Global Terrestrial Network - Hydrology (GTN-H)

Report of the
2nd GTN-H Coordination Panel Meeting
Koblenz (Germany), 4-5 July 2005

GCOS - 101
GTOS - 37

WMO/TD – No. 1298
Secretariat of the World Meteorological Organization – Geneva – Switzerland
2005

© 2005, World Meteorological Organization
NOTE
The designations employed and the presentation of material in this publication do not imply the
expression of any opinion whatsoever on the part of the Secretariat of the World Meteorological
Organization concerning the legal status of any country, territory, city or area, or of its authorities, or
concerning the delimitation of its frontiers or boundaries.
Editorial Note: This report has been produced without editorial revision by the WMO Secretariat. It is
not an official WMO publication and its distribution in this form does not imply endorsement by the
Organization of the ideas expressed.

Table of Contents

Executive Summary............................................................................................................ i
Acknowledgements............................................................................................................. i
1.

Introduction................................................................................................................. 1

2.

Report on Progress since the 1st Session................................................................... 1

3.

Reports by GTN-H Sponsors...................................................................................... 2

4.

Reports on GTN-H Projects........................................................................................ 4

5.

Reports by GTN-H Partners ..................................................................................... 17

6.

GTN-H Input to Targets of the GEOSS 10-Year Implementation Plan ..................... 26

7.

GTN-H Terms of Reference...................................................................................... 28

8.

Action Items.............................................................................................................. 29

9.

Recommendations.................................................................................................... 30

10. References............................................................................................................... 31
11. Presentations and Other Material ............................................................................ 31
ANNEX I

Annotated Agenda.................................................................................... 33

ANNEX II

List of Participants .................................................................................... 37

ANNEX III

GTN-H Linkage to GCOS......................................................................... 41

ANNEX IV

GTN-H Linkage to WMO CHy .................................................................. 45

ANNEX V

GTN-H Linkage to IGWCO....................................................................... 47

ANNEX VI

GTN-H Linkage to GEO ........................................................................... 49

ANNEX VII

Acronyms ................................................................................................. 51

(Intentionally blank)

Executive Summary
Germany hosted the 2nd Coordination Panel Meeting of the GTN-H (Global Terrestrial Network Hydrology) on July 4-5, 2005 in Koblenz. The main objectives were to review key GTN-H projects
that were defined at the first session of the Panel in November 2002 (WMO/TD-No. 1155; GCOS83, GTOS-33) and to identify additional networks, products and plans relevant to global aspects of
hydrology.
The GTN-H consists of a “network of networks” to support a range of climate and water resource
objectives, building on existing networks and data centres, and producing value-added products
through enhanced communications and shared development.
Participants at this meeting learned of the progress made over the past two years by their
colleagues, especially with respect to eight demonstration projects aimed at developing basic
products unique to the GTN-H. They learned of the roles and contributions of the original GTN-H
sponsors, namely, the Hydrology and Water Resources Programme of WMO, GCOS and GTOS,
and the relationships between the GTN-H, the Integrated Global Water Cycle Observations Theme
(IGWCO), and the Global Earth Observation System of Systems (GEOSS).
In the course of the session, existing and new networks and sources of data were confirmed as
well as added to the GTN-H inventory of networks, data products and organizations: networks
related to water use, evapotranspiration, lake area and storage, soil moisture, water vapour,
isotopes, precipitation, snow and ice, and groundwater. Key sources of information and metadata,
such as the GTOS TEMS database, and new sources of data, such as the proposed Satellite
Surface Water Mission, were presented. The meeting also allowed the Panel an opportunity to
discuss and recommend GTN-H input to the GEOSS 2006/2007 work plan that is currently under
development.
The participants were also able to discuss a set of draft Terms of Reference for the GTN-H, the
final version of which are contained in this report.
Finally, based on its discussions, the meeting agreed on a list of action items and
recommendations, which are contained in sections 8 and 9 of this report.
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1.

Introduction

A 2-day meeting of the GTN-H Coordination Panel was held in Koblenz, Germany, on July 4-5,
2005, the first face-to-face meeting of the GTN-H since November 2002. It marked the fourth time
since June 2000 that a group of experts had assembled to address the need for improved
availability and access to global hydrological data, information and products to support a wide
range of climatic and hydrological objectives.
The concept of a Global Terrestrial Network for Hydrology (GTN-H) is the result of the joint efforts
of the WMO Hydrology and Water Resources (HWR) Department, the Global Climate Observing
System (GCOS) and the Global Terrestrial Observing System (GTOS). The concept is fully
described in the report of the expert meeting in Geisenheim, Germany, in June 2000 on the
Establishment of a Global Hydrological Observation Network for Climate (WMO/TD-No. 1047;
GCOS-63; GTOS-26). At a second expert meeting in June 2001 (WMO/TD-No. 1099; GCOS-71;
GTOS-29), a GTN-H Coordination Group was formed around four key partners:
•
•
•
•

Global Runoff Data Centre (BfG, Germany)
Global Precipitation Climatology Centre (DWD, Germany)
Global Environmental Monitoring System – Water (UNEP; Environment Canada)
Complex Systems Research Centre (University of New Hampshire, USA)

The GTN-H is a global hydrological “network of networks” for climate that is building on existing
networks and data centres and producing value-added products through enhanced
communications and shared development. The goal of the GTN-H is to meet the needs of the
international science community for hydrological data and information to address global and
regional climate, water resources and environmental issues, including improved climate and
weather prediction; detection and quantification of climate change; assessment of impacts of
climate change; assessment of freshwater sustainability; and understanding the global water cycle.
Objectives of the 2005 GTN-H Coordination Panel Meeting
The objectives of this meeting were to review key GTN-H projects that were defined at the first
session of the Panel in November 2002 (WMO/TD-No. 1155; GCOS-83; GTOS-33), as well as the
identification of additional networks, products and plans relevant to global aspects of hydrology.
In addition, the session was expected to provide concrete recommendations and inputs
highlighting its service functions towards its main target groups. In addition, the session was
expected to review its coordination mechanisms, outreach to other groups and its visibility.
Opening of the GTN-H Coordination Panel Meeting
The meeting was opened at 9.15 a.m. on 4 July 2005, by Volkhard Wetzel, Director of the German
Federal Institute of Hydrology (BfG).

2.

Report on Progress Since the 1st Session

Dave Harvey provided a brief history of the GTN-H, including its original objectives and goals. He
reminded participants of the major themes to be addressed by GTN-H projects, namely:
•
•
•

Theme I: Requirements and adequacy of current observational systems
Theme II: Approaches and tools for data collection, management and access
Theme III: Development of global-scale data products

The resulting work plan for the 1st Panel session in 2002 focussed on the development of
demonstration projects (see section 4). Main areas of progress since that session are as follows:
1

•
•
•
•
•
•

Preparation of a draft report on the definition of a hydrological metadata standard, based on
the WMO core metadata standard (in collaboration with the GRDC)
A prototype system for the on-line near-real-time data access to over 400 river gauge stations
worldwide, the Global Terrestrial Network Rivers (GTN-R) (in collaboration with the GRDC)
Access to a first-guess global gridded precipitation product (courtesy of the GPCC)
First-time on-line access to the global water quality database of GEMS/Water
Second edition of the estimation of freshwater fluxes to the ocean (in collaboration with the
University of New Hampshire)
Establishment of a dedicated web-page (http://gtn-h.unh.edu) and an inventory of hydrological
data and product sources (in collaboration with Environment Canada and the University of New
Hampshire)

In between sessions, two teleconferences were held, in April and December of 2004, to maintain
momentum and review the progress of ongoing projects. In addition, Stephan Bojinski joined the
GCOS secretariat in early 2004 and assists with GTN-H coordination.
Continued support and engagement by GTN-H sponsors (WMO HWR, GCOS) have helped raise
awareness for the objectives of GTN-H, as evidenced by the visibility of the GTN-H in the
Implementation Plan for the Global Observing System for Climate in Support of the UNFCCC
(WMO/TD-No. 1219; GCOS-92) (“GCOS Implementation Plan”) and, the GEOSS 10-year
Implementation Plan and its Reference Document.
As an example for the effect of the GEOSS Plan on national policy, Canada is improving its
capability to participate “globally”, in such that the GEOSS concept is being incorporated into
Canadian hydrological and meteorological monitoring strategies; a national near real-time system
for disseminating water level and discharge data is being upgraded; and a multi-million dollar
investment is being made in an environmental data management framework.

3.

Reports by GTN-H Sponsors

WMO
Wolfgang Grabs provided a brief overview of WMO HWR activities in WMO with regard to the
Technical Commission for Hydrology (CHy) and GTN-H:
Secretariat Organization of GTN-H
•
•
•
•

Close collaboration between WMO HWR and GCOS secretariat in terms of data requirements,
observations, and adequacy for climate and water resources management purposes;
Close linkage between GTN-H and WMO/UNESCO World Climate Programme – Water (WCPWater);
Linkages between GTN-H and World Climate Research Programme (WCRP) (GEWEX,
WRAP), the Integrated Global Water Cycle Observations Theme (IGWCO), and an emerging
linkage to GEOSS;
See also Annexes V and VI.

Commission for Hydrology
CHy is fully informed on aims and objectives of GTN-H and, through its working areas and experts,
is especially interested in the following areas:
•
•

Real-time access to hydrological information (including link to the WMO Disaster Prevention
and Mitigation Programme);
Meta-data standards and data transmission protocols, free sharing of data and information;
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•
•
•

Close linkage to the Commission for Basic Systems (WMO World Weather Watch);
Development of datasets on Pristine Basins;
See also Annex IV.

GCOS
Paul Mason, Chairman of the GCOS Steering Committee, provided a briefing on GCOS and the
role of the GTN-H in the GCOS Implementation Plan.
The GCOS Implementation Plan has been identified as the climate component of the GEOSS
implementation plan. It includes a number of dedicated actions related to GTN-H and hydrological
variables (see Annex III).
The priorities set forth in this Plan are as follows:
•

•
•
•
•

Improving access to high-quality global data for the Essential Climate Variables (ECVs);
o Free and unrestricted data exchange
o Adherence to the GCOS Climate Monitoring Principles for in situ and satellite systems
o Availability of international data centres
Generating integrated global analysis products;
Improving key satellite and in situ networks;
Strengthening national and international infrastructure;
Enhancing of the full participation of least-developed countries and small-island developing
states.

A major action identified for climate observations in the terrestrial domain calls for an
Intergovernmental Technical Commission or Mechanism for Terrestrial Observations which would,
inter alia:
•
•
•

•

Prepare and issue regulatory and guidance material for terrestrial observations;
Establish common standards for networks, data management, as well as associated products
and services;
Ensure compatibility with standards and initiatives;
Seek hosts for designated International Data Centres for the full range of terrestrial domain
ECVs.

Once such a Technical Commission in the terrestrial domain exists, the GTN-H may be able to
contribute to the establishment of global standards for hydrological observations, based on its
accomplishments (cf. Project 1.3: Demonstration of hydrological metadata).
An additional action in the GCOS implementation Plan is to formalize the GTN-H by finding
additional sponsors and a host.
GTOS
Aurélien Letourneau presented on the activities of the Global Terrestrial Observing System
(GTOS) that relate to the implementation of GTN-H.
The GTOS programme structure is composed of panels, regional projects and technical
programmes. Implementation of the observing programs is accomplished using satellite missions,
technical programs, and existing and expanded terrestrial networks.
The Global Terrestrial Observing Network (GT-NET, http://www.fao.org/gtos/gt-netHYD.html) is
envisaged as a master network system. It has been in development since June 1997, when a
meeting of Experts on Ecological Networks established that GT-Net should generate complete and
3

coherent data sets on global terrestrial ecosystems through international research collaboration.
This project employs satellite and supporting ground observations to expand tier-5 coverage within
the terrestrial observing system's GHOST strategy.
GT-Net is a system of observation networks. Each represents an organized effort for a particular
theme, habitat type or region. GTN-H represents the hydrology component within GT-Net.
Through GTOS, the AQUASTAT database (for water use and irrigation data) and the FLUXNET
network (evapotranspiration) could be identified as hydrological data sources with relevance to
GTN-H. The TEMS hydrology database was developed to facilitate access to hydrological
networks and data. These are discussed in more detail in section 5.
GEOSS
Wolfgang Grabs provided a brief overview of the Global Earth Observation System of Systems
(GEOSS) and the Group on Earth Observations (GEO) that completed the GEOSS 10-year
Implementation Plan in February 2005 (http://earthobservations.org).
The primary current activity of GEOSS is the creation of a 2006/07 work plan that will be based on
the 2-year targets articulated in the 10-year implementation plan, driven by proposals for action
from the GEOSS community. The work plan will be submitted for approval by a GEO plenary
meeting in December 2005, together with a report on preliminary 2005 task accomplishments.
Note that section 6 of this report summarizes a discussion of GTN-H input to the 2006/07 GEOSS
work plan that took place on the second day of the meeting.
IGWCO
Wolfgang Grabs then provided an overview of the relationship of GTN-H with the Integrated Global
Water Cycle Observations (IGWCO) theme of the Integrated Global Observing System Partnership
(IGOS-P) and how the GTN-H response to GEOSS can be coordinated through IGOS-Water.
The objectives of the IGWCO are to:
•

•

4.

