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Executive Summary
The United Nations Framework Convention on Climate Change (UNFCCC), through the Conference
of the Parties (COP) and its Subsidiary Body for Scientific and Technological Advice (SBSTA), has
repeatedly identified the urgent need for improving the availability and access to systematic global
observations of climate variables for the purposes of the Convention. This report is in response to an
invitation1 by SBSTA and based on an empirical survey carried out among managers of data archive
and monitoring centres, primarily those associated with the Global Climate Observing System
(GCOS) baseline networks. It analyzes the availability and accessibility of atmospheric, hydrological
and related cryospheric data relevant to climate, highlights data exchange problems, and provides
possible remedy options from the perspective of relevant data monitoring and archive centres. A
summary2 of this report has been submitted to the twentieth session of SBSTA (June 2004) as a
preliminary analysis.
Despite a number of deficiencies, the infrastructure for global data exchange exists for
meteorological, including atmospheric composition, climate variables. Designated monitoring and data
archive centres are in place that allow for easy access to climate datasets. In the hydrological domain,
a designated international data centre is in place only for river flow properties, and large gaps exist in
the receipt of data from existing networks. Substantial effort is still required in terms of hydrological
data standardization (e.g., improved metadata), standard operating practices, data policy,
infrastructure, and awareness. The situation is better in the related cryospheric domain, where
designated monitoring and archive centres are operating.
The major problems and challenges identified in this study include:
•
•
•
•
•

Reluctance of some countries to exchange data, due to a number of reasons;
Need to improve the awareness of climate requirements for global data exchange;
Technical problems in preparation, transmission and receipt of climate messages;
Resource limitations in developing countries and, to some extent, in archive and monitoring
centres;
Data and metadata standardization and data stewardship.

The existing situation could be improved by increasing awareness, on the political and scientific level
within countries and funding agencies, of the importance and benefits of the free and unrestricted
data exchange for climate purposes. Continuing encouragement is required from international bodies
(e.g., WMO, ICSU, UNFCCC) for efforts by the international data centres to obtain permission from
countries for the release of data and the rescue of historical climate records. A clearer expression of
requirements for global climate data by the climate science community would be useful in discussing
with countries the needs to exchange data.
Data management, stewardship, and long-term access to data were seen as crucial by the data
centres. The international data archive centres are major assets in providing free access and
distribution of climate data and products, and therefore require sustained long-term funding. In
addition, the monitoring centres are essential to maintain the quality and regular receipt of data,
through the capability to provide timely and appropriate feedback to observers. Furthermore, there
was an emphasis on the need for consistent time series of climate observations, which are made
more feasible by technological progress.
The development of the Future WMO Information System (FWIS) provides a framework for the
collection and exchange of data, products and information in general within current WMO
Programmes and related international programmes. The data exchange problems identified in this
study, which are relevant for the WMO information system, should also be addressed within the
framework of the FWIS. Furthermore, the evolution of the GCOS baseline systems should be
coordinated with the development of the FWIS.
1

Conclusion # 7 from the eighteenth session of SBSTA was: “To better understand the barriers to improving the receipt, at
global data centres, of data from atmospheric and hydrological networks, the SBSTA invited the GCOS Secretariat to prepare,
in consultation with the World Meteorological Organization (WMO), an analysis of specific problems and of options to remedy
them, for consideration by the SBSTA at its twentieth session. The SBSTA further invited the GCOS Secretariat to comment, in
its report, on the accessibility of data from global data centres”.
2
Available from the GCOS home page: http://www.wmo.int/web/gcos
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1.

Background

The United Nations Framework Convention on Climate Change (UNFCCC) has repeatedly identified
the need for improving the availability and access to systematic global observations of climate
variables as an urgent requirement of the Convention3. Improved data are needed for understanding
the anthropogenic causes of climate change, identifying concentrations, sources and sinks of
greenhouse gases, assessing climate variability and extreme events, and tracking climate changes
over time. All require a sound basis of long-term observational climate data of high quality. In this
connection, the World Meteorological Organization (WMO) has called for the global exchange of
meteorological and related data “on a free and unrestricted basis”4. Major deficiencies have been
singled out by the Intergovernmental Panel on Climate Change (IPCC, 2001)5 and the Global Climate
Observing System (GCOS, 2003a)6, and can be summarized in two major categories: (1)
inadequacies in the global observing systems for climate, and (2) unavailability of the observational
data that have been collected due to problems in the exchange, management, stewardship, and
access to the data. For example, IPCC (2001) states in general terms that over one third of the
Earth’s land mass is not covered by historical climate observations due to a lack of data exchange.
This study concentrates on above-mentioned category (2) by highlighting specific problems in the
exchange of data in the atmospheric and hydrological domains for the global in situ networks, based
on an empirical survey of managers of data archive and monitoring centres. This work is in response
to an invitation to the Global Climate Observing System (GCOS) Secretariat from the UNFCCC
Subsidiary Body for Scientific and Technological Advice (SBSTA) at its 18th session in June 2003, in
order “to better understand the barriers to improving the receipt, at global data centres, of data from
atmospheric and hydrological networks”, to “prepare, in consultation with the WMO, an analysis of
specific problems and of options to remedy them”, and to “comment, in its report, on the accessibility
of data from global data centres”.
The primary emphasis of the study was to survey the data archive and monitoring centres associated
with the GCOS baseline networks, which routinely measure:
•
•
•

Meteorological variables,
Atmospheric composition variables, and
Hydrological and related cryospheric variables,

as a part of a global network, mainly for the purposes of the climate community. This includes real or
near-real-time observations as well as the rescue and receipt of historical data records, data
monitoring, systematic storage, and appropriate interfaces for data access. The monitoring and quality
control aspect is especially important for climate research and assessment, where requirements on
data quality are high for issues such as trend detection or initial conditions for climate models.
In light of the requirement to address the data exchange and access issues highlighted in the
Implementation Plan for the Global Observing System for Climate (GCOS, 2004)7, as well as in the
Implementation Plan of the Global Earth Observation System of Systems (GEOSS), the insights given
by this study can be used as specific examples for the case of atmospheric and hydrological climate
data (in support of the UNFCCC) in the GCOS context.

2.

Scope of Study

This study focuses primarily on the global data archive and monitoring centres associated with the
GCOS baseline networks, dealing with in situ atmospheric Essential Climate Variables (ECVs), and,
where available, in situ hydrological and cryospheric ECVs.
3

UNFCCC Article 5(b), 1992.
WMO Resolution 40 (Cg-XII), 1995.
IPCC (2001): Climate Change 2001: The Scientific Basis. Contribution of Working Group I to the Third Assessment Report of
the Intergovernmental Panel on Climate Change. Cambridge University Press, Cambridge, UK and New York, NY, USA,
881pp.
6
GCOS (2003a): Second Report on the Adequacy of the Global Observing Systems for Climate in Support of the UNFCCC.
GCOS-82 (WMO/TD-No. 1143), 80pp.
7
GCOS (2004): Implementation Plan for the Global Observing System for Climate in Support of the UNFCCC. GCOS-92
(WMO/TD-No. 1219), 136pp.
4
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Managers of the respective monitoring and data archive centres were contacted to assess specific
problems in the receipt of real-time, near-real-time and non-real-time data, e.g., due to incorrect data
formatting, poor measuring equipment, or internal resource constraints. Monitoring and quality control
of data streams were examined in terms of feedback mechanisms to ensure regular high-quality data
production. Issues around the accessibility of obtained and monitored data, by internet or other
means, were also analyzed. The accessibility issue has been assessed from the data providers’
perspective, leaving aside the view of scientists or other users. Figure 1 indicates the scope of this
study within the overall data flow of the GCOS baseline networks.
Appendix 2, Tables 1 and 2, show a list of contributing entities and persons to this report. The tables
are ordered by the associated observing network or system of networks that the respective centres
are associated to8. A list of acronyms is provided in Appendix 5.

2.1.

Data Receipt

Receipt is understood as real-time, near-real-time, or delayed mode influx of data in digital or other
form at a data centre. “Delayed” can imply as distant in time as 100 years, as is the case in the rescue
of historical paper records from archives, which can be highly important for the reconstruction of past
climatic conditions. In most data archive centres, some kind of monitoring of the regularity and quality
of the incoming data is being performed. For some climate variables, both monitoring and archive
functions are united in the same institution or even person. The following set of questions was
addressed to responsible managers of centres that receive data:
•

Are there specific problems and remedy options with respect to data receipt at your data centre,
be they due to telecommunications failures, poor measuring equipment, wrong data format,
monitoring/archive centre internal processing, or archive centre resources?

•

How well is a common agreed (meta)data format accepted by users, and used in your operations,
if existent?

The responses give rise to issues around the operation of measurement stations (e.g., hardware
quality and maintenance, sustained funding, staff training and remuneration), the relation of station
staff to the data (scientific, commercial interests), standard operating guidelines, and calibration
efforts, for example.

2.2.

Monitoring

Monitoring means overseeing the timely, regular provision of data to data archive centres from
identified observation stations at an agreed level of accuracy, consistency, and completeness. A
whole catalogue of measures has been established by different monitoring centres to adapt and react
to poor quality of received data or failures of data receipt. These range from quality control algorithms
regarding data formats, manual and automatic plausibility checks, trade-offs between timeliness and
completeness of data, to various feedback and notification mechanisms directed to station operators.
The latter are crucial for timely detection of random and systematic errors in the data. Feedback
mechanisms thus provide a cost effective measure to prevent uncertain corrections of data at later
dates, since biases usually become apparent in time. Enhancements of data quality and submission
rate can, e.g., consist of on-site staff training, improved instrument maintenance and funding, or
commitment by involvement of station operators into scientific projects.
The following questions were asked regarding the monitoring activities of data archive and monitoring
centres:
•

How do you perform monitoring and quality control of the data you are concerned with?

•

Do you have comments/suggestions with respect to the monitoring centre's current/future work
and duties?

8

Data and/or monitoring centres may also be associated to other networks or systems of networks.
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2.3.

