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INTRODUCTION
The Global Climate Observing System (GCOS) was established in 1992 as a joint initiative of
the World Meteorological Organization (WMO), the United Nations Environment Programme
(UNEP), the Intergovernmental Oceanographic Commission (IOC) of UNESCO, and the
International Council for Science (ICSU). When fully implemented, GCOS will enable nations to
improve climate prediction services, mitigate climate disasters and plan for sustainable
development by providing all countries with access to high-quality global data sets. Its specific
objectives are to provide the data necessary for climate system monitoring, climate change
detection and response monitoring, application to the development of national economies, and
research. It is important to note that GCOS addresses the total climate system, including
physical, chemical and biological properties and atmospheric, oceanic, hydrologic, cryospheric,
and terrestrial processes. GCOS builds upon and works in partnership with the Global
Terrestrial Observing System (GTOS), the Global Ocean Observing System (GOOS), and
WMO’s World Weather Watch (WWW) and Global Atmosphere Watch (GAW) programmes.
The current global coverage of climate data is not sufficiently comprehensive to validate many
characteristics of model-simulated seasonal to inter-annual weather patterns or the details of
many regional trends. Consequently, a 1998 report1 to the third Conference of the Parties
(COP) to the United Nations Framework Convention on Climate Change (UNFCCC) reaffirmed
an urgent requirement to provide global coverage for key atmospheric, oceanic, and terrestrial
variables and highlighted the need to reverse the degradation of existing observing networks.
GCOS provides the framework for responding to this challenge through implementation of a
coherent, comprehensive global observation system. At the request of the COP, GCOS has
initiated a Regional Workshop Programme to assist countries in developing regions to
contribute substantively to the achievement of that objective.
GCOS held the fourth in its 10-Workshop Programme in Singapore from 16-18 September
2002. The workshop was jointly sponsored by GCOS and the Asean Specialized Meteorological
Centre (ASMC). The goal of the workshop was to initiate the development of a Regional GCOS
Action Plan for East and Southeast Asia aimed at ensuring that GCOS requirements for climate
system data from the region can be met while at the same time enhancing the abilities of
nations in the region to address their domestic and regional requirements for such data and
related products. The workshop Agenda, a list of participants, and the summaries of workshop
presentations are included as appendices.
OPENING CEREMONY
Mr Woon Shih Lai (Director of the Asean Specialized Meteorological Centre (ASMC) and
Director-General, Singapore Meteorological Service) welcomed participants to the workshop
and to Singapore on behalf of his agency and the Centre and expressed his appreciation to
GCOS, WMO and the United Nations Development Programme (UNDP) for their support in
organizing the event. He emphasized the importance of the workshop in contributing to
strengthening regional and global capacity to address climate issues drawing attention, in
particular, to the considerable efforts being made in the region to improve understanding of
monsoon climate. He stressed the very demanding task facing participants in formulating a
regional strategy and Action Plan over the two-and-a-half-day period of the workshop.
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Dr Alan Thomas (Director, GCOS Secretariat) expressed his thanks to Mr Woon for his
welcome and for the contribution made by the ASMC in organizing the workshop. He also
conveyed his appreciation for the support provided by the Global Environment Facility (GEF),
Australia, Japan, China, the United States, and WMO. He observed that the impacts of climate
variability, climate change and extreme events were very well appreciated in East and
Southeast Asia, which experiences droughts, floods, typhoons and other severe weather,
highlighting the need for improved climate information. He went on to emphasize that regional
contributions were key to the development of a meaningful GCOS Action Plan, one that
reflected regional priorities as well as the global requirements of GCOS. He drew attention to
the need to forge partnerships with users of climate data at national, regional and global levels
with a particular focus on strengthening coordination between providers of climate information
and national Climate Change Coordinators.
Mr Evans Mukolwe, Director-Coordinator for Scientific and Technical Programmes at WMO,
conveyed the best wishes of Dr Patrick Obasi, Secretary General of WMO, for a successful
workshop and expressed Dr Obasi’s apologies for his inability to attend the meeting. On behalf
of WMO, he thanked Mr Woon and the Government of Singapore for hosting the workshop.
Mr Mukolwe went on to elaborate on the need for enhanced climate data to address the issues
related to climate change and climate variability. He drew attention to the need to identify
priority capacity building requirements in East and Southeast Asia in the context of GCOS. He
concluded by expressing the hope that workshop participants would be successful in completing
a realistic and practical GCOS Regional Action Plan focused on high priority activities and on
identifying funding sources for its implementation.
Mr Yamil Bonduki (UNDP) expressed pleasure at being able to participate in the workshop on
behalf of the UNDP and GEF. He noted that vulnerability and adaptation to climate change,
climate variability and extremes were high priority themes and that a lack of observational data
was a deficiency in addressing these issues in the context of East and Southeast Asia. A very
positive aspect of the workshop was that it brought together climate change coordinators who
were users of data with meteorological and other experts engaged in climate data collection,
data management and data provision.
SUMMARY OF WORKSHOP PRESENTATIONS AND DISCUSSIONS
THEME 1
SETTING THE CONTEXT
Chair: Mr Woon Shih Lai
Dr Alan Thomas initiated discussions in the opening theme with an overview of progress in
implementing GCOS, its relationship with the United Nations Framework Convention on Climate
Change (UNFCCC), and related reporting requirements. He highlighted the challenges
presented in conveying the importance of systematic observations to Parties to the Convention
and in mobilizing resources to implement improvements to GCOS networks and data
management, exchange and access systems. He drew attention to the importance of the
GCOS Regional Workshop Programme and the need to link Regional Action Plans developed
through these mechanisms to a funding strategy for their implementation. He closed by
stressing that an important aspect of the workshops was the interaction they facilitated between
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users of climate data, particularly national Climate Change Coordinators, and the providers of
data.
Mr Chow Kok Kee (Director-General, Malaysian Meteorological Service) reviewed the UNFCCC
language encouraging research and systematic observation to reduce uncertainties regarding
climate change and its impacts and responses to them. He drew attention to the various
decisions of the COP to the UNFCCC aimed at strengthening systematic observations,
improving the exchange of climate data, supporting capacity building, and encouraging the
development of national plans. He noted that GCOS is receiving funding support from GEF for
its Regional Workshop Programme. Mr Chow went on to emphasize the value of a practical,
concrete Regional Action Plan in encouraging funding support for improvements in networks
and data management systems. Finally, he highlighted the need for long-term, high-quality
observational data in East and Southeast Asia, a region affected by monsoon climate and high
inter-annual variability and subject to El Niño/Southern Oscillation (ENSO) influences, severe
floods, and droughts. As a specific regional concern, Mr Chow also drew attention to
requirements for data at sub-regional and national levels to facilitate vulnerability and impact
assessments and to provide ground truth for model outputs. During subsequent plenary
discussions, participants reinforced the need for data at sub-regional scales, citing downscaling
requirements related to climate models.
In his remarks on "Developing a Regional GCOS Action Plan,” Dr Paul Mason (Chairman,
GCOS Steering Committee) emphasized that an Action Plan should be the key output from the
workshop. In developing a Plan, he encouraged participants to focus on things of real
importance to the region and suggested that the Action Plan should be periodically updated. He
cited, in particular, the need to make observational data easily accessible and thus to consider
telecommunications, data management, analysis, and applications. He also stressed the
importance of long historical data records and the need to prevent data loss. While GCOS
global networks should be a first priority, regional projects could also be considered in the
Action Plan, especially where these were needed for impact and vulnerability analyses and for
monitoring extreme events. He strongly emphasized that needs for and uses of data should, in
the end, underpin the planning process.
Dr Mason concluded by pointing out that
improvements do not necessarily have to involve projects that require funding, suggesting that
much could be done at low cost in the region and with support from WMO, in particular where
the achievement of improvements in regional and national coordination was concerned.
During discussions following Dr Mason's presentation, it was indicated that a Regional Action
Plan must demonstrate the value and/or importance of proposed initiatives to potential donors.
The need to address improved coordination and the concept of a dynamic, continually updated
Plan were endorsed. Speakers also saw the incorporation of regional data in climate models as
essential to making these models useful at regional and national levels and, in this regard, the
value of integrating observations was noted. Finally, workshop participants encouraged a
sustained effort to improve the capacity of the developing countries in the region to establish
and sustain programmes.
Dr Desmond O'Neill (WMO Consultant) then presented an overview of a “Framework Document
to Assist in the Preparation of a GCOS Action Plan for East and Southeast Asia." He briefly
described the structure and content of the document, stressing that its intent was to help
workshop participants shape their own Regional Action Plan and flesh out its contents, by
providing a proposed structure and some preliminary text for consideration and revision as they
judged appropriate. He drew attention to questions included at various points in the document,
noting that these were intended to encourage participants to correct errors and misconceptions
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in the text and, more broadly, to contribute actively to the development of a meaningful Regional
GCOS Action Plan. He closed by emphasizing that the challenge for workshop participants was
to take ownership of the planning process, identify the key thrusts that should be included in a
Regional Action Plan for East and Southeast Asia, and agree on the structure and content of the
document. In particular, specific projects needed to be developed and included to give effect to
the broad directions or thrusts agreed upon by participants.
THEME 2
ATMOSPHERE: STATUS, DEFICIENCIES, NEEDS
Chair: Mr Woon Shih Lai
In his opening presentation on “The Role of the Strategic Plan for Improvement and
Enhancement of the World Weather Watch”, Mr Evans Mukolwe highlighted the fundamental
importance of representative observational data to the prediction process. He went on to outline
the three basic components of the World Weather Watch (WWW) system--the Global Observing
System (GOS), the Global Telecommunication System (GTS), and the Global Data Processing
System (GDPS)--noting that they were links in a chain leading to the provision of weather
services to the public. He outlined problems arising from inadequate or unavailable
observational data and suggested that a good strategy to address these problems should take a
regional approach. In consequence, WMO had decided to adopt a regional approach as a
future strategy. Mr Mukolwe also reinforced the importance of relating the costs of providing
data and services to the benefits or outcomes achieved, (e.g., by relating the costs of procuring
a rain gauge to improving farming practices), thus emphasizing the need to "sell' the value of
services in order to encourage investment in observational and data infrastructures.
Following Mr Mukolwe's talk, participants identified the purchase of consumables, particularly
radiosondes, as a particular problem for developing countries with limited budgets. They
encouraged the WMO Secretariat to accelerate efforts to establish bulk procurement for these
vital supplies and to promote their national manufacture. The need to look at the sustainability of
programmes was also raised and it was felt that use of uniform technologies would assist in this
respect. A specific suggestion was made that consideration should be given to identifying
alternate upper-air stations as back-ups for the GCOS Upper-Air Network (GUAN) stations in
the event of failure of the principal station. It was also identified that balancing national and
international requirements for data can be a challenge, since the GCOS Surface Network (GSN)
and GUAN are global networks that are maintained as part of national networks. In this context,
it was noted that while the observing system for climate is deteriorating, the observing network
for weather forecasting purposes has, according to the European Centre for Medium-Range
Weather Forecasts (ECMWF), never been better.
Mr Hidehiko Isobe (Japan Meteorological Agency) then presented an overview of the operation
of the GSN and GUAN networks with particular emphasis on East and Southeast Asia. He
outlined the rationale for the development and implementation of these global observational
networks, drawing attention to the GCOS "Best Practices" established for station operations and
to the monitoring system established to ensure data quality and timeliness. His remarks
highlighted the requirement to relay monthly CLIMAT and CLIMAT TEMP messages by day 5
and not later than day 8 of the following month. While GUAN stations in the region were,
broadly speaking, satisfactory in this respect, the January-June 2002 monitoring statistics
showed that adherence to the timeliness standard for GSN CLIMAT messages ranged from 93
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percent in East Asia to 44 percent in Southeast Asia. Consequently, significant efforts are
needed to achieve the requisite 100 percent standard. Mr Isobe ended by stressing the needs
for continuity of station operations, for reliable telecommunications, and for adequate resources
to support data management, quality control and encoding of bulletins so as to ensure
satisfactory GSN and GUAN operations.
During discussion, speakers drew attention to the adverse effect of resource shortfalls on
operation of these GCOS networks and the consequent need to frame funding requests to
governments and donors in terms of the benefits to be obtained from investments. Highlighting
climate variability and its impacts was cited as essential to enhancing understanding of benefits,
and it was stressed that this should be a prominent theme in the Regional Action Plan.
Speakers also pointed out that the GSN is an end-to-end system comprising observations,
telecommunications, quality assurance, product development and data archiving.
Consequently, there is a need to track CLIMAT messages through the system and to provide
feedback to the National Meteorological and Hydrological Services (NMHSs), since problems
may be either related to the station or to telecommunications. In this regard, it was reported that
mechanisms and authorities have now been established to enable Monitoring Centres and
NMHSs to interact directly to identify and resolve problems. The importance of quality control
was also stressed, noting that timely synoptic reports were often received from GSN stations but
that the challenge was to receive quality-controlled data in CLIMAT format. In view of coding
difficulties experienced at some stations, a specific suggestion was also made that a
spreadsheet might be designed to facilitate the preparation of CLIMAT messages.
The topic of data rescue was introduced by Mr Tan Lee Seng (Malaysian Meteorological
Service) whose presentation highlighted the importance of long-time series of observations in
addressing climate change, climate variability and the occurrence of climatic extremes. He
noted that extended historical records are needed to calibrate and validate climate models, to
produce more representative climatic normals, improve understanding of climatic variability and
underpin climate assessments. Unfortunately, however, in some countries in East and
Southeast Asia important historical data records exist only in perishable paper form and these
are often analogue records. Since it is vital to preserve these irreplaceable records of climatic
behaviour, Mr Teng introduced a project proposal for a well-planned and coordinated data
rescue activity to acquire, digitize, preserve and make freely available perishable data sets from
the countries of East and Southeast Asia.
Workshop participants endorsed the need for a coordinated data rescue effort in the region,
noting the precedent established by a successful data rescue project undertaken in Africa.
Considerations included the need for rescued data to be readily accessible to all, the added
value of combined data from several countries, the importance of speedy transfer of data to
digital format and of using common database architecture, and the need for periodic updating of
data formats and storage media to prevent problems associated with technological
obsolescence. It was also pointed out that it was important to clearly enunciate the requirements
for rescued data, indicating the outcomes and benefits of a data rescue project. Speakers
suggested that prevention of deterioration was not enough and that it was essential to go one
step further and make data readily usable in models and for other applications.
An overview of the Global Atmosphere Watch (GAW) was presented by Dr John Miller (NOAA
Consultant). In his remarks, he illustrated how GAW contributes to GCOS and to understanding
climate change. He described the system of GAW Quality Assurance Science Activity Centres,
World Calibration Centres and Data Archiving Centres, and drew attention to the important role
that GAW Scientific Advisory Groups play in ensuring the integrity of various measurements
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made at GAW stations. Drawing on information from the GAW Station Information System
(GAWSIS), he provided a status report on the GAW programme in East and Southeast Asia and
discussed what more needs to be done in the region. He stressed the need to keep the
information in GAWSIS up-to-date, encouraging listeners to ensure that active regional stations
were included in that meta-database and also that GAW data were submitted in a timely manner
to World Data Centres. He suggested that attendees should clarify their training and calibration
needs and indicate how the GAW infrastructure could better support station operations. In
closing, he also submitted a project proposal directed towards ensuring that GAW stations in the
region produced high-quality data to facilitate regional assessments.
During the subsequent discussion period, participants highlighted the difficulties faced by some
countries in maintaining GAW stations due to instrument failures and resource uncertainties.
They stressed the importance of feedback to the station operators on the use and value of the
costly observations from GAW stations and suggested that the Quality Assurance Centres might
usefully play a stronger role in this context. It was also pointed out that a new global GAW
station will shortly be activated in a “class 1” forest area in Malaysia, and that capacity building
will be essential to underpin the specialized monitoring planned for this site.
THEME 3
OCEANS: STATUS, DEFICIENCIES, NEEDS
Chair: Mr Chow Kok Kee
Mr Maarten Kuijper (International Oceanographic Commission, Western Pacific Office-IOC/WESTPAC) spoke about the Southeast Asia Global Ocean Observing System (SEAGOOS)
and discussed “The SEAGOOS Perspective on Ocean Observations for Climate.” He began by
outlining the GOOS vision of a unified global ocean observation network producing high-quality,
timely observations of ocean parameters in a cost effective manner. He pointed out that
regional implementation of this vision was being pursued through GOOS Regional Alliances.
Mr Kuijper went on to provide a status report on progress towards the establishment of
SEAGOOS as a Regional Alliance for the ocean areas off Southeast Asia. At the first
SEAGOOS implementation planning workshop, held in Seoul in 2001, it was agreed that key
priorities should be climate and tropical cyclones, coastal dynamics and pollution, and
ecosystems and fisheries. Subsequently, in September 2002, the establishment of a
SEAGOOS Coordinating Committee was formally recommended for IOC endorsement.
However, for the programme to be implemented and function effectively, he stressed that
countries in the region must commit resources to sustain observations, data management
structures, production of useful products and the development and maintenance of
infrastructure. The ocean areas of Southeast Asia were, Mr Kuijper indicated, grossly undersampled. Systematic observations were needed to assess ocean variability, improve
understanding of the Indonesian Throughflow, better understand monsoon oceanography, and
evaluate and initialize ocean models. At present, few countries in the region were operating
network monitoring programmes, and these were restricted to surface conditions such as
waves, sea level measurements, and weather. Data exchange was poor, with varying
standards and modes of data transmission in use, and little use was being made of remote
sensing. Furthermore, very few national oceanographic data centres had been established and
the limited ocean services being delivered were largely focused on short-term applications.
Mr Kuijper stressed the need for enhanced ocean observations to support the preparation of
seasonal and inter-annual forecasts, address the lack of long data time series, and support
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tropical cyclone forecasting. He concluded his presentation by submitting a project proposal
aimed at addressing these requirements through the establishment of a SEAGOOS initial
observing and forecasting system.
Mr Kuijper was followed by Dr John Church (Commonwealth Scientific and Industrial
Organization, Australia), who addressed the topic of “Coastal Tide Monitoring for Sea Level
Rise Detection.” He began by outlining the rationale and approach to sea level monitoring, then
reviewed its current status in East and Southeast Asia and concluded with some
recommendations for improvements. He drew attention to the fact that the Intergovernmental
Panel on Climate Change (IPCC) has projected a sea level rise of between 0.09 and 0.88m
between 1990 and 2100, between 2 and 4 times the rate experienced during the past century.
Such rises would greatly increase the vulnerability of the world’s rapidly growing mega cities to
coastal flooding by significantly reducing the return period for extreme surge events. Dr Church
described the Global Sea Level Monitoring Network (GLOSS) and the associated data
exchange and archiving arrangements, emphasizing the continuing importance of in-situ
observations in calibrating and providing ground-truth for observations from satellites such as
TOPEX/POSEIDON. He also stressed the importance of Global Positioning System (GPS)
instrumentation to measure vertical land movements and the need for substantial investments in
modern gauges and GPS equipment in East and Southeast Asia. In his view, a high priority
must also be given to data rescue, since many vital sea level records from the region exist only
in perishable form. He concluded by introducing a proposal for a project aimed at substantially
improving systematic monitoring networks for sea level in East and Southeast Asia.
During discussion of the preceding two presentations, participants reinforced the importance of
the oceans in regional climate, particularly in relationship to the onset and intensity of the
monsoon. In consequence, regional NMHSs were encouraged to take an active part in helping
to implement SEAGOOS and GOOS. Here, it was pointed out that the WMO-IOC Joint
Commission for Oceanography and Marine Meteorology (JCOMM) was established to
encourage and facilitate cooperation between the meteorological and oceanographic
communities. It was also noted that such cooperation was already in evidence in the region as
exemplified by the Malaysian Meteorological Service deployment of their first meteorological
buoy in the South China Sea. Speakers also drew attention to the IPCC's low confidence in
regional-scale projections of sea level rise and to the consequent need for observational data to
detect regional changes and improve regional predictions. Moreover, they pointed out that the
stability of long-term observations from satellites was in question and that in-situ measurements
of sea level remained essential in order to ground-truth long-term satellite observations as well
as to cross-calibrate among different satellite systems. Finally, the need for data rescue for
vulnerable sea level records received general endorsement by workshop participants.
THEME 4
TERRESTRIAL: STATUS, DEFICIENCIES, NEEDS
Chair: Mr Chow Kok Kee
Discussions on the terrestrial elements of GCOS commenced with a joint presentation on “The
Status, Deficiencies and Needs for Hydrological Observations for Climate in East and Southeast
Asia” by Mr Bruce Stewart (Australian Bureau of Meteorology) and Ms. Margaret Bautista
(PAGASA, Philippines). In his opening remarks, Mr Stewart drew attention to various data
collection methods and to the applications of hydrological data to water resource and
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environmental management. He observed that the rationale for hydrological data collection has
moved from resource development towards sustainable use during the past decade. He
emphasized that people need to see benefits from monitoring networks if these are to be
supported over the long term. He also highlighted the increasing need for indicators to assess
the effectiveness of investments, and pointed out that observational data can be used in such
indicators.
Ms. Bautista then presented a case study on the Philippines’ experience relating to hydrological
data collection and use. A number of agencies in her country collect hydrological data for uses
such as the preparation of flow forecasts and flood warnings, design of hydraulic structures,
water supply planning and management for irrigation, hydro-electric power generation, domestic
and industrial uses, etc. The economic value of long-term monitoring is, however, not well
understood and funding for networks and observations has been very difficult to obtain except in
emergency situations. Consequently, although the Philippines has about 583 hydrological
observing stations, operated by four government agencies, only about 53 percent of these
stations are functioning. Overall, the national network is in poor shape with old instrumentation,
inadequate data analysis and an out-of-date national database. The impacts of El Niño/La Niña
have, however, increased recognition of the need to improve hydrological data collection,
analysis and access, and a three-year programme is now underway to improve stream flow
monitoring in 12 regions of the country. In addition, a National Water Information Network
(NWIN) is being established to improve data collection, management and access, with
information being made available on the Internet.
Mr Stewart followed this presentation by identifying the 7 hydrological variables considered by
the Terrestrial Observation Panel for Climate (TOPC) to be of primary concern. He drew
attention to the fact that, in East and Southeast Asia, information was generally poorer for
elements other than surface discharge. He went on to discuss regional observing programmes
and networks and the status of related data management and coordination. He also drew
attention to needs for education, training and capacity building in the region, noting several
relevant international hydrological programmes, such as WMO’s World Hydrological Cycle
Observing System (WHYCOS), the Asia-Pacific Flow Regimes from International Experimental
and Network Data Sets (FRIEND(S)), and others. In particular, he suggested that the
INFOHYDRO database might provide a meta-database for GCOS. He concluded his
presentation by proposing that an audit of hydrological observing networks in East and
Southeast Asian nations be undertaken in order to identify gaps and develop proposals to
address these deficiencies. He also suggested several other potential project targets, including
hydrological data rescue, examination of the impacts of climate change on water resources,
addressing the issue of sustainability of hydrological networks, and improving the coordination
between climatological and hydrological observational activities.
Plenary discussions reinforced the importance of stream flow and other hydrological data in the
context of monitoring global change. Speakers pointed out that the data needed to develop and
improve hydrologic models often did not exist, with energy budget data being cited as an
example. They also identified modelling related to land use changes as presenting particular
difficulties in that the effects of changes were often within the range of error. The special
importance of monitoring tropical glaciers was also stressed in the context of climate change
detection. Finally, the impact of privatization of water and power supplies in some countries
was raised, with participants indicating that privatization sometimes made it more difficult to
obtain observational data, particularly in real time.
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"Terrestrial Carbon Cycle Observations" was the topic of a presentation by Dr Gen Inoue (Japan
Centre for Global Environment Research). His talk provided an overview of the requirements
for and approaches to obtaining representative estimates of atmospheric carbon fluxes. He
drew attention to the need for both bottom up and top down approaches using both satellite and
in-situ flux tower observations. His presentation covered the AsiaFlux network of flux tower
sites, needs related to atmospheric monitoring of CO2 generally, and related problems and
issues. Identified needs included source/sink distributions, validation of models related to
ecosystem uptake of greenhouse gases (GHGs), GHG inventories and transports, and other
atmospheric chemical components.
The issue of how many observing stations were needed to estimate sources and sinks of
carbon was debated during subsequent discussion. While no definitive answer was possible, Dr
Inoue indicated that even one site was valuable and that a simple, low-cost sampling method
being tested in Siberia would, if proven, permit increasing the number of observing sites very
substantially. He offered to provide this low cost monitoring equipment to other countries.
Speakers identified the issue of changes in carbon balance associated with land use change as
a very important one in Asia and a current area of active research. They also cited the
importance of research networks in developing techniques for use in long-term monitoring. The
need for observational data on carbon to be freely available was also raised, but it was pointed
out that although this was clearly desirable, it was sometimes only possible to release the
results of research due to proprietary interests of the scientists involved. Speakers also drew
attention to linking measurements with those from GAW stations, noting that there is real value
in ensuring cooperative or complementary activities with the GAW.
Mr Kwoh Leong Keong (National University of Singapore) followed with a presentation on
“Vegetation Monitoring from Satellites: Land Use and Land Cover Change.” He drew attention to
the major role that vegetation plays in the global carbon cycle, pointing out that deforestation
was responsible for about 25 percent of the observed increase in atmospheric CO2. He then
went on to note the impossibility of monitoring the world's vegetation by surface-based methods
and stressed that satellite remote sensing was the most practical approach. Outlining the
capabilities of current and previous satellites in monitoring changes in land cover, he explained
that some satellites and sensors (notably SPOT and Landsat) were most effective for monitoring
land-cover changes over small areas, while regional- and global-scale monitoring could be
adequately performed using lower-resolution data available from AVHRR, SPOT VEGETATION,
and other sensors. He also described a study of vegetation cover in Singapore over the period
1986 -1997 carried out by his university's Center for Remote Imaging and Processing (CRISP)
using SPOT data. Interestingly, the data indicated an increase in the area under vegetation
during the period in question. In his concluding remarks, Mr Kwoh drew attention to the
substantial archive of satellite data held by agencies such as NOAA’s National Environmental
Satellite, Data, and Information Service (NESDIS) and the U.S. Geological Survey’s EROS Data
Center (USGS EDC), suggesting that there was a need to process this vast amount of data into
usable information. In this context, he noted that the Global Observation of Forest Cover
(GOFC) programme, sponsored by the Committee on Earth Observation Satellites (CEOS),
represented a promising initiative.
Plenary discussions following Mr Kwoh's presentation drew attention to the requirement for
long-term, consistent data in addressing climate issues. They stressed the importance of
monitoring vegetation over the long term, identifying satellite remote sensing as the only
practicable way to do so on regional and global scales. Speakers emphasized the vital
importance of ensuring that observed changes were real and not simply due to changes in
satellites and satellite sensors. They also reinforced the need to encourage continuous product
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development by satellite agencies in order to ensure that data were processed into useful
products on a continuing basis.