Provide a framework for guiding decisions on priorities and strategies regarding water cycle
observations for:
o Monitoring climate variability and change;
o Effective water management and sustainable development of the world’s water
resources;
o Societal applications for resource development and environmental management;
o Specification of initial conditions for weather and climate forecasts;
o Research directed at priority water cycle questions.
Promote strategies that facilitate the processing, archiving and distribution of water cycle data
products.

Reports on GTN-H Projects

At the1st GTN-H Coordination Panel Meeting, a number of projects were planned to generate
products in the four general areas of interest:
1. Products that improve our understanding of what’s available and how to access it (e.g.
metadata, maps):
• Project 1.1 GTN-H website
• Project 1.2 Inventory of existing data products, databases, and organizations
4

•

Project 1.3 Demonstration of metadata

2. Products that enhance baseline or core hydrological data and improve our knowledge of
hydrology (e.g. gridded runoff datasets, mapped statistics)
• Project 2.1 Development of gridded runoff datasets
• Project 2.2 Map product on real-time hydrological conditions
3. Products that result from the integration of existing datasets (e.g. biogeochemical fluxes)
• Project 3.1 Mapping of biogeochemical fluxes
4. Products that are designed to address specific science questions (e.g. reference
hydrological datasets for use in detecting climate change)
• Project 4.1 Reference hydrologic dataset
• Project 4.2 GTN-H Networks
The following is a summary of progress on each of these projects. Action items in each of the
projects are listed in the agreed List of Actions in section 9.
Project 1.1 Development of GTN-H Website (D. Harvey)
Objective:
To develop a public website to help GTN-H users to discover and access GTN-H data and
information products, and to provide linkages to GTN-H partners.
Status:
Version 1 of the GTN-H website is accessible on the internet (http://gtn-h.unh.edu). The site has
been populated with information about the GTN-H, its partners and links to sources of data and
related initiatives. The website has been structured for presenting additional content, especially
data products, that are identified or developed under the GTN-H initiative.
Both GOSIC and GTOS has added to its website text describing the GTN-H as well as pointers to
the GTN-H website (http://www.fao.org/gtos/gt-netHYD.html ;
http://gosic.org/gtos/gtnet-h_program_overview.htm ).
Next Steps:
•
•
•
•
•

Implement comments from GTN-H sponsors to improve site
The “Contact Us” feature will now be activated. The contacts will be the WMO Hydrology and
Water Resources Department and the GCOS Secretariat.
The “This Site is under Construction” labels will now be removed.
A clickable graphic of the GTN-H configuration diagram (see Project 1.2 below) will be added
to the home page; it will link to the appropriate organizations
Increasing the information content of this site is an on-going process. All GTN-H partners and
members are asked to take responsibility for proposing new content and modifications to the
GTN-H website.

The process for adding to or modifying the GTN-H website:
1. Contact Dave Harvey via e-mail with clear instructions;
2. Dave Harvey will have requested changes made on the Environment Canada development
site;
3. Dave Harvey will ask Stanley Glitton at the University of New Hampshire, USA, to upload
changes to the public website.
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Project 1.2 Inventory of Existing Data Products, Databases, and Organizations (D. Harvey)
Objective:
To compile a general inventory of existing data products and databases, data sources,
organizations, and other information of relevance to the GTN-H and its users. To integrate this
inventory into the GTN-H website.
Status:
The latest status of the GTN-H network configuration and the GTN-H inventory of global
hydrological networks are given in Figure 1 and Table 1.

Fig. 1: GTN-H Configuration (15 July 2005)
Ground water*
Soil moisture

IGRAC

Lake levels*

GTN-L?
SHI St. Petersburg?

In-situ Soil Moisture
Network (planned)
SMOS, HYDROS

Water vapour*
WMO WWW

Water quality / BGC
fluxes

Global Terrestrial Network
Hydrology
(GTN-H)
"Network of Networks"

GEMS/Water

River discharge*
GRDC / GTN-R
Isotopes

Water use*

IAEA / GNIP

FAO/AQUASTAT

Evapotranspiration

FLUXNET

Precipitation*

Snow cover*
Glaciers and ice
caps*

GPCC
GPCP
NCDC / GSN

NSIDC
WGMS / GTN-G

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

*

GCOS Essential Climate Variable
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Next Steps:
Both the table and configuration diagram provide an excellent framework for discussing, by
variable, existing and proposed data products, databases and related organizations. In fact, they
provided a very useful focus for the Coordination Panel at this meeting, with the result that both the
table and diagram were further updated with the input of the meeting participants.
The GTN-H needs to continue to develop the information for both the table and configuration
diagrams. In fact, an action proposed for the identified points of contact is to elaborate on the
information currently found in the table, and to produce maps for each of the hydrological variables
where possible.

Project 1.3 Demonstration of Metadata (T. Maurer)
Objective:
To propose a standardized detailed metadata format for selected GTN-H data types and
demonstrate their use in enabling the user to discover and access data and related information
(e.g. data quality).

Output/deliverable:
(1) Background knowledge: Report on metadata: Need and current practices
(2) Definition/selection of standard: ISO 19115/19139 conform metadata profile for GTN-H
(discovery and station level)
(3) Provide infrastructure: Web based ISO 19115/19139/19119 compatible metadata management
application that allows a user to input and to explore metadata for a range of hydrological
variables, including a link to the website of the data provider; ideally to be combined with a map
display and map locator.
(4) Fill infrastructure with real data: Example data sets fed into the system under (3).

Methodology:
(1) Synthesis of literature review, current trends and own contributions:
GRDC Report 31 (2004): "Globally agreed standards for metadata and data on variables
describing geophysical processes. A fundamental prerequisite to improve the management of the
Earth System for our all future" by T. Maurer (for download from http://grdc.bafg.de/?911)
(2) Propose an ISO 19115/19139 standardized metadata format for selected data types:

Variable
Contact
River discharge:
Thomas Maurer
Water quality:
Richard Robarts
Precipitation (NCDC):
Jeff Arnfield
Precipitation (GPCC):
Bruno Rudolf
Gridded datasets:
Richard Lammers, University of New Hampshire + GPCC
products
Satellite-derived snow products:
Barry Goodison
An example for a GRDC discovery level metadata set according to the WMO Core Metadata
Standard (WCMS) is given at http://grdc.bafg.de/?6487 (for the profile of ISO 19115, see
http://www.wmo.int/web/www/WDM/Metadata/documents.html).
(3) With the establishment of the ISO standards, web-based multilingual commercial software
solutions are emerging e.g. in the framework of the German NOKIS-project (North and Baltic Sea
Coastal Information System, see http://grdc.bafg.de/?7836). Building on such an off-the-shelf
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Table 1: Inventory of global hydrological networks and data centres
(15 July 2005)
Variable

Contributing
Networks

Status (data
availability etc)

Data Centres and
Archives

Network
Coordination

Contributing remote
sensing data

Comments / Points of Contact (POC) /
Needs of data centres

River
discharge

GTN-Rivers
(proposed)

380 stations selected;
WMO support letter
sent to countries; no
formal status yet

GRDC

WMO CHy,
GCOS

Research on laser/radar
altimetry

GTN-R can deliver: long-term freshwater flux
into the oceans; long-term mean river
discharge; global composite runoff fields

Lake levels
and area
(merged with
surface
storage flux)
Ground water
(levels and
use)

GTN-L not yet defined

150 priority lakes to
be defined by
GCOS/TOPC

None designated

WMO CHy,
GCOS

Research on altimetry, optical
and radar sensors

Water use
(area of
irrigated land)
Water quality /
BGC fluxes
Isotopes

None; many national
archives of groundwater level;
Observation wells
No network, but single
geo-reference
database exists
Global Network of
Biogeochemical
Fluxes (tbd)
Global Network for
Isotopes in
Precipitation; ISOHIS

Evapotranspir
ation

FLUXNET sites
Flux aircraft

Soil Moisture

National/regional
networks

Permafrost

GTN-Permafrost

n/a

IGRAC

n/a

GRACE, GOCE
SAR

n/a

FAO AQUASTAT

FAO

n/a

106 countries and
1544 stations
contributing
196 met. stations in
59 countries;
ISOHIS information
system
AmeriFlux
CarboEurope
AsiaFlux
Fluxnet Canada
Major geographical
gaps
Coordination of
national networks;
Major gaps

POC: Valery Vuglinsky,
Sandy Harrison
IGRAC: global groundwater information
products online;
Models: coupled groundwater surface models
POC: Jac van den Gun
5’ raster map of irrigated land based on in situ
and RS data (University of Kassel, Germany)
POC: Karen Frenken (tbc), Aurélien
Letourneau
GEMS/Water freshwater assessments
available
POC: Richard Robarts
POC: Luis Araguas, Pradeep Aggarwal

GEMS/Water

UNEP

IAEA

IAEA and WMO

FLUXNET DAAC at Oak
Ridge National Lab

US Agencies,
EU, Japan,
others

Derived estimates from
satellites

Models: values inferred through models or
water balance estimates

Rutgers University
(USA); National archives
e.g. in Russian
Federation, China, USA
NSIDC
Geological Survey of
Canada

n/a

Research missions (SMOS,
Hydros)

POC: GTOS, Ricardo Valentini (tbc)
Reference network for satellite validation tbd;
GSWP? LDAS?
POC: Peter van Oevelen

Int. Permafrost
Association

Derived near-surface
temperature and moisture

POC: Richard Armstrong,
Jerry Brown
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n/a

POC: Thomas Maurer
GTN-L draft priority list of lakes available
Data archive St. Petersburg (tbc)

Variable

Contributing
Networks

Status (data
availability etc)

Data Centres and
Archives

Network
Coordination

Contributing remote
sensing data

Comments / Points of Contact (POC) /
Needs of data centres

Precipitation

Baseline GCOS
Surface Network
(GSN)

90% of data
collected, only 65%
as CLIMAT

GSN Monitoring Centres
(DWD, JMA)
GSN Analysis Centres
(NCDC, Hadley)
GSN Archive (WDC
Asheville)
WMO CBS Lead Centres
(JMA, NCDC)
Integrated Surface
Hourly (WDC Asheville)
GPCC (DWD)
National responsibility;
submission to WDC
GPCC (DWD)

AOPC with WMO
CBS

Surface-based radar
networks;
National lidar networks;
Precipitation radar;
Passive microwave

GPCC products: Monthly surface precipitation
monitoring; monthly 1st guess precipitation
anomaly; full precipitation reanalysis; 50-year
climatological dataset

Water vapour

Full WWW/GOS
Synoptic Network

Operational, data
quality variable

National surface
networks

Most countries
operate highresolution net-works,
but data hardly
available
Operational

Full WWW/GOS
Synoptic / Radiosonde Network
VOS, VOSClim
Tropical Mooring
Network
Reference Buoy
Network
GPS receiver network
Commercial aircraft

Snow cover

WWW/GOS Synoptic
Network (snow depth);
National networks
(snow depth, SWE)

Glaciers and
Ice Caps

GTN-Glaciers

Research projects
such as ACIA

WDC Asheville

GPCP products: Hourly, daily, monthly
precipitation monitoring, using GPCC products
and satellite retrievals
WMO CBS

Model products: corrected NWP-derived fields
POC: WMO WWW, Tom Peterson, Bruno
Rudolf, Arnold Gruber

WMO CCl, WMO
CBS and WMO
Regional
Associations
WMO CBS,
AOPC, WMO
CIMO
JCOMM SOT
JCOMM TIP

