiate the development of a GCOS Regional
Action Plan aimed at improving regional capabilities in atmospheric, oceanic, and terrestrial data
collection and in production and delivery of climate products and services. The proposed
Regional Action Plan will contribute to regional and global efforts to detect climate change,
monitor the climate system, plan for and adapt to the impacts of climate variability and climate
change and, at the same time, enhance the abilities of the nations of South America to address
their domestic requirements for climate data and services.
In context-setting, opening remarks, Dr Alan Thomas (Director, GCOS Secretariat) outlined the
mission of GCOS and its relationship with the United Nations Framework Convention on
Climate Change (UNFCCC). He highlighted the importance of the Regional Workshop in
initiating the development of a Regional GCOS Action Plan to address deficiencies in climate
observing systems in South America. Drawing attention to the participation of National Climate
Change Coordinators in the workshop, he encouraged enhanced collaboration with these
important users of climate information. Dr Thomas stressed the need to develop a funding
strategy to obtain the resources needed to implement Action Plan initiatives that would assist in
meeting global and regional needs for climate system observations.
Subsequent workshop presentations and plenary discussions addressed user needs for climate
observations and the status, deficiencies, and needs of atmospheric, oceanic and terrestrial
observational networks, including their related telecommunications, data management, data
exchange, and archiving systems. Presentations placed substantial emphasis on the vital issue
of resource mobilization and also addressed a number of crosscutting topics. During their
deliberations, workshop participants highlighted the following issues and deficiencies as among
high priorities that should be addressed in a GCOS Regional Action Plan:
•

Coordination needs to be improved between providers of climate data and information and
users of this information. Improved coordination is required at both national and regional or
continental levels.

•
•

Enhancements are needed to
key atmospheric observation programmes and networks in South America, including in
particular the GCOS Surface and Upper-Air Networks (GSN and GUAN).

•

Needs exist for improvements to climate data collection, data standards and quality
assurance, data exchange, data management, and archiving in the region. As a related
priority, telecommunication systems need to be modernized in some locations.
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•

There is a need to pursue data rescue for historical South American climate system data
that is at risk of being lost.

•

Implementation of the Global Ocean Observing System (GOOS) and its SAGOOS (South
Atlantic GOOS) and GRASP (GOOS Regional Alliance for the South East Pacific) Regional
Alliances would address important GCOS-related needs in South America and should be
pursued. Particular GCOS requirements exist for additional sea level observations from
GPS-equipped stations and for the maintenance and expansion of the Pilot Research
Moored Array in the Tropical Atlantic (PIRATA) ocean buoy network.

•

Needs exist to improve the exchange of hydrological data and to enhance and sustain
hydrological observation networks in the region.

•

Needs exist to improve systematic monitoring of glaciers and permafrost in South America
and for related climate observations at high elevations.

•

Needs exist for capacity building in relation to satellite and radar applications for climate.

•

Advantage should be taken of research projects, such as the Variability of the American
Monsoon Systems (VAMOS), that can contribute to the optimum design of observational
networks and have considerable potential for development of useful seasonal to interannual
predictions.

•

Development of a resource mobilization strategy for GCOS must be given a top priority. In
order to obtain the resources needed to sustain these programmes over the long term, the
vital importance of systematic observations of the climate system for early warning, disaster
preparedness, monitoring and detection of climate variability and climate change, and other
applications, must be highlighted to national governments and international donors.

At the conclusion of the workshop, Dr Thomas outlined the proposed next steps in the
development of a GCOS Regional Action Plan for South America. It was agreed that a small,
broadly representative, steering committee/writing group would be created to prepare a draft
Action Plan and that this draft Plan would then be circulated to all workshop participants for
critical review and comment prior to being finalized. The final version of the GCOS Regional
Action Plan would be presented to delegates attending the 10th meeting of the Conference of
the Parties to the UN Framework Convention on Climate Change in November 2004 and also
published on the GCOS web site.
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INTRODUCTION
The GCOS Regional Workshop for South America was held at the Four Points Sheraton Hotel,
Santiago, Chile, during the three-day period of 14-16 October 2003. The Meteorological
Service of Chile hosted the workshop with logistical and other support provided by the Director
and staff of the WMO Regional Office for the Americas. The workshop was made possible
through financial assistance provided by the Global Environment Facility/United Nations
Development Programme (GEF/UNDP), the U.S. National Oceanic and Atmospheric
Administration (NOAA), the Andean Development Corporation, and the U.K. Met Office.
Participants included WMO Permanent Representatives and National Climate Change
Coordinators from South American nations, and invited experts from various disciplines related
to observations of the climate system. A copy of the workshop agenda and a list of attendees
are attached to this report.
OPENING CEREMONY

Master of Ceremonies: Gabriel Hernandez

Mr Hugo Oliva, Director, Meteorological Service of Chile and Permanent Representative of
Chile with the World Meteorological Organization, formally welcomed participants to the GCOS
Regional Workshop for South America. Briefly outlining the history of meteorology in Chile and
the contributions of his country in the oceanographic and terrestrial sectors, he drew attention to
the linkage between GCOS and the objectives of the United Nations Framework Convention on
Climate Change (UNFCCC). He concluded by indicating the strong desire of his Service to
participate in the development of a Regional GCOS Action Plan for South America and
expressed his hope that the workshop objectives would be achieved.
Dr Alan Thomas, Director, GCOS Secretariat, expressed his pleasure that the Workshop could
be held in Santiago. He highlighted that the importance of research and systematic observations
was recognized in the UNFCCC. The Conference of the Parties (COP) to the UNFCCC had,
however, pointed out the inadequacy of present observational systems to meet the
requirements of the Convention. In consequence, the fifth conference of the parties (COP-5)
had invited GCOS, with support from the UNDP and GEF, to organize regional workshops
aimed at the development of Regional GCOS Action Plans to address identified deficiencies in
observational networks and related systems. Dr Thomas thanked the Meteorological Service of
Chile, the WMO Regional Office for the Americas, the GEF/UNDP, NOAA, the U.K. Met Office,
and the Andean Development Corporation for their support that had made the present workshop
possible.
Ms Cecilia Gallardo welcomed delegates to the workshop on behalf of the Chilean Ministry of
Foreign Affairs, expressed thanks to the Meteorological Service of Chile for hosting the event,
and conveyed her best wishes for a productive workshop. She noted the linkage between the
workshop programme and the climate change negotiation process, stressing Chile's
vulnerability and concerns with respect to climate change and ozone depletion. Drawing
attention to the call by the Presidents of Chile and Argentina to pay attention to these
phenomena and their impacts on southern regions, she emphasized that COP-9 must increase
emphasis on adaptation. She also stressed the need for international cooperation and
enhanced support from developed nations in strengthening and expanding monitoring networks,
noting that Chile supports the creation of an ad-hoc fund to support activities related to climate
change. In her closing remarks, Ms Gallardo spoke of the need for coordinated efforts by South
American nations in addressing the challenges presented by the climate issue.

1

Dr Jorge Caceres, Technical Director, Environment Ministry and National Climate Change
Coordinator for Chile, also stressed the importance of addressing the climate issue. He pointed
out that climate change and variability were very relevant to South America, as clearly illustrated
by the impacts of El Niño events. He drew attention to Chile's efforts to address environmental
issues, pointing out that since 1977 the annual occurrence of days with critical air pollution in
Santiago has been reduced from more than 75 to about 4 days per year. He concluded by
stressing the desirability of increasing complementarity and synergy between various climate
observation networks and endorsing the need for an effective Regional GCOS Action Plan for
South America.
Mr Ramon Sonzini, Director, WMO Regional Office for the Americas, reinforced the welcome
extended to participants by earlier speakers and added his best wishes for a successful
workshop. He encouraged delegates to take an active part in plenary and informal discussions
during the workshop. He also emphasized the need for continuing post-workshop collaboration
between participants and, in particular, for the development of close working relationships
between WMO Permanent Representatives and National Climate Change Coordinators in
pursuing the development and implementation of a Regional GCOS Action Plan.
SUMMARY OF WORKSHOP PRESENTATIONS AND DISCUSSIONS
THEME 1: Setting the Context

Chair: Hugo Oliva

Dr Alan Thomas delivered the opening presentation, providing an overview of the mission of
GCOS and of its relationship with the UNFCCC and related reporting requirements. He drew
attention to the importance of the GCOS Regional Workshop Programme, which was initiated
by the GCOS Secretariat, in consultation with relevant regional and international bodies, at the
invitation of the Conference of the Parties (Decision 5/CP.5). The Regional Workshop for South
America was intended to identify deficiencies in climate observing systems in South America
and to focus attention on developing a regional strategy - a Regional Action Plan - to address
GCOS-related priority needs. Dr Thomas went on to stress the need to link a Regional GCOS
Action Plan to a funding strategy. He suggested that endorsement of the planning process by
the UNFCCC provided a real opportunity to gain donor support for improvements that would not
only support GCOS but also assist in meeting regional needs for climate system observations.
He also pointed to the added value of the regional workshops in enhancing interaction and
collaboration between providers of climate data and users of the information, including, in
particular, the National Climate Change Coordinators.
In the subsequent presentation entitled, " A review of the 2nd Adequacy Report and Developing
a Regional Action Plan," Dr Paul Mason, Chair, GCOS Steering Committee, indicated that the
focus of a Regional GCOS Action Plan must be to improve the key GCOS observational
networks and systems in South America. Primary emphasis should be on addressing regional
priorities for these global networks through regional projects. Needs could also be incorporated,
such as those related to regional climatic impacts and vulnerability issues. Important elements
of a Regional Action Plan could encompass initiatives aimed at strengthening GCOS surface,
upper-air, oceanographic, and terrestrial observation networks in recognition of regional issues
and concerns; improving telecommunications, data management, data analysis and
applications, and data rescue; and enhancing regional networks needed to monitor vulnerability
to climate and climatic extremes. The goals of the present workshop were to reach a
consensus on a limited number of priorities, leading to the identification of fundable projects for
referral to donors, and to begin the process of drafting a Regional GCOS Action Plan. He then
went on to briefly describe the background to and recommendations from the Second Report on
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the Adequacy of the Global Observing Systems for Climate in Support of the UNFCCC, drawing
attention to progress achieved and to outstanding deficiencies in GCOS networks, data quality
and data exchange, and other relevant areas. Noting the promise of integrated approaches
using satellite data and modern reanalysis techniques, he emphasized the need for space
agencies to commit to sustained production of accessible satellite products over the long term
while stressing the continued importance of basic, in situ, observational networks. In his
concluding remarks, he addressed needs for common standards to ensure comparability of
data, for capacity building initiatives in some of the most vulnerable nations, the value of
national planning and reporting in the context of both GCOS and national observational
networks and data systems, and the need for continuing research and development to enhance
future observational capabilities.
During plenary discussion following the above presentations, workshop participants highlighted
the following points:
- Sustaining the long-term operation of high-quality observational networks poses major
challenges for South American nations who are facing severe budgetary pressures. In addition,
exchange of climate data and information is problematic in some parts of the region where
telecommunications systems require modernization.
- Experience elsewhere has demonstrated the vital importance of good coordination at the
regional level if there is to be an effective response to GCOS requirements.
- GCOS must be seen to encompass not only the atmospheric but also the oceanographic and
terrestrial components of the climate system.
In a closing observation, Mr Sonzini encouraged participants to approach WMO's Technical
Cooperation Department in addressing requirements such as the achievement of altitude
standards for GUAN radiosonde flights.
THEME 2: User Needs for Climate Observations

Chair: Hugo Oliva

Ms Tanya Miquilena de Corrales (PREANDINO) discussed “User Needs for Disaster
Preparedness” in the opening presentation under Theme 2. Drawing attention to the many
disastrous climatic events in recent years, she pointed out that the nations of the Andean region
are taking a proactive approach aimed at reducing the negative impacts of climatic events and
at taking advantage of any associated opportunities. She went on to discuss the relationships
between climatic events and their socio-economic impacts in the context of PREANDINO (the
"Regional Andean Programme for Risk Reduction and Disaster Prevention"), established by the
Presidents of Andean countries. Illustrating various relationships between climatic,
oceanographic, and hydrological events and their often disastrous socio-economic impacts, she
cited needs for improved knowledge of climatic phenomena and their effects on society. She
drew attention to the need for the development of improved regional models to predict critical
El Niño events and for the establishment of a region-wide alert system for risk reduction. She
ended her presentation by outlining a strategy for improving climate observations to address the
critical issues of disaster prevention and mitigation.
In addressing “Observational Needs for Agriculture,” Dr Graciela Odilia Magrin (INTA,
Argentina) stressed that improved climate information was needed to underpin planning and
decision-making aimed at increasing the productivity and competitiveness of the agricultural
sector in South America. She reviewed requirements for historical, current, and real-time
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observations, for short-range meteorological forecasts, and for monthly predictions in assessing
probabilities and preparing forecasts of crop yields. Long-duration historical time series of
observations are needed to identify the temporal climatic variability on interannual to multidecadal scales, while network density must be sufficient to define their spatial variability.
Among related problems, she identified difficulties in access to observational records, variable
data quality, inadequate geographic coverage, and the need for information regarding forecast
confidence. By way of example, she showed that long-duration time series of climatic data
underpinned the development of a crop yield model used to assess the effects on maize
production of varying climatic conditions (e.g., El Niño/La Niña events). The potential for
agricultural risk management was illustrated by using the crop yield model to investigate the
potential of strategies such as fertilizer applications in mitigating the adverse effects of
unfavourable weather conditions on yields. Her concluding slide reinforced the vital importance
of climatic patterns to agriculture by demonstrating an association between elevated South
Atlantic sea surface temperatures in May and low yields of soya beans during the subsequent
growing season.
Mr Carlos Alberto Villanueva (NMS, Argentina) outlined the role of the “Southern Cone Climate
Outlook Forum” in preparing and issuing consensus predictions of temperature and precipitation
for the region lying between latitudes 200S and 400S and east of the Andes. Operating under
the auspices of WMO, these Regional Climate Outlook Fora have been held since 1997. They
involve representatives from Argentina, Brazil, Paraguay, and Uruguay with support from the
International Research Institute for Climate Prediction (IRI) and the Inter American Institute for
Global Change Research (IAI). Drawing on analyses of temperature and precipitation and sea
surface temperature and on the outputs from statistical and dynamical global climate models,
Forum participants develop consensus three-month forecasts for the region in the form of
predictions of above, below, or near-normal conditions. These fora have real value in
transferring knowledge, harmonizing and providing an international character to predictions, and
fostering understanding and teamwork with user ministries in the countries of the region. He
concluded by displaying maps illustrating the predictions made for the July - September 2003
period.
In the final presentation under Theme 2, Mr Maximiliano Henriquez (Colombia) outlined
"Requirements and Deficiencies of the Climate Observation System in Colombia and the
Region." He began by reviewing the history and organization of atmospheric, hydrological, and
oceanographic observational networks and related data processing and data management
activities in Colombia. Attention was drawn to recent modernization initiatives undertaken with
financial assistance from the Swiss government. Noting the parallel between the situation in
Colombia and in other South American countries, specific deficiencies in the observation
networks and systems needed to address climate issues were discussed. These included
obsolescent radiosonde systems, the absence of systematic instrument calibration
programmes, unreliable telecommunications, limited and poorly-performing oceanographic
stations, inadequate data processing, archiving and data exchange systems, and poor
coordination between observation programmes carried out by different agencies and private
sector organizations. He offered a number of recommendations directed towards remedying
these deficiencies, drawing upon Colombian experiences.
During extended plenary discussion, participants drew attention to the following:
- It would be very useful to have satellite data in real-time for disaster preparedness
applications. This will also require that calibration data are available in real-time.

4

- While measurement of the impacts of El Niño/La Niña events has been significantly improved,
as evidenced by Peruvian experience, a need exists to learn how to use climate data and
products more effectively for decision-making. This requires a joint effort by providers of climate
information, National Climate Change Coordinators, and coordinating committees. It was noted
that considerable effort is being devoted to enabling farmers and other members of the user
community in Argentina to understand and use probability-based information and products and
that this aspect requires continued emphasis.
- PREANDINO's mandate and mission are derived from an agreement by the Presidents of
Andean countries to strengthen institutions in the Andean region. PREANDINO addresses the
prevention and mitigation of risks in all sectors, working cross-sectorally and encouraging the
formation of national committees.
Following the preceding discussion, at the request of the Chair, Mr Sonzini summarized key
issues identified during the session. His summary drew attention to the following:
- The need to rescue historical data at risk.
- The need for centralized, readily accessible, databases.
- The need to improve geographic coverage of observation stations.
- The need for real-time data to support certain applications.
- The need to inform the public and user communities about the accuracy of long-range
forecasts.
- The fact that El Niño events had differing impacts.
- The need to distribute long-range forecasts to users.
- The need to improve the credibility of forecasts in the eyes of the general public by
emphasizing their links to international organizations.
THEME 3: Atmosphere: Status, Deficiencies, and Needs

Chair: Gustavo Necco

In the opening presentation on "GSN and GUAN" Mr Howard Diamond (U.S. National GCOS
Coordinator) summarized the status of the GCOS Surface Network (GSN) and GCOS Upper-Air
Network (GUAN), with particular emphasis on South America. He outlined the rationale
underlying the establishment of these global networks, the criteria for station selection, and the
current global distributions of the network stations. Stressing the vital importance of data from
GSN and GUAN stations, he summarized the GCOS performance standards and reporting and
archiving requirements that apply to data from them. Statistics from the Global Monitoring
Centres were used to illustrate the need for improvements in timeliness, reliability of reporting,
and coding of CLIMAT and CLIMAT TEMP messages from some stations in South America and
elsewhere. The requirements to provide historical data and regularly updated metadata to the
World Data Centre, located at the U.S. National Climatic Data Center (NCDC), were also
emphasized. In his closing remarks, he highlighted the value of the GOSIC web site as the
portal for access to GCOS data and drew attention to promising sources of external funding for
upgrades to GSN and GUAN stations, citing in particular the U.S. Climate Research Initiative
and the potential of the proposed GCOS Donors Fund.
Dr Gunter Können (KNMI, Netherlands) addressed the topic of "Data Rescue Issues in South
America: Challenges and Potential Benefits." He began by pointing out that recovery of early
meteorological observations from land stations and ships' logs has substantially increased our
knowledge of climatic variations, particularly in Europe and Asia. A large quantity of historical
meteorological data was believed to exist in various places in South America. When combined
with modern observational data, these data could enhance understanding of climatic variability
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and extreme events in the region, in addition to facilitating studies of climate change and the
development of statistical forecast techniques. He advocated launching a concentrated effort to
seek out historical data from libraries, museums, and other sources, rescue and digitize these
data, and make them widely available. In concluding his presentation, he recommended that
data rescue be given a high priority in a Regional GCOS Action Plan and proposed guidelines
and protocols for data rescue initiatives.
Dr Liisa Jalkanen (WMO) delivered a status report on WMO's Global Atmosphere Watch
Programme (GAW) and on its associated GAW Urban Research Meteorology and Environment
(GURME) project. Reviewing the background and mission of the global programme, she
described its organizational structure, monitoring components, global and regional networks,
and World Data Centres. GAW's critically important calibration and quality assurance
requirements and procedures were stressed, along with the need for coordination between
GAW's ground-based observations and satellite measurements. Such measurements were
considered an important element in the Integrated Global Observing Strategy (IGOS). The
important contribution made by South American GAW stations to our understanding of the
changing composition of the atmosphere and its relationship to climate was highlighted. Ozone
monitoring in the region was cited as extremely valuable, while measurements of aerosols are
gaining in significance in view of their potential impact on climate. She concluded her
presentation with a plea to participants to validate and update information in the GAW Station
Information System (GAWSIS) and to ensure timely submission of their national GAW data to
the appropriate World Data Centres.
Jointly addressing the topic of “High Altitude Observations,” Dr Raymond S. Bradley (University
of Massachusetts) and Dr Michael R. Helfert (NOAA-NCDC) delivered two related
presentations, respectively titled, "A High Elevation Climate Reference Network for the
Americas" and "An Andean Climate Observations Network." Raymond Bradley advocated the
establishment of a network of climate observation stations oriented along and across the
Cordillera and extending from Alaska to the Antarctic. He drew attention to the existence of a
significant gap in observational coverage at higher elevations along the Cordillera, noting the
importance of high elevation data in relation to detection and assessment of climate change and
its impacts on glaciers, snow cover, and runoff. He suggested that a Cordillera initiative might
build upon current observation networks, take advantage of facilities such as high elevation
observatories and ski resorts, and be linked to a Global High Elevation Climate Reference
Network (GHE-CRN). Michael Helfert's talk described the planned U.S. Climate Reference
Network of about 300 stations. He outlined the very careful approach being taken to site
selection and instrumentation of these Climate Reference stations to ensure their adherence to
GCOS standards and monitoring principles and maintain their long-term representativeness in
the face of developmental and other pressures. He suggested that the Climate Reference
Network might represent a useful analogue for the Cordilleran network proposed by the
previous speaker.
Plenary discussions under Theme 3 reinforced the need to modernize important GUAN and
other radiosonde stations in the region and to take other steps to ensure that GCOS standards
and requirements were met in relation to data and metadata from GUAN and GSN stations.
Data rescue was identified as a high regional priority for inclusion in a Regional GCOS Action
Plan, with participants suggesting that data rescue projects represented highly valuable,
relatively low cost, initiatives that could attract donor funding. The particular importance of
mountain glaciers in relation to water supply, power generation, and tourism was also stressed,
and it was noted that improved glacier monitoring would help fulfil requirements for observations
from higher elevations. In addition, workshop participants drew attention to the following:
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- Continued efforts must be made to sensitize national governments to the vital importance of
climate observation programmes and the data they produce in planning for, mitigating and
adapting to the effects of climate variability, climate change, and climatic extremes. Institutions
in many South American nations face severe budgetary pressures that undercut efforts to
modernize climate observation networks and related data management and data exchange
systems. One specific need identified was for less expensive approaches to database creation
and maintenance in view of the high licensing costs associated with commercially available
systems such as Oracle. A suggestion was made that WMO should address this issue.
- South America has many private observational networks, and institutions operating these
networks retain considerable historical data. Many of these observational programmes have not
been carried out in conformity with WMO standards. It was suggested that National
Meteorological and Hydrological Services should be responsible for setting standards for all
climate observation programmes carried out within their countries.
- In relation to data rescue, it was pointed out that some surveys have already been carried out
that have resulted in the creation of inventories of historical data sets. Examples cited included
WMO projects in Mexico and Cuba and a survey in Argentina. It was also suggested that a
substantial quantity of historical data exists on droughts, floods, oceanographic conditions, and
other climatic phenomena in South America, extending back to the 18th century (e.g., in the
archives of religious institutions, libraries, etc.). In addition, some Meteorological Services may
also have historical data (e.g., from the early years of the 20th century) that have not as yet been
digitized.
- Priority requirements for observations from higher elevations should be carefully assessed in
light of regional needs and applications for such data. It was pointed out, for example, that
glaciers are particularly important to Peru, which has upwards of 70 percent of the world's
tropical glaciers. Peruvian glaciers have shrunk in areal extent by about 20 percent over the
past four decades, and this is causing serious concern within the country. Similar concerns
were also identified in relation to glaciers in other South American nations.
- A question was raised as to whether the GAW programme had established mechanisms for
collection of observational data from institutions other than National Meteorological Services. In
response, it was noted that the European Union has funded some related projects where data
are indeed forwarded to the Global Data Centre following their publication. It was indicated that
this issue would be tabled for discussion at the upcoming meeting of the GAW Scientific
Advisory Group.
THEME 4: Oceans: Status, Deficiencies, and Needs

Chair: Gustavo Necco

Dr Desmond O'Neill (Consultant to GCOS) delivered the opening presentation on the second
day of the Workshop. He drew participants’ attention to the preparation of a Regional GCOS
Action Plan for South America as providing the underlying rationale for the Regional Workshop.
He reviewed the "Framework Document to Assist in the Preparation of a Regional GCOS Action
Plan for South America," which was previously distributed to participants. He highlighted the
many questions included in the various sections of the Framework Document, pointing out that
these questions were intended to stimulate readers to provide input regarding the structure of a
Regional GCOS Action Plan and what should be included in it. He challenged workshop
participants to take ownership of the development of the Regional GCOS Action Plan, agree on
its key thrusts, and propose specific projects and recommendations to give substance to the
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Plan. He requested that participants suggest improvements and corrections to the background
material in the Framework Document. His presentation ended with a brief summary of
proposed next steps in the development of the Action Plan.
The second presentation of the day addressed the oceanographic component of GCOS. In his
opening presentation on this theme, Dr Rodrigo H. Nunez (SHOA, Chile) addressed the "Status
of Ocean Observing Systems in South America.” He began by briefly outlining the development
of the Global Ocean Observing System (GOOS). He pointed out that the GOOS Regional
Alliance for the South East Pacific (GRASP, which includes Colombia, Ecuador, Peru and Chile)
and the South Atlantic GOOS Alliance (SAGOOS, whose membership includes Brazil, Uruguay,
and Argentina) provide a framework for joint efforts to develop oceanographic monitoring
networks and services in South American waters and to study and understand phenomena of
concern (such as ENSO). He then described the current status of major oceanographic
monitoring programmes of interest to the region, such as ARGO, TAO-TRITON, PIRATA, and
GLOSS. Regional initiatives such as the Spondylus project off Ecuador, the Peruvian Naylamp
project, and oceanographic modernization efforts in Brazil and Colombia were also highlighted.
Based on experience with GOOS implementation, he offered a number of recommendations for
consideration in developing a Regional GCOS Action Plan. These addressed needs for free
and open data exchange, use of standard observation platforms and equipment, a regional
calibration facility, and the development of regional modelling capabilities. The value of joint
projects and the need to enhance regional coordination and the development of products and
services for users were also stressed.
Dr Carlos A.S. Franca (University of Sao Paulo, Brazil) spoke on the topic “Monitoring Sea
Level Rise and Impacts in South America.” He described sea level as a good indicator of ocean
physical processes and drew attention to various applications of sea level observations and
their differing accuracy requirements and reference frames. The demanding accuracy
requirements needed to permit examination of global change were highlighted, as well as the
need to separate out vertical land movements in order to obtain absolute sea level. Techniques
for sea level measurement were described, including the use of satellite data and its related
requirement for in-situ observations for calibration purposes. Franca provided an overview of
the Global Sea Level Observing System (GLOSS) with emphasis on South American
contributions to the GLOSS Core Network. He drew attention to deficiencies in station
operations and reporting, particularly on the Atlantic coast of the continent. He reviewed the
pilot project for continuous GPS monitoring at Tide Gauge sites (TIGA). This project is directed
toward separating ocean from vertical crustal movements. Seven of 32 South American
GLOSS Core Network stations are already participating in TIGA. In concluding, Dr Franca
identified needs for data rescue, modernization of tide gauge stations, installation of additional
GLOSS stations, and inclusion of GPS and meteorological measurements in monitoring station
programmes. He also drew attention to the difficulties faced by the scientific community in
maintaining operational data collection stations and advocated that national organizations be
established to operate and sustain these important observational programmes.
Mr Rodney Martinez Guingla (Ecuador) followed with a talk on “Observational Needs in Support
of El Niño Prediction." Drawing on Ecuador's experience with the 2002-2003 El Niño event, he
highlighted the importance of regional and sub-regional climatic variability in masking the effects
of moderate El Niño events. He identified a need to integrate regional climate variability with
oceanic variability. He also stressed the need to provide meaningful advice to the user
community and outlined deficiencies in current observational data, scientific knowledge, and
product formulation and dissemination, which limited abilities to produce and disseminate useful
warnings and advice. He concluded his presentation with a series of recommendations related
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to these deficiencies. Mr Martinez strongly advocated upgrades to surface and upper-air
observational networks, including real-time relay; improved data quality assurance and data
management; re-computation of climatic normals; the development of meaningful and
understandable climatic products and advisories; greater use of modern production, graphical
display, and dissemination techniques; and the implementation of climatic advisory and alert
systems utilizing radio, television, and the Internet. He emphasized the need for continued
investigation of ocean-atmosphere-continental interactions and of oceanic and atmospheric
variability, drawing from experience obtained from projects such as Naylamp and Spondylus. In
his final remarks, he identified a need to develop a Regional Climate Prediction Model and to
pursue interaction and synergy with relevant regional and global programmes.
During the subsequent plenary session, extended discussion took place regarding: 1) the
importance of quality standards and related needs for instrument calibration, and 2) concerning
a certification capability for instrument installation and maintenance staff in South America. It
was pointed out that the topic of quality standards is under active discussion in WMO at present
and that the international body could give assistance in this area. Attention was drawn to the
development of an instrument calibration capacity in cooperation with the Argentinean
Meteorological Service and to the fact that regional training centres in Peru can issue WMOendorsed certificates. The ocean community, it was pointed out, tries to use one manufacturer
and have that company certify engineers who work on their equipment. It was also suggested
that another practical approach was to send a sensor to the manufacturer for calibration and
then use that device as a reference against which to perform inter-calibration of other similar
instruments.
In the context of the El Niño presentation, interveners reinforced the requirement for more
effective and widespread dissemination of readily understandable advice and products to the
general public and sectoral users. Attention was also drawn to a research programme being
developed to investigate ocean-atmosphere interactions in the Pacific Ocean and to an
upcoming VAMOS meeting to be held in Ecuador, with wide participation in the latter meeting
being encouraged. It was, in addition, stressed that while much was being done in the region
to encourage synergies between institutions and programmes, continued emphasis must be
given to improved coordination as a means of strengthening regional capabilities.
THEME 5: Terrestrial Observations: Status, Deficiencies, and Needs
Chair:
Osvaldo Canziani
Mr Carlos Alejandro Arcelus (Dirección Nacional de Hidrografia, Uruguay) opened this session
with a presentation on “Status, Deficiencies and Needs for Hydrological Observations (Rainfall
and Runoff).” Following a brief introduction of requirements for hydrological data, he described
the status of precipitation observations from South American GSN stations and of
corresponding runoff data being archived by the Global Runoff Data Centre in Germany. He
drew attention to the WMO RA III Working Group on Hydrology, stressing that it represented a
valuable coordinating mechanism that could assist with GCOS implementation in the region. He
also provided an update on the World Hydrological Cycle Observing System (WHYCOS), noting
that its two regional components the Amazon-HYCOS and the Plata-HYCOS had not yet
progressed beyond the planning stage. In his concluding remarks, he encouraged regional
support for the Global Terrestrial Network-Hydrology (GTN-H) initiative being developed under
the umbrella of GCOS. He suggested some practical steps that could assist with its
implementation in South America.
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“Monitoring Glaciers and Permafrost in South America” was the topic of a presentation by
Dr Gino Casassa (Centro de Estudios Cientificos, Chile). Dr Casassa drew attention to the
growing public awareness of glacier variations and their importance; to the significance of
associated hazards, such as volcanic eruptions, ice and mud avalanches, and glacier floods;
and to the importance of glacier melt for stream flows in South American rivers. Pointing out
that South American glaciers are generally limited in size and respond relatively rapidly to
climatic changes, he reviewed the status of glacier monitoring and research activities in the
region. The increasing emphasis being given to these topics was reflected in the 1st
Symposium and Workshop on Mass Balance of Andean Glaciers, held in March 2003 in
Valdivia, Chile, at which the establishment of an Andean Glacier Monitoring Network had been
discussed; an upcoming 2nd Symposium in Huaráz, Peru in 2004; and active planning for a
mass balance training course. A generalized and accelerated retreat of glaciers is underway in
South America, although recent localized precipitation increases may result in partial advance of
some glaciers. Glacier retreat is resulting in a short-term increase in runoff, but a long-term
decrease is predicted with serious implications for water resources. Dr Casassa concluded his
review of glaciers by reiterating the need for more detailed South American glacier inventories,
together with data on glacier fluctuations and mass balance, and for enhancement of related
meteorological and hydrological observation networks in the Andes. Addressing the status of
permafrost and related research and monitoring activities in the region, he pointed out that there
are about 270,000km2 of permafrost in the Andes, mainly in the south. Permafrost generally
shows signs of degradation in the region, while a drastic collapse of ice shelves is underway in
the Antarctic Peninsula where warming of about 2.50C has occurred over the past 50 years.
The latter has potentially major implications for global sea level rise. He concluded by
advocating increased emphasis and more detailed studies to refine and improve our
understanding of permafrost and its behaviour. Noting that only two South American borehole
sites, both in Argentina, have been submitted as candidate sites for inclusion in the GCOS
Global Terrestrial Network for Permafrost (GTN-P), he suggested that additional sites from other
geographical regions should be proposed for inclusion in the GTN-P.
A special presentation by Dr Osvaldo Canziani (IPCC) followed in which he addressed the topic
"Climate Information in Research." Dr Canziani discussed relationships between the climate
system, the natural environment, and human activities, drawing attention to the need to take an
interdisciplinary approach in investigating the processes and impacts of climate variability and
climate change. This required information not only on the climate system but also on
biophysical, ecological, social, and economic variables and processes. He then reviewed the
development of concerns leading to the establishment of the Intergovernmental Panel on
Climate Change (IPCC), the United Nations Framework Convention on Climate Change
(UNFCCC), and the Kyoto Protocol. He underpinned the GCOS initiative by drawing attention
to the conclusions and recommendations contained in COP's 2nd Report on the Adequacy of the
Global Observing Systems for Climate. He concluded by stressing the requirement for effective
and continuing coordination between programmes such as GCOS, GOOS, and GTOS and with
involved agencies, institutions and networks in addressing the multi-dimensional challenges
presented by climate variability and climate change and their impacts.
During extended plenary discussion after the above presentations, participants drew attention to
the following:
- Emphasis needs to be increased on the hydrology component of GTOS/GCOS, which is still
in the early stages of development. The concept underlying the development of the GTN-H was
to work with the existing Global Data Centres to produce useful products from presently
available data, in partnership with GTOS and WMO's Hydrology Division. Efforts are underway
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to build on and expand the GTN-H initiative, and its development has now progressed to the
point where regional representation is desirable, thereby facilitating progress towards
addressing regional issues. In this context, it was suggested that the Global Runoff Data Centre
should provide feedback to regional institutions on the value and uses of the hydrological data
that they supply to the Centre.
- Under the aegis of WMO's RA III, efforts are being made to promote the exchange of
hydrological data. Hydrological data exchange is very important in South America but presents
significant challenges, as much observational data is in private hands or is regionalized.
- A specific need was identified for exchange of groundwater data, in addition to runoff and
related information.
- Observation network operations present many difficulties in South America. In one initiative
aimed at addressing these difficulties, an example was cited where a national working group
has been established to rationalize precipitation networks with the objective of designing a
reduced but very reliable network. The working group's membership includes representatives
from the power utility and other user sectors with a view to ensuring a network design that will
meet the needs of all users of the data.
- Satellite data from the Space Station and Shuttle flights represent a potentially valuable
source of imagery relevant to monitoring of glaciers and other phenomena in South America.
The high-quality digital images from these platforms can be rectified and are accessible via the
Internet. Dr Michael Helfert volunteered to put individuals wishing to access these images in
contact with the appropriate NASA scientists who can make them available via the Net.
- It was stressed that it is highly advisable to seek the assistance of National Meteorological
Services in interpreting meteorological data being used in geophysical and other applications.
This will assist in avoiding interpretation errors that can arise, for example, in the interpretation
of precipitation trends when ambient temperatures are around 00C.
THEME 6: Crosscutting Topics