THEME 5
OBSERVATIONAL NEEDS FOR VULNERABILITY AND ADAPTATION
Chair: Mr Chow Kok Kee
Mr Lim Tian Kuay (Singapore Meteorological Service) spoke on the topic of “Observations in
Support of Climate Applications (Prediction, Modelling, etc): Capacity Building and Other
Needs.” Commencing with an overview of climate variability on a variety of time scales, he
gave examples of the impacts of ENSO on regional rainfall and its influence on fire risk. Mr Lim
pointed out that observational data were crucial to the assessment and validation of dynamical
models, provided boundary conditions for models and were needed to support dynamical
downscaling. They were also important for diagnostic and process studies, development of
statistical models, and many other applications. He drew attention to the need for capacity
building to enhance the response to climate disasters in the region, mitigate their impacts, and
develop early warning systems for climate extremes. He then outlined an Association of
Southeast Asian Nations (ASEAN)/ASMC initiative on Applications Capacity Building. Its
purpose is to establish a network for exchange of real-time information among ASEAN
members to enhance emergency preparedness and capacity in climate system monitoring in the
Southeast Asia region. Finally, he noted the establishment of a Southeast Asia Centre for
Atmospheric and Marine Prediction (SEACAMP).
Dr Michael Manton (Australian Bureau of Meteorology), Chair of the GCOS Atmospheric
Observation Panel for Climate (AOPC), spoke on the topic of “Monitoring of Extreme Climate
Events.” He drew attention to the vulnerabilities of society and ecosystems to extreme events
and to the consequent need to monitor changes and trends in their frequency and nature. He
stressed that high-quality observational data were needed to detect trends against natural
variability, pointing out that the GCOS strategy for extreme events was to attempt to
characterize global variability and to support impact assessments of extreme events. To these
ends, blended observational systems were needed comprising comprehensive networks, like
the WWW and national networks, superimposed on high-quality, long-term, baseline networks,
such as the GSN. In the latter context, he pointed out that historical data from only 318 GSN
stations, out of more than 900, were presently in the global archive. Dr Manton emphasized the
need to get all GSN historical data into the archive. He reviewed present and planned future
activities related to extreme events including, in particular, the upcoming 4th Asia-Pacific
Network (APN) Workshop in Melbourne, Australia in December 2002 and potential System for
Analysis, Research and Training (START) workshops in Southwest Asia.
Finally he
emphasized the importance of rehabilitating historical climate records that were at risk and
outlined a proposed capacity-building project aimed at data rescue. Subsequent discussion
highlighted the need for improved coordination with National Climate Change Coordinators or
focal points. In addition, it was pointed out that extreme events involve other variables than
temperature and rainfall, such as snow cover in some regions, and that there was a need to
take a broader look at data required to address the issue of extreme events.
Mr Glenn Dolcemascolo, (Asian Disaster Preparedness Centre) presented a talk on
“Observational Needs for Disaster Preparedness.” He commenced by pointing out that about
80 percent of the hydrometeorological hazards experienced around the world occurred in Asia
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and that about 80 percent of the deaths occurred in the same region. He then went on to
emphasize that all aspects of the disaster management cycle are greatly enhanced by the
availability of climate data and products, including early warning and prediction products. He
cited the need to link climatic data with sociological information, noting that the user community
does this. Across the region, there is a wide variation in national capacity to collect, process,
and make available observational data. Hence, he saw promotion of capacity building in
applications of climate information as the way to encourage greater national involvement and
commitment in the development of systematic observation networks and systems. In response
to questioning, he confirmed that the disaster management community was primarily interested
in useful products rather than in climate data itself.
Mr Woon Shih Lai (Director ASMC) then spoke on the topic of “Monitoring and predicting land
fires, haze and dust in support of the Regional Haze Action Plan.” He explained that haze from
fires was an important issue in Southeast Asia and that the frequency and extent of the problem
was highly correlated with El Niño. The ASMC provides surveillance, products, predictions and
trajectories for haze and fires, along with forecasts of atmospheric dispersion. During
discussions from the floor, it was pointed out that forest fires caused by thunderstorms were an
important concern in Mongolia and that a sub-regional initiative might be useful there. It was
also clarified that particulates associated with fire-produced haze are not specifically measured
by ASMC. Other comments clarified that ASMC products were available on two web sites and
that satellite surveillance was effective in monitoring large fires associated with major haze
events.
Dr Anond Snidvongs (Southeast Asia START Regional Centre) addressed “The AIACC
(Assessment of Impacts and Adaptations to Climate Change in Multiple Regions and Sectors)
programme in East and Southeast Asia.” He began by explaining that START is a nongovernmental research network2 jointly sponsored by the International Geosphere-Biosphere
Programme, International Human Dimensions of Global Environmental Change Programme,
and the World Climate Research Programme. The AIACC is a global initiative of START, with
funding from the GEF, that is being executed in collaboration with the Third World Academy of
Science, UNEP, and the IPCC. It was established in response to the IPCC Third Assessment
Report's recognition that developing countries are both highly vulnerable to climate change and
limited in their capacity to understand their vulnerability and to adapt to change. At present,
about 20 regional studies of climate change vulnerabilities and adaptation are underway in
developing countries under the aegis of the AIACC programme. Dr Snidvongs described four of
the regional studies being undertaken in East and Southeast Asia, focusing on impacts and
adaptation related to various sectors in Mongolia, Western China, and Southeast Asia. He
explained that based on experience gained in these and other studies, it has been accepted that
significant effort will need to be undertaken to develop the capacities of countries in the region
to carry out impact assessment, adaptive capacity assessment, and policy option analysis
related to climate change. Consequently, START is now developing a number of proposals for
capacity building in selected countries aimed at involving national participants in practical
training in these sectors under the guidance of international experts. Tools to be used will
include regional climate models, model downscaling techniques, geographical information
system (GIS) applications in climate impact studies, stakeholder participatory methods, multiple
criteria and cost-benefit analyses, and other tools.

2

START has Regional Centers located at the Chinese Academy of Sciences in Beijing and at
Chulalongkorn University in Bangkok.
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THEME 6
INTEGRATING OBSERVATIONS
Chair: Mr Chow Kok Kee
Professor Toshio Koike (University of Tokyo) initiated discussions on this workshop theme with
a talk on the “Coordinated Enhanced Observing Period (CEOP): Observations for Monsoon
System Studies.” He began by noting the impacts on human activities and ecosystems that
result from variations in the water cycle, stressing the need to improve our understanding of its
operation on global and regional, as well as local scales. He drew attention to the absence of a
physically consistent and comprehensive water cycle data set covering interactions between
local, regional and global scales. The CEOP, launched in July 2001 and now in its build-up
phase, aims to create a database of common measurements derived from in-situ and satellite
remote sensing, model output, and four-dimensional data analysis, and covering the two annual
cycles from October 2002 through September 2004. This will permit a focused examination of
the water cycle over a particular time period. Prof. Koike stressed, however, that the essential
next step will be to establish international frameworks for long-term monitoring of the water
cycle and for application of enhanced knowledge of its behaviour to disaster prevention related
especially to floods and droughts. Achievement of this goal requires the creation of a groundbased water cycle observational network, development of a comprehensive and continuous
satellite monitoring strategy (particularly for global rainfall), and the creation of information
systems for data assimilation, analysis, product development and exchange. It also requires
enhanced international and governmental cooperation to apply the resulting information for
maximum societal benefit.
Discussion following Prof. Koike's talk clarified that the CEOP is trying to link operational
activities with its research programme. The first part of its programme is research-oriented,
while the second will focus on proposals to operationalize knowledge and results. It was also
emphasized that GCOS is well-placed to learn from the valuable research being undertaken
under CEOP, but that it needs to develop baseline networks in addition to GSN and GUAN,
such as for radiation parameters, clouds and other variables. The satellite agencies will need to
be involved in these initiatives since more than in-situ observations will be needed.
Mr Masato Sugi (Japan Meteorological Agency) presented the topic “Integrating Climate
Observations: Data Assimilation and Reanalysis”. He stressed the need to utilize all available
data in addressing climate-related questions and to estimate values in sparse areas in both time
and space domains. Data assimilation through objective analysis was the best approach to
integrating various data types. Since the most recent models are the best, reanalysis of data
using the latest model will also result in the best data sets. He went on to describe the
Japanese Reanalysis Project, JRA-25, covering the period 1979 to the present day, stating that
the objective was to produce, by reanalysis, a homogeneous historical climate data set from
input data that were inhomogeneous. He concluded by advocating integration of all available
observational data through data assimilation and reanalysis to produce high-quality,
homogeneous, long-duration data sets. He also stressed the importance of making the
products of reanalysis, along with the original observational data, freely available.
Dr Philip Arkin (University of Maryland) began his talk on “The Use of Satellite Data to Develop
Synthesized Data Sets" by pointing out that most climate parameters are, at best, observed
sparsely in space and/or time and that these sparse observations provide an incomplete
depiction of atmospheric variability. Integration of observations from various sources into
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synthesized data sets can, however, provide a more complete and comprehensive
representation. He described the three most common methods of producing synthesized data
sets, notably interpolation between in-situ observations of a single parameter, statistical
combinations of various types of observations of a single parameter, and data assimilation using
numerical models as in numerical weather prediction or reanalysis. He cited the value of
synthesized data sets derived from satellite data along with in-situ observations in filling spatial
and temporal data gaps, complementing in-situ observations and, sometimes, providing
otherwise unobtainable observations. Dr Arkin went on to illustrate the improvements in
representation of sea-surface temperature patterns and in Asian monthly, seasonal and
monsoon precipitation fields achieved by synthesis of surface observations and satellite data.
In his concluding remarks, he emphasized the vital importance of high-quality, conventional, insitu observations in the production of representative synthesized data sets. He also
encouraged centres producing synthesized data sets to make their products readily available to
NMHSs and other local authorities.
During subsequent discussion, speakers expressed great interest in the synthesized products
presented, which were seen as having significant potential for practical applications if they could
be made available in a timely manner. In response to a questioner, Dr Arkin indicated that the
precipitation analysis was generally complete about 4 hours after the time of observation. He
was uncertain, however, when this type of product would become operationally available for
applications in the region.
Mr James Weyman (NOAA National Weather Service) gave the concluding workshop
presentation on the topic, “Review of and Linkages with the Pacific Islands Regional Action
Plan.” He began by describing the planning process for the Pacific GCOS Action Plan as a
collaborative success story. He then outlined the approach taken to the development and
finalization of the Action Plan. Several points were highlighted during his presentation:
-

the need for a core team to pursue and oversee the implementation of the Plan;
the importance of undertaking a needs analysis to determine the actual requirements for
data; and
the need for the Action Plan to be relevant to policy-makers and other users.

In response to questions, Mr Weyman placed great emphasis on the training and capacitybuilding aspects of the Pacific Islands’ Regional Action Plan, observing that long-term
sustainability was a vital aspect of the Plan.
GENERAL DISCUSSION
Co-Chairs: Mr Woon Shih Lai, Mr Chow Kok Kee, and Dr Alan Thomas
The second day of the workshop closed with a preliminary discussion of possible projects that
might be considered for inclusion in a Regional Action Plan, in order to set the stage for more
focused discussions on the final day. The session co-chairs presented a preliminary list of
potential project areas identified during the workshop (See Appendix). They encouraged
attendees to reflect on these with a view to selecting and developing a shorter list of high
priorities on the following morning. They stressed that projects should be realistic, practical, and
aimed at producing results that will be sustainable over the long term. They also drew attention
to the need to give thought to the issue of how to obtain funding for implementation of projects.
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Major points raised during subsequent discussion are briefly summarized below:
− The Action Plan should address the decline in systematic observations highlighted in
the report to the UNFCCC and their inadequacy to meet present needs. Consequently,
sustainability of observations and networks should be a high priority;
− The focus in the Plan should be on regional rather than local climate change in
addressing questions like how many observation stations are needed and for how long
should they operate;
− The Regional Action Plan needs to be written so as to encourage allocation of funding
by the countries in the region, i.e., be aimed at policy-makers with a strong emphasis
on the benefits to be gained from its implementation;
− The Regional Action Plan should be driven by needs and tailored to provide advantage
at the local level. This would strengthen the case for resource allocations to permit
implementation;
− The Regional Action Plan should address resource mobilization strategies to
implement initiatives as a major theme;
− Projects in the Action Plan should be prioritized to facilitate access to funding sources;
− The water cycle received particular emphasis at a recent WCRP meeting, and this
priority should be reflected in the Action Plan;
− Increased emphasis is needed on regional aspects and issues. This will require
downscaling of models, additional observation stations beyond those included in the
GCOS networks, the incorporation of satellite data, and the pursuit of reanalysis;
− A regional coordinating group should be established, and a regional virtual data centre
or network should be created to facilitate exchange of and access to regional data;
− A clear need exists for capacity building on the use or applications of climate data and
information, i.e., building the capacity of countries to do useful things;
− Capacity building efforts must be directed at the least-advantaged countries in the
region, and this should be brought out strongly in the Action Plan;
− National plans should be developed for each country to provide a foundation for the
Regional Action Plan;
− Development of inexpensive instrumentation should be identified as essential to
sustainable monitoring programmes.
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THEME 7
REVIEW OF PROJECT PROPOSALS AND NEXT STEPS
On the final day of the workshop, participants concentrated on refining the preliminary list of
potential project areas for inclusion in a Regional Action Plan. The following summarizes
overarching considerations arising from discussions of the preliminary list of potential action
plan proposals:
− Proposed action items should be grouped under a limited number of broad headings
related to the objectives of the Regional Action Plan. One suggestion for headings
was: Capacity Building for Climate System Observations in East and Southeast Asia;
National Plans; and Coordination;
− A strategy is needed for resource mobilization. This involves both packaging/marketing
and substance. Following the workshop, the GCOS Secretariat will pursue the
resource issue in consultation with people in the region;
− Capacity-building is a high priority and should be considered from the perspective of
the region as a whole with emphasis on identifying where the greatest deficiencies and
needs are and targeting these weakest areas;
− Improving coordination at national and regional levels, within and between
programmes, and between providers and users of data was identified as a key thrust of
a Regional Action Plan. It was pointed out, however, that some regional and
programme coordination structures already exist. Action Plan proposals relating to
coordination should, therefore, seek to build upon or take optimum advantage of these
existing structures;
− It is very important to highlight the value of preparing national plans for systematic
observations, as required by COP. These national plans have proven very useful in
improving internal coordination within nations that have prepared them. In addition,
forwarding such a plan to the UNFCCC routes it through the national authorities, and
this strengthens the level of endorsement for the Plan;
− Serious attention should be given to model downscaling to meet national and regional
needs such as to support vulnerability and impact assessments.
In addition, a number of more specific comments and suggestions were made relating to the
individual items in the list of potential proposals shown in Annex 3. In summary, these were as
follows:
− It was agreed that the operation of GSN and GUAN stations, raised in item 1 of the
preliminary list, was a fundamental priority. In this context, it was recommended that
consideration be given to utilizing regional upper-air stations as backup for GUAN
stations;
− A data rescue project should cover data on the various components of the climate
system – atmosphere, oceans, and hydrology – and should also address the
occurrence of extreme events (i.e., it should be broadened beyond the areas identified
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in items 2 and 9 in the list). Furthermore, a strong rationalization is needed as to why
data rescue is important, i.e., to produce useful products and support applications;
− Items 3, 7 and 8 in the preliminary list could be grouped together under the common
theme of "climate forcing." While it might not be necessary to include specific projects
relating to these items in a Regional Action Plan, it was felt that endorsement of
activities presently underway would be both appropriate and helpful;
− Issues relating to the oceans, such as items 4 and 5 in the preliminary list, and
activities related to NEARGOOS could be grouped under an ocean monitoring theme.
It was suggested that the emphasis here should be on regional enhancements to
global programmes, particularly the establishment and operation of in-situ observation
stations to fill gaps and supplement globally coordinated observation programmes;
− In relation to item 6, there was broad support for the need to assign a high priority to
hydrological monitoring programmes. Attention was also drawn to the importance of
the INFOHYDRO database and particularly to the need to keep it updated;
− Items 11 and 14, relating to reanalysis and precipitation monitoring, were not
considered to require project proposals in the Regional Action Plan. However, it was
stressed that they should be recognized as important for the contributions they can
make to addressing climate-related issues in the region, including vulnerability and
impact assessments;
− As noted above, the need for improved coordination, cited in item 18, was strongly
endorsed;
− Items 12 and 13 (Needs Analysis, Telecommunications) might be considered as under
the broad theme of capacity building (Item 15). Needs assessment might also be
addressed in a focused way within individual project areas. It was also proposed that
these items might be grouped under a general statement recognizing the needs for
climate data in general and encouraging national governments to pursue proposed
initiatives related to these needs;
− The title of item 16 (Regional Climate Centres) raised concerns in relation to the
responsibilities of WMO and its Regional Associations for the establishment of "real"
Climate Centres. Discussion clarified that the broad requirement was not for the
creation of a Centre or Centres but for a mechanism, network, or virtual clearinghouse
to facilitate exchange and relay of data and products between the countries of the
region;
− The value of reanalysis was emphasized, and it was pointed out that quality reanalysis
requires historical data, especially upper-air and sea-surface temperature data. When
reanalysis is completed, the region will have access to a valuable data set that
incorporates history. This will be an important product for impacts and assessment of
vulnerability.
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NEXT STEPS
Dr Alan Thomas, Dr Paul Mason, Mr Woon Shih Lai, Mr Chow Kok Kee
Following the plenary discussion, the workshop moved into its closing stages. Dr Alan Thomas
outlined the proposed next steps in the development of a Regional Action Plan. He suggested
that the goal should be to have a Plan completed and approved by countries and organizations
in the region prior to SBSTA 18, scheduled for June 2003. He also indicated that Mr Woon and
Mr Chow have agreed to organize a writing team and, with financial support from the GCOS
Secretariat, to convene a meeting of this writing group to prepare a first draft Regional Action
Plan. He noted that this would leave time to circulate it for revision and endorsement prior to
the June 2003 SBSTA meeting.
The Chair of the GCOS Steering Committee, Dr Mason, for his part, again drew attention to the
need to ensure a strong linkage between proposed initiatives in the Action Plan and needs for
and use of data. He noted that the initial focus in the Plan should be on the GCOS baseline
networks but that it was also important to look at regional supplements to these GCOS networks
as needed to respond to regional needs and vulnerabilities. Finally, he reiterated the
importance of establishing a firm schedule for completion of the Regional Action Plan that
permitted review and approval of the document prior to the SBSTA meeting.
Mr Woon supported the process and timetable suggested by Dr Thomas, indicating that
consideration must also be given to establishment of a regional coordination group to oversee
the Plan's implementation. He observed that an immediate challenge will be to refine the list of
potential projects discussed during the workshop and to convert the list into items that could be
included in the Regional Action Plan. He further suggested that countries give consideration to
preparing national plans for systematic observations of the climate system.
Mr Chow then rose to convey his thanks and those of the participants to the Government of
Singapore and to the National Environment Agency for their hospitality during the workshop. He
expressed particular thanks to Mr Woon and his colleagues for organizing what he described as
a very meaningful and useful workshop and to the ASMC Secretariat for the excellent support
they provided to participants. Speaking on behalf of the Chairman of the GCOS Steering
Committee and the GCOS Secretariat, Dr Thomas endorsed Mr Chow's comments and thanked
Mr Woon and Mr Chow for their very effective chairmanship. He also thanked the participants
for their active involvement in the workshop discussions. In closing, Dr Thomas stressed the
need for the nations of the region to assume responsibility for finalizing the Regional Action Plan
and underscored the willingness of the GCOS Secretariat to facilitate the planning process by
providing financial support.
In formally closing the workshop, Mr Woon stated that it had been an honour to host the
workshop. He expressed gratitude to the previous speakers for their kind words and wished all
participants a safe trip to their respective homes.
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Annex 1

THE GLOBAL CLIMATE OBSERVING SYSTEM REGIONAL WORKSHOP FOR
EAST AND SOUTHEAST ASIA
16-18 September 2002, Singapore
AGENDA

DAY1
8:00-8:45

Registration

8:45-9:15

Opening Ceremony

9:15-9:45

Break

Theme 1

Setting the Context

9:45-10:15

Overview of GCOS—Alan Thomas (30 minutes)

10:15-10:45

The UNFCCC and systematic observation. Why improved observations are
needed in the region: A brief overview—
Chow Kok Kee (15)

10:45-11:15

Developing a Regional Action Plan—Paul Mason

11.15 -11.45 Framework Document to Assist in the Preparation of a GCOS
Action Plan—Desmond O’Neill
Theme 2

Atmosphere: Status, Deficiencies, Needs

11:45-12:10

Strategic Plan for Enhancement of the WWW Basic Systems—Evans Mukolwe
(15 + 10)

12:10-12:40

GSN and GUAN status and needs—Hidehiko Isobe (20 + 40)

12:40-2:00

Lunch

2:00-2:40

A data rescue strategy for Southeast Asia—Tan Lee Seng (Malaysia) (20 + 20)

2:40-3:20

The Global Atmosphere Watch (GAW) status and needs—John Miller
(20 + 20)

3:20-3:50

Break
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Theme 3

Oceans: Status, Deficiencies, Needs

3:50-4:10

SEAGOOS perspective—Mr Maarten Kuijper (20)

4:10-4:30

Coastal tide monitoring for sea level rise detection—John Church (20)

4:30-5:15

Discussion of ocean observation priorities/recommendations (45)

6:00-??