Passive microwave;
Infrared sounders;
GPS radio occultation;
IR and microwave limb
sounders;
Solar occultation

Under
implementation; Poor
observational
practices frequent

VOSClim Data Centre
IODE Data Centres

Int. cooperation
needed
Potentially useful, but
limited geographic
coverage
Significant gaps and
contracting networks;
issues with data
consistency;
Southern hemisphere
not monitored
operationally
Network of national
contacts; Major
geographical gaps,
especially in Southern
Hemisphere
One-off

n/a

n/a

n/a

n/a

NCDC
NSIDC
Fragmented
responsibilities and
archives within countries;
Network funding mostly
research-based
World Glacier Monitoring
Service
NSIDC

n/a

Moderate resolution optical
sensors for snow
extent/duration;
Passive microwave for SWE

Int. Commission
on Snow and Ice,
FAGS and others

NSIDC

n/a

Visible and IR highresolution;
Along-track stereo optical
imagery;
SAR;
Satellite Altimetry

Data not widely used for climate studies

JCOMM DBCP
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POC: WMO WWW (tbc)

Daily/weekly Northern hemisphere snow
extent maps by NOAA/NESDIS, NASA;
Daily global snow depth analyses by Canadian
Met Centre
Models: NWP, global climate models
POC: Richard Armstrong
GLIMS?
Radarsat Antarctic Mapping Project
Digital elevation maps of ice sheet surfaces?
POC: Wilfried Haeberli,
Richard Armstrong

product is clearly recommended for the exploration of metadata. The product of choice should
have the following properties:
•

It should be configurable in order to cope with the situation that metadata schemes or profiles
according to ISO 19115/19139 may change over time;

•

Furthermore, GTN-H installations should be capable to be integrated into a larger framework,
i.e. to be connectable via standardised Web Catalogue Services through a central metadatabroker, according to ISO 19119 (such as e.g. GeoMIS.Bund in Germany;
http://www.geomis.bund.de )

GRDC is likely to obtain a small BfG grant to put out to tender the development of such a software
tool based on the WCMS. GRDC has drafted a specification of services, which is currently under
review by the developer of the NOKIS software. .
(4) Three groups contribute to this process:
•

Metadata providers (e.g. science institutions, operational agencies);

•

Service providers (e.g., stakeholders who distil the available metadata and feed it into the
given infrastructure);

•

Clients (i.e., data users).

GTN-H project participants as well as the hydrology community at large need to get involved to
take ownership of this infrastructure in the future, in order to ensure its maintenance and
continuous updating.

Schedule (resource-dependent):
(1) Metadata report ready by October 2004 (T. Maurer)
(2) Metadata format based on WMO Core Metadata Standard agreed to by August 2005 (T.
Maurer and project participants)
(3) Metadata management application (portable to other platforms) bought, fine tuned, installed
and operative December 2005 (T. Maurer and externally funded GRDC staff)
(4) Example data input until December 2005 and continued input of metadata thereafter (all project
participants).

Resources required:
(1) Project leader (net 3 man-months)
(2) Project leader (net 3 man-months),
(3) Project participants (net 1 man-month each)
(4) External web-software consultant with ISO knowledge (3 man-months), funding may emerge
from EFAS project
License fee for software (around 10-20 000 €)
IT-specialist for software installation and administration training (1 man-month)
IT-support staff (continuously from BfG resources)

Project lead: Thomas Maurer
Project participants:
GRDC internal staff and (depending on funding) externally funded staff;
All GTN-H Coordinating Group members
Product(s) to be maintained by: Global Runoff Data Centre
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Project 2.1 Development of Gridded Runoff Datasets (R. Lammers/B. Fekete)
Objective:
To develop an on-line mapping application that presents gridded runoff resulting from water
balance analysis.

Status:
Composite runoff fields were produced combining water balance calculations with observed
discharge. The water balance calculations were performed for the 1901-2000 period at monthly
time steps and 30' spatial resolution using climate forcings (air temperature, precipitation, vapour
pressure, solar radiation and wind speed) from the Climate Research Unit of East Anglia (UK). The
composite runoff fields were produced at 6' and 30' spatial resolution using 6 and 30-minute
topological networks, for the North American continent and the Pan-Arctic domain. The 30' water
balance runoff estimates were re-gridded 6' resolution using nearest neighbour interpolation.
Annual runoff correction coefficients time series and long-term mean were calculated for the
selected stations. The annual correction was applied when all stations (upstream and downstream)
defining inter-station regions operated, otherwise the long-term mean annual correction was
applied to calculate composite runoff.
Composite discharge fields are new products that incorporate discharge records to the spatially
distributed discharge estimates. The composite discharge fields can be viewed as discharge
interpolation between discharge gauges, where as a first step the river network is partitioned into
sub-basins and the flow routing is performed within discharge gauges using the observed
discharge as boundary conditions. The second step of the discharge compositing is to identify the
discharge error at the discharge gauges and distribute that error within the inter-station tributary.
Pan-Arctic runoff fields are developed as part of the on-going Arctic-RIMS (Regional Integrated
Monitoring System) efforts (http://rims.unh.edu). The purpose of this project is the near-real time
monitoring of pan- Arctic water budgets and river discharge to the Arctic Ocean. Here, runoff fields
at 25 km nominal resolution (on NSIDC EASE-Grid) use a modified version of the water balance
model (P-WBM) that was used for Global and North American composite runoff calculations. The
modified water balance model has more realistic snow accumulation and melting processes and a
detailed representation of the thaw/freeze processes of the permafrost regions.

Next Steps:
While the vertical water fluxes are sufficiently represented in large scale hydrological models (e.g.
WBM (Vörösmarty et al., 1998), VIC (Liang et al., 1996), WGHM (Döll et al., 2003)) and the land
surface characterization improves continuously by incorporating increasingly sophisticated
representation of the land surface processes, the simulation of horizontal transport processes is
still lacking. The two key limitations are the availability of high-resolution gridded networks and the
lack of information on the river bed geometry.
An ongoing effort at the World Wildlife Fund by Bernhard Lehner (that will be continued at the
McGill University, Montreal, Canada, when Bernhard Lehner moves there next year) to derive a
series of high resolution gridded networks (ranging from 90m resolution to 0.1 degree) from the
recently released Shuttle Radar Terrain Mission elevation product combined with the SRTM water
bodies dataset (http://edc.usgs.gov/products/elevation/swbd.html) will offer new opportunities to
detailed riverine flow simulations.
River stage and discharge relationships are traditionally established via expensive field surveys.
However, although a substantial body of literature was devoted in the late 1950's and early 1960's
to the better understanding of river formation and the processes of river adjustments, only few
authors attempted to establish empirical or theoretical relationships that would allow the estimation
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of river channel properties based on hydraulic conditions such as riverbed slope and discharge
regime. Recent efforts to lay the groundwork for using remote sensing techniques to monitor river
discharge (Bjerklie et al., 2003) has led numerous authors to address the issue of calibrating
remote sensing data (river width, stage height) to flow without the need of expensive ground
surveys. A by-product of these efforts is a better understanding of the relationship between
riverbed geometry, topography and flow regimes.
The cross-section of natural rivers is often approximated by rectangles, trapezoid or second order
parabola. The latest is not only more justified by sedimentation processes, but has numerical
advantages being a continuous function that needs the parameterization of only one coefficient.
The work by Bjerklie et al. (2003) was applied globally by Fekete et al. (2005) on 30' (0.5 degree)
and 6' (0.1 degree) simulated gridded network. Fekete et al. showed that empirical relationships
from literature can be derived from theoretical considerations and rating functions relation
discharge to stage height or flow width can be developed by assuming idealized cross-section
properties. The global application demonstrated that one can assign riverbed properties to
simulated gridded networks that can be used to assess the water storage and open surface areas
occupied by rivers. Furthermore, such a three dimensional representation of river system provide
new opportunities to water transport modelling.
The University of New Hampshire team is about to work with B. Lehner and Kristine Verdin from
USGS EROS data centre on the high-resolution networks and assign riverbed geometry to the
different network products that can serve the scientific community with much needed riverbed
geometry information.

Project lead: Balazs Fekete, Richard Lammers
Project participants: Bernhard Lehner
Product(s) to be maintained by:
University of New Hampshire (USA), McGill University (Canada) and USGS EROS Data Center.

Project 2.2 Map Product on Real-Time Hydrological Conditions (T. Maurer)
Objective:
To develop a pilot web application that demonstrates the retrieval, integration and presentation of
real-time hydrometric data for selected large rivers from several countries (Global Terrestrial
Network for River Discharge, GTN-R, http://gtn-r.bafg.de)

Output/deliverable:
(1) Core software, GTN-R engine, GRDC NRT-Monitor: collects near-real-time (NRT)-discharge
data from distributed servers in the internet, harmonizes and summarizes them, and makes them
available again in the standardized GRDC-NRT-Format-V2 (see http://grdc.bafg.de/?6678) via a
FTP-server.
(2) Defined Networks of stations: GTN-R (GCOS River Discharge Baseline Network, European
Flood Alert Network, etc.)
(3) Web mapping application: see description below
(4) Acquisition of data for the GRDC NRT-Monitor, both near-real-time and historical data (for
statistical analysis)
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Methodology:
(1) Stand alone application programmed in Borland Delphi and Oracle 9i, has two major parts: (a)
the configuration shell and (b) the operative engine.
The configuration shell allows administering the attributes of the major information objects, i.e.
Providers, which may have several DataSources, which in turn may hold data of several
Stations. DataSources are described by several attributes, including a HTTP or FTP location, a
data type (discharge or water level), a format identifier and a download frequency. Stations are
described by standard GRDC metadata and can be grouped in upload Projects. Projects are
described by several attributes, including a FTP location for upload of harmonized station data in
GRDC-NRT-Format-V2, upload frequency, and upload length (time period back from upload or
number of last values stored). All configuration data is held in Oracle database tables. Station
metadata has to be manually generated in the GRDC database upon adding new DataSources to
the configuration shell (may need to communicate once with the Provider). This includes water
level - discharge relationships in cases where the DataSource delivers water level data, to allow
for automated conversion in an operational mode.
The operative engine continuously monitors all active DataSources according to their download
frequency attribute, visits them, downloads the provided data files if there are new versions, reads
out the variable discharge or water level, converts water levels if applicable and stores the data in
newly defined tables for NRT data in the GRDC database. At the same time, the operative engine
monitors all defined Projects according to their upload frequency attribute and dumps harmonized
NRT-discharge data in GRDC-NRT-Format-V2 to the defined FTP-sites for use by the users.
This software has been developed during a 4 months’ internship in summer 2004, funded by WMO
and BfG. It is expected to be operational by the end of 2004, including documentation, and will be
further maintained by GRDC.
(2) Identification of a priority network of around 380 river discharge reference stations that
constitute a first layout of GTN-R as well as the outline of the associated river basins. This network
has been selected based on (a) the GRDC metadata list, (b) a list of discharge stations held at the
National Center for Atmospheric Research (USA) and (c) visual inspection of maps of all
continental coastlines for relevant rivers draining to the ocean the stations. This network can be
viewed and downloaded at http://gtn-r.bafg.de (click on the small world map for further details).
(3) Development of an online mapping application for the harmonized data product, i.e. a graphics
display of the most recent collected and harmonized data of NRT-discharge stations (see (1)) in an
interactively scaleable world map by means of an internet map server (IMS). Absolute discharge
values (3.1) as well as classified percentiles relative to the long-term characteristics of the stations
(3.2) will be displayed as attributes (analogous to the USGS WaterWatch, see
http://water.usgs.gov/waterwatch).
(4) The GTN-R stations defined in (2) are grouped in three nested categories:
(C) all stations,
(B) stations in those countries that already provide some kind of online data, and
(A) stations that already are making data available in real-time suitable for automated
reading.
GRDC started writing individual interfaces for stations in category A, in order to be able to
demonstrate the applications (1) and (3) as soon as possible. In a next step, convincing with the
good example of A-stations, we are approaching providers of B-stations using the example of the
A-stations to provide their data preferably in GRDC-NRT-Format-V2. At the same time the GCOS
secretariat is approaching all data providers (C-providers) with an official letter requesting for
support of GTN-R.
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Schedule (resource-dependent):
(1) Version 0 August 2004, first operational version 1 including documentation by March 2006, to
be extended as new DataSources in new formats become available. Improved versions 2+ are
depending on funding, e.g. European Flood Forecasting System (EFAS)
(2) First version completed in October 2004, since then improvements, most recent version of
February 2005, likely to be continued as station data providers are contacted and advise with
their local knowledge.
(3) In March 2005, GRDC set up an Internet Map Server based on BfG infrastructure, however,
currently only online within the BfG intranet. Due to resources constraints of BfG IT department
not yet accessible to the world. Will be developed further as resources become available and
data start flowing flow in.
(4) A stations (NRT data and some historical data) until September 2005
B stations (NRT and most historical data) until December 2006
C stations (NRT and remaining historical data) until December 2009
On 18 April 2005, the WMO Secretary General sent out a support letter to 82 countries
concerning the "Institutionalized regular provision of daily river discharge data for selected
rivers and gauging stations of the GTN-R" together with a country-tailored information package
to the Permanent Representative to WMO and the Hydrological Adviser with WMO. The letter
was drafted by the GCOS secretariat with GRDC inputs (see http://gtn-r.bafg.de/?9419 for a
facsimile). To date (1 July 2005), eight countries have reacted to the letter and partly already
submitted data (e.g., from 10 stations in China).