Chair: Osvaldo Canziani

Dr Gustavo Necco (Inter-American Institute for Global Change Research) initiated the
proceedings under the above Theme with a presentation on “Observational Needs for Global
Change.” He defined Global Environmental Change (GEC) as encompassing changes in the
global environment that may alter the capacity of the earth to sustain life. Dr Necco indicated
that it deals with the earth system "in toto" and encompasses both the ecosphere and human
factors. He described GEC as one of the greatest challenges that humanity faces today and
pointed out that climate change is one of its fundamental components, one that illustrates
historical trends and variations in various climate variables and related phenomena (e.g., air
temperature, CO2 concentration, sea level, sea ice thickness, and permafrost). He then
identified related needs for an improved global observing system to support: 1) long-term
climate monitoring and prediction, 2) integration of space-based and in situ observations to
improve computer modelling, 3) scientific analysis of climate, and 4) stable long-term
measurement records to interpret earth system variability and trends. Since future GEC
research must address the potential impacts of climate change on human society and
ecosystems along with options for adaptation and mitigation, he stressed the need for
integration of climate data with ecological, biochemical, socio-economic, and other
measurements. He also pointed out that the multi-facetted, multi-sectoral dimensions of GEC
necessitated holistic approaches involving hard and soft sciences in partnerships and joint
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studies in pursuit of sustainable development. He concluded by advocating the establishment
of open processes for dialogue and communication between scientists, policy makers,
managers, and data users as a means of identifying evolving and changing data and
information needs.
Dr Geoff Jenkins (Hadley Centre, United Kingdom) followed with an overview of the Hadley
Centre PRECIS Regional Climate Model. He indicated that Regional Climate Models (RCMs)
were the preferred tools for downscaling GCM outputs into the finer scale climate scenarios
needed in impact studies. He then went on to outline the capabilities of the model and its
modest requirements for PC-based computing power. The PC-based nature of the model
combined with its straightforward user interface made it possible to set up and run PRECIS for
any RCM area in any location. It is being made freely available to government and related
institutions in developing countries to assist them in developing climate scenarios and
undertaking impact studies. When discussing uncertainties associated with climate models, he
emphasized the need for and value of training in operating PRECIS, pointing out that the model
is made available with a one-week training course. He concluded by expressing the view that
the use of PRECIS gives national ownership to climate scenarios and that these scenarios can
be very useful in raising awareness of the climate issue. They also support the provision of
National Communications to the UNFCCC and assist in mainstreaming climate change into
national governments' planning processes.
Dr Carolina Vera (University of Buenos Aires, Argentina) then delivered a talk on the "Variability
of the American Monsoon Systems (VAMOS) Programme," a component of the World Climate
Research Programme (WCRP) Climate Variability and Predictability (CLIVAR) programme. The
goals of VAMOS are to improve understanding of the American Monsoon System, detect
human influences on climate, and develop seasonal to interannual climate prediction
capabilities. Noting that VAMOS comprised a number of projects, she drew particular attention
to the South American Low Level Jet Experiment (SALLJEX) and the PLATIN project.
SALLJEX is an internationally-coordinated effort to enhance understanding of the role of the
South American low level jet in moisture and energy exchange between the tropics and
extratropical regions. Its field campaign was carried out between November 2002 and February
2003 in Bolivia, Paraguay, Argentina, Brazil, and Peru and involved a programme of enhanced
upper-air, rain gauge, and aircraft observations. PLATIN is directed at the climatology and
hydrology of the La Plata Basin, a climate-hydrology system with considerable potential for
seasonal prediction, and whose variability has important impacts on human activities. PLATIN
is currently in the design phase of a field experiment aimed at improving understanding of
interannual and inter-decadal climate and streamflow variations and trends, and of effects of
influences such as land use changes and advection of aerosols from biomass burning. Based
on SALLJEX experience, she offered a number of recommendations for consideration by
workshop participants. These addressed needs for enhanced coverage and more reliable
operation of upper-air stations, improvements to surface observing networks and their
programmes, staff training, standardization of quality assurance and archiving standards and
procedures, easier access to national archives, creation of databases, and improvements in
modelling and analysis.
Dr Luiz A.T. Machado (INPE/CPTEC, Brazil) spoke on the topic “Status, Deficiencies, and
Needs of Satellite Observations in South America." He described the various satellites and
satellite sensors providing coverage over South America, outlining briefly the instrument failures
and other deficiencies that affected some of these observational platforms. Problem areas such
as inadequate validation of satellite products for South America, centralized and complex data
preprocessing systems, failure to protect satellite frequencies, and the need to increase the
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relay of data from the region's extensive DCP networks on WMO's Global Telecommunication
System were also highlighted. He also briefly reviewed South American weather radar
networks and capabilities, pointing out the potential value of radar data in enhancing
observations of precipitation. He concluded his presentation by identifying a number of South
American satellite-related requirements. Among other measures, he advocated development of
a geostationary satellite that fulfils South American requirements, suggested the addition of a
meteorological sensor to a proposed South American CNS/ATM satellite, promoted enhanced
training in satellite preprocessing and product retrieval, suggested a product validation
campaign for South America, and discussed the establishment of a satellite data bank and
improved networking and information exchange.
During plenary discussion following the preceding presentations, participants noted that:
- Knowledge and experience gained from VAMOS could contribute significantly to the design of
the best possible observational system for South America. The SALLJEX project has, for
example, confirmed the value of twice daily radiosonde and PIBAL soundings from an expanded
network of stations.
- Observational data from weather radars can significantly improve estimates of precipitation
amounts and their spatial distribution. In Brazil, it is planned to work in cooperation with the Air
Force, which operates the radars, and to invest in telecommunications in order to take
advantage of the potential of radar data for precipitation estimation.
- Investigation of relationships between rainfall and runoff in major watersheds must continue to
be a research priority in the region.
THEME 7: Resource Mobilization

Chair: Antonio Divino Moura

Dr Jim Williams (Consultant) introduced the vitally important issue of resource mobilization with
a presentation entitled "Mobilization of Resources from Donors for Financing GCOS-South
America Requirements." He began by stating that his objectives were to introduce the logic and
language of funding agencies, to discuss approaches to gaining support from national
governments and external donors, and to outline a strategy for financing the implementation of a
GCOS Action Plan for South America. Underlining the importance of framing a regional Action
Plan for its intended readership, he advocated that such plans be directed towards informing
governments and external donors about "the problem" and the "proposed solution." This could
be accomplished using a logical and rather standardized outline, which appealed to, or was
expected by, funding agencies and institutions. He strongly emphasized the need to relate
requests for funding to the current priorities and concerns of national governments.
Correspondingly, when funds for GCOS initiatives are being sought from external sources, the
most promising potential donors should be identified and proposals tuned to appeal to the
donor's priorities. He then outlined the OECD's Millennium Development goals and identified
external donors who might be approached to assist with implementation of specific GCOSrelated initiatives. He concluded his presentation by reiterating the importance of a wellformulated Action Plan, the need to align requests for funding assistance to the priorities of
governments or donors, and the value of targeting proposals at the most promising potential
sources of funds.
Ms Tanya Miquelina de Corrales (PREANDINO) expanded on the preceding topic by outlining
"A Strategy for Orienting the Search for Sufficient Resources to Improve Climate Observation
Networks in South America." She drew attention to the underlying fundamental importance of a
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clear understanding regarding the specific needs for funding. Her five-point strategy included
the following elements: 1) establishing a clear framework of requirements and priorities, 2)
creating a regional framework for action, thus exploiting existing trends, inertias or regional
synergies to enhance and sustain observation networks, 3) promoting active participation by
countries in restructuring and improving networks, 4) promoting international cooperation and
encouraging donor involvement, and 5) promoting horizontal cooperation between institutions
by identifying benefits relevant to regional priorities. She then proposed an approach to
resource mobilization for GCOS that was built around the common theme of ENSO and climate
variability, both high regional priorities and global concerns. She next illustrated how a series of
project proposals addressing GCOS priorities such as regional coordination, data rescue and
data management, glacier monitoring, and others could be formulated against the backdrop of
this central theme. In concluding, she re-emphasized the importance of clarifying the priorities
for South America, considering both global and national requirements in the context of regional
interests and concerns. She also drew attention to the opportunity presented by the existence
of the International Research Centre on El Niño (CIIFEN), with its structure, programmes and
linkages, suggesting that these might be used to advantage in the search for resources.
A wide-ranging plenary discussion followed the above presentations. During these discussions,
participants drew attention to the following:
- In view of socio-economic realities in South America, it was suggested that a GCOS Action
Plan should not propose very large projects. Since GCOS builds upon and utilizes the existing
operational networks, the Regional Action Plan should emphasize gap-filling activities and
enhancement of the operations of existing observational stations. It was also pointed out,
however, that establishment of some new networks (e.g., glaciers) may need to be proposed.
- Improved coordination of existing networks could yield benefits in efficiency and effectiveness,
and collaboration between the nations of South America, such as in the area of instrument
calibration, could and should be enhanced. Institutions in South America could solve some of
the challenges being faced. Citing the La Plata example, it was suggested that cooperation and
project proposals should be pursued on a regional to sub-regional scale, as continental-scale
initiatives have proven very difficult to carry out successfully.
- Resource mobilization must place a focus on how to sustain networks and operations after
studies or projects have been completed. Long-term sustainability of programmes is a
fundamental challenge in South America, and it was stressed that national governments must
assume responsibility for maintaining and sustaining the operation of observational networks
and related systems. The suggestion was made that emphasis should be placed on the
production of useful products, as sustainable programmes will result if useful products are
produced and disseminated to governments and the user community. A related suggestion was
that projects should be tied to applied science centres or institutions in order to enhance their
ongoing sustainability.
- Relevant experience in Paraguay was cited where a strategic plan was developed with the aid
of an International Development loan, and this led to parliamentary support for modernization of
the National Meteorological Service and purchase and installation of automatic stations, Doppler
radar, and satellite receiving systems. However, the inadequacy of ongoing funding for training
and operations remains a critical issue.
- Corresponding Colombian experience was cited where external funding provided for the
purchase of hydrometeorological stations but no funding was available for installation of these

14

stations. Installations were now being made possible through the assistance of user agencies
and institutions that required the data.
- It was stressed that there is a need to translate scientific results into socio-economic impacts
and outcomes in order to attract resources from governments and funding agencies. Reference
to ENSO and its impacts, it was considered, would make South American projects interesting to
national and global funding institutions. Other important issues that could be highlighted
included megacities (a serious concern of national governments in the region and a major driver
of climate change); clean air, particularly in relation to biomass burning in the tropics; and
stratospheric ozone and ultraviolet radiation in South America. It was also stressed that
vulnerability indicators can be very useful in gaining the attention of governments and the public
at large.
- The importance of linking regional and national projects to global concerns and interests was
reinforced. It was, in consequence, felt that it would be helpful to highlight the impacts of South
American GCOS-related activities on the global community. Poverty reduction and sustainable
development were identified as examples of key global priorities to which Action Plan project
proposals might be linked. It was also suggested that it might be helpful to designate a GCOS
group in each country and to make donors aware that their funds were being used specifically
for GCOS purposes.
- The different language used by funding institutions and scientists suggested the need for a
“translator” to increase mutual understanding. It was proposed that a consultant might be
needed to promote the GCOS Regional Action Plan to national governments and donors as part
of the resource mobilization effort.
- The multi-dimensional aspect of GCOS was re-emphasized, drawing attention once again to
the fact that GCOS encompasses not only the atmospheric but also the oceanic and terrestrial
components of the climate system. Consequently, the need exists to identify and address
national and regional capacities across the complete spectrum of activities and domains related
to the climate system.
THEME 8: First Steps in Developing a Regional Action Plan
Chair:
Antonio Divino Moura
Dr Alan Thomas (GCOS Secretariat) summarized past experiences with the development and
implementation of Regional GCOS Action Plans. Noting that four such Plans had been
completed and one was nearing completion, he outlined the various approaches to coordination
and implementation in individual regions. He indicated that the preparation and implementation
of a Regional GCOS Action Plan represented a process that needs to be constantly revisited.
He assured participants that the GCOS Secretariat would assist that process. The development
of a regional strategy for implementation was an essential element, and it was important to get
the Regional Action Plan exposed within each country. Previous Plans had been given visibility
through major regional economic groupings, such as ASEAN in Southeast Asia, and it will be
desirable to have regional organizations endorse the Plan in South America, as this will be
important to get climate observations on national priority lists for donor acceptance. Reminding
participants that the Regional Action Plan development process had been initiated in response
to a UNFCCC COP decision, Dr Thomas drew attention to the value of Action Plans in informing
Parties about issues and progress. Consequently, it was important to make national
delegations to the Convention aware of their respective Regional Action Plans. SBSTA has
endeavoured to focus the attention of Parties to the Convention on the importance of systematic
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observations and has requested GCOS to work with Parties to develop related funding
mechanisms. Dr Thomas pointed to an upcoming meeting with a group of donors, at which it
was hoped to develop a donor fund, somewhat like WMO's Voluntary Cooperation Programme.
Ideas for discussion included the concept of a virtual Donor Board to determine priorities for the
three climate system domains and in relation to developing country requirements. He
concluded by pointing out that resource mobilization represented a relatively new but very
important focus within Regional GCOS Action Plans and that it had been addressed only in the
most recent plans.
Mr Howard Diamond (USA) followed with a presentation on the "Pacific Island GCOS
Experience." He described the process followed in developing and successfully implementing
the Pacific GCOS Action Plan, drawing attention to achievements in developing and prioritizing
projects, mobilizing resources, establishing structures for coordination and management of
implementation activities, and in data management and the delivery of demonstration projects.
He drew upon the Pacific experience in outlining what he considered to be some "keys to
success" for Regional Action Plan implementation. These included:
-

the existence of a focused regional organization to advance GCOS;
a solid planning mechanism;
partners or donors for projects;
leverage of existing agreements that could incorporate GCOS projects;
sustained leadership by a steering group;
continuing advocacy for monitoring programmes;
interested, broadly-based, participation representing all components of the climate
system; and
- a grass roots effort in the region.
Participants then considered priorities identified during the Workshop and discussed potential
project proposals for possible inclusion in a Regional GCOS Action Plan for South America.
Dr Thomas initiated the discussion on priorities by identifying some key issues and themes that
he had drawn from earlier presentations and discussions. He drew attention to the Framework
for a Regional GCOS Action Plan provided to participants, pointing out that this document was
intended to assist the process of developing a Regional Action Plan and not to constrain its final
shape. Consequently, he encouraged participants to offer suggestions for improving the
structure and content of the Plan. He then generated debate by presenting the following
preliminary list of potential project areas for consideration and discussion:
- Regional Coordination
- Upper-Air Network
GUAN
High altitude observations
- Surface Network
GSN
Network maintenance
- Data and Data Management/Exchange/Standards/Data Rescue
- Oceans - Global sea level; PIRATA
- Hydrology - data availability
- river basins
- Glaciers / Permafrost
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- Satellites / Radar
DCPs
- User Needs for Data / Products
During the subsequent plenary discussion, participants identified the following issues,
considerations, and opinions:
- In the context of GCOS, a priority need exists to strengthen links, coordination, and
partnerships between agencies within individual countries, with particular emphasis on links
between Climate Change Coordinators and WMO Permanent Representatives.
- Regional GCOS coordination in South America was identified as a fundamental, high priority,
issue that must be addressed.
Participants advanced several possible approaches to regional coordination. One suggestion
was that the WMO Regional Association (RA III) might provide an already existing framework
for regional coordination in South America. It was also pointed out, however, that RA III is not
sufficiently broadly representative, since climate involves more than simply the atmosphere.
Ocean and terrestrial domains must be involved.
An alternative suggestion was that the respective WMO Permanent Representatives (PRs)
might chair national groups with broad representation from all involved sectors, with the
Permanent Representatives selecting capable and willing individuals to participate in a regional
group. This suggestion foresees a regional panel with supporting national groups involving
participants from various institutions and disciplines.
The issue was also expressed as being how to bring together in an informal way people with
very different expertise -- atmospheric, oceanic, and terrestrial, as well as the policy expertise
represented by Climate Change Coordinators -- in order to achieve effective coordination of
GCOS planning and implementation in South America. It was pointed out that not only should
the very important role of WMO be recognized but also the involvement of the other sponsors of
GCOS (IOC of UNESCO, ICSU, and UNEP). It was also noted that there is a need to establish
a bridge between permanent structures, such as the WMO Regional Association III, and less
permanent structures associated with important projects, such as VAMOS.
Some interveners stressed that a strong will exists to attack the problem of coordination and
that many things can be done at the national level. The PRs and CCCs present at the
workshop will be motivated to address the establishment of national GCOS coordination groups.
- Since projects such as VAMOS involve universities, a question was raised as to how
universities can participate so that important activities initiated by them can be sustained over
many years. In response, it was pointed out that all GCOS Scientific Advisory Committees at
the global level have scientific advisors from academia or government.
- Integration of observation networks needs to receive attention in a Regional GCOS Action
Plan, since integration can reduce costs and add value. Some drew attention to the value of
models in network design, pointing out that they can be an important tool for optimizing network
design. It was also noted that WMO publications provide a useful reference on the status of
various observation networks.
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- Some believed a need exists to establish a database of existing stations, their programmes,
operational status, and instrumentation for all three components of the climate system in South
America. For hydrology, there are priority needs to inventory and update institutional
databases, since many agencies take hydrological observations. Hydrological network
maintenance and sustainability are also priority concerns. Furthermore, rationalization of
hydrometeorological networks is needed in areas where several agencies operate stations and
duplication exists. In this context, it was suggested that coordination and rationalization might
be a responsibility of WMO Permanent Representatives.
- Training needs must be included in a Regional Action Plan, perhaps as a component of
relevant projects and project areas.
Following the plenary discussion summarized above, Dr Thomas outlined the proposed next
steps as follows:
1. Select a Writing Group (of perhaps 10 to 12 people) who will draft a Regional GCOS Action
Plan, building on issues and priorities identified during the workshop discussions.
2. Hold a meeting of the Writing Group to prepare a draft Action Plan.
3. Circulate the draft Action Plan for comment by workshop participants and some others.
4. Finalize the Action Plan, incorporating review comments, and give it visibility.
5. Consider the steps needed to implement the Regional Action Plan. (Dr Thomas saw this as
a regional responsibility, but offered advice and assistance from the GCOS Secretariat.)
Workshop participants then discussed the establishment of a GCOS Regional Steering
Committee/Writing Group, which would be broadly representative of disciplines and the user
community (represented by Climate Change Coordinators). The following summarizes
agreements and decisions arising from this discussion.
- It was agreed that a Steering Committee/Writing Group would be established under the
Chairmanship of Mr Raúl Michelini (Uruguay). Its initial task will be to draft the Regional
GCOS Action Plan.
- It was also agreed that Mr Ramon Sonzini of the WMO Regional Office for the Americas
will provide logistical support and other coordination for the Writing Group and that the
GCOS Secretariat will provide technical advice.
- Issues for which proposals will be developed were selected, and a preliminary list of
individuals was nominated for membership in the Steering Committee/Writing Group (see
attached). It was also agreed, however, that a final decision on the group's composition
would be left somewhat open to permit further consultation to be undertaken within the
region by the Chairman.
- It was agreed that the Writing Group would try to convene in March 2004. This would
leave sufficient time for a Regional Action Plan to be drafted, circulated for comment,
and finalized prior to COP-10, scheduled for November 2004. At that time, the intent
would be to arrange for someone from the region to deliver a special presentation of the
Regional GCOS Action Plan to COP delegates.
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- In order to facilitate the work of the writing group in drafting the Regional Action Plan,
the GCOS Secretariat undertook to prepare a first draft of the Plan, taking into account
the discussions that had taken place at the workshop. Such a draft would not include
project proposals, but those selected for the writing group were encouraged to develop
draft project proposals for the topics selected well in advance of the writing group
meeting.
CLOSING CEREMONY
In his final remarks to workshop participants, Dr Thomas expressed thanks on behalf of the
GCOS Secretariat to the Director and staff of the WMO Regional Office for the Americas for
their support to the workshop programme, to the interpreters for their efforts, and to workshop
participants for their active involvement and concentrated focus on the needs and priorities of
the region. He expressed his particular gratitude to Mr Oliva and the staff of the Meteorological
Service of Chile for the excellent manner in which they had organized and supported the
workshop and for the wonderful hospitality they had extended to participants. Finally, he
expressed appreciation to National Climate Change Coordinators who had attended the
workshop and hoped that they would remain involved in the process of developing and
implementing a Regional GCOS Action Plan for South America. He concluded by indicating
that he expected that a formal report of the workshop would be distributed to participants before
the year-end.
On behalf of the WMO Regional Office for the Americas, Mr Sonzini expressed his thanks to
Dr Thomas and Dr Westermeyer and the staff of the GCOS Secretariat. He then thanked the
WMO Permanent Representatives, National Climate Change Coordinators, and experts present
for their active involvement in what had been a very successful meeting. He closed by adding
his thanks and congratulations to Mr Oliva and his staff for their hospitality and efficiency and to
the interpreters for their efforts.
Speaking for the Meteorological Service of Chile, Mr Oliva expressed thanks to all participants
for their involvement in the workshop and wished them a safe trip home.
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PROPOSED MEMBERSHIP OF WRITING GROUP/STEERING COMMITTEE
Chairman: Michelini (Uruguay)
Oceans:
Climate Prediction:
Atmospheric Chemistry:
Meteorology:
Hydrology:
Glaciers:
Climate Impacts and Socio-Economic Impacts:
Data Management and Communications:
Data Rescue:
Remote Sensing:
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Nunez (Chile)
Vera (Argentina)
Henriques (Colombia)
Carrasco (Chile)
Arcelus (Uruguay)
Casassa (Chile)
Moura (Brazil)
Martinez (Ecuador)
Gamarra (Peru)
Machado (Brazil)

Annex 1
AGENDA
GCOS REGIONAL WORKSHOP FOR SOUTH AMERICA
Santiago, Chile 14-16 October 2003
DAY 1
8:00-9:00

Registration of Participants

9:00-9:45

Opening Ceremonies

9:45-10:00

Break

10:00-11:15

Theme 1
1.
2.
3.

Overview of GCOS—Alan Thomas, Director, GCOS (20)
A review of the 2nd Adequacy Report and Developing a Regional Action
Plan
Paul Mason—Chair, GCOS Steering Committee (45)
Discussion (10)

11:15-11:30

Break

11:30-13:15

Theme 2
1.
2.
3.
4.
5.

Setting the context
Chairman: Hugo Oliva

User Needs for Climate Observations
Chairman: Hugo Oliva

Observational needs for disaster preparedness—Tanya Miquilena de
Corrales, PREANDINO (20)
Observational needs for agriculture—Graciela Magrin, Argentina (20)
Southern Cone Climate Outlook Forum—Carlos A. Villanueva, Met Service
of Argentina (20)
Requirements and Deficiencies of the Climate Observation System in
Colombia and the Region—Max Henriquez, Colombia (20)
Discussion and workshop recommendations (25)

13:15-14:45

Lunch

14:45-18:15

Theme 3

Atmosphere: Status, Deficiencies, and Needs
Chairman: Gustavo Necco

1. GSN and GUAN: Howard Diamond, NOAA, USA (30)
2. Data rescue issues—Gunter Koenen, Netherlands (30)
3. Discussion and workshop recommendations (30)
Break (30)
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4. Global Atmosphere Watch—Liisa Jalkanen, WMO (30)
5. High altitude observations—Ray Bradley and Mike Helfert, USA (40)
6. Discussion and workshop recommendations (20)
DAY 2
8:30-10:30

Theme 4

Oceans: Status, Deficiencies, and Needs
Chairman: Gustavo Necco

1. Status of ocean observing systems in South America—Rodrigo Nunez, Chile
(30)
2. Monitoring sea level rise and impacts in South America–Carlos Franca, Brazil
(30)
3. Observations in support of El Niño--Rodney Martinez Guingla, Equador (30)
4. Discussion and workshop recommendations (30)
10:30-11:00

Break

11:00-13:00

Theme 5

Terrestrial Observations: Status, Deficiencies, and Needs
Chairman: Osvaldo Canziani

1. Status, deficiencies, and needs for hydrological observations for climate
(rainfall and runoff)—Alejandro Arcelus (30)
2. Monitoring glaciers and permafrost—Gino Casassa, Chile (30)
3. Land use/land cover issues & LBA projects—Dalton Valeriano, Brazil (30)
4. Discussion and workshop recommendations (30)
13:00-14:30

Lunch

14:30-16:30

Theme 6

Cross Cutting Topics
Chairman: Osvaldo Canziani

1. Observational needs for global change—Gustavo Necco, IAI, Brazil (30)
2. The use of the PRECIS climate model to undertake regional climate
predictions
in South America—Geoff Jenkins, Met Office, United Kingdom (30)
3. Variability of the American Monsoon System (VAMOS)—Carolina Vera,
Argentina (30)
4. Importance of satellite observations for climate—Luiz Augusto Toledo
Machado, INPE/CPTEC, Brazil (30)
16:30-16:50

Break

16:50-17:15

1.

18:30-20:00

Event hosted by the Chilean Met Service

Developing the Framework Action Plan: An introduction to Day 3—Des
O’Neill, Consultant to GCOS
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DAY 3
8:30-10:00

Theme 7

Resource Mobilization
Chairman: Antonio Divino Moura

1. Resource mobilization issues 1—Jim Williams, United Kingdom (30)
2. Resource mobilization issues 2—Tanya Miquilena de Corrales (30)
3. Discussion (30)
10:00-10:30

Break

10:30-16:00

Theme 8

First Steps in Developing a Regional Action Plan
Chairman: Antonio Divino Moura

1. Brief statement by Alan Thomas on GCOS experience with Regional Action
Plans (10)
2. Pacific Island experience, Howard Diamond, USA (20)
3. Review of priorities as determined during first two days and discussion
of potential project proposals—11:00-12:30
12:30-14:00

Lunch

14:00-16:00

1. Discussion of potential project proposals--continued
2. Next steps and conclusion of workshop—Alan Thomas.
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Annex 2

GCOS REGIONAL WORKSHOP FOR SOUTH AMERICA
Santiago, Chile 14 – 16 October 2003
Attendance List PRs
COUNTRY

N°

1

ARGENTINA

NAME

Mario García
(represents Miguel
Rabiolo)

PRESENT OFFICIAL POSITION

ADDRESS

PHONE

FAX

Jefe Dpto. de Redes
Servicio Meteorológico Nacional

25 de Mayo 658
C 1002 ABN Buenos Aires

(54-11) 4514 1525

(54-11) 5167 6709

(55-61) 344 3333

(55-61) 344 0700

E-MAIL

garcia@meteofa.mil.ar

2

BRASIL

Antonio Divino Moura

Director del INMET y RP de Brasil

INMET – Instituto Nacional de
Meteorología
Eixo Monumental, Vía S-1,
Sudoeste, Brasilia, DF
Brasil, 70680-900

3

CHILE

Hugo Oliva

RP de Chile y Director de la
Dirección Meteorológica de
Chile

Aeropuerto Arturo Merino
Benitez interior

(56-2) 6763340

(56-2) 6019590

4

ECUADOR

Gustavo García
Dávila

Director Ejecutivo del INHAMI
RP de Ecuador

Iñaquito 700 y Corea
Quito

(593 2) 2 436 910

(593-0) 2 433 934

Director de Meteorología
RP del Paraguay ante la OMM

Av. Mcal López 1146 e/ 22 de
Setiembre Edif. Ministerio de
Defensa Nacional 3er Piso
Asunción, Paraguay

(595 21) 201 950

(595 21) 222 139

met.mdn@dinac.gov.py
azarate@hidromet.com.py

Jefe del Servicio Nacional de
Meteorología e Hidrología
PR de Peru

Servicio Nacional de Meteorología
e Hidrología
Cahuide 785 Jesús María - Lima
11, Perú

(511) 614 1400

(511) 470 04085

senamhi@senamhi.gob.pe
wgamarra@senamhi.gob.pe

5

PARAGUAY

6

PERU

Agustín F. Zárate
E.

Wilar Gamarra
Molina
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diretor@inmet.gov.br
amoura@inmet.gov.br

director@meteochil.cl

inamhi@inamhi.gov.ec
gusgovdav@yahoo.com

N°

COUNTRY

NAME
Narain Bholanath

7

SURINAME

8

URUGUAY

Raul Michelini

VENEZUELA

Ramón Jesús Viñas
García

9

PRESENT OFFICIAL POSITION

ADDRESS

PHONE
(597)
0330222/462959
(office)
08843383 (mobil)

FAX

E-MAIL

Deputy Director Public Services at
the Ministry of Public Works

Leiping 8 BR 11, District Wanica
Suriname

Director Nacional de Meteorología
PR de Uruguay

Dirección Nacional de Meteorología
(598-2) 400 56 55
Javier Barrios Amorín 1488
(598-2) 400 06 75
Montevideo

(598-2) 409 73 91

dtornalmet@adinet.com.uy

Jefe de Servicio de Meteorología

Servicio de Meteorología de la
Fuerza Aérea (FAV)
Apartado de Correos 524
Edo. Aragua
2101-A MARACAY

(58-2) 4323 78043

ramonvinas@hotmail.com

(58-2) 4323 78297

(597) 464 901

minow@sr.net

Attendance List CCCs
N°

COUNTRY

NAME

PRESENT OFFICIAL POSITION

ADDRESS

PHONE

FAX

E-MAIL

10

ARGENTINA

Osvaldo Canziani

Asesor del Ministerio de RR.EE.
sobre cuestiones ambientales.
Co-presidente del GT II del IPCC

Av. R. Scalabrini Ortiz 1978
1425 Buenos Aires

(54 11) 4831 7864

(54 11) 4831 8862

11

COLOMBIA

Maximiliano T.
Henriquez Daza

Subdirector de Meteorología

IDEAM
Carrera 7 N° 32-16. Piso 17
Bogotá – Colombia

(57-1) 35 00 111
Móvil:
(57 315) 852 22 64

(57-1) 35 00 131

mhenriquez@ideam.gov.co

12

CHILE

Coordinar Programa de Cambio
Climático

Comisión Nacional de Medio
Ambiente CONAMA
Obispo Donoso N° 6
Providencia, Santiago

(562) 240 56 00

(562) 244 34 36

jcaceres@conama.cl

13

ECUADOR

Coordinador de la Unidad de
Cambio Climático

Ministerio del Ambiente
Eloy Alfaro y Amazonas
Edif. MAG Piso 7 - Quito

(593-2) 2 508 510

(593-2) 2 508 510

J. Cáceres

Julio Cornejo

26

ocanz@ciudad.com.ar

jcornejo@ambiente.gov.ec
julio_cornejo@msn.com

COUNTRY

N°

14

15

FRANCIA

PARAGUAY

NAME

Alain Brisson

PRESENT OFFICIAL POSITION

ADDRESS

Coordinador Climatologico del
SRMA AÉROPORT DU Lamentin
Servicio Regional de Meteo-France CEDEX 02 97288 Lamentin
de Antillas - Guyane
CEDEX

PHONE

FAX

(33 5) 9657 2386

(33 5) 9657 2391

(595 21) 615-803/4

(595 21) 615-807
615-812

Diana M. Gauto C.