Accessibility

Quick and easy access to data is to be provided by data archive centres, once the observational data
have been received and monitored properly. All efforts in sustaining a global network of stations and
maintaining systematic quality control are futile if the data are subsequently not made available to the
interested user. Issues here are the user interface of the data archive centre (e.g., web access,
access on demand), the time delay between request and release of data, and limitations to the free
availability of data in the archives, be they based on political, economical, or scientific grounds. The
kind of information made available by the data archive centre is another issue. Many users that are
interested in a particular climate variable do not desire the raw data themselves, but rather products

Scope
of
study

Figure 1:

Schematic illustration of the scope of this study, based on the example of GCOS baseline
networks (from GCOS, 2003a).

that have been created from the raw data, mostly using additional data, context information, model
input and the like (e.g., users need a gridded interpolated map of precipitation for the Earth for a
particular month, rather than point source raw precipitation data for that month from 40 000 stations
worldwide).
As mentioned before, only the data providers’ view of affairs has been explored within the realms of
this study, and the question of what data and products are required by the scientific and decisionmaker community goes beyond that. However, it may be very instructive to shed light on the scientific
users’ (or decision-makers’) perspective in order to assess the true benefits and possible
shortcomings of the data archive centres’ function (“What are the scientific requirements to climate
observation networks and data archives in an ideal world?”). This aspect has not been covered by
relevant publications, e.g., by IPCC (2001). The second of the following two questions asked to data
archive centre managers addresses this issue from their perspective:

5

•

Once incoming data are properly received and monitored, can you comment on their accessibility
from the data archive, the state-of-the-art and use of the archive’s internet access, if available,
and possible delay times?

•

To which degree are atmospheric/hydrological products available from your data archive centre,
and being requested by the user community? Can you comment on the benefits of these products
for users?

3.

Discussion

3.1.

Data Exchange in Atmospheric Networks

3.1.1. GCOS Surface Network
Essential Climate Variables: Surface air temperature, Precipitation, Surface air pressure
Archive/Lead Centre - US National Climatic Data Center/World Data Centre for Meteorology
The US National Climatic Data Center (NCDC) is the archive centre for the GCOS Surface Network
(GSN) and GCOS Upper-Air Network (GUAN), as well as being a WMO/CBS lead centre for GSN and
GUAN data. Its responsibilities include contacting countries with the purpose of obtaining historical
datasets, digitizing paper records, reformatting received data, overseeing GSN/GUAN monitoring
activities (see sections below), and making all received data available.
NCDC undertakes activities to rescue and digitize historical climate records, in order to extend
available time series for surface air temperature and precipitation as a part of its Global Historical
Climatology Network (GHCN) dataset. This has involved digitizing station history files, old books,
maps and paper records. Currently, some historical GSN data for 407 out of the 981 GSN stations
worldwide have been made available in response to requests from WMO. Historical data for another
364 GSN stations are available to NCDC from other archival sources.
Figure 2 displays the total number of GSN stations in comparison with the total amount of GSN
stations for which data are actually available from the GHCN dataset, for mean surface air
temperature. Curves for precipitation are similar in shape. The total number of stations belonging to
the GSN increased steadily until 1960, when the growth in number reached a plateau near today’s
981 stations. Monthly and daily data holdings increased similarly, with monthly data generally
outnumbering daily data until the past decade. The dip in monthly data around 1990 is due to delays
in updating the GHCN, which depend on retroactive data compilations, such as the World Weather
Records, which are processed in decadal steps (the last one 1991-2000). The decrease in monthly
data around 1970 is mainly due to the suspension of extensive efforts to digitize historical data at that
time. The recovery of monthly data in the mid-1990s can be attributed to facilitated data exchange,
following the WMO initiative of CLIMAT (WMO, 1995)9 data transmission over the GTS.
An overview map of available GSN daily station data in the historical perspective is shown in Figure 3,
bearing in mind that it is acknowledged that daily synoptic data generally does not adequately replace
monthly climate data (CLIMAT reports, mainly for reasons of data quality. Usually, however, stations
that regularly send daily SYNOP data (WMO, 1995) also report adequately on a monthly basis.
Figure 4 gives a similar picture, but for each station, weighs the amount of data in the data archive
against the potential amount of data available for each station, derived from the number of years of
operation.
Data can be ordered through NCDC’s website10. A new version of the website is due to be completed
by September 2004.
For stations sending daily (SYNOP) data to the data archive centre, but not the desired monthly
(CLIMAT) data, activities are underway within the World Climate Programme (WCP) and World
Weather Watch (WWW), in coordination with GCOS, to improve this situation. These include the
9

World Meteorological Organization (1995): Manual on Codes - International Codes Vol.I.1 Part A (Alphanumeric Codes).
WMO-No. 306, 492pp.
10
See list of Internet References on page 33.
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detailed checking of errors and automating the process of preparing CLIMAT messages by
appropriate data processing software.

Figure 2:

Historical daily and monthly mean surface air temperature data for GSN stations
available from the NCDC GHCN dataset. ‘Estimated Potential’ (upper line) is the
total number of GSN stations existing historically, while the monthly data (middle
line) and daily data (lower line) are stations for which data are actually available
from NCDC. The drop in monthly data in the 1990s is mainly caused by delays in
updates of the GHCN data archive.

Problems and challenges are as follows, including some suggested remedy options:
(1) Lack of resources at data archiving centre to rescue and archive climate data
Many historical climate records are not widely available, due to a lack of demand, interest, or
human and technical resources. Substantial effort is required to contact countries for historical
data records and convince them to release their data. Progress is being made, but slowly.
Explicit requests have to be issued to countries by WMO and its lead centres (e.g., NCDC),
for the release of climatological data, which are otherwise not distributed freely. National
points of contact are being identified, but not all countries have done so. More resources for
establishing and maintaining contact with countries are urgently needed. In addition,
resources are required to harmonize and organize daily and monthly GSN data available from
different sources and in different formats into the data archives.
(2) Restriction of data access to special interest groups
Many countries do not regularly submit climate data to NCDC. In some cases, bilateral
agreements between national organizations and NCDC have proved quite successful in
getting data released. Progress is slow, however. Obtaining data over a region in many
cases requires great effort to contact countries individually, and data release is sometimes
restricted to specific purposes. Currently, a joint WMO Commission for Climatology/CLIVAR
Expert Team for Climate Change Detection, Monitoring and Indices, in cooperation with IPCC
and GCOS, is working with scientists to develop a set of indices for analyses of climate
extremes. These indices will be calculated using national data, analyzed on a regional basis
and then synthesized into a true global analysis for use in the next IPCC Assessment.
(3) Lack of human, financial and technical resources in countries, or at stations, to rescue data
through digitizing paper records and quality-controlling and archiving the data.

7

Figure 3:

GSN time series data availability using all NCDC can provide. This includes data
from the official GSN archive, Global Daily Climatology Network, long-term data
from bilateral agreements, and from synoptic reports sent over the Global
Telecommunication System (GTS; often incomplete). Some stations provide
more than 100 years worth of data, calculated from 1880 on.

Figure 4:

GSN potential data availability using all NCDC can provide. This includes data
from the official GSN archive, Global Daily Climatology Network, long-term data
from bilateral agreements, and from synoptic reports sent over the GTS (often
incomplete). The map considers for each station the availability of data from
NCDC relative to the complete data time series from the beginning of
observations.

Monitoring Centres – Japan Meteorological Agency (JMA) and Deutscher Wetterdienst (DWD)
The GSN monitoring function is being split up between JMA (CBS Lead Centre for GSN; temperature
data monitoring) and DWD (CBS Lead Centre for GSN; precipitation data monitoring). Both
institutions supervise the regular submission of all global climate data from the GSN stations via the
GTS. The data, which are required to be provided in the CLIMAT data format (WMO, 1995), consist of
historical records which can be complemented by near-real-time data. Surface air temperature and
precipitation quantities are coded within the CLIMAT reports.
Timeliness and completeness of the submitted datasets is being checked, and non-reporting stations
flagged. A well-defined consistency and quality control processing chain, including manual interaction
and automated steps (e.g., the FORMCHECK format verification software), ensures high quality of
data and allows regular public issuing of network performance indicators and charts on the internet.
The CLIMAT monthly report reception rate, according to JMA, amounts to 55% in early 2001, which
improved to 65% in late 2002. In terms of submission time, 51% of all reports are being received by
the 8th day of each month for the previous month, as laid down in the operating principles, whereas by
8

the 20th day, 60% could be confirmed recently. Generally, the GSN monitoring centres give higher
priority to the completeness of station records than to their timely receipt.
Problems and challenges are as follows, including some suggested remedy options:
(1) Differences in monitoring results between DWD and JMA
Differences in performance results do exist between the DWD and JMA monitoring centres for
comparable sets of CLIMAT reports, although monitoring procedures are expected to be
identical (CLIMAT reports represent the standard ASCII data format in which GSN climate
data are coded). Further investigations are required to determine the reasons for such
differences. For example, a comparison between the CLIMAT bulletins and reports received
at both monitoring centres, and the CLIMAT bulletins and reports available on the GTS as a
whole should be carried out regularly, in order to ensure a complete and efficient reception of
CLIMAT bulletins and reports at the GSN monitoring centres (see section 3.1.3).
(2) Low GSN performance in some regions
Low reception rates of GSN stations have consistently been noted in Africa (WMO Region I)
and Antarctica.
(3) Wrong format of incoming data
Regular data receipt is often subject to erroneous coding of the CLIMAT reports in terms of
the message itself as well as station metadata. Current efforts undertaken by WMO WCP and
WMO WWW, in coordination with GCOS, try to address this situation. These include the
detailed checking of errors and automating the process of preparing CLIMAT reports by
appropriate data processing software

3.1.2. GCOS Upper-Air Network
Essential Climate Variables: Upper-air temperature, Air pressure, Wind speed and direction,
Water vapour
Archive/Lead Centre - US National Climatic Data Center/World Data Centre for Meteorology
The US National Climatic Data Center (NCDC) is the archiving and lead centre for the GCOS UpperAir Network (GUAN). Data receipt and accessibility conditions are comparable to those described in
the previous section for GSN data. Attempts to rescue historical data records and make them
available by NCDC are a permanent priority.
Problems and challenges are as follows, including some suggested remedy options:
(1) National reluctance to release data and lack of awareness of the need for historical data for
climate purposes (e.g., IPCC assessments, regional impact studies)
The refusal of certain countries to make the data collected under their auspices available to
the global data centre (except possibly for the daily global weather forecast) poses a serious
challenge for climate studies. This is partly due to unclear national responsibilities and
commercialization issues. For example, an effort led by the Meteorological Service of France
(Météo-France) rescued, and digitized, daily synoptic upper-air (and surface) data measured
in 14 West African countries (“African database”). The data have not been released in their
entirety to the public; to date only four countries agreed to allow free access to these data.
(2) Lack of funding for station operation consumables
In general, regular operation of a GUAN station requires sustained funding for relatively
expensive balloon and rawinsonde material for each launch (around USD 200 for the
cheapest set of equipment that still allows to comply with GCOS monitoring principles).