Resources required:
(1) Software developer (12 man-months for version 1, 6man-months already spent, (4 manmonths with external funding from WMO (4000 €) and BfG (2600 €))). Improved versions 2+
depending on funding, e.g. through the European Flood Forecasting System (EFAS)
(2) Hydrologist (2 man-months, already spent)
GIS-Specialist (4 man-months, already spent)
(3) Software developer and hydrologist (4 man-months for 3.1 and 8 man-months for 3.2), funding
may emerge from the European Flood Forecasting System (EFAS) project
License for IMS (provided by BfG)
IT specialist for software installation and administration training (1 man-month), funding may
come from EFAS project
IT support staff (continuously from BfG resources)
(4) A stations (net 3 man-months)
B stations until 2007 (net 6 man-months)
C stations until 2009 (net 12 man-months)

Project lead:
Thomas Maurer
Project participants:
GRDC internal staff and externally funded staff, depending on funding
Product(s) to be maintained by:
GRDC
Program linkage: BGC flux project 3.1 (GEMS-Water)
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Project 3.1 Mapping of Biogeochemical Fluxes (R. Robarts)
Objective:
To develop a pilot web-mapping application that presents global characteristics of biogeochemical
(BGC) fluxes for selected large rivers from several countries.

Status:
The GEMS/Water Programme was established to provide authoritative, scientifically sound data
and information on the state and trends of global inland water quality. On March 22, 2005, a new
online water quality database called GEMStat was officially launched (http://www.gemstat.org ).
GEMStat features a mapping interface, it is searchable and enables the user to do a variety of
statistical analyses.
GEMS/Water has partnered with the GRDC to perform flux/load calculations at selected GRDC
stations. GRDC station discharge data are integrated into GEMStat where the loadings are
computed. Graphical results are available now for 100 GTN-H river discharge stations. On-line
mapping of results is in progress.

Next Steps:
The on-line mapping component of the BGC flux application will be completed by December 2005.
GEMS/Water is also set to take over the management of the ILEC (International Lake Environment
Committee Foundation) world database.

Project 4.1 Reference Hydrological Dataset (H. Lins)
Objective:
To prepare a feasibility report and recommend path forward to develop a global reference
hydrometric dataset for use in detecting climate change

Status:
Harry Lins reported on recent activities related to the development of a reference hydrological
dataset appropriate for the study of hydroclimatological variations and change on a global basis.
He noted that the effort to identify a network of stream gauges reflecting minimal anthropogenic
disturbance began about five years ago, during the intersessional period following the 11th session
of the WMO Commission for Hydrology (CHy XI). The effort was relatively informal and little
progress was made. As a result, a theme addressing the “Analysis of Hydroclimatological Data for
Variability and Trends” was formally established at CHy-XII, and one of the Terms of Reference for
this theme is to “promote the use of international criteria for the identification of climate-sensitive
stream gauge records.”

Next Steps:
Thus, the GTN-H project to develop a reference hydrological dataset is now being formally
undertaken by CHy and in conjunction with the World Climate Programme-Water (WCP-Water).
The goal is to have a list of unimpaired basins (stream gauges), as identified by National
Hydrological Services and organizations responsible for international research watersheds,
prepared by the end of 2007, as well as a climate-sensitive stream flow database that is available
from GRDC. This establishes a 3-year timeframe for the completion of GTN-H project 4.1.
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Project 4.2 GTN-H Networks (W. Grabs, A. Thomas, S. Bojinski)
Objective:
To initiate the setting of criteria for defining each of the GTN-H variables and networks.

Status:
An overview of the current status of the GTN-H variables and networks is depicted in Fig. 1,
section 4. The composition of this “network of networks” is based from the Establishment of a
Global Hydrological Observation Network for Climate (WMO/TD-No. 1047; GCOS-63; GTOS-26)
report. The GTN-H objective of identifying networks and facilitating access to global hydrological
data was corroborated by the Second Report on the Adequacy of the Global Observing Systems
for Climate in Support of the UNFCCC (GCOS-82, April 2003, “Second Adequacy Report”), which
defined 44 Essential Climate Variables (ECV) and analyzed the adequacy of global, long-term,
high-quality observations for climate studies for each of these. General criteria for the required
observations are given. Among the ECVs, the variables of interest for GTN-H are:
•

River discharge, Water use, Ground water, Lake levels, Precipitation, Snow cover, Glaciers
and ice caps, Water vapour

Soil moisture is recognized an important parameter for global climate models, its measurement for
the time being largely based on research efforts. In general terms, the Second Adequacy Report
notes a major discrepancy between the needs of the user community and the availability of global
hydrological datasets and observations.
The GCOS Implementation Plan sets out specific actions targeted at the improvement of
observations for all ECVs, including data exchange, data management and technical
infrastructure. It also makes a recommendation concerning the development of an experimental
soil moisture product based on satellite observations (see Annex III).
The IGOS Water Cycle Theme (IGWCO) report stipulates observational criteria for all variables in
the realm of GTN-H, including those not being part of the ECVs such as
•

Water use, Ground water, Isotopes, Evapotranspiration, Water quality

IGWCO identifies GTN-H as a leading initiative to improve access to data, to identify networks, and
to promote common (meta)data standards (see Annex V).
CHy appreciated at its twelfth session in October 2004 progress made in the GTN-H projects, such
as the Global Terrestrial Network for River Discharge (GTN-R) initiative, and was looking forward
to further achievement in continued collaboration with GCOS in the context of the GCOS
Implementation Plan (see Annex IV).

Next Steps:
Actively pursue implementation of the GTN-H relevant actions recommended in the GCOS
Implementation Plan and the IGOS Water Cycle Theme Report; engage GCOS science panels,
WMO technical commissions, GEO and other international bodies in the definition and
implementation of required observation networks and systems.
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5.

Reports by GTN-H Partners

5.1

GTOS TEMS

Aurélien Letourneau described the TEMS directory: TEMS, Terrestrial Ecosystem Monitoring Sites,
is an international directory of sites (named T. Sites) and networks that carry out long-term
terrestrial monitoring and research activities. The database provides information on the "who, what
and where" that can be useful to both the scientific community and policy-makers
(http://www.fao.org/gtos/tems).

The TEMS hydrology module has been developed to facilitate access to hydrological data. The
module contains ten core variables relevant to hydrology and provides links to data holders and
major institutions involved in terrestrial fresh water issues concerning the following variables:
•
•
•
•
•
•
•
•
•
•

Surface water discharge
Surface water storage fluxes
Groundwater storage fluxes
Precipitation
Evapotranspiration
Relative (air) humidity
Soil moisture
Snow water equivalent
Biogeochemical transport from land to ocean
Sediment Load at large river mouths

Users can access GTOS data and information through the GTOS matrix on the GOSIC website
(http://www.gosic.org), which is based on the GHOST hierarchical strategy. The hierarchy divides
into five tiers, each with unique characteristics and roles, although existing facilities often straddle
more than one tier. The concept is applicable to the three main areas that GHOST is concerned
with - the land surface, freshwater ecosystems and ice surfaces - each with its own hierarchy, but
all share tier five.

5.2

Water Use

Aurélien Letourneau described how the FAO AQUASTAT database may be useful for accessing
information about water use. AQUASTAT is a comprehensive global information system on
hydrological variables related to water and agriculture. The objective of AQUASTAT is to provide
users with comprehensive information on the state of agricultural water management across the
world, with emphasis on developing countries and countries in transition (see
http://www.fao.org/ag/AGL/AGLW/aquastat/main/index.stm). Information is available for the
following areas:
•
•
•
•
•

Land use and population,
Climate and water resources,
Water use by sector and by source,
Irrigation and drainage development,
Environment and health.

The meeting recommended that the role of FAO AQUASTAT in the context of global monitoring of
water use be clarified.
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5.3

Evapotranspiration

Evapotranspiration (ET) data are a derived quantity rather than being measured directly. ET
estimates may be derived from satellite data, through ET models or through water balance
analyses.
Energy-based ET models can be applied if suitable data are available, for example, at FLUXNET
sites. FLUXNET is a global network of tower sites that use eddy covariance methods to measure
the exchanges of carbon dioxide, water vapour and energy between terrestrial ecosystem and
atmosphere. At present, over 200 tower sites are operating on a long-term and continuous basis.
Researchers also collect data on site vegetation, soil, and hydrological and meteorological
characteristics at the tower sites.
FLUXNET data are available from the Distributed Active Archive Center (DAAC) of the Oak Ridge
National Laboratory, and include monthly and annual heat, water vapour, and carbon dioxide flux,
gap-filled flux products, ecological site data, and remote-sensing products (see
http://daac.ornl.gov/FLUXNET ).

5.4

Lake levels and Lake Surface Area

Valery Vuglinsky presented on the hydrological network and studies of lakes and reservoirs in
Russian Federation, and described the objectives and activities of a proposed International Centre
of Data on Hydrology of Lakes and Reservoirs (HYDROLARE) that could be located at the State
Hydrological Institute (SHI) in St. Petersburg, Russian Federation.
SHI manages the hydrological network on lakes and reservoirs of the Russian Federation, which
began in 1860, peaked in the 1980s at 493 stations, declined in the 1990s, and has stabilized now
at 377 stations. Data and information on this network is archived electronically in hydrological
yearbooks and includes lake levels, surface water temperatures, water temperature profiles, heat
content, ice cover and thickness, snow depth, wind, water balance, waves and currents.
HYDROLARE is being proposed to meet the need for global data on lakes and reservoirs. The
amount of water stored in the world’s145 largest lakes is estimated as 168 000 km3.
The overall objective of the proposed centre is to establish, develop and regularly update an
international database on hydrological regime of lakes and reservoirs in order to:
•
•
•

stimulate the development of a global monitoring system on lakes and reservoirs for rational
use, preservation and management of global water resources;
improve the knowledge of lateral fluxes transformation within lakes and reservoirs; and
supply data for scientific and educational purposes, modelling, and the development of global
and regional projects and programs.

The first stage of developing HYDROLARE would consist of collecting, processing and distributing
metadata and annually updated hydrometeorological observations for lakes and reservoirs
including water levels, changes in water storage, inflow/outflow data, and ice conditions.
Valery Vuglinsky stressed that the SHI is currently not in a position to serve as a World Data
Centre.
A discussion ensued on how the GTN-H could assist in the development of a global data centre for
lake data. The suggestion was made to write a letter in support of the Russian Federation
proposal. Another suggestion was made to consider other organizations that could host such a
data centre, such as GEMS/Water. The role of the International Lake Environment Committee
(ILEC) should also be considered. Both in situ and satellite-derived data sets should be
considered.
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Sandy Harrison then reported on work undertaken by the GCOS/GTOS Terrestrial Observation
Panel for Climate (TOPC) on identifying an initial priority list of 156 lakes for which data on area,
level and, if possible, freeze and break-up dates should be collected.
The TOPC approach to monitoring is to focus primarily on closed-basin lakes but including major
ephemeral lakes and a selection of the largest open lakes. The major consideration in the choice
of sites is to ensure a representative sample of each type of lake (where present) in each region.
Where multiple possibilities for monitoring exist, preference should be given to large lakes to
facilitate the use of satellite observations. Secondary considerations in the choice of sites are: (a)
water use, (b) relevance for other monitoring purposes (e.g. water quality, biodiversity, pollution),
and (c) the existence of a longer-term, historic or palaeoclimatic record at the site.
The initial target of 156 lakes worldwide, ranging in size from 15 to 374 000 km2, will be of
immediate benefit to climate modellers, though the inventory will have to gradually increase to on
the order of 500 lakes to ensure fully adequate regional coverage and sufficient sites to ensure
replicability of the derived records. Lake level and area need to be measured ideally weekly or at
least monthly, with a horizontal resolution of 10 m and a vertical resolution of at least 5 cm. These
measurements would be made by national hydrological services and should be provided to a
designated international data centre.
The meeting recommended that the proposal by the Russian Federation be supported provided
that the TOPC approach and recommendations are incorporated.
It was noted that there may be existing global datasets and providers elsewhere (e.g., the
University of New Hampshire holds data for another 200 lakes) and that an inventory of such
should also be considered in the development of a global data centre.
For the purposes of efficiency in addressing hydrological variables of relevance to the GTN-H, the
meeting participants agreed to merge the surface storage flux variable with the lake levels/area
variable in the GTN-H table of variables.