Reception

DAY 2
Theme 4

Terrestrial: Status, Deficiencies, Needs

8:45-9:25

Status, deficiencies, and needs of hydrological observations for climate— Bruce
Stewart; Margaret Bautista (20 + 20)

9:25-10:05

Carbon cycle observations—Gen Inoue (Japan) (20 + 20)

10:05-10:45

Vegetation monitoring from satellites: Land Use and Land Cover Change—
Kwoh Leong Keong (Singapore) (20 + 20)

10:45-11:10

Break

Theme 5

Observational Needs for Vulnerability and Adaptation

11:10-11:30

Observations in support of climate applications (prediction, modelling, etc.):
capacity building and other needs—Lim Tian Kuay

11:30-11:50

Monitoring of Extreme Climate Events (MECE)—Mike Manton (20)

11:50-12:10

Observational needs for disaster preparedness—Glenn Dolcemascolo, ADPC
(20)

12:10-1:30

Lunch

1:30-1:50

Monitoring and predicting land fires, haze, and dust in support of the Regional
Haze Action Plan— Woon Shih Lai (20)

1:50-2:10

The AIACC programme in Southeast Asia—Anond Snidvongs, START (20)

2:10-3:00

Discussion (50)

3:00-3:20

Break
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Theme 6

Integrating Observations

3:20-3:55

Coordinated Enhanced Observing Period: Observations for monsoon system
studies—Toshio Koike (Japan) (20) + (15)

3:55-4:30

Integrated climate observation: data assimilation and reanalysis—Masato Sugi
(Japan) (20) + (15)

4:30-5:05

The use of satellite data to develop synthesized data sets--Phil Arkin (20) + (15)

5:05-5:20

Review of and linkages with the Pacific Islands Action Plan—James Weyman

5:20-5:50

Panel Discussion (30)

DAY 3
Theme 7

Review of Project Proposals and Next Steps

8:45-11:30

Review of revisions in project proposals

11:30-12:30

Next Steps—Woon Shih Lai; Chow Kok Kee; Alan Thomas; Paul Mason

12:30

Closure of workshop
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Annex 3

PRELIMINARY LIST OF POSSIBLE ACTION PLAN PROPOSALS
1.
-

GSN/GUAN:
establish liaison between monitoring centres and NMHSs to:
identify and resolve problems in implementation
investigate bulk purchase of radiosondes
arrange staff training for those dealing with QC and transmission of data
identify and fix stations where technical upgrades are needed

2. Data Rescue:
- undertake recovery and digitization of perishable historical climate records
for locations in the region
- identify and document relevant data holdings
- establish a prioritized list to recover identified data sets
- initiate recovery, digitization and long term archival of data
- publicize availability and ensure free and open access to data
3. GAW:
- update GAW SIS to identify active stations and their programs
- ensure data submission to GAW World Data Centres
- assess how GAW infrastructure can better support stations
- build capacity to perform specialized GAW measurements
4. SEAGOOS:
- establish a basin wide SEAGOOS initial observing system, beginning with an inventory of
the present status of networks
- build observations, data management, modelling and forecasting capacity
5. GLOSS:
- initiate a regional project for East and Southeast Asia under GLOSS/GCOS auspices to
establish a network of modern tide gauges with geodetic information
- fund a regional coordinator for GLOSS
- install new tide gauges and/or upgrade existing ones
- ensure relay of national tide gauge data to GLOSS data centres
- rescue historical tide gauge data
6. Hydrology:
- conduct audit of hydrological observing systems, identify gaps and develop proposals to fill
gaps
- rescue historical hydrological data
7.
-

Carbon Cycle:
increase cooperation among monitoring programs
increase number of monitoring sites
improve quality, accuracy and frequency of data (look globally at where sites should be
established)
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8. Monitoring Land Use Changes:
- satellite agencies to undertake product development and sustained processing of data to
ensure long
term availability of useful products
9.
-

Monitoring of Extreme Events:
recover and digitize historical daily data, archive and analyze
provide travelling technician with PCs and software
train local scientists
conduct workshops and use e-mail to maintain/strengthen capacity

10. Disaster Preparedness:
- undertake a comprehensive assessment of disaster management applications to clarify
observation needs for this application
- promote capacity building in applications as a means of encouraging national support for the
development of observational networks and systems
11. Reanalysis:
- integrating all available observational data is necessary to achieve GCOS goals and data
assimilation is best way to integrate various data types
- produce, by improved reanalysis, a high quality, homogeneous, long duration data set
- promote free access to reanalysis products and to input observational data
12. Needs Analysis:
- undertake a needs analysis on users requirements for observational data and related
products in order to ensure relevance of planned initiatives to regional and national policy
makers and other clients
13. Telecommunications:
assess need for enhancements to telecommunications systems
upgrade telecommunications systems as necessary to facilitate timely data
exchange
14. Precipitation Monitoring:
- pursue application of synthesized data in combination with in-situ observations to improve
precipitation analyses
15. Capacity Building:
- undertake capacity building activities as required in relation to enhancement of facilities,
observing
Stations and networks, human resources development, training, IT systems, data rescue,
data assimilation, re-analysis and synthesis and the applications of climate data and
products
- develop inexpensive instrumentation to facilitate sustainable monitoring
programs
16. Regional Climate Centres:
- facilitate coordination, data management, access and exchange and products
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17. National Plans:
- develop national plans for enhancing climate observational networks, telecommunications,
data management, archival and access systems to underpin regional planning
18. Coordination:
- improve national and regional coordination between providers and users of data including, in
particular, national climate change coordinators
- establish a regional coordination group for GCOS
- designate national focal points for GCOS
CONSIDERATIONS:
-

Need to prioritize projects
Proposals must be realistic, practical, capable of being implemented
Emphasis should be on sustainability of observing networks
Downscaling is essential to ensure relevance to national and regional requirements
Water cycle should be emphasized
Resource mobilization strategies should be addressed
Emphasis on capacity building for least advantaged countries should be emphasized
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Annex 4

THE GLOBAL CLIMATE OBSERVING SYSTEM AND THE
GCOS REGIONAL WORKSHOP PROGRAMME
Alan Thomas
Director, GCOS

Mission of GCOS
The Global Climate Observing System (GCOS) was established in 1992 to ensure that the
observations and information needed to address climate-related issues are obtained and made
available to all potential users. It is co-sponsored by the World Meteorological Organization
(WMO), the Intergovernmental Oceanographic Commission (IOC) of UNESCO, the United
Nations Environment Programme (UNEP) and the International Council for Science (ICSU).
GCOS is intended to be a long-term, user-driven operational system capable of providing the
comprehensive observations required for monitoring the climate system, for detecting and
attributing climate change, for assessing the impacts of climate variability and change, and for
supporting research toward improved understanding, modelling and prediction of the climate
system. It addresses the total climate system including physical, chemical and biological
properties, and atmospheric, oceanic, hydrologic, cryospheric and terrestrial processes.
Although GCOS does not make observations or generate data products itself, it however
stimulates, encourages, coordinates and otherwise facilitates the taking of the needed
observations by national or international organizations in support of their own requirements as
well as 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 impact and conducting vulnerability and adaptation studies; and

•

To initiate the development of Regional Action Plans for improving climate observations.
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Expected Outcome
The GCOS Regional Workshop for East and Southeast Asia is designed to help participants
identify deficiencies in climate observing systems and to focus their attention on developing a
regional strategy to address priority needs for observing systems. Given the strong recognition
by the UNFCCC Conference of the Parties (COP), a substantial opportunity now exists to obtain
the support of the Parties to make much needed improvements in observing networks that will
benefit not only the global concerns of COP but also national and regional purposes. GCOS
would like to see participants agree to 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 for circulation
throughout the region by December 2002. With resources limited both nationally and
internationally, a regional plan for improving observing systems is practical, achievable, and we
believe, fundable.
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Annex 5

THE ROLE OF THE STRATEGIC PLAN FOR IMPROVEMENT AND ENHANCEMENT
OF THE WORLD WEATHER WATCH (WWW)
Evans A. Mukolwe, WMO Secretariat

1.

INTRODUCTION

1.1
Any forecast/prediction starts with an observation. To make a weather forecast or
prediction, you need a weather observation and, from experience, when the weather
observations are evenly distributed, the accuracy of the weather forecast improves. In fact, the
weather forecast improves considerably in quality/accuracy when the observations used are
evenly distributed in both space and time. There is no doubt, therefore, that establishing
networks of weather observation stations is critical to the operational activities of weather
services. In totality, this forms the Global Observing System (GOS).
1.2
However, observations once taken have to be transferred from their observation sites
to centres for analysis. A mechanism must be established to link each observation station to
the analysis centre for transfer of observations at some defined regular intervals of time. This
forms the national telecommunication network for each National Weather Service. In any case,
the very nature of weather requires that observations be exchanged across country borders
and, hence, the World Meteorological Organization (WMO) Global Telecommunication System
(GTS). The GTS is the operational telecommunications network linking National Meteorological
and Hydrological Services (NMHSs) and provides high speed communication links which are
essential for collecting observations from around the globe and giving a complete picture of the
pattern of weather systems.
1.3
The observations taken and collected through the GTS must be analysed before
weather forecasts or predictions are made. The WMO Global Data Processing System (GDPS)
makes weather and climate analyses, predictions and forecasts available to all WMO Members
and enables them to provide high quality forecast, warning and information service.
1.4
The GOS, GTS and GDPS are the three basic components of the World Weather
Watch (WWW) which is organised and coordinated by WMO to ensure that every country has
access to data and information necessary to provide weather forecast and warning services on
a day-by-day basis. In regard to the provision of meteorological and hydrological services, the
three components act as valves of a single heart. As a system, the WWW needs serious
attention.
1.5
The components of the WWW described above form links of a chain and for the chain
to be complete, one final and important link is required: the provision of weather services to the
public. Without these services in support of safety of life and protection of property, and for the
general welfare and convenience of the population, no amount of data and processing and
transporting of that data will be of use in itself. The provision of weather warnings, forecasts
and related services to the public is one of the primary roles of all national Meteorological
Services and represents the most visible returns for taxpayers’ investments in national
Meteorological Services in particular observing networks, computer and communication
systems, weather offices and specialized staff. It is generally the role in which a Service is most
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visible. Moreover, it is on its performance in that role that a national Meteorological Service is
most often judged by the public and by those on whose decisions it depends for its resources.
Most importantly, major reductions in the loss of life and damage to property due to natural
disasters have been achieved in vulnerable regions of the globe following implementation of
effective warning systems for severe weather, environmental pollution and climate variability.
2.

THE PROBLEM

2.1
The WMO Annual Global Monitoring (AGM) and the special Main Telecommunication
Network Monitoring (SMM) of the operation of the WWW have, over the years, indicated that
data availability in some WMO regions is not satisfactory. Further, numerous surveys carried
out at many National Meteorological Centres (NMCs) display a lack of observational data over
many parts of the world.
2.2
The non-availability of data over many parts of the world has been attributed to largely
the shortcomings in the implementation and efficiency of the GOS and GTS in the region.
Recent survey missions have identified the key causes of inefficient operation of the GOS and
the GTS as follows:
•
•
•
•
•
•
•

Rapid technological developments;
Inadequate funds to rehabilitate and operate equipment;
Inadequate and insufficiently trained personnel to operate and maintain equipment;
Difficulties in establishing stations in remote or inhabitable areas and water bodies;
Poor telecommunication infrastructure;
High telecommunication tariffs and high cost of consumables;
Lack of legally binding service contracts between NMHSs and telecommunication
service providers;
• Poor economic environments.

3.

POSSIBLE PROBLEM SOLUTIONS

3.1
There are several possible solutions to the problems afflicting the WWW. Major,
among many, is the deployment of new technologies, particularly satellite-based technologies.
To supplement, to some extent, the gaps in the observing networks, NMHSs should enhance
the use of satellite data. The problem of difficulty to access parts of the world should now be
addressed by the use of Automatic Weather Observation Stations (AWOS) with Data Collection
Platforms (DCPs). This is because almost all NMHSs have free access to the communication
facilities of meteorological satellites and, further to that, the Meteorological Data Distribution
(MDD) Missions of these satellites is available for distribution of processed products.
3.2
There are many stations established which have either gone silent or are not fully
operational. It is possible to rehabilitate these stations by installing new instruments/equipment
coupled with rehabilitation and implementation of telecommunication facilities. It should be
appreciated that, in many cases, the establishment of telecommunication links involves two
separate parties, the NMHSs and the telecommunication service providers. It is, therefore,
necessary that legally binding agreements be entered into to ensure delivery of quality service.
It is a pity that NMHSs spend large sums of scarce resources on links that are never attended to
by telecommunication service providers even when faults are reported.
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3.3
It is possible, in the present day, to extend e-mail and Internet facilities to observatories
to improve data collection. In so doing, the rural communities could also have access to e-mail
and Internet through such facilities. This will have the added effect of enhancing the visibility of
NMHSs.
3.4
Basic training in Information and Communication Technology (ICT) including other
relevant new technologies is necessary for meteorological personnel responsible for managing
and maintaining the new automatic systems and computer based technology. In this regard,
there should be a formulation of activities in capacity building in implementation, operation and
maintenance of equipment and NWP and related transport modelling for environmental
emergency response and other applications facilities and PC-based GDPS and PWS postprocessing and presentation systems. There should be an attempt to regionalise manufacture
of some instruments/equipment.

4.

EFFORTS TO ADDRESS THE PROBLEM

4.1
Every NMHS has a national annual budget for carrying out its activities. However, due
to economic difficulties experienced by many, if not all, these budgets are inadequate. For this
reason, some developed countries have assisted or continue to assist in the implementation of
the WWW on a bilateral basis.
4.2
In order to assist the developing countries, to establish and maintain their WWW
facilities, WMO initiated the Voluntary Cooperation Programme (VCP).
Through this
Programme, projects for developing countries are funded by developed countries through WMO
on a select basis. WMO also offers some assistance through its regular budget.
4.3
In some measure, developing countries do help each other through the WMO
Technical Cooperation among Developing Countries (TCDC). This scheme is based on a
recognition of the need to increase horizontal exchanges among the developing countries and
facilitates exchange of ideas, experiences, policies and practices among those countries.
Under TCDC, developing countries help each other in capacity building through provision of
equipment and software facilities, seminars, workshops, formal training and exchange through
familiarization/educational visits. Some countries also assign or second technical staff to other
countries for specified implementation, operation and/or maintenance of systems for specified
periods of time.
4.4
Assistance provided in the way described above is selective, and is not necessarily
provided where it is needed most or where there is the highest priority. It also encourages, in
some cases, assistance with strings attached. The current arrangements have limitations and
have not delivered to full advantage.
5.

THE STRATEGY

5.1

To avoid the weaknesses described above and to seek comprehensive solutions,
WMO decided to adopt a different strategy from the traditional ways of doing things.
The strategy adopts a regional approach covering all the countries. This aims, first, to
avoid errors of the past where some countries lay far behind others and, second,
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provides sustainability by introducing some uniformity in the technologies deployed.
The strategy envisages integration of training activities.
5.2

In pursuing the strategy, WMO has adopted the following approaches:
• Recommendations of the Working Group on the Planning and Implementation of the
WWW in the region and input from other application programmes;
• Decisions of the Advisory Working Group of the region;
• Identification of the problem;
• Implementation Coordination Meeting;
• Preparation of project proposals;
• Resource mobilization;

6.

EXPECTED STRATEGIC ACHIEVEMENTS

6.1
To avoid limitations in current efforts to address the problem, the strategy will take into
account economic and political alliances within the region.
6.2
The strategy will ensure uniform deployment of suitable technologies throughout the
region and narrow the technological gap between the countries of the region.
6.3
The strategy will address data gaps, capabilities for processing and forecasting
systems in a cost effective and representative way capable of capturing and predicting local,
national, regional and global aspects of weather, environmental pollution and other applications
and climate systems.
6.4
The strategy will encourage an integration of procurement policies and create a wider
market capable of influencing global market prices.
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Annex 6

CURRENT STATUS/NEEDS OF THE GCOS SURFACE NETWORK AND
THE GCOS UPPER AIR NETWORK
Hidehiko Isobe
Climate Prediction Division, Japan Meteorological Agency

Introduction
The GCOS Surface Network (GSN) and the GCOS Upper-Air Network (GUAN) have been
established with the aim of providing high quality and reliable climate data. The development of
the GSN and the GUAN reflect the fundamental requirement to collect global data suitable for
long-term climate monitoring under an operational framework.
The GSN and GUAN are implemented by the GCOS and the World Meteorological Organization
(WMO). The GSN is particularly suited to the detection of the spatial patterns and scales of
global temperature change at the surface. The GUAN has been established to monitor global,
hemispheric and regional temperature, moisture and wind trends and variability in the
troposphere and stratosphere. Data from these networks are also important for monitoring
changes in atmospheric circulation.
Despite progress in the selection of these networks, concerns remain over the adequacy of the
existing meteorological observation networks to satisfy the needs of GCOS. This was reflected
in the report to the COP-4 (GCOS-48, 1998). In short, an urgent commitment is required to both
halt and reverse the decline of existing observation systems and to exchange information more
effectively.
Development of networks
The GSN was based on a proposal of the WMO Commission for Climatology (CCl) Working
Group on Climate Change Detection, which had been discussed at the first session of the
Atmospheric Observation Panel for Climate (AOPC) in 1994 (GCOS-6). An initial selection of a
GSN was published in 1997 (GCOS-34). In order to select the GSN stations from among the
existing 10,000 or so stations making operational surface observations, criteria were formulated
to assess spatial coverage (approximately one station per 5°x5° square of the world),
availability, homogeneity, urban influence and quality of data.
The selection process for the GUAN considered performance records of existing upper air
stations and station quality information from the Lead Centre quality monitoring programme of
the WMO Commission for Basic Systems (CBS). A 150 station network was proposed at the
first session of the AOPC (GCOS-6).
The current list of the GSN and GUAN stations in East and Southeast Asia can be found in the
Tables attached to this Annex.
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Best practice for networks
The AOPC was established to define the requirements for meteorological observations for
GCOS. Stations in the GCOS networks, and their parent organizations, must collect and
manage data according to "best practices” described in the GCOS-73 (Manual on the GCOS
Surface and Upper-Air Networks: GSN and GUAN).
The CCl-XII in 1997 agreed that the availability and quality of CLIMAT messages being
distributed over the GTS should be globally monitored by monitoring centres, with the
assistance of regionally-designated focal points (WMO-870). Following this agreement, the
Deutscher Wetterdienst (DWD) and the Japan Meteorological Agency (JMA) have implemented
the GSN Monitoring Centres since 1999 (GCOS-53).
The Met Office Hadley Centre in the UK and National Climate Data Centre (NCDC), National
Oceanographic and Atmospheric Administration (NOAA) in the US, are to act as GUAN data
analysis centres (GCOS-45). The European Centre for Medium-Range Weather Forecasts
(ECMWF) was requested by CBS-XI to act as lead data monitoring centre, and provide 6monthly reports on availability and quality of upper air data from GUAN stations. Monitoring
activities are currently undertaken at both ECMWF and the Hadley Centre providing reports on
quality and receipt of daily TEMP and PILOT reports, and receipt of monthly CLIMAT TEMP
respectively.
Current status of networks
The GSNMCs at DWD and JMA are routinely monitoring the performance of the GSN through
assessing the availability, timeliness, completeness and correctness of CLIMAT messages
received via the GTS. According to the recent GSNMC Monitoring Report, the major results are
as follows:
•
•
•
•

The percentage of CLIMAT messages from GSN stations received by day 21st 00 UTC
of the following month increased from 54 to 60% from year 2000 to 2001.
The availability of GSN CLIMATs from WMO Regional Associations (RAs) ranges from
about 26% to almost 89% in the period of July - December 2001.
Discrepancies in the station metadata from different sources reported in previous reports
are still existing.
Format errors frequently occur in the CLIMAT bulletins and messages from certain
countries.