9

Monitoring Centres (UK Met Office Hadley Centre, ECMWF)
The Hadley Centre monitors the monthly data for the GCOS Upper-Air Network (GUAN). Additionally,
daily GUAN data are registered and checked by the European Centre for Medium-Range Weather
Forecasts (ECMWF). Automated quality checks are used to determine the need for manual quality
checks. Overall, there is indication of a small improvement in the reporting of CLIMAT TEMP reports
since 1998. Timely documentation of monthly monitoring results and procedures are made available
through a dedicated website.
Problems and challenges are as follows, including some suggested remedy options:
(1) Problems in receiving monthly GUAN data
Poor coding of data and missing data are attributed by the monitoring centre to
telecommunications failure. The monitoring centre is unable to quantify whether a station is
taking data, but not reporting through the telecommunications system, or is simply not
operating.
(2) Significant gaps in data coverage
Many stations in Africa, South America and in small island states are not operating routinely
due to the high cost of operations, especially consumables.
(3) Lack of funding for station operation – consumables
In general, regular operation of a GUAN station requires sustained funding for the purchase of
relatively expensive balloons and rawinsondes (around USD 200 for each launch).

3.1.3.

Global Observing System (GOS) Regional Basic Climatological Network

Essential Climate Variables: Surface air temperature, Upper-air temperature, Precipitation, Air
pressure, Water vapour, Wind speed and direction, Cloud properties
Monitoring Centres (WMO World Weather Watch)
The backbone of worldwide operational observation and processing of synoptic meteorological data is
the WMO World Weather Watch (WWW) Global Observing System (GOS; WMO, 2003)11. It consists
of in situ and satellite observing systems, telecommunication centres and systems (i.e., the GTS), and
data processing and forecasting centres, which are operated by the WMO Member states. The
Regional Basic Climatological Network (RBCN)12 is an approximately 2000-station subset of the
synoptic WWW network, which produces CLIMAT and CLIMAT TEMP reports (WMO, 1995)13. RBCN
nominally includes all GSN and GUAN stations, therefore, data exchange issues related to the RBCN
are directly relevant to the operation of GSN and GUAN.
The CLIMAT and CLIMAT TEMP reports issued from the RBCN stations are part of the global set of
observational data exchange on the GTS. The CLIMAT and CLIMAT TEMP reports are compiled
within bulletins, which are exchanged on the GTS. The GTS consists of an integrated network of
point-to-point and multi-point circuits, which interconnect telecommunication centres14. The exchange
(“switch”) of bulletins received by each centre with adjacent centres or with point-to-multipoint systems
(e.g., satellite distribution systems) is carried out in accordance with predefined tables, so-called
routeing catalogues. The WWW centres make arrangements to relay CLIMAT and CLIMAT TEMP
bulletins on the GTS in order to satisfy their specific data requirements. These arrangements include
the maintenance or updating of the routeing catalogues of the GTS centres for the relay of the
required bulletins from the originating centre to the recipient centres. Relays according to routeing
tables are necessary, as some bulletins may be received by only one particular GTS centre, but not at
others.
11

WMO (2003) : Manual on the Global Observing System, Volume 1 (Global Aspects). WMO-No. 544, 51pp.
http://www.wmo.int/web/www/ois/rbsn-rbcn/rbsn-rbcn-home.htm
13
See also the WMO plan for the migration of codes: http://www.wmo.int/web/www/DPS/Migration/MigrationPlan.pdf
14
http://www.wmo.int/web/www/TEM/gts.html
12
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Telecommunication centres that deal with CLIMAT and CLIMAT TEMP reports and bulletins are
Cairo, Melbourne, New Delhi and Toulouse. Cairo additionally has the function of a pre-analysis
centre for these data formats.
All regional and global telecommunication hubs within the GTS have established data monitoring
procedures and algorithms for quality control. To harmonize the performance of these hubs and to
detect other failures in data measurement and transmission, the WWW coordinates monitoring
exercises of the GOS in regular intervals for all levels of contributing telecommunication hubs,
including appropriate feedback mechanisms. Monitoring of the synoptic data quality is key in these
monitoring exercises, including the Annual Global Monitoring (AGM) and the Special Main Telecommunication Network Monitoring (SMM)15.
The formats of the WWW operational information were designed to satisfy the requirements of the
WWW at a time when there were no relevant ISO standards. The WWW operational information will
migrate to a standardized format of metadata and catalogues, based on emerging ISO standards,
through the implementation of the Future WMO Information System (FWIS) (see following subsection).
Problems and challenges from the WWW perspective with regard to climate data are as follows,
including some suggested remedy options:
(1) Insufficient application of WMO standards to climate data
The monitoring of the CLIMAT and CLIMAT TEMP bulletins shows deficiencies in the
application of WMO standards in accordance with defined Traditional Alphanumeric Code
Forms (FM 71-XII CLIMAT and FM 75-XII CLIMAT TEMP). In 2004, the WMO Secretariat
carried out a study that addressed these deficiencies16. The WMO Secretariat informed the
WMO Member countries of the deficiencies found for each country and invited them to take
appropriate action. Moreover, the WMO Secretariat issued a handbook for CLIMAT and
CLIMAT TEMP reporting (WMO, 2004)17, which should guide the WMO Members in preparing
and formatting CLIMAT and CLIMAT TEMP reports and bulletins.
(2) Ensuring the reception of climate data exchanged on the GTS at GCOS centres
The GCOS monitoring and archive centres receive CLIMAT and CLIMAT TEMP bulletins from
GTS centres, so-called Regional Telecommunication Hubs (RTH). They should cooperate
closely with these GTS centres to improve the reception of the required CLIMAT and CLIMAT
TEMP reports and bulletins that are exchanged on the GTS, based on above-mentioned
WWW operational information (WMO, 2004). For example, the GSN Monitoring Centres at
DWD and JMA should cooperate with relevant RTHs of the GTS (e.g., Offenbach am Main,
Tokyo) to identify and receive all CLIMAT reports and bulletins available on the GTS.
Moreover, analysis and feedback to the results of the WWW SMM monitoring exercise with
regard to GSN-related CLIMAT reports and bulletins are likely to improve the GSN network
performance.
(3) Migration of climate data code formats
Specific attention should be given in the coming years to the complete migration of climate
data formats transmitted over the GTS. That is, the migration from Traditional Alphanumerical
Codes (such as FM 71-XII CLIMAT and FM 75-XII CLIMAT TEMP) to Table Driven Code
Forms (e.g., BUFR, CREX) during the period 2005-2010. This transition period ensures the
correct migration of the representation of the data into a Table Driven Code Form, and the
reception of the data at the GTS centres in the appropriate format.
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WMO (2004) : Handbook on CLIMAT and CLIMAT TEMP reporting. WMO/TD-No. 1188, 91pp.
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Development of the Future WMO Information System
The multiplicity of systems operated for different WMO Programmes has resulted in incompatibilities
of information systems, inefficiencies, duplication of efforts and higher overall costs for countries.
WMO Congress agreed in 2003 on an overarching approach for a single coordinated global
infrastructure for the WMO Programmes, the Future WMO Information System (FWIS)18, with the
following main features:
•
•
•
•
•
•

FWIS should be used for the collection and sharing of information for all WMO and related
international programmes;
FWIS should provide a flexible and extensible structure that would allow the participating centres
to enhance their capabilities as their national and international responsibilities grow;
Implementation of FWIS should build upon the most successful components of existing WMO
information systems in an evolutionary process;
FWIS development should pay special attention to a smooth and coordinated transition;
The basis for the core communication network should be the present communication links used
within the WWW for the high priority real-time data;
FWIS should utilize international industry standards for protocols, hardware and software.

The FWIS is intended to bring benefits to the meteorological and hydrological community as a whole
and increase the efficiency of their operations. Reviewing the requirements of the different WMO
Programmes, the following needs were highlighted:
•
•
•
•
•

A web-based catalogue, including the necessary metadata information, of all meteorological and
related data for exchange to support WMO Programmes is required;
There is a need to rapidly access and integrate real-time and non-real-time (archive) data sets to
better interpret weather events in a climatological context;
There is a need to identify and utilize the potential of data from observation sites established by
one Programme to meet the requirements of other Programmes;
There is a need to harmonize data formats, transmission standards, archiving and distribution
mechanisms to better support inter-disciplinary use of data and products;
Standard practices for the definition, collection, electronic archival and exchange of metadata,
both high-level and detailed, especially for stations and instruments, are needed.

FWIS will provide an integrated approach to meeting the requirements for routine collection and
automated dissemination of observed data and products (“push”), timely delivery of data and products
(appropriate to requirements) and ad hoc requests for data and products (“pull”). FWIS will also
support different user groups and access policies, such as WMO Resolutions 2519 and 40, as well as
network security and the integration of diverse datasets.
Taking into account that information systems technology is evolving rapidly, FWIS will utilize industry
standards for protocols, hardware and software. Use of these standards will reduce costs and allow
exploitation of modern communication services, including the ubiquitous Internet and Web services.
As an example, a WMO metadata standard, based on ISO standards, is being developed in order to
satisfy the requirements of all WMO Programmes20.
The implementation of FWIS will build upon the most successful components of existing WMO
information systems. It will continue to rely upon the WMO communication system (initially the GTS)
to provide highly reliable delivery of time-critical data and products. Multiple data type and
communication protocol support, as well as flexible use of communication links will be new features of
the FWIS. The FWIS concept can be conceived, in the context of this study, as a major effort by WMO
to remedy many blockages in data exchange and data access problems with regard to atmospheric
and hydrological data.
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http://www.wmo.int/web/www/ISS/ITT-FWIS-2004/FWIS-Summary.doc
WMO Resolution 25 (Cg-XIII), 1999.
20
http://www.wmo.int/web/www/WDM/Metadata/documents.html
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3.1.4.