5.5

Soil Moisture

Peter van Oevelen described activities related to the development of a global soil moisture
monitoring network. He is the GTN-H link to the International Soil Moisture Working Group
(ISMWG), chaired by Tom J. Jackson (US Department of Agriculture).
Soil moisture is a critical hydrological variable: it determines water availability for plant growth and
evaporative fluxes; and it affects the recycling of moisture and prediction of precipitation.
Many issues related to monitoring of this variable:
•
•
•

Soil moisture is represented differently (and generally poorly) by various models;
In situ measurements for calibration or initialization of models are very limited in the
length and quality of record and the areas represented;
In situ measurements of soil moisture are very limited.

The ISMWG has as its central goals:
•
•
•
•
•
•

algorithm enhancements,
multiple satellite cross-calibration and use of vicarious calibration targets,
increase the acceptance of satellite soil moisture products,
facilitate the instrumentation of soil moisture networks worldwide,
promote and facilitate the use of satellite soil moisture products,
promote sharing of data to address the above objectives.
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ISMWG, acting on behalf of IGWCO, will address the GCOS goal of developing a quasioperational soil moisture product and implementation of a soil moisture reference network within
the next 10 years. There are new opportunities for space-based observations of soil moisture:
direct links exist with the ESA SMOS satellite, to be launched at end of 2007; and with the NASA
HYDROS satellite, to be launched in 2010. Steps are being taken to establish a global soil
moisture in situ network; this is critical for the validation of satellite-derived products.
It was proposed that the ISMWG act as the GTN-H “custodian” for the soil moisture variable. Near
future activities include:
•
•
•

Workshop on in situ soil moisture measurements (March 2006, ESTEC),
White paper due now on establishment of international soil moisture measurement network
(van Oevelen, 2005),
Van Oevelen organises small meeting on soil moisture at ESA ESTEC with representatives
from NASA (USDA – Tom Jackson), ESA (GEWEX – Peter van Oevelen), JAXA (Toshio
Koike), WMO (Wolfgang Grabs), and FAO.

Soil moisture represents a parameter also in the purview of the EUMETSAT Land Satellite
Application Facility (Land SAF; http://landsaf.meteo.pt ) and is currently in a development phase.

5.6

Satellite Surface Water Monitoring Mission

Peter van Oevelen and Balazs Fekete presented on the proposed joint ESA-NASA satellite
mission WatER (Water Elevation Recovery) to measure surface water, led by Douglas Alsdorf
(NASA) and ESA.
A recommendation by the International Association of Hydrological Sciences for remote sensing of
surface water characteristics has resulted in a joint NASA/ESA proposal for a dedicated surface
water satellite mission. The proposal involves an extension of the CryoSat mission over land.
Observations would be made using a surface water interferometer to measure depth of water, and
a high-resolution imager to measure river surface areas, flood plains, wetlands and lakes. Detailed
information about the proposed mission, including participating groups and individuals as well as
presentation slides, can be found at http://www.geology.ohio-state.edu/water
Direct river discharge measurements from space are unlikely. In situ measurements at stream
gauging stations provide the most reliable data. However, indirect estimates of discharge would
be possible with remotely-sensed observations of stream velocity profiles, riverbed elevation
profiles and water levels.
The proposed satellite could theoretically be launched in less than 10 years, but it is still in the
proposal and concept phase.
It was recommended that the GTN-H should monitor this initiative and support it as the opportunity
arises.
It was noted that the mandate for ESA (and NASA, for that matter) is not to run operational
satellites but to develop and build space borne observation systems (Opportunity/Explorer mission)
that may become operational systems (e.g., Earth Watch or METOP and MSG run by EUMETSAT;
NOAA in the USA). Sensor types will inherently change over time and hence continuous
observations from space will change over time in their nature (due to improved
sensors/technology).
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Fig. 2: Concept for a global in situ soil moisture network.
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Fig. 3: Concept for a future surface water monitoring mission
5.7

Water vapour

Water vapour is measured as relative/absolute humidity on an operational basis by a number of
networks and by satellite (see paragraph on Evapotranspiration). FLUXNET (e.g.,
http://daac.ornl.gov/FLUXNET/) is one such network. At present, over 200 FLUXNET tower sites
are operating on a long-term and continuous basis.
However, there is no designated world data centre identified yet for coordinated analysis of water
vapour data. Quality control is not standardized, and there are issues with non-standard
operational practices.
WMO World Weather Watch should assume responsibility this variable and work with CBS, CIMO
and the GCOS Atmospheric Observation Panel for Climate (AOPC) to harmonize the monitoring of
water vapour on a global scale.

5.8

Global Network of Isotopes in Precipitation (GNIP)

Luis Araguas, representing the Isotope Hydrology Section of the International Atomic Energy
Agency (IAEA), provided an introduction to stable isotopes of oxygen and hydrogen in the water
cycle, and discussed the role of the global GNIP program in hydrology and climatology.
The stable isotopes 18O and 2H are fractionated during the evaporation, condensation and vapour
transport processes of the water cycle, leaving “fingerprints” that provide excellent tracers of the
origin of water. The GNIP program collects basic monthly data on isotopic content in precipitation
from 183 active stations around the world. The GNIP database contains data collected at about
700 stations operated at some time during the last 50 years. An initial emphasis on tritium (an
unstable radioactive isotope) later shifted to stable isotopes.
These data have been used to determine temporal and spatial variations of both 18O and tritium.
They have also been used increasingly to study the components of the water cycle, and to assess
groundwater residence time; to study the response of the hydrological cycle to climatic
fluctuations; and to calibrate and validate atmospheric circulation models.
22

The Global Network of Isotopes in Rivers is a related global project involving GNIP and GEWEX
aimed at enhancing understanding of the water cycle of large river basins and assessing impacts
of environmental and climatic changes on the water cycle.
The IAEA Isotope Hydrology Laboratory analyzes about 30% of the collected precipitation
samples, while the remaining samples are processed by 33 other labs in the 53 countries
participating in GNIP. As a quality control measure, occasional inter-lab training and audits are
conducted.
The GNIP website (http://isohis.iaea.org) allows free access to the general public to search and
view records in the database and to download data. GNIP reports about 1000 downloads per year.
Balazs Fekete noted that the University of New Hampshire was working with GNIP data in its
hydrological modelling studies. Luis Araguas noted that the GNIP program is very expensive and
suffers from many operational problems. He finds the WMO letters of request to the NMHS very
helpful in raising the profile of GNIP.

5.9

Global Precipitation Climatology Centre (GPCC)

Bruno Rudolf presented on the functions and products of the Global Precipitation Climatology
Centre (GPCC), operated by the Deutscher Wetterdienst (DWD). The GPCC provides global
precipitation analyses for monitoring and research of the earth’s climate.
The major functions of the GPCC include:
•
•
•
•

Collection of in situ observed precipitation data world-wide;
Quality control and error assessment and correction;
Analysis of the spatial-temporal distribution on global scale;
Distribution of gridded data fields and statistical results.

The GPCC serves GCOS, WCRP, FAO, UNESCO, UNEP, WMO HWR and related research, and
its role is recognized in the GEOSS 10-Year Implementation Plan.
The GPCC produces several gridded precipitation datasets, most of which are available for
download, free-of-charge, from the GPCC website at http://gpcc.dwd.de. The GPCC reports 7000
hits per month on the website, with 2000 downloads of gridded data sets.
•

Near real-time First Guess of Monthly Precipitation Anomaly, based on 6000 synoptic stations.
Maps are available about 5 days after observation. Digital data are made available for drought
monitoring purposes by agreement.

•

Precipitation Monitoring Product for the period 1986 to present, based on quality-controlled
data from 7000 stations. Grid-related data (resolutions 1.0° and 2.5° lat/long) in ASCII format
are available 2 months after observation. This product is used by GEWEX/GPCP as the in situ
reference for satellite-based estimates.

•

Full Data Precipitation Reanalysis for the period 1951 to 2004, based on quality-controlled data
from a larger number of stations (up to 43 000) with irregular coverage in time. This product is
optimized for best spatial coverage and is useful for water budget and model verification
studies. Gridded data (1.0° and 2.5°) are available from the GPCC website; 0.5° data will be
supplied on individual e-mail request.

•

50-Year Climatology (version 1) 1951 to 2000, based on quality-controlled and homogenized
time-series from 9343 stations. This product is optimized for homogeneity in time and is useful
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for application in climate variability studies. Direct download of gridded data (0.5°) is possible
from the GPCC website.
•

Gridded Climatological Normals, based on monthly means for the normal period 1961 to 1990
from 30,000 stations. Gridded data (1.0° and 2.5°) are available via the GPCC website.

These products are produced using the data provided by the National Meteorological and
Hydrological Services (NMHS). The GPCC policy is that the gridded products are freely available,
but the original data supplied by the countries are protected and not distributed. 1.0° by 1.0° grid
products for 20 hydrological variables are available on a DVD that can be ordered at GPCC. In
2004, WMO sent a letter of request to the NMHS to additional precipitation data. As a result, the
GPCC received data from some countries which had not contributed before.

5.10

International Groundwater Resources Assessment Centre (IGRAC)

Jac van der Gun, of the Netherlands Institute of Applied Geoscience TNO at Utrecht, presented
an overview of the International Groundwater Resources Assessment Centre (IGRAC) and its
activities, and discussed the contribution of IGRAC to the GTN-H.
IGRAC was initiated jointly by UNESCO and WMO in 1999 to promote the global sharing of
information and knowledge for optimal and sustainable groundwater resources development and
management. IGRAC is hosted by the Netherlands Institute of Applied Geoscience TNO at
Utrecht.
Current groundwater monitoring networks are generally inadequate in number and in representing
spatial characteristics of this resource. The global exchange of related data and information has
only recently begun.
Since 1993, IGRAC has been focusing on three main activity areas:
o
o
o

Establishment of a web-based Global Groundwater Information System (GGIS);
Production and promotion of guidelines and protocols for groundwater monitoring and data
management;
Cooperation in global/regional projects or programmes with groundwater aspects.

IGRAC will focus on changes in groundwater storage in its next phase of study.
The GGIS is accessible via the IGRAC website (http://www.igrac.nl), where users can study global
and regional maps of groundwater attributes and patterns, or search the Meta-Information Module
(MiM) for information and contacts, or participate in a web-enabled discussion forum.
IGRAC is a groundwater information centre rather than a data centre, but IGRAC’s activities can
contribute much to the goals of the GTN-H. Jac van der Gun suggested the following IGRAC
contributions:
•
•
•

Time series of groundwater abstraction by country;
Time series of groundwater storage (e.g. using remote sensing from GRACE);
Feedback to global modelling predictions of groundwater-related parameters.