The availability of GSN CLIMAT in East Asia was 77% in year 2001 and satisfactorily increased
to 93% in January – June 2002. The availability in Southeast Asia was 44% in January – June
2002 and has been improved gradually, but still much below the global average (66%). The
GSNMC Monitoring Reports and monitoring result data are available on the GSNMC web site
operated by DWD (http://www. dwd.de/research/klis/gsn_mc/index.htm).
Monitoring of CLIMAT TEMP at the Hadley Centre shows inadequate reception over large areas
of the globe. Typical reception tends to be of the order of 100 stations. Approximately 25-30% of
the network fails to report consistently. In recent months, CLIMAT TEMP from 3 or 4 of 19
GUAN stations in East and Southeast Asia have not been received at the Hadley Centre. The
reception map of CLIMAT TEMP in the recent month is available on the web site
(http://www.met-office.gov.uk/research/hadleycentre/guan/index.html).
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Historical data
The recent emphasis on examining changes in climate extremes for the Intergovernmental
Panel on Climate Change Third Assessment Report has increased the need to collect historical
daily observations, especially maximum and minimum temperature, precipitation and mean sea
level pressure. In September 1999, the WMO Secretary-General requested that each of its
members forward historical data series and metadata for their respective GSN stations to the
World Data Centre-Asheville (WDC-A) in a specified format. The number of stations for which
historical data have been transferred to the WDC-A by April 2002 is 46 of 65 GSN stations in
East Asia, but only 6 of 43 in Southeast Asia. Most historical GUAN data are already available
in the WDC-A.
Needs of the GSN and GUAN
For GSN stations, routine provision of CLIMAT reports in the current code is a Minimum
Requirement and the availability should be 100%. As a monitoring result, the availability of
GSN CLIMATs in Southeast Asia is still low. The number of stations for which historical data
have been transferred to the NCDC is also fewer in Southeast Asia. To improve this status, the
reasons should be investigated first. Then, matters to be addressed in each country/area will be
identified.
References
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GCOS-34 (WMO/TD-No. 799), 1997: Initial Selection of a GCOS Surface Network (February
1997).
GCOS-45 (WMO/TD-No. 922), 1998: Report of the joint meeting of the GCOS/WCRP
Atmospheric Observation Panel for climate and the GCOS/GOOS/GTOS
GCOS-48, 1998: Report on the Adequacy of the Global Climate Observing Systems. United
Nations Framework Convention on Climate Change, November 2-13 1998, Buenos Aires,
Argentina.
GCOS-53 (WMO/TD-No. 958), 1999: GCOS Surface Network (GSN) Monitoring Centre
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Table A1-1.
WMO
index
50527
50745
51076
51463
51709
51777
51828
52203
52533
52836
52889
53068
53614
53772
54342
54511
54857
55591
56137
56294
56571
56739
56985
57036
57083
57461
57745
57993
58362
58606
59287
59316
59431
59758
47401
47420
47582
47600
47648
47778
47815
47817
47927
47936
47945
47971
47991
47014
47112
47115
47165

44212
44218
44231
44239
44259
44272
44288
44317
44341
44373

GCOS Surface Network (GSN) stations in East Asia (Status: July 2002).
Station name

Country (Area)

HAILAR
QIQIHAR
ALTAY
URUMQI
KASHI
RUOQIANG
HOTAN
HAMI
JIUQUAN
DULAN
LANZHOU AIRPORT
ERENHOT
YINCHUAN AIRPORT
TAIYUAN
SHENYANG
BEIJING
QINGDAO
LHASA
QAMDO
CHENGDU
XICHANG
TENGCHONG
MENGZI
XI'AN
ZHENGZHOU
YICHANG
ZHIJIANG
GANZHOU
SHANGHAI
NANCHANG
GUANGZHOU
SHANTOU
NANNING
HAIKOU
WAKKANAI
NEMURO
AKITA
WAJIMA
CHOSHI
SHIONO-MISAKI
OITA
NAGASAKI
MIYAKO-SHIMA
NAHA
MINAMI DAITO-JIMA
CHICHIJIMA
MINAMI TORI SHIMA
CHUNGGANG
INCHON
ULLUNG DO ISLAND
MOKPO

China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
Japan
Japan
Japan
Japan
Japan
Japan
Japan
Japan
Japan
Japan
Japan
Japan
Japan
Korea,
Korea,
Korea,
Korea,

U LA A N G O M
HO VD
M O ER O EN
B U LG A N
C H O Y B A LS A N (E A S T A IR P .)
U LIA S T A Y
A R V A YH EER
ER D EN ETS A G A A N
M A N D A LG O V I
D A LA N Z A D G A D

M
M
M
M
M
M
M
M
M
M

Democratic People's Republic of
Republic of
Republic of
Republic of

ongolia
ongolia
ongolia
ongolia
ongolia
ongolia
ongolia
ongolia
ongolia
ongolia
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49.13
47.23
47.44
43.48
39.28
39.02
37.08
42.49
39.46
36.18
36.03
43.39
38.29
37.47
41.46
39.56
36.04
29.40
31.09
30.40
27.54
25.07
23.23
34.18
34.43
30.42
27.27
25.51
31.24
28.36
23.08
23.24
22.49
20.02
45.25
43.20
39.43
37.23
35.44
33.27
33.14
32.44
24.47
26.12
25.50
27.05
24.18
41.47
37.29
37.29
34.49

119.45
123.55
88.05
87.39
75.59
88.10
79.56
93.31
98.29
98.06
103.53
112.00
106.13
112.33
123.26
116.17
120.20
91.08
97.10
104.01
102.16
98.29
103.23
108.56
113.39
111.18
109.41
114.57
121.28
115.55
113.19
116.41
108.21
110.21
141.41
145.35
140.06
136.54
140.52
135.46
131.37
129.52
125.17
127.41
131.14
142.11
153.58
126.53
126.38
130.54
126.23

Height
(m)
611
148
737
919
1291
889
1375
739
1478
3192
1518
966
1112
779
43
55
77
3650
3307
508
1599
1649
1302
398
111
134
273
125
8
50
8
3
73
15
3
25
6
5
20
73
5
27
40
28
16
3
8
332
69
221
38

49.59
48.01
49.34
48.48
48.05
47.45
46.16
45.54
45.46
43.35

92.04
91.34
100.1
103.33
114.33
96.51
102.47
115.22
106.17
104.25

940
1406
1285
1209
747
1761
1813
1067
1396
1465

Lat.

Lon.

Table A1-2. GCOS Surface Network (GSN) Stations in Southeast Asia (Status: July 2002).
WMO
index
96073
96145
96163
96745
96805
96925
97014
97146
97240
97340
97372
97395
97502
97560
97686
97690
97724
97900
97980
48620
48657
96413
96441
96465
96491
48042
48062
48097
98232
98429
98444
98637
98653
98836
98851
48303
48400
48407
48462
48500
48568
48855
48900

Name
SIBOLGA (PINANGSORI AIRP.)
TAREMPA
PADANG (TABING)
JAKARTA OBS.
CILACAP
SANGKAPURA
MANADO (DR. SAM RATULANGI AIRP.)
KENDARI (WOLTERMONGINSIDI AIRP.)
AMPENAN (SELAPARANG AIRP.)
WAINGAPU (MAU HAU)
KUPANG (EL TARI)
BAUKAU
SORONG (JEFMAN AIRP.)
MOKMER
WAMENA AIRPORT
JAYAPURA (SENTANI AIRP.)
AMBON (PATTIMURA)
SAUMLAKKI
MERAUKE (MOPAH)
SITIAWAN
KUANTAN AIRP.
KUCHING AIRP.
BINTULU AIRP.
LABUAN ISL.
SANDAKAN AIRP.
MANDALAY
SITTWE (AKYAB)
RANGOON
APARRI
MANILA (NINOY AQUINO INT. AIRP.)
LEGASPI
ILOILO
SURIGAO
ZAMBOANGA
GEN. SANTOS
CHIANG RAI
NAKHON SAWAN
UBON RATCHATHANI
ARANYA PRATHET
PRACHUAP KHIRIKHAN
SONGKHLA
DA NANG
HO CHI MINH CITY

Country
Indonesia
Indonesia
Indonesia
Indonesia
Indonesia
Indonesia
Indonesia
Indonesia
Indonesia
Indonesia
Indonesia
Indonesia
Indonesia
Indonesia
Indonesia
Indonesia
Indonesia
Indonesia
Indonesia
Malaysia
Malaysia
Malaysia
Malaysia
Malaysia
Malaysia
Myanmar
Myanmar
Myanmar
Philippines
Philippines
Philippines
Philippines
Philippines
Philippines
Philippines
Thailand
Thailand
Thailand
Thailand
Thailand
Thailand
Vietnam
Vietnam
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Lat.

Lon.

1.33
3.12
-0.53
-6.11
-7.44
-5.51
1.32
-4.06
-8.32
-9.40
-10.10
-8.30
-0.56
-1.11
-4.04
-2.34
-3.42
-7.59
-8.28
4.13
3.47
1.29
3.12
5.18
5.54
21.59
20.08
16.46
18.22
14.31
13.08
10.42
9.48
6.54
6.07
19.55
15.48
15.15
13.42
11.50
7.12
16.02
10.49

98.53
106.15
100.21
106.50
109.01
112.38
124.55
122.26
116.04
120.20
123.40
126.24
131.07
136.07
138.57
140.29
128.05
131.18
140.23
100.42
103.13
110.20
113.02
115.15
118.04
96.06
92.53
96.10
121.38
121.00
123.44
122.34
125.30
122.04
125.11
99.50
100.10
104.52
102.35
99.50
100.36
108.12
106.40

Height
(m)
3
3
3
5
6
3
80
50
3
12
108
522
3
11
1660
99
12
24
3
7
18
27
2
30
12
74
4
14
2
14
16
7
54
5
14
394
34
123
47
4
4
5
19

Table A1-3.

GCOS Upper-Air Network (GUAN) Stations in East and Southeast Asia
East Asia (Status: December 1999).

WMO
index
47412
47646
47827
47936
47971
47991
45004
50527
51709
52681
53068
55299
56778
57461

Station nam e
SAPPORO
TATENO
KAGOSHIMA
NAHA
CHICHIJIMA
MINAMITORISHIMA
KING'S PARK
HAILAR
KASHI
MINQIN
ERENHOT
NAGQU
KUNMING
YICHANG

C ountry (A rea)
JAPAN
JAPAN
JAPAN
JAPAN
JAPAN
JAPAN
CHINA
CHINA
CHINA
CHINA
CHINA
CHINA
CHINA
CHINA

Lat.
43.03
36.03
31.33
26.12
27.05
24.18
22.19
49.13
39.28
38.38
43.39
31.29
25.01
30.42

Lon.
141.20
140.08
130.33
127.41
142.11
153.58
114.10
119.45
75.59
103.05
112.00
92.04
102.41
111.18

H eight
(m )
19
31
31
27
8
9
66
611
1291
1367
966
4508
1892
134

Southeast Asia
WMO
index
48455
48698
96315
96935
98223

Station nam e
BANGKOK
SINGAPORE/CHANGI AIRPORT
BRUNEI AIRPORT
SURABAYA/JUANDA
LAOAG

C ountry (A rea)
THAILAND
SINGAPORE
BRUNEI
INDONESIA
PHILIPPINES
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Lat.
13.44
1.22
4.56
-7.22
18.11

Lon.
100.34
103.59
114.56
112.46
120.32

H eight
(m )
20
16
15
3
5

Annex 7

RESCUING DATA IN THE EAST AND SOUTHEAST ASIAN REGION
Lee Seng Tan (MMS, Malaysia), Lead, Expert Team on The Rescue, Preservation and
Digitization of Climate Records, Commission for Climatology, WMO
Any country that has climate records in any format needs to be preserved, rescued and digitized
for easy access. The rescued data, together with already available data will enable authorities
to better assess the climate variability and change, which can lead to improved mitigation of
losses from natural disasters and better climate information for socio-economic development.
Critical Needs
Some of the East and Southeast Asian (ESEA) climate data sets contain digital data back to the
1940´s, but few have a great volume of data before this time. The below graph (Fig. 1) depicts
one data set that could become very useful if the data before 1948 were made available and
accessible.
Background of Data Rescue Project
The WMO Data Rescue (DARE) project has a long history. WMO through the World Climate
Programme began this project in 1979 through the RA I data bank project. The Belgium data
rescue program later supplemented this project. The Belgium funded program assisted over 40
African Members in preserving their data on microfilms and microfiches. A copy of these data is
now in each of the countries and in the IDRCC (International Data Rescue Co-ordination Centre
in Brussels). This was and still is a very successful program. However, the data need to be
made more complete and more accessible if they are to be used.
Currently, the data rescue project has only been implemented in the meteorological/hydrological
services of each country. In 1988, a DARE-related Archival Climate History Survey (ARCHISS)
project, involving WMO, the International Council on Archives, the International Council on
Scientific Unions and UNESCO, was initiated to search and retrieve climate/hydrological data in
national archives i.e. that are not held in the archives of NMHSs. This has been and should
remain in the future a complementary program to the overall data rescue effort.
In the mid-1990´s, technological advancements made it possible to optically scan data as a new
method of preserving them. This technology permits the data to be preserved, while also
having it in a more computer-accessible form. However, it is now recognized that these data
must be moved to digital format for use in analyses and climate change studies. Optically
scanning images certainly preserve the data and are a major improvement over hard copy
media, but placing the data in full digital form will make it accessible to many more.
Recently, the United States has embarked on a highly successful program to rescue their data.
This program uses optically scanned images that can be enhanced for digital key entry. Below
is a graph depicting the success from one specific data set.
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Figure 1
Thus, the project now needs to move into a new phase, one that incorporates the preservation
requirement for data that is at risk of loss and one that makes the data fully accessible to the
nation. Fully accessible means that the data can be accessed via computer communications or
is transferable via some media like CD-ROM.
Definition
At the International Data Rescue Meeting in WMO, Geneva, 11-13 September 2001, Data
Rescue was defined as:
An ongoing process of preserving all data at risk of being lost due to deterioration
of the medium, and the digitization of current and past data into computer
compatible form for easy access.
This definition implies that:
1.
2.
3.

Data should be stored as image files onto media that can be regularly renewed to
prevent the deterioration of the medium (cartridges, CDs, DVDs etc.)
Data already in computer compatible media should be constantly migrated to storage
facilities that conform to changing technologies.
Data should be key-entered in form that can be used for analyses.
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Main Recommendation
That a Regional Data Rescue Project for East and Southeast Asia be established under the
auspices of WMO, together with GCOS and other relevant bodies.
Objective
To pursue the rescuing of climate data so that by 2010, at least 50% of relevant data (Surface
and Upper Air) in East and Southeast Asia are preserved and readily accessible nationally,
regionally and globally.
Project Design
1.

A Regional Coordinator for DARE (and GCOS) should be identified and funded
adequately to establish and pursue the Regional Project.

2.

All agencies which are engaged in surface and upper air observations should create an
ongoing programme of preserving and digitizing climate data.

3.

A DARE centre should be established in East or Southeast Asia to coordinate all Data
Rescue work.

4.

A priority area (i.e., a country with a large amount of data to be rescued) should be
targeted for a focused data rescue effort.

Expected Outcomes
A common pool of good quality regional climate information, well preserved, digitized, and in
easily accessible format kept in a secure, durable medium for use in the evaluation of the
variability and extremes in climate for applications.
Risk and Sustainability
Most of the technology is well established and robust. Some training is required but there are
mechanisms available to deliver it (e.g. proposed training course in 2003 or 2004?). In the long
run, NHMSs must be dedicated to carry out data rescue work.
Indicative Budget
This budget is preliminary and only indicative of the range of activities that need to be
considered.
To provide assistance in the form of equipment and training to participating countries in East
and Southeast Asia at the cost of between US$15,000-25,000 each. The resources required
include the following:
1.
2.
3.
4.

High speed and A3 size scanners
Digital Cameras and computer upgrades
Training missions and a regional DARE workshop
Staff and office space (to be provided by countries)
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Part time salary for a Regional Coordinator, office expenses and secretarial support. Potentially
provided from within the region.
Support for travel to allow coordination in the region. Perhaps about $US 20,000
Support for data to be rescued and digitized. Perhaps salary for two additional staff at the
proposed DARE centre or an existing climate data center in the region.
Support for a proposed training course to be conducted in the region in 2003 or 2004. Experts
from USA or Netherlands to be invited.
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Annex 8

PRIORITIES, NEEDS, AND RECOMMENDATIONS: THE GLOBAL ATMOSPHERE WATCH
John Miller, National Oceanographic and Atmospheric Administration, USA

Overview
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) 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, the physical/chemical properties of aerosols and related physical measurements.
With the establishment of the Global Climate Observing System (GCOS) in 1992, GAW was
incorporated into the GCOS system as its atmospheric chemistry component.
Two points should be made about GAW’s role within GCOS. First, it should be noted that GAW
differs from the other components of GCOS in that the trends and global distribution of
atmospheric chemistry parameters are primarily used in predictive climate models and are not a
direct measurement of climate change per se. Second, GAW has an additional objective of
coordinating regional air quality measurements worldwide. Associated with the air quality
objective is the GAW Urban Meteorology and Environment Progamme (GURME), which has
been established to assist meteorological services in developing countries with urban air quality
forecasting.
It has long been recognized that climate change and air quality are closely linked. The results
of deteriorating air quality 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.
When the Global Atmosphere Watch was established, it combined a number of WMO
atmospheric chemistry programmes networks dating back to the early sixties. To build and
maintain a worldwide monitoring system, a network of stations has been put in place which
consists of Regional (over 300) and Global (22) stations, with additional observations made at
contributing and associate stations. Though the programmes at GAW stations vary depending
on the monitoring goals of the station, a 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
To ensure consistency in the GAW worldwide monitoring network, a strong infrastructure had to
be developed. This structure includes Quality Assurance/ Science Activity Centres (QA/SACs),
World Calibration Centres (WCCs), World Data Centres (WDCs) and the GAW Training and
Education Centre (GAWTEC). The QA/SACs and WCC provide a system for common
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calibration and quality assurance standards throughout the GAW system. The WDCs provide a
depository for GAW data and conduct initial analysis and assessment of the data. Training in
the GAW measurements system is provided in a number of ways: directly on station, visits to
participating laboratories, technical workshops, or through GAWTEC (See Figure 1).

Figure 1. Components of GAW Monitoring.
In recent years, the GAW programme has broadened it scope by not only improving its
infrastructure but also enlisting the help of the scientific community through the establishment of
Scientific Advisory Groups (SAGs) for different parameters such as ozone, aerosols,
greenhouse gases and precipitation chemistry. These groups have been very active in advising
GAW on the appropriate scientific approach. Also, the recent advances in satellite technology
have made it imperative that ground-based measurement programmes such as GAW be closely
coordinated with satellite measurements. This coordination has been actively pursued through
the International Global Observing Strategy. In support of GCOS, the GAW system must
continue to promote quality ground-based measurements but also look beyond this and
incorporate other platforms where the measurements are combined to lead to a better
understanding of climate change.
The above is a very brief overview of the Global Atmosphere Watch system. For those
countries active or considering to be active in GAW, it is imperative that the following four GAW
Technical Reports be available as references:
GAW No. 140 WMO/CEOS Report on a Strategy for Integrating Satellite and Groundbased Observations of Ozone.
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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
All can be obtained in hard copy from the WMO Secretariat (Contact: Ms. Chantal Renaudot,
Tel: 41 22 7308587, Fax: 41 22 7308049, e-mail: Renaudot@gateway.wmo.ch).
The Global Atmosphere Watch in East and Southeast Asia
The experts attending this workshop come from countries that over the last decades have been
growing at an ever-increasing rate in both population and agricultural/industrial development.
The effect of such changes has had a direct impact on the air quality in the region and hence
the global climate. Recognizing this, the many countries in the region have actively participated
in the GAW programme. Of the fifteen countries invited to this workshop, ten have on-going
GAW programmes which have been reported to the WMO Secretariat. It should be noted that
scientists from the other five countries have on occasion participated in GAW workshops and
meetings. Based on information listed in the GAW Station Information System (GAWSIS) there
are four Global stations and thirty-five Regional stations in the 15 countries attending the
workshop as outlined in Table 1.
Australia
Brunei Darussalam
Cambodia
China
DPR of Korea
Indonesia
Japan
Lao PDR
Malaysia
Myanmar
Philippines
Republic of Korea
Singapore
Thailand
Viet Nam

1 Global, 9 Regional
1 Global, 8 Regional
1 Global
1 Global, 6 Regional
2 Regional
2 Regional
3 Regional
1 Regional
3 Regional
1 Regional

The above is based on information in the GAW Station Information System (GAWSIS).
Participants are requested to confirm.
GAWSIS can be found at
http://www.empa.ch.gaw.
Table 1. GAW Stations.
It should be noted that the GAW stations in the region are needed for both the long-term
monitoring of climate-related parameters and the regional air quality. The latest environmental
concern has been the preliminary model results concerning the Brown Cloud over Asia
discovered during the Indian Ocean Experiment (INDOEX). They indicated that there might be
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an important climate impact from aerosols dispersed throughout the region whose sources are
biosphere burning and urban pollution.
To coordinate the GAW system in East and Southeast Asia, a number of organizations play
important roles. The WMO Secretariat in Geneva has the main task of oversight but must
depend on the GAW infrastructure to do most of the day-to-day work. This includes the
QA/SACs, WCCs and the WDCs. In this respect, the Quality Assurance/ Science Activity
Centre for Asia and the South-West Pacific located in the Japan Meteorological Agency is the
focal point for the region and provides coordination specifically for East and Southeast Asia.
Other centres in North America and Europe also assist in the GAW network in the region.
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. Though the network has been successful in many ways,
much remains still to be done. This is outlined in the following recommendations.
Main Recommendation
Establishment of a Regional project so that the GAW station network in East and Southeast
Asia can be assessed following a two-fold action plan:
-Continued technical support to stations through both national resources and
international infrastructure. This includes station visits, training, calibratrations and
assistance in data analysis. This is basically a continuing Quality Control/Quality
Assurance programme.
-Promotion of coordination and cooperation between countries within the region, i.e.,
scientists helping scientists.
In consultation with the WMO Secretariat, the Quality Assurance /Science Activity Centre
(QA/SAC) for Asia and the South-West Pacific housed in the Japan Meteorological Agency
(JMA) should take the lead in these activities.
Objective
Maintenance and assessment of the overall functioning of the GAW system in East and
Southeast Asia would be accomplished through technical support and coordination between
countries.
Project Design
Over the last decade, much effort has been expended in establishing new GAW stations, both
Regional and Global, throughout the world. The first goal of the GAW is to maintain over a long
time period a measurement system of known quality at designated stations. Quality assurance
procedures have been developed to ensure that a consistent standard is applied around the
world. If a country wishes to establish a GAW station, it must follow the established QA
procedures. It is fortunate that the QA/SAC for Asia and the South-West Pacific has already
been established; its major role is to function as a coordinator for calibration, training and QA
across the region. Further, if GAW data are to be used for understanding climate/global
change, an assessment of these data is necessary. A detailed project can be designed based
on finding additional resources and would include such elements as:
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-Site visits to proposed and established stations; exchange of experts with other GAW
stations
-Regional workshops and seminars
-Calibrations and intercomparisons of standards and scales
-Data assessment studies
Expected Outcomes
The outcome of such a project lead by the QA/SAC would be an improved functioning network.
Further, the assessments would be used both by the scientific community and by policy makers
to gage the importance of atmospheric chemistry in climate/global change.
Risk and Sustainability
Long-term atmospheric chemistry measurements require constant attention because of the
sophisticated instrumentation and calibrations required; hence the strong need for quality
assurance. Quite often countries make a considerable effort in getting the measurements
correct but then have no resources left for proper data analysis. A regional project as proposed
here with assessment as one of its goals would reduce this risk.
Indicative Budget
Below is a rough estimate of a budget based on one-time funding:
Site visits
Exchange of experts between stations
Regional workshops (2)
Calibrations
Data assessment

US$ 15,000
15,000
50,000
15,000
75,000

All the activities would be coordinated by the QA/SAC for Asia and the South-West Pacific in
cooperation with the WMO Secretariat.
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Annex 9

A SEAGOOS PERSPECTIVE ON OCEAN OBSERVATIONS FOR CLIMATE
Maarten Kuijper, IOC/WESTPAC, Bangkok, Thailand and
Johannes Guddal, Co-President JCOMM

1.