Global Precipitation Climatology Centre (GPCC)

Essential Climate Variable: Precipitation
Precipitation data from conventional gauge observations from up to 40 000 stations worldwide are
continuously at the disposal of GPCC, hosted by Deutscher Wetterdienst, to produce interpolated
gridded high-resolution surface precipitation products. These maps of precipitation constitute an
important basis for regional and global precipitation studies, as well as for hydrological applications
and networks. The large number of stations is required to perform data interpolation within 1 by 1
degree (latitude/longitude) grid cells within acceptable error limits. The data are collected through
GTS SYNOP reports and CLIMAT reports (both near-real-time) and from additional data supplies by
the National Meteorological and Hydrological Services (NMHSs) (mostly historical data).
For regular near-real-time receipt of precipitation data, the GPCC performs quality control and
monitoring, and continues to invest in the improvement of these activities. Compilation of received
precipitation data to a gridded product, i.e., their scientific use, already provides a good means of
quality control. The monitoring process also covers the precipitation data that are designated as part
of the GCOS Surface Network. Current work is underway to merge historical precipitation datasets
from different sources (FAO, CRU, NCDC) into gridded historical precipitation maps.
Problems and challenges in data receipt encountered are as follows, including some suggested
remedy options:
(1) Poor data quality by insufficient monitoring
The range of operators that provide data for the large number of stations submitting to GPCC,
which are not limited to national meteorological services, partly perform no, or very coarse,
quality control and plausibility checks of their data. No worldwide agreed data and metadata
standard exists for precipitation data measured on a national level, hence many datasets do
not conform to the SYNOP and CLIMAT data formats.
(2) Lack of data availability
Precipitation data from national high-resolution networks are not generally exchanged as a
standard practice, or freely available to users. For some countries, data deliveries to GPCC
are subject to discontinuity.
(3) Inconsistency of data time series
A shift in instrumentation or station location without overlapping operations to previous
equipment causes inconsistent time series of the precipitation measured, which is detrimental
to climatic time series. Under economically challenging conditions, shifts in station locations
or the discontinuation of station maintenance also jeopardize the observation of long-term
time series of climate variables. For example, funding for precipitation stations with extended
time series, that are considered valuable for climate applications, may be subject to pressure
in favour of nearby stations serving other purposes, e.g., an airport weather station.
(4) Lack of global measurement standards
For solid precipitation, there is no agreed international measurement standard, which
inhibits easy exchange and intercomparison of data.

3.1.5.

Global Atmosphere Watch (GAW)

Essential Climate Variables: Carbon dioxide, Methane, Surface ozone, Total ozone, N2O,
Chlorofluorocarbons (CFCs), UV radiation, Sun radiation, Aerosol physics & chemistry
The WMO Global Atmosphere Watch (GAW) Programme is dedicated to making reliable,
comprehensive observations of the chemical composition and selected physical characteristics of the
atmosphere on global and regional scales. GAW is considered the atmospheric chemistry component
13

of GCOS. About 300 GAW stations operate worldwide, of which 22 are designated global stations.
The latter are usually situated in remote locations with low background levels of atmospheric trace
gases and aerosols, representative for large geographic regions and continuously measuring a broad
range of parameters. High priority is given to measuring the vertical profile and total amount of ozone,
greenhouse gases, precipitation chemistry, aerosol components, and UV radiation. Regional stations
represent smaller geographic regions unaffected by nearby sources of pollution, and are mainly used
for regional studies. They usually cover a smaller set of atmospheric variables.
A comprehensive set of expert groups and facilities exist in GAW to ensure the world reference
standard (Central Calibration Laboratories), to perform quality assurance (QA/SAC), to maintain
standards in monitoring (Scientific Advisory Groups), and to centrally archive the global observations
made by GAW and its contributing partners in World Data Centres (WDC) (WMO/GAW, 2001, p. 5)21.
Quality Assurance/Science Activity Centres (QA/SAC) have been designated to monitor and maintain
data quality by various means, in collaboration with recognized world calibration centres. The latter
ensure through secondary standards and station audits, the link with primary standards maintained by
Central Calibration Laboratories. WDCs archive and allow access to the obtained atmospheric
datasets, hosted by different institutions. User interfaces, the degree of receipt monitoring, and the
degree of access to data are of a different kind for the GAW WDCs. In the following, some issues
identified through correspondence with selected GAW QA/SAC and WDC facility managers are
reported. It should be emphasized that through regular meetings of the GAW community, GAW
makes a continuous effort in addressing these issues, setting measurement guidelines, data quality
objectives and standard operating procedures.
Selected GAW Quality Assurance/Science Activity Centres (QA/SAC)
EMPA (Carbon monoxide, Methane, Surface ozone)
The QA/SAC at the Swiss Federal Laboratories for Materials Testing and Research (EMPA) was
established in 2000 and constitutes one of four QA/SACs worldwide. This facility focuses on carbon
monoxide, methane, and surface ozone measurements within GAW, but also attempts to cover other
parameters. As priority activities, this QA/SAC provides support for the local monitoring of data quality
at GAW sites, and reinforces guidelines and recommendations given by the GAW scientific advisory
groups. To maintain high data quality, the EMPA centre also coordinates instrument calibrations and
inter-comparisons, provides training to station operators and scientists, and long-term technical help.
A GAW station information system giving access to station metadata, links to all facilities, and
contacts to station and facility managers is provided by the GAWSIS website maintained by EMPA.
Problems and challenges are as follows, including some suggested remedy options:
(1) Limited human resources constrain quality control
Above-mentioned activities already form a bigger workload than can be achieved with the
current manpower in place. Capacities at QA/SACs in general are not sufficient to quality
control all data streams on a routine basis. Further development and maintenance of the
GAWSIS is seen as a top priority that needs to be sustained without compromising other
duties.
(2) Data quality is compromised, mainly in developing countries, by:
i. Lack of sustained funds: in some cases, measurement instruments are provided to stations
without paying sufficient attention to local specifics and without a concept for sustained
operation, which eventually leads to decreasing regularity and quality of obtained data. For
example, missing funds to maintain/repair instruments or to purchase consumables needed
for routine operation results in general neglect of stations.
ii. Lack of knowledge transfer: insufficient scientific capacity-building with local station
operators sometimes occurs after having completed the initial set-up of station instruments
21

WMO Global Atmosphere Watch No. 142 (2001). Strategy for the Implementation of the Global Atmosphere Watch
Programme (2001-2007). WMO/TD-No. 1077, 72pp.
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and infrastructure, to ensure sustained knowledgeable operations which are a precondition for
high data quality.
iii. Insufficient technical infrastructure: inadequate access to online information resources and
data transmission networks, and inadequate technical knowledge of operating staff to handle
the analysis software (e.g., for plausibility checks) inhibit proper station operations. The
complexity of the standard metadata format aggravates this issue.
(3) Reduced commitment of station operating staff
In some cases, missing involvement of station operators to the international scientific
community, i.e., the data users, results in reduced staff commitment to strictly adhere to
standard operating procedures of the GAW site. Relatively low encouragement by the data
recipients, i.e., the WDCs, can also contribute to this aspect, although WDC resources are
very limited for that matter.
(4) Climate monitoring not first funding priority in developing countries
GAW’s long-term objectives include background monitoring of atmospheric constituents and
the detection of causes for climate change. These goals appear not immediate enough in
some countries, especially in those with tight budgets, to be sustainably funded (e.g., by the
Global Environment Facility (GEF)).
The best way to achieve sustained observations of high-quality data is seen in the immediate
examination of data by the station operators, and by users and researchers who have a personal,
professional interest in the data (WMO/GAW, 2001, p. 51), which relates to the above-mentioned
issues (2) iii. and 3.
UBA/Hohenpeissenberg (Aerosol Physical Properties, N2O, Volatile Organic Compounds (VOCs))
This QA/SAC maintained by the German Federal Environmental Agency (UBA) ensures for the
atmospheric variables under its realm the yearly submission of GAW station data with defined quality
level to WDCs. Ongoing and future work is to maintain data quality by training activities of station
operators, the further harmonization of measurements and the development of standard operating
procedures for all components of the measurement process. In addition, the enhancement of data use
and outreach by encouragement for scientific research with the data from the WDCs is seen as an
important element in the quality control process.
The receipt of data at archive centres, telecommunications and the formatting of data are reportedly
not causing major problems. Some WDCs do accept almost any data format, or provide help to
station operators to facilitate data submission.
Problems and challenges are as follows, including some suggested remedy options:
(1) Poor data quality due to insufficient station maintenance
Poor measuring equipment or the lack of spare parts can pose problems for data
submission and receipt due to bad data quality, especially at regional stations in
developing countries.
(2) Shortage of staff and lack of expertise
Knowledge transfer to station operators is essential for mastering measurement
techniques, the maintenance of instruments, and first-hand quality checks of the data.
Appropriate training of staff directly results in higher data quality, which also increases
commitment and confidence. Capacity-building by training courses, exchange of
experience, station audits and station twinning programmes (in developed and developing
countries, respectively) are among the measures taken along that route.
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JMA (Carbon dioxide, Methane, Total ozone (for Asia and SW Pacific))
The QA/SAC function for carbon dioxide, methane, and total ozone for Asia and the south-western
Pacific is met in conjunction with the archiving function by the World Data Centre for Greenhouse
Gases (WDCGG) at JMA (see paragraph on WDCGG below).

Selected GAW World Data Centres
World Ozone and Ultraviolet Radiation Data Centre (Ozone, UV Radiation)
The World Ozone and Ultraviolet Radiation Data Centre (WOUDC) began operating in 1960 as the
World Ozone Data Centre, and in 1992 started accepting UV radiation data as well. It is hosted by the
Meteorological Service of Canada and receives data from, to date, around 400 registered stations.
WOUDC provides a variety of ozone datasets to the scientific community, as well as high spectral
resolution, multi-band and broad-band UV datasets. Data are regularly received and archived in a
self-defined standardized data format, which greatly facilitates data management and is largely
accepted by data providers (station operators). Existing data in different format from other data
centres were in the past converted to the proprietary WOUDC format, and successfully integrated into
the archive, which very much eased up data accessibility. Quality analysis and monitoring of the
incoming data stream is largely performed by the data centre itself. Access to the data is provided
through both FTP and websites.
Problems and challenges are as follows, including some suggested remedy options:
(1) Possibility of constraints to near-real-time data access
Submitted datasets can be held back in restricted directories in the data archive centre for
a prescribed amount of time (12-24 months), which can be a challenge for users who
request these datasets earlier.
(2) Errors in data receipt, no automated feedback mechanism
Data receipt errors can generally not be attributed to a particular cause. Manual
plausibility checks are carried out at the WOUDC; personal intervention by the data
centre manager with the data producer normally helps to correctly re-submit the data.
World Data Centre for Greenhouse Gases (Archive for Carbon dioxide, Methane, (CFCs), N2O,
Ozone; QA/SAC for Carbon dioxide, Methane, Total ozone for Asia and SW Pacific)
The World Data Centre for Greenhouse Gases (WDCGG) was established at the Japan
Meteorological Agency (JMA) in October 1990 and collects and distributes data on the mixing ratios of
greenhouse and related reactive gases in the atmosphere and the ocean. Simultaneously measured
meteorological parameters are also recorded at WDCGG.
A general increase in recent years in global data receipt of greenhouse and other gases is attributed
to improved telecommunications (e.g., the internet), an extended number of stations, and a rise in
measured parameters at individual stations. Figure 5 shows the general statistics of received and
archived data over the past eleven years. A linear increase implies constant influx of data, which are
the sum of station years from each station (currently 201 stations worldwide in different measurement
locations). A station year means full observation of a particular parameter measured at one station
during one year. The sum of received data can of course vary on the one hand due to submission of
historical data, which is usually done within three years of the observation date. Secondly, the number
of stations and measured parameters can change, which accounts for the strong increase in
submitted (and available) data for other greenhouse gases and other gases.
Activities of the data archive centres strive for improved data quality by close cooperation between
GAW WDCs, QA/SACs, and world calibration centres. The WDCGG is prepared to deal with different
incoming data formats, although a prescribed format for data submission exists. Archived data are
freely accessible through a website, which is heavily and increasingly accessed, and through
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publication on CD-ROMs. Continuous efforts are made to improve the website by exchange with other
GAW WDCs, and by a recent survey of user requirements.
Problems and challenges are as follows, including some suggested remedy options:
(1) Agreed data format no longer adequate to meet user requirements
The data centre’s own data format (stemming from 1990) is becoming outdated given
today’s user requirements for more detailed metadata on calibration details, instruments,
and measurement scales, according to a recent survey among users. Remedy is offered
by an update of the “WDCGG Data Reporting Manual”, which includes a new data format
definition with new parameters, metadata, and reports from ships and aircraft.
(2) No assigned QA/SAC for some atmospheric variables
Quality assurance centres have been established for carbon dioxide, methane, and
surface/total ozone, but not for other greenhouse gases (CFCs, etc.). More quality control
and guidance is desirable, as e.g., some stations use their own measurement scales.
(3) Insufficient coverage of some regions
There is continued inadequate station coverage of South America, Africa, South Asia and
Siberia. In addition, a lack of reporting ships causes poor coverage of ocean areas for
purposes of global analyses and modelling.
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Figure 5: Amount of data from greenhouse gases and other observations at WDCGG 19932003. The y axis is the sum of the number of station years for each parameter.