Asesor Técnico PNCC

Oficina Nacional de Cambio
Climático
Madame Lynch N° 3500
Asunción

Av. Guardia Civil N° 205, San
Borja, Lima - Peru

(51-1) 225 5370
Anexo 243

(51-1) 225 5369

E-MAIL

alain.brisson@meteo.fr

dianagauto@hotmail.com
dgauto@scam.gov.py

16

PERU

Julio García

Coordinador de Vulnerabilidad y
Adaptación – Programa Peruano
de Cambio Climático y Calidad del
Aire

17

SURINAME

Soetjipto Verkuijl

Director, Environment Office
(Instituto Medio Ambiente)

Onafhankelijkheids Plein 2
Paramaribo

(597) 520 045

(597) 520 042
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URUGUAY

Virginia Sena

Asesor Técnico de la Unidad de
Cambio Climático

Rincón 422, Piso 3, Oficina 5. CP:
11400. Montevideo, Uruguay

(598-2) 917-0710
Int. 4307

(598-2) 917-0710
Int. 4321

vsena@adinet.com.uy
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VENEZUELA

José Díaz Dimas

Director Hidrología, Meteorología y
Oceanología
Ministerio Ambiente y Recursos
Naturales

URB. Santa Monica.c/ Saluzzo
Residencia Dauda Torre “A” piso 5
Dpto. 52
Caracas

(58 ) 212 662 5750
(58) 212 408 4732

(58) 212 408 4734

jdiaz@marn.gov.ve
diazjr10@hotmail.com
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jgarcia@conam.gob.pe

sverkuijl@nimos.org
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COUNTRY
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ARGENTINA

21

ARGENTINA

22

ARGENTINA

23

BRASIL

24

BRASIL

NAME

Carlos Villanueva

Carolina Vera

Graciela Odilia Magrin

Carlos Franca

Gustavo Necco

Luis Augusto Toledo
Machado

25

BRASIL

26

CAF - CORPORACIÓN Tanya Miquilena de
ANDINA DE FOMENTO Corrales

PRESENT OFFICIAL POSITION

ADDRESS

PHONE

FAX

E-MAIL

Director Técnico DGSMN

25 de Mayo 658 CP 1002
Buenos Aires

(54 11) 5167 6715

(54 11) 5167 6715

cavi@meteofa.mil.ar

Profesora de la Universidad de
Buenos Aires

CIMA. 2do. Piso, Pab. II, Ciudad
Universitaria (1428)
Buenos Aires, Argentina

+54-11 4787 2693

+54-11 4788 3572

carolina@at.fcen.uba.ar

Coordinadora del Area de Clima

Instituto del Clima y Agua – INTA.
1712 Castelar, Argentina

+54-11 4621 0125

+54-11 4621 5663

gmagrin@cnia.inta.gov.ar

Físico
Instituto Oceanográfico da USP

Plaza Oceanográfica 191 San
Pablo SP Brasil
R. Do Rocio 52 ap 101
Villa Olimpica
Sao Paulo, Br

(55 11) 38459577

(55 11) 30916502

cafranca@mar4.io.usp.br
cafranca@spider.usp.br

Director IAI

INPE, Av. Dos Astronautas 1758,
S.J. Campos SP 12227-010
Brazil

(55-12) 3945
6855/6

(55-12) 3941 4410

g_necco@dir.iai.int

Researcher at the National Institute
for Space Research - INPE Climate Studies and Weather
Forecast Center - CPTEC

Instituto de Pesquisas Espaciais –
Centro de Previsao do Tempo e
Estudos Climaticos – Divisao de
Satelites e Sistemas Espaciais.
Rodovia Pres. Dutra, Km 40,
Cachoeira Paulista, SP 12630-000
Brasil

(55-12) 3186 9399

(55-12) 3186 9291

machado@cptec.inpe.br

Coordinador Regional del
Programa Regional Andino de
Prevención y Mitigación de Riesgo
de Desastres (PREANDINO)

Av. Luis Roche Torre CAF Altamira
Caracas, Venezuela

(58-212) 209 20 32
(58-212) 209 20 33
(58-212) 209 20 45

(58-212) 209 24 24
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tcorrale@caf.com

N°

NAME

COUNTRY

Rodney G. Martínez

27

CAF - CORPORACIÓN
Guingla
ANDINA DE FOMENTO

28

CANADA

Desmond O’Neill

PRESENT OFFICIAL POSITION

ADDRESS

PHONE

FAX

Jefe Dpto de Oceanografía y Clima
INOCAR

Base Naval Sur Vía Puerto
Marítimo Guayaquil
Ecuador

(593) 42 48 11 05

(593) 42 48 51 66

cdmbac@inocar.mil.ec
guillito5@yahoo.es

Consultant of GCOS

110 Johnson Crescent, Lover
Sackville, NS.
Canada B4C 3

(902) 865-7208

(902) 865 7208

desoneill@eastlink.ca

Jefe del Dpto. de Oceanografía

Servicio Hidrográfico y
Oceanográfico de la Armada de
Chile (SHOA)
Errazuriz 232 Playa Ancha,
Valparaíso, Chile

(56 32) 266 670

(56 32) 266 542

29

CHILE

Rodrigo Núñez

30

CHILE

Gino Casassa

Jefe Laboratorio de Glaciología y
Cambio Climático

Centro de Estudios Científicos
Av. Prat 514, Valdivia, Chile

(56 63) 234 540
mobil: 099170899

(56 63) 234 517
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NETHERLANDS

Gunter Konnen

Head Climate Analysis
Royal Netherlands Met. Inst.
(KNMI)

KNMI, Division Climate Analysis
P.O. Box 201, 3730 AE De Bilt,
The Netherlands

+31 302206451

+31 302210407

+44 1344 886 653

+44 1344 8856 81

44-1622 75 50 22

44-1622 75 50 22
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UNITED KINGDOM

33

UNITED KINGDOM

34

UNITED KINGDOM

Hadley Centre, Met Office,
Bracknell new address after
November/03):
Hadley Centre Met Office
Fitzroy Road Exeter
EXI 3PB UK

Godfrey (Geoff) Jenkins Head, Climate Prediction
Programme

Jim Williams

Paul Mason

E-MAIL

Consultant

Mount Ararat, Cave Hill,
Maldstone, Kent ME 15 6DX,
UK

WMO /GCOS

UK
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rnunez@shoa.cl

gcasassa@cecs.cl

konnen@knmi.nl

geoff.jenkms@metoffice.com

Jim__will@hotmail.com
mountararat@btinternet.com

p.j.mason@reading.ac.uk

35

NAME

COUNTRY

N°

URUGUAY

36

USA

37

USA

38

USA

Alejandro
González

PRESENT OFFICIAL POSITION

Arcelus

Raymond Bradley

Howard Diamond

Michael Helfert

ADDRESS

PHONE

FAX

Asesor Hidrológico del RP de
Uruguay

Dirección Nacional de Hidrología
Rincón 575 2do. Piso
Montevideo 11000

(598-2) 916 4666
Int. 3328

(598-2) 916 4667

Distinguised Professor, Advisory
University of Massachusetts

Dept. of Geosciences, Morril
Center, University of Masachsetts,
18 Juniper Love Amherts, MA
01002-1228,
USA

413 545 2120

413 545 1200

US GCOS Programme Manager
NOAA

Program Manager, U.S. Climate
Reference Network

OBSERVERS
39. Laura Gallardo
40. Gaston Sepúlveda
41. Mario Caceres
42. Jenny Maturana
43. Mauricio Hurtado

Chile
Chile
Chile
Chile
Chile

UCH/CMM
UCH/Minagri
SHOA
SHOA
DIMA

GCOS / WMO
SECRETARIAT
45. Alan Thomas
46. William Westermeyer
47. Ramon Sonzini
48. Rosario Cazenave

Switzerland
Switzerland
Paraguay
Paragua

WMO/GCOS
WMO/GCOs
WMO/RAM
WMO/RAM

1335 Enst-West Highway
Silver Spring. Maryland 20910

Fed’l bldg151 E- Patton Ave.
NOAA-NCDC, Asheville, North
Carolina USA 28801

1 301 713 1283

(828) 271 4680

1 301 713 0811

(828) 271 4328

NMHS CHILE
49. Myrna Araneda
50. Jorge Carrasco
51. Hector Martinez
52. Paola Uribe
53. Claudia Cruz
54. Viviana Quilodran
55. Claudia Ponce
56. Claudia Villarroel
57. Patricia Valdes
58. Jaime Paredes
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E-MAIL

arcelus@nbcnet.com.uy

rbradley@geo.umass.edu

howard.diamond@noaa.gov

mike.helfert@noaa.gov

Annex 3
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 South America 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
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support of the Parties to make much needed improvements in observing networks that will
benefit not only the global concerns of COP 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 April 2004. With resources limited both nationally and internationally, a
regional plan for improving observing systems is practical, achievable, and fundable.

32

Annex 4
THE SECOND REPORT ON THE ADEQUACY OF THE GLOBAL OBSERVING SYSTEMS
FOR CLIMATE IN SUPPORT OF THE UNFCCC
Executive Summary
A first report1 on the adequacy of the global observing systems for climate in providing the
systematic climate observations required by the United Nations Framework Convention on
Climate Change (UNFCCC) was submitted to the Conference of the Parties (COP) of the
UNFCCC at their fourth meeting in 1998. Since then, the COP, individual Parties of the
UNFCCC and various intergovernmental and international agencies have undertaken a range of
actions to address the reported inadequacies. In 2001, the Subsidiary Body for Scientific and
Technological Advice (SBSTA) to the COP endorsed the preparation of a second report on the
adequacy of the global observing systems for climate to meet their needs and also those of the
Intergovernmental Panel on Climate Change (IPCC). The goals of this Second Adequacy
Report (the Report) were to determine what progress has been made in implementing climate
observing networks and systems since the first report; determine the degree to which these
networks meet with scientific requirements and conform with associated observing principles;
and assess how well these current systems, together with new and emerging methods of
observation, will meet the needs of the UNFCCC. The preparation of the Report, organized by
the Global Climate Observing System (GCOS) Secretariat working in partnership with the other
global observing systems2 and on behalf of its Sponsors3, has involved a wide range of experts
from the scientific and observational communities as well as an open review process.
The authors of the Report, in consultation with the IPCC, established the scientific requirements
for systematic climate observations underlying the needs of the Parties to the UNFCCC and the
IPCC. Climate observations are required to:
•
•
•
•
•
•

Characterize the state of the global climate system and its variability;
Monitor the forcing of the climate system, including both natural and anthropogenic
contributions;
Support the attribution of the causes of climate change;
Support the prediction of global climate change;
Project global climate change information down to regional and national scales; and
Characterize extreme events important in impact assessment and adaptation, and to
assess risk and vulnerability.

Observations from the current climate observing systems have provided the information for
many of the conclusions drawn by the IPCC on climate change and its potential impacts. They
have also provided the Parties with information for understanding the implications of climate and
climate variability on their societies and ecosystems. Notwithstanding the use being made of
current information and the improvements made in the past few years, the IPCC has recently
1

Report on the Adequacy of the Global Climate Observing Systems. GCOS-48, October 1998. Submitted to COP-4,
November 2-13, 1998, Buenos Aires, Argentina. Available at http://www.wmo.ch/web/gcos/Publications/gcos-48.pdf
2
The Global Ocean Observing System (GOOS), the Global Terrestrial Observing System (GTOS), the World Weather Watch
(WWW) with its Global Observing System (GOS) and the Global Atmosphere Watch (GAW).
3
The organizations that sponsor GCOS are: the World Meteorological Organization (WMO), United Nations Educational, Scientific
and Cultural Organization (UNESCO) and its Intergovernmental Oceanographic Commission (IOC), the United Nations
Environment Programme (UNEP), and the International Council for Science (ICSU).
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reported4 that current climate observational networks are declining in many parts of the world
and that additional and sustained climate observations are required to improve the ability to
detect, attribute and understand climate change and to project future climate changes.
Based on an integrated analysis of the atmospheric, oceanic and terrestrial domains according
to these scientific requirements, the Second Adequacy Report concludes that there has been
progress and improvement in the implementation of global climate observing systems since the
first report, especially in the use of satellite information and in the provision of some ocean
observations. At the same time, the Report notes that the global terrestrial networks remain to
be fully implemented; the ocean networks lack global coverage and commitment to sustained
operation; and the atmospheric networks are not operating with the required global coverage
and quality. The Report concludes, in agreement with the IPCC, that there remain serious
deficiencies in the ability of the current global observing systems for climate to meet the
observational needs of the UNFCCC. The Report in its various findings documents the needs
and opportunities for improvement to the global observing systems for climate. Without urgent
action to address these findings, the Parties will lack the information necessary to effectively
plan for and manage their response to climate change. It requires immediate action by the
Parties, the UNFCCC and intergovernmental and international agencies, and will require the
allocation of additional resources.
The focus of the Report is on climate variables that are both currently feasible for global
implementation and have high impact with respect to the UNFCCC and IPCC requirements.
Table 1 lists these Essential Climate Variables.
Conclusion:
1) Achieving global coverage and climate-quality observations for the variables in
Table 1 is essential to ensure that the needs of the UNFCCC and the IPCC for
systematic climate information are addressed.
Table 1. Essential Climate Variables that are both currently feasible for global
implementation and have a high impact on UNFCCC requirements.
Domain

Atmospheric
(over land,
sea
and ice)

Essential Climate Variables
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, Other long-lived greenhouse
gases5, Aerosol properties.

4
5

Climate Change 2001: The Scientific Basis (IPCC Third Assessment Report).
Including nitrous oxide (N2O), chlorofluorocarbons (CFCs), hydrochlorofluorocarbons (HCFCs), hydrofluorocarbons (HFCs),
sulphur hexafluoride (SF6), and perfluorocarbons (PFCs).
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Surface:
Oceanic

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

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.

The Report has identified a number of critical areas where immediate improvements to global
observing systems for climate are required. These include providing effective access to climate
data and improving its quality; achieving global coverage for in situ networks, particularly in the
oceans and for essential climate variables in the terrestrial domain; routinely providing highquality integrated climate products; increasing the participation of developing countries; and
enhancing national, regional and international planning, reporting and coordination.
I. Data Considerations
There are many observations of the climate system being taken today. The Report notes many
times where there are issues with respect to limited access to these observations and the
problems with their quality. Addressing these issues would have an immediate and positive
impact on the ability of the current global observing systems for climate to meet the needs of the
Parties.
Effective Data Exchange and Access
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 this 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. Indeed, most Parties appear to be unaware of their performance in
this respect.
Conclusion:
2) Adherence by nations to the agreed policy of free and unrestricted exchange is
urgently required for both in situ and satellite climate observations, particularly in
respect of observations of the Essential Climate Variables listed in Table 1, as well
as their associated climate products; and
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3) Nations need to ensure that their observations and associated metadata for the
Essential Climate Variables, including historical observations, are available at
international data centres6 for application to climate analyses.
High-Quality Climate Data
One of the most important aspects of the Convention that sets it apart from most other needs for
climate information is the requirement for information on change and rates of change. This
requirement means the construction of data sets covering long periods (many decades if not
millennia) that can be continued into the future. Such data sets must be homogeneous without
extraneous and undocumented instrument or observing-system changes. The GCOS Climate
Monitoring Principles7 have been adopted by the UNFCCC as a means of ensuring such a
homogeneous climate record for the future. While developed for the specific purposes of the
UNFCCC, adherence to the GCOS Climate Monitoring Principles will enhance the value of the
observations for all users. In many respects these principles simply represent good
management practice for observing systems. Most of the Parties, in their National Reports8,
acknowledged the importance of these principles but reported that they had yet to adopt them in
actual practice. It is clear from this Report that, unless these principles are adhered to, the
investments being made in improving the various parts of the global observing systems for
climate will be significantly undermined.
The Report has noted that satellite observations are an essential part of the global observing
systems for climate for all three domains. Their contributions, though already substantial and in
many cases impossible to replicate with in situ approaches, have not realized their full potential
because the mission design parameters have not included long-term climate monitoring
requirements. Many of the Earth observation missions, relevant for the climate variables, are
either for research and development purposes, most of which by their very nature have a limited
time horizon, or are implemented in support of weather services where the primary
requirements are different. Improvements can be made by the Space Agencies’ recognizing the
special requirements of the UNFCCC and the importance of adherence to the GCOS Climate
Monitoring Principles that have now been specifically tailored to include satellite observations.
The Report further notes that maintaining a homogeneous record requires that the operation of
the individual networks be monitored on a continuous basis to ensure that standards are being
maintained and that observations are being received by the designated international data
centres. Such operational monitoring will ensure that problems that might affect the quality of
the climate record are identified and corrected in a timely and cost-effective manner.
Conclusion:
4) Adherence by nations to the GCOS Climate Monitoring Principles for global
climate observations from both in situ networks and satellites is required; and
6

The term “international data centre” covers the ICSU World Data Centres as well as other centres identified by GCOS and its
sponsors as the organizations responsible for the storage of data for specific networks and for making it available to the users. It
is implicit that these centres will adhere to GCOS data policy, apply the GCOS Climate Monitoring Principles in their operations,
and implement cataloguing, auditing and reporting procedures on the availability of data.
7
See Appendix 2 of the Report.
8
The term “National Reports” includes: the summary information provided by Annex I Parties on systematic observation in
accordance with the UNFCCC guidelines, as a part of their National Communications; the detailed reports on systematic
observation that were invited from all Parties; and the Initial Communications from Non-Annex 1 Parties. An analysis of these
reports is available on the GCOS website at http://www.wmo.ch/web/gcos/Publications/gcos-79.pdf
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5) GCOS and its partners need to monitor the performance of the individual
networks to ensure their continued effectiveness and the timely identification and
remediation of problems that may compromise the quality of climate products.
Data for Impact Assessment
Impact assessment and adaptation activities require information on regional patterns of climate
change, variability and extreme events. These requirements cannot be met solely with
observations from the GCOS baseline networks. Additional regional and national stations are
required, as well as daily and/or hourly observations to establish extreme events. These
networks are especially important for measurements of surface temperature, precipitation, wind
and sea level. Such higher-density networks will be difficult for many countries to implement and
sustain, particularly for the least-developed countries, small-island states and some countries
with economies in transition.
Conclusion:
6) Nations will need to operate climate-observing networks with a denser distribution
of stations and often more frequent observations, in addition to the GCOS
baseline networks, for impact assessment and the development of adaptation
strategies. These regional and national networks, to the greatest extent possible,
should also be operated in accordance with the GCOS Climate Monitoring
Principles.
II. Network Considerations
Specific actions to improve the adequacy of the domain networks have been identified in the
Report. The necessary steps are discussed in detail in Section 6 and are summarized below.
Atmospheric Observation
The GCOS strategy for acquiring and analyzing atmospheric data is being implemented
gradually, with a special emphasis on the development of GCOS baseline networks including
the GCOS Surface Network (GSN) and the GCOS Upper-Air Network (GUAN). However, there
are problems with the observation and exchange of many of these baseline data, and improved
adherence to the GCOS Climate Monitoring Principles is required. These problems require
urgent attention. Many developing countries need resources and training to resolve problems
with acquisition, analysis and archival of data for climate. Increased attention is also needed to
recover and access past records (both instrumental and paleoclimate reconstructions) to better
establish the variability and long-term trends in climate.
Analysis of regional impacts and vulnerabilities requires high-frequency (e.g., hourly for
precipitation) high-density climate observations. These high-frequency data are vital for
developing information on extreme events.
To characterize global climate and to initialize and verify global climate models, there is a need
to consolidate the marine-surface network. This includes the Voluntary Observing Ships (VOS)
contributing to the VOSClim programme; surface-drifting buoys measuring sea-surface
temperature and surface pressure; and air-sea moorings and satellites measuring surface
atmospheric variables over the ocean. This need is especially important for the southern oceans
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and other regions where there are few shipping routes. Unbiased estimation of precipitation
over the ocean requires further refinement of satellite measurement techniques together with
the establishment of a reference network of ocean-surface precipitation stations on key islands
and moored buoys around the globe.
Clouds and water vapour affect the Earth radiation budget and provide the strongest and most
uncertain feedbacks in the climate system. Satellite observations of total solar irradiance and
Earth radiation must be continued without interruption and with strict adherence to the GCOS
Climate Monitoring Principles. Promising new technologies should be exploited, including for
instance the use of occultation techniques and Global Positioning System (GPS)-based sensing
of column water vapour.
Continuing and homogeneous observations should be made of the spatial and temporal
distribution of greenhouse gases, including carbon dioxide, to help determine sources and
sinks. This should be accomplished through the continued operation of the current stations,
enhancement of the Global Atmosphere Watch (GAW) Global Network in selected regions,
advancement of selected satellite observations, and implementation of real-time analysis and
re-analysis for atmospheric composition products.
In order to characterize the nature of
aerosols and their radiative properties, there is a need to consolidate baseline measurements
and further develop a strategy to produce long-term homogeneous observations. There is a
need for improved distribution and calibration of ground-based observations to support the use
of satellite data for global monitoring of ozone.
Ocean Observation
New technology, developed and proven by the ocean climate programmes of the 1990’s, has
allowed the ocean community to design and commence implementation of an initial ocean
climate observing system that is well focused on the UNFCCC needs. The first priority is the full
implementation of this system together with its associated data, analysis and product
capabilities. Implementation will involve making existing in situ and satellite activities adhere to
climate standards as well as the phased introduction of the essential enhancements. Continued
support of climate research and technology programmes for the oceans is also needed to
ensure efficiency and effectiveness and to promote development of capabilities for those climate
variables that cannot currently be observed globally. This need is particularly acute for remote
locations and for improved understanding of the ocean ecosystems and those processes that
contribute to uncertainty in estimates of climate change.
Satellites are needed because they are the dominant source of ocean-surface data, with in situ
networks providing necessary complementary information. High quality and continuity are
primary requirements for satellite observations. Sustained support for remote wind, topography,
sea-ice, sea-surface temperature and ocean-colour measurements remains a pressing issue.
Global deployment of the surface data-buoy array and of the Argo-float programme, in
conjunction with the rest of the comprehensive surface and upper-ocean temperature and
salinity networks, is needed for monitoring of heat and freshwater storage and transport, to test
the ocean component in climate models, and for climate change detection and attribution.
Establishment of a sparse network of global-ocean reference stations is essential for providing
the climate-quality time series required for model testing, climate change detection, calibration
of air-sea flux estimates and technology development.
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Enhancement and extension of the global baseline and regional sea-level network record is
needed for climate change detection and the assessment of impacts.
The measurement of the state and change of carbon sources and sinks in the ocean is
important for determining the nature of the global carbon cycle, for future scenario projections
and for a full understanding of potential mitigation strategies.
Measurements of the full-depth ocean are a critical contribution to characterizing ocean climate
variability and change, providing a capacity for monitoring the oceanic uptake of heat,
freshwater and carbon dioxide and improving the chances of early identification of abrupt
climate change arising from deep ocean processes. Regular, full-depth ocean surveys and
surface altimetry are needed.
Terrestrial Observation
The climate observing system in the terrestrial domain remains the least well-developed
component, whilst at the same time there is increasing significance being placed on terrestrial
data for climate understanding as well as impact and mitigation assessment. Increasingly sound
foundations exist for both the in situ observation networks and the space-based observing
components of the terrestrial domain. Space Agencies and other organizations are generating
new products, the Global Terrestrial Networks (GTNs) are being established and growing in
effectiveness, and their associated international data centres are beginning to be populated with
data.
Although progress is being made in product generation from Earth observation satellite data, in
many cases there is no institutional responsibility for generating climate-quality terrestrial
products. This needs to be rectified.
Appropriate long-term satellite records should be reprocessed to produce consistent data sets
for the key terrestrial variables.
A coordinated reference network is needed for in situ observations of climate variables, such as
carbon dioxide and the water variables, for process studies, to validate observations derived
from Earth observation satellites, and to address intrinsic limitations in some of these, such as
the saturation of leaf-area-index (LAI) measurements.
The three Global Terrestrial Networks (hydrology, glaciers, permafrost) should be fully
implemented, gaps in the measurement networks that they have highlighted should be filled and
data should be provided to the designated international data centres.
III. Implementation Considerations
Achieving global coverage of climate-quality observations for the variables in Table 1 is
essential to ensure that the needs of the UNFCCC and IPCC for systematic climate information
are met. This requires an integrated approach incorporating a mixture of high-quality satellite
and in situ observations as well as associated infrastructure. Implementation requires the
allocation of resources to priority activities, the participation of all Parties, and mechanisms for
the establishment of and promulgation of standards. In addition, as understanding of the climate
system increases and deployment of the required observing techniques becomes both feasible
and cost-effective, observations of additional climate variables will have to be incorporated.
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Conclusion:
7) Parties, both individually and through multilateral agreements and
intergovernmental mechanisms, should commit to the full implementation of
integrated global observing systems for climate, sustained on the basis of a mix
of high-quality satellite and in situ measurements, dedicated infrastructure and
targeted capacity-building.
Integrated Approach
Global climate products are commonly generated by blending data from different sources, such
as in situ and satellite observations. It is essential that analysis centres be identified to regularly
generate these products.
Maximum benefit is extracted from all climate observations through real-time data-assimilation
and re-analysis systems in which different data are integrated into comprehensive and
internally-consistent descriptions of the state of the climate system, although simpler
approaches are currently appropriate for some products.
There is also a need to provide on-going support for satellite observations of the Essential
Climate Variables and for the generation of integrated climate products from these observations.
Table 2 contains a list of variables largely dependent upon satellite observations and used in
integrated climate products.
Re-analysis has been applied to atmospheric data covering the past five decades. Although the
resulting products have proven very useful, considerable effort is needed to ensure that reanalysis products are suitable for climate monitoring applications. Re-analysis will be improved
by the inclusion of historical climate data, which together with their associated metadata need to
be available in international data centres. The least-developed countries, small-island states
and many countries with economies in transition will benefit from assistance in the rescue of
paper records, their transcription into digital form and permanent archiving for use in global reanalysis.
Conclusion:
8) Internationally-coordinated re-analysis activities need to be enhanced and
sustained by the involved Parties to meet the requirements for monitoring climate
trends, to establish ocean re-analysis for the recent satellite era, and to include
variables related to atmospheric composition and other aspects of climate
forcing;
9) Parties with responsibility for space agencies should support the long-term
operation of Earth observation satellites; ensure that homogeneous climate data
and integrated products are produced; and strive to make them available to all
Parties; and
10) Such Parties should support an internationally-coordinated approach to the
development of an initial set of integrated global climate products, related to the
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variables9 in Table 2, and make them accessible to all Parties. Developing a
strategy for implementing these global products could be an important role for the
Integrated Global Observing Strategy (IGOS) partners, of which GCOS is a
member.
Table 2. Variables largely dependent upon satellite observations.
Domain

Variables

Precipitation, Earth radiation budget (including solar irradiance), Upper-air
Atmospheric
temperature (including MSU radiances), Wind speed and direction (especially
(over land,
over the oceans), Water vapour, Cloud properties, Carbon dioxide, Ozone,
sea and ice)
Aerosol properties.
Oceanic
Terrestrial

Sea-surface temperature, Sea level, Sea ice, Ocean colour (for biological
activity).
Snow cover, Glaciers and ice caps, Albedo, Land cover (including vegetation
type), Fraction of absorbed photosynthetically active radiation (FAPAR), Fire
disturbance.

Participation by All Parties
Many of the Parties, especially those least-developed countries and small-island developing
states, as well as some countries with economies in transition, are not in a position to participate
fully in global observing systems for climate. Problems include a lack of trained personnel,
expensive consumables, inadequate telecommunications, and an absence of equipment. There
is also limited capacity for them to draw benefits from the observations currently being taken.
The Parties have previously discussed these matters within the context of the COP where
Parties have been encouraged, in cooperation with the GCOS Secretariat, to explore the full
range of funding options that might address these problems as well as to participate in the
development and implementation of action plans for specific regions. In addition, the SBSTA
has decided to consider the need to support capacity-building for systematic observations (and
research) at future meetings.
Conclusion:
11)

9

Annex 1 Parties, in conjunction with GCOS and its Sponsors, should explore the
establishment of a voluntary funding mechanism for undertaking priority climateobserving-system improvements and related capacity-building with leastdeveloped countries and small-island developing states as well as with some of
those countries with economies in transition.

Or where appropriate, a surrogate, e.g., microwave radiance in a specified band for upper-air temperature.
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Standards
Given that climate observations are made by many different organizations and in almost all
nations, the production of homogeneous and high-quality global climate observations and
associated products requires an international mechanism, to prepare regulatory and guidance
material relating to climate observing systems, data management and products. The existing
international mechanisms for the atmospheric and oceanic domains are encouraged to develop
and promulgate standards, including those for satellite observations, for all of the Essential
Climate Variables. It has been noted that many organizations make terrestrial observations, for
a wide range of purposes. Various different measurement protocols are used, even for the same
variable. The resulting lack of homogeneous observations limits capacity to monitor the
terrestrial changes relevant to climate and to investigate the causes of observed land-surface
changes. As a result, there is an urgent need for the establishment of an international
mechanism for the terrestrial domain similar to those already in existence for the atmospheric
and oceanic domains.
Conclusion:
12)

The GCOS Sponsors, in consultation with other international or intergovernmental
agencies, as appropriate, should consider the establishment of an international
mechanism that would prepare and issue regulatory and guidance material
relating to terrestrial observing systems and management of their data and
associated products.

Planning and Reporting
The information provided by the Parties on systematic observation as part of their National
Reports has proven to be useful to GCOS in the planning and implementation of global
observing systems for climate. Unfortunately, detailed information was available only from a
limited number of nations. Obtaining a global perspective requires regular and coherent
information from all Parties. It was noted by some nations that the preparation of these reports
for the UNFCCC had become a stimulus for enhanced coordination and planning. In a few
cases, this planning had led to the allocation of resources and adjustments to the national
observing systems to more fully meet climate needs. It is likely that many developing countries
and some countries with economies in transition will need assistance to develop and implement
such coordination and planning processes.
The GCOS Sponsors undertake a number of regional planning and implementation activities. In
response to the request of the UNFCCC, the GCOS Regional Workshop Programme has been
undertaken to supplement these activities by organizing workshops involving developing
countries in a number of regions. Action plans to resolve specific deficiencies in climate
observing systems are subsequently developed for each region. Five workshops have been
held to date and three action plans have been developed that now require project funding for
implementation. Further workshops are being held in other regions in the next two years. The
development of regional action plans has the substantial benefit of sharing work across many
partners with common interests who are able to learn from the experience of other regions and
participants.
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Conclusion:
13)

Nations are encouraged to adopt a systematic approach to implementing global
observing systems for climate involving active national and regional coordination
and planning processes and a commitment to systematic climate observation;

14)

All Parties are strongly urged to submit information on their systematic
observations as part of their national communications to the UNFCCC; and

15)

The SBSTA, in consultation with the GCOS Secretariat, is urged to review the
guidelines for National Communications by the Parties on research and
systematic observation10 to include, inter alia, a specific requirement to report on
the exchange of observations of the Essential Climate Variables and on the
submission of current and historical observations and metadata to the
international data centres.

Developing Future Capabilities
Improved observing techniques are needed, both to make more effective measurements of
Essential Climate Variables and to expand the suite of key climate variables that can be
observed globally. Improvement in both satellite and in situ observing technology is needed.
The transfer of proven research observation activities to sustained operational status needs to
be encouraged. Improved understanding of climate phenomena and their impacts, as well as
greater understanding of the uncertainties associated with climate projections, is also needed.
The integrated observing system will need to evolve as new observing capabilities, new
understanding of climate variability and change, and better awareness of the needs of society
are developed.
Conclusion:
16)

10

Further research and development is required to improve the comprehensiveness,
accuracy and efficiency with which the global climate system can be
characterized.