Background

The overall vision of GOOS is that of a unified network set up to systematically acquire,
integrate and distribute ocean observations, and to generate analyses, forecasts and other
useful products designed not only for the benefit of a wide user community but also driven by
user needs. In order for the system to appeal to users and the supporting governments,
measurements have to be routine, of high quality, and cost-effective, and the results should be
available in a timely manner.
An important step in realizing this vision is the establishment of so-called GOOS regional
alliances that provide much needed regional impetus to the overall system. The progress of
GOOS regional alliances in other parts of the world has raised the question of a similar initiative
to be taken for the wider South East Asian region, mainly for those countries facing or being
adjacent to the South China Sea. These countries have all a long-standing tradition for WMO
cooperation, while similar cooperation in the sense of operational oceanography is much less
pronounced. An overview of operational oceanographic activities in the region reveals a
multitude of fragmented research and pre-operational projects. A small number of these projects
can adapt to GOOS principles and standards, and thereby act as a SEAGOOS Initial Observing
System.
SEAGOOS is still in its initial planning phase. The countries have only recently agreed to
formally establish a Co-ordinating Committee. This improves the prospect for SEAGOOS as a
sustained mechanism, but it is not a guarantee of its eventual success. That will require a
concerted effort on the part of the participating countries in establishing and maintaining a
coherent and systematic data acquisition system, a proper data management and exchange
mechanism, products that have direct merit to the countries involved, and last but not least,
adequate infrastructure and skilled personnel. SEAGOOS will clearly benefit from strategic
alliances and partnership with existing projects and programmes such as WMO’s Tropical
Cyclone Programme, SEACAMP, and projects developed under a regional GCOS initiative.
In the first implementation planning workshop for SEAGOOS held in Seoul, August 2001,
experts from the various countries discussed the initial establishment and they agreed to focus
on three fronts, those being:
•
•
•

Climate and tropical cyclones
Coastal dynamics and pollution
Ecosystems and fisheries

For each of these topics, the participants analysed the current status, deficiencies and needs,
based on country reports. In view of the theme of the present GCOS meeting, we will limit
ourselves to the first topic – climate and tropical cyclones, and distinguish between the longterm and short-term aspects of these. Additional information is added on the basis of a survey,
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which was prepared by Dr Guddal and sent to JCOMM focal points in each of the countries.
With respect to long-term climate predictions, it is important to realize that countries are affected
differently depending on their geographic location. Similarly, tropical cyclones bring about
different effects depending on whether they occur near the equator or not.
2.

Scientific Rationale
Both the immense importance of operational or sustained ocean observations and the lack
thereof are evident in the wider Southeast Asian region. Where sustained observations are
made of the ocean, it is mainly for marine meteorology, sea level and waves. But sustained
ocean observations are also important to support:
•
•
•

improved understanding of ocean variability on climate time scales;
evaluation of ocean and climate models, and
initialisation of models for prediction.

Observations for ocean processes that operate on the timescales necessary for climate
prediction are largely carried out under specific scientific studies. Two of the phenomena
currently studied are:
The Indonesian Throughflow
The mean mass, heat, and freshwater transports of the Indonesian Throughflow are poorly
known, and the variability is high. The Indonesian Throughflow variability has been found to
affect the Indian Ocean SST patterns and the Australasian monsoon system. Sea surface
temperature patterns in both the Indian and Pacific Ocean are linked to variations in rainfall over
Southeast Asia and Australia. The Indonesian Throughflow may also be involved in the ENSO
evolution, as it affects the variability of the heat budget of the western tropical Pacific on climate
time scales. Concerted in-situ measurements in this climatically important region are highly
important.
The onset of the Asian-Australian Monsoon System
Southeast Asia is subject to the strong seasonal changes of the Asian-Australian Monsoon
System, and its year-to-year variations. The ocean plays an important, but poorly understood,
role in this system. For example, it is hypothesized that the South China Sea exerts a control on
the timing of the onset of the East Asian summer monsoon rainfall. With increasing
understanding of regional oceanic processes such as the Indian Ocean Dipole (IOD), there is a
need to quantitatively estimate the relative roles of the global ENSO phenomenon and regional
processes in determining rainfall in the Asian/Australian Monsoons. While the methods are still
being developed and further research with coupled models is needed, the results seem to
support the idea that regional processes may be significant in any attempt to predict rainfall.
3.

Current Status

Observations
Only few of the countries in the region operate network type monitoring systems, mainly for
marine meteorology and waves. The standards and modes of transmission are left to providers
and manufacturers and data exchange is not very well established. Remote sensing is not
reported, and altimetry/scatterometry data could very well substitute for some of the mooring
projects. In many countries, the operation of ocean buoys dominates the budget of monitoring
systems, and it is not clear if these costs can be supported over longer terms. Moored ocean
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buoys and lighthouse AWS have all passed the tests of ‘operational performance”, although little
is known about their cost and maintenance implications over the longer term.
Aside from the traditional WMO cooperation, and within the context of purely scientific and time
limited oceanographic projects, there is little coherence at the national level in oceanographic
monitoring and data management. A few countries are well developed in terms of self-contained
monitoring programmes and operation of numerical models
Data Management
The IOC has for years promoted the establishment of national oceanographic data centres
(NODC) in the region. Despite this effort, only a few of the countries in the region have actually
established an NODC, and even these fail to receive all the data from other agencies in their
own country. Data exchange is one of the greatest obstacles in the development of GOOS in
the region.
Services
An overview of the services available in the region shows that countries give priority to shortterm rather than long-term climatic considerations. Most of the countries provide services in tidal
prediction, daily weather forecasting and wave forecasting. For long-term climate forecasts such
as ENSO, the countries mostly depend on the analyses of overseas institutions.
The current capabilities in the field of climate forecasting lie primarily in the area of
understanding and predicting monsoon variability. The notion prevailed that remote sensing is
already operational and large data sets are produced. There is also some ground work done
under the SEACAMP initiative and the “ASEAN/IRI/NOAA Seasonal climate forecasting project
through the ASEAN Specialized Meteorological Centre based in Singapore. It was further
comments that the OOPC supports the establishment of time-series, but at present there are no
plans to establish a time series inside the SEAGOOS region.
For tropical cyclone forecasting, many countries in the region use wind field, and storm
parameters provided by the Japan Meteorological Agency (JMA), which feed into an ocean
model to forecast storm surge for the region.
4.

Needs and Deficiencies

Climate
From a regional perspective, in terms of long-term climate issues, there is a need for
seasonal/interannual forecasts with specific emphasis placed on the likely occurrence and
intensity of haze and droughts. It was further argued that dynamical forecasts are superior to
statistical approaches, which supports the need to enhance the ocean observing system in the
SEAGOOS region, including subsurface information. The region is lacking long-time series and
at present has only a limited observing system in place.
Tropical Cyclones
Better wind field predictions are needed, particularly so since satellite wind scatterometers are
infrequent in their coverage. Other deficiencies relate to the need for better and more
information on storm surges, large rainfall events (flooding) and large swell. The need for more
wind measurements can be met by re-deployment of buoys, and more extensive use of VOS
and radar (nearshore). Warnings could greatly improve with a better understanding of the
societal impacts of cyclones, e.g. through inundation maps, knowledge on population densities,
etc.
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5.

Existing Projects and Programmes

Climate
The group identified a number of existing projects in the region that support long-term climate
forecasting, amongst these the SEACAMP – Seasonal forecasting project, OOPC activities and
the Argo float program. It was further argued that any efforts in SEAGOOS should to the extent
possible link to the global GOOS programs, notably: the Coastal Ocean Observing Panel
(COOP), the Ocean Observing Panel for Climate (OOPC) and the GOOS Products and
Services, Electronic bulletin and GOOS Climate capacity building programs.
Tropical Cyclones
The Tropical Cyclone program carried out under the auspices of the WMO provides training and
coordination for the countries in the SEAGOOS region. The Tropical Cyclone Program (WMO)
also provides the necessary infrastructure for data management in the field of tropical cyclone
forecasting, but warnings could greatly improve from the assemblage of sea level data.
6.

Recommendation for a Future Project

SEAGOOS is nominally established by the decision of the IOC/WESTPAC Sub-Commission
and subsequent endorsement thereof by the IOC governing bodies to set up a Coordinating
Committee that is charged with the coordination and supervision of SEAGOOS. The challenge
now is to demonstrate the feasibility of such a programme in the region. To this end, it is
recommended that an initial observing and forecasting system be established which will
demonstrate the value of collaboration among the countries involved.
Objective:
Establishment of a SEAGOOS basin-wide initial observing and forecasting system
Project Description:
The initial development stages of a regional observing programme encompass:
a) Project integration and co-ordination. Build a basin-wide network for ocean
monitoring and forecasting, linking all the countries, broadening and strengthening the
existing network of national institutions already established by member countries;
b) Inventory of present status. Identify the gaps in the monitoring systems in the region
and in the capability to measure, model and forecasting the ecosystem, taking stock of
current projects and programmes;
c) Capacity Building. Build capacities for expertise in the setting up and running of
observing platforms, in managing data, in modelling and forecasting;
d) Initial Observing System. Design the initial observing and forecasting system from the
basin scale down to the coastal zone, intercomparing experience and standardizing
practices, toward the co-ordinated upgrading of the observing and forecasting
capabilities in all regional countries;
e) Awareness Building. Raise awareness on the benefits of ocean forecasting at local,
regional and global scales, involving stakeholders and disseminate SEAGOOS results
and products
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Expected Outcome of Project
•
•
•
•
•
•

Coordinating Mechanism
Gap analysis
Harmonization
Skill development
Research applications
Operational products

Risk and Sustainability
The success of a programme such as SEAGOOS obviously depends on many factors, among
which the ability of the participating countries to commit to data exchange (also at the national
level), and deployment and maintenance of equipment, as well as the availability of a cadre of
skilled personnel.
In order to obtain the maximum widest participation from within a country and the region, the
programme should engage in active partnerships with other agencies, notably the WMO, ASMC
(SEACAMP), TCP and others.
Indicative Budget
The establishment of SEA-GOOS will require considerable resources, but given the important
benefit of the system in the long-term such expenses are justified. Donor support is likely to be a
necessity to facilitate the first meetings, and perhaps for capacity building and infrastructure
support. It can however not be expected that donors will sustain the SEAGOOS system. Little is
needed to improve the co-ordination between the multitude of national agencies and institutes
that produce data. Similarly, little is needed to improve the linkage between the user community
and contributors of data. It is these actions that will eventually determine the success of
SEAGOOS.
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Annex 10

SEA LEVEL: PRIORITY NEEDS AND RECOMMENDATIONS
J. Church, CSIRO, Australia; P.L. Woodworth, Chair IOC GLOSS Programme;
T. Aarup, GOOS Project Office, IOC; C.K. Shum, Ohio State University, USA
Any country with a coastline needs monitoring systems for sea and land level changes for a
range of practical and scientific reasons. The former include harbour operations, flood warning,
coastal engineering design, and national datums. The latter include studies of processes such
as tides, storm surges and the rise of sea level associated with climate change. The science
and impacts of the latter are discussed in the Intergovernmental Panel on Climate Change Third
Assessment Reports (IPCC TAR). In practice, both the ‘practical’ and the ‘scientific’ activities
overlap and their data sets are usually acquired from the same networks.
In the mid-1980s, the IOC established the Global Sea Level Observing System (GLOSS-http://www.pol.ac.uk/psmsl/programmes/gloss.info.html) for the establishment of high quality
global and regional sea-level networks for application to climate, oceanographic and coastal
sea-level issues. The first aim of GLOSS was to improve the quality and quantity of long term
Mean Sea-level data (i.e. monthly and annual mean values of sea level) for the Permanent
Service for Mean Sea Level (PSMSL). GLOSS works entirely through national contributions to
the international programme, and encourages the establishment of its Global Core Network
(GCN) of approximately 300 tide gauge stations, and the densification of the GCN by the
formation of regional networks. Examples of the latter include the extensive Pacific network
overseen by the University of Hawaii, and the smaller network in the South West Pacific
coordinated by Australian agencies.
However, GLOSS now aims to fulfill broader user needs by obtaining archives of ‘higher
frequency’ (HF) (typically hourly) delayed mode (DM) data to be shared in addition to MSL
information; with contributions to activities in related sea/land level projects (e.g. satellite radar
altimetry over the ocean which provides near-global coverage of sea-level change); with the use
of the Global Positioning System (GPS) equipment for measuring vertical height changes due
to, for example, coastal subsidence; and, most recently, with the need for ‘fast’ sea-level data in
addition to the DM fully quality-controlled (QC’d) HF data. ‘Fast’ in this context means that data
have to be sent to the GLOSS Fast Centre within one week, whether the data are fully QC’d or
not, so that they can be assimilated into the next generation of climate and ocean forecast
models. To support these developments, GLOSS has a programme of training activities (e.g.
course in Malaysia in April 2003).
In the Asian region, most countries deliver sea-level data on a routine and timely basis to the
PSMSL and other GLOSS-related data banks (e.g. see Table 1). This includes MSL, DM HF,
and, increasingly, fast HF data. However, several countries fail to do so for a range of reasons.
For example, a country may have for many years contributed MSL data (perhaps computed by
hand and sometimes several years in arrears), but the original, historical data remain available
only in paper chart form. This requires resources devoted to ‘data archaeology’ to rescue the
past DM HF information into computer accessible form and to be subjected to modern forms of
QC. It also implies major gauge upgrades to efficiently provide both DM and fast HF data in
future. A second example concerns a country which has also contributed MSL data, but finds it
cannot provide DM and fast HF information for (misguided) national security reasons. A further
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example of non-delivery of HF data in other countries, although not so much a problem in Asia,
is concerned with ‘cost recovery’. However, countries have more to gain than lose from
international data exchange (see http://bulletin.mercator.com.fr for examples of sea-level
measurements assimilated into models for the benefit of all end users in a region).
Even if the quality, quantity and timeliness of tide gauge data can be assured, a further issue
concerns the need to monitor changes in land levels in order to understand whether it is change
in land level, or ‘real’ sea level, which is responsible for any observed change in apparent
(‘relative’) sea level seen by a gauge. The uncertainties associated with estimating rates of
vertical land movement at gauge sites is one of the major factors which contributed to the rather
wide range of global sea-level change estimates in the IPCC TAR (estimated at between 1 and
2 mm/year for the past 100 years). The correct approach in future is clearly to measure land
movements using new geodetic techniques (primarily Continuous GPS but also absolute gravity
and DORIS). Investment is, therefore, required in such instrumentation.
GLOSS provision of sea-level data benefits from regional sea-level activities, some directly
under GLOSS auspices and some not. Examples include ESEAS (Europe) and MedGLOSS
(Mediterranean). In the Asia region, such a regional activity has not as yet materialised. Two
programmes in recent years, which have had major sea-level components, might be mentioned.
One was under ASEAN auspices; this resulted in a restricted set of data from the 1980s-90s
which is still not available to the wider community. In spite of many approaches, GLOSS and the
ASEAN activity failed to find common ground. The second concerns the sea-level subgroup of
the Asia Pacific Space Geodynamics (APSG) programme (of which one of us, Shum, is cochair), which is very active but which is primarily ‘scientific’ and not ‘practical’ or ‘operational’ in
emphasis.
A major benefit to GLOSS (and GCOS within GOOS efforts such as NEAR-GOOS, SE Asia
GOOS and Pacific GOOS) would stem from the formal identification of, and suitable funding of,
a proper GLOSS Regional Coordinator and Coordination Group which can provide the regional
leadership and focus required to work alongside national representatives to obtain the
necessary investments. An example to follow might be recent developments in Africa with active
regional coordinators for West, East and South Africa; regional GLOSS web site and
newsletters for publicity; and its own regional proposals for investment.
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Table 1: MSL Status from the Region: Latest PSMSL data.
Note that data usually arrive to PSMSL from each country one year after the calendar year of
the MSL data.
India
Bangladesh
Myanmar
Thailand
Malaysia
Singapore
Indonesia

1997
1996
1964
2000
2001
2000
1990

Cambodia
Vietnam
PR China

–
1997
1997

Hong Kong
Taiwan
S. Korea
N. Korea
Russia

2000
1996
1999
1992
2001

Japan
Philippines
PNG

2000
1997
2000

No HF data, national security issues cited
Major investments needed in difficult estuary environment
First contact for many yeas made in 2002
MSL delivered regularly but gauges need upgrading
Excellent tide gauge and GPS networks
Excellent tide gauge and GPS networks
Very large gauge networks, none of which now work due to
funding problems
No contacts
New recent gauges for flood warning
MSL delivered regularly if a bit behind. More gauges are known
to exist than provide data to international data banks
Long standing data provision. Problems of reclaimed land
Good gauges. MSL data behind
Contacts lapsed
Good formal contacts. Several gauges destroyed by tsunami.
Need for modernisation
Excellent networks of several agencies
Long standing contacts lapsed
Contacts through Australian agencies

Main Recommendation
That a Regional Project for East and South East Asia be established under the auspices of
GLOSS, together with GCOS and other relevant bodies.
Objective
To pursue energetically the construction of networks of modern tide gauges and geodetic
instrumentation for sea and land level monitoring to serve national and international needs.
Project Design
1. That a Regional Coordinator for GLOSS (and GCOS) be identified and funded adequately to
establish and pursue the Regional Project.
2. That all agencies which are engaged in sea-level monitoring ensure that MSL, DM HF and,
if possible at present, fast HF data are sent to GLOSS-related international data banks.
3. That all tide gauge sites which are national contributions to GLOSS (and as many others as
possible) either install new gauges, or upgrade existing ones, to provide efficiently the DM
HF and, increasingly, fast HF data required.
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4. That all sets of tide gauge data from GLOSS sites (and possibly others, especially those
with long records), with historical data available only in non-computer form (e.g. paper
charts, paper tape), work with the GLOSS programme so that steps can be taken for data
rescue into computer compatible form.
5. That tide gauges which have a special open ocean aspect (e.g. deep ocean islands)
suitable for ongoing calibration of data from satellite altimeter missions be included in
international programmes concerned with this topic (GLOSS-ALT).
6. That a subset of gauge sites be equipped with Continuous GPS (CGPS) receivers and/or
other advanced geodetic devices, in order to monitor the rate of vertical land movement at
the gauge sites, and potentially for altimeter calibration. These activities can be undertaken
within, and with considerable technical advice from, the IGS/PSMSL/GLOSS CGPS@TG
working group.
7. That all agencies benefit from, and contribute to, regional sea level and geodetic training
needs and collaborative tide gauge, geodetic and altimetric data analysis, resulting in
practical products and scientific insight.
8. That programmes be established to study the environmental, social and economic
consequences of sea-level change. This would include the detection of changes in the
frequency of extreme events.
Expected Outcomes
Regional information on the rate of relative and absolute sea-level change and the
environmental, social and economic consequences.
Robust networks for ongoing monitoring of sea-level change, including the detection of any
increase in the rate of sea-level rise and of changes in the pattern of extreme events. These
networks will in addition serve as the core of regional information for a wide range of practical
and scientific operational applications.
Risk and Sustainability
Most of the technology is well established and robust. Some training is required but there are
mechanisms available to deliver it (e.g. course in Malaysia in April 2003). In the longer term,
nations must commit to maintaining the networks.
Indicative Budget
This budget is preliminary and only indicative of the range of activities that need to be
considered.
Part time salary for Regional Coordinator, office expenses and secretarial support. Potentially
provided from within the region.
Support for travel to allow coordination in the region. Perhaps $US 10,000
Support for data to be archived and quality controlled. Perhaps salary for two additional staff at
one of the existing GLOSS data centers or an existing climate data center in the region.
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Tide gauge and GPS equipment. Perhaps 15 new gauges and maybe 6 GPS receivers to be
deployed where the most urgent needs are. To be decided by a panel drawn from the region
and convened by the Regional Coordinator. Cost estimates of order $US 400K. Installation
and surveying costs possibly provided by individual nations.
Training costs. Say 2 courses for 20 people each. $US 50K
Other costs include computer equipment, data transmission costs and processing costs.
Note there is a training course to be conducted in the region in April 2003 which could take the
first steps in such a project and make more specific recommendations.
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Annex 11

THE STATUS OF AND NEEDS FOR HYDROLOGICAL OBSERVATIONS
FOR CLIMATE IN EAST AND SOUTHEAST ASIA
Margaret Bautista (Philippines) and Bruce Stewart (Australia)

Introduction
In discussing the current status of and needs for hydrological observations for climate in East
and Southeast Asia, it is essential to understand the initial justification and needs for the
establishment of National Hydrological Services (NHSs) and indeed for the establishment of
hydrological networks. The title of this paper suggests that hydrological data is (or can be)
collected in support of climate activities. In most, if not all, instances climate data has been
collected in support of hydrological activities. Governments have historically established NHSs
in many forms to provide hydrological forecasts and information services to the public and
specific data and information to the decision-makers and planners on the countries' water
resources (water distribution and availability, water use, water quality, etc.). The NHSs also
provide special services and advice to water supply authorities, hydropower agencies,
agriculture, forestry, water transport, tourism authorities and others.
The NHSs cooperate at regional and global levels by exchanging hydrological data in meeting
the national obligations and commitments of regional and international Agreements and
Conventions. However, the level of cooperation amongst hydrological services has never
reached the heights of international cooperation amongst meteorological services, for obvious
reasons.
Fresh water is a natural resource vital to the survival of all living things; however, it is limited.
The sources of fresh water are river basins, groundwater reserves, lakes and manmade
reservoirs. These are increasingly under pressure to meet the increased domestic needs as well
as demands from agriculture, industry and other human activities.
Meteorology (weather and climate) is the most important factor in water availability, as it
determines the timings and locations of precipitation and the amount lost to evaporation. Some
countries in the East and Southeast Asia region have such low precipitation (as little as a few
millimetres per year) and high evaporation, that only a small amount of fresh water can be
captured for human use. By contrast, some countries receive abundant rainfall each year
(thousands millimetres). Seasonality is particularly pronounced throughout the region, and in
most cases plays a major role in water availability; for example, in those countries which receive
high rainfall during the monsoonal season but lack rainfall for the rest of the year.
The Status of Hydrological Observations
The NHSs in the Asia Region vary in size, status of advancement, geography and state of
development, and, therefore, they are highly differentiated in capabilities. The gap is wide, from
the most developed NHSs having high-end computers for modelling and specialized
hydrological offices, to less developed NMSs with limited budgets, shortage of observational
instrumentation, spare parts, and consumables, lack of calibration equipment and data
collection and processing and communication facilities, and lack of qualified staff.
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The legal basis for the creation and operation of NHS varies between countries. Some were
established under national laws (Acts of Parliament or Royal Decrees etc.), while others were
established by other subsidiary forms. Institutionally, some NHSs report directly to ministers,
prime ministers, and head of states; others are constituted as departments reporting to nonministerial systems; still others have been established as units or divisions of departments.
Most of the NHSs are under ministries of development, water resources or natural resource
management. Few have combined services of environment and hydrometeorology. Many have
also the responsibility for groundwater as well as surface water monitoring. Therefore, the
practice varies widely amongst countries of the region in respect of the extent to which the
NHSs are assigned national responsibility for monitoring, research and service functions related
to groundwater, surface water, water quality and water resources management.
There is one main source of hydrological information from this region of the world, and the data
available in this source gives an indication of the current status of hydrological observations.
This is the Global Runoff Data Centre (GRDC) in Koblenz, Germany. Table 1 provides a
summary of the current holdings from representative countries in this region.
Table 1. Status of Holdings in the GRDC.
Country
Stations
Bangladesh
4
India
44
Myanmar
4
Thailand
126
Malaysia
37
Singapore
1
Indonesia
0
Cambodia
18
Vietnam
10
PR China
21
Hong Kong
2
Taiwan
39
Korea, Democratic People's
7
Republic
Korea, Republic of
8
Russia
1484
Japan
25
Philippines
46
Papua New Guinea
3