World Data Centre for Aerosols (Aerosol Physics and Chemistry)
The World Data Centre for Aerosols (WDCA) is operated by the European Union Joint Research
Centre, Ispra, Italy, and was set up to archive aerosol-related observations made in the GAW. A wide
variety of aerosol parameters, such as aerosol optical depth, aerosol number concentration, or
chemical composition, have been recommended by the relevant GAW scientific advisory groups as
suitable for measurement and archiving. A dedicated data exchange standard (NARSTO, in commaseparated value format) has been adopted by WDCA, which is mostly accepted by users, and very
much welcomed by operators and users of other aerosol data archive centres. Telecommunication of
data is functioning well in general and can be excluded as a problem in data receipt. Strong
connections to the calibration facilities and the QA/SAC exist in establishing and evaluating the data
quality of data coming into the WDCA, through audits, training, and instrument inter-comparisons. All
data at the data archive centre are freely available through their website for non-commercial use.

17

Problems and challenges are as follows, including some suggested remedy options:
(1) Limited resources of data providers
The most important reason for irregular data submission to WDCA is due to the lack of
internal resources within many of the organizations and/or countries contributing data,
needed e.g., to provide reliable equipment on a continuous basis. As GAW is effectively
voluntary, routine data submission is really only occurring for stations in countries where
there is specific funding for GAW activities (e.g., Germany, and Switzerland). Problems
are encountered mainly for several stations in developing countries funded by the Global
Environment Facility (GEF).
(2) Strict adoption and adherence to the defined data exchange standard
In the past, translation of the existing data storage formats prevalent in WDCA to the
NARSTO data exchange standard has proved a barrier to data submission. For the latter,
the requirement for metadata completeness imposes high demands on the station
operators. This is especially true for the first act of data submission, which may entail
quite some effort to prepare files, etc. On the other hand, data users and suppliers
repeatedly express their need for complete metadata, which justifies WDCA’s strict
requirement for completeness and the adoption of the NARSTO standard.

3.1.6.

Baseline Surface Radiation Network (BSRN)

Essential Climate Variables: Visible radiation, Near-infrared radiation, Thermal infrared
radiation
The Baseline Surface Radiation Network was established by the World Climate Research Programme
(WCRP) and is hosted by the Institute for Atmospheric and Climate Science at the Swiss Federal
Institute of Technology Zurich (ETHZ). Currently, 34 surface sites (October 2003) are collecting at
minimum the downwelling solar and thermal infrared hemispheric irradiances, in locations
representative of different climate zones. Basic meteorological variables and routine upper-air
soundings are also made at most sites. The measurements are continuous and at high temporal
resolution, resolving one- to three-minute averages and standard deviations. Additional observations
of other parameters are made at some of the sites as resources and conditions allow. A total of 2524
months of data are available from those sites with the longest record going back to 1992 and the most
recent data through June 2003.
The obtained field data are processed by individuals and groups responsible for the operation field
site where the data are collected. There are standard procedures for the calibration and operation of
the instrumentation with the quality control of the data maintained by the designated site scientist.
Field data are prepared in a specific format and supplied to the central BSRN archive at ETHZ. The
archive applies additional quality assurance but does not modify the data in any way. The results of
the quality assurance tests are available along with the data, as submitted. The initial goal to fully
automate the process of data submission and retrieval had to be readjusted, and operating the
archive still requires human interaction.
The archive distributes the data on demand in two different methods: a web access relational
database format, and from an ASCII file system FTP distribution system. Both are accessible from the
BSRN website. The FTP distribution system was recently implemented and included an updated
quality control application that was not practical within the constraints of the database management
system. Due to the FTP site set-up, the general use of data has increased.
Problems and challenges are as follows, including some suggested remedy options:
(1) Delays in data receipt
Often delaying the submission of the basic irradiance data to the archive is the desirability
to include upper-air soundings to the submission. Also, the necessity of post calibrations
and other on-site quality control can delay data submission indefinitely, but normally not
more than 2 years. Lack of manpower at some stations also contributes to this problem.
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Additional automation of the process and additional staff at the data archive centre would
be very useful.
(2) Long-term climate observation perspective of BSRN
BSRN started out and maintained itself as a research network in a scientific environment
where the expectation of short-term results with short-term funding is the norm. BSRN
has flourished in that environment primarily because it consists of numerous national
radiation monitoring efforts that have been traditionally sustained by their respective
countries. In recent years, following the increasing demand from the climate community,
BSRN aims at operating with a long-term monitoring perspective. In 2004, it has been
formally recognized as a GCOS global baseline surface radiation network within WCRP.
Funding for sustained network, monitoring and archive activities are to date provided by
Switzerland and some other sources secured by the archive manager.
(3) Occasional downtimes of the archive
Past major downtimes at the archive were caused by system hardware and software
updates and in one case, personnel changes.

3.2.

Data Exchange in Hydrological and Cryospheric Networks

In general, global data exchange of hydrological variables that are important to climate is subject to
major deficiencies. At the 13th World Meteorological Congress, WMO asked for the extended and
unrestricted exchange of hydrological data and products by defining and implementing appropriate
policies (WMO Resolution 25), which has had little effect to date. The Second Adequacy Report
(GCOS, 2003a) confirms this inadequacy: “The Parties [of the UNFCCC] need to provide the
observations identified by the GTN-H22 in particular those on river discharge, lakes, reservoirs and
wetlands, and groundwater to the associated international data centres. In spite of repeated calls by
the international community for free and unrestricted exchange of hydrological data, this still does not
happen”. This paragraph highlights data exchange problems as seen by institutions dealing with
hydrological and cryospheric data on a global basis. GPCC plays a very important role for the
hydrological community as data collection and product centre of precipitation, and is treated in the
previous section (3.1.4).

3.2.1.

Global Runoff Data Centre (GRDC)

Essential Climate Variable: River discharge
The Global Runoff Data Centre (GRDC) at the German Federal Institute of Hydrology (BfG), Koblenz,
is the only identified international data centre dealing with river runoff data. The Centre collects and
disseminates river discharge data from 3800 stations, monitoring 2900 rivers on a global scale. The
national data providers (e.g., hydrological services) generally carry out the data quality monitoring,
while GRDC, after performing plausibility checks, makes the data available electronically upon
request within 8 working days. GCOS, through its Terrestrial Observation Panel for Climate (TOPC),
has recently defined a Global Terrestrial Network for Rivers, which will observe river discharge into
the ocean. Figure 6 shows the amount of data available from river stations, mostly available via the
GRDC website. Regular inflow of station data is shown with a prominent peak of available data
around 1980, and far less total available station data for the late 1990s. GRDC operations statistics
show that it currently makes around 240 contacts per year in 40 countries aimed at acquiring missing
data, with one third resulting in successful data acquisition.

22

The Global Terrestrial Network for Hydrology (GTN-H), an initiative jointly undertaken by GCOS, HWR and representatives of
hydrological research and service institutions, defines global baseline networks for key hydrological variables by dedicated
projects (see GCOS (2003b) : Report of the GTN-H Coordination Panel Meeting. WMO/TD-No. 1155, 40pp.).
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Problems and challenges are as follows, including some suggested remedy options:
(1) No institutionalized global exchange of river data
As only four countries worldwide send their data automatically, there is considerable room for
improvement. National policies and lack of centralized institutional responsibility largely
prevent data exchange, often supported by perceived or real commercial and strategic value
of the data. Wider data exchange across boundaries is mostly restricted to the level of river
basins or agreed upon in bilateral agreements. Received data at GRDC often show
considerable time delays, e.g., when retrieved only from published hydrological yearbooks.

GRDC stations - distribution by time,
monthly river discharge data (including data derived from daily discharge)
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River discharge station data in GRDC between 1900 and 2002, showing incremental
half-yearly increases from 1993 to 2003.

(2) No international standards for hydrology data
There are no established international standards on the acquisition of river data, the set of
required metadata, data formats, and transmission modes. The definition of these standards
is a high priority, recognized by WMO and the UNFCCC, for example.
(3) Fragmented data holdings
Hydrological data in general, and river information in particular, are frequently stored in a
distributed manner on national levels. Different institutions responsible for sectors like water,
energy or agriculture, often keep their own data records without exchanging them at national
levels. Common metadata standards are, even on national scales, the exception rather than
the rule.
(4) Declining networks
A trend towards declining networks has been noted since the 1980s, due to political
instabilities in many places and economic constraints, occurring mostly in developing
countries. Disparities exist between regions in terms of the density of observing river stations,
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especially in remote areas. For example, network cutbacks were particularly extensive in
remote arctic areas, where up to 73% of river gauges were closed between 1986 and 199923.

3.2.2.