5.11

Snow Cover and Glacier Data

Wolfgang Grabs presented on behalf of Richard Armstrong of the National Snow and Ice Data
Center (NSIDC) in Boulder, Colorado, USA, describing the data and products available from
NSIDC and its relationship with GCOS, GTN-G and GTN-H.
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Data for all elements of the cryosphere can be found in the NSIDC general archive (see data
catalogue at http://nsidc.org):
•
•
•
•
•
•

Snow cover
Glaciers
Permafrost & Seasonally Frozen Ground
River & Lake Ice
Ice Sheets & Ice Shelves
Sea Ice

Near real-time ice and snow extent maps are produced daily from passive microwave (SSM/I) data
(http://www.nsidc.org/data/nise1.html)
•
•
•

Sea ice concentration and snow cover are produced using separate algorithms
Maps are presented in 25 km N and S polar equal-area projections (EASE-Grid), HDF-EOS
format
Maps are supplied to EOS instrument teams for use in product generation and validation and
listed as ancillary data product for NPOESS

NSIDC Climate Data Record Products include satellite data-derived:
•
•
•
•

Weekly snow extent for the northern hemisphere;
Global monthly snow water equivalent (SWE);
SWE and snow extent trend analyses for the northern hemisphere;
Global daily snow extent and SWE (under development).

Global Land Ice Measurements from Space (GLIMS) is an international collaborative
project, funded by NASA, to map outlines of a majority of the world's estimated 160 000 glaciers
and to build a geospatial data base and map server that are accessible via the
internet:(http://glims.colorado.edu/glacierdata/glacierdata.php)
o
o
o

GLIMS uses satellite (principally ASTER and Landsat, and also MODIS) data to derive and
map glacier boundaries and snowline elevations as well as digital elevation models and
surface velocities where feasible.
The GLIMS database will also include historical observations (maps and photos) for
additional change detection.
Overall success of GLIMS depends heavily on data provided by Regional Centres
worldwide.

NSIDC is addressing many GCOS needs identified in the Second Report on the Adequacy of the
Global Observing Systems for Climate in Support of the UNFCCC (GCOS-82):
1. No central archive embracing all snow cover observations exists.
• NSIDC provides nearly complete archive for hemispheric to global satellite products.
• NSIDC has realized the need for a global archive for in situ data, continues to attempt
to fill this need but financial and political considerations have often prevented complete
success and restricted the archived data set to one which is discontinuous in space and
time.
2. Contraction of in situ observations should be halted; urgent need to blend surface
observations with optical and microwave satellite data.
• NSIDC currently involved in blending satellite products.
• Other projects focus on inclusion of surface observations
3. Mass Balance Measurements of certain critical glaciers and ice caps need to be re-initiated
• WGMS Network and GLIMS Regional Centres provide framework to enhance
observations but have limited influence on funding of such activities.
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4. Archived data should be analyzed to determine trends over the past two decades
• Work is underway at WGMS and other Regional Centres; GLIMS-NSIDC is funded by
NASA to do these types of pilot studies based on ASTER and other analysis: see
http://nsidc.org/data/glims/glaciermelt
NSIDC is very involved with GTN-G and recommends appropriate coordination between GTN-H
and GTN-G for mutual benefit and to avoid duplication. The GTN-G represents the coordinating
body through which GTOS reports to GCOS on the topic of glaciers. The GTN-G is chaired by
Wilfried Haeberli, University of Zurich, Switzerland, Director of World Glacier Monitoring Service
(WGMS).
GTN-G covers only glaciers while GTN-H should encompass all additional water in solid form –
seasonal snow, semi-permanent snow, ground ice and river ice where it affects flow and storage.
Coordination can be enhanced through the ongoing working association between WGMS-Zurich
and NSIDC/WDC-Boulder
A possible approach: GTN-H to mirror activity and products of GTN-G, assisted through the close
collaboration between NSIDC and WGMS. GTN-H would then take sole responsibility for additional
cryospheric variables considered essential to a comprehensive global hydrology network.
NSIDC follows the metadata standards of the Global Change Master Directory
(http://gcmd.nasa.gov/User/difguide/difman.html) The ISO 19115/TC211 geospatial metadata
standard was adopted June 2004. Required elements and appropriate modifications were
approved by the CEOS IDN Interoperability group and incorporated into the DIF to achieve full ISO
compatibility.

6.

GTN-H Input to Targets of the GEOSS 10-Year Implementation Plan

In advance of this meeting, Rick Lawford, Coordinator of the Integrated Global Water Cycle
Observations Programme, requested that the GTN-H Coordination Panel review the 10-year
GEOSS Implementation Plan and identify GTN-H contributions to the 2006/2007 GEOSS work
plan.
Wolfgang Grabs led the discussion of four water related “target” of the plan, noting that providing
such input will raise the visibility of the GTN-H and highlight its capability to contribute.

Target 40:

Facilitate improvements in existing in situ observation systems
through coordination and optimization of existing in situ networks

GTN-H Response:

The three data centres (GRDC, GPCC and GEMS/Water) could provide a
unique contribution. Proposed action is that each data centre prepare a
statement as to the requirements for in situ data with respect to station
density, frequency of observations, availability in real-time, data quality, etc.

Target 48:

Facilitate establishment of an international coordination function for in
situ water cycle observation and data integration and dissemination

GTN-H Response:

This is already part of the GTN-H mandate. Proposed action relates to
communication with the user community: clarification of the responsibility of
each network to ensure user requirements are met; need to dialogue with
the user communities.

Target 43:

Produce an implementation plan for a broad global water cycle data
integration system

26

GTN-H Response:

This is also part of the GTN-H mandate: to acquire and integrate data. UNH
is part of GTN-H because of this. Proposed action is to use experience of
data centres to identify the processes to acquire and prepare data for
integration.

Target 41:

Produce a plan for a network of sophisticated, integrated in situ
observation sites

GTN-H Response:

This is not a GTN-H area. Propose to comment on development of
reference data sets (e.g., pristine basins) as a possible contribution.
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7.

GTN-H Terms of Reference

The draft Terms of Reference of the GTN-H Coordinating Panel had been published in a draft form
in the Report of the 1st GTN-H Coordination Panel Meeting. Following a brief discussion at this 2nd
GTN-H Coordination Meeting, a final version was produced as follows:
“The purpose of the GTN-H Coordinating Group is to carry out the work necessary to establish and
foster the development of the GTN-H observing system.
The GTN-H can be defined as a global hydrological network for climate and water resources that
builds on existing networks and data centres, producing value-added products through enhanced
communications and shared development.
The Terrestrial Observation Panel for Climate (TOPC), sponsored by GCOS and GTOS, proposed
the concept and scope of the GTN-H at a meeting in Geisenheim, Germany in June, 2000. The
report of this meeting (WMO/TD-No. 1047) is available on the WMO website.
The GTN-H Coordinating Group is accountable to GCOS, GTOS, and WMO HWR.
The main responsibilities of the GTN-H Coordinating Group include:
1. The definition of the GTN-H system and its components. This will need to be refined as the
system evolves.
2. The routine assessment and documentation of user requirements for GTN-H global and
regional data products, and of the availability and adequacy of GTN-H products to meet these
needs.
3. The use and sharing of current and emerging technology and standards, best practices and
available infrastructure to foster the development of the GTN-H.
4. Participation in the development and maintenance of global-scale data products.
5. Engagement of other partners and use of existing institutional arrangements, infrastructure and
policies to help build the GTN-H.
6. The use of communication and outreach methods to maximize support and collaboration for
the GTN-H.”

28

8.

Action Items

Meeting participants agreed on the following list of actions arising from the meeting:

No
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

Action
Link to GEO secretariat regarding outcome of GTN-H
meeting
WMO letter of support to “pristine” river basin definition
to all Members and UNESCO (FRIEND, HELP)
Database of “pristine” basins available at GRDC
Circulate amended draft Terms of Reference of GTN-H
to group
Produce maps for each hydrological variable within GTNH as part of inventory where possible
Clarify role of AQUASTAT as water use database with
FAO
Cross-check content of TEMS database with GTN-H
inventory and FLUXNET
Clarify status of proposed international data centre for
lakes in Russian Federation, including in situ and
satellite-based data; take TOPC priority list into account
Merge surface storage flux and lakes variables in GTN-H
Update GTN-H configuration diagram and inventory
Update and amend GTN-H website, based on user
feedback (see also ‘Next steps’ in section 1.1)
Identify soil moisture network activities and relevant
points of contact; organize meeting at ESA ESTEC
Document feedback to GTN-R support letter on GTN-R
website
Provide web-based demonstration of near real-time
monitoring from a subset of GTN-R stations
Completion of current project 3.1 by GEMS/Water;
consider follow-up project
Inform GTN-G and GTN-P of GTN-H activities, and
explore possible areas of coordination
Follow-up actions and recommendations of 2nd GTN-H
panel meeting
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Who
W. Grabs, S.
Bojinski
W. Grabs, H.
Lins
H. Lins and
co-workers
D. Harvey

Time-frame
August 2005

All Points of
Contact
W. Grabs, S.
Bojinski
A. Letourneau

October 2005

December 2005
mid to end 2007
July 2005

September
2005
September 05

W. Grabs, S.
Bojinski

October 05

S. Bojinski
S. Bojinski, P.
Mason, W.
Grabs
D. Harvey

August 05
August 05

P. van
Oevelen
T. Maurer

September 05
and continuous
October 05
September 05

T. Maurer

March 06

D. Harvey, R.
Robarts
S. Bojinski, W.
Grabs
D. Harvey

January 06
September 05
continuous

9.

Recommendations

Meeting participants agreed on the following list of recommendations coming from the meeting:
1. Link to Arctic HYCOS, CliC, and oceanographer community regarding case for measuring river
runoff into oceans
2. AOPC, CBS and CIMO should take responsibility for the global harmonization of systematic
observations of water vapour from GSN and WWW/GOS stations
3. Endorsement/support by GTN-H and WMO to planned NASA/ESA surface water interferometry
mission(s)
4. Identify datasets (in situ and satellite) and research groups to be included in an international
data centre for lakes
5. GTN-H as a group to coordinate the development of standard observational practices for
hydrological variables, possibly through the future establishment of a technical working group.
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11.

Presentations and Other Material

The presentations and additional material from this meeting are being available on the GTN-H
website for download: http://gtn-h.unh.edu
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ANNEX I
Annotated Agenda
Monday, 4 July
09:00
09:20

Registration
Welcome and opening of the session (Volker Wetzel, Harvey)
(The session will be opened by representatives of the Federal Institute of Hydrology (Volker Wetzel,
Director), WMO and the Network Coordinator)

09:35

Adoption of the Agenda
(The agenda will be discussed and adopted with amendments, where necessary)

09:40

Review of the report of the first session of the GTN-H (Harvey)
(The report of the first GTN-H panel session is available at: http://www.wmo.int/web/gcos :
Publications : GCOS-83) and for the information of participants, salient issues documented in the
report will be reported)

10:00

10:30
10:45

Report of the GTN-H Coordinator (Harvey)

(This agenda item deals mainly with developments in the GTN-H since the 1st session of the Panel
including a general overview of project developments)

Coffee Break
Briefing on activities of WMO (Grabs)
(The WMO representative will provide a brief overview of activities in WMO with focus on the
Hydrology and Water Resources Programme and the Technical Commission on Hydrology with
regard to GTN-H)

11:00
the

11:15

Briefing on GCOS and GCOS Implementation Plan (Mason)
(The Chairperson of the GCOS Steering Committee will provide a briefing on the role of GTN-H in
overall GCOS Implementation Plan and actions recommended in that document which is available at
http://www.wmo.int/web/gcos )

Update on GTOS (Letourneau)
(The GTOS representative will provide information in particular on activities of GTOS of interest in
the further implementation of GTN-H. Information can also be found at:
http://www.fao.org/gtos/gt-HYD.html)

11:30

Role of GTN-H in the international context: GCOS, IGOS and GEOSS
(Grabs, Bojinski)
(The Panel will be briefed on basic developments in IGOS and GEOSS and an open discussion is
expected to result in a clearer picture of the positioning of GTN-H and its further user-oriented
development in this international context of further developing programmes and initiatives.
Information on the Group on Earth Observations (GEO) can be found at:
http://earthobservations.org)

11:45

Progress in emerging global hydrological networks
(Under this agenda item, an open discussion is encouraged focusing on the completion of the GTNH network partners, the inventory of networks and products developed by network partners of
interest to the GTN-H). This will also include brief presentations on approaches to cover soil
moisture in the GTN-H context).