Period (Longest) Comment
1969-1992
1901-1979
1978-1988
1956-2000
1949-1986
start 1980's
1969-1988
1960-1994
1961-1993
1877-1986
1977-1983
1953-1993
1976-1984

end 1970's

1947-1979
1947-1990
1978-1988
1978-1988
1976-1984

start 1976

Analysis of streamflow network information contained in WMO’s INFOHYDRO indicates that the
basic hydrological assessment networks are in decline. The primary reason given for this
decline is that of funding for basic assessment purposes. Project specific-short terms data
collection continues to be well supported, but long term strategic monitoring is often under
funded. The decline of hydrological networks in this region is a challenge at a time when more
high quality hydrological data are required, often in near real-time. Hydrological networks need
to be improved together with the capacity of National Hydrological Services to provide relevant
information to a variety of users of hydrological data. In this respect, the need of improving
forecasting systems particularly to predict floods and droughts that could lead to disasters is a
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high priority in this region. The management of international rivers in this region is also a most
challenging problem. In the context of integrated water resources management, joint
management of river basins opens a window of opportunity for transnational collaboration in
hydrology. The potential extension of several HYCOS projects into this region are expected to
foster this process and contribute to capacity building of National Hydrological Services as well
as integrated water resources management on the basis of timely, reliable hydrological data.
Especially for prediction and forecasting of extreme events, the data collection and forecasting
capacities of meteorological and hydrological branches of national services need to be
integrated to provide the results required by the general public.
The Need for Hydrological Observations for Climate
As indicated above, this is a new and interesting concept as in the past it has been that climate
data has been collected in support of hydrological studies and there are many tables such as
Table 2 which show the types of climate data required for hydrological analyses.
Table 2. Applications of Meteorological Data in Hydrology.
Field of Application

Hydrological
Element Needed

Type of Input
Meteorological Data

Meteorological
Element Needed

time
scale

space
scale

Data processing, plausibility
check of hydrological data

Runoff

precipitation

d, m

s, a

Water balance
(non real-time)

Runoff
Evaporation
soil moisture
groundwater

precipitation
radiation
sunshine
1
duration
1
air temperature
1
air humidity
1
windspeed

y, m, d
d, m
d, m
d, m
d, m
d, m

a
s, g
s, g
s, g
s, g
s, g

Simulation of time series
(non real-time)

Runoff
Groundwater
water temperature
2
dissolved matter

precipitation
radiation
air temperature
air humidity

y, m, d
d, m
h, d, m

a
s, g
s, g

Extreme value statistics of
floods and low flow (non
real-time)

Runoff
water level

precipitation

y, m
min, max

s

Forecasting (real-time)

Runoff
water level
snow cover, water
equivalent of snow,
snowmelt
soil moisture

precipitation

h, d

s, a

d

s, a

h, d
h, d

s
s

radiation
air temperature

s = point values
a = areal values
g = grid values
y = annual values
m = monthly values
d = daily values
h = hourly values
min = minimum values
max = maximum values
1
= meteorological elements needed for calculation of evaporation
2
= averages of selected weather situations (dry and wet weather conditions)
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What then is the value of hydrological data to climate?
WMO (2002) states that there is a critical need for improved availability of, and access to, global
hydrological data, information and products for climate and hydrological research and
applications in order to quantify key environmental change processes, identify significant trends,
asses variability, and develop response strategies.
The Terrestrial Observations Panel for Climate (TOPC) has identified ten hydrological variables
of importance to climate change monitoring as follows (WMO, 1997):
•
•
•

Seven variables are primarily of hydrological concern – surface water discharge, surface
water storage fluxes, groundwater storage fluxes, precipitation, evapotranspiration, relative
humidity, and transport of biogeochemical materials from land to ocean.
Two other variables – soil moisture and snow water equivalent; and
Water use, arising from socio-economic causes.

Hydrological data is also now being used to improve the performance of Numerical Weather
Prediction (NWP) modelling and thus weather and climate forecasting.
All major national weather services operate a range of NWP models, and these form a vital
component of their operations. The Australian Bureau of Meteorology operates a suite of NWP
models to satisfy its international and national obligations, the needs of its forecasters, and of
individual users. A global model is run twice daily and provides forecasts of up to eight days.
This model has a horizontal grid spacing of about 75 km, and has 29 vertical levels from the
surface to ~30 km. Two regional systems are operated by the Bureau, one over the tropics and
the other over the mid-latitudes. These use common codes, have a horizontal grid spacing of
about 37 km and 29 levels from the surface to ~20 km. These models run twice daily and
provide forecasts up to 48 hours. These models have the time tendencies on their lateral
boundaries updated by the global model fields and are intended to provide shorter range
forecast guidance, particularly for significant weather and rainfall events. Nested inside the
regional models is a mesoscale system. This has a horizontal grid spacing of about 12.5 km
and with finer resolution and better resolved topography than the coarser resolution models,
provides more detailed forecasts of local wind circulations, small scale weather producing
systems and structure of rainfall patterns. This model runs twice daily and provides forecasts
up to 36 hours.
All these models forecast surface and soil temperature, soil moisture, wind speed, wind
direction, rainfall, humidity, and atmospheric variables at all model levels. Data can be output
as often as desired by the user subject to available computer resources, but typically surface
data is output hourly at each model grid point, and the atmospheric variables every three hours.
Improvements in the land surface modelling within operational NWP systems will lead to
improved forecast guidance to the Regional Forecast Centres (RFCs). Improvements in
accuracy of numerical rainfall forecasts, and of surface temperature, humidity, and wind are
expected.
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Main Recommendation
That a regional project for East and Southeast Asia be established under the auspices of Global
Terrestrial Network – Hydrology (GTN-H), together with GCOS, WHYCOS and other relevant
bodies.
Objective
To undertake an audit of the hydrological observation systems of the region in relation to the
objectives of the GTN-H, identify the gaps and develop proposals for establishment of the
observation networks to address these gaps.
Project Design
The project would require the following steps:
1.
2.

3.
4.
5.
6.

Identification and resourcing for a project manager;
Establishment of a small team of experts from the region, to be available over a period of
several months to collect information, and where necessary visit and discuss with
specific countries, the current status of their hydrological networks observing the
identified parameters;
Encourage countries with hydrological observations not yet in Global Data Centres to
provide this information to these centres;
Compilation of a report on the gaps in the observation networks;
Development of project proposals to address these gaps (possibly within the framework
of WHYCOS); and
Provide assistance to the project manager in seeking funding support for these
proposals.

Expected Outcomes
The expected outcomes from such a project would be:
1.
2.
3.
4.
5.

Improved capabilities in countries of the region in support of hydrological observations;
Improved hydrological observations for analysis at the global level;
The ability to better calibrate global meteorological (weather and climate) models;
Improved climate forecasting capabilities;
Information in support of analysis of the impacts/implications of climate change.

Risk and Sustainability
The equipment is available. However, there remains a risk that unless adequately resourced,
the countries will not be able to maintain the systems to the standards required. This risk can
be reduced through the establishment of regional projects under the WHYCOS banner, namely
HYCOS Projects.
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Indicative Budget
No analysis of the required funds has been undertaken at this stage. However, the level of
funding required for similar projects undertaken in other areas and details could be obtained
from a number of regional HYCOS projects.
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Annex 12

PRIORITY NEEDS AND RECOMMENDATIONS: THE TERRESTRIAL CARBON CYCLE
Gen Inoue, CGER/NIES, Japan
The terrestrial Carbon Cycle is one of the critical factors which determine the future climate.
The TAR reports that the global CO2 budgets (in PgC/yr) have changed from 1980s to 1990s as
is shown in Table 1. The land-atmosphere flux, which is the balance of a term due to land-use
change and a residual terrestrial sink, have changed from-0.2 to –1.4. The net land carbon
budget should be estimated by the evaluation of net ecosystem production, which is the
difference between net primary production (NPP) and heterotrophic respiration (Rh), minus the
losses of carbon such as fires, harvesting/removals, erosion and export of dissolved or
suspended organic carbon by rivers to the oceans. The NPP’s are estimated to be in the range
0.7 to 5.9, 0.8 to 7.0, and 2.5 MgC/ha/yr for tropical, temperate and boreal forests, respectively.
However, the losses are not counted well in 1990s. So, the present net biome production (NBP)
is estimated based on atmospheric measurements of CO2 and O2, and an oceanic sink
estimation.
The efforts to understand the global carbon cycle are being organized as “Global Carbon
Project” endorsed by IGBP, WCRP and IHDP. One of the targets is to identify the carbonbudget distribution, either latitudinal, sub-continental, or regional. Two approaches are
recommended there, top-down and bottom-up. From the network data of base-line atmospheric
CO2 monitoring combined with inverse-model analysis, the carbon budgets in sub-continental
scale are successfully estimated. However, the luck of monitoring sites in some area, such as
tropical area, Antarctic sea and continental area, limits the accuracy. The increase of ten more
observation sites at proper points reduces the uncertainty by a factor of three. The priority is put
on the tropical area in Africa, South-east Asia and South America. The air sampling on South
China Sea by NOAA-CMDL is stopped now, and alternatives on boat, island or by aircraft are
required.
The quality control and assessment is another problem to overcome. WMO recommends that
0.1ppm precision should be guaranteed in CO2 measurement for the inter-comparison or
inverse model analysis. It is not easy but can be achieved only by qualification of standard
gases and the critical maintenance of the CO2 measurement system.
The bottom-up approach is the carbon-cycle research on ground combined with scale-up
procedure by model and GIS-data. The direct monitoring of NEP by eddy-covariance method
is an important tool not only to evaluate annual NEP but also to know the response of
ecosystem to the climate variability. The networks of flux measurements are active in Europe,
America and Oceania. Although the flux network, AsiaFlux, is established recently (in 1999),
more than 20 flux sites by Japanese and Korean groups are registered and Chinese will be
added, which suggests the presence of a large potential. In South-East Asia, the flux
measurements in Thailand (Maekong, Phangga, ToDaeng, Bacho), Indonesia (Bukit Soeharto),
and Malaysia (Pasoh) are under operation jointly with Japanese scientists. It is necessary to
integrate these efforts and stimulate the scale-up procedure to reveal the terrestrial carbon
budget in Asia.
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Table 1. Global CO2 budgets (in PgC/yr).
Atmospheric increase
Emission (fossil fuel, cement)
Ocean-atmosphere flux
Land-atmosphere flux
Land-use change
Residual terrestrial sink

1980s
3.3±0.1
5.4±0.3
-1.9±0.6
-0.2±0.7
1.7(0.6 to 2.5)
-1.9(-3.8 to 0.3)

1990s
3.2±0.1
6.3±0.4
-1.7±0.5
-1.4±0.7
n.a.
n.a.

Main Recommendation
The regional project of carbon cycle in East and South East Asia should be established under
the auspices of GCP, together with AsiaFlux network for land-atmosphere flux, and atmospheric
CO2 monitoring network of WMO.
Objective
The terrestrial carbon cycle in South East Asia is one of the important key issues to be revealed
in global point of view. The following approaches, bottom-up and top-down, can be organized
under Global Carbon Project: (i) The monitoring of carbon flux in different types of land cover
and ecosystems, and the understanding of carbon cycle with special emphasis on the response
to the climate change. (ii) The scale up of these measurements by the remote sensing together
with the ground truth database. (iii) The high quality atmospheric CO2 monitoring at several
sites to improve the assignment of carbon sink in regional scale.
Project Design
1. International Office of Global Carbon Project, which will be established at Tsukuba, Japan
and Camera, Australia, will organize Asia Regional Committee. Asia Committee will
summarize the on going national or regional projects or programs as the first step. And then,
the defects of present activities are discussed, and a recommendation will be given where
and what to add and how to improve.
2. The AsiaFlux network, with the office at CGER, NIES, Japan, has been established in 1999.
The activities are as follows: (i) A newsletter is published bimonthly, (ii) Periodical workshops
are hold (Japan in 2000, Korea in 2002, and probably China in 2004), (iii) The flux
observation sites information will be published, (iv) The training course of equipment
maintenance and the data analysis will be organized, (v) The inter comparison can be done
at Tomakomai research site.
3. The flux measurement, the carbon cycle process studies, and the ground truth researches
are on going based on bilateral agreements between research groups. GCP office
encourages these activities and provides more chance of cooperation.
4. The baseline observations of atmospheric CO2 are on going at Cape Ochi-ishi, Hateruma
(CGER/NIES Japan), Ryori, Minamitorishima, Yonagunijima (JMA), Mt.Waliguan (China),
Tae-ahn Peninsula (Korea), Ulaan Uul (Mongolia), in East Asia. However, there is no
monitoring station in South and South East Asia. The establishment of monitoring sites in
this area is an urgent requirement. JMA will support the planned GAW stations (! it should
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be confirmed!). CGER/NIES has a potential to install a fully automated CO2 monitoring
station at a few sites in South East Asia if proper sites are proposed.
5. The baseline CO2 observation by use of aircraft is under operation at three locations in
Siberia, over Sagami-bay (CGER/NIES Japan), over Matsushima (Tohoku-univ.), and on the
commercial line between Tokyo-Sydney (JAL, JAL Foundation, MRI Japan). The periodical
vertical profile measurement of CO2 by use of a small chartered aircraft (up to 4000m) in
South East Asia is possible if proper counter part will support it.
Risk and Sustainability
1. GCP is a ten years project, and the office is funded for first five yeas.
2. AsiaFlux network office and most of the flux monitoring are funded in long term. But the
Japanese activities in South East Asia are funded as research projects in three years term,
and the transfer of instruments and experiences to the local organization is desirable after
the end of the research plan.
3. The ground-base monitoring programs of CO2 above are permanent. The most of the
aircraft monitoring programs are semi-permanent. The expansion of these activities in East
South Asia is dependent on the counterparts.
4. The necessary training is included within the scope of the above projects or programs.
Indicative Budget
1. International GCP office is funded. Asia Regional Office is not well funded but Japanese
Side will fund meeting expenditures.
2. AsiaFlux office is funded. The workshop is partially supported by local organizer. Japanese
research groups will possibly support the training of counterparts.
3. The proposals of atmospheric CO2 monitoring of CGER/NIES are funded for the instruments
and the fundamental operation expenditure. The payment to the supporting staff is not
included.
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Annex 13

VEGETATION MONITORING FROM SATELLITES
Kwoh Leong Keong
Center for Remote Imaging, Sensing and Processing
National University of Singapore

Introduction
Vegetation is a major player in the global carbon cycle. Tropical forest holds an immense
amount of carbon, which joins with oxygen to form CO2. It has been reported that the plants
and soil of tropical forests hold 460-575 billion metric tons of carbon worldwide. And each acre
of tropical forest stores about 180 metric tons of carbon.
Due to human activities, the world’s vegetation, particularly the forest, is depleting. Depletion of
vegetation increases the amount of CO2 and other trace gases in the atmosphere. When trees
are cut and destroyed, the carbon that was stored in the tree trunks joins the oxygen and is
released into the atmosphere as CO2. Releasing CO2 into the atmosphere increases the
greenhouse effect and this may lead to increases in the global temperatures. The greenhouse
effect due to burning of fossil fuel is well known, but deforestation also contributes about 25% of
the amount of increase in CO2 in the atmosphere. The study of global vegetation change is
thus important for mankind to monitor and manage such phenomena.
Recognizing Vegetation
It is almost impossible to survey the vast vegetation of the world from the ground. Satellite
remote sensing techniques promises to be the most effective approach. With remote sensing
data, vegetation can be easily distinguished from most other (mainly inorganic) materials by
virtue of its notable absorption in the red and blue segment of the visible spectrum, its higher
green reflectance and especially, its very strong reflectance in the near-infrared spectrum.
Figure 1 below shows the typical spectral signature of vegetation and other land cover.

Figure 1 -- Spectral Signature of Vegetation, Soil and Water
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Low Resolution Satellite Data
NOAA AVHRR
Perhaps the most widely used data for vegetation studies is the AVHRR on board NOAA PEOS
satellites. AVHRR has five spectral bands, of which band 1 is from 0.58 m to 0.68 m is the
visible green to red region of the visible spectrum and band 2 from 0.725 m to 1.1 m is in the
near infrared region. Vegetation can easily be differentiated with these two bands because
band 2 is significantly higher than band one for vegetation. The difference is more moderate for
other surfaces. Several vegetation indices to quantify the amount of vegetation had been
invented. The most established is the Normalised Difference Vegetation Index (NDVI) defined
as:

NDVI =

Band 2 − band1
Band 2 + Band1

NDVI not only measure the amount vegetation, it also eliminate a large part of the influences
from atmosphere, sun angle and satellite view angle. A popular study is to perform a time
series display of NDVI mosaic over a period such as one year. With such analysis, one can
clearly see the seasonal change.

Figure 2 – NDVI mosaic for Jun 1992 and Dec 1992 (source NASA)

NDVI derived from AVHRR data has the advantage of long availability and this allow it to be use
for very long time analysis. Unfortunately, it suffers from the same disadvantages of AVHRR.
One of the most significant is the navigational inaccuracy of the data.
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SPOT VEGETATION
Noting the importance of monitoring the global vegetation, France, the European Commission,
Belgium, Italy and Sweden put up a VEGETATION programme that involve the flying of the
VEGETATION sensor on board SPOT 4 (launched in 1998) and SPOT 5 (launched in 2002)
satellites, to allow for daily monitoring of terrestrial vegetation at regional and global levels. The
dedicated VEGETATED instrument, though the same low resolution of 1km (as AVHRR), has 4
spectral bands covering the blue, red, near infrared and the short-wave infrared region of the
spectrum. It is also well calibrated and has good navigation accuracies (< 1km). It also has a
wide swath of about 2300 km.
Though local reception of VEGETATION data is possible, it is also possible to obtain the data
directly from the central processing site in Belgium through SPOT Image. Currently two types of
data are available – the P (primary) products which give radiometric corrected satellite image
and the S (synthesis) products which are essentially mosaic products. The S product is further
divided into the one day synthesis (S1) and the 10 day synthesis (S10) products. The familiar
NDVI is also offered in the S products.

Figure 3 – SPOT VEGETATION image of Borneo (11/4/98) © CNES 1998

High Resolution Satellite Data
One-kilometre resolution may be good for global or regional data, but is too course for detail
study of a small area, such as the size of Singapore. For small area, high resolution (20m –30
resolution) remote sensing data such as Landsat and SPOT are readily available. Both Landsat
and SPOT covers the visible to near-infrared region and has bands highly suited for vegetation
study.
CRISP did a study with SPOT data to analyze the change in vegetation cover of Singapore from
1986 to 1997. A total of 7 SPOT XS data were used in this study. Two approaches were
adopted. The first is to analyze the NDVI’s over the years and the second was to classify the
SPOT data and analyze the classified images.
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Figure 4 – Classification by Spectral Signature
(Dark Green: Trees; Light Green: Shrubs/Grass;
Orange: Partially Vegetated; Blue: Non-Vegetated)

Both methods show a general increase in total area under vegetation. However, the rate of
increase is more gradual using the spectral classification method than that derived from the
NDVI maps. The total area under vegetation derived from NDVI values was found to increase
from about 240 sq. km (35% of total land area) in 1986 to about 300 sq. km (45% of total land
area) in 1997.
by NDVI Values

By Classification of Spectral Signature
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Figure 5 – Percentage change of Vegetation Cover
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Conclusions
Satellite remote sensing is an effect tool in monitoring vegetation and vegetation change. For
small area, high resolution SPOT or Landsat data can be effectively used. For regional and
global study, the low resolution data such as AVHRR, SPOT VEGETATION as well as the
current MODIS on board the TERRA and AQUA data are effective data set. The future
NPOESS VIIRS will also have bands very suitable for vegetation monitoring.
It is encouraging to note that even there are agencies such as NESDIS of NOAA and EDC of
USGS that has maintained huge archives of satellite data that dates back to the 70s. We can
perhaps conclude that there is no deficiency in observation (data). What is lacking is perhaps
the processing of the vast data into information. The Global Observation of Forest Cover
(GOFC) program initiated by the Committee on Earth Observation Satellites (CEOS) in 1997 is
a good initiative in this direction. However, a self-sustaining operational effort in forest
monitoring is still a future wish for GOFC.
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Annex 14

MONITORING OF EXTREME CLIMATE EVENTS (MECE)
M.J. Manton
Bureau of Meteorology Research Centre, Melbourne, Australia

Significance of extreme climate events
Human societies and natural ecosystems respond substantially to extreme climate events.
Indeed the vulnerability of many societies is determined largely by their capability to cope with
the extremes of climate. In regions like Australia where the effects of the El Nino - Southern
Oscillation (ENSO) are significant, the flora and fauna have adapted to the large inter-annual
variability of the climate (Nicholls, 1991; Norman and Nicholls, 1991). Because of this sensitivity
to extremes, it is important that we monitor and understand trends and changes in the frequency
and amplitude of climate extremes.
The Third Assessment Report (TAR) of the Intergovernmental Panel on Climate Change (IPCC,
2001) suggests that the enhanced greenhouse effect may lead to changes in extreme climate
events, including
(1)
(2)
(3)
(4)

more extremely warm days and fewer extremely cold days
more intense rainfall events in many regions
increased wind speeds in tropical cyclones
increased risk of floods and droughts in regions affected by ENSO