Global Environment Monitoring System (GEMS) Water

Essential Climate Variables: Water use (quality)
The Global Environment Monitoring System Water (GEMS/Water) is a UNEP programme that since
1978 has been hosted by the Environment Canada’s National Water Research Institute. GEMS/Water
maintains and develops a global freshwater quality information system. More than 100 countries
provide biogeochemical (BGC) data on a voluntary basis of 22 water quality parameters, giving rise to
over 2 million data entries from as early as 1978. GEMS/Water encompasses a total of 902
measurement stations globally, mostly run by national governmental bodies. The receipt of data at
GEMS/Water is being confirmed within 24 hours, and quality control mechanisms are in place before
acceptance to the archive. Overall data quality is being assured by the provision of standard operating
expertise to water analysis laboratories worldwide. Regular assessments of laboratory performance
are carried out under the auspices of GEMS/Water, including appropriate feedback mechanisms.
Generally, the raw data are proprietary to countries, and distribution is limited, e.g., to researchers
and the United Nations Statistical Division. Analyzed data and products, however, are generated on
demand, mostly on catchment or regional levels, and made freely available. Demand on water quality
products has undergone a change in past years: less of straightforward single parameter analyses
(e.g., chlorine content, pH values) towards application-driven, issue-oriented products related to water
quality (e.g., freshwater supply, industrial use water supply, touristic aspects).
Problems and challenges are as follows, including some suggested remedy options:
(1) Limited sets of measurements by some countries
Some countries submitting data to GEMS/Water do so only for a subset of water quality
parameters.
(2) Insufficient temporal and spatial data coverage
Frequency and timeliness of data submission by countries is sometimes inappropriate, carried
out only every 5 years in certain cases. The poor temporal and spatial frequency and
insufficient data coverage, especially in Africa, is subject to current negotiations.

3.2.3.

World Glacier Monitoring Service (WGMS)

Essential Climate Variables: Glacier properties
Internationally-coordinated systematic observations on glacier fluctuations were initiated in 1894 by
the International Glacier Commission. Since 1986, the World Glacier Monitoring Service (WGMS),
hosted by the University of Zurich, Switzerland, has been in charge of collecting, monitoring and
publishing standardized data on glaciers in two ways: first, glacier fluctuations, i.e., general
information and specific data (e.g., mass balance, snow line) on about 1900 glaciers worldwide, with
the possibility to reconstruct glacier states in retrospect; close continued global monitoring is carried
out for about 60 glaciers thereof, which form the GCOS Global Terrestrial Network of Glaciers (GTNG); secondly, spatial variability of glacier occurrence, which consists of national inventories with
general information on about 71000 glaciers worldwide. Published bulletins and WGMS
documentation are available on the WGMS website, the inventory data can be accessed through a
mirror website at NSIDC (see the following paragraph). The data and monitoring centre’s activities are
funded through the Department of Geography at the University of Zurich, Switzerland, with
contributions by the Federation of Astronomical and Geophysical Data Analysis Services (FAGS)/
International Council for Science (ICSU) and the Glaciological Commission of the Swiss Academy of
Sciences. In 2003, a total revision of the WGMS database has been started and will be finished by the
end of 2004.
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Glacier data are received at the WGMS through national correspondents on a voluntary basis, who
are asked to gather the available data within their country. Call for data is every 5th year for the glacier
fluctuation data series, and every 2nd year specifically for the mass balance data. Monitoring of the
received data constitutes a major activity of the WGMS. In the context of the current database
revision, quality control and plausibility checks are being applied to the existing dataset. The reduction
of inconsistencies to enhance data quality requires extensive interaction with the national data
sources, e.g., by soliciting complete metadata information on all datasets. Studies are ongoing about
complementing traditional field observations by remote sensing information, to improve overall glacier
monitoring.
All glacier data in the WGMS are available via its associated website as well as upon request, which
takes on average a response time of one week.
Problems and challenges are as follows, including some suggested remedy options:
(1) Discontinuity of data series
The network of national correspondents works only on a voluntary basis. Retirements,
political instability, economical problems and overtasking of staff are only some reasons,
which endanger the continuity of data series. Repeated interaction with national contacts
should be institutionalized to improve links and outreach of the WGMS.
(2) Maintenance of data quality standards in question
Changing operating conditions of data providers and the WGMS itself, changes of
requirements by the user community, and progress of information technology all constitute
major challenges for ongoing standardized data collection. The data centre has to deal with
new data formats and processing means, and communicate them to users in a timely manner.
Missing metadata is an important source for errors in received datasets.
(3) Continuity of funding unsatisfactory
Current funding policy for long-term WGMS operations requires ongoing financial support for
database maintenance and national focal point assistance through international
organizations.

3.2.4.

US National Snow and Ice Data Center (NSIDC) - WDC Glaciology

Essential Climate Variables: Snow and ice properties
The World Data Center for Glaciology at Boulder, United States of America, was established in 1957
and since 1982 forms a part of the US National Snow and Ice Data Center (NSIDC). It is recognized
worldwide as a data centre responsible for archiving all available near-real-time and historical
glaciological information, from in situ as well as satellite-based observations, including digital and nondigital data sources. Data receipt occurs mainly upon agreement by several specific research and
monitoring programmes, or by individual contributors, and automated or semi-automated ways for
data transmission are partly in place. Quality control of received data and documentation according to
NSIDC’s standards and requirements is carried out as arranged with individual data providers. NSIDC
makes its archived data and derived products available through a website, and assists users in
viewing the data by distribution of appropriate software. NSIDC also maintains a mirror website for
data received and monitored by the WGMS.
Problems and challenges are as follows, including some suggested remedy options:
(1) Fragmented data holdings due to poor data exchange
Many key cryospheric datasets are never received by the WDCs, and this has been
increasingly the case in past years. This is mainly due to the evolution of the internet, which
has brought about many benefits to information access and sharing, but also misleadingly
suggests to users easy access to all data and thereby fostering distributed data holding,
which tends to obliterate the importance of long-term, quality controlled archiving in a
centralized manner. Examples are datasets from the Arctic Ice Dynamics Joint Experiment; or
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in situ data not ingested into the WMO GTS, but increasingly stored in regional data centres
in Canada, the United States of America, and Russia. Appropriate awareness, funding and
capacity-building needs to be ensured in affected countries and at in situ stations.
International data standards and operating practices need development and implementation,
including data submission to the world data archives right from the onset of observations.
(2) Missing data continuity due to declining networks
The decline in the number of observing stations in the Arctic in recent years makes it more
difficult to maintain long-term measurements. Changing political and geographical landscapes
affect continuity of and access to data, e.g., in the former Soviet Union. The same has been
true for many European countries, although it is understood that efforts are being made to
assemble datasets into larger collections and make them more accessible.
(3) Missing data continuity due to instrumental inconsistencies
As technology improves, there has been a trend to upgrade sensors to improve operational
measurements but not always allow sufficient overlap between sensors or methods of
measurement because it may not be a requirement for operational needs. Without adequate
overlap, it is difficult to maintain a consistent time series of data for scientific purposes. This
problem is being exacerbated for snow measurements, because no agreed standards to
measure solid precipitation exist.
(4) Limited internal resources to archive data in unique formats
In some cases of data submission, NSIDC cannot accept or seek out data due to resource
limitations. Also, submitted data and metadata formats often do not comply with the standards
maintained by the world data centre. Additional resources are then solicited from the data
provider to archive data. However, success of these attempts is limited, as long-term archival
needs are rarely properly considered in the respective programmes. Data accessibility, user
support, proper data conversion and quality control are also affected by the shortage of
resources. Again, data providers need to be encouraged to maintain standardized data
formats, and allow for resources to ensure long-term data storage.

4.

Synthesis

4.1.

General

Maintenance of long-term climate observation networks is of very high priority for the assessment of
climate change, according to GCOS (2003a) and IPCC (2001). The GCOS Implementation Plan
(GCOS, 2004) again stresses this requirement by several dedicated actions proposed in a separate
section on data management and stewardship.
In the atmospheric domain, despite deficiencies in some aspects, global data exchange in climate
networks for meteorology, including atmospheric composition, is institutionalized and operational for
most variables identified as Essential Climate Variables by GCOS. Designated monitoring, quality
control and assurance, and data archive centres are in place, which mostly allow easy access to the
available climate datasets. In the hydrological domain, large gaps in networks and global archive and
monitoring centre infrastructure have been identified. Only for river flow properties, a designated world
data centre exists that also performs limited data monitoring. Water quality parameters, indirectly
related to the ECV ‘Water use’, are regularly collected and converted into products by a data
monitoring and archive centre within a dedicated United Nations programme. Besides the GRDC,
GEMS/Water may also serve as an example for global data collection in other hydrological domains.
Substantial effort is still required in terms of data standardization, standard operating practices, data
policy, infrastructure, and awareness in order to meet the requirements of the climate community. In
the cryospheric domain, which is related to hydrological issues, the overall situation is better, with
designated monitoring and archive centres in operation. However, issues remain in terms of
fragmented data holdings, regular data receipt, and shortage of resources at the data centres.
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Across all institutions included in this study, a broad need for substantially-increased awareness on
the political and scientific level within national states and funding agencies for the absolute need to
exchange climatological data freely and store them on a long-term basis could be noted, for scientists
to better understand climate change. Data management must be seen as a crucial component to
scientific data stewardship in all data observation projects, especially in the climate community, and
thus needs appropriate funding for dedicated network project officers with proper authorization to act.
Continuing existence and maintenance of WDC archives, that allow free web access and distribution
of data at self-cost are regarded as major assets toward broad accessibility of climate data and
products, and therefore require sustained long-term funding. In addition, quality control and the
monitoring centres’ work are crucial to maintain data quality and regular receipt, sometimes carried
out by the archive centres themselves. They need to have the financial resources to provide timely
and appropriate feedback to data providers, e.g., station operators, in order to avoid laborious and
frequently insufficient re-analysis of historical data records. Updating of station and observation
metadata also needs to be carried out carefully.
There is an absolute need to maintain efforts by the world data centres, with sustained support and
high-level encouragement from international bodies (e.g., WMO, UNFCCC), to obtain permission for
data release by countries by the close monitoring of national reporting on data exchange,
approaching national representatives, and bilateral negotiations. The latter instrument needs to
maintain, as well as possible, the principle of free data exchange. The rescue of historical data should
also be broadly supported, as the need for back-reaching historical time-series increases, that enable
future climate predictions, e.g., for regional impact studies.
Once climate observations have been carried out, the importance of storing these data in a
systematic manner, performing adequate quality control, and making them available in a user-friendly
way, is no less crucial than the actual measurement itself. Therefore, in all WMO climate programmes
and beyond, if possible, well-defined data formats and the commitment to long-term data storage in
WDCs should be introduced. Formatting could, e.g., rely on the WMO core metadata standard24.
A much clearer expression of requirement to in situ global climate networks by the climate science
community is needed, as is the case to date. This involves the clear definition of prioritized demands
on network density, regional aspects, frequency of observation, in some cases observation
specifications, e.g., for upper-air soundings, and required data products.
The aspect of data product creation and user demand for these products has received relatively little
attention in the data managers’ survey. Inclusion of user community needs, with a stronger focus on
off-the-shelf data products, is therefore even more warranted in a possible follow-up to this study.
Exchange and availability of satellite derived data and products also require a closer look, as they
gain increasing importance for the monitoring of climate.
Finally, the development and implementation of the Future WMO Information System (FWIS) is
expected to have significant positive impacts on the accessibility to atmospheric and hydrological
data. FWIS will in particular improve the interoperability of the information systems, i.e., the ability to
share information in distributed computing environments, to find and get information, when needed,
and to understand this information. There is, therefore, a continued need to coordinate the evolution
of the GCOS baseline systems with the development of the FWIS.