Decision 4/CP.5
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Annex 5
REQUIREMENTS AND DEFICIENCIES OF THE CLIMATE OBSERVATION SYSTEM IN
COLOMBIA AND IN THE REGION
Max Henriquez, IDEAM, Colombia
Some neuralgic points that must be considered in the presentation of deficiencies and
needs of the observational system are mentioned below. The example of Colombia is
presented but, in the majority of cases, the problem is common to all countries in South
America.
Radiosonde Network: In Colombia and, generally in South America, the radiosonde network is
scarce and obsolete. In Colombia, there are presently 4 stations operating in an irregular
manner, due principally to the fact that the equipment has become obsolete and to the high
costs of materials and of the operation itself. The station at Riohacha is out of service because
the equipment is physically old. This station is fundamental for the follow-up of tropical cyclones
and, therefore, it should obtain special aid for its operation, through the hurricane programme.
RECOMMENDATION: Upper-air information in the tropics is of special importance for the
calibration of global and regional prediction models. The WMO should establish a programme
of assistance to the governments for the renewal and operation of these expensive stations.
Furthermore, the location of these stations is completely heterogeneous and several countries
in South America do not even have upper-air information available.
Oceanographic network: At present, Colombia has 4 oceanographic stations, 2 in the
Caribbean and 2 in the Pacific. These stations only measure the sea level and their operation
is irregular. Buoys are not available due to their high cost; a couple of stations operate in 2
National Navy ships and they produce information only when scientific cruises are carried out,
approximately twice a year.
RECOMMENDATION: The WMO should lead a programme aimed at increasing and
developing marine observations: the majority of our countries cannot afford to purchase buoys
and, therefore, a solution that includes support from developed countries should be sought. For
the purpose of global change studies, the information provided by the COADS Project is of great
value but it would be very useful to have a wider diffusion of this information and training for its
utilization, through roving seminars to be conducted preferably by NOAA specialists.
Calibration of instruments: A due validation of climate information is not possible if a systematic
programme for instruments calibration is not established. Each country should have an
adequate availability of pattern instruments and calibration chambers, in addition to an
appropriate programme of periodic and routine calibrations.
RECOMMENDATION: To establish a systematic programme for calibration of information in all
countries for which the WMO should examine the possibility of providing patterns to the
countries and preparing updated and detailed manuals containing calibration standards per
instrument. It would be recommendable to circulate a rapid survey on calibration programmes
and pattern instruments available at each country of the region and once the results are
obtained, apply the necessary actions to solve this deficiency in the region.
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Observations for follow-up of glaciers and carbon fluxes: the follow-up of glaciers is a relatively
scarce and unreliable information in the tropical area. Through the network modernization
project in Colombia, special emphasis has been placed on these measurements and, thus, it is
presently planned to install 22 high mountain stations which, combined with aerial photographs,
satellite technology and models, will in the short term allow for an approximation to the future
behaviour of glaciers in the country. Also important for climate change studies are carbon flux
measurements which, in Colombia, are carried out in an irregular and sporadic manner.
RECOMMENDATION: To urge the countries to establish high mountain measurements for the
purpose of following up glaciers. At the same time, to establish a regular programme of carbon
flux measurements, preferably in an integrated manner among all countries in the area. In this
respect, it would be desirable for WMO to design, for South America, an integrated network of
high mountain and carbon flux measurements, variables of vital importance for climate change
studies.
Telecommunications: Up until sometime ago, the flux of synoptic information in Colombia was
handled through the AFTN network belonging to the Civil Aeronautics Administration, which
generated serious dependency problems with this entity. However, this deficiency has been
solved to a great extent thank to the utilization of Internet. At present, each airport transmits its
information hour by hour through the cyberspace, allowing for synoptic information to be always
available to users and specialists. On the other hand, upper-air information, generated by
radiosondes, had to be transmitted via Maracay – Brasilia – Washington, which produced great
disturbances and delays in flux and updating. These problems have currently been solved
through the implementation of the VISAT/STAR IV/WAFS system in which the information is
directly exchanged with Washington.
RECOMMENDATION: The countries in the region should utilize state of the art technology to
the maximum extent possible so that real-time information may be available and the WMO
should assist with adequate equipment and software. The VISAT/STARIV/WAFS technology
appears to be the most adequate in the light of the experience already gained with the utilization
of this equipment in North and Central America.
Databases: The large volumes of information which climatological archives generally involve,
require platforms with sufficient capacity and management flexibility, such as the Oracle base
successfully utilized in Colombia for several years.
RECOMMENDATION: Thought should be given to the utilization of adequate platforms that
would permit the storage of large volumes of information, without restrictions. However, it is
advisable that the utilization of these platforms be unified in order to allow for the appropriate
exchange of information and software among the countries in the region. It is required that a
technical study be prepared by international specialists contracted by the WMO, to define which
is the most adequate platform from the technical and economic viewpoint. Later on, those
countries with a good technological development should be encouraged to prepare a unified
software and to advice the countries in respect of the implementation of these platforms.
Reference series and data rescue: Colombia, works in a continuous and systematic manner in
the programme of data rescue and reference series, which are of vital importance for the
climate change study. Presently, around 600 stations with series for more than 15 years of
precipitation data and 250 for temperature have been selected, for which homogeneity and
representativity tests are made and their series are complemented by statistical methods.
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However, there exists a serious unsolved problem having to do with the assessment,
processing and storage of information from continuous recording instruments. This historical
information is of exceptional value for climate studies and is at risk of loss unless the
mechanisms for its storing and processing in the appropriate manner are made available.
RECOMMENDATION: A programme should be implemented as soon as possible to recover
documentary information which, through appropriate technology, will allow for the retrieval and
storage of the original historical information. The utilization of digital cameras and scanners are
apparently some techniques already tried in some countries and the WMO should spread them
among its members. On the other hand, the already existing database of reference stations
should be made known in a more adequate manner and access should be made available in an
easy and secure way. A new update should be provided to the members in order that more
stations per country may be included.
Unification of networks: In spite of the fact that IDEAM is the entity responsible for the
meteorological network, there exists a large number of stations operated by other organizations
such as agricultural unions, air and marine transportation enterprises, regional corporations,
energy commercialization companies, etc., who have their own networks, from one and up to
one hundred stations, a situation that generates anarchy in obtaining and processing
information, and causing a lack of confidence. Quite often, these stations have long observation
series and are located in strategic sites and, therefore, their rescue and restoration is a priority.
The IDEAM is currently in the process of unifying all of these networks and homogenizing their
information although this task may take some time and resources.
RECOMMENDATION: That the governments and institutions in each country contribute with
the task of unifying the various meteorological networks under only one directorate; this would
be the one to which the permanent representative with WMO belongs. In addition, work should
be undertaken for homogenizing the information in respect of hours of observation,
measurement instruments and processing method, with the purpose of attaining reliable
reference series.
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Annex 6
CLIMATE INFORMATION NEEDS FOR THE AGRICULTURAL SECTOR
Graciela O. Magrin (1)
Walter E. Baethgen (2)
(1)

(2)

National Institute of Agricultural Technology (INTA), Argentina
International Soil Fertility and Agricultural Development Center (IFDC), Uruguay

The agricultural sector permanently faces the need and the challenge of increasing productivity
and competitiveness and to do it in a sustainable manner. To this effect, one fundamental
requirement is to have relevant and updated information, timely and in the adequate manner, to
allow for improved planning and the general decision-taking process.
Among the key information required for the sector is climate data, which from the temporal point
of view, can be grouped as follows:
A.
B.
C.

Historical data
Present and near future information
Future information

A. Historical Data
Historical data is crucial to understand and quantify climate risks associated to different types of
production and to take management decisions based on such risks. Probabilistic information of
agro-economic variables (for example, yields and incomes) allows for learning about probable
risks during the worst years, probable income during the best ones, as well as the frequency of
occurrence of these events. That is to say, it allows for planning taking into account
probabilistic information with a robust scientific base.
For probabilistic analyses, historical climate series are required and they must be:
(a) long enough so as to be able to capture the temporal variability of climate: interseasonal,
interannual, interdecade and, even multidecade (e.g., periods of several dry or humid decades),
and
(b) with the largest possible geographical coverage in order to explore the spatial variability of
climate characteristics.
In general, there are several problems for obtaining this type of information. In Latin America,
as well as in other developing countries, climate data are collected by National Meteorological
Services (NMSs) who have property rights on them and who sometimes sell them at prices that
might be considerably high. There are also networks of meteorological stations belonging to
Agricultural Research Institutes (for example, INTA in Argentina, INIA in Uruguay, EMBRAPA in
Brazil, CATIE in Costa Rica, among others). In some cases, this information is freely available
to users (for instance, via Internet), but in others, it is also commercialised. This situation
notably contrasts with that in some developing countries where the majority of climate data is
available, in real or almost real time, usually via Internet, and free of charges.
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Another limiting factor is the quality of the available information, which is not always the
optimum one. In many cases, there are missing values (sometimes for whole years) or
unconsolidated measurements. Furthermore, it is usually difficult to obtain data series for more
than thirty years as, even if they exist, they are often neither digitalized nor consolidated.
Geographical coverage is another problem. It is frequent to find meteorological stations
belonging to NMSs and to research institutes located at short distances from one to another,
while large areas (thousands of Km²) remain without coverage. On the other hand, the situation
is worsened by the discontinuing of observations, the lack of maintenance of stations, or even
the elimination of complete networks (e.g., in Argentina, the elimination of pluviometric stations
belonging to the railroad companies).
At last, accessibility is difficult due to the lack of centralization of data belonging to public
organizations or to private sectors.
Over the past few years, several international initiatives were started with the aim of improving
this situation, and programmes have been established that allow for an easy access to climate
information from several regions of the world (including developing countries). In general,
however, these databases only have a rather reduced portion of the available information,
particularly in developing countries. For example, 46 meteorological stations provide GCOS
data for Brazil, while IAPAR (a research institute in the state of Parana) has 33 stations for the
state alone, whereas SIMEPAR (a joint initiative between IAPAR, the state electrical company
and the University of Parana) has more than 60 stations in the state of Parana alone.
B. Present and near future information
Real-time meteorological information and the continuation of meteorological information beyond
the observed data is a subject that deserves special attention for real-time monitoring of crop
evolution and yield estimates. In these cases, meteorological predictions and monthly climate
predictions are very useful tools that may replace climatological statistics for yield estimates
until the end of the cycle. This type of information is important for producers (or other
agricultural agents) as it may assist in making not only strategic but real-time decisions as well.
Normally, it is difficult to obtain daily climate values in real time. Although, the measurements
exist, they are not sometimes freely available or the relay systems do not operate adequately.
With respect to meteorological and climate predictions, it becomes necessary to know its
predictive capacity or level of accuracy (skill). There are normally several sources providing
predictions (both official and private) that disseminate their predictions in the sector without
specifying the level of accuracy for a determined area.
C. Future Information
The availability of long-term climate predictions (e.g. based on ENSO or other source of
interannual climate variability) with sufficient anticipation is of great help to “manage the risk” of
production associated to the phase. Interannual climate variability is one of the main sources of
uncertainty at the time of planning and deciding in the agricultural sector. A crop management
or a combination of crops that may have optimum results in a given year, may lead to losses,
overproduction or even to environmental pollution in another year which is climatologically
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different. This uncertainty may be reduced through the “risk management” which is based on
providing information that will assist decision-makers in using climate predictions to minimize
the negative consequences of climate variability, or to take advantage of favourable conditions

51

(Intentionally blank)

52

Annex 7
OBSERVATIONAL NEEDS FOR DISASTER PREPAREDNESS
Rodney Martínez Güingla
Oceanographic Institute of the Navy of Ecuador
INOCAR, Guayaquil
After the 1997-1998 El Niño event, the good results of dynamic models, and the unique
opportunity to document scientifically all the stages of this event, led the whole scientific
community to think that the steps taken towards the understanding of this climatic phenomenon
were definitive. At the same time, the enormous socioeconomic impact produced by the most
extraordinary El Niño of the XX century, represented a milestone in risk management for some
countries of the Southeastern Pacific that allowed for the generation of several initiatives. One
of them is PREANDINO which intends to include in the national planning of countries, the risk
variable as a permanent factor to be considered in the overall activities of the nations.
A few years later, El Niño 2002-2003 occurred. It was predicted by forecasts based on the
previously acquired knowledge, better understood climate patterns, and at a time when the
assimilation of data worldwide reached its most sophisticated level. Simultaneously, several
efforts in the region established methodologically more congruent risk scenarios and more
updated information. Definitely, this was the best opportunity to evaluate the positive evolution
of our preparedness capacity to meet natural disasters related with extreme climate events.
The answer is well known to all. In the Southeastern Pacific, although El Niño 2002-2003 was
forecasted as a weak one, it did not have the foreseen incidence, and was almost imperceptible
in the coastal areas of the region. To the contrary, with a climate scenario that suggested
above normal rainfall with its subsequent effects, it generated one of the driest seasons of the
last twenty years as in the case of Ecuador, especially in the coastal belt.
This short story relocates us in the real context of what our position is in relation to climate in the
region. Vis-à-vis the climate pattern of the Equatorial Pacific, the NIÑO 1+2 region showed
completely different characteristics, which, furthermore, were not correctly resolved either by
models or statistical projections. Obviously, the disaster preparedness response had to be
dramatically altered as when a flood warning system was in preparation it had to be converted
into a warning of rainfall deficit in some areas of the region.
Lessons learned point at two factors:
•

Climate in the South East Pacific is responding to a particular variability, different from the
global one, and whose recurrence is not defined.

•

The absence of dynamical models for the South East Pacific and the lack of coherence of
the patterns inferred by statistical models result in a great uncertainty for the generation of
climate scenarios, which really serve, for the prevention of natural disasters associated with
climate.

From the scientific point of view and at the regional level, many of the inconsistencies in the
projection of the last El Niño event were due, among others, to the following factors:
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•

The influence of interseasonal waves and the limitations for real-time monitoring of their
behavior at real time in the limit of the South East Pacific.

•

The impossibility of counting with a vertical monitoring of the atmosphere that permits to
estimate operationally and at regional scale, the rain inhibitors atmospheric processes vis-àvis appropriate convection conditions that characterize a warm event.

•

The impossibility to use historical meteorological information that allows performing longterm climate studies, because they were not migrated to digital format.

•

The scarcity of accessible and comprehensive climate products for the public allowing for
opportune decision-making.

•

The need to redefine climatological averages considering the possible regional influence of
interdecadal oscillations such as the PDO and long term processes, such as climate
change.

•

The limitations to integrate the continental climate variability with the marine-coastal
variability.

In the light of these needs and problems, some final recommendations are made:
•

To undertake meteorological data archaeology to permits its use for statistical or dynamical
models.

•

To implement the vertical monitoring of the atmosphere on the Pacific eastern limit.

•

To implement quality control procedures of meteorological information.

•

To generate climatological averages that respond to the interdecadal modulation and
climate change trends.

•

To generate climatological products that can be geographically incorporated to the
configuration of risk scenarios for disaster prevention.

•

To encourage the generation of on-line climatological products with information expressed in
a basic and comprehensive language.

•

To privilege spatial presentation of climatological products and define critical thresholds of
parameters associated with natural disasters caused by climate.

•

To encourage the dissemination of operational climatological products through the new
information technologies, dynamical web pages, electronic distribution lists, and climate
warning systems based on key indicators.

•

To establish a regional action plan focused on the definitive implementation of a regional
climate model.
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Annex 8
THE NEED FOR OBSERVATIONS FOR PREVENTION AND PREPARATION
FOR EXTREME CLIMATE EVENTS
Tanya Miquilena de Corrales
Andean Development Corporation (CAF) and the Regional Andean Programme for Risk
Reduction and Disaster Prevention (PREANDINO)
Natural Phenomena in the Region: The Socio-Economic Impacts
During recent years, many disastrous events associated with climate anomalies have occurred
in the Andean region, with the most important being related to the El Niño phenomenon and
unusual events such as that which occurred in Venezuela in 1999. Because of changes in the
behaviour of factors that define climate in the region, their relationship with climate change and
internal processes generating vulnerabilities associated with development models is being
studied.
Studies of the consequences of these events on local populations, economic development and
the capacity to deal with these events have brought to light a series of shortcomings in the
knowledge needed to manage prevention and mitigation of the effects of disastrous events.
There is a lack of mechanisms needed to alert and inform about the presence and probable
behaviour of phenomena and their anomalies in order to reduce damage and take advantage of
opportunities.
Detailed studies of phenomena like El Niño and La Niña, which occur increasingly not only in
the Andean region but also on a general global scale, reveal the recurrence of the anomalies
and their tendency to increase during recent decades. Those that occurred in 1982–1983 and
1997–1998, whose impact in the Andean region lasted for several months, have been qualified
as the heaviest of the twentieth century. They affected human lives and economic activity;
primarily, agriculture, the supply of potable water and sanitation, the supply of electricity, human
health, human settlements, industrial installations, transportation infrastructure and
communication in general with negative repercussions on economies through decreases in
production, reduction of exports, an increase of imports and an unfavourable economic situation
for farmers. The 1997–1998 El Niño alone resulted in losses estimated at more than US$ 7000
million for the region with catastrophic impacts in Ecuador and Peru and great economic loss in
Bolivia, affecting close to 7 per cent of the GNP. Likewise, anomalies of this type have
produced beneficial effects in several arid areas through the recharging of groundwater that had
dropped dangerously, replenishment of irrigation reservoirs and sources of domestic water and
changes in the behaviour of marine species resulting from changes in seawater temperature
and the sea’s physical and chemical characteristics. The recurrent nature of this phenomenon,
its occurrence over time, the lapse of time from the first sign of its genesis until manifestation of
the impacts in the region and the significant permanence of effects provide possibilities for
planned and structured action for reducing impacts before they occur, preparing responses and
reducing damage once the initial phase is known.
Other phenomena such as the mudslides that occurred in Venezuela associated with the cold
fronts of the Atlantic coast constitute almost instantaneous events that leave little time for action
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but that can be managed in the two directions mentioned above, once the historical impacts and
the areas of possible effect are identified.
The demand for more proactive management to reduce negative impacts and take advantage of
opportunities is currently facing many types of limitations. There is a need to have reliable
information available on the behaviour of these phenomena in relation to the climate and their
anomalies and on the chain effects that they produce in distinct geographic areas in each
country on hydrology, movements of air masses, the thawing of glaciers, etc. Ignorance or
incomplete knowledge of these relationships for purposes of forecasting and the inappropriate
way existing knowledge is disseminated have been identified by the countries as two of the
most important limitations on management of prevention and response.
Users’ Short, Medium and Long-Term Needs in Relation to Hydrometeorological and
Climate Knowledge
In general, the demand for information by end users (sectoral or institutional), should serve as a
basis for managing prevention and mitigation of disaster risks and for preparation. There is a
common basis for all aspects of this management, but distinct mechanisms are required for
certain associated activities at the time of the presence of an anomaly.
Studies carried out in the Andean Region on socio-economic impacts and their relationship with
the anomalies associated with natural phenomena of hydrometeorological origin have identified
the requirements for information for the sectors most directly affected that would allow
improvement of their capacity to manage prevention, reduce future risks and provide responses.
In general, two types of information are required for prevention and mitigation at the level of end
users:
a) Information about the climate anomalies associated with natural phenomena that can
affect a sector, taking into consideration the sensitivity of this source to unpredictable
climate changes in magnitude or time, anomalies expressed in patterns of behaviour
associated with the intensity of events;
b) Information about the chain of effects that those anomalies produce.
This information must be made available to the sector and the end user in order to facilitate
effective prevention and mitigation.
Patterns of Behaviour of Atmospheric and Oceanographic Phenomena and Associated
Climatic Anomalies
While there have been important developments in the region in improving knowledge about
climate and its determining factors, there are important gaps in the Andean countries in
understanding climate anomalies associated with the planet’s atmospheric and oceanographic
phenomena on the American continent on a detailed local scale and in a regional context.
There is also a lack of knowledge about the relationship between these phenomena and climate
anomalies. In general, the criteria for monitoring phenomena such as El Niño are sufficient for
global modelling, but they have not been adjusted for analysis of the same phenomenon on a
regional basis. Although models of the phenomenon available until now have been a useful tool
for forecasting in many parts of the world, more sophisticated regional models must be
developed.
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This and other phenomena must be studied in terms of their relationship with the climate
anomalies that create, especially on an intra-seasonal scale, over decades and taking into
account the global climate change, in order to guarantee forecasts and the establishment of
predictable geographic relationships. Greater research is also required on the effect of the El
Niño phenomenon on the regional and national climates. Specifically, there is a need to know in
greater detail the response of climate to the El Niño phenomenon in basins and increasingly
smaller areas in order that the provinces, departments and municipalities have better tools for
taking decisions at the time of preparing for and dealing with climate effects and the socioeconomic impact of this phenomenon. There must also be greater understanding of the
behaviour of this phenomenon’s effects on continental basins such as the Amazon and Orinoco,
which affect several countries.
In several countries in the region, there has been a lack of adequate use of zones that
characterizes the normal behaviour of spaces and that permits evaluation of abnormal climate
behaviour for planning and prevention in relation to recurrent or recent phenomena. This has
led to proposals to influence the development of knowledge about these relationships and for
modelling historical behaviour for purposes of forecasting. Based on this, the following
recommendations are made:
1. Provision of a more comprehensive understanding of the behaviour of phenomena such as
El Niño through:
a) Development of an integrated regional system for studying phenomena like El Niño that
would permit improvement of the understanding of their behaviour and the climate
variability associated with them at this level;
b) Support for coordination already existing in this region and that can advance these
efforts [International Research Center on El Niño (CIIFEN) and Estudio Regional del
Fenómeno El Niño (ERFEN)];
c) Development of regional models that strengthen national capacities by taking into
account a regional network (modernization based on common platforms);
d) Standardization of parameters for integration into a regional framework (meteorological,
oceanographic);
e) Standardization of methodologies and criteria for integration of information that serves
as a basis for regional forecasts;
f) Establishment of a regional early warning system for the El Niño phenomenon.
2. Improve knowledge about atmospheric phenomena and their relationship with the climate of
each country (microclimates) and forecasts of possible effects. In order to achieve this
objective, current limitations must be progressively overcome that characterize the
monitoring and information networks reflected in:
a) Vulnerabilities and weaknesses in systems for monitoring, gathering and disseminating
information: low density of seasons and measurement sites within the marine and
continental networks, limiting the spatial modelling of climate behaviour; lack of
automated networks and real-time information for opportune analysis; deficiencies in the
telecommunications systems for gathering information in real time and permanently
providing information to users, affecting the capacity for response to an event.
b) Weaknesses associated with the analysis of threats and forecasts: lack of permanent
research about an event at the regional level and shortcomings of forecast models
stemming from limitations on data.
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3. Production of information that is understandable to the various users (decision makers and
direct users of the information) in order to facilitate the taking of decisions and application of
adequate measures to deal with anomalies expected in each country and in the region.
Mechanisms for adequate dissemination and interpretation of forecasts must be established.
Improvement of Knowledge about the Secondary Effects of Climate Variations
In addition to knowledge about the climate phenomena and the anomalies they produce, it is
indispensable to monitor and establish models of relationships between climate variables and
their effects that have repercussions on sectoral activities and end users. Knowledge is
required about the effect of temperature anomalies on the thawing of glaciers and alluvium, the
effect of precipitation on the volume of rivers, about negative threats such as flooding,
avalanches, siltation, positive threats such as replenishment of underground aquifers and
reservoirs and effects of another nature such as formation of lagoons and changes in the
landscape.
The following recommendations have made by the countries in the Andean region to improve
this type of knowledge:
a) Linking the information base with the basin units for a better understanding of the effects
generated;
b) Reinforcement of the network of hydrological stations in the most problematic basins and
modernization of the systems for gathering, analysing and forecasting, associating them
with climate variables;
c) Carrying-out studies on the hydrological behaviour of the basins and their runoff systems
and on the geological-geomorphologic characteristics associated with mudslides,
flooding, deposition, etc.;
d) Carrying-out studies on the vulnerability of basins to the effects and causes associated
with abnormal climate phenomena;
e) Prioritisation of the most problematic basins from the point of view of the chain of effects
associated with climatic events and identification of critical areas;
f) Advancement of knowledge about secondary effects (threats, dangers) produced by
climatic and hydrological variations;
g) Establishment of early warning systems for critical basins based on climatic and
hydrological information.
Improvement of Knowledge about Relationships between Climatic Anomalies and Their
Socio-economic Impacts
One aspect of capital importance for sectors affected by natural phenomena and the climatic
anomalies associated with them is knowledge about the possible effects they have on various
climate variables. This will depend on the nature of the activities of each sector and their
sensibility in the face of these anomalies. Disseminated climate information should make it
possible to relate these conditions to a basis for application of measures that reduce the
vulnerability of routine activity and during preparation for a predicted abnormal event.
a) Agriculture
In general, the region is affected by climate anomalies that have had their greatest impacts on
the agricultural sector, resulting in increases and decreases of temperature and precipitation
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that affect farm yields, producing delays or early sowing of crops, abandonment of cultivated
areas, a rise in production costs and an increase in food prices.
Taking into consideration the high dependence of agriculture on numerous climate variables
(hours of sunlight, maxima and minima environmental temperature, period free from or with risk
of frost, regime and amount of precipitation, snowstorms, hail and dew), the information required
will depend on the type of crops grown. There must be an interrelation between the source of
climate information and sectoral specialists.
The effect of climate on agriculture is related to the intensity of a climate anomaly, the life cycles
of crops, the agro-ecological conditions of production systems, technologies for managing risk
and the presence of infrastructure, among other factors.
On the one hand, a sectoral approach is necessary to define clearly the phenology of plants and
an inventory should be drawn up of the most frequent type of effects under various beneficial or
harmful climate variables: for example, the sensibility of maize to drought during the period of
flowering, the uprooting of trees at certain levels of wind velocity, the greater risk of diseases
caused by fungi or low yields of sugarcane under positive temperature anomalies, improvement
of production from greater rainfall in dry areas, etc.
This will permit determining the type of meteorological or climatic information required and
orienting appropriate recommendations in order to reduce risks and negative effects. Examples
of this relationship are meteorological and phenological information about the advance or delay
of farming cycles (time and management of sowing depending on temperature and soil
humidity), short, medium and long-term weather forecasts (in order to organize activities), alerts
about risks of frosts (decisions not to grow varieties sensitive to cold or apply measures and
select methods for defence against frosts depending on costs), high winds, torrential rains (for
harvest and storage, accelerating them or delaying them depending on rainfall and relative air
humidity and rationalization of irrigation in relation to evaporation and rainfall), heat waves and
the appearance and disappearance of certain diseases (predictions of the intensity of an attack
making it possible to take decisions about appropriate preventive measures), among others.
In addition to this type of information necessary for management, there are others types
associated with the sector’s physical infrastructure and natural resources, related to floods and
damage from the effect of the flooding of rivers, mudslides because of persistent rains, etc.
b) Potable water and sanitation
Effects on potable water are generally associated with an excess or deficit of precipitation.
Excess precipitation can cause damage to infrastructure depending on its amount and intensity
by increasing the flow of rivers leading to torrential flows and flooding or through excess of
rainfall leading to siltation of septic tanks, saturation of drainage and erosion of sediments that
increase the turbidity of drinking water. On the other hand, there are positive effects through
increases in the level of the water in reservoirs and replenishment of groundwater. A water
deficit reduces the sources of water supply (superficial or subterranean), changes riverbeds,
and decreases water quality, affecting local supplies and economic activities. Adequate
forecasting of climate conditions associated with disastrous phenomena is required, primarily as
to the amount and intensity of precipitation and its distribution in terms of territory and time. In
addition, it is necessary to know the expected level of rivers. The countries in the region have
recommended incorporation of potable water and sanitation systems into permanent information
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networks about precipitation and river levels in order to prevent increasing the impact on
networks and to design engineering works adapted to risks.
c) Electricity
The impact of anomalies associated with climate on the supply of electricity in the region is
usually linked to a deficit or excess of precipitation, increased or decreased volume of rivers or
tributaries, often associated with glaciers and recent changes produced by increases in
temperature. A water deficit produces a decrease of stored water in hydroelectric reservoirs
and excess water obstructs parts of systems, affects vital infrastructures and leads to damaged
networks by fallen trees. High temperatures lead to high consumption of electricity when there
are often shortages because of the above-mentioned reasons. The most relevant hydrological
and climate-related information is the relation between precipitation and runoff in catchment
basins for medium-range prediction models of these variables. Information on temperature and
forecasts is also relevant.
d) Health
Independent of the type of climate event that might occur, health is seriously affected by the
time of occurrence of an emergency, usually associated with diseases transmitted by vectors
and vectors of hydrological origin. These conditions are produced by an excess or deficit of
precipitation through variations in temperature.
Drought or damage to water-storage
installations lead to storage practises that breed mosquitoes, vectors of diseases, and waterborne diseases associated with problems of water treatment and supply systems. The overflow
of sewage systems and the collapse of drainage wells are also conditions that promote
unsanitary conditions, multiply contamination points, encourage reproduction of disease vectors
(mosquitoes, rodents, etc) and diseases such as malaria, dengue fever and skin and eye
diseases. Excess precipitation, with its effects on flooding and the environment, generates
respiratory infections and diarrhoeas. Proliferation of rodents spreads diseases such as the
plague.
It is essential that records of climate variables be maintained at the local level for study of the
behaviour of outbreaks of diseases and for relating them to forecasts of disastrous events. In
order to improve quantifiable knowledge about the influence of climate variables about the
proliferation of vectors and diseases, better identify these relationships and quantify more
precisely the type of effort required, it is important to systematize information and improve
forecasting using all variables. Special emphasis should be given to the seasonal daily
behaviour of variables and to their relationship with diseases for the study of events.
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Annex 9
THE REGIONAL CLIMATE OUTLOOK FORUM
FOR SOUTHEAST SOUTH AMERICA
Vicecomodoro Carlos Alberto VILLANUEVA
National Meteorological Service, Republic of Argentina
Generalities
Since December 1997, under the auspices of the World Meteorological Organization (WMO),
and with a frequency of every three month more or less, the Regional Climate Outlook Forums
for Southeast South America have been held, with the main participation of representatives from
Argentina, Brazil, Paraguay and Uruguay, also in various occasions with the support of the IRI
(International Research Institute for Climate Prediction) and the IAI (Instituto Interamericano de
Investigación para el Cambio Global). During these events, the climate prediction for
precipitation and temperature for the following three months for the southeast region of South
America, east of the Andes, between 20º S and 40ºS, are elaborated by consensus.
Climate forecasts are prepared by technicians and researchers of the National Meteorological
Services, Research Institutes, and participating Universities of the above mentioned countries.
The participants analyzed the present climatic and oceanic global conditions and the
consequences for the southeast of South America. The main factors to take into consideration
are:
•

The analysis of precipitation and temperature fields in the last three month.

•

The analysis of the sea surface temperature (SST), of the Pacific and Atlantic oceans,
their evolution and perspectives.

•

The results of the statistic, and dynamic models of global climatic prediction

•

The dynamic and physical aspects of the climate from recent observations.