While noting the importance of our understanding these potential changes in extreme climate
events, the TAR emphasises that such understanding is currently limited by the lack of
adequate data in most parts of the world. It is therefore important for us to establish the
systems that can be used to monitor and analyse climate extremes. The systems need to be
developed on both a global and regional scales. A high-quality consistent global system will
provide the context and calibration for regional and local networks, which can monitor the smallscale features that impact directly on communities.
GCOS and extreme climate events
The Global Climate Observing System (GCOS) is promoting the development of systems that
will meet a number of scientific objectives. A key objective is to ensure that we can characterise
global climate variability, including changes and trends in extreme climate events. This
information is required not only to enhance our understanding and prediction of climate but also
to support assessments of the impacts of climate variability and change on societies and natural
ecosystems.
To meet this and other objectives, GCOS has a strategy that involves the establishment and
maintenance of two types of observing systems: comprehensive and baseline.
The
comprehensive systems include all data that can be assimilated in numerical models to provide
consistent analyses and projections of global climate. The comprehensive systems are
complemented by baseline systems that provide high-quality consistent global data. These
systems provide calibration and benchmarks for more dense regional and national networks.
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The GCOS climate monitoring principles, including requirements on data quality control and
access, provide guidelines for the operation of these systems.
One baseline system is the GCOS Surface Network (GSN), which includes about 1000 sites
across the global land surface. These sites were carefully selected to ensure uniform coverage
and high quality. The baseline data consist of daily rainfall, temperature and pressure.
Monitoring Centres for GSN data are operated by Deutscher Wetterdienst (DWD) and Japan
Meteorological Agency (JMA), and an Analysis Centre for GSN is operated by USA National
Climatic Data Center (NCDC).
The detection and analysis of extreme events places very strict standards on the accuracy and
precision of climate data, as these events (by definition) occur rarely in space and time. Thus,
even small losses of data or precision can mean that statistically significant results cannot be
obtained. The GCOS baseline networks (together with appropriate regional networks) play a
vital role in ensuring that we have a global system capable of detecting trends and changes in
extreme events.
Because extreme events are rare, we need to analyse time series that are as long as possible
in order to get robust estimates of trends. This means that, while we establish systems to
ensure that future measurements are taken and analysed carefully, we must first examine the
historical climate record. In many parts of the world, the historical climate record has not been
digitised, nor examined for quality and homogeneity, nor analysed for trends and changes. For
example, at April 2002, only 318 of the nearly 1000 GSN sites had provided historical data to
the GCOS Archive Centre at NCDC. It is recognised by GCOS that the extraction, analysis and
interpretation of historical climate records can be a valuable capacity-building activity in many
countries.
International activities on extreme events
The Asia Pacific Network for Global Change Research (APN) supports capacity-building
activities on climate variability and change in the Asia Pacific region. In December 1998, the
APN supported a workshop in Melbourne, Australia, hosted by the Bureau of Meteorology
Research Centre (BMRC) and involving representatives from 14 countries in SE Asia and the
SW Pacific. The workshop aimed to promote participation in the evolving international activities
on monitoring and detecting trends and changes in climate extremes.
Following the successful meeting in 1998, the APN has supported similar workshops (Manton,
M.J. and Nicholls, N., 2000) in December 1999 and April 2001. (The fourth APN workshop is to
be held in December 2002 in Melbourne.) These workshops have led to the development of a
consistent analysis of trends in rainfall and temperature across the SE Asia – SW Pacific region.
The joint analysis has been published in the International Journal for Climatology by the 23
participants in the second workshop. A major outcome of the work has been the establishment
of a network of scientists across the region who have a continuing interest in maintaining the
measurements and analysis for monitoring extreme climate events.
An outcome of the APN process has been the extension of the workshops to other regions by
groups working under the auspices of the World Meteorological Organization (WMO).
Workshops have been held in Jamaica in January 2001 (Peterson et al., 2002), and in Morocco
in February 2001.
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The System for Analysis Research and Training (START) is the capacity-building arm of the
international research programs on climate and global change. The growing interest in
analysing extremes in climate led START in 2000 to initiate a program on Monitoring Extreme
Climate Events (MECE), with the aim of promoting the rehabilitation and analysis of climate data
and detecting climate trends and variations in climate extremes in developing countries. The
strategy of the MECE program is to link the capacity-building activities of START with the
relevant international programs of GCOS, WMO and the World Climate Research Programme
(WCRP).
Future activities
It is clear that there has been effective progress in promoting the need for a greater focus on
climate extremes in all countries of the world. In anticipation of this need, the IPCC (2002) held
a workshop in Beijing in June 2002 to identify and plan relevant work that should be available
for the Fourth Assessment Report in 2006. The Second GCOS Adequacy Report, due for
completion in early 2003, should also identify deficiencies in our current capability to monitor
climate extremes on a global scale.
There is a further need for a greater effort in relevant capacity building, and the MECE program
should provide a framework for this activity. Subject to funding further APN-type workshops are
planned for central and southwestern Asia.
However, to make substantial progress on the rehabilitation (i.e. digitisation, quality control,
homogenisation and analysis) of historical climate data, a major initiative is required. The
attachment to this paper provides a brief outline of a project that would effectively and efficiently
promote such rehabilitation in a sustainable manner.
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Recommended project
Objective
To promote the digitisation, archive, accessibility, quality control and analysis of regional climate
data in a sustainable manner
Description
At the Third APN workshop in 2001, it was agreed that rehabilitation and analysis of the
historical climate record should be the highest priority activity for progressing the climate
extremes issue. In most countries, many of the historical data remain in paper form. It was
apparent that some countries lack the basic knowledge and infrastructure to digitise their
historical records. Unlike developed countries where staff resources are usually the largest
impediment to solving this problem, a number of developing countries could digitise their data if
they were given appropriate infrastructure and training.
It is proposed that the process of digitisation could be commenced in a number of developing
countries by a technician travelling to each country. Portable PCs will need to be set up with the
appropriate software for archiving, quality controlling and analysing the data. The technician will
visit a country, train local people, check that they can enter and quality control their data, and
then leave the PC behind. There will need to be continuing liaison (mainly through email) to
ensure that the process continues smoothly.
Occasional workshops will need to be held, to provide a forum for all participating countries to
maintain their skills and to become familiar with current developments in data management and
analysis.
Outcomes
The outcomes of the process will include
•
•
•
•
•

the establishment of relatively cheap but very effective infrastructure in developing countries
to support the digitisation of historical climate data
the enhancement of the local capability in developing countries to archive and analyse
climate data
the generation of consistent data sets and analyses of climate extremes across the
participating countries
the promotion of a network of scientists in developing countries with interest and skill in the
analysis of climate extremes
the development of a group of scientists in developing countries who could contribute
directly to national analyses on the impacts of climate change and to national participation in
international processes such as the IPCC and GCOS.

Risk and sustainability
The success of the APN workshops over the last four years suggests that the risk of the
proposed approach is low. Provided a low level of continuing interaction is maintained through
email and workshops, it is expected that the continual updating of data and analyses will
maintain the initial interest and capability.
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Annex 15

OBSERVATIONAL NEEDS FOR DISASTER PREPAREDNESS
IN EAST AND SOUTHEAST ASIA
Glenn Dolcemascolo
Asian Disaster Preparedness Center

Context
•
•
•
•
•
•

Of the total number or people reported killed from natural disasters in the last decade, 80 %
are in Asia.
In the same period, 81% of all disasters reported were hydro- meteorological.
Satellite and ground observations have potential applications in all phases of the disaster
management cycle.
All countries in the region have established National Disaster Management Organizations,
which include representatives from National Meteorological Agencies.
Awareness of the relevance of disaster management in achieving national development
objectives is increasing.
Awareness of the value of climate information, for disaster management and vulnerability
reduction is growing as well.

Recommendations
1. Improved coverage of ground observing stations
More climate observing stations recording key indicators will allow forecasters to better
understand local weather and climate conditions, to describe the local impacts of the El Nino
Southern Oscillation (ENSO) more accurately, and to better anticipate the onset of extreme
climate events.
Basic indicators include, for example: air pressure; maximum and minimum temperatures,
rainfall, rainy days, RH, cloud cover, wind speed and direction, stream flow, water levels, soil
moisture, land cover, topography.
Forecasters throughout the region are beginning to develop capacity to downscale regional
climate models for producing seasonal forecasts that can be useful for disaster managers and
decision-makers in a broad range of sectors. Enhanced coverage will allow forecasters to
adjust the assumptions about prevailing indicators in sites where no observational data had
been available.
Currently, countries throughout the region vary widely in their capacity to collect observational
data. The following table illustrates the range of capacities based on self-assessments of
meteorologists participating in the First Asian Climate Training Program held in May 2002.
The categories outlined below reflect variations in terminological conventions used in the region
as well as the challenges of communicating technical information in what was for most
participants a foreign language. More detailed assessment of the specific indicators collected at
each of these stations will be useful.
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Overview of Observational Stations in Southeast Asian countries

Country
Cambodia
Indonesia

Synoptic
Stations/
Surface Agromet
Climate Discharge
WWW
stations stations
Met
Auxiliary stations stations
stations Stations
14
160
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14
60
2

7

400

Lao PDR
Philippines
Brunei
Vietnam
Malaysia
Myanmar
Singapore
Thailand
Vietnam

34
77
75
180

9

49

Rainfall
stations

Hydrological
Stations

7000 (60% in
Java)
147 Rain
gauges; 108
Staff gauges

15

150
145

18

30

34
29

754

50

1024
800

16
250

In addition, several countries listed satellite-receiving stations (such as those provided by
NOAA) among their observational capacities and all regularly use data provided by ASMC, IRI,
WMO, ECMWF, NOAA, BOM, etc.
While the simple axiom “more is better” holds true in the context of modelling complex systems,
national coverage should strive to be representative of the climatic zones in the country,
province or district in question.
Finally, disaster managers should be introduced to the potential applications of currently
available data sets and provided an opportunity to determine additional observational needs
based on national priorities. The upcoming conference on Space-based technologies and
disaster management to be held in Bangkok in November 2002 presents an opportunity for such
an introduction.
2. Address capacity building needs as well as observational needs.
Because the true value of climate observations lies in their application, discussion of
observational needs should address the capacity of individuals and institutions to process,
analyze and interpret and communicate the observations.
Capacity within the region varies widely. Ongoing initiatives aim to strengthen capacities in
meteorological and sectoral agencies through a variety of training programs. These and similar
initiatives should be supported and expanded. Moreover, special attention should be given to
developing sustained institutional structures at the national level for nationally-supported
capacity building mechanisms with training conducted in national languages.
Similarly, observation needs can’t be easily divorced from the question of communicating the
information. In addition to ensuring that seasonal and emergency warnings reach the decision
makers and the public, the success of ground observation network relies on an a system for
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relaying observational data to more central locations for processing and analysis. Currently, the
condition of communication systems varies widely in the region. In Laos for instance,
observational data is carried by motorcycle to district office. In inclement weather it does not
arrive. Considering that the current observational gaps are found in more remote regions,
bridging the digital and telecommunications divide between rural and urban areas should be a
high priority for any disaster management information system.
Finally, as capacity is enhanced through data sharing, it is important to resolve the political and
institutional barriers to sharing data among national governments and with partner institutions
involved in disaster management projects.
3. Conduct a comprehensive assessment of disaster management applications to
determine observational needs
To better identify the observational needs in the region will require a thorough assessment of
current disaster management applications, capacities, data sources and data gaps. Such an
assessment should involve national disaster management organizations as well as the
meteorological and sectoral agencies involved in producing disaster management information.
The assessment should also recognize the users of this information (such as the operational
divisions of sectoral agencies and district- or provincial-level civil authorities). Initiating dialogue
between these groups during the assessment process will help to ensure that the analyses and
warnings produced provide the type information needed to operationalize vulnerability reduction,
disaster preparedness and response plans.
The assessment should also consider integrating atmospheric, hydrological and terrestrial
observations with observations of human activities and conditions. Settlement patterns,
epidemiological reports, socio-economic and agricultural observations, for instance, might be
included as well. Understanding human variables is invaluable for disaster managers and, as
climate data is frequently combined with socio-economic and other data for analyses, it may be
useful to consider harmonizing the data sets when designing the observational system.
In addition, such an assessment should consider the factors affecting vulnerability in key
sectors. For example, in 2002, the Republic of Kenya reported on Factoring of Weather and
Climate Information into Disaster Management Policy. The report identified specific indicators
for disaster management in water resources, food security and agriculture, natural resources,
public safety and infrastructure, transportation and energy and public health.
Similar
assessments might be carried out in Southeast Asian countries and could help to identify gaps
in observational data.
An assessment should also consider all phases of the disaster management cycle – from
prevention and mitigation to response and recovery. The UN International Decade on Natural
Disaster Reduction (IDNDR) Conference on Early Warning Systems for Reduction of Natural
Disasters (held in Potsdam, Germany in September 1998) declared that the successful
application of early warning is the most practical and effective measure for disaster prevention.
Observational data has already proven invaluable in the development of early warning systems
through the region. An initial overview of early warning capacity in five Southeast Asian
countries, included below, illustrates the diversity of partners involved in producing and using
climate information for disaster reduction.
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While ground and remote observations can also strengthen capacity in other aspects of disaster
management, such as vulnerability assessments and response planning, the potential remains
unrealized.
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Appendix
Hazard forecast institutions and responsibilities in five Southeast Asian Countries
Country

Forecast

Institutions and Infrastructure
-

Cambodia

Weather
and
Tropical
storms

Department of Meteorology (DoM), Ministry of
Water Resources and Meteorology (MoWRAM)
MoWRAM

Floods

-

Department of Hydrology and River Works
(DHRW), MoWRAM
-

-

1 office for Flood forecasting
15 provincial hydrometeorological offices
6 observation stations with 3 data loggers
72 newly established rain stations

-

Activities
Data collected from 14 Synoptic stations and
RSMC
Issue of 24 hour forecast
Warning disseminated to Minister offices,
NCDM, Media, fisherman, farmers
Monitor ENSO impact on the country
Monthly average and minimum temperature
Applies local models and Regression Analyses
and Sogreah Model Analyses for prediction
3 days of water level prediction and warning
Communication by radio, messenger
Data sent to MRCS by facsimile
Receive water level data of 4 countries sent by
MRCS

Bureau of Meteorology and Geophysics (BMG)
Indonesia

Weather

-

Lao PDR

Weather
and
Flood

Typhoon

Application of Stochastic Models and
ARIMA for weather prediction
Assisted by the application of RAINMAN
software from Australia

Department of Meteorology and Hydrology
(DMH)

-

-

74 hydro stations
86 rainfall stations
34 meteorological stations

-

Water Administration Division (WAD)
64 hydro stations
23 rainfall stations

-

-

-

World Area Forecast Center, Bracknell,
Regional
Specialized
Meteorological
Center (RSMC)

-

Philippines

Weather,
Typhoon

Philippine Atmospheric, Geophysical and
Astronomical
Services
Administration
(PAGASA)

-

60 synoptic stations that send daily
weather data to central forecast office
Global spectrum model used to analyze
and results translated into weather
forecasts

-

Flood
-

-

Flood Forecasting Bureau (FFB)
Vietnam

Weather,
flood

Hydrometeorological Services (HMS)

-
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2 seasonal forecast and monthly forecast in
the SFA, dry season forecast (before March)
and wet season forecast (before Sept.)
Takes into account ENSO parameters for
seasonal forecast
Hydrometeorological data collection
Daily and long range forecast
Provide hydrometeorological services to
Ministry
of
Agriculture,
Forestry
and
Environment
Data transferred from local stations by
messenger, post, television, internet
Hydro meteorology data collection
Data from WAD forwarded to MRCS by email
and fed in computers
Supplies tornadoes warning
Low resolution meteorological satellite receives
satellite photos from GMS-5
Warning disseminated through the Bangkok
node
3 hourly weather observation
Weather map as a tool for distribution of
atmospheric pressure, wind temperature and
humidity
Hourly satellite images from GMS-5 and cloud
coverage
Data sent from synoptic stations via single
band radio, telephone, email
6 hourly weather observation sent to other
countries,
RSMC
and
Global
Telecommunication System (GTS)
Monitoring and data collection from rain
gauges and sent to Central Flood Forecasting
Office.
Flood forecasting models used for analyses of
flood situation
Prepares weather and flood forecast
Operates a high resolution satellite image
receiving system and five radar system
2 regional hydrometeorological centers
Plans for flood hazard zones in under a
UNDP/USAID project and a flood alert system
on river basin m0st vulnerable to floods.
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Annex 16

MONITORING AND PREDICTING LAND FIRES AND HAZE IN SUPPORT OF
THE REGIONAL HAZE ACTION PLAN
Woon Shih Lai
Director
ASEAN Specialized Meteorological Centre, Singapore
Introduction
Transboundary haze pollution arising from land and forest fires has been the most prominent
and pressing environmental problem facing ASEAN today. Such problem resurfaced almost
every year during the drier months. The situation often developed into a disastrous level when
there were severe droughts or prolonged dry spells. For instance in years when strong El Nino
was present, the much drier climate conditions would lead to escalation of land fires and
consequently widespread dense haze blanketing a large part of the region. In addition, the
increasing economic development activities in the region in recent years, fueled by the
accelerated tapping of land use and natural resources, had also contributed to higher frequency
and severity of land fire and haze disasters. The increasing land fire activities and the impact of
the resultant transboundary haze can be seen in the figures below which showed the duration of
haze episodes that affected Singapore in recent years. The observations made elsewhere in
Indonesia and Malaysia would probably exhibit similar pattern.
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The large scale burning in the region often led to the undesirable destruction of vast natural
forestland and hence could create long term impact to the global and regional climate. The
resultant thick smoke that enveloped the region would also have shorter-term effects on the
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weather and climate conditions in the region in particular with regard to its negative radiative
forcing. In fact, IPCC Working Group 1 in its 2001 report has stated that the effects of
anthropogenic aerosols on the climate constituted one of the largest sources of uncertainty in
qualifying climate change. Hence the information and data gathered while monitoring the land
fires and smoke haze could also contribute to the comprehensive effort in observing the global
climate.
Regional Haze Action Plan
The ASEAN Specialized Meteorological Centre (ASMC), co-located with Meteorological Service
Singapore (MSS) was established in 1993 as an ASEAN project to facilitate the development of
weather prediction models and related R & D programmes in the region. After the severe
Southeast Asia haze episodes in 1994 and 1997, when several ASEAN Member countries were
badly affected, the ASEAN Environmental Ministers decided to adopt a Regional Haze Action
Plan (RHAP) to alleviate the problem. In the RHAP, ASMC was assigned the role to monitor
land and forest fires and the resulting smoke haze in the region. It was tasked to provide daily
updates of fire and haze report to the environmental and meteorological authorities as well as
other agencies involved in the RHAP activities. In addition, the Centre also provided advice and
reports regularly to ASEAN Environment Ministers and senior officials during the ASEAN
Ministerial Meetings on Haze, and Meetings of Regional Haze Technical Task Force and SubRegional Fire Fighting Arrangement. Working in conjunction with the National Meteorological
Services in ASEAN, the Centre has been providing the following support to RHAP.
•
•
•
•

Provision of assessment on weather and climate outlook and alerting users and agencies of
conditions that are likely to lead to significant incidents of fire and haze.
Maintaining surveillance on fire and haze in the region and making available the monitoring
results to users through a web based dissemination system.
Engaging in development and collaborative programmes to continuously enhance the
capacity in monitoring environmental disasters.
Contributing and coordinating regional projects to strengthen the support and technical
capabilities of Meteorological Services in ASEAN.

Information and Data Monitored & Services Offered
To effectively disseminate land fire and haze information as well as other related messages to
the users, an ASMC Intranet website was launched in early 1998. The data posted on this
Intranet include the following:
•
•
•
•
•
•
•
•
•
•

Daily satellite pictures depicting the hotspots and haze areas in the region;
Daily analyzed map of hot spots location;
Haze map showing the hotspots and wind flow;
Daily updated text file listing the locations of hotpots;
Daily analyzed and predicted wind conditions in the region;
Haze trajectory and dispersion map (when significant events occurred);
Weekly update of regional rainfall records;
Monthly update of consensus forecast of regional climate conditions;
Archive of selected fires and haze satellite pictures;
Pollution index and other information
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To maintain constant surveillance of the climate and environmental conditions in the region,
ASMC has also strengthened its remote sensing facilities particularly the satellite observing
systems. Currently it is tracking and processing data from all the NOAA polar-orbiting satellites
as well as FY satellites and MODIS data from NASA’s EOS satellites. At the moment, the main
use of these data has been for land fire and haze surveillance but the multi-channel data
received have many other potential applications including the monitoring of land use, changes in
environmental conditions, the occurrences of floods and other natural disasters. As much as
possible, these data are being archived and arrangements can be made if there are special
requirements for specific subset of data to be captured separately. Samples of some of the
processed data which are updated daily on the website are shown below.
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Prediction of Fire Activities and Haze
Most of the fires that occur on forested islands in the region are related to human activities and
not caused by lightning strikes. They invariably emerge in the dry seasons and become more
frequent and widespread during severe droughts. Predicting the seasonal and inter-annual
climate, particularly the recurrence of dry climatic conditions, would be the first step towards
forecasting the land fire and haze episodes. As severe droughts in the region have always been
linked to El Nino, tracking of ENSO events has therefore become important. In the shorter-term,
the effort would be to predict windows of dry spells in various parts of the region during the fireprone months. While fires have started, low level wind flows prediction and dispersion models
would be used to forecast the spread and impact of the smoke haze.

Programmes to Enhance Monitoring & Prediction Capacities in the Region
Recognizing the need to beef up the region’s capacities to better support the RHAP, several
ASEAN Dialog Partners have participated in collaborative projects with ASMC and the National
Meteorological Services in the region to further enhance the land fire and smoke haze
surveillance and prediction capabilities. These activities include the implementation of
programmes to improve transboundary haze pollution monitoring, the use of Geostationary
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Satellite data to identify areas that have not been receiving rainfall for a prolonged period, and
training activities to upgrade the seasonal and inter-annual forecasting capabilities in ASEAN.
In addition, ASMC has initiated collaborative programmes with NOAA to implement an ASEAN
Regional Climate Model and to carry out validation work jointly with other scientists in the
region. To be effective in implementing these activities, the Centre has also been progressively
enhancing its computing and remote sensing systems and facilities whenever necessary with its
own resources.
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Annex 17

START AND AIACC PROGRAMMES IN EAST AND SOUTHEAST ASIA
Anond Snidvongs
Southeast Asia START Regional Center

START
The System for Analysis, Research and Training (START) is a non-governmental research
network initiated by the International Geosphere-Biosphere Programme (IGBP), Global Change
International Human Dimension Programme (IHDP), and World Climate Research Programme
(WCRP). In East and Southeast Asia START has the Temperate East Asia Regional Center
which is located at the Chinese Academy of Science in Beijing, China and the Southeast Asia
Regional Center (SEA START RC) which is located at Chulalongkorn University in Bangkok,
Thailand, to carry out regional research and capacity building projects related to global changes
and their impacts on natural environment and human society.
AIACC
One of the global initiatives of START concerning climate change is the Assessments of
Impacts and Adaptations to Climate Change in Multiple Regions and Sectors (AIACC). As a
response to the IPCC Third Assessment that recognized that developing countries are strongly
vulnerable to climate change and that their capacity to understand their vulnerability and to
adapt to the change are still very limited, the AIACC was initiated through funding from GEF and
jointly implemented and executed by START, the Third World Academy of Science (TWAS),
UNEP, and the IPCC.
Globally, there are presently 20 regional studies under AIACC. These regional studies are
funded for up to 3 years to carry out investigations of climate change vulnerabilities and
adaptation in developing countries. More than 100 scientists from over 30 countries participate
in these studies. It is expected that execution of these regional studies and provision of training
and technical support will enhance scientific capacity in developing countries for continued
research on climate change impacts, adaptation and vulnerability beyond the AIACC project.
Reports and peer-reviewed journal publications from the individual regional studies and crosscutting AIACC synthesis reports will add to the state of knowledge about the potential
consequences and adaptive responses to climate change in developing countries, and thereby
contribute to future international assessment activities, such as those of the IPCC. The reports
and peer-reviewed publications will provide a stronger information base for, and be reflected in,
national communications on climate change vulnerability and adaptation that are submitted to
the United Nations Framework Convention on Climate Change. Stakeholder participation in
AIACC studies and workshops will facilitate use of information generated by AIACC in
adaptation decision-making.
Four of the AIACC regional studies in East and Southeast Asia are:
•

Potential Impacts of Climate Change and Vulnerability and Adaptation Assessment for
the Grassland Ecosystem and Livestock Sector in Mongolia (Punsalmaa Batima,
Institute of Meteorology and Hydrology, Mongolia);
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•
•
•

Integrated Assessments of Vulnerabilities and Adaptation to Climate Variability and
Change in the Western Region of China (Yongyuan Yin, International Earth System
Sciences Institute, Nanjing University, People’s Republic of China;
An Integrated Assessment of Climate Change Impacts, Adaptation, and Vulnerability in
Watershed Areas and Communities in Southeast Asia (Rodel Lasco, College of Forestry
and Natural Resources, University of the Philippines at Los Baños, Philippines; and
Southeast Asia Regional Vulnerability to Changing Water Resource and Extreme
Hydrological Events Due to Climate Change (Anond Snidvongs, Southeast Asia START
Regional Center, Thailand).