4.2.

Synthesis for global data exchange in atmospheric meteorological
networks

Atmospheric meteorological observations mostly rely on a globally operational station network, with
designated monitoring and archiving centres. The most important issues, beyond the abovementioned general points, are:
•
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Better cooperation of data archive and monitoring centres with the WWW GTS
telecommunication facilities by providing guidance, resources and official authorization to
ensure appropriate feedback and quality control of climate data transmitted via the GTS;

http://www.wmo.int/web/www/WDM/Metadata/documents.html
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•

Improved data accessibility by renewed internet portals at the NCDC data archive centre;

•

Appropriate funding for historical data rescue at NCDC;

•

Capacity-building at observation stations, particularly in developing and least-developed
countries, to maintain and improve data quality, e.g., by training, sustained funds for
instrumentation, cheap and standardized data processing software, scientific and
organizational involvement of staff; and

•

Consolidation of networks under economical constraints require adequate sensitivity
studies, that address the substitution of stations by interpolation or modelling.

4.3.

Synthesis for global data exchange in atmospheric composition
networks

The institutionalized exchange of data in baseline networks concerned with atmospheric composition
variables is well established and operational in the GAW programme, consisting of designated world
data centres, as well as monitoring and quality assurance centres. The most important issues, beyond
the above-mentioned general points, are:

4.4.

•

Data archive centres need to have resources to promptly react to user needs, e.g., by
updating and promoting data formats and description;

•

Quality assurance centres need to be established for CFCs, VOCs, and other atmospheric
components, in order to obtain more quality control and guidance to the measurement; and

•

Spatial coverage of stations needs improving in South America, Africa, South Asia, and
Siberia, and on reporting ships for better ocean coverage.

Synthesis for global data exchange in hydrological and related networks

The general conclusions and requirements to global data exchange listed in section 4.1 most heavily
apply to the hydrological domain in the sense of river, ground water, water use, biogeochemical
fluxes, and lake data. As only the GRDC operates as the designated world data centre for river runoff,
many specific issues ensuing here apply only to the GRDC. Beyond the above-mentioned issues,
especially those concerning the definition of data standards and baseline networks, the following are
worth mentioning:
•

Fragmented data holdings are particularly detrimental to free data exchange, mostly due to
multiple institutional responsibilities on national levels, adverse data policies, and the lack of
standardized data formats and descriptions.

For snow, ice and glacier observations, dedicated monitoring and archive centres are established,
which by their nature are related to the hydrological domain. The main issue on top of the ones
already listed above is the following:
•

5.

Fragmented data holdings in the cryospheric domain mainly occur due to lack of awareness
and a false sense of long-term data availability by improved data access via the internet; data
providers and programmes are particularly encouraged to send their data to the archive
centre.
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Appendix 1

Essential Climate Variables
Essential Climate Variables that are both currently feasible for global implementation and have a high
impact on UNFCCC requirements (GCOS, 2003a, p. 2) :

Domain

Atmospheric

Essential Climate Variables
Surface:

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

Upper-air:

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

(over land, sea
and ice)

Composition: Carbon dioxide, Methane, Ozone, Other long-lived greenhouse gases25, Aerosol
properties.
Surface:

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

Sub-surface:

Temperature, Salinity, Current, Nutrients, Carbon, Ocean tracers, Phytoplankton.

Oceanic

26

Terrestrial

25

26

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

Including nitrous oxide (N2O), chlorofluorocarbons (CFCs), hydrochlorofluorocarbons (HCFCs), hydrofluorocarbons (HFCs),
sulphur hexafluoride (SF6), and perfluorocarbons (PFCs).
3 -1
3
-1
2
Includes runoff (m s ), ground water extraction rates (m yr ) and location, snow cover extent (km ) and duration, snow
-2
-1
-2
-1
depth (cm), glacier/ice cap inventory and mass balance (kg m yr ), glacier length (m), ice sheet mass balance (kg m yr )
2
2
and extent (km ), permafrost extent (km ), temperature profiles and active layer thickness, above ground biomass (t/ha),
burnt area (ha), date and location of active fire, burn efficiency (%vegetation burned/unit area).
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(Intentionally blank)
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Appendix 2

List of Contacts
Table 1: Atmospheric networks, institutions and contacts for climate variables.
Network/
System of
Networks
GCOS Surface
Network (GSN)

Type
(Monitoring/
Archive)
M

Centre/Host
institution(s)

Essential
Climate
Variable27
Surface
air temperature

JMA

Nakamigawa

DWD

B. Rudolf

Precipitation
(gridded)

A

NCDC/WDC
Meteorology

Peterson

M

UK Met Office
Hadley Centre

McCarthy

A

NCDC/WDC
Meteorology

Peterson

GOS
Regional Basic
Climatological
Network

M (lead)

WMO World
Weather Watch

Kerhervé

GOS and
NMHSs
GAW-QA/SAC

M/A

GPCC/DWD

B. Rudolf

M

EMPA

Klausen

UBA

W. Rudolf/
Mannschreck
Makino

Surface air
temperature,
Precipitation,
Surface air
pressure
Upper-air
temperature, Air
pressure, Wind
speed and
direction, Water
vapour
(monthly)
Upper-air
temperature, Air
pressure, Wind
speed and
direction, Water
vapour (daily,
monthly)
Surface air
temperature,
Upper-air
temperature,
Precipitation,
Air pressure,
Water vapour,
Wind speed and
direction, Cloud
properties
Precipitation
(gridded)
Methane,
Surface ozone
Aerosol physics,
N2O
Carbon dioxide,
Methane, Total
ozone (for Asia
and South-West
Pacific)

GCOS UpperAir Network
(GUAN)

JMA

27

Contact(s)

Data and/or monitoring centres may also deal with additional environmental variables that do not fall under the Essential
Climate Variables as defined in GCOS (2003a).
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GAW

BSRN

A

M/A

WOUDC/MSC

Hare

WDCA/JRC-I

Wilson

WDCGG/JMA

Makino

ETHZ

Dutton

Ozone, UV
radiation
Aerosol physics
& chemistry
Carbon dioxide,
Methane, CFCs,
N2O, Ozone
VIS/NIR/TIR
Radiation

Table 2: Hydrological and cryospheric networks, institutions and contacts for climate variables.
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Network/
System of
Networks
River networks
GOS and
NMHSs
National BGC
networks

Type
(Monitoring/
Archive)
M/A
M/A

Cryospheric
networks
GTN-G

A

M/A

M/A

Centre/Host
institution(s)

Contact(s)

GRDC/BfG
GPCC/DWD

Maurer
B. Rudolf

GEMS/Water at
Environment
Canada
NSIDC/WDC
Glaciology
WGMS

Fraser
Barry/Holm
Haeberli/Zemp

Essential
Climate
Variable28
Runoff
Precipitation
(gridded)
Water use
(quality)
Snow, Ice,
Glaciers
Glaciers

Data and/or monitoring centres may also deal with additional environmental variables that do not fall under the Essential
Climate Variables as defined in GCOS (2003a).
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Appendix 3

List of Addresses
Roger BARRY
National Snow and Ice Data Center
University of Colorado
BOULDER, CO, United States
Ellsworth G. DUTTON
Climate Monitoring and Diagnostics Laboratory
National Oceanic and Atmospheric Administration
BOULDER, CO, United States
Andrew S. FRASER
GEMS/Water Collaborating Center
National Water Research Institute
BURLINGTON, ONTARIO, Canada
Wilfried HAEBERLI
World Glacier Monitoring Service
Department of Geography
University of Zurich
ZÜRICH, Switzerland
Edward HARE
World Ozone and Ultraviolet Radiation Data Centre
Met Service of Canada
NORTH YORK, ONTARIO, Canada
Michelle HOLM
National Snow and Ice Data Center
University of Colorado
BOULDER, CO, United States
Pierre KERHERVE
World Weather Watch Department
World Meteorological Organization
GENEVA, Switzerland
Jörg KLAUSEN
GAW QA/SAC
Swiss Federal Laboratories for Materials Testing and Research (EMPA)
DÜBENDORF, Switzerland
Yukio MAKINO
World Data Centre for Greenhouse Gases
Japan Meteorological Agency
TOKYO, Japan
Katja MANNSCHRECK
GAW QA/SAC
Umweltforschungsstation Schneefernerhaus
Deutscher Wetterdienst
HOHENPEISSENBERG, Germany
Thomas MAURER
Global Runoff Data Centre
Federal Institute of Hydrology (BfG)
KOBLENZ, Germany
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Mark McCARTHY
GUAN Monitoring and Analysis Centre
Met Office
Hadley Centre
EXETER, United Kingdom
Hiroshi NAKAMIGAWA
GSN Lead and Monitoring Centre
Japan Meteorological Agency
TOKYO, Japan
Thomas C. PETERSON
World Data Centre for Meteorology
GSN and GUAN Lead and Archive Centre
NOAA/NESDIS/NCDC
ASHEVILLE, NC, USA
Bruno RUDOLF
Global Precipitation Climatology Centre
Deutscher Wetterdienst
OFFENBACH AM MAIN, Germany
Werner RUDOLF
GAW QA/SAC
Federal Environmental Agency (UBA)
LANGEN, Germany
Julian WILSON
World Data Centre for Aerosols
European Commission, Joint Research Centre
Institute for Environment and Sustainability
ISPRA, Italy
Michael ZEMP
World Glacier Monitoring Service
Department of Geography
University of Zurich
ZÜRICH, Switzerland

Preparation
Stephan BOJINSKI
GCOS Secretariat, WMO
GENEVA, Switzerland
Hans TEUNISSEN
GCOS Secretariat, WMO
GENEVA, Switzerland
Alan R. THOMAS
Director, GCOS Secretariat, WMO
GENEVA, Switzerland
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Appendix 4