12:30

Lunch
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13:30

Review of projects (as defined in the first GTN-H panel session)
(These two sessions provide a detailed overview of the status of those projects that have been
imitated as a result of the first session of the Panel in December 2003. The status reports are
followed by discussions with recommendations on further activities and the continuation and/or
amendments to projects currently undertaken)

Project 1.1 - Development of GTN-H website (Harvey)
Project 1.2 - Inventory of existing data products, databases, and
organizations (Harvey, Bojinski, Grabs)
Project 1.3 - Demonstration of metadata catalogue and standardization
procedures (Maurer)
14:30

Coffee Break

14:45

Review of projects (continued):
Project 2.1 - Development of gridded runoff datasets (Fekete)
Project 2.2 - Map product on real-time hydrological data acquisition (Maurer)

16:45

Report on the network of isotopes in precipitation (Araguas)
(As a new network partner the representative of IAEA will provide information on the isotope in
precipitation network and linkages to applications of interest for GTN-H and other user groups)

17:15

Session adjourns

Tuesday, 5 July
09:00

Review of projects (continued):
Project 3.1 - Mapping of biogeochemical fluxes (Robarts)

09:30

Review of activities of the GPCC (Rudolf)

10:00

A current vision for a surface water monitoring mission (van Oevelen)
(The representatives from ESA and University of New Hampshire will provide information on
developments at NASA and ESA for space-borne surface water monitoring systems. This
information
will also bee seen in the context of developments in the GEO process and IGOS)

10:15
10:30

Coffee Break
Contribution of NSIDC to GTN-H networks (Grabs for Armstrong)
(The representative from the National Snow and Ice Data Center will provide information important
for the inclusion of the NSIDC as a network partner on snow and ice in the GTN-H)

10:45

Inputs of GTN-H to the targets in the water area of the GEOSS Ten-year
Implementation Plan (Grabs)
(On the basis of GEOSS documentation provided to participants, concrete inputs need to be
documented for several of the water-related target areas and in particular to the objective to:
“Facilitate improvements in existing in situ observation systems through coordination and
optimization of existing in situ networks”).

11:20

Development of operational elements in GTN-H
(Discussion on issues such as: link catalogue to (meta)data, standardization, availability of products,
near real-time provision of data)
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12:15
13:30

Lunch
Review of project structure and future projects
(Under this agenda item it is envisaged to review the activities undertaken and ongoing in the light of
maximum effectiveness towards to goals of GTN-H. From this viewpoint, participants are invited to
outline future activities in a time frame 2005-2008. These future activities should be targeted

towards
specific clients of GTN-H services and products as discussed under different agenda items during
the meeting)

14:15

Review of projects (continued):
Project 4.1 - Reference hydrological dataset – Pristine basins (Lins, by
phone)
This planned activity refers to the request of the WMO Commission for Hydrology to
assemble a database on minimally influenced river basins that would allow detection and monitoring
of impacts of climate change on hydrological regimes. Harry Lins is the member of the CHy Advisory
Working Group responsible for this activity and also the Secretary of the World Climate Programme
– Water (WCP-Water)

14:45
15:00

Coffee Break
Future workplan and milestones
(Participants need to agree on specific activities and milestones to be reached in a short-term (20052006) and medium-term (2005-2008) perspective)

15:30

Administrative matters and coordination of GTN-H
(Under this agenda item agreement should be reached with regard to the composition of the GTN-H
panel, its liaison to different groups, tasks to be undertaken by members of the panel and the role of
the Coordinator. Likewise, the internal coordination of GTN-H activities such as information sharing,
networking with relevant groups and centers, resource mobilization) needs to be discussed and
recommendations to be made)

15:50

Any other business
(This item may include issues such as the date and place of the next meeting of the Panel and
expected outcomes to be demonstrated)

16:00

End of Session
&&&&&&&&&&&&&&&
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USA
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ANNEX III
GTN-H Linkage to GCOS
Implementation Plan for the Global Observing System for Climate
in Support of the UNFCCC
GCOS-92, October 2004 (WMO/TD No. 1219) (“GCOS Implementation Plan”)
•
•

Essential Climate Variables
131 dedicated actions: Agents for Implementation, Time frame, Performance measures, Costs
(p. 85)
[…] With regard to the hydrological variables, the WMO CHy should take a lead role in enabling
programmes for the monitoring of rivers, lakes, and in conjunction with the proposed Terrestrial
Commission (see Action T1) for ground water and water use among others. The monitoring
programmes are envisaged to involve the establishment of GCOS baseline networks for river
runoff and lake level and area. The National Hydrological Services are generally responsible for
making the observations required by the different baseline networks. Coordination within the
hydrological domain is therefore clearly needed. GCOS, in consultation with other involved
organizations, has begun the establishment of an informal body, the Global Terrestrial Network for
Hydrology (GTN-H), as a partnership of relevant involved programmes and International Data
Centres with the objective of designing and implementing the associated baseline networks. For
this reason, the GTN-H or an equivalent organizational entity under the auspices of CHy should be
formally established and appropriate secretariat functions initiated. […]

List of Actions and ‘Agents for Implementation’ in the
Implementation Plan for the Global Observing System for Climate
which are GTN-H related
General
T1 (Action number in Plan)

Proposed ‘Agent(s) for Implementation’

Create of an intergovernmental
mechanism for terrestrial observations.

WMO, in consultation with FAO, ICSU, UNEP and
UNESCO will form an inter-agency working group and
explore options and propose a mechanism (e.g., an
intergovernmental technical commission for terrestrial
observations).

T2
Find sponsors and a host for the GTN-H.

TOPC, in cooperation with WMO CHy and National
Hydrological Services.

T36
Expand TEMS to support the meta-data collection,
Parties’ national services and research programmes
collation and publication needs of the terrestrial ECVs contributing to TEMS, in cooperation with GTOS,
and associated data centres.
GOSIC, and GCMD, and in consultation with the GCOS
Secretariat.

Precipitation
A6
Submit precipitation data from national networks to
the International Data Centres.

National Meteorological Services with coordination
through the WMO CCl.
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A7
Ensure stable operation and processing of relevant
operational satellite instruments for precipitation and
the continuity of associated products.

Space Agencies through CGMS and CEOS with WMO
Space Programme and GCOS.

A8
Develop and deploy precipitation-measuring
instruments on the Ocean Reference Mooring
Network.

Parties deploying moorings in cooperation with JCOMM
and OOPC.

A9
Develop and implement improved methods for
Parties’ national research programmes through WCRP
observing precipitation that take into account
in cooperation with GCOS.
advances in technology and fulfil GCOS requirements.

Water vapour
A12
Submit water vapour data from national networks to
the International Data Centres.

National Meteorological Services through WMO CBS
and GCOS Analysis and Monitoring Centres with input
from AOPC.

River discharge
T4
Confirm locations of GTN-R sites, determine operational status of
gauges at all GTN-R sites, ensure that the GRDC receive daily river
discharge data from all 380 sites within one year of their observation
(including measurement and data transmission technology used).

National Hydrological Services,
through WMO CHy in cooperation with
TOPC, GTOS and the GRDC.

Ground water
“...adequately monitor ground water is not likely to occur within a 10-year time horizon, though
research efforts by the IGWCO and UNESCO’s IHP for a ground water inventory may [...] lead to
more reliable monitoring ...”

Water use
T9
Archive and disseminate information related to
irrigation and water resources through FAO’s on-line
AQUASTAT database and other means.

FAO.

Lakes
T5
Create a lake information data centre.

TOPC in consultation with WMO CHy and National
Hydrological Services.

T6
Submit weekly/monthly lake level/area data for the
150 GTN-L lakes to the International Data Centre;
submission of weekly/monthly altimeter-derived lake
levels by Space Agencies to the International Data
Centre.

National Hydrological Services, through WMO CHy;
Space Agencies; the new global lake information
data centre.
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T7
Submit weekly/monthly lake level and area data
National Hydrological Services, in cooperation with
measured during the19th and 20th centuries for the 150 WMO CHy and the new global lake information
GTN-L lakes to International Data Centre.
data centre.

T8
Submit weekly surface and sub-surface water
National Hydrological Services; Space Agencies in
temperature, date of freeze-up and date of break-up of response to request from TOPC through the WMO.
150 priority lakes in GTN-L.

Snow and Ice
T10
Strengthen and maintain existing snow-cover, snowfall- National Meteorological and Hydrological Services
observing sites and recover historical data.
and research agencies, in cooperation with WMO
CHy, WMO CBS and WCRP, with oversight by
TOPC and AOPC.

T11
Obtain integrated analyses of snow cover over both
hemispheres.

Space Agencies through CliC and IGOS–P
Cryosphere, with advice from TOPC and AOPC.

T12
For snow cover and snow water equivalent, establish
standards and protocols, design an optimum
procedure and designate International Data Centre
responsibilities.

TOPC/AOPC, with WCRP, WMO and IGOS-P
Cryosphere.

Glaciers and ice caps
T13
Maintain current glacier observing sites and add
additional sites and infrastructure in South America,
Africa, the Himalayas and New Zealand; ensure
continued functioning of WGMS.

Parties’ national services and agencies coordinated
by GTN-G, WGMS, USGS and IGOS-P Cryosphere.

T14
Ensure continuity of current space borne Cryosphere
missions.

Space agencies, in cooperation with IGOS-P
Cryosphere.

Soil moisture
T37
Develop an experimental soil-moisture product from
existing networks and satellite observations.

Parties’ national services and research programmes,
through IGWCO and TOPC in collaboration with
Space Agencies.

Isotopes: none.
BCG fluxes: none.
Data management and stewardship
C18
Develop standards and procedures for meta-data and International technical commissions with scientific
its storage and exchange.
advisory bodies.
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C19
Ensure timely, efficient and quality-controlled flow of
all ECV data to International Data Centres.

Parties with coordination by appropriate technical
commissions and international programmes.

C20
Ensure that data policies facilitate the exchange and
archiving of all ECV data.

Parties and international agencies and appropriate
technical commissions and international
programmes.
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ANNEX IV
GTN-H Linkage to WMO CHy
WMO Commission for Hydrology, 12th session, October 2004, Abridged Final Report
Item 7.3 – Hydrology in the Context of Environmental Issues
7.3.1 The Commission was informed of the results of the fifth Steering Committee of the GRDC
held in June 2003, as well as the present status of the activities of the Centre, and noted with
appreciation its continued provision of data and services to the water management and research
communities. It noted its initiative, the Global Terrestrial Network for River Discharge (GTN-R), an
effort to collect and provide near real-time runoff information from online gauging stations worldwide,
as a complement of the Global Terrestrial Network – Hydrology (GTN-H) mostly for climate and
applications-oriented studies.
7.3.2 The Commission noted progress made in the development of GTN-H as a “network of
networks” of global data centres and information providers for hydrological and relevant meteorological
data and information. The Commission was informed of the implementation plan developed for GTN-H
which outlined common practices among the participating programmes and centres, the
procedures for harmonizing the products among the participants and the processes to be used for data
dissemination.
7.3.3 The Commission was informed of the Global Climate Observing System (GCOS) Implementation Plan
and the call by GCOS for assistance from the Commission to obtain access to hydrological data and
information needed for achieving the objectives of GCOS in response to the United Nations Framework
Convention on Climate Change (UNFCCC) and the Conference of Parties to the Convention. After
discussing the objectives and activities of GTN-H, the Commission showed its appreciation of the outcomes
achieved so far, which it hoped would be successfully built upon in the future, in collaboration with GCOS.
7.3.4 The Commission was informed of progress made in the implementation of WCP-Water in a
collaborative effort between the HWRP and the World Climate Programme (WCP) of WMO and
UNESCO. The Commission welcomed the series of recent publications in the context of that programme
and noted the close link between WCP-Water activities and the Project on Analysis of Hydroclimatological
Variability and Trends. The Commission welcomed plans to prepare a global statistical analysis on the
sensitivity of runoff to precipitation.
7.3.5 The Commission further noted with interest the links between WCP-Water and the
Intergovernmental Panel on Climate Change (IPCC) with the aim to promote the importance of water in
the overall development of the Fourth IPCC Assessment. In that regard, the Commission was
informed that WMO, together with WCP -Water, had taken the lead in proposing the preparation of a
Special Report on Water and Climate for the nineteenth session of the IPCC in April 2002. A
special IPCC technical meeting had been convened at the WMO Secretariat to consider the issue and
advise the Panel on the action. The Commission took note that Fourteenth Congress had encouraged
WCP-Water to continue its fruitful relationship with the IPCC and to maintain a high profile in the water and
climate-related programmes and projects of other international organizations.
7.3.6 The Commission appreciated progress made in the implementation of the Project on Analysis of
Hydroclimatological Variability and Trends that had been carried out in collaboration with WCP -Water, and
welcomed the development of a data analysis system for the detection of changes in hydrological time
series. The Commission was informed that there was no peer review process in place for the reports
prepared by WCP-Water. The Commission recommended that all reports prepared in the framework of
WCP-Water should have a peer review system harmonized with that adopted by CHy.
7.3.7 The Commission noted that, during the past intersessional period, the AWG had reiterated its view that
hydrological time series from pristine/stable basins were required in order to assess the variability and
trends in hydrological data associated with climate variability and change. That information was required for
the Commission's Project on Hydroclimatological Variability and Trends in support of the planned activities of
WCP -Water, GCOS and the Global Terrestrial Observing System (GTOS). The selection criteria for the
selection of pristine river basins as a Reference Climate Variability and Change Hydrological Station
Network
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are contained in Annex I to this report. The Commission was pleased to learn that GTN-H would be
undertaking activities to help Members identify stations within their countries that met those criteria.
7.3.8 The Commission expressed its appreciation to the Government of The Netherlands for its support to
IGRAC, which had been launched in 2003. The Commission noted with appreciation that IGRAC was
currently operating under the auspices of WMO and was also expected to be recognized shortly by
UNESCO. The Commission also noted an invitation to Members to make pertinent data, information and
resources available to the Centre.
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ANNEX V
GTN-H Linkage to IGWCO
IGWCO: A Global Water Cycle Theme for the IGOS Partnership, April 2004
•
•