The sectors that these regional studies address vary widely from the grassland ecosystem and
livestock in Mongolia, to food supply, water shortage, land use conflicts, desertification,
salinization, ecosystem deterioration, and railway construction in the Tibetan permafrost region,
to water resources and forest ecosystems in insular catchments in the Philippines and
Indonesia, and to water resource and wetland ecosystem in the Mekong Basin. However, the
study approach carried out by these regional studies generally follow the guidelines set by
AIACC in that it will cover:
•
•
•
•
•

Regional and local scale climate modelling under different CO2 scenario;
Sectoral impact assessment and mapping;
Coping range and adaptive capacity assessment based on multi-stakeholder
participatory, simulation modelling, geographical information system (GIS), and other
approaches;
Vulnerability assessment based on combination of magnitude of impact to and adaptive
capacity of each sector;
Adaptation options using multi-criteria approach, cost-benefit analysis and other decision
support tools.

AIACC Regional Study 07 - Southeast Asia Regional Vulnerability to Changing Water
Resource and Extreme Hydrological Events Due to Climate Change
Climate scenario and variability to some degrees under different atmospheric CO2 will be
generated for the Mekong Basin at ~10 km resolution using a stretched grid GCM “Conformal
Cubic Atmospheric Model (CCAM)” of the CSIRO Division of Atmospheric Research, Australia.
At the moment, the present time simulation is being verified by the IPCC 0.5 degree global
monthly climate. A higher resolution monthly climate map for the region would substantially
improve our regional and local climate scenario generation.
Projected daily precipitation, maximum-minimum temperatures, and wind speed will be the input
for the regional and catchment scales hydrological model. The Variable Infiltration Capacity
(VIC) for the Southeast Asia region was developed at SEA START RC and daily meteorological
data available from the UCAR website was used as the forcing in the model
calibration/verification step. The calculated runoff and discharge were calibrated against the
daily observed data available from the local source.
The regional resolution (e.g., <10 km) daily interpolation of meteorological data taking into
consideration topographic effects would be very useful for AIACC AS07 to improve our regional
hydrological model calibration. Beside standard meteorological observation, soil moisture and
water discharge in streams and rivers in the region would be particularly relevant to the project.

104

Availability of real or near-real-time climate and hydrological data for the region, although may
not be directly relevant to AIACC, can be used in other regional initiatives of SEA START RC,
especially on the flood forecasting. At the moment there are two general approaches for flood
forecasting in the region, the multiple regression approach and the hydrological process
approach. The former, frequently together with the concept of artificial neural network (ANN),
use the real-time discharge or runoff observation to forecast the water regime over the next
several days. This approach can be very accurate and very relevant to the day-to-day water
management but it does need a very efficient observation network and data transfer
mechanism. The process based forecasting, such as the one developed at SEA START RC,
however, depends less on the real-time hydrological observation. As once the system is
calibrated and verified it can use the grid-based weather forecast from a meteorological service
in the region as the input for the model. However, accuracy from this latter approach may not
be as accurate as the former one. A combination of the two approaches would make the
hydrological forecasting more robust and at the same time practical for the region.
Next Steps: Capacity Building
Under the present framework, the AIACC Regional Study AS07 focuses mainly on the regional
assessments and science-policy linkages. It does not directly focus on the capacity building,
especially at the national and local level.
Through the preliminary contacts and coordination, it is very obvious that most of the countries
involved in this regional study, i.e. Cambodia, China, Lao PDR, Myanmar, Thailand, Viet Nam,
still lack expertise to carry out impact assessment, adaptive capacity assessment and policy
option analysis in relation to climate change. Past experience in these countries also clearly
pointed out that short-term training is not an effective way for this type of assessment and
analysis, as these processes involve stakeholder participation, field work and other techniques
that need to be trained by some practical means.
Realizing the limitation of conventional training, SEA START RC is now developing a number of
proposals to build human capacity in Southeast Asian countries to address the climate change
impact and adaptation via practical research. Study sites will be selected in each country and
relevant sectors to be affected by climate change in each site will be identified. National
participants will be involved in the study from the planning step through to the assessment and
policy formation. The whole practical training process will take about one year under guidance
from international experts. Some of the tools to be used in the practice will include the regional
climate model and model downscaling, the GIS application in climate change impact study,
stakeholder participatory methods, multiple criteria and cost-benefit analyses, and others.
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Annex 18

CO-ORDINATED ENHANCED OBSERVING PERIOD (CEOP):
OBSERVATIONS FOR MONSOON SYSTEM
Toshio Koike, CEOP Lead Scientist, University of Tokyo
Water resources management, flood control and water supply to human activities and
ecosystems is strongly affected by water cycle variations. Sometimes, we suffer very severe
floods and droughts, which are caused by anomalous state of the water cycle. The water cycle
on local, regional and global scales fluctuates interactively among atmosphere, land and ocean.
Even when we are concerned with local water resources management, we should understand
regional and global water cycle variations as well as local ones and improve their predictability.
However, there is no physically consistent and comprehensive water cycle data set which
covers interactions among phenomena on local, regional, and global scales. Toward more
accurate determination of the water cycle in association with climate variability and change as
well as baseline data on the impacts of this variability on water resources, the Coordinated
Enhanced Observing Period (CEOP) was launched on July 1, 2001, is now in the buildup phase
after the preliminary data period from July to September, 2001, and will have the two annual
cycle periods from October, 2002 to September, 2004.
CEOP is seeking to achieve a database of common measurements from both in situ and
satellite remote sensing, model output, and four-dimensional data analyses (4DDA; including
global and regional reanalyses) for a specified period. In this context, a number of carefully
selected reference stations are linked closely with the existing network of observing sites
involved in the GEWEX Continental Scale Experiments, which are distributed across the world.
The initial step of CEOP is to develop a pilot global hydro-climatological data set with global
consistency under the climate variability that can be used to help validate satellite hydrology
products and evaluate, develop and eventually predict water and energy cycle processes in
global and regional models. Based on the data set, we will address the studies on the intercomparison and inter-connectivity of the monsoon systems and regional water and energy
budget, and a path to down-scaling from the global climate to local water resources, as the
second step.
The CEOP was originally proposed by the Global Energy and Water Cycle Experiment
(GEWEX) Hydrometeorology Panel (GHP) and initiated and managed within GEWEX of the
World Climate Research Programme (WCRP). It is being developed and implemented within the
WCRP, in particular, the Climate Variability and Predictability (CLIVAR) study, the emerging
Climate and Cryosphere (CliC) project, and the Working Group on Numerical Experimentation
(WGNE), which is a joint activity between the World Meteorology Organization (WMO)
Commission for Atmospheric Sciences and the WCRP Joint Scientific Committee (JSC). The
Committee on Earth Observation Satellite (CEOS) agencies use their best efforts to contribute
to CEOP and, in particular, to cooperate the satellite data integration and the field campaigns at
reference sites. It has also been endorsed by the Integrated Global Observing Strategy
Partnership (IGOS-P) as the first element of the IGOS Water Cycle Theme.
CEOP will enable us to address local to global water cycle issues through a 'hands-on,' focused
examination of the water cycle over the particular time period. Furthermore, the knowledge
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gained should be shared worldwide for maximum societal benefits. The next step is to support
international frameworks for long-term monitoring of the water cycle and for maximizing the use
of new water cycle information for disaster prevention including floods and draughts. To
achieve this overall goal:





We need to establish an international ground-based observational network of the water
cycle by engaging a broad group of participants beyond those contributing to CEOP.
We need a comprehensive and continuous satellite observing strategy for the water cycle,
especially for the global rainfall.
We need to establish information systems and services for integration of the observational,
model, and social water/land use data and products, and for international distribution of data
for interpreting scientific outputs for actual social applications.
We need international administrative expertise and governmental cooperation from all
countries to apply the newly integrated water cycle information for maximum societal benefit.
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Annex 19

INTEGRATING CLIMATE OBSERVATION: DATA ASSIMILATION AND REANALYSIS
Masato Sugi
Climate Prediction Division, Japan Meteorological Agency
GCOS aims at climate monitoring, detection of climate change, utilization of climate data,
understanding climate system, and improving climate prediction skill. To achieve this goal,
GCOS set up three panels: AOPC for atmospheric observation, OOPC for oceanic observation,
and TOPC for terrestrial observation. AOPC established GSN and GUAN as basic climate
observation systems. The highest priority of GCOS, therefore, should be to maintain and
enhance these basic observation systems. However, it is obvious that these basic observation
systems alone cannot achieve the GCOS goal. The number of ground base observation stations
is quite limited and there are many data sparse areas on the globe. Particularly over the ocean,
density of observation is not adequate and the utilization of satellite data is indispensable.
Indeed, not only the satellite data but also any other available data should be used. To utilize
various type data with different quality, a method of integrating observation data is necessary.
Data assimilation is the best way to do this.
Data assimilation technique has been developed at weather forecasting centers for numerical
weather prediction (NWP). The initial data for NWP is made every day routinely with data
assimilation system using various type observation data, including conventional ground based
observation data and many kinds of satellite data. Data assimilation system produces the best
estimate of the state of the atmosphere at a given time by using NWP model and all available
observation data. The data assimilation using NWP model is the best way for integrating
observation data. Therefore, the past results of data assimilation at operational weather
forecasting centers, which is called “objective analysis”, may be the best integrated climate data
set. However, one problem is that the quality of objective analysis is not homogeneous
throughout the past period. Because of the progress in the NWP model and data assimilation
technique, the quality of objective analysis in the early days is not as good as the most recent
one. Moreover there is no operational objective analysis prior to 1979. To produce more
homogeneous and long time climate data, data assimilation has to be repeated with the most
recent model and data assimilation system, using the past observation data. Such data
assimilation for the past observation data is called “reanalysis”.
Several reanalysis projects have been carried out and are going on (Table 1). Japan
Meteorological Agency (JMA) started a five-year reanalysis project (JRA-25) in April 2001 in
cooperation with Central Research Institute of Electric Power Industry (CRIEPI). The main
target of JRA-25 is operational climate system monitoring and more accurate reconstruction of
Asian climate. Another target is to improve dynamical seasonal prediction by providing the initial
conditions for hindcast and validation data for the model. The reanalysis also provides forcing
data for other component of climate model, such as ocean, land surface and chemical transport
model.
We have noted one problem in the reanalysis. Although reanalysis aims at a homogeneous past
climate data set, the input observation data for reanalysis is not homogeneous. Particularly,
there is a big gap in the data between the pre-satellite period and satellite period. Even within
the satellite period more satellite data is available in recent years than in early years. Such
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inhomogeneity may seriously affect the result of reanalysis. To produce a more homogenous
climate data set, for example, reanalysis for satellite period should be repeated without using
satellite data, and compared with the reanalysis with satellite data. Then, we will be able to
estimate the errors introduced by not using satellite data.
•
•
•

We recognize that integrating all available observation data other than from GCOS basic
observation systems is necessary to achieve GCOS goal. Data assimilation is the best way
for integrating various type observation data.
Operational weather forecast centers should produce improved reanalysis, a high quality,
homogeneous, long time climate data set, to achieve GCOS goal.
Free access to the reanalysis products, as well as the input observation data for the
reanalysis, should be promoted.
Table 1. Reanalysis projects.
Name
JRA-25

Organization
JMA/
CRIEPI

ERA-15

ECMWF

ERA-40

ECMWF

NCEP-NCAR
(Reanalysis1)
NCEP-DOE
AMIP-II
(Reanalysis2)
GEOS1
GEOS2

NCEP-NCAR
NCEP-NCAR
NASA
/DAO
NASA
/DAO

Period
19792004
19791993
1958present
1948present

Resolution
T106L40
(plan)

Assimilation

T106L31

OI

TL159L60

3DVAR

T62L28

3DVAR

19791999

T62L28

3DVAR

19801996

2x2.5
L20

OI+IAU

1979-

1x1 L48

3DVAR
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Memorandum

3DVAR
Completed in
1996
Expected to comp-lete
in 2003
Data for 1957-1996 in
1996
Completed up to
1996
Completed up to
1994
Analysis for FGGE
started

Annex 20

USE OF SATELLITE DATA IN SYNTHESIZED DATA SETS
Phil Arkin
University of Maryland, USA
The observations from individual instruments and observing systems are essential to GCOS.
However, most climate parameters are observed only sparsely in space and/or time, while
others are difficult or impossible to observe directly at all. Thus even when combined they
provide only an incomplete depiction of the full variability of the atmosphere and its boundaries.
GCOS requires a variety of approaches capable of integrating observations into a complete and
comprehensive portrait of the global climate system. The products of such integrating
processes are referred to here as synthesized data sets.
In general, there are three methods for producing synthesized data sets:
1. Spatial and/or temporal interpolation of observations of one parameter from a single
instrument, such as rain gauges or thermometers.
2. Statistical combinations of observations of a single parameter from a variety of
instruments, such as rain gauges and precipitation estimates derived from satellite
observations.
3. Data assimilation, which involves the use of numerical models to obtain a dynamically
and thermodynamically consistent interpolation of data onto a regular grid, such as in
numerical weather prediction or reanalysis.
In many of these situations, observations from satellites play a critical role. Three examples will
be described briefly here.
•

The production of fields of sea surface temperature (SST) relies upon a careful
combination of observations from ships and buoys with observations from satellite. The
satellite observations provide the spatial and temporal sampling necessary to fully
describe the spatial and temporal variability in SST, while the in-situ observations
provide the quantitative accuracy that is required to make the analyses useful for most
purposes.

•

The assimilation of satellite observations is crucial to the ability of global assimilation
systems to accurately depict the details of the general circulation of the atmosphere.
While analyses derived from radiosonde data alone are reasonably accurate over large
parts of the Northern Hemisphere, such analyses are subject to significant errors in the
Southern Hemisphere and the tropics. Evidence from reanalyses has shown that the
accuracy of Southern Hemisphere atmospheric analyses and the forecasts made from
them improved dramatically with the availability of satellite observations of the vertical
distribution of temperature in the atmosphere. There are also indications that the
assimilation of cloudiness and precipitation lead to improved analyses of the large-scale
divergent circulations in the tropical atmosphere and to better predictions of tropical
weather and climate variability.
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•

The derivation of fields of large-scale precipitation covering large parts of the globe
depends upon the combination of a variety of observations. Estimates derived from
visible and infrared observations from geostationary satellites provide excellent spatial
and temporal sampling, but with poor accuracy since the available observations are of
the tops of clouds. Observations from several passive microwave instruments provide
much more accurate estimates of precipitation over the ocean, and somewhat more
accurate estimates over land, but with poor spatial and temporal sampling. Several data
sets based on the combination of estimates based on satellite observations with rain
gauge observations to reduce bias have been developed. One such technique will be
described in the presentation.

Synthesized data sets based partially on satellite observations are and will continue to be
central to the ability of regional networks to monitor variations in their climate. Such networks
also have a critical role to play in the continued availability and improvement of such
synthesized products. In most, if not all, cases, the satellite observations form a majority of the
data points actually used in the product. However, the overall quality and accuracy of the
synthesized products are highly dependent upon the availability and quality of in-situ
observations of the sort only available from regional and local observing networks. Thus the
successful observation and monitoring of the global climate system is critically dependent on a
robust partnership between regional and local observing systems and the creators of largescale synthesized data sets.
Recommendations:
• The developers and producers of synthesized data sets should make their critical
requirements for in-situ observations well known to the operators of regional and local
observing networks.
• The developers and producers of synthesized data sets should make their products
conveniently available to local authorities, and must ensure that feedback regarding
quality and usability of the products is obtained and used.
• The operators of regional and local observing networks should appreciate the critical
need for high quality, reliable in-situ observations to make possible the derivation of
many of the large-scale synthesized products they find useful.
• The operators of regional and local observing networks should endeavor to ensure the
regular availability of in-situ observations to the developers and producers of
synthesized data sets.
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Annex 21

QUESTIONNAIRE ON OBSERVING SYSTEMS FOR CLIMATE

Purpose of the questionnaire
The Conference of the Parties to the UN Framework Convention on Climate Change has invited
the Parties to the Convention to submit national reports on the status of their observing
systems. Although voluntary for developing countries, GCOS considers these reports especially
important for these countries and an opportunity to reach high-level policymakers. The following
questionnaire has three purposes: first, to help workshop participants begin to focus on
compiling the information that will be the basis for national reports to the UNFCCC; second, to
prepare workshop participants to actively participate in the workshop; and third, to provide basic
information that can be used after the workshop in the development of a regional observing
system Action Plan. The questions are intended to elicit information on the adequacy of
observing systems and about what is needed to improve them.
Questions pertaining to the status of observing systems
Meteorological
1. If your country has already prepared a national report, could you bring this to the workshop?
Otherwise, could you complete Table 1 in the UNFCCC Guidelines? How many GSN and
GUAN stations are located in your country? What is the operating status of each of these
stations?
2. If requested GSN and GUAN observations are not currently being received by monitoring
centers, what is the nature of problems in making and/or transmitting these observations?
3. If your country has not already done so, what are the plans for furnishing historical GSN data
and metadata to the National Climatic Data Center in line with the request from the WMO
Secretariat in September 1999?
Oceanographic
4. Are you aware of the Global Ocean Observing System? Do you contribute to it?
5. How does your country contribute to oceanographic observations? For example, with
respect to sea surface temperature, sea level, temperature and salinity profiles, etc., what type
and how many of each type of platform does your country operate? If you have completed
Table 2 of the UNFCCC Guidelines, please bring it with you.
6. What problems, if any, do you have operating these platforms?
Terrestrial
7. Are you aware of the Global Terrestrial Observing System? Do you contribute to it?
8. What observations does your country contribute to terrestrial networks, and, in particular, to
hydrology and carbon networks? If you have completed Table 3 in the UNFCCC Guidelines,
please bring it with you. What other terrestrial programmes are in place or are being
contemplated that contribute to observational needs for climate?
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9. What problems do you have or foresee related to making terrestrial observations?
Space-based
10. In what ways are you participating in space-based observing programmes? Do you utilize
observations from satellites? If so, in what ways? How are these observations received? In
what other ways do you participate in space-based programmes?
General
11. If your organization does not have direct access to the information required to answer the
above questions, which organizations in your country do have this access? How can we, and
you, communicate with these organizations?
Questions pertaining to needs of users
1. What are your observational needs for monitoring local climate change, climate variability,
and extreme events. Do you feel observing systems are adequate? If not, what is needed?
2. What types of observations would be valuable for user needs that are not now being made?
3. How useful is the available data for developing regional climate change scenarios? How
could it be improved?
4. How useful is the available data for vulnerability and adaptation studies? What additional
types of data are needed?
5. What capacity building needs related to observing systems do you have? What capacity
building needs do you see elsewhere that need to be met?
6. What advice do you have for improving interaction between generators and users of climate
data?
----------------

The UNFCCC Reporting Guidelines as well as explanatory notes on the Guidelines that GCOS
has prepared can be found at http://www.wmo.ch/web/gcos/gcoshome.html. At the site, click on
“GCOS and the UNFCCC” and then scroll to below the heading “GCOS Regional Workshops.”
Completed questionnaire should be sent by e-mail to GCOSJPO@gateway.wmo.ch

114

Annex 22

LIST OF ACRONYMS AND ABBREVIATIONS
AIACC
AOPC
APN
ASEAN
ASMC
AVHRR
CEOP
CEOS
CLIMAT
CLIMAT TEMP
COP
CRISP
ECMWF
ENSO
FRIEND(S)
GAW
GAWSIS
GCOS
GDPS
GEF
GHG
GLOSS
GOFC
GOOS
GOS
GPS
GSN
GTOS
GTS
GUAN
ICSU
INFOHYDRO
IOC
IOC/WESTPAC
IPCC
JCOMM
MECE
NEARGOOS
NESDIS

Assessment of Impacts and Adaptations to Climate Change in
Multiple Regions and Sectors
Atmospheric Observation Panel for Climate
Asia-Pacific Network
Association of Southeast Asian Nations
Asian Specialized Meteorological Centre
Advanced Very High Resolution Radiometer
Co-ordinated Enhanced Observing Period
Committee on Earth Observation Satellites
Report of monthly means and totals from a WWW land station
Report of monthly aerological means from a land station
Conference of the Parties (to UNFCCC)
Center for Remote Imaging and Processing
European Centre for Medium-Range Weather Forecasts
El Niño/Southern Oscillation
Flow Regimes from International Experimental and Network Data
Sets
Global Atmosphere Watch
GAW Station Information System
Global Climate Observing System
Global Data Processing System
Global Environment Facility
Greenhouse Gas
Global Sea Level Observing System
Global Observation of Forest Cover
Global Ocean Observing System
Global Observing System
Global Positioning System
GCOS Surface Network
Global Terrestrial Observing System
Global Telecommunication System
GCOS Upper-Air Network
International Council for Science
Hydrological Information Referral Service
Intergovernmental Oceanographic Commission
International Oceanographic Commission, Western Pacific Office
Intergovernmental Panel on Climate Change
Joint Technical Commission for Oceanography and Marine
Meteorology
Monitoring of Extreme Climate Events
North-East Asian Regional GOOS
National Environmental Satellite, Data, and Information Service
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NMHS
NOAA
NWIN
PAGASA
SBSTA
SEACAMP
SEAGOOS
SPOT
START
TOPC
TOPEX/
POSEIDON
UNDP
UNEP
UNESCO
UNFCCC
USGS EDC
WCRP
WHYCOS
WMO
WWW

National Meteorological and Hydrological Service
National Oceanic and Atmospheric Administration
National Water Information Network
Philippine Atmospheric, Geophysical and Astronomical Services
Administration
Subsidiary Body for Scientific and Technological Advice
(UNFCCC/COP)
Southeast Asia Centre for Atmospheric and Marine Prediction
Southeast Asia Global Ocean Observing System
Test Earth Observation Satellite
System for Analysis, Research and Training
Terrestrial Observation Panel for Climate
Ocean Surface Topography Experiment
United Nations Development Programme
United Nations Environment Programme
United Nations Educational, Scientific and Cultural Organization
United Nations Framework Convention on Climate Change
U.S. Geological Survey’s EROS Data Center
World Climate Research Programme
World Hydrological Cycle Observing System
World Meteorological Organization
World Weather Watch (WMO)
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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
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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)
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