The work done consists in analysis and a new form of interpretation to the precipitation and
temperature forecast, the results are presented in a map divided en different regions according
to the probability occurrence in each of the three categories, taking into account that the levels
of rain fall corresponding to the lower one third are values below normal, the ones located in the
middle are normal values, and the ones in the upper third are above normal values.
The mentioned map is elaborated by consensus, after the participants have exchange
information and considered the different alternatives presented, this are based on climatic
research models results and the climatic variability studies done in the region. One must
realized that the climatic predictions refer to average conditions during the period under study,
and that they do not contemplate details of intra seasonal scale events, like the movements and
the intensity of frontal air masses, whirlwinds, blockades, and other weather conditions, all of
them of brief occurrence.
Up to now there have been nineteen Climatic forums (for more detail see the Annex), distributed
in the following order:
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Argentina
Brazil
Paraguay
Uruguay

5
4 (the VIII was duplicated)
4
6

Results
The meetings held allowed for improvements of, among other things:
1º) The exchange of information and new forms of working, between the different
Research Centers and Meteorological Services responsible for keeping the general
public informed.
2º) Standardized the delivery systems and interpretation of the forecasts to the news
media, and trough them the diffusion to the users in general.
3º) The feedback in the relation between the information spreaders and the users, that,
state their needs and pretend that those needs should be taking care of by the
climatic forecasts, depending on their type of activities.
4º) Contact with the decision makers levels because of the international characteristic of
the forums.
Among the non desirable effects could be mentioned the following: as the number of
participants has increased, not only has it been more difficult to reach consensus, but it has also
worked against the probabilities assigned to each category, with the tendency in those cases to
moderate more the values of probability occurrence, even though in same cases there were
strong signals with respect to the behavior of the forecast variables.
Recommendation
Taking into consideration the spatial and temporal variability of the considered elements, it is
recommended to the users of this forecasts that in order to obtain more detailed information,
they should contact the National Meteorological Hydrological Services and the research
institution working investigating the climate.
Example
An example will show the results of the XIX Forum held in Montevideo Uruguay, during the 16
and 17th of June 2003, in which the forecast for the period July, August, September, were
developed, and verify it with the observations in Argentina.
Perspective: Taking into consideration the disappearance of El Niño and the actual neutral
phase, contains conditions post El Niño. Also the present cold anomalies in the sea surface
of the South Eastern Equatorial Pacific Ocean, its possible evolution. The persistence during
the quarter, existing uncertainty over the period of this perspective. Also the possible
humidity contributions for the region coming from the continent as well as the Atlantic Ocean.
Taking into consideration the number of factors trough the above mentioned methodologies,
the forecast for rain fall and temperature in probabilistic terms it is presented assigning three
categories of probability characterized by the tercile distribution of the mentioned elements
and their historical distribution.
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Precipitation: Map N°1
Region I: Comprise: the eastern region, parts of the lower Chaco in Paraguay, the
Mesopotamia, east of the Formosa, Chaco and Santa Fe provinces, north of the Buenos
Aires province in Argentina, west of the southern region of Brazil and the most southern part
of Mato Grosso do Sul and the extreme north east of Uruguay.
The most probable situation is a tendency towards precipitations slightly above the
climatologically average.
Temperature: Map N°2
Region I: Comprehends the province of Misiones and north of the Corrientes Province in
Argentina and the South center, and east of the oriental region in Paraguay, southeast of
Parana, northeast of Rio Grande do Sul and center west of Santa Catarina
The most probable situation is temperatures slightly above the climatological average.
MAP Nº 1

MAP Nº 2
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Observed Anomalies
DESVIO DE LA PRECIPITACION DE
JULIO, AGOSTO Y SETIEMBRE

DESVIO DE LA TEMPERATURA MEDIA
DE JULIO, AGOSTO Y SETIEMBRE
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Comparing the observed anomalies with the forecasts we can see that the perspective to the
rain fall in Region I, was partially right because the forecast called for precipitations above
normal this was true in the zone east of Santa Fe, center and south of Entre Rios and north of
Buenos Aires, in the rest of the region the tendency was precipitations below normal, with a
strong deviation in the north of Corrientes and the south of Misiones.
The temperature forecast for Region I was more exact because the tendency was for
temperatures slightly above normal, which agreed with the observations.
Given that the above mentioned is only an example, only the comparisons were for Region I
were given, but the Maps show the forecasts for the remaining Regions.
BUENOS AIRES, 7 October 2003
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Appendix to Annex 9
REGIONAL FORUM OF CLIMATIC PERSPECTIVE
FOR THE SOUTHEAST OF SOUTH AMERICA

I

URUGUAY

MONTEVIDEO

10 Nov 1997

PERIODS
FORECAS.
Jan/Mar

II

BRASIL

FOZ DO IGUAZU

16 Jun 1998

Jul/Set

III

ARGENTINA

BUENOS AIRES (SECYT)

26 al 28 Aug 1998

Oct/Dec

IV

URUGUAY

SALTO GRANDE

14 Dec 1998

Jan/Mar

V

PARAGUAY

MARIANO ROQUE ALONSO

15 y 16 Apr 1999

Apr/Jun

VI

ARGENTINA

BUENOS AIRES

16 Sept 1999

Oct/Dec

VII

URUGUAY

MONTEVIDEO

14 y 15 Dec

Jan/Mar

VIII

BRASIL

CACH. PAULISTA - BRASILIA

16-27 y 28 Mar 2000

Apr/Jun

IX

PARAGUAY

MARIANO ROQUE ALONSO

15 y 16 Jun

Jul/Set

X

ARGENTINA

BUENOS AIRES

19 y 20 Sept 2000

Oct/Dec

XI

URUGUAY

MONTEVIDEO

18 y 19 Dec 2000

Jan/Mar

XII

BRASIL

PASSO FUNDO

24 y 25 Apr 2001

May/Jul

XIII

PARAGUAY

MARIANO ROQUE ALONSO

26 y 27 Jul 2001

Ago/Oct

XIV

ARGENTINA

BUENOS AIRES

7 Nov 2001

Nov/Dec

XV

URUGUAY

MONTEVIDEO

13 y 14 Mar 2002

Mar/May

XVI

BRASIL

RIO GRANDE DO SOUL

3 y 4 Jul 2002

Jul/Set

XVII

PARAGUAY

MARIANO ROQUE ALONSO

17 y 18 Oct 2002

Nov/Dec

XVIII

ARGENTINA

BUENOS AIRES

6 y 7 Mar 2003

Mar/May

XIX

URUGUAY

MONTEVIDEO

16 y 17 Jun 2003

Jul/Set

COUNTRY

PLACE OF THE EVENT
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Annex 10
THE GCOS SURFACE AND UPPER AIR NETWORKS IN SOUTH AMERICA FROM A DATA
MANAGEMENT PERSPECTIVE
Howard Diamond
U.S. GCOS Program Manager, NOAA/NESDIS
This presentation will examine the GCOS Surface Network (GSN) and GCOS Upper Air
Network (GUAN) in the region and look at the following key areas:

•What are they and why are they important?
•How were they developed?
•What do we mean in terms of “best practice” for their operation?
•How are they performing?
•What are the immediate challenges?
In a statement from the Conference on the World Climate Research Programme
Geneva, Switzerland, 1997 regarding systematic observations of the Climate System, it was
noted that “Without action to reverse the decline in conventional networks in some regions and
develop the Global Climate Observation System, the ability to characterize climate change and
variations over the next 25 years will be even less than during the past quarter century.“ As
pointed out in the Report on the Adequacy of GCOS (GCOS-48), “What is urgently needed is a
commitment by nations to provide global coverage for the key variables, to halt and reverse the
degradation of existing observing systems, and to exchange information more effectively.”
The presentation will look at the overall GSN and GUAN worldwide as well as within the region,
the performance of the stations, the timeliness of the receipt of data, and how well stations are
operating. It will also discuss some key data management issues involved with the provision of
historical data and metadata as called for by the WMO in September 1999 and see how well the
region is doing in providing that data. For example, in regard to the global surface air
temperature record there is an obvious need to maintain and reduce uncertainties in past and
future data basic elements of a climate watch, in maintaining a quality network, and seeing that
if we do not follow best practices, a reduced spatial density of high quality data will result in an
overall poorer resolution of data required.
The National Climatic Data Center (NCDC) in Asheville, North Carolina, is responsible for
building a permanent data base of GSN daily and monthly data submissions, along with the
appropriate station metadata history, and for providing free and open user access to this
information via the World Wide Web. This site contains all of the historical daily and monthly
CLIMAT-formatted GSN data received (as of September 2003) at NCDC from 387 of these
surface stations in 36 nations. As more data is received, they will be integrated into the system
and made available for use. The visitor may view data in both textual and graphical form, and,
through the use of copy and paste, can download subsets of the database to their own system
for later use and analysis. As new station information is made available to NCDC, the GSN
database will be updated, and this information will be noted on their web site at
http://lwf.ncdc.noaa.gov/servlets/gsn.
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The data format and supporting documentation for members to use when providing digital
historical data for GSN sites for inclusion in the NCDC GSN historical database can be found in
GCOS Publication 73 “Guide to the GCOS Surface and Upper-Air Networks: GSN and GUAN
(Version 1.1)” on the GCOS web site at http://www.wmo.ch/web/gcos/gcoshome.html. From
there the data will be transmitted to the appropriate personnel at NCDC for processing.
The WMO Secretary-General issued a request for GSN historical data and metadata in
September 1999 to all WMO member states. As of December 2001 only 28 member states
have provided this information. It is imperative that these data be added to the holdings in the
GSN historical database. A list of all GSN sites can be found on the GSN Monitoring Centre
web page at http://www.gsnmc.dwd.de/. The compilation of the configuration of GSN sites was
accomplished by the GCOS Atmospheric Observation Panel for Climate (Peterson, 1997).
While a call for GUAN data has not yet been made, plans are in the works to address that at
some time.
The need for monitoring the performance of the GSN was recognized and formulated by the
Second Joint CCL/CBS Meeting on GSN in 1997 in GCOS Publication 35. The participants
considered it essential that the operational exchange of the GSN temperature and pressure
data via CLIMAT messages on the GTS be monitored routinely. At the third session of the Joint
Data and Information Management Panel (JDIMP) (GCOS Publication 39) the Deutscher
Wetterdienst (DWD) offered to monitor the GSN data flow, data availability, and data quality with
special regard to precipitation. In August 1997 the CCL agreed that the availability and quality of
CLIMAT messages being distributed over the GTS be globally monitored by monitoring centers,
with the assistance of regionally-designated focal points (WMO, 1997). Following this
agreement, Germany and Japan officially offered to serve as GSN Monitoring Centres.
In January 1999, the GSN Monitoring Centre Implementation Meeting was held in Offenbach,
Germany (GCOS-53, 1999). This was the official start of the monitoring activities. The proposed
tasks of the GSN Monitoring Centres (GSNMC) were documented in 1999 in GCOS Publication
53. The tasks of the GSNMCs are to: (1) monitor the availability, timeliness and completeness
of the CLIMAT messages distributed via the Global Telecommunication System (GTS) to
improve the performance of the GSN; and (2) to perform basic quality control and assurance
procedures for GSN stations to obtain high quality and completeness of the data set. These
GCOS publications can be found at http://www.wmo.ch/web/gcos/gcoshome.html.
In implementing the observing program at GSN stations, states should comply with the following
best practices provided by the WMO:
(a)
Long-term continuity should be provided for each GSN station. This requires the
provision of the necessary resources, including well-trained staff, and keeping changes
of location to a minimum. In the case of significant changes in sensor-devices or station
location, Members should provide for a sufficiently long period of overlap (at least one
but preferably two years) with dual operation of old and new systems to enable
comparisons to be made and the identification of inhomogeneities and other
measurement characteristics.
(b)
CLIMAT data should be provided in an accurate and timely manner. CLIMAT
reports should be transmitted by the fifth day of the month but not later than the eighth
day of the month.
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(c)
Rigorous quality control should be exercised on the measurements and their
message encoding; CLIMAT reports require quality control of the measurements
themselves and their message encoding to ensure their accurate transmission to
national, regional and world centres for their use. Quality-control checks should be made
on site and at a central location designed to detect equipment faults at the earliest stage
possible. The Guide to Instruments and Methods of Observation publication (WMO-No.
8) provides the appropriate recommendations.
(d)
The site layout should follow the recommended form; the layout of the site should
follow the recommendations in the Guide on the Global Observing System (WMO-No.
488).
(e)
The site and instruments should be inspected regularly and maintained according
to WMO recommended practices; to obtain homogeneous data sets, maintenance
should be carried out as is documented in the Guide to Instruments and Methods of
Observation (WMO-No. 8). The quality of the measured variables should be guaranteed
by appropriate inspection of sites, instruments and exposure to be based on the
procedures given in the Guide. As part of the maintenance, the necessary calibration
practices should be traceable to the standards provided by the Guide.
(f)
A national plan should be developed to archive daily data from GSN stations for
climate and climate research purposes; the archive should include both observational
data and metadata pertaining to each climate station. Metadata should include data
concerning a station's establishment, subsequent maintenance, and changes in
exposure, instrumentation and staff. The data and metadata should be in its original
form as well as digital format.
(g)
Detailed metadata and historical climate data for each GSN station should be
provided; a GSN Data Center should have an up-to-date digital copy of the historical
climate data and all types of metadata for GSN stations. A current copy of the long-term
series of data and metadata from GSN stations should be made available.
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Annex 11
DATA RESCUE ISSUES IN SOUTH AMERICA:
CHALLENGES AND POTENTIAL BENEFITS
Gunther P. Können
Royal Netherlands Meteorological Institute
Past data have become an increasingly important constituent of the world’s climatological
databases. In recent years recovery of meteorological early 19th century data from land stations
from European archives has substantially extended the series back in time, most notably in
Asia. This has contributed to an increased insight in climate variation in the pre-1850 era.
Supplementary to this land-based information, instrumental and non-instrumental data stored in
ship logbooks from the 17th century onwards provides information about the past climate over
the world’s oceans and hence about the climate over the continents that they surround, even in
the era that no land-based stations on these continents existed.
There are indications that there exists a vast amount of unexplored meteorological data in the
stores of the S. American archives. It is of utter importance that these data be rescued,
archived, and digitized, and that the original documents be preserved. Once digitized and
combined with modern data, they may serve the community in four ways: providing enhanced
insight in natural variability on decadal scale (including El Niño), providing a means for a better
description of severe climatological events that affect society, providing a tool for studying global
change and its impacts on longer time scales, and providing a prolonged database that enables
more detailed weather forecasting by means of statistical postprocessing of model data.
Recognizing the fact that much historical data is likely to be hidden in the S. American archives,
acknowledging the fact that they need to be preserved as irreplaceable material, and given the
lessons learnt in previous European data rescue projects, the following priorities in data rescue
emerge:
1. Performing a search of past meteorological data in archives, museums, and old libraries.
Ship data should be considered as important as land data.
2. Developing an archival protocol and a conservation program, with the strict strategy that:
a. No original data should ever be destroyed, not even after processing
b. Copies, e.g. electronic images on CD ROM, of the originals should be stored
elsewhere
c. Sources in bad condition remain untouched until they are restored
3. National or international digitization projects will be executed, under the boundary conditions
that:
a. A policy of free flow of data is maintained
b. All quantitative data are alphanumerically digitized and the data are accessible in
their original form
c. Contacts are established with the large world databases, such as I-COADS for
marine data and NCDC for land data
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d. International agreements are formulated among the S. American countries about
standardization of the digitization protocols
e. The projects aim at integration of the databases with those mentioned above in order
to guarantee the widest benefit and accessibility in the future.
4. Data rescue projects should be given the appropriate priority between the other
GCOS-recommended activities
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Annex 12
THE GLOBAL ATMOSPHERE WATCH (GAW) PROGRAMME
OF THE WORLD METEOROLOGICAL ORGANIZATION
Liisa Jalkanen and Leonard Barrie
Environment Division, WMO, Geneva
Introduction
To understand and 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. Recognizing this phenomenon over forty years ago, scientists began a
long-term measurement programme at key stations around the world. To coordinate and
harmonize this effort, the WMO’s Global Atmosphere Watch (GAW) Programme was created in
1989, combining earlier WMO programmes dating back to the sixties, as a network to monitor
not only greenhouse gases (CO2, CH4, N2O and CFC’s) but also other climate-related
parameters such as ozone and aerosols. Consisting of a partnership of managers, scientists
and technical expertise from about 80 countries, GAW is coordinated by the WMO Secretariat in
Geneva and the WMO/CAS Working Group on Environmental Pollution and Atmospheric
Chemistry. Recognizing the need to bring scientific data and information to bear in the
formulation of national and international policy, the GAW mission is threefold:
1. Systematic monitoring of atmospheric chemical composition and related physical
parameters on a global to regional scale
2. Analysis and assessment in support of environmental conventions and future policy
development
3. Development of a predictive capability for future atmospheric states.
In this paper, ongoing activities of GAW related to these missions are briefly described.
At the WMO 14th Congress in May 2003, it was recognised that GAW is “the key network for
atmospheric composition measurements” in the Global Climate Observing System (GCOS). A
subset of the comprehensive GAW global network forms the baseline network for atmospheric
composition measurements in GCOS that is currently under development. Greenhouse gases,
ozone and aerosols are recognized as “essential atmospheric climate variables” in the 2nd
Adequacy Report of GCOS.
The GAW Programme
A number of WMO atmospheric chemistry networks were combined into GAW with currently
over 300 Regional and 22 Global stations, with additional measurements made by contributing
partner networks. The programmes at GAW stations vary depending on the monitoring goals of
the station, the list of the species 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.
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Figure 1 GAW Components. The dashed lines represent partners that combine with GAW to
constitute the global atmospheric composition monitoring system.

To ensure consistency in the GAW worldwide monitoring network, a strong organizational
infrastructure has been developed (Figure 1). GAW has enlisted the help of the scientific
community through Scientific Advisory Groups (SAGs) for different parameters such as ozone,
aerosols, greenhouse gases, ultraviolet (UV) radiation and precipitation chemistry. SAGs are
responsible for assigning variables to be measured, preparing measurement guidelines,
defining data quality objectives, developing standard operating procedures and overseeing the
implementation of data quality criteria and standard operating procedures. To this end, they are
assisted by GAW World Calibration Centres (WCC) and Quality Assurance/Scientific Activity
Centres (QA/SAC). These centres and partners perform the vital function of helping to ensure
that the data submitted to the GAW World Data Centres (WDC) is of high quality. Training, an
important part of GAW, is provided in a number of ways: twinning, directly at stations, visits to
participating laboratories, technical workshops, or through the GAW Training and Education
Centre (GAWTEC).
Recent advances in satellite technology have made it imperative that ground-based
measurement programmes such as GAW be closely coordinated with satellite measurements.
This coordination has been actively pursued through the International Global Observing
Strategy (IGOS). Currently WMO/GAW and the European Space Agency are leading an
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international panel of experts developing a strategy for Integrated Global Atmospheric
Chemistry Observations (IGACO). The satellite and non-satellite measurement communities
(GAW representing the latter) must continue to promote quality ground-based measurements
but also look beyond this and incorporate other platforms where the measurements are
combined to lead to a better understanding of climate change, ozone depletion, air quality
impacts and other environmental issues.
Associated with the mandate of GAW is the GAW Urban Research Meteorology and
Environment (GURME) project, which has been established to assist National Meteorological
Services with urban air quality problems. It has long been recognized that climate change and
air quality are closely linked. The results of deteriorating air quality are commonly known to
cause environmental problems such as acid rain and public health problems such as breathing
difficulties during haze and smoke events. These are issues not directly climate-related.
However, for example the release of aerosols into the atmosphere is one common point of
interest between climate change and air quality researchers.
The above is a very brief overview of the Global Atmosphere Watch programme, more
information is available on the GAW website http://www.wmo.ch/web/arep/gaw/gaw_home.html.
The following four Technical Reports are the basic references for the GAW programme:
•
•
•
•

GAW No. 140 WMO/CEOS Report on a Strategy for Integrating Satellite and Ground-based
Observations of Ozone.
GAW No. 142 Strategy for the Implementation of the Global Atmosphere Watch Programme
(2001-2007), A Contribution to the Implementation of the Long-Term Plan.
GAW No. 143 Global Atmosphere Watch Measurements Guide
GAW No. 144 Report of the Seventh Session of the EC Panel of Experts/CAS Working
Group on Environmental Pollution and Atmospheric Chemistry and The GAW 2001
Workshop

These reports can also be obtained in hard copy from the WMO Secretariat (Contact Mrs.
Margaret Chenevier, Fax: 41 22 730 8049, e-mail: Margaret.Chenevier@wmo.int).
GAW Monitoring Networks in South America
As with the other GCOS networks, there is no question that the GAW programme in the region
makes an important contribution to our understanding of the changing composition of the
atmosphere and thus the climate. Based on information listed in the GAW Station Information
System (GAWSIS) there are 2 Global and 23 Regional stations in the WMO Region South
America (see the list below). GAWSIS is available on the Internet at EMPA via the WMO GAW
website (see address above).
Argentina
Brazil
Chile
Colombia
Paraguay
Peru
Uruguay

1 Global, 5 Regional
1 Global, 5 Regional
4 Regional
5 Regional
1 Regional
2 Regional
1 Regional
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It is requested that each workshop participant review the information on the GAW
stations in their country. Please contact Joerg Klausen, the GAWSIS manager at
joerg.klausen@empa.ch. GAWSIS can also be accessed through the GAW website
http://www.wmo.ch/web/arep/gaw/gaw_home.html.
It should be noted that the GAW stations South America are needed for both the long-term
monitoring of climate-related parameters and the regional air quality. In South America, a major,
and very valuable, contribution to GAW has been in monitoring ozone. The requirement for high
quality measurements is kept up with regular measurement intercomparisons. Aerosols are
gaining more significance, as there might be an important climate impact from aerosols
dispersed throughout the region whose sources are biosphere burning and urban pollution.
The GAW measurement programme in South America could be intensified. For instance the
greenhouse gas measurements network should be enhanced. More of the ozone and UV data
from stations established under the Southern Cone project need to be submitted to the WDCs.
There is an ongoing need to maintain and upgrade these stations, and this could possibly form
a useful project for the region.
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Annex 13
A HIGH ELEVATION CLIMATE REFERENCE NETWORK FOR THE AMERICAS
Raymond S. Bradley and Douglas R. Hardy
Climate System Research Center
University of Massachusetts, Amherst
General circulation models of temperature changes that can be expected with 2x CO2 show
large changes near the surface at high latitudes, and also at higher elevations in low latitudes
(Figure 1). Much attention has been given to expected changes at high latitudes –and indeed
observations of reduced sea-ice extent, melting of permafrost etc, indicate that significant
warming is already underway in those regions. Less attention has been paid to the expected
changes at lower latitudes, yet there is much evidence that temperatures have also risen
markedly in these regions, especially at high elevations. Large increases in temperature have
taken place in the inter-Tropical zone of the Andes (Figure 2), and warming at the highest
elevations in the region have led to the dramatic recession of glaciers and ice caps, with
consequences for regional water supply and hydroelectric power generation, and hazards from
newly created glacier-dammed lakes (e.g. Thompson et al., 2003). Currently, there are few
meteorological stations operating at high elevations, and those that do are generally not
included in global data inventories (such as GHCN). As improvements to the Global Climate
Observing System (GCOS) are considered, it is important that any future network be configured
to assess meteorological conditions in those regions that are most sensitive to future change.
At present, the GCOS network for Central and South America does not include observations in
high elevations regions where changes are expected to be greatest (Figure 3). Currently, there
are only 2 GCOS stations above 3000m in all of South America.
Meteorological measurements in mountain locations have both benefits and limitations. On the
plus side, they provide measurements in pristine environments where changes observed can be
considered to reflect “background” climatic conditions, unperturbed by local anthropogenic
effects due to urbanization, agricultural land use changes etc.
At higher elevations,
measurements are above local temperature inversions where pollutants are often trapped,
affecting conditions over a wide area. A network of high elevation observing stations would be
analogous to stations in the Global Atmospheric Watch (GAW) Network, which are situated in
remote locations to provide measurements unimpaired by human activities. On the minus side,
measurements at high elevations present logistical constraints (access, lack of power) and
potential environmental limitations (high snowfall, high radiation loading on instruments).
However, over the last few years we have carried out meteorological measurements in some of
the most extreme environments on earth and have demonstrated that reliable, high quality data
can be recovered (Figure 4) (Hardy et al., 1998). High incoming solar radiation provides
abundant power for instruments, and stations can be configured to provide multiple back-ups,
ensuring no data are lost. Data can be relayed via GOES satellite system for near real-time
observations.
Recommendations
We propose that a network of stations be established at high elevations along the axis of the
mountain system that extends from Alaska to the Antarctic Peninsula, as part of the GCOS
network. We propose that sites be selected close to the mean freezing level in the atmosphere
(shown in Figures 1 and 3) which would provide data coverage in what is now a significant “data
gap”, especially in the zone from ~40ºN to 50ºS. In the Central and South American sector, we
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suggest that ~ 15 sites be chosen for initial deployment, as suggested in Figure 5. For an
expenditure of ~$300,000 on equipment, plus installation costs, a significant improvement can
be made to the existing network. This would include hourly measurements of aspirated air
temperature and humidity, wind speed and direction, precipitation, solar radiation and air
pressure. Some of the proposed sites have AC power, but in other cases a battery power
supply, recharged by solar-power would be required. In all cases, sites should be selected
where access is relatively easy, to facilitate servicing whenever necessary (e,g., astronomical
observatories, ski areas, mountain passes, national parks etc). In several cases (e,g, Pico
Espejo, Venezuela; Chacaltaya, Bolivia; Cristo Redentor, Argentina) future GCOS observations
would build on a set of previous observations that would allow new measurements to be placed
in a longer-term context. In other cases, it will be necessary to undertake careful comparisons
with nearby lower elevation stations that have long-term measurements, to place future time
series in the context of earlier measurements.
Conclusion
The installation of a High Elevation Climate Reference Network as part of GCOS would enable
a more comprehensive view of high-elevation climate to be developed, especially for low
latitude regions, and help in understanding the causal mechanisms that are now driving
significant environmental changes in the region. A longer-term goal will be to link these
observations to those made at high elevation stations elsewhere, to provide a global network of
high elevation data from the earth’s most pristine environments.
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Figure 1. Zonally averaged mean annual temperature changes under 2x CO2 conditions,
compared to control simulations. Results are the mean of 6 GCMs used in the IPCC report.
Topography along the American Cordillera shown schematically by the fine black line. The
mean freezing level is shown by the green line.
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Figure 2. Trends in mean annual temperature with elevation (1959-1994) for stations in the
region shaded, and overall trend for all 227 stations (1950-1994) (Vuille et al., 2003)
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Figure 3. GCOS stations in the western Americas, and their distribution with elevation. The
mean annual freezing level is shown by the thin black line (compare with green line in Figure 1).
A large data gap exists at high elevations from ~40ºN to 50ºS.
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Figure 4. Examples of hourly temperature measurements we have made at 2 high elevation
sites: Sajama Bolivia (6,515 m --21,376 ft) and Kilimanjaro, Tanzania (5794m.19,010ft). A
typical station configuration is shown below (on the northern icefield of Kilimanjaro).
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Figure 5. Suggested high elevation sites that could be readily established as a high elevation
climate reference network within GCOS. Additional sites have been identified in Colombia and
Central America, and other sites are also possible within South America.
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Annex 14
AN ANDEAN CLIMATE OBSERVATIONS NETWORK
Michael R. Helfert and C. Bruce Baker
U.S. Climate Reference Network, NOAA-National Climate Data Center
Asheville, North Carolina
Rayford P. Hosker, Jr.
NOAA-Atmospheric Turbulence & Diffusion Division
Oak Ridge, Tennessee
The Great Andean Cordillera of Latin America stretches for 86 latitudinal degrees from Northern
Mexico (31N) to Tierra del Fuego (55S). On a larger scale the Great Cordillera of the Americas
runs from Northern Alaska and Canada (71N) to the Antarctic Peninsula (76S), a straight-line
distance of nearly 25,000 km. Although this conference is devoted largely to establishing an
Andean Climate Observations Network, included in this paper are planning calculations for
Central America from Panama to Mexico as well. This inclusion is done because similar
concerns of high-quality, high-altitude climate monitoring networks are being deployed or
proposed for the North American Rockies as well as some of the Sierras of Central America.
Geologically and tectonically, the three regions are a unity - and they have similar concerns,
similar science opportunities, and can provide similar critical science information for decisionmaker guidance.
This vast north-south mountainous unit is the largest single contiguous land feature on the
planet Earth. Due to its interactions with the global atmosphere from near-pole to near-pole, the
Great Cordillera of the Americas offers an unmatched opportunity for very high-value, long-term,
stable climate observations in regions that are removed or largely removed from major human
disturbances and influences.
Calls for past decades by decision-makers for higher-order climate information have resulted in
promulgation of tighter, more universal standards for climate observations11 and the acquisition
of proper climate observations equipment as supplements to some existant meteorological
networks. Problems for climate studies in these older meteorological networks include lessthan-desirable measurement precision, insufficient continuity, non-standardization of QA/QC
procedures, and various archival approaches. We need optimum data needed to answer the
tougher climate issues that are surfacing in the 21st Century. The newer national climate
observations networks address many of these long-pending problems. Through transfer
functions and co-locations the newer networks also bring stability and increased precision to
long-period meteorological records. Various climate resolution networks are being deployed or
modified to climate observations standards in no fewer than 19 countries12 on five continents.
The next stage and the next opportunity is to coordinate if not integrate and ratify climate
surface observations networks. This is a great opportunity for South America. A principal focal
point could be coordinated deployment of standardized climate observations reference stations
along the eastern and western sections of the Great Cordillera. Canada and the United States
are now beginning such a coordinated deployment of their respective national climate surface
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observations networks in the combined Rocky Mountains.
The two nations are just now
making plans for exchanging equipment, data, data processing procedures, and analysis
techniques this year.
The first high-altitude climate observations stations in the Rockies are being deployed this
summer and early autumn. Others will follow in 2004 and 2005. Test equipment from several
institutions and agencies has been deployed at selected high-altitude stations in severe snow,
ice, temperature, and wind environments in Alaska, California, Nevada, Colorado, and New
Hampshire for the past decade. Modifications, as needed, have been made to increase the
durability and reliability of equipment in such environments based on this experience. Several
environmental lessons have been folded into the fabrication and deployment of the new
mountain U.S. Climate Reference Network stations. More lessons will no doubt be learned as
we better understand both the severe mountain regime and the limitations of our equipment.
We shall adapt as we learn from our errors and underestimations.
It is suggested, therefore, that one possible equipment and experience source for a postulated
Andean Climate Network could be improved variants of the standard U.S. Climate Reference
Network (CRN) station. Present variants have been developed largely for less severe
environments in the continental U.S.A Upgraded variants could include CRN-like stations at
selected spatial intervals from Northern Mexico to Tierra del Fuego. A spacing interval of 3-4
linear degrees for major stations seems appropriate from our limited US experience in
mountainous regions. Just as critical as a proper station spacing interval is close detail in site
surveying by a climatologist to ascertain that climate representativity is certified and quantified
for the site prior to station deployment.
These stations, whether deployed in North America, Central America, or South America, can
serve as anchor points for multi-elevational monitoring of climate stability or variance along the
86-degrees of the cordilleran line. The standard CRN station provides high-precision, high
temporal resolution data for temperature (triple sensors), precipitation, and the secondary
variables of solar radiation, infrared radiation, and wind velocity. CRN stations are now
configured for AC and/or solar power. A wind-powered version is also under development for
certification. Communications are via the GOES DCS as is the standard for many networks.
The individual cost of U.S. CRN stations is about US$18,000, calibrated and ready for
deployment. An improved model for Andean deployment would be slightly more due to heavier
gauge, expanded environmental range materials and sensors being identified and fabricated.
An early estimate is that 116 to 139 such full-capability CRN-like stations would be needed for
deploying a network of a scientifically conservative density along both the Eastern and Western
Cordilleras, and at no fewer than two elevations. The two probable elevations could be adjusted
regionally. The higher elevation could be below the mean snowline (5500-6000 m on the
Western Cordillera; 4500-5000 m on the Eastern Cordillera). The lower elevation could be at a
"tie-in" elevation and hopefully co-located with a station of the existing national network. This
would provide the opportunity not only for climate trend monitoring latitudinally but also
vertically. It also provides the important "tie-in" or anchor point opportunity to the national net.
This second attribute would enhance the determination of inter-network transfer functions that
would allow precision tuning of the existing national meteorological observations network.
Communication of the stations to the data archive could probably be via the GOES DCS or a
similar satellite system of regional choice.
A second station variant is proposed to densify an Andean network. This alternative is a
temperature-only version of the CRN-like base station. The present three separate platinum-
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resistance thermometers would be combined into one housing. The present housing can hold
all three sensors. The housing would be aspirated by two vertically-stacked fans instead of one,
as is done in the U.S. CRN. This fan duplication would allow only one fan to be powered while
the second is turned off. In case of failure of a fan, the reserve one could be activated by the
datalogger, obviating the need for an immediate maintenance response to what may well be a
rather difficult location to access seasonally.
The solar radiation sensor would be
recommended as the only secondary instrument. This variant could also have a more
economical datalogger. Power could be AC/solar as with the U.S. CRN primary stations, or
perhaps supplemented by wind power (testing stage), or by a combination of the three power
sources. This system would minimize cost but still provide high-resolution, high-confidence,
triply-redundant temperature measurements on an hourly basis. Communications as with the
full-capability variant would be via satellite. Cost of these stations is initially estimated at US$810,000/unit. It is initially estimated that 81-96 of these stations would fill Andean network gaps.
Usage of these temperature-only stations reduces the network equipment cost considerably, by
about US$1 million.
The initial equipment cost for draping and laddering the Andean Cordillera with a high-quality
climate observations network is estimated at US$2.9-3.5 million. This system could be acquired
and deployed incrementally in a variety of ways. Costs of logistics, very essential annual sensor
calibrations, periodic maintenance, installation, site surveys have not been calculated at this
time. If this proposal excites interest, those estimations can be pursued.
The Brasilian, Venezuelan Guiana Highlands, Guianian, and Surinam massifs and Wilhemina
Mountains and the Brasilian southeastern Atlantic mountains (Serra do Mar, etc.) are not
included in this initial proposal. An additional 24 full-capability stations and 36 temperature-only
stations are recommended if those mountain units are to be included in any forthcoming
initiative. Those outlier deployments are not costed in this proposal as they are geographically
outside the Andean primary opportunity. This does not mean that these Atlantic ranges do not
also have great climate science value!!
If this Andean network proposal would be adopted, an initial action would be to deploy some
test stations of both CRN station variants into some selected, very severe, high-altitude
environmental conditions typical of the Upper Andes. The second variant, the more restricted
and more economical variant, still needs testing in mountain winter conditions. That testing
could be accomplished in the winter of 2004-05, initially at severe environment laboratory sites
in both the USA and the Andes.
This planning for a potential deployment of an Andean Climate Observations Network is based
upon the experience by the Canadian Reference Climate System (RCS) and the US Climate
Reference Network (USCRN) of the NOAA-National Climatic Data Center. If there is an
overarching objective of this proposed Andean network, it is framing the minimum station
spacing vertically and horizontally that can provide high-resolution, high-quality climate data
using durable and properly gauged sensors and materials. Certainly the experience of the
South American countries in Andean environments is even more important, more focussed,
comprised of firsthand knowledge and experience, and would undoubtedly cause positive
revisions of this proposal.
The estimation of initial network equipment costs is based upon the suggested distributions of
full-capability CRN stations at 3-4 degree intervals coupled with temperature-only independent
stations for network densification. A recommended station distribution for both Central and
South America has been studied and is portrayed in the following table. This table is the first
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estimate of the number of stations recommended for deployment in the individual countries of
the Andean Cordilleras. Even where dense national nets do not yet exist or are not of recent
vintage, a "tie-in" or recommended "tie-in" at that lower altitude is included.
Close coordination among the potential countries who might participate in any Andean climate
monitoring program could reduce possible site duplication and overlaps. In such instances, the
lower figures in each column are probably more accurate than the higher figures (e.g.,
Honduras, Ecuador, etc.). For instance, an evenly spaced chain rather than a series of national
units built as separate units from Colombia through Argentina might reduce the station numbers
required along the Andean East and West Cordilleras by about 16.
ESTIMATION OF STATION NEEDS BY COUNTRY FOR
ANDEAN CLIMATE OBSERVATIONS NETWORK
Country/Region