Internet References
BSRN at ETHZ: http://bsrn.ethz.ch
GAW/QA-SAC at EMPA: http://www.empa.ch/gaw
GAW Station Information System (GAWSIS): http://www.empa.ch/gaw/gawsis
GAW WDCA at JRC-I: http://www.ei.jrc.it/wdca, http://rea.ei.jrc.it/netshare/wilson/WDCA
GAW WDCGG at JMA: http://gaw.kishou.go.jp/wdcgg.html
GAW WOUDC at MSC: http://www.woudc.org
GCOS Home Page: http://www.wmo.int/web/gcos
GEMS/Water: http://www.gemswater.org/
Glacier inventory at NSIDC: http://nsidc.org/data/glacier_inventory/index.html
GOS Regional Basic Climatological Network:
http://www.wmo.int/web/www/ois/rbsn-rbcn/rbsn-rbcn-home.htm
GPCC: http://www.dwd.de/en/FundE/Klima/KLIS/int/GPCC/GPCC.htm
GRDC at BfG: http://www.bafg.de/grdc.htm
GSN Monitoring at JMA/DWD: http://www.gsnmc.dwd.de
GSN at NCDC – WDC Meteorology: http://www.ncdc.noaa.gov/oa/climate/gsn/gsninfo.html
GUAN Monitoring at UK Met Office Hadley Centre: http://www.guanweb.com
NSIDC: http://nsidc.org
Regional Baseline Climatology Network:
http://www.wmo.int/web/www/ois/rbsn-rbcn/rbsn-rbcn-home.htm
WGMS at University of Zürich: http://www.geo.unizh.ch/wgms
WMO Core Metadata Standard: http://www.wmo.int/web/www/WDM/Metadata/documents.html
WMO FWIS: http://www.wmo.int/web/www/ISS/ITT-FWIS-2004/FWIS-Summary.doc
WMO Plan for the Migration of Codes: http://www.wmo.int/web/www/DPS/Migration/MigrationPlan.pdf
WMO Study on the Deficiencies in the Application of WMO Standards to Climate Data:
http://www.wmo.int/web/www/WDM/Documentation/Deficiencies-CLIMAT_CL-TEMP.pdf
WWW GTS: http://www.wmo.int/web/www/TEM/gts.html
WWW Monitoring: http://www.wmo.int/web/www/ois/monitor/monitor-home.htm
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(Intentionally blank)
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Appendix 5

Acronyms
AGM
BfG
BGC
BSRN
CBS
CFCs
CLIMAT
CLIMAT TEMP
CLIVAR
COP
CRU
DWD
ECMWF
ECV
EMPA
ETHZ
FAGS
FAO
FWIS
GAW
GAWSIS
GCOS
GEMS
GEO
GEOSS
GHCN
GOS
GPCC
GRDC
GSN
GTN-G
GTN-H
GTS
GUAN
ICSU
IOC
IPCC
ISO
JMA
JRC-I
MSC
NARSTO
NCDC
NIR
NMHS
NSIDC
QA/SAC
RBCN
RTH
SBSTA
SMM
SYNOP

Annual Global Monitoring (WWW)
Bundesanstalt für Gewässerkunde (German Federal Institute of Hydrology)
Biogeochemicals
Baseline Surface Radiation Network
Commission for Basic Systems (WMO)
Chlorofluorocarbons
Report of monthly means and totals from a World Weather Watch land
station
Report of monthly aerological means from a World Weather Watch land
station
Climate Variability and Predictability (WCRP)
Conference of the Parties (to UNFCCC)
Climate Research Unit (UKMO)
Deutscher Wetterdienst
European Centre for Medium-Range Weather Forecasts
Essential Climate Variable
Eidgenössische Materialprüfungsanstalt (Swiss Federal Laboratories for
Materials Testing and Research)
Eidgenössische Technische Hochschule Zürich (Swiss Federal Institute of
Technology Zurich)
Federation of Astronomical and Geophysical Data Analysis Services
Food and Agriculture Organization of the United Nations
Future WMO Information System
Global Atmosphere Watch
GAW Station Information System
Global Climate Observing System
Global Environment Monitoring System
Group on Earth Observations
Global Earth Observation System of Systems
Global Historical Climatology Network
Global Observing System
Global Precipitation Climatology Centre
Global Runoff Data Centre
GCOS Surface Network
Global Terrestrial Network - Glaciers
Global Terrestrial Network - Hydrology
Global Telecommunication System
GCOS Upper-Air Network
International Council for Science
Intergovernmental Oceanographic Commission (of UNESCO)
Intergovernmental Panel on Climate Change
International Organization for Standardization
Japan Meteorological Agency
European Commission Joint Research Centre, Ispra
Meteorological Service of Canada
North American Research Strategy for Tropospheric Ozone
National Climatic Data Center
Near-Infrared
National Meteorological and Hydrological Service
National Snow and Ice Data Center
Quality Assurance/Science Activity Centre
Regional Basic Climatological Network
Regional Telecommunication Hub (GTS)
Subsidiary Body for Scientific and Technological Advice
Special Main Telecommunication Network Monitoring (WWW)
Report of surface observation from a (WWW) land station
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TIR
TOPC
UBA
UNEP
UNESCO
UNFCCC
UV
VIS
VOCs
WCP
WCRP
WDC
WDCA
WDCGG
WGMS
WMO
WOUDC
WWW

Thermal Infrared
Terrestrial Observation Panel for Climate
Umweltbundesamt (German Federal Environmental Agency)
United Nations Environment Programme
United Nations Educational, Scientific and Cultural Organization
United Nations Framework Convention on Climate Change
Ultraviolet
Visible
Volatile Organic Compounds
World Climate Programme (WMO)
World Climate Research Programme
World Data Centre
World Data Centre for Aerosols
World Data Centre for Greenhouse Gases
World Glacier Monitoring Service
World Meteorological Organization
World Ozone and Ultraviolet Radiation Data Centre
World Weather Watch (WMO)
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GCOS Publications List, p. 1

LIST OF GCOS PUBLICATIONS*
GCOS-1
(WMO/TD-No. 493)

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

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

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

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

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

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

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

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

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

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

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

GCOS-7
(WMO/TD-No. 641)

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

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

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

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

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

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

Summary of the GCOS Plan, Version 1.0, April 1995

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

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

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

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

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

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

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

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

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

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

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

GCOS Guide to Satellite Instruments for Climate, June 1995

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

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

GCOS Publications List, p. 2

GCOS-18
(WMO/TD-No. 697)
(UNEP/EAP.MR/95-10)

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Proceedings of the fifth meeting of the TAO Implementation Panel
(TIP-5) (Goa, India, November 18-21, 1996)
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GCOS-32
(WMO/TD-No. 796)

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

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

GHOST - Global Hierarchical Observing Strategy, March 1997

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

Initial Selection of a GCOS Surface Network, February 1997

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

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

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

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

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

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

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

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

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

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

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

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

GCOS-43a
(GOOS-36)

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

GCOS-43b
(GOOS-55)

International Sea Level Workshop (Honolulu, Hawaii, USA, June 1011, 1997)

GCOS-44
(GOOS-61)

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

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

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

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

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

GCOS-48

Report on the Adequacy of the Global Climate Observing Systems
(United Nations Framework Convention on Climate Change, November
2-13 1998, Buenos Aires, Argentina)

GCOS-49
(GOOS-64)

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

GCOS-50
(GOOS-65)

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

GCOS-51
(GOOS-66)

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

GCOS-52
(GOOS-68)

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

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

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

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

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

GCOS-55

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

GCOS-56
(GOOS-75)

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

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

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

GCOS-58
(GOOS-71)

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

GCOS-59
(GTOS-22)

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

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

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

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

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

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

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

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

GCOS-64
(GOOS-107)

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

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

Report of the sixth session of the GCOS/WCRP Atmospheric
Observation Panel for Climate (AOPC) (Geneva, Switzerland, April 1013, 2000)

GCOS-66
(GOOS-108)

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

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

GCOS Implementation Strategy: Implementing GCOS in the New
Millennium

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

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

GCOS-69
(GOOS-98)

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

GCOS-70
(GOOS-113)

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

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

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

GCOS-72
(GOOS-95)

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

GCOS-81
(GOOS-124)

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

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

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

GCOS-82 (ES)
(WMO/TD-No.1176)

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

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

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

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

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

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

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

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

Report of the GCOS Regional Workshop for South America on
Improving Observing Systems for Climate, Santiago, Chile, October 1416, 2003 (disponible también en español)

GCOS-87
(WMO/TD-No.1189)

Summary Report of the eleventh session of the WMO-IOC-UNEP-ICSU
Steering Committee for GCOS, Melbourne, Australia, April 7-10, 2003

GCOS-88
(WMO/TD-No. 1190)

Report of the ninth session of the GCOS/WCRP Atmospheric
Observation Panel for Climate (AOPC), Asheville, NC, USA, June 2327, 2003

GCOS-89
(GOOS-140)

Eighth Session of the Joint GCOS-GOOS-WCRP Ocean Observations
Panel for Climate (OOPC), Ottawa, Canada, September 3-6, 2003

GCOS-90
(GOOS-141)

IOC Group of Experts on the Global Sea Level Observing System
(GLOSS), Eighth Session, October 13 and 16-17, 2003

USA.
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GCOS-91
(WMO/TD-No.1221)

Summary Report of the twelfth session of the WMO-IOC-UNEP-ICSU
Steering Committee for GCOS, Geneva, Switzerland, March 15-19,
2004

GCOS-92
(WMO/TD-No.1219)

Implementation Plan for the Global Observing System for Climate in
Support of the UNFCCC

GCOS-92 (ES)
(WMO/TD-No.1244)

Implementation Plan for the Global Observing System for Climate in
Support of the UNFCCC – Executive Summary

GCOS-93
(WMO/TD-No.1238)
(GTOS-35)

Summary Report of the Eighth Session of the GTOS/GCOS Terrestrial
Observation Panel for Climate, Ispra, Italy, April 6-7, 2004

GCOS-94
(WMO/TD-No.1248)

Report of the GCOS Regional Workshop for Central Asia on Improving
Observing Systems for Climate, Almaty, Kazakhstan, May 24-26, 2004

GCOS-95
(GOOS-143)

Ninth Session of the Joint GCOS-GOOS-WCRP Ocean Observations
Panel for Climate (OOPC), Southampton, UK, June 7-10, 2004

GCOS-96
(WMO/TD-No. 1255)

Analysis of Data Exchange Problems in Global Atmospheric and
Hydrological Networks

(Intentionally blank)
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