Summary of existing or planned remote-sensing and in situ terrestrial water cycle observation
capabilities
Summary of the requirements for Water Cycle Variables

p.54: 5.2 Observational Issues
[…] A new WMO/GCOS/GTOS Global Terrestrial Network for Hydrology (GTN-H) is designed to
improve access to existing data and networks, and to provide coordination of near-real-time data
collection.
p. 58: 5.5 Data Integration, Distribution and Access
[…] Data management needs to be objective-driven and as such a meta-database that will serve
as the central knowledge base on observational data needs to be built around priority
applications such as climate monitoring, sustainable water development and management,
societal applications and prediction. To facilitate the development of suitable data management
strategies for IGOS – P Water Cycle Theme, a meta-data catalogue of existing information will be
established (relying on standards such as the ISO19115 standard for metadata in geomatics) and
an in-depth analysis of the adequacy of existing and planned observational networks will be
undertaken for selected variables. GTN-Hydrology would be an appropriate leader for such an
exercise.
p. 71: 7.3.3 Links with WMO
Global Terrestrial Network – Hydrology (GTN-H):
The GTN-H is a global hydrological “network of networks” for climate that is building on
existing networks and data centres and producing value-added products through enhanced
communications and shared development. The goals of the GTN-H include meeting the needs of
the international science community for hydrological data and information to address global and
regional climate, water resources and environmental issues, including improved climate and
weather prediction; and detecting and quantifying climate change, and assessing its impacts. The
availability of and access to hydrological data would lead to the goal-directed synthesis of data
and information primarily aimed at improved weather and climate prediction; characterizing
hydrological variability to detect climate change; developing the ability to predict the impacts of
change; and understanding the global water cycle in an integrated context of weather, water and
climate.
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ANNEX VI
GTN-H Linkage to GEO
Group on Earth Observations 10-year Implementation Plan Reference Document, February
2005
•
•

GTN-H identified as an “Observing System” under WMO auspices
GTN-H identified as forum to recommend priority improvements for in situ network in at least
one GEO Work Plan Package
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ANNEX VII
Acronyms
ACIA
AOPC
AQUASTAT
BfG
BGC
CBS
CCl
CEOS
CHy
CIMO
CliC
CLIMAT
DAAC
DBCP
DIF
DWD
ECV
EFAS
ESA
ET
EUMETSAT
FAGS
FAO
FLUXNET
FRIEND
FTP
GCOS
GEMS
GEO
GEOSS
GEWEX
GGIS
GHOST
GLIMS
GNIP
GOCE
GOS
GOSIC
GPCC
GPCP
GPS
GRACE
GRDC
GSN
GSWP
GT-NET
GTN-G
GTN-H
GTN-L
GTN-R
GTOS
HELP
HWR

Arctic Climate Impact Assessment
Atmospheric Observation Panel for Climate
Information System on Water and Agriculture (FAO)
Bundesanstalt für Gewässerkunde (German Federal Institute of Hydrology)
Biogeochemicals
Commission for Basic Systems (WMO)
Commission for Climatology (WMO)
Committee on Earth Observation Satellites
Commission for Hydrology (WMO)
Commission for Instruments and Methods of Observation (WMO)
Climate and Cryosphere (WCRP)
Report of monthly means and totals from a World Weather Watch land
station
Distributed Active Archive Centre
Data Buoy Cooperation Panel
Data Interchange Format
Deutscher Wetterdienst
Essential Climate Variable
European Flood Forecasting System
European Space Agency
Evapotranspiration
European Organisation for the Exploitation of Meteorological Satellites
Federation of Astronomical and Geophysical Data Analysis Services
Food and Agriculture Organization of the United Nations
Flux and Energy Exchange Network
Flow Regimes from International Experimental and Network Data Sets
File Transfer Protocol
Global Climate Observing System
Global Environmental Monitoring System
Group on Earth Observations
Global Earth Observation System of Systems
Global Energy and Water Cycle Experiment
Global Groundwater Information System
Global Hierarchical Observing Strategy
Global Land Ice Measurements from Space
Global Network of Isotopes in Precipitation
Gravity Field and Steady-State Ocean Circulation Explorer
Global Observing System
Global Observing Systems Information Center
Global Precipitation Climatology Centre
Global Precipitation Climatology Project
Global Positioning System
Gravity Recovery and Climate Experiment
Global Runoff Data Centre
GCOS Surface Network
Global Soil Wetness Project
Global Terrestrial Observing Network
Global Terrestrial Network for Glaciers
Global Terrestrial Network - Hydrology
Global Terrestrial Network for Lakes
Global Terrestrial Network for Rivers
Global Terrestrial Observing System
Hydrology for Environment, Life and Policy
Hydrology and Water Resources Department (WMO)
51

HYCOS
HYDROLARE
HYDROS
IAEA
ICSU
IGOS
IGRAC
IGWCO
ILEC
IMS
IOC
IODE
IPCC
IR
ISMWG
ISO
ISOHIS
JAXA
JCOMM
JMA
LDAS
METOP
MODIS
MSC
MSG
NASA
NCDC
NESDIS
NMHS
NIR
NMHS
NOAA
NOKIS
NPOESS
NRT
NSIDC
NWP
POC
SAF
SAR
SHI
SMOS
SOT
SSM/I
SWE
TAO
TEMS
TIP
TOPC
UNEP
UNESCO
UNFCCC
USGS
VOS
VOSClim
WatER
WCMS
WCP

Hydrological Cycle Observing System
International Centre of Data on Hydrology of Lakes and Reservoirs
Hydrosphere State Mission
International Atomic Energy Agency
International Council for Science
Integrated Global Observing System
International Groundwater Resources Assessment Centre
Integrated Global Water Cycle Observations
International Lake Environment Committee Foundation
Internet Mapping Server
Intergovernmental Oceanographic Commission (of UNESCO)
International Oceanographic Data and Information Exchange
Intergovernmental Panel on Climate Change
Infrared
International Soil Moisture Working Group
International Organization for Standardization
Isotope Hydrology Information System
Japan Aerospace Exploration Agency
Joint Technical Commission for Oceanography and Marine Meteorology
Japan Meteorological Agency
Land Surface Data Assimilation System
Meteorological Operational Polar Satellite
Moderate Resolution Imaging Spectroradiometer
Meteorological Service of Canada
Meteosat Second Generation
National Aeronautics and Space Administration (USA)
National Climatic Data Center
National Environmental Satellite, Data, and Information Service (NOAA)
National Meteorological and Hydrological Service
Near Infrared
National Meteorological and Hydrological Service
National Oceanic and Atmospheric Administration (USA)
North and Baltic Sea Coastal Information System
National Polar Orbiting Operational Environmental Satellite System
Near real time
National Snow and Ice Data Center
Numerical Weather Prediction
Point of Contact
Satellite Application Facility
Synthetic Aperture Radar
State Hydrological Institute (Russian Federation)
Soil Moisture and Ocean Salinity Mission
Ship Observations Team
Special Sensor Microwave/Imager
Snow Water Equivalent
Tropical Atmosphere Ocean Project
Terrestrial Ecosystem Monitoring System
TAO Implementation Panel
Terrestrial Observation Panel for Climate
United Nations Environment Programme
United Nations Educational, Scientific and Cultural Organization
United Nations Framework Convention on Climate Change
United States Geological Survey
Voluntary Observing Ship
Voluntary Observing Ship Climate Project
Water Elevation Recovery
WMO Core Metadata Standard
World Climate Programme (WMO)
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WCRP
WDC
WGMS
WMO
WRAP
WWW

World Climate Research Programme
World Data Centre
World Glacier Monitoring Service
World Meteorological Organization
World Resources Application Project
World Weather Watch (WMO)
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LIST OF GCOS PUBLICATIONS*
GCOS-1
(WMO/TD-No. 493)

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

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

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

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

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

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

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

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

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

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

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

GCOS-7
(WMO/TD No. 641)

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

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

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

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

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

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

Summary of the GCOS Plan, Version 1.0, April 1995

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

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

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

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

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

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

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

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

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

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

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

GCOS Guide to Satellite Instruments for Climate, June 1995

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

*GCOS publications may be accessed through the GCOS World Wide Web site at:
http://www.wmo.int/web/gcos/gcoshome.html
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GCOS-32
(WMO/TD-No. 796)

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

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

GHOST - Global Hierarchical Observing Strategy, March 1997

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

Initial Selection of a GCOS Surface Network, February 1997

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

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

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

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

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

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

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

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

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

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

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

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

GCOS-43a
(GOOS-36)

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

GCOS-43b
(GOOS-55)

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

GCOS-44
(GOOS-61)

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

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

*GCOS publications may be accessed through the GCOS World Wide Web site at:
http://www.wmo.int/web/gcos/gcoshome.html
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GCOS-46
(GTOS-15)

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

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

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

GCOS-48

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

GCOS-49
(GOOS-64)

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

GCOS-50
(GOOS-65)

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

GCOS-51
(GOOS-66)

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

GCOS-52
(GOOS-68)

TAO Implementation Panel, seventh 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 sixth 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

*GCOS publications may be accessed through the GCOS World Wide Web site at:
http://www.wmo.int/web/gcos/gcoshome.html
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GCOS-61
(WMO/TD-No. 1031)

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

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

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

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

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

GCOS-64
(GOOS-107)

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

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

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

GCOS-66
(GOOS-108)

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

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

GCOS Implementation Strategy: Implementing GCOS in the New
Millennium

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

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

GCOS-69
(GOOS-98)

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

GCOS-70
(GOOS-113)

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

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

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

GCOS-72
(GOOS-116)

Report of the seventh 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

*GCOS publications may be accessed through the GCOS World Wide Web site at:
http://www.wmo.int/web/gcos/gcoshome.html
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GCOS-77
(GOOS-122)

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

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

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

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

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

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

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

GCOS-81
(GOOS-124)

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

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

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

GCOS-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 14-16, 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

*GCOS publications may be accessed through the GCOS World Wide Web site at:
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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
(имеется также на русском языке)

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

GCOS-97
(WMO/TD-No. 1259)

Report of the GCOS Regional Workshop for South and Southwest Asia
on Improving Observing Systems for Climate, New Delhi, India,
October 11-13, 2004

GCOS-98

Progress with the Initial Ocean Climate Observing System: A Report to
the
UNFCCC – April 2005

(GOOS-146)
GCOS-99
(GOOS-149)

Report of the ninth session of The Group of Experts on the Global
Sea
Level
Observing
System
(GLOSS),
Paris,
France,
February 24-25, 2005

GCOS-100
(WMO/TD-No. 1283)

Report of the GCOS Regional Workshop for Eastern and Central Europe
on Improving Observing Systems for Climate, Leipzig, Germany,
April 26-28, 2005

GCOS-101
(WMO/TD-No. 1298)
(GTOS-37)

Report of the 2nd Meeting of the GTN-H Coordination Panel, Koblenz,
Germany, July 4-5, 2005

*GCOS publications may be accessed through the GCOS World Wide Web site at:
http://www.wmo.int/web/gcos/gcoshome.html
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World Meteorological Organization
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