Hi-alt full
capability

Hi-alt
temp-only

Nat'l Net
Tie-Ins

Total

3
4-5
2-3
1
2
1-2
2
2
2

6
8-10
3
2
2
2-3
2
1
3

1
3
3
2
2
2
2
2
2

10
15-18
8-9
5
6
5-7
6
5
7

Colombia
Venezuela

3
4-6

4
4-6

4
8-12

Peru
Bolivia
Chile
Argentina

4
3
8-10
6-8

8
4
20-22
12-20

8
8
10-12
12-20

11
1624
20
15
38-44
30-48

47-50

70-94

69-83

CENTRAL AMERICA
Mexico Baja
Mexico Sierra Madre Occidental
Mexico Sierra Madre Oriental
Belize
Guatemala
Honduras
Nicaragua
Costa Rica
Panama
SOUTH AMERICA

Totals

197235

_________________
In the United States, codification principles for climate reference or climate benchmark networks are best
expressed by T.R. Karl, et al, Critical Issues for Long-Term Climate Monitoring, in Climatic Change, vol. 31, pp.
185-221 (1995). See in particular the discussion concerning the base principles of climate monitoring in Sec. 4.4
on page 86.
These countries include China, Mongolia, Australia, New Zealand, South Africa, Slovenia, Slovakia, Poland,
Sweden, Norway, Canada, Germany, France, Spain, Portugal, Italy, Croatia, Austria, and the United States.
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Annex 15
STATUS OF OCEAN OBSERVING SYSTEMS IN SOUTH AMERICA
Rodrigo H. Núñez
Head Department of Oceanography
Servicio Hidrográfico y Oceanográfico de la Armada de Chile
(Vice-chairman of the Global Ocean Observing System - GOOS)
International agreements and conventions call for safety at sea, effective management of the
marine environment, and sustainable utilization of its resources. Achieving the importance and
challenging goals of these agreements depends on the ability to rapidly detect and provide
timely predictions of changes in a broad spectrum of marine phenomena that affect (1) the
safety and efficiency of marine operations; (2) the susceptibility of human populations to natural
hazards; (3) the response of coastal ecosystems to global climate change; (4) public health and
well being; (5) the state of marine ecosystems; and (6) the sustainability of living marine
resources. The Global Ocean Observing System (GOOS) was established to develop these
capabilities.
Rapid detection and timely prediction depend on the establishment of an operational observing
system that routinely and continuously provides required data and information in the form, and
on time scales, specified by the users. Such a system must efficiently link three essential
subsystems to ensure the timely and routine delivery of data and information to users: (1) a
monitoring (sensing) subsystem, (2) a subsystem for data acquisition, management and
dissemination, and (3) a subsystem for data assimilation and analysis based on scientific
understanding.
In South America there are two regional alliances in place that are dedicated to promote and
articulate actions to establish an integrated system of observations and applications to facilitate
the development of operational oceanography and research. These alliances are within the
GOOS framework of policies and principles and correspond to what is best known as GOOS
Regional Alliances or GRA´s. The two alliances are called GOOS Regional Alliance for the
South Pacific (GRASP) and South Atlantic GOOS Alliance (SAGOOS). Colombia, Ecuador,
Peru and Chile are members of GRASP, and Brazil, Uruguay and Argentina are members of
SAGOOS.
The countries of the region are expecting to use these alliances to joint efforts to develop
operational oceanography and implement monitoring networks that will cover areas larger than
their own geo-political borders to study phenomena affecting them at a regional or even larger
scale, such as, El Niño and the Southern Oscillation (ENSO).
Today, there are deficiencies in the observing systems, but regional coordination developed as
a result of these alliances and the integration of local and national systems to the regional
network allows to forecast an important increment in the observational capability, and the
volume of exchanged data and accessibility to data.
The region needs to increase the number of fixed monitoring platforms and to incorporate stateof-the-art technology fro data transmission and quality control. At the same time, the integration
of the users requirements onto the observation network must be improved to develop a better
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and more efficient -flexible network. Modeling capability, data assimilation and forecasting has
to improve to satisfy the needs of the policy makers and scientists.
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Annex 16
SEA LEVEL IN SOUTH AMERICA: STATUS AND NEEDS
C.A.S. França*, A.R. de Mesquita,* and P.L. Woodworth**
* Instituto Oceanográfico da Universidade de São Paulo
** Permanent Service for Mean Sea Level
1. Introduction
Sea level presents the signature of virtually all physical processes occurring in the ocean, from
capillary to planetary waves through to ocean mass and volume changes. From a practical point
of view, sea level measurements are important for navigation, mapping, flood forecasting,
tsunami warning and climate change detection and monitoring. Due to its many applications,
coastal sea level is one of the indicators of the environment and of global climate change to
have very lengthy time series - there are continuous records dating back to the beginning of the
XIX century, and even before in a small number of cases.
Applications require different accuracies and reference frames for sea level measurements. For
the assessment of permanent ocean dynamics, measurements are required of the sea level
referred to the Earth's geoid - the dynamic sea level. For studies of transient phenomena (e.g.
tides and other planetary waves) it is usually enough to obtain measurements referred to the
mean sea level - the sea level anomaly - for realizations of the processes. For global climatic
change, it is necessary to refer the sea level locally to the Earth's crust – the relative sea level or, in order to separate ocean from vertical crustal movements, to the geocenter - the absolute
sea level – for a period of at least several decades. Because the climate signal in sea level is
small and embedded in a large background of ocean variability, accurate and globally
distributed stations are necessary to avoid biased estimates of change.
Sea level at the coast is measured by a tide gauge, an equipment designed to filter out surface
gravity waves (period of seconds) and to record the ‘still water level’. A gauge consists of a sea
level sensor (float, pressure, acoustic or radar), a data-logger and usually some kind of data
transmission equipment. The tide gauge is always connected geodetically to a graduated pole
fixed in the vertical direction - the tide staff - that is referred to benchmarks located in stable
ground in the vicinity of the station. Present technology allows remote recording and
transmission of tide gauge data from the most remote locations. Most of our knowledge about
global sea level change has been obtained by tide gauges. However, that knowledge is limited
to coastal boundaries and it is influenced by coastal dynamics. In order to detect a long term
climate-related sea level change, careful operation, periodical leveling and detailed records of
operational history of the tide gauge must be maintained. The cost for installation of a modern,
real-time transmitting tide gauge can be estimated at around US$ 30,000; its continuous
operation requires a good local infrastructure including a suitable location and capable operating
personnel.
Satellite altimetry has become operational in 1992 with the launch of the TOPEX/POSEIDON
(T/P) mission, enabling the measurement of absolute sea level from space with unprecedented
accuracy (Fu et al., 1994). It allows almost global coverage (less than 300 km spatial resolution
determined by the ground track) and continuous monitoring of open-ocean sea level with a time
resolution of several days. Satellite altimetry is now a major technique for the study of most of
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the physical processes in the ocean, and particularly of climate-related changes. As coastal tide
gauges requires tide staffs for their calibration, so does in turn satellite altimetry require tide
gauges for calibration (Mitchum, 2000). Due to its typical resolution in time of several days (10
days for T/P), the altimeter has limited value for ‘fast’ applications such as tsunami warning and
flood forecasting in coastal areas. Therefore, coastal sea level measurements, obtained to
adequate standards for the purposes of climate and long term monitoring, ocean circulation and
coastal studies, operational forecasts, and satellite altimetry calibration, remain an essential
element of an ocean observing system and consequently of a climate observing system.
2. Coastal Sea Level Station Networks - Status
PSMSL - The Permanent Service for the Mean Sea Level (PSMSL) (Woodworth and Player,
2003) was established in the United Kingdom in 1933 to collect, analyze, interpret and distribute
monthly mean relative-to-land sea level measured around the globe. The PSMSL is a member
of the Federation of Astronomical and Geophysical Data Analysis Services (FAGS) of the
International Council for Science (ICSU).
PSMSL data are the main source of information on relative sea level changes. The
Intergovernmental Panel for Climatic Changes (IPCC) of WMO and UNEP estimate a global
sea level rise of 0.1 to 0.2 mm/yr during the XX century (IPCC, 2001) on the basis of the
PSMSL data. The PSMSL data set contains around 52,000 stations-years of data. In South
America, it contains 2,575 station-years, or 5% of PSMSL data, while the continent represents
about 10% of global coastlines. The longest record of 83 years is from Buenos Aires, Argentina
while the average record length is 21 years. The comparative absence of sea level data in
South America is evident.
GLOSS - The Global Sea Level Observing System (GLOSS) was established in the mid-1980s
coordinated by the Intergovernmental Oceanographic Commission (IOC) of UNESCO.
Described by its first Implementation Plan (IOC, 1990), it is based on a global network of about
300 coastal sea level stations – the GLOSS Core Network (GCN) - homogeneously distributed
along the continental coastlines and oceanic islands, obtaining standardized measurements.
Data exchange and training around the globe are also central elements of the GLOSS
programme. The impact of the technological developments of the 1990s, particularly the
advances in communications, satellite altimetry and the Global Positioning System (GPS), have
demanded an adaptation of the GLOSS programme, which was considered in its second
Implementation Plan (IOC, 1997). Besides the Core Network, three subsets of stations are now
considered: GLOSS-ALT, for altimeter calibration; GLOSS-LTT, for long-term trends evaluation
and; GLOSS-OCN for ocean dynamics studies.
A recent GLOSS Adequacy Report (Woodworth and Aarup, 2003) presented the status of the
programme. Table 1 presents the status of the GLOSS stations in South America indicated by
the number of stations in four categories :1-operational (latest data 1998 or later) , 2-probably
operational (latest data 1988 to 1997), 3-historical records (latest data before 1988) and 4-nodata. The table shows the number of stations for each country; the South America region in
total; the South American Atlantic and Pacific coasts; and the global situation for comparison.
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Category
Country

1

2

3

4

Total

Argentina
Brasil
Chile
Colombia
Ecuador
Guayana Francesa
Perú
Uruguay
Venezuela

3
1
4
3
2
0
0
0
0

2
2
4
0
0
1
1
1
1

0
4
0
0
0
0
0
0
0

0
3
0
0
0
0
0
0
0

5
10
8
3
2
1
1
1
1

South America
Atlantic
Pacific
Globe

13 (41%)

12 (38%)

4 (12%)

3 ( 9%)

32

4 (22%)
9 (64%)

7 (38%)
5 (36%)

4 (22%)
0 ( 0%)

3 (18%)
0 ( 0%)

18
14

168 (57%)

69 (24%)

28 (10%)

25 ( 9%)

290

Table 1 - Number of GLOSS Core Network Stations in each `Responsible Country' based on
Mean Sea Level (PSMSL) data. (Adapted from Woodworth and Aarup, 2003)
South American operational stations (category 1) are proportionally fewer than the global
average. The problem is concentrated in its Atlantic coast, while the Pacific coast is slightly
better than the global situation. This is probably due to the fact that the Pacific coast possesses
a tsunami warning system and an important oceanic process (the El Niño) being investigated
intensively by the scientific community, while the Atlantic coast has little tectonic activity, a
relatively small analogue of El Niño and small signal of storm surges, particularly in tropical
latitudes. This has all led to a lesser interest in sea level measurements. The comparatively
large number of probably operational stations (category 2) in South America indicates a problem
of data flux, probably due to obsolete infra-structure. Brazil is responsible for all ‘historical’ or
‘no-data’ stations in the region (category 3 and 4), while the existence of category 3 stations
indicates past activities in sea level measurements for which the data can potentially be rescued
through ‘data archaeology’.
TIGA - The pilot project for continuous GPS monitoring at TIde GAuge (TIGA) sites is a
International GPS Service (IGS) programme. Its objective is to separate ocean from vertical
crustal movements by fixing tide gauge benchmarks within the International Terrestrial
Reference Frame (ITRF).
Globally 76 of 290 GLOSS Core Network stations (26%) are TIGA sites and in South America
7 of 32 GCN stations (22%), already participating in TIGA. In this programme, the South
American region is contributing at the global average.
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Further information on South American networks from researchers from Brazil, Argentina,
Uruguay, Chile and Ecuador can be found in the Afro-America GLOSS Newsletter
(http://www.mares.io.usp.br).
3. Needs and Recommendations
i- Data rescue/archaeology
We have seen that less than the global-average amount of data contributed to GLOSS by South
American countries suggests unaccounted measurements (and hence data rescue) as well as
the need for new installations;
ii- Activate GLOSS stations, particularly along the Atlantic coast
Operational, homogeneously distributed stations are recommended for satellite calibration and
for unbiased climate change estimates; also, for understanding past events it is essential to
maintain long historical records;
iii- Modernize stations
Real time data is recommended for satellite calibration, tsunami warning and flood forecasting;
iv- Multi-parameter stations
Meteorological data are not only necessary for global change studies but also contribute to
optimizing the use of installed tide gauge infrastructure; they also promote a wide interaction
within the local scientific community; continuous GPS monitoring at some of the longest record
stations is necessary for long term sea level trend studies; it is recommended to give high
priority to such stations;
v- National funding/organization
The scientific community has a difficult time running operational data collection stations due to
funding problems; it is recommended that national organizations to maintain the infrastructure
and data flux be established.
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Annex 17
OBSERVING SYSTEM NEEDS IN SUPPORT OF EL NIÑO
PREDICTION AND RESEARCH
Jose Santos, CIIFEN
At the moment several regional networks exist that play a key role in El Niño prediction and
research. These include the TAO and PIRATA networks. Along the Western Pacific of South
America, countries also maintain local networks, such as the Spondylus project in Ecuador. A
brief description of these networks will be given.
Some effort has been initiated at the regional level to use climate information as a tool for
improving fishing activities. Examples of these efforts will be given, and the needs in this sector
will be considered.
In order to characterize the development of an El Niño, an adequate description of tropospheric
winds is considered important. However, the operating cost of radiosondes and other devices
like Doppler radars make continuous daily monitoring unaffordable for most of the countries of
the region. Tropospheric wind measurements using pilot balloons have proven to be very
successful in depicting the wind field at various levels of the lower troposphere. The Pan
American Climate Studies (PACS) Program of the National Oceanic and Atmospheric
Administration (NOAA) has funded the establishment of a regional atmospheric SOunding
NETwork (SONET) in Latin America to investigate rainfall variability over Central America since
the summer of 1997. The sounding network, PACS-SONET, consisted initially of 12 pilot
balloon sites in Mexico, Nicaragua, Costa Rica, Panama, Colombia, Ecuador and Peru, together
with one radiosonde station on Cocos Island in the eastern Pacific Ocean. Nearly all sites
employed relatively inexpensive optical theodolites and pilot balloons to obtain wind soundings.
The suitability of this relatively low-technology approach for the region was based on previous
field program experience.
Enhanced use of the products of this network, plus a further
expansion of the existing network is highly recommended.
Some efforts have also been implemented regarding biologic monitoring, not only to assess the
intensity of ENSO events but also as early warning indicators. The Biological Impact Network of
El Niño Events (RIBEN) is a regional effort established in January 1999 with the participation of
Chile, Colombia, Ecuador, Peru, and Panama. National monitoring programs have been
elaborated, which include horizontal coordination between scientific institutions, intercalibration
meetings of methodology programs for learning and training, and the participation of pre- and
post-graduate thesis students.
RIBEN promotes an effective association of scientists
concerned with investigating the biological impact of El Niño events, promoting interchange of
information about El Niño and its biological impacts, developing cooperative research projects at
the national and regional levels, standardizing methodologies, performing informative activities
and offering services to different users, and elaborating diagnoses and predictions about the
variability of diverse aquatic and terrestrial resources.
Even though these efforts have increased our scientific knowledge and improved forecasting,
we have not been completely effective in translating the scientific knowledge into usable and
understandable science or in transferring climate information tailored to each socioeconomic
sector impacted by El Niño. It is recommended that much more attention be dedicated to
improving this situation.
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Annex 18
STATUS, DEFICIENCIES AND NEEDS OF HYDROLOGICAL OBSERVATIONS FOR
CLIMATE (PRECIPITATION AND RUNOFF)
Ing. Alejandro Arcelus
Dirección Nacional de Hidrografía
Montevideo, Uruguay
INTRODUCTION
Undoubtedly, there is a need for the availability and access to hydrological data and information
so as to be able to analyze and understand, at the quantitative level, the consequences and
effects of certain environmental changes, to assess water availability, to identify trends and to
develop possible strategies and adaptation measures to these changes.
The processes involving the development of a country are closely related with water resources,
and the planning and management of its utilization, given the interactions existing between
water and the various human activities. The Region (South America) is not excluded from this
reality as the majority of the main sectors depends on the existence and availability of the
resource.
The results of hydrological studies have a statistical value and, therefore, they are strongly
conditioned by the extension in time of the series of records available and by the reliability of the
data produced. The availability of sufficiently long data series in a continuous and reliable
manner allows for reducing the probabilities of extreme phenomena occurrence and, in this way,
quantify the risks involved in adopting certain technical or political decisions with respect to the
uses and application of possible mitigation measures.
This paper presents a view in regard to hydrological observations (precipitation and runoff), on
the status of the Global Climate Observing System in the Region and makes some
recommendations for carrying out a Regional Action Plan aimed at improving said System.
STATUS OF HYDROLOGICAL OBSERVATIONS
The existence of institutions performing hydrological observations is quite varied in South
America, in particular, the observations of the two variables referred to in this article are not
always made by the same institutions. In accordance with data presented in the WMO 1994
INFOHYDRO, the number of organizations that measure the quantity of surface water (levels
and runoff) amount to 400 worldwide. According to the INFOCLIMA Data Centre for South
America, as at 1994, 23 institutions in 11 countries (out of the 13 in the Region) were registered.
With respect to precipitation, it was the existence of messages from the CLIMAT network that
made it possible to establish the 119 stations in South America (see Figure 1) that integrate the
GCOS Surface Network (GSN). The GSN Monitoring Centre report corresponding to the period
July-December 2001 includes the stations in the Region and the percentage of time during
which data were provided. Figure 2 presents this information graphically. It is remarked that
during the period covered by the report, 33% of stations from the Region did not provide any
information to the Centre.
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Concerning runoff data, the second report on the adequacy of GCOS (April, 2003) provides
information on the extent that climate observation networks meet scientific needs and comply
with related observational principles. In the surface-related area, among the

Figure 1
essential climate variables the report highlights the need, among others, of precipitation and
runoff (discharge) data. In particular, mention is made of the fact that surface climate
observation systems are the less developed component and it is urged that this component be
fully put in operation.
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Figure 2
The measurement of levels and discharge is a very sensitive component of the hydrological
cycle implying that their measurement and access to information are of vital importance for
utilization in global change models as, presently, the latter are not capable of providing details in
variables such as runoff.
In the Region, the information corresponding both to levels and runoff as well as to reservoirs or
storage, groundwater availability and utilization of the resource is generated and managed by
institutions that do not necessarily belong to the Meteorological and Hydrological Services of the
countries but is handled at more decentralized instances. Besides the foregoing, we should add
that due to the high maintenance costs and deterioration of the networks, over the last few
years many measurements have been performed by private agents or service concessionaires.
Within the framework of the Expert Meeting held in June 2001, work was started for the
development of a Global Surface Network–Hydrology (GSN-H). An initial configuration of this
network was suggested including its main functions, responsibilities of the institutions to be
involved in the network, the diffusion and management of the information. A series of
recommendations were made, among which the following can be cited:
•
•
•

To obtain approval of the GSN-H from those agencies that support GCOS.
To ensure the documents for quality control of the information to be managed within the
framework of the network.
To develop an initial communication strategy, including a web page for the GSN-H.

One aspect of importance is that the meeting was not attended by participants from the Region
who could have made contributions on the regional viewpoint of the subject discussed and who
could later follow up the recommendations made at the country level.
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The Global Runoff Data Centre (GRDC) located at the Federal Institute of Hydrology in Koblenz,
Germany, is in charge of collecting and disseminating runoff information at the world level, as
well as providing specialized products and services to the scientific community, water
management organizations and programmes of the United Nations’ specialized agencies. At
the regional level, the Centre counts with monthly runoff information provided by 392 stations in
the 13 countries of the Region. Figure 3 shows the geographical distribution of the abovementioned stations and Table 1 contains the number per country, period of data (the longest
recorded) as well as the type of data (monthly and/or daily) available at the Centre’s database.

Figure 3

It should be remarked that, in the Region, for any of the two variables under consideration,
maintenance costs of the basic measurement networks are a burden for all of the Services in
charge of monitoring activities. As a result, the number of stations tend to diminish. The
reduction of the basic hydrological networks as well as the need for institutional strengthening of
many of the Services present difficulties that require attention in the short term.
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Nº
STAT.

PERIOD

Argentina
Bolivia

87
6

2 to 79 years
3 years

Brazil
Chile

164
6

1 to 69 years
6 to 18 years

Colombia

58

1 to 15 years

Ecuador

14

1 to 22 years

French Guiana

3

2 to 5 years

Guyana
Paraguay

7
1

2 to 25 years
7 years

Peru

5

3 to 57years

Suriname

7

2 to 7 years

Uruguay

6

1 to 69 years

Venezuela

28

2 to 66 years
Table 1

COUNTRY

COMMENTS
Monthly and
daily
Monthly
Monthly and
daily
Monthly
Monthly and
daily
Monthly and
daily
Monthly and
daily
Monthly and
daily
Monthly
Monthly and
daily
Monthly and
daily
Monthly and
daily
Monthly and
daily

Finally, although it is not included among the variables requested for the report, but within
hydrological variables to be considered in the future, worth mentioning is that implementation of
the “Project for the environmental protection and sustainable development of the Guarani
Aquifer System (SAG Project, for its acronym in Spanish) has been started. The project was
initiated during March of this year and is being developed with the participation of
GEF/IBRD/OAS and the following countries: Argentina, Brazil, Paraguay and Uruguay. One of
its components is the development of a monitoring network which includes, in principle, the
installation and putting into operation of monitoring equipment for 5% of the existing wells. Its
implementation constitutes an essential tool to provide basic data and necessary information for
the management and coordinated administration of SAG and the monitoring of its temporal and
spatial behaviour. An Information System (SISAG – Information System of the Guarani Aquifer
System) will be developed and integrated into the network to facilitate the management,
standardization, diffusion and utilization of data, information and documents.
RELATIONSHIP OF THE RA III WORKING GROUP ON HYDROLOGY WITH GCOS
During the 1993-1997 intersessional period, the RA III Working Group on Hydrology (WGHRAIII) has worked on the subject of reference preparing a report on the Hydrological
Component of the WCP. In this respect, it should be noted that historical series with 30 years or
more of discharge data are available in at least 9 of the countries in the Region (Argentina,
Brazil, Chile, Ecuador, Guyana, Paraguay, Peru, Uruguay, Venezuela). Six of the countries
(Argentina, Brazil, Chile, Ecuador, Peru, Venezuela) have available discharge historical series
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for watercourses whose basins have been intervened or exploited only in a limited way. There
are studies on the trend assessment of such series in three of the countries (Argentina, Brazil,
Venezuela) and at least 7 countries have developed some studies on climate variability or
global climate change. It is interesting to highlight that in all of the countries there are regions
where water availability conditions are a critical issue while others are subject to frequent rivergenerated floods.
During the current period, the Regional Association decided to establish subgroups to carry out,
among others, activities to prepare projects related to the Group’s sphere of interest. One of
such projects contemplated the establishment of a network for the exchange of hydrological
information for the Region. Unfortunately, up until now it has not been possible to obtain the
required financial assistance to develop this proposal and attention should be given to this
matter as soon as possible.
The participation of the WGH as one of the most active in the Region is highlighted as well as
the advantage of having experts in the hydrological field in each of the countries of the Region
who can coordinate the efforts of the National Hydrological Services and others and thus,
provide assistance to GCOS.
THE HYCOS PROJECTS AND THE REGION
The World Hydrological Cycle Observing System (WHYCOS) is a WMO initiative aimed at
establishing regional monitoring stations networks, for the transmission of hydrological and
meteorological data to National Hydrological Services (NHSs) and to national centres.
At present, there are two components that could not as yet be implemented in the region: the
Amazon-HYCOS and the Plata-HYCOS. For the first one, a draft has been prepared by the
expert of the Commission for Hydrology in charge of water quantity. For the latter, within the
framework of the Intergovernmental Committee of the Plata River Basin (CIC, for its acronym in
Spanish) (Argentina, Bolivia, Brazil, Paraguay and Uruguay), the first steps are being taken to
develop an information system on the basin’s water resources. In particular, worth noting are
the signing of a Memorandum of Understanding between CIC and WMO to collaborate in water
resources information systems (flood forecasting and water quality); as well as the approval of
GEF funding (with the participation of UNEP-OAS-CIC) for the preparation of a “Framework
Programme for the Plata River Basin”. Among the activities foreseen for the latter, in addition to
the global outline for an integrated management of the basin’s water resources, is the
enhancement of the capacity to predict the impacts of variability and climate change in
hydrology.
THE HYDROLOGICAL DATA EXCHANGE EXPERIENCE IN THE PLATA RIVER BASIN
In 1968, the Governments of Argentina, Bolivia, Brazil, Paraguay and Uruguay approved the
statutes of the Intergovernmental Coordinating Committee of the Plata Basin (CIC). The
Governments approved the Treaty of the Plata Basin in 1969, to promote the harmonic
development and physical integration of the Basin and its areas of influence. The CIC is
presided over by the Representatives of the Member States, on a rotating basis, and has a
permanent Executive Secretariat located in Buenos Aires, Argentina.
In the area of water resources and with regards to the exchange of hydrological and
meteorological data, in the Declaration of Asuncion on the Development of International Rivers
in 1973 the following was agreed:
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•
•

Processed data will be subject to dissemination and systematic exchange by means of
publications.
The data to be processed, whether simple observations, readings or instrumental
graphical records will be exchanged or provided in accordance with the demands of
interested countries. The member States agreed to establish technical counterparts to
consider the subjects included in the CIC’s action plan.

Ever since the establishment of CIC 30 years ago, during the annual meetings of Ministers of
Foreign Affairs matters have been discussed agreeing on the objective of establishing a
hydrological and environmental quality monitoring system.
With respect to real-time river data, several organisms presently have operational telemetric
networks composed of automated stations, and differences have been noted in the level
attained for the dissemination of such data. In effect, some organisms upload the information in
an Internet site so that users may utilize it without restrictions while others generate data for
themselves alone.
FINAL CONSIDERATIONS
The Region should define the support to be provided for the development of the Global Surface
Network – Hydrology (GSN-H). In particular, activities such as the following have been
identified:
•
•
•

•

Participation in the preparation and publication of material containing regulations and
guides on hydrological observation systems and their data management, as well as
related products.
Establishment of a group of experts from the Region to carry out diagnosis studies for
hydrographical basins of hydrological networks, analyzing deficiencies and proposing
measures for their solution according to the Region’s possibilities.
Preparation of a working plan containing strategies to involve organisms that have and
maintain hydrological networks, showing them the advantages and results that might be
attained by participating in GSN-H. These results must be specific and of interest to the
organisms, among which it should not be discarded to provide certain assistance for the
maintenance of some of the stations whose data will be made available.
Once the relationship and the intention to participate have been established, it should
be sought to sign a written declaration containing the rights and obligations of each of
the parties within the framework of the GSN-H.

The possibility should be studied for the “Framework Programme for the Plata Basin” to provide
support to the aforementioned activities. Other financial sources should be explored for the
remaining basins of the Region.
It is considered recommendable to support the participation of experts from the Region in future
meetings to be held for following up the development of GSN-H.
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Annex 19
GLACIER AND PERMAFROST MONITORING IN SOUTH AMERICA
Gino Casassa
Centro de Estudios Científicos
(Center for Scientific Studies)
Av. Prat 514, Valdivia, Chile
gcasassa@cecs.cl
1. GLACIERS
The variation of glaciers is one of the most important variables in monitoring global climate
change in terms of public consciousness (IPCC 2001). Glaciers respond in a sensitive manner
before climate changes and they are also influenced by ice dynamics and geometrical factors.
Response periods of South American glaciers before climate changes vary from a few years to
several decades, depending on the size of the glacier and snow accumulation. At the
continental level, glaciers show a clear backward trend during the past century, with an
accelerated mass loss over the last decades.
Table 1 shows the current distribution of glaciers in South America. In the northern, central, and
central-southern areas, glaciers are limited to high peaks, with equilibrium line altitudes (ALE,
for its acronym in Spanish) over 4000 or 5000 m above sea level (a.s.l.) in many cases. In the
southern tip of South America (Patagonia and Tierra del Fuego), the increase in precipitation
and low temperatures allow for the development of large ice fields in high Andean plains located
at altitudes of approximately 1500 m a.s.l., with ALE reaching 1000 m or less.
Table 1. Distribution of glaciers in South America.
COUNTRY
Venezuela
Colombia
Ecuador
Per
Bolivia
Chile/Argentina
Chile
Argentina

REGION
AREA (km2)
Sierra Nevada of Merida
3a
3 Cordilleras
104a
Western and Eastern Cordillera
97a
20 Cordilleras
2,596a
7 Cordilleras
566b
South Patagonic Ice Field (CHPS, its acronym in Spanish)
13,000a
North, centre, South of Chile, Patagonia outside CHPS
10,806c
and Tierra del Fuego
North, centre, South of Argentina, Patagonia outside
~4,000d
CHPS and Tierra del Fuego
~31,000

TOTAL
a
USGS, 1988.
b
IAHS (ICSI)-UNEP-UNESCO, 1989.
c
Rivera et al., 2002.
d
Estimated value. In central Argentina alone the glacier area is 2,245 km2(a).
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The present status of the study of glaciers in each South American country is presented below.
Venezuela
Venezuela has a very small glacier area. Glaciers are distributed in three separate mountains.
As of 1972 a mass loss has been observed, with an acceleration during the past 30 years.
Studies on glacier variations were carried out during the 1970 and 1980 decades. There are no
known data on mass balance and no studies on glaciers are presently conducted.
Colombia
In Colombia, studies on glaciers were initially focused on the research of volcanic risks and the
generation of “lahares”(13). These volcanic risk studies included the Nevado del Ruiz, and the
Nevado del Tolima, Nevado de Santa Isabel, Nevado del Huila volcanoes and the Sierra
Nevada del Cucuy. The studies of glacier variations indicate a persistent and progressive loss
of ice volume as of the end of the XIX century, with a large number of glaciers having
completely disappeared during the past century. Concerning mass balance studies, there
presently exists a buoy field in one glacier as well as an automated meteorological station.
Ecuador
Mass balance studies were initiated almost 10 years ago at the Antizana glacier, that constitutes
an important source of potable water for Quito. A buoy network, an automated meteorological
station and two hydrological stations permitting detailed observations of mass balance are
presently maintained. In 1999, studies were started at the Carihuairazo glacier as well as in the
ice cap on the peak of the Chimborazo volcano. The INAMHI is presently developing studies in
collaboration with IRD, France. Studies on the variation of glaciers show that a significant
reduction in ice has occurred as of the XIX century.
Peru
The INRENA performs studies on glaciers since 1940 as a result of catastrophic floods
associated with glacier phenomena that caused extensive damages and loss of human lives. In
1989, INRENA completed a glacier inventory in 18 main cordilleras based on aerial
photographs, with a total of 3044 glaciers covering an area of 2041 km2. In 1997, the INAGGA
prepared a new glacier inventory based on satellite images which concluded that in 27 years the
glacier area in these 18 cordilleras in Peru decreased by 22%. In 2001, the UGRH-INRENA
started a glacier monitoring programme in cooperation with IRD, France and the University of
Innsbruck, Austria. At the present time, five glaciers at Cordillera Blanca; one glacier at
Cordillera Raura and the Shullcon glacier in central Peru are being studied. Preliminary studies
are being conducted at Cusco, southern Peru, to identify and adequate glacier for monitoring
purposes. Hydrological and climate methods are also being developed in collaboration with
SENAMHI.
Bolivia
In 1991 the IRD and the Major University of San Andres initiated mass balance studies in
Chacaltaya, a small glacier of great importance as a source of potable water for La Paz. The
loss of ice due to recession and depletion is so drastic in Chacaltaya that it is expected that the
glacier will disappear in less than two decades if the present backward trend continues in the
future. A third glacier, Charquin, is now being studied to replace Chacaltaya. Detailed studies
have also been made at the Zongo glacier, a very important source of water resources and

13

(T.N.: Unable to find the definition of “lahares” in available reference sources.)
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power generation for La Paz and El Alto. In Bolivia, waters from the fusion of glaciers contribute
with almost 30% of total runoff.
Argentina
Glacer studies have been performed since the 1970 decade by IANIGLA, the Argentine
Antarctic Institute and CADIC, in the Andes at Mendoza, Patagonia and Tierra del Fuego. In
Patagonia, the studies were conducted in collaboration with Austrian and Japanese scientists.
Glacier variations were studied in the three aforementioned areas, and it was determined that a
generalized glacier recession exists. Mass balance studies are presently underway at the Piloto
glacier near Mendoza and the Martial glacier in Tierra del Fuego.
Chile
The only glacier where mass balance studies are being conducted is the Echaurren Norte,
thank to a programme developed by the DGA since 1975. Although this a small glacier that
may not be a very representative one, the results are quite revealing as they show a rapid mass
loss over the last few years. Glacier variations and their characteristics are being studied in
central Chile, the lakes region and Patagonia by UMAG, UCh and CECS. A generalized
recession and depletion is taking place with an extremely high maximum value of 28m/year,
which has augmented during recent decades. The studies were developed in collaboration with
researchers from Switzerland, Germany, Japan, Argentina, Denmark and the United States of
America.
2. PERMAFROST
The permafrost, or permanently frozen ground, has a slower response to the climate forcing of
glaciers, with a strong influence from past climate. Response periods are typically decadal or
centennial, depending on the permafrost thickness, thermal difusivity, and water content. The
active cap and superficial geoforms have shorter response periods before climate changes.
The permafrost is presently reduced to the high Andean cordillera of South America, with a
major abundance in the high Andean plains of Peru-Bolivia-Chile and the south eastern sector
of the Andes in Chile and, particularly, in Argentina, where colder and drier conditions prevail.
There are no precise records on the extension of permafrost but only an areal estimation of
270,000 km² for all of South America (Haeberli et al., 1993), which is a larger magnitude order
than the total surface of South American glaciers. Many of the geocryogenic structures in South
America show degradation signals.
Contrary to the advanced development of cryogenic studies in the northern hemisphere, the
progress attained in South America on this matter is yet marginal. Some studies have been
conducted in central and northern Andes (for example, Venezuela and Bolivia), in collaboration
with foreign researchers. Argentina is a special case having carried out a larger number of
permafrost studies during the last decades, thank to the effort of some few and dedicated
researchers. In South America, there are only two perforations that are candidate monitoring
sites for the Global Terrestrial Network for Permafrost (GTN-P), in the central Andes of
Argentina, known as El Balcón I and El Balcón II located in the rock glacier Morenas Coloradas
at altitudes of 3560 and 3770 m a.s.l., and a deepness of 5 and 3 meters, respectively.
Some studies applied to rock glaciers associated with mining activities have been performed,
sometimes for period of several years. In some cases, said areas are not adequate because
there exist important anthropical alterations.
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3. PRIORITIES AND RECOMMENDATIONS
Glacier and permafrost variations are of interest both for the applied study of water resources in
the short term and for climate change studies. The following recommendations are suggested:
a. To encourage the development of long term systematic programmes on mass balance
studies.
During the first Workshop on Mass Balance of Andean Glaciers held in Valdivia, Chile,
from 12 to14 March 2003, the possibility was evaluated of establishing an Andean
Glacier Monitoring Network. The event was sponsored by ICSI-IAHS, IRD-France, IGSCambridge, U.K. and CECS-Chile. Advanced conversations have been held with ICSI
and UNESCO for the initiation of this programme. The training of specialized staff in the
Andean countries is a top priority. A Second Symposium will be realized in Huaraz,
Perú, in July 2004.
b. Multi-temporal mapping of glaciers and permafrost.
Field and remote sensing image studies should be encouraged. Many geographical
areas and large regions of several countries still lack glaciers and permafrost detailed
inventories. The availability of high resolution satellite images facilitates this task as has
been established, for example, through the GLIMS initiative (http://www.glims.org/)
utilizing ASTER images.
c. To encourage the implementation of a denser network of measurement stations.
A greater number of meteorological and hydrological stations is required along
latitudinal, longitudinal and altitudinal transects in the Andes so as to characterize the
meteorological variables and hydrological regimes of different basins, and to detect short
and long term changes.
d. To increase the number of candidate perforation sites as part of the GTN-P.
The only sites presently considered in the GTN-P are located in the central Andes of
Argentina. Additional sites in other countries and other geographical regions of South
America for long term monitoring should be proposed, looking for a more adequate
spatial distribution.
4. ACKNOWLEDGEMENTS
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Annex 20

OBSERVATIONAL NEEDS FOR GLOBAL CHANGE
Gustavo V. Necco
Inter-American Institute for Global Change Research
The global environmental changes that the Earth is facing today impacts the whole range of
scales from the smaller, affecting micro organisms, to the largest planetary processes such as
the global biochemical cycles. Global environmental change (GEC) is one of the greatest
challenges that humanity faces today.
There are many definitions of GEC and we will refer to the one adopted by the IAI :“Changes in
the global environment (including alterations in the climate, land productivity, oceans or other
water resources, atmospheric chemistry, and ecological systems) that may alter the capacity of
the earth to sustain life.”
Climate change is obviously the fundamental component of GEC, and in order to advance the
goal of understanding climate change it is fundamental to further improve the present global
observing system in support of long-term climate monitoring and prediction. Space-based and
in-situ data are badly needed to improve computer modeling and scientific diagnosis and
analysis of climate. Moreover stable long-term measurement records are also needed to
interpret Earth system variability and trend data and therefore there is a pressing need for well
designed, comprehensive global climate and ecosystem monitoring systems. Evidently such
observational systems should pay attention to the issues of quality, consistency, stability and
standardization of data records.
GEC deals with the Earth system “in toto”, which in a simple approach could be considered
consisting in two main components, mainly the ecosphere and the human factor. The ecosphere
links (in a very intricate way) planetary sub-spheres such as the atmosphere, the cryosphere,
the hydrosphere, the lithosphere and the biosphere. The human factor, mainly the
anthroposphere, embraces the physical aggregate of all individual human lives and products
and we may add an “immaterial” subcomponent reflecting the global consequences of human
decisions and actions.
Future GEC research must address the potential impacts of climate change on human societies
and ecosystems and related options for adaptation and mitigation. Most climate-related
decisions are made at the local level where decision makers face extreme events (drought,
flooding or other climate impacts). Global-scale research should then be combined with local
information to produce regional research products including the treatment of human dimensions,
economics, and ecosystems.
The existing climate observation networks should be integrated and the systems expanded to
include key climate-related ecological, biochemical, geophysical and socio-economic
measurements.
At a minimum, life cycle management will require long term, permanent archives that are able to
ensure that data from climate change observations and monitoring systems are not lost through
technical obsolescence in the storage, documentation, or dissemination media. It requires
technological flexibility and an active advisory structure that can articulate the changing data
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and information needs of science on the one hand and policy, management, and decisionmaking on the other.
It should be recognized that climate change data and information are needed for management,
policy, and decision making as well as for science. Better and improved data collection will very
much help in the reduction of scientific uncertainty, but we should not ignore the equally
important policy and management need of identifying both short and long term trends in climate
(from whatever cause).
It will be extremely difficult to anticipate all the data and information needs of future research
and policy. However the establishment of open and ongoing processes identifying data and
information requirements from research scientists and managers and policy makers, as they
evolve and change, may be of great help. These processes should encompass data users
among both communities, recognizing that although there will be areas of overlap between the
two groups, there will also be some data needs that are unique to each.
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Annex 21
GENERATING DETAILED SCENARIOS OF CLIMATE CHANGE
Geoff Jenkins
Hadley Centre for Climate Prediction and Research
UK Met Office
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 so study impacts
and adaptation. 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. The need is particularly great for islands,
even big ones such as Sri Lanka and Sicily, which may be too small to even be represented in a
global model.
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
output 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 in RCMs are much closer to those observed than in GCMs

The Hadley Centre PRECIS Model
In the past, RCMs have required supercomputers or large workstations, which 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 analysis and graphical software. The whole system is
known as PRECIS; Providing REgional Climate for Impacts Studies. With funding from two UK
ministries (Defra and Dfid) and from UNDP, the model is being made available freely to
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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.
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 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.
Scenarios for other emissions (for example, SRES A1FI or SRES B1) or other time periods (for
example, 2041-2070) can be also run, or they can be generated from a single climate change
scenario (typically the 2071-2100 SRES A2) by scaling changes by the global temperature
predicted 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) and (b) by carrying out a run of the model driven by a reanalysis of global observations, such as that compiled by the European Centre for Medium
Range Weather Forecasting (ECMWF) and known as ERA, and comparing the RCM output with
day-to-day or month-to-month observations. This points to the critical need to maintain and
extend national climatological observations, to GCOS standards, both to be able to properly
validate models and to provide a baseline climate.
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. The first 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. The second uncertainty 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 accept
the Hadley Centre GCM and soon will be able to accept fields from the German ECHAM4
model. In a few years we aim to have probabilistic GCM predictions to use with PRECIS. 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
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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 a collaboration between several countries, and the model domain chosen to include
these countries.
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 India, China, West Africa
(through ACMAD) and Southern Africa, and further courses in 2003 will cover Central America
& the Caribbean and South Asia. We would like to plan further courses in 2004 with groups of
countries in other parts of the world.
We believe that regional climate models such as PRECIS can provide useful information on
future climate change, with clear advantages of corresponding GCM predictions. The use of
PRECIS by local centres of expertise, will give national ownership of the scenarios. Publication
of these scenarios can be very effective in raising awareness of the issue locally, and can be
included in National Communications to UNFCCC. Data from the predictions can feed into
models investigating the impacts on agriculture, water resources etc. and eventually aid the
process of mainstreaming climate change in government planning.
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Annex 22
VARIABILITY OF THE AMERICAN MONSOON SYSTEM (VAMOS)
Carolina Vera
CIMA/Department of Atmospheric and Ocean Sciences
University of Buenos Aires
Vice-Chair of CLIVAR/VAMOS Panel
Introduction
The Variability of American Monsoon Systems (VAMOS) Program, component of the WCRP
Program on Climate variability and predictability (CLIVAR), focuses on the complex issues
raised by the need for better understanding and prediction of the second largest monsoon
system on Earth. VAMOS goals in the Americas are to improve:
a) The understanding of the American monsoon systems in the context of the global
climate system,
b) The capacity for seasonal to interannual climate predictions, and
c) The assessment of anthropogenic climate change impacts.
The VAMOS Panel's strategy to achieve these goals is based on the 1) identification of
scientifically important climate phenomena with demonstrated potential for predictable
components, 2) encouragement of partnerships between scientists in interested countries and
contributions to the development of national and international research plans, and 3) promotion
of broad participation in field programs, both to bring local expertise to an international setting
and to enhance scientific exchange and capacity building.
VAMOS is made up of a number of projects, each of which has reached a different state of
implementation. To improve warm season prediction over the Americas, NAME, the North
American Monsoon Experiment, and MESA, the Monsoon Experiment in South America, focus
on the northern and southern components of the American monsoon system respectively. They
are collaborative with GEWEX and perform modeling and empirical studies and enhance the
monitoring infrastructure through multinational scientific collaboration. Deliverables include fine
resolution precipitation products, as well as an improved understanding of orographic and land
surface processes, and of the regional water budgets. Indeed, VAMOS is currently initiating a
modeling component to address such basic issues such as orographic effects and landatmosphere interactions in the context of the American monsoon.
In particular, MESA is organized in sequential stages. The first has focused on the moisture
corridor east of the Andes and the US-led Eastern Pacific Investigation of Climate (EPIC) which
had its intensive observational period from Sep-Oct 2001. A VAMOS extension (VEPIC) is
being planned. PLATIN is aimed at studies of the climatology and hydrology of the La Plata
Basin in South America.
A full description of the scientific implementation plan for VAMOS is available at
http://www.clivar.org/organization/vamos/
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The South American Low-Level Jet Experiment (SALLJEX)
The South American low-level jet (SALLJ) east of the Andes is part of a continental-scale gyre
that transports moisture from the tropical Atlantic Ocean, first westward across the Amazon
Basin, and then southward to the extratropics of South America. Although this gyre has
continental scale, it displays a regional intensification just to the east of the Andes Mountains.
The relatively small spatial scale (compared with the density of the sounding network) of this
intensification of the winds has limited understanding of any variations in the LLJ intensity and
structure to downstream rainfall variability over Paraguay, Argentina, southeastern Brazil and
Uruguay. Also the surface station separation is inadequate to accurately describe daily rainfall
amounts during the convection dominated wet season, even when averaging over rather larger
areas.
Therefore, VAMOS has implemented the South American Low Level Jet program, an
internationally coordinated effort to contribute to the understanding of the role of the SALLJ in
moisture and energy exchange between the tropics and extratropics and related aspects of
regional hydrology, climate and climate variability. The ultimate goal of SALLJ Program is to
improve short and long term predictions through the following strategy: i) obtain an improved
description of the temporal and spatial structure of the SALLJ based on expanded monitoring
activities and special field experiments; ii) evaluate the veracity of numerical representation
(forecasts and analyses) of SALLJ against special observations and; iii) determine
improvements of initial state representation and model parameterizations required to improve
prediction.
The SALLJ field campaign (SALLJEX) was performed with great success between 15 Nov 2002
and 15 Feb 2003 in Bolivia, Paraguay, central and northern Argentina, western Brazil, and Peru.
SALLJEX aimed at describing many aspects of the SALLJ, was a blend of many observing
systems. Scientists, collaborators, students, NWS personnel and local volunteers from
Argentina, Brazil, Bolivia, Paraguay, Chile, Uruguay, Peru and USA participated in SALLJEX
activities in an unprecedented way. SALLJEX had three major components:
i) Enhanced upper-air observations: The main objective of this component was to reduce the
uncertainty in estimating the daily (and longer time scale) intensity and other characteristics of
the tropospheric flow over a large region currently without a dense sounding network. The basic
observation period (BOP) of this component covered the 3-month duration of the experiment
and it consisted in one radiosonde observation (RAOBS) at 06UTC and two pibal observation
(PAOBS) at 06 and 21UTC. Within this interval, during an special Observing Period (SOP) of
one month duration (approximately Jan 6-Feb 15) RAOBS were made 2 times daily (06 and
21UTC) while PAOBS were made 4 times daily in Argentina, Bolivia and Paraguay while 4-time
daily RAOBS were made in Brazilian SALLJEX stations. Finally, intensive-observing periods
(IOP's) when up to 3-4 RAOBS and/or 8 pilot balloon observations per day were made at
selected sites along the LLJ axis.
ii) Enhanced raingauge daily observations: SALLJEX raingauge network activities over
Argentina, Bolivia, Paraguay, Peru and Uruguay were concentrated in enhancing the very
sparse operational network. The experiment network not only includes the new SALLJEX
raingauge stations but also raingauge networks owned by local cooperatives and institutions
that kindly accepted to participate in the experiment. Future efforts are planned in order to
promote the continuation of such integrated raingauge network that will be extremely useful for
long-term monitoring in the region as well as for other VAMOS activities like PLATIN.
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iii) NOAA/P-3 aircraft missions. The main objective of the aircraft missions was to provide a
detailed representation of the structure and variability of the LLJ east of the Andes and of the
relationship between mesoscale convective complexes over northern Argentina or western
Paraguay and the LLJ. Around 120 hours were available for SALLJEX during the period
between 6 January and 15 February 2003.
During the experiment the SALLJEX modeling group provided a diversity of forecast products
from several numerical models not only running at operational centers but also at the research
institutions involved in SALLJEX.
SALLJEX observations provide a unique opportunity for numerical model validations and
sensitivity studies that attempt to reproduce the structure of the jet and its variability as well as
the related precipitation. Such validations as well as data assimilation experiments are currently
undergoing. SALLJEX data Workshop will be held between 10-12 December of 2003 in order to
carry out preliminary evaluation of the experiment. SALLJEX was the first WCRP/CLIVAR
international campaign in South America.
Full information about SALLJEX is available at http://www.salljex.at.fcen.uba.ar/
Climatology and hydrology of the La Plata basin (PLATIN)
VAMOS identified the La Plata Basin as a climate-hydrology system with components that are
potentially predictable with useful skill from seasons in advance, and whose variability has
important impacts on human activities. The three major topics of principal interest to countries in
the basin are: i) How predictable is the regional weather and climate variability and its impact on
hydrological, agricultural and social systems of the basin? ii) How are droughts and floods in the
basin characterized from a climatological and hydrological point of view? iii) What is the role of
global climate change and land use change on regional weather, climate, hydrology and
agriculture?
Among other activities, PLATIN is currently discussing the design of a field experiment over La
Plata Basin. The experiment goal will be to better understand the strong interannual and
interdecadal climate and streamflow variations and trends; the confounding effects of land use
change: deforestation, intensive agriculture trends and urbanization; the unknown effect of
aerosols advection from biomas burning from tropical areas and the strong role of MCS in total
precipitation. The field experiment will include semi-permanent (multi-year) observations like
supplement raingauge network and streamgauges, flux towers, in situ soil moisture, wind
profilers and other micrometeorological observations, and ideally permanent precipitation radar
coverage, combined with intensive observing periods of 2 months during spring and fall that will
include cloud microphysics (aircraft), supplemental ground-based atmospheric measurements,
supplemental in situ precipitation and other surface observations; radiosonde enhancement,
aircraft soil moisture, aerosol, energy flux and perhaps other measurements.
Recommendations for the GCOS Regional Workshop for South America
1) The central South America upper-level data gap needs to be closed (Peru, Bolivia Paraguay
and northwestern Argentina) and science requirements taken into account in formulating
network design.
2) The upper-air network over South America should continuously operate at full capacity for
adequate climate monitoring. For example in Argentina, Resistencia's observations are

117

only consistently available under storm warning conditions. Salta and Mendoza only operate
during summer. The sporadic nature of such observations introduces undesirable
fluctuations in gridded analysis corrupting their ability to detect long-term variations.
Preliminary results of SALLJEX show that additional stations (Santiago del Estero, Ceres)
as well as 00Z soundings are necessary for better diagnosis and prediction of the 3dimensional structure of the circulation.
3) Paraguay should be encouraged to solve operational difficulties at Mariscal GPS station and
take reliable and continuous soundings there. Mariscal is a central point of the Gran Chaco
and it is more essential for adequate upper-air monitoring over South America than other
locations in Paraguay. Asuncion is a potential candidate for a GPS station due to the
availability of better infrastructure for its maintenance. Nevertheless, such a move should be
discouraged since there is already good coverage with Resistencia and Foz do Iguazu. It is
hard to justify such observational redundancy when there are such large data gaps to the
West.
4) Special observations taken during SALLJEX differ more from global gridded analysis
estimates at stations close to the Andes than those further away. This indicates the difficulty
in assimilating low level information with relatively coarse model resolution and properly
resolving the blocking effect of mountains in such gridded data. Some optimal distance from
the Andes needs to be identified for installation of upper-level stations, so that observations
taken at these locations are not rejected by objective analysis.
5) Several surface stations were found to operate with damaged or obsolete equipment during
the SALLJEX field campaign. Upgrade of the surface network is required for a sustainable
monitoring effort. Such upgrade involves: a) inspections and instrument repair as needed, b)
training activities for station observers, c) improvements in data transmission and d) data
availability in digital format at key stations.
6) Investigations on regional extreme events occurrence, climate model validations as well as
evaluations of model skills in simulating climate trends and changes in extreme event
frequency have been limited by lack of high-quality daily climate database for temperature
and precipitation over South America. Differences in quality control and storage of data
among national meteorological services have been detected that need special attention. In
addition, VAMOS has received requests from the scientific community addressing difficulties
to access national archives, in spite of WMO resolution 40 (CG-II) regarding free data
access. VAMOS is willing to collaborate with national weather services in construction of an
integrated database for research and operational applications.
7) International cooperation is also highly desired to improve the real-time analysis and
monitoring of South American rainfall. The quality of products like for example the real-time
precipitation analysis made by the NOAA/Climate Prediction Center and available through
the web will be certainly improved
(http://www.cpc.ncep.noaa.gov/products/precip/realtime/SA/index.html).
8) The study and modeling of some atmospheric features, e.g. LLJ, boundary layer, could be
better addressed with upper-air observations of higher vertical resolution. It thus would be
very beneficial to have available other than mandatory and significant level data- not
necessarily in real time GTS transmission, but at least archived.
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Annex 23
STATUS, DEFICIENCIES, AND NEEDS OF SATELLITE OBSERVATIONS
IN SOUTH AMERICA
Luiz A. T. Machado
Centro Previsão de Tempo e Estudos Climáticos – Divisão de Satélites
e Sistemas Ambientais
INPE/CPTEC/DSA – Cachoeira Paulista/SP – Brasil
I.

Introduction

Satellite images are very important for weather prediction mainly in South America where
surface and upper air observations are sparse. We stress also the importance of this kind of
observation over the Oceans and mainly in Southern Hemisphere mostly surrounded by
oceans. Therefore, satellite data assimilation is a fundamental point for forecast models in
South America. Operational routines for satellites retrievals of wind, temperature and humidity
profiles, precipitation and other diagnostic parameters provide data for a more realistic
representation of initial conditions. Numerical weather forecast Centers, in South America, need
to prepare the initial conditions, at high spatial and time resolution, blending the result of its own
model with other parameters, needing conventional data and others extracted from satellite
images.
This work describes the status, perspectives and limitations of the satellite observation in South
America and presents some suggestions to improve the use of the valuable satellite observation
for South America weather forecast and climate studies.

II.

South America Satellite Status
a) Geostationary satellite

GOES - 12 (GOES - M or GOES - East) – new water vapor channel (4x4 km2) and channel 12
µm was replaced by 13 µm – Sea surface temperature was unable to be computed.
GOES – 10 (GOES - L or GOES – WEST): Status OK.
GOES -11 - Stand by on orbit spare.
METEOSAT – 7: Status OK, data encrypted
METEOSAT MSG: Problem in the broadcast data dissemination – problem solved for Europe,
using Hotbird 6 communication satellite.
b) LOS Satellites
NOAA-12: OK for AVHRR data.
NOAA-14: AVHRR sensors are no more stable. TOVS data may be used for atmospheric
profile.
NOAA-15: Problems with ATOVS.
NOAA-16: AVHRR sensors are OK. ATOVS: AMSU-A channel 9 with problems (no more
used for atmospheric retrievals).
NOAA-17: AVHRR sensors are OK. ATOVS: AMSU-A channel 7 with problems (no more
used for atmospheric retrievals).
TERRA – MODIS Status OK
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AQUA – MODIS Status Ok, HSB (Humidity Sounder for Brazil) failed.
SCD – Brazilian Data Collect Satellite I (Remaining life thought to be very limited) and II (status OK)

III.

South America Satellite Projects
•
•
•
•
•
•

IV.

Transition of the present low-resolution satellite services called APT and WEFAX to Low
Rate Picture Transmission (LRPT) and Low Rate Information Transmission (LRIT).
NPOESS (National Polar – Orbiting Operational Environmental Satellite System) –
Imager and sounder (schedule for 2006 the first prototype). High spatial and spectral
resolution.
METOP (EUMETSAT´s Polar Satellite) – imager and sounder (schedule for 2005)
Routine operations over a period of 14 years from the date of first launch. High spatial
and spectral resolution.
The GPS occultation for humidity and temperature retrievals (NPOESS, CHAMP,
EQUARS)
The GPM (Global Precipitation Measurement) Satellite constellation for measure
precipitation. The GPM Core Spacecraft Concept Review has been finished.
CNS/ATM (Communication Navigation Surveillance/ Air Traffic Control). Future air
navigation systems will be an opportunity for South America to have a geostationary
meteorological satellite.
South America Satellite Deficiencies

1. Geostationary satellite - The METEOSAT Second Generation (MSG).
METEOSAT images are very important mainly in South America for Brazil and Guiana.
Although METEOSAT is positioned over Africa, the majority of weather disturbances in the
tropics move westward, from the Atlantic Ocean region, covered by METEOSAT, to South
America. In addition, the new capabilities of the MSG will contribute to the development of new
satellite products. However, the failure of the solid-state power amplifier onboard MSG-1
impaired the direct broadcast dissemination data. EUMETSAT implemented an alternative
dissemination method using the Hotbird 6 satellite, but this satellite does not cover South
America. Data is encrypted for operational use.
2. Geostationary satellite - GOES
The NOAA/NESDIS image dissemination schedule does not allow the regular use of the
images, each 30 minutes. For example, cloud drift, wind, precipitation, and cloud cluster
tracking are some of the applications that need high temporal resolution images, and the
performance for the operational outline became very limited. Even the three-hour dissemination
schedule of the full disk image has not been systematically observed. The southern
hemisphere images, below 20S, are frequently absent (substituted by US limited areas quick
scan), so that the operational use of those images for the full South America image
(concatenate Northern and Southern hemisphere images) is seriously affected.
3. Low Orbit Satellite – Polar Operational Environmental Satellites (POES) – AVHRR and
TOVS
POES satellites are a useful tool for South America climate studies, monitoring and weather
forecasting. However, we can point out some limitations of the POES system. One is Earth
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location/navigation that does not allow precise image navigation, needing many control points
and sophisticated software. Another point is the low dynamic range of 3.9 µm channel,
commonly used for fire detection, which is easily saturated. Concerning the TOVS, we can
point out the limitation to retrieving humidity profiles with the required precision for regional
numerical weather forecasting.
4. Low Orbit Satellite – Earth Observing System (EOS) – TERRA and AQUA
The EOS was not designed for operational use but for scientific purpose. Nevertheless, the
TERRA and AQUA supply high spatial and spectral image resolution. The MODIS sensor with
its 36 channels (some with 250m resolution) is an important tool for weather and environmental
monitoring and data retrieval. The set of sensors AIRS, AMSU-A and HSB (failure) is the most
powerful sounding system now available. However, the complexity of data pre-processing is a
handicap for the full use of these instruments. For instance, the pre-processing of the sounding
system up to now is not available for broad operation use.
5. Low Orbit Satellite – National Polar Orbiting Operational Environmental Satellite System
(NPOESS)
The NPOESS will be the next generation of operational polar orbiting system. This system will
be a very powerful tool for weather prediction and environmental monitoring. However, this
system has been projected to concentrate all the processes of reception – pre-processing and
product retrievals – in a satellite center in US that will disseminate the products to the end
users. One concern about this type of system is the little technical and scientific participation of
South America researchers in the process of data ingestion, pre-processing, and product
generation. We cannot forget the improvement in the weather satellite knowledge due to POES
program. In addition, we remember that the local developed products are normally better
adapted regionally than global retrievals products.
6. Satellite products – validation and new products
The TRMM team employed a strong effort in validating TRMM precipitation products. Also, the
new GPM project has already scheduled a validation meeting. Other validation projects, like
aerosol by MODIS, are underway. The continuous effort in satellite validation is not observed for
South America satellite products for operational use. In addition, some products, such as land
surface temperature and wind, are not available, and they are very important for weather
forecasting. GOES-12 replaced channel 12 µm by 13 µm, eliminating the possibility of obtaining
the diurnal cycle of surface temperature.
7. Satellite – Frequency Protection
Passive microwave sensors are used to measure natural terrestrial radiation from very low flux
levels, which contain essential information on atmospheric processes. The introduction of new
technology in radio transmitting station into a passive band can impact on passive frequency for
climate use.
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V.

South America Satellite Needs

Based on the discussion in the preceding section, we suggest the following actions:
1) The alternative solution for the needs of high temporal resolution of meteorological
satellite images and a dedicated system for South America is to build up a
Meteorological Geostationary Satellite that fulfills South American requirements. The
CNS/ATM (Communication Navigation Surveillance – Air Traffic Control) is an
opportunity for South America to have a specific meteorological sensor on board a
geostationary satellite. The Japan solution for GPS augmentation for CNS/ATM was the
MTSAT that is also equipped with the GMS next generation. Brazil is studying the
possibility of building a geostationary satellite for CNS/ATM, including a meteorological
sensor.
2) Training program for satellite image pre-processing and product retrievals, specific for
microwave applications on wind determination, precipitation estimation and on the job
training for use of satellite products.
3)

Implementation of joint campaign of satellite product validation for South America.

4) Share knowledge and products specific adapted for South America use.
5) Create data bank using satellite data and complementary data for climate study.
6) Protect the passive microwave band for climate studies avoiding any use of any
instruments emitting in these bands.
7) For those using WEFAX and APT, prepare the transition to LRPT.
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Annex 24
MOBILISATION OF RESOURCES FROM DONORS
FOR FINANCING GCOS-SOUTH AMERICA REQUIREMENTS
Jim Williams, Independent Consultant
Summary
The purpose of this document is to help inform efforts to mobilise resources to meet GCOS
needs in South America. It seeks to identify propitious donor opportunities and indicate how
partners in countries of South America might best ‘position themselves’ to take advantage of
these possibilities.
In essence this presentation seeks answers to three basic questions.
Q 1. Are flows of international development assistance sufficiently large in South
American countries to be worth seeking for GCOS objectives?
Q 2. Which financing organisations would be most likely to provide support to
address observing system needs in South America?
Q 3. What strategies might be most successful in approaching these organisations
towards obtaining support for GCOS purposes and allied institutions?

Outline Response to Questions
Q 1. Aid Flows: Quantities in perspective: Are flows of international development assistance
sufficiently large in South American countries to be worth seeking for GCOS objectives?
The world’s total aid to South America is small and diminishing. (SIDA-Sweden web site). But
although quantities of aid are not as great as in other regions there is still about $2500 million a
year of official development assistance flowing into South America. However, there is
considerable variability in the distribution of development finance between countries, as shown
in the first two columns of Table 1. Thus the answer to Question 1 is: Yes, probably.
Q 2. Which financing organisations would be most likely to provide support to address
observing system needs in South America?
Examination of the rest of Table 1, that shows the top 5 funding sources for each of the 13
countries, suggests (a priori, see table 2) a first list of donors active in many countries in the
region, that might be worth approaching for GCOS.
For example Japan is clearly worth examining as it is not only the second largest donor in the
Latin America and Caribbean region, but also among the top five donors in all South American
countries except Guyana and French Guiana. The relative merits of these donors’ programmes
are compared in Table 3, to determine the most promising for GCOS project purposes.
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Answer to Q2: From this analysis the most promising sources of donor finance for GCOS
South America purposes appear to be Japan, EC, Germany, USA, and possibly Spain, in that
order.
No Special Cases found: There do not appear to be any other donors that are maintaining or
even increasing their bilateral assistance in the region, nor countries that specialise in
supporting Climate Change projects or issues affecting long-term sustainable development in
South America.
Q 3. What strategies might be most successful in approaching financing agencies
towards obtaining support for GCOS purposes?
This is a much more difficult question and one which demands clear definition of needs and
better understanding of the position and priorities of each donor (detail in Table 3) and the
environment in which donors function. Options will be elaborated in the presentation, and will
consider, inter alia:
The changing donor scene: Aid harmonisation, the Organisation for Economic
Cooperation and Development (OECD) and the Donor Assistance Committee (DAC).
Significance of the Millennium Development Goals and Development Assistance Targets
(towards which 40 % of ODA is already committed)
Broad tendency towards fewer larger projects with more inter-collaboration
More emphasis on aid effectiveness
The merits of several national projects or one regional project linked to Regional
networks and institutions, as IAG, the Inter-American Institute for Global Change
Research
How to make partner institutions more pertinent to national development priorities and
more attractive to donor funding.
It is expected that the information in Table 3 will be supplemented at the workshop with local
knowledge from countries in the region, to prioritise donor suitability even further.
Table 1: Flow of Official Development Assistance in $ millions, along with the Top 5 funding
sources for the 13 countries in South America. (Data for 2001 Source OECD/World Bank)
$ million
1
2
3
4
5
EC
Japan
Germany
Italy
IDB
Argentina
151
US
IDB
IDA
Germany
Japan
Bolivia
729
Japan
Germany
EC
France
IDB
Brazil
349
Japan
Germany
France
EC
IDB
Chile
58
US
Japan
Spain
Germany
EC
Columbia
380
US
Japan
Spain
IDB
Germany
Ecuador
171
France
(French Guiana)
IDB
UK
US
EC
IDA
Guyana
102
Japan
IDB
US
Spain
Germany
Paraguay
61
Japan
US
Germany
Spain
EC
Peru
451
Japan
Germany
Spain
EC
France
Uruguay
16
Netherlands
Japan
EC
IDB
Belgium
Suriname
23
Spain
US
Germany
EC
Japan
Venezuela
45
(Total)
(2500)
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Table 2: Countries featuring prominently in Table 1.
Country
Japan:
Germany
EC:
IDB
US
Spain
France

Number of appearances
in Table 1
11
10
9
8
7
6
4
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Total ODA to LA &
C region $m
1047
466
506
?
1770
558
175

Donor Rank
in aid quantity
2
5
4
?
1
3
8

Table 3: Relative Merits (for GCOS purposes) of the Top (7) Aid Sources in South America (quotes and data from institutional web sites)
Donor/
Country
Japan
JICA

Germany
GTZ
EC

(NOT
ACP so
Not DGDEV)

Environment, weather,
water
Kyoto & ODA Policy:
capacity development in
environment for developing
countries,
JICA established
environmental centers in …
Chile and Mexico
Expansion and promotion of
effective cooperation in the
environmental sector is
recommended and that .
Japan should play a more
active role in environmental
area of development.
Activities in Argentina,
Bolivia, Brazil, Chile,
Columbia, Ecuador,
Paraguay, Peru = focus,
(Uruguay)
Aid by sector in LA & C is
mainly in the areas of
social services (39%),
multisector aid
(19%),
education
and
health
(17%)
and,
lastly,
economic services (16%).
Brazil: Forestry Environment

Climate
Change
Support for
implementation
of international
treaties is a
most important
diplomatic
issue

GTZ helps
support
international
conventions.
2003 New
Initiative on CC
for DCs
http://www.euro
paworld.org/we
ek121/commissi
ontohelp21303.
htm

Capacity
Development
…the need for
more capacity
development
in
environmental
field has been
expressed

Implementation of
Regional Projects etc
Specifying …project
outcomes
Ensuring transparency
and information
dissemination
(recognition .. many
Environmental problems
are regional)
South-South cooperation
Okinawa
… cooperation with
Summit and
Latin America and the
ICT uptake
Portuguese-speaking
responsibilit
nations of Africa
y

Comment

Promotion of Few regional activities if
environment any
al agencies
in about 10
states
European Commission is
CC capacity
the primary contributor
development
in support of regional
mentioned in
integration …. With
new initiative,
decentralised
with invitation
horizontal co-operation
to help
formulate
programmes, such as
policy and
ALFA,
URB-AL,
practice
ALURE, AL-INVEST,
Synergy,
Thermie,
INCO-DEV and @LIS
in the near future

Definite
international
environment
convention
emphasis
Guyana
and
Suriname
=ACP
others not.
Mercosur, the
CACM (Central
America Common
Market) and the
Andean
Community: three
regional integration
processes in LA.
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Japan expected to
act as one of the
world’s leading
donors.
Agencies
should
understand
the
need for broad and
comprehensive
assistance
5% JICA cut for
2002
1999 end of gift aid
to Paraguay

Web-site and refs
The Second Study on
Development
Assistance for the
Environment
August 2001.
Overview of the Japan
International
Cooperation Agency
2001 Annual Report
http://www.jica.go.jp/en
glish/index.html

http://www.gtz.de/engli
sh/
http://europa.eu.int/co
mm/external_relations/l
a/index.htm

IDB
US

All InterAmerican
Development Bank web sites
currently out
Some biodiversity work in
Venezuela and Brazil …..

USAID
and
NOAA

Spain

Global Environment
mentioned in loose terms

Action Plan on
CC exists
Presidential
Initiatives
1. CC research
Initiative with $4
milion for
observations
including
developing
countries
2. commercial
adaptation to
CC
2003.
Not seen

AECI

France
MAE et al

Donor/
Country

priority to encourage/support Yes but not yet
the creation of medium- in South
and
long-term America?
environmental policies:
Environment, weather,
water

Climate
Change

Loans not gifts

All IDB web sites are
currently unavailable

Democratic
institutions
and much
drug control
funding but
not
negotiable

Not mentioned in country
programs. LAC region is
mentioned in second
Presidential initiative.

Review of
approach to CC is
underway (2002)
http://www.dec.org/
partners/agenda_2
002/agenda_2002.
htm

http://www.usaid.gov/pr
ess/releases/2002/fs02
0612_3.html

Technical
training
programme

Auraucaria : regional
biodiversity conservation
programme

Spain’s ODA was 50%
concentrated in Latin
America …
http://www.aeci.es/

Yes but

Not likely in South
America: ODA restricted
to a few countries.

AECI
undergoing
slow legal and
institutional
change
….
beginning to tie in
with OECD
Many organisations
involved:
including French
Global
Environmental .
Facility. FFEM
Comment

Capacity
Development

Acronyms:
ACP = Africa, Caribbean and Pacific
AECI = Spanish Agency for International Cooperation
CC = Climate Change
DG Dev = Directorate General for Development in EC
GTZ = Development Agency in Germany
EC = European Commission
ICT = Information and Communication Technology

Implementation of
Regional Projects etc

http://www.france.diplo
matie.fr/cooperation/dg
cid/

Web-site and refs

JICA = Japanese International Cooperation Agency
LAC = Latin America and Caribbean
MAE = French Ministry of Foreign Affairs
NOAA = National Oceanic and Atmospheric Administration of USA
ODA = Official Development Assistance
OECD = Organisation for Economic Cooperation and Development
USAID = United States Agency for International Development
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Annex 25
ON DEVELOPING A REGIONAL ACTION PLAN FOR SOUTH AMERICA:
THE PACIFIC ISLANDS EXPERIENCE
Howard Diamond
U.S. GCOS Program Manager, NOAA/NESDIS
The goal of the Pacific Islands (PI) region is to establish a robust and sustainable PI-GCOS that
meets the climate change and variability observations and application needs of the Pacific
Islands region as well as the global requirements for GCOS. The PI Regional GCOS
Implementation Team (PIRGIT) was initially established in 2002 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 has identified the following
five Programme Components:
•
•
•
•
•

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

rescue, and

The PI-GCOS Implementation Plan 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 PI-GCOS Regional Programme Officer. This
important and essential position will be funded by the U.S. National Oceanic and Atmospheric
Administration, for the first three years and will be based at the South Pacific Regional
Environmental Programme (SPREP) in Apia, Samoa.
With the implementation plan now finalized, the concept of a regional Steering Committee (SC)
to oversee the sustained development of GCOS in the Pacific Islands region has emerged. A
PI-GCOS Steering Committee would assume a technical, advisory and guidance role for PIGCOS activities and the PI-GCOS programme. The PIRGIT has taken the action to investigate
how such a regional steering committee would fit with the global GCOS programme. There is 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 below) is a
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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 is 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.

PI-GCOS Conceptual Framework
WMO / IOC / UNEP / ICSU

GCOS
Secretariat

WMO
SubRegional
Office

GOOS

UNFCCC

GCOS
Steering
Committee

PI-GCOS
Steering
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Stakeholders
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Annex 26
GCOS LIST OF ACRONYMS AND ABBREVIATIONS
AOPC
APN
ARGO
ASAP
ASEAN
AVHRR
BOM
BSRN
CAS
CBS
CCCs
CCD/A
CCl
CDAS
CEOS
CGMS
CHy
CIIFEN
CLIMAT
CLIVAR
CMA
CMM
CNS/ATM
COP
DAO
DARE
DBCP
DCP
DIM
DWD
EC
EC
ECMWF
ENSO
ET-ODRRGOS
EUMETSAT
FAO
G3OS
GAW
GAWSIS

Atmospheric Observation Panel for Climate
Asia-Pacific Network
Array for Real-time Geostrofic Oceanography
Automated Shipboard Aerological Programme
Association of South-East Asian Nations
Advanced Very High Resolution Radiometer
Australian Bureau of Meteorology
Baseline Surface Radiation Network
Commission for Atmospheric Sciences
Commission for Basic Systems (WMO)
Climate Change Coordinators
Climate Change Detection and Attribution
Commission for Climatology (WMO)
Climate Data Assimilation System
Committee on Earth Observation Satellites
Coordination Group for Meteorological Satellites
Commission for Hydrology (WMO)
International Research Centre on El Niño
Report of monthly means and totals from a WWW land station
Climate Variability and Predictability (WCRP)
China Meteorological Administration
Commission for Marine Meteorology
Communication, Navigation, Surveillance/Air Traffic Management
Conference of the Parties (to UNFCCC)
Data Assimilation Office
Data Rescue (WCDMP project)
Data Buoy Cooperation Panel
Data Collection Platform
Data and Information Management
Deutscher Wetterdienst
European Community
Executive Council (WMO)
European Centre for Medium-Range Weather Forecasts
El Niño/Southern Oscillation
Expert Team on Observational Data Requirements and Redesign
of the Global Observing System
European Organisation for the Exploitation of Meteorological
Satellites
Food and Agriculture Organization of the United Nations
GCOS, GOOS and GTOS
Global Atmosphere Watch
GAW Station Information System
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GCO
GCOS
GCMs
GDSIDB
GEC
GEF
GEMS
GEWEX
GHE-CRN
GLIMS
GLOSS
GMDSS
GODAE
GOFC
GOOS
GOS
GOSIC
GOSSP
GPCC
GPCP
GPS
GRASP
GRDC
GSN
GSNMC
GTN
GTN-E
GTN-G
GTN-H
GTN-P
GTOS
GTS
GUAN
HALOE
HOPC
HWR
ICSU
IGBP
IGACO
IGOS
IGOS-P
IGOSS
INPE/CPTEC
INTA
IOC
IODE

Global Carbon Observation
Global Climate Observing System
Global Climate Models
Global Digital Sea-Ice Data Bank
Global Environmental Change
Global Environment Facility
Global Environmental Monitoring System
Global Energy and Water Cycle Experiment
Global High Elevation Climate Reference Network
Global Land Ice Measurements System
Global Sea Level Observing System
Global Maritime Distress and Safety System
Global Ocean Data Assimilation Experiment
Global Observation of Forest Cover
Global Ocean Observing System
Global Observing System
Global Observing Systems Information Center
Global Observing Systems Space Panel
Global Precipitation Climatology Centre
Global Precipitation Climatology Project
Global Positioning System
GOOS Regional Alliance for the South East Pacific
Global Runoff Data Centre
GCOS Surface Network
GSN Monitoring Centre
Global Terrestrial Network
Ecosystem Monitoring Network
Glacier Monitoring Network
Hydrology Monitoring Network
Permafrost Monitoring Network
Global Terrestrial Observing System
Global Telecommunication System
GCOS Upper-Air Network
Halogen Occultation Experiment
Hydrological Observation Panel for Climate
Hydrology and Water Resources (Department, WMO)
International Council for Science
International Geosphere-Biosphere Programme
Integrated Global Atmospheric Chemistry Observations (IGOS
Theme)
Integrated Global Observing Strategy
Integrated Global Observing Strategy Partnership
Integrated Global Ocean Services System
Instituto Nacional de Pesquisas Espaciais/Centro de Previsão de
Tempo e Estudos Climáticos
Instituto Nacional de Tecnologia Agropecuaria
Intergovernmental Oceanographic Commission
International Oceanographic Data and Information Exchange
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IOS
IPCC
IAI
IRI
ISCCP
JCOMM
JCOMMOPS
JDIMP
JMA
MCDW
MECE
MOU
MPERSS
MSC
MSU
NCAR
NCDC
NCEP
NGDC
NMHS
NOAA
NPP
NWP
OECD
OOPC
OPAG
OSEs
OSSEs
PAGES
PIBAL
PIRATA
PLATIN
PMEL
POGO
PRs
PREANDINO
PRECIS
QC
RAP
RCM
RWP
SAFs
SAGOOS
SALLJEX
SBI

Initial Operational System (GCOS); Integrated Observing System
(GOOS)
Intergovernmental Panel on Climate Change
Inter American Institute for Global Change Research
International Research Institute for Climate Prediction
International Satellite Cloud Climatology Project
Joint Technical Commission for Oceanography and Marine
Meteorology
JCOMM Observing Platform Support Centre
Joint Data and Information Management Panel
Japan Meteorological Agency
Monthly Climatic Data of the World
Monitoring of Extreme Climate Events
Memorandum of Understanding
Marine Pollution Emergency Response Support System
Meteorological Service of Canada
Microwave Sounding Unit
National Center for Atmospheric Research
National Climatic Data Center
National Centers for Environmental Prediction
National Geophysical Data Center
National Meteorological and Hydrological Service
National Oceanic and Atmospheric Administration
Net Primary Productivity
Numerical Weather Prediction
Organisation for Economic Co-operation and Development
Ocean Observations Panel for Climate
Open Programme Area Group
Observing System Experiments
Observing System Simulation Experiments
Past Global Changes (within IGBP)
Pilot Weather Balloon
Pilot Research Moored Array in the Tropical Atlantic
La Plata Basin Project
Pacific Marine Environmental Laboratory
Partnership for Observation of the Global Oceans
Permanent Representatives (WMO)
Regional Andean Programme for Risk Reduction and Disaster
Prevention
Providing Regional Climate for Impact Studies
Quality Control
Regional Action Plan
Regional Climate Model
Regional Workshop Programme
Satellite Application Facilities
South Atlantic GOOS Alliance
South American Low Level Jet Experiment
Subsidiary Body for Implementation (UNFCCC/COP)
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SBSTA
SC
SIA
SIP
SIT
SOG
SOOP
SPARC
SPREP
SST
START
SURFA
TAO
TCO
TEMS
TIGA
TOMS
TOPC
ToR
TOVS
TRITON
UKMO
UNEP
UNESCO
UNFCCC
UOP
UTLS
VAMOS
VCP
VOS
VOSClim
WCDMP
WCP
WCRP
WDC
WGCCD
WGNE
WG-SP
WHYCOS
WMO
WRAP
WWW

Subsidiary Body for Scientific and Technological Advice
(UNFCCC/COP)
Steering Committee
Seasonal-to-Interannual Forecasting
Seasonal-to-Interannual Climate Prediction
Strategic Implementation Team (CEOS)
Statement of Guidance
Ships of Opportunity Programme
Stratospheric Processes and their Role in Climate
South Pacific Regional Environment Programme
Sea-Surface Temperature
System for Analysis, Research and Training
Surface Flux Analysis Project
Tropical Atmosphere-Ocean Array
Terrestrial Carbon Observations
Terrestrial Ecosystems Monitoring Sites
Tide Gauge Sites
Total Ozone Mapping Spectrometer
Terrestrial Observation Panel for Climate
Terms of Reference
TIROS Operational Vertical Sounder
Triangle Trans-Ocean Buoy Network
United Kingdom Meteorological Office
United Nations Environment Programme
United Nations Educational, Scientific and Cultural Organization
United Nations Framework Convention on Climate Change
Upper Ocean Panel (WCRP/CLIVAR)
Upper Troposphere Lower Stratosphere
Variability of the American Monsoon Systems
Voluntary Co-operation Programme
Voluntary Observing Ship(s)
Voluntary Observing Ships Climatology Programme
World Climate Data and Monitoring Programme
World Climate Programme
World Climate Research Programme
World Data Centre
Working Group on Climate Change Detection
Working Group on Numerical Experimentation
Working Group on Surface Pressure
World Hydrological Cycle Observing System
World Meteorological Organization
Worldwide Recurring ASAP Project
World Weather Watch (WMO)
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LIST OF GCOS PUBLICATIONS*
GCOS-1
(WMO/TD-No. 493)

Report of the first session of the Joint Scientific and Technical
Committee for GCOS (Geneva, Switzerland, April 13-15, 1992)

GCOS-2
(WMO/TD-No. 551)

Report of the second session of the Joint Scientific and Technical
Committee for GCOS (Washington DC, USA, January 11-14, 1993)

GCOS-3
(WMO/TD-No. 590)

Report of the third session of the Joint Scientific and Technical
Committee for GCOS (Abingdon, UK, November 1-3,1993)

GCOS-4
(WMO/TD-No. 637)

Report of the fourth session of the Joint Scientific and Technical
Committee for GCOS (Hamburg, Germany, September 19-22, 1994)

GCOS-5
(WMO/TD-No. 639)

Report of the GCOS Data System Task Group (Offenbach,
Germany, March 22-25, 1994)

GCOS-6
(WMO/TD-No. 640)

Report of the GCOS Atmospheric Observation Panel, first session
(Hamburg, Germany, April 25-28, 1994)

GCOS-7
(WMO/TD No. 641)

Report of the GCOS Space-based Observation Task Group
(Darmstadt, Germany, May 3-6, 1994)

GCOS-8
(WMO/TD No. 642)
(UNEP/EAP.MR/94-9)

Report of the GCOS/GTOS Terrestrial Observation Panel, first
session (Arlington, VA, USA, June 28-30, 1994)

GCOS-9
(WMO/TD-No. 643)

Report of the GCOS Working Group on Socio-economic Benefits,
first session (Washington DC, USA, August 1-3, 1994)

GCOS-10
(WMO/TD-No. 666)

Summary of the GCOS Plan, Version 1.0, April 1995

GCOS-11
(WMO/TD-No. 673)

Report of the GCOS Data and Information Management Panel,
first session (Washington DC, USA, February 7-10, 1995)

GCOS-12
(WMO/TD-No. 674)

The Socio-economic Benefits of Climate Forecasts: Literature
Review and Recommendations (Report prepared by the GCOS Working
Group on Socio-economic Benefits), April 1995

GCOS-13
(WMO/TD-No. 677)

GCOS Data and Information Management Plan, Version 1.0,
April 1995

GCOS-14
(WMO/TD-No. 681)

Plan for the Global Climate Observing System (GCOS), Version 1.0,
May 1995

GCOS-15
(WMO/TD-No. 684)

GCOS Plan for Space-based Observations, Version 1.0, June 1995

GCOS-16
(WMO/TD-No. 685)

GCOS Guide to Satellite Instruments for Climate, June 1995

GCOS-17
(WMO/TD-No. 696)

Report of the GCOS Atmospheric Observation Panel, second session
(Tokyo, Japan, March 20-23, 1995)

*GCOS publications may be accessed through the GCOS World Wide Web site at:
http://www.wmo.ch/web/gcos/gcoshome.html
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GCOS-18
(WMO/TD-No. 697)
(UNEP/EAP.MR/95-10)

Report of the GCOS/GTOS Terrestrial Observation Panel, second
session (London, UK, April 19-21, 1995)

GCOS-19
(WMO/TD-No. 709)

Report of the GCOS Data Centre Implementation/Co-ordination
Meeting (Offenbach, Germany, June 27-29, 1995)

GCOS-20
(WMO/TD-No. 720)

GCOS Observation Programme for Atmospheric Constituents:
Background, Status and Action Plan, September 1995

GCOS-21
(WMO/TD-No. 721)
(UNEP/EAP.TR/95-07)

GCOS/GTOS Plan for Terrestrial Climate-related Observations,
version 1.0, November 1995

GCOS-22
(WMO/TD-No. 722)

Report of the fifth session of the Joint Scientific and Technical
Committee for GCOS (Hakone, Japan, October 16-19, 1995)

GCOS-23
(WMO/TD-No. 754)
(UNEP/DEIA/MR.96-6)
(FAO GTOS-1)

Report of the GCOS/GTOS Terrestrial Observation Panel for Climate,
third session (Cape Town, South Africa, March 19-22, 1996)

GCOS-24
(WMO/TD-No. 768)
(UNESCO/IOC)

Report of the Joint GCOS/GOOS/WCRP Ocean Observations Panel
for Climate, first session (Miami, Florida, USA, March 25-27, 1996)

GCOS-25
(WMO/TD-No. 765)
(UNEP/DEIA/MR.96-5)

Report of the GCOS Data and Information Management Panel, second
session (Ottawa, Ontario, Canada, May 14-17, 1996)

GCOS-26
(WMO/TD-No. 766)

Report of the Joint CCl/CBS Expert Meeting on the GCOS Surface
Network (Norwich, UK, March 25-27, 1996)

GCOS-27
(WMO/TD-No. 772)
(UNEP/DEIA/MR.96-7)

Report of the Expert Meeting on Hydrological Data for Global
Observing Systems (Geneva, Switzerland, April 29-May 1, 1996)

GCOS-28
(WMO/TD-No. 793)
(UNEP/DEIA/MR.97-3)

In Situ Observations for the Global Observing Systems (Geneva,
Switzerland, September 10-13, 1996)

GCOS-29
(WMO/TD-No. 794)
(UNEP/DEIA/MR.97-4)

Report of the Global Observing Systems Space Panel, second session
(Geneva, Switzerland, October 16-18, 1996)

GCOS-30
(WMO/TD-No. 795)

Report of the sixth session of the Joint Scientific and Technical
Committee for GCOS (Victoria, British Columbia, Canada, October 28November 1, 1996)

GCOS-31
(WMO/TD-No. 803)

Proceedings of the fifth meeting of the TAO Implementation Panel
(TIP-5) (Goa, India, November 18-21, 1996)

*GCOS publications may be accessed through the GCOS World Wide Web site at:
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GCOS-32
(WMO/TD-No. 796)

GCOS/GTOS Plan for Terrestrial Climate-related Observations,
version 2.0, June 1997

GCOS-33
(WMO/TD-No. 798)

GHOST - Global Hierarchical Observing Strategy, March 1997

GCOS-34
(WMO/TD-No. 799)

Initial Selection of a GCOS Surface Network, February 1997

GCOS-35
(WMO/TD-No. 839)

Report of the second Joint CCl/CBS Meeting on the GCOS Surface
Network (De Bilt, The Netherlands, June 25-27, 1997)

GCOS-36
(WMO/TD-No. 844)
(UNESCO/IOC)

Report of the Joint GCOS/GOOS/WCRP Ocean Observations Panel for
Climate, second session (Cape Town, South Africa, February 11-13,
1997)

GCOS-37
Report of the Global Observing Systems Space Panel, third session
(WMO/TD-No. 845)
(Paris, France, May 27-30, 1997)
(GOOS-10) & (GTOS-9)
GCOS-38
(WMO/TD-846)
(GTOS-10)

Report of the Meeting of Experts on Ecological Networks (Guernica,
Spain, June 17-20, 1997)

GCOS-39
Report of the GCOS/GOOS/GTOS Joint Data and Information
(WMO/TD-No. 847)
Management Panel, third session (Tokyo, Japan, July 15-18, 1997)
(GOOS-11) & (GTOS-11)
(UNEP/DEIA/MR.97-8)
GCOS-40
(WMO/TD-No. 848)

Report of the GCOS/WCRP Atmospheric Observation Panel for
Climate, third session (Reading, UK, August 19-22, 1997)

GCOS-41
(WMO/TD-No. 849)
(GOOS-33)

Report of the Joint GCOS/GOOS/WCRP Ocean Observations Panel for
Climate (OOPC) Ocean Climate Time-Series Workshop, (Baltimore,
MD, USA, March 18-20, 1997)

GCOS-42
(WMO/TD-No. 857)

Report of the seventh session of the Joint Scientific and Technical
Committee for GCOS (Eindhoven, The Netherlands, September 22-26,
1997)

GCOS-43a
(GOOS-36)

TAO Implementation Panel, sixth session (Reading, U.K., November
4-6, 1997)

GCOS-43b
(GOOS-55)

International Sea Level Workshop (Honolulu, Hawaii, USA, June 10-11,
1997)

GCOS-44
(GOOS-61)

Report of the Joint GCOS/GOOS/WCRP Ocean Observations Panel for
Climate (OOPC), third session (Grasse, France, April 6-8, 1998)

GCOS-45
Report of the Joint Meeting of the GCOS/WCRP Atmospheric
(WMO/TD-No. 922)
Observation Panel for Climate and the GCOS/GOOS/GTOS Joint Data
(GOOS-58) & (GTOS-16) and Information Management Panel, fourth session (Honolulu, Hawaii,
(UNEP/DEIA/MR.98-6) USA, April 28-May 1, 1998)
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GCOS-46
(GTOS-15)

Report of the GCOS/GTOS Terrestrial Observation Panel for Climate,
fourth session (Corvallis, USA, May 26-29, 1998)

GCOS-47
(WMO/TD-No. 941)
(GOOS-67) (GTOS-20)

Report of the Global Observing Systems Space Panel, fourth session,
(College Park, Maryland, USA, October 22-23, 1998)

GCOS-48

Report on the Adequacy of the Global Climate Observing Systems
(United Nations Framework Convention on Climate Change, November 213 1998, Buenos Aires, Argentina)

GCOS-49
(GOOS-64)

Implementation of Global Ocean Observations for
GOOS/GCOS, first session (Sydney, Australia, March 4-7, 1998)

GCOS-50
(GOOS-65)

Implementation of Global Ocean Observations for GOOS/GCOS, second
session (Paris, France, November 30, 1998)

GCOS-51
(GOOS-66)

Global Ocean Observations for GOOS/GCOS: An Action Plan for
Existing Bodies and Mechanisms

GCOS-52
(GOOS-68)

TAO Implementation Panel, 7th Session (Abidjan, Ivory Coast,
November 11-13, 1998)

GCOS-53
(WMO/TD-No. 958)

GCOS Surface Network (GSN) Monitoring Centre Implementation
Meeting (Offenbach, Germany, January 19-20, 1999)

GCOS-54
(WMO/TD-No. 953)

Report of the eighth session of the WMO-IOC-UNEP-ICSU Steering
Committee for GCOS (Geneva, Switzerland, February 9-12, 1999)

GCOS-55

Report of the GCOS/WCRP Atmospheric Observation Panel for
Climate (AOPC), fifth session (Silver Spring, MD, USA, April 20-23,
1999)

GCOS-56
(GOOS-75)

Special Report of the Joint GCOS/GOOS/WCRP Ocean
Observations Panel for Climate (OOPC), fourth session (May 17,
1999); The CLIVAR Upper Ocean Panel (UOP), fourth session (May
21, 1999); A Joint Planning Meeting of the OOPC and the UOP for the
OCEANOBS99 Conference (Woods Hole, MA, USA, May 18-20, 1999)

GCOS-57
(WMO/TD-No. 978)
(GOOS-79)

Report of the OOPC/AOPC Workshop on Global Sea Surface
Temperature Data Sets (Palisades, N.Y., USA, November 2-4, 1998)

GCOS-58
(GOOS-71)

Report of the 6th Session of the IOC Group of Experts on the Global Sea
Level Climate Observing System (GLOSS)

GCOS-59
(GTOS-22)

Report of the GCOS/GTOS Terrestrial Observation Panel for Climate,
fifth session (Birmingham, UK, July 27-30, 1999)

GCOS-60
(WMO/TD-No. 1004)
(GOOS-70)

GCOS/GOOS/GTOS Joint Data and Information Management Plan,
Version 1.0, May 2000
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GCOS-61
(WMO/TD-No. 1031)

Report of the ninth session of the WMO-IOC-UNEP-ICSU Steering
Committee for GCOS (Beijing, China, September 12-14, 2000)

GCOS-62
(WMO/TD-No. 1038)

Report of the Pacific Islands Regional Implementation Workshop on
Improving Global Climate Observing Systems (Apia, Samoa,
August 14-15, 2000)

GCOS-63
(WMO/TD-No. 1047)
(GTOS-26)

Establishment of a Global Hydrological Observation Network for
Climate. Report of the GCOS/GTOS/HWRP Expert Meeting
(Geisenheim, Germany, June 26-30, 2000)

GCOS-64
(GOOS-107)

Report of the eighth session of the TAO Implementation Panel (TIP-8)
(St. Raphael, France, October 15, 1999)

GCOS-65
(WMO/TD-No. 1055)

Report of the sixth session of the GCOS/WCRP Atmospheric Observation
Panel for Climate (AOPC) (Geneva, Switzerland, April 10-13, 2000)

GCOS-66
(GOOS-108)

Report of the ninth session of the TAO Implementation Panel (TIP-9)
(Perth, Australia, November 16-17, 2000)

GCOS-67
(WMO/TD-No. 1072)

GCOS Implementation Strategy: Implementing GCOS in the New
Millennium

GCOS-68
(WMO/TD-No. 1093)

Report of the seventh session of the GCOS/WCRP Atmospheric
Observation Panel for Climate (AOPC) (Geneva, Switzerland,
April 30-3 May, 2001)

GCOS-69
(GOOS-98)

Report of the fifth session of the Joint GCOS-GOOS-WCRP Ocean
Observations Panel for Climate (OOPC), Bergen, Norway,
June 20-23, 2000.

GCOS-70
(GOOS-113)

Report of the sixth session of the Joint GCOS-GOOS-WCRP Ocean
Observations Panel for Climate (OOPC), Melbourne, Australia,
May 2-5, 2001

GCOS-71
(WMO/TD-No. 1099)
(GTOS-29)

Report of the GCOS/GTOS/HWRP Expert Meeting on the Implementation
of a Global Terrestrial Network - Hydrology (GTN-H), Koblenz, Germany,
June 21-22, 2001

GCOS-72
(GOOS-95)

Report of the 7th Session of the IOC Group of Experts on the Global Sea
Level Observing System (GLOSS), Honolulu, April 26-27, 2001

GCOS-73
(WMO/TD-No. 1106)

Manual on the GCOS Surface and Upper-Air Networks: GSN and GUAN,
April 2002

GCOS-74
(WMO/TD-No. 1109)

Report of the GCOS Regional Workshop for Eastern and Southern Africa
on Improving Observing Systems for Climate, Kisumu, Kenya,
October 3-5, 2001

GCOS-75
(WMO/TD-No. 1124)

Summary Report of the tenth session of the WMO-IOC-UNEP-ICSU
Steering Committee for GCOS, Farnham, UK, April 15-19, 2002

GCOS-76
(WMO/TD-No. 1125)

Report of the eighth session of the GCOS/WCRP Atmospheric
Observation Panel for Climate (AOPC), Wokingham, UK, May 20-24,
2002
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GCOS-77
(GOOS-122)

International Workshop for Review of the Tropical Moored Buoy Network,
September 10-12, 2001, Seattle, Washington, USA. Workshop Report

GCOS-78
(WMO/TD-No. 1126)

Report of the GCOS Regional Workshop for Central America and the
Caribbean. "Observing Climate from Weather Extremes to Coral Reefs",
San José, Costa Rica, March 19-21, 2002 (disponible también en
español)

GCOS-79
(WMO/TD-No. 1133)

Interim Report to the Sixteenth Session of the Subsidiary Body for
Scientific and Technological Advice of the UNFCCC by the Global Climate
Observing System, Bonn, Germany, June 5-14, 2002

GCOS-80
(WMO/TD-No.1140)

Report of the GCOS Regional Workshop for East and Southeast Asia on
Improving Observing Systems for Climate, Singapore, September 16-18,
2002

GCOS-81
(GOOS-124)

Seventh Session of the Joint GCOS-GOOS-WCRP Ocean Observations
Panel for Climate (OOPC), Kiel, Germany, June 5-8, 2002

GCOS-82
(WMO/TD-No.1143)

Second Report on the Adequacy of the Global Observing Systems for
Climate in Support of the UNFCCC

GCOS-83
(WMO/TD-No.1155)
(GTOS-33)

Report of the Global Terrestrial Network - Hydrology (GTN-H)
Coordination Panel Meeting, Toronto, Canada, November 21-22, 2002

GCOS-84
(WMO/TD-No.1156)
(GTOS-32)

Report of the GCOS/GTOS/HWRP Expert Meeting on Hydrological Data
for Global Studies, Toronto, Canada, November 18-20, 2002

GCOS-85
(WMO/TD-No.1167)

Report of the GCOS Regional Workshop for Western and Central Africa
on Improving Observing Systems for Climate, Niamey, Niger,
March 27-29, 2003 (disponible en français)

GCOS-86
(WMO/TD-No.1183)

Report of the GCOS Regional Workshop for South America on Improving
Observing Systems for Climate, Santiago, Chile, October 14-16, 2003
(disponible también en español)
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