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Foreword
The Global Terrestrial Network  Hydrology (GTNH) represents the largest
association of international hydrological and hydrometeorological data centres and users
worldwide. The observational variables cover a number of Essential Climate Variables
(ECV’s) established by the Global Climate Observing System (GCOS). Since the year 2001,
institutions and researchers associated with GTNH are working together towards a global
hydrometeorological network of networks, through shared development of projects that
facilitate access to hydrometeorological networks and observation data, generate derived
products and thereby form an essential basis for integrated global and regional hydrological
analyses. These form a critical input to the provision of climate information including
variability and trends and related services. GTNH thus underpins
• Research in the areas of global and regional climate change,
• Hydrology and water resource management and
• Environmental monitoring.
This report provides a record of the 4th GTNH Panel Coordination Meeting held at
City College New York (USA) as well as a workshop held in conjunction with the Meeting
that saw participation by key (mostly USbased) technical and political stakeholders in the
water sector.
Participants at this meeting learned of the progress made over the past two years by
their colleagues, especially with respect to eight projects aimed at developing basic products
unique to the GTNH. They learned of the roles and contributions of the original GTNH
sponsors, namely, the Hydrology and Water Resources Programme of WMO, GCOS and
GTOS, and the relationship between the GTNH, other WMO programmes and the Integrated
Global Water Cycle Observations Theme (IGWCO) of the Global Earth Observation System
of Systems (GEOSS). In this regard, GTNH has been recognized as an important building
block of the Global Climate Observing System and constitutes the observational arm of the
GEOIGWCO.
In the context of GTNH, participants also agreed on measures to improve
communication and funding, data integration, and further committed to develop a new set of
demonstration projects intended to highlight the importance of hydrological,
hydrometeorological and related observations in various application areas and ultimately to
decisionmakers – an aim that is considered essential for GTNH to show its relevance in
underpinning adaptation decisions related to climate variability and change and global
environmental challenges.
The results of the Third World Climate Conference held in Geneva, Switzerland from
31 August to 04 September 2009 underline the importance of services by GTNH to address
requirements for improved observing systems and derived products within a Global
Framework for Climate Services that had been propagated by the Conference.
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Introduction
The Global Terrestrial Network for Hydrology was established in the year 2001 to integrate
hydrological data from various sources for climate and hydrological applications. The goal of
the GTNH 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.
GTNH is as a “network of networks” that builds on existing data centers providing
information on the various elements of the hydrological cycle (Figure 1). The GTNH
structure was outlined in the report of the expert meeting in Geisenheim, Germany,
(WMO/TDNo. 1047; GCOS63; GTOS26) and further refined in a followup coordination
meetings in Koblenz, Germany (2001). The GTNH panel as such met for the first time in
Toronto, Canada (November, 2002) followed by the second and third meeting in Koblenz in
July 2005 and in September 2007.

Figure 1. GTNH Configuration in 2009.

8

Traditionally, GTNH was led by a coordinator (an individual from hydrometeorological
agencies such as USGS and Environment Canada). The 3rd Global Terrestrial Network for
Hydrology (GTNH) Coordination Panel in September 2007 entrusted the Water Systems
Analysis Group at the University of New Hampshire, USA (UNH) with the coordination
tasks. The panel also decided that the 4th GTNH Coordinating Panel meeting to be held at
the coordinators' host institution. Since the last meeting, the director of WSAG (Professor
Charles Vörösmarty) and several members of the WSAG left UNH to form a new research
group, the CUNY Environmental Crossroads Initiative, hosted in The City College of New
York (CCNY) under the Advanced Science Research Center (ASRC) initiatives of the City
University of New York (CUNY). As a consequence, the 4th Coordinating Panel meeting was
held at CCNY in New York, New York.
The proximity of internationally recognized researchers, key funding agencies and potential
new GTNH users offered unique opportunities to extend the meeting and seek their advice of
experts outside of the traditional GTNH panel members for determining the future directions
and elevate GTNH's recognition. As a compromise between opening the panel meeting
entirely (thus potentially losing its efficiency in focusing on the GTNH tasks) or staying
within the traditional members, the WMO representatives and the GTNH coordinators
decided to organize a one and a half day, invitationonly workshop prior to the two days
GTNH meeting. The invited workshop participants were encouraged to stay for the panel
meeting as observers.
The present report was prepared by the GTNH coordinator and his team at CCNY in
cooperation with WMO and GCOS with inputs from participants. The report summarizes the
outcome of both the workshop and the GTNH Coordination Panel meeting.
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1.

GTNH Planning Workshop

The GTNH planning workshop was organized on “invitation only” basis. The intent was to
attract a wide range of professionals (researchers who either could contribute or benefit from
GTNH, resources planners, operational and funding agencies). Personalized invitations were
sent out to potential participants for joining the workshop. The planning workshop was
introduced by Prof. Charles Vörösmarty both as the representative of the hosting organization
and as GTNH coordinator, followed by introductions provided by Dr. Wolfgang Grabs and
Dr. Stephan Bojinski representing WMO and GCOS. After the introductions, Prof.
Vörösmarty outlined the purpose of the workshop and the expected outcomes.
The goal of the GTNH planning workshop was to set the stage for the planning of current
and future GTNH activities in the upcoming GTNH Coordination Panel meeting, by:
·

presenting key examples of progress in the technical, scientific and applications
realms that have developed or are using GTNH relevant data resources,

·

recognizing and integrating data provider, data user, and data synthesis perspectives,

·

developing an initial vision of short (02 year), medium (25 year), and longer term
(> 5 year) progress.

The workshop agenda was arranged in three main topics followed by open discussions. The
three main topics were:
1. Building Blocks: Technology and Innovation in Data Provision
2. Information Integration
3. User Perspectives and GTNRelevant Data Needs: Managing Nature and Human
Water Cycle Interactions
The presentations were followed by an open discussion focusing on the scientific challenges
and a panel discussion with representatives from funding and operational agencies about
moving GTNH forward.
1.1.

GTNH Building Blocks: Technology and Innovation in Data Provision

The presentations in the first section of the workshop were organized along key components
of the water cycle (precipitation, soil moisture, surface waters, groundwater, river discharge).
Most of these components are recognized by GCOS as Essential Climate Variables.
1.1.1. Precipitation
Global gridded precipitation products are derived from a variety of sources  satellite
observations, rain gauges, surfacebased radar and atmospheric observations through
atmospheric general circulation models. The discrepancy between different products
(Figure 2) is significant (it is in fact disturbing considering the fictitious trends that some of
the products suggest beside considerable biases).
Satellite observations employ a variety of sensors such as visible/infrared sensors from
geostationary satellites and active/passive microwave sensors from low orbiting satellites. The
advantage of the visible and infrared sensor from geostationary satellites is the high temporal
frequency (30 minute) and the nearly global coverage (up to ±60º latitude). The retrieved
information via visible and infrared sensors is primarily cloudiness that is statistically related
to actual precipitation on the ground. Geostationary satellites with visible and near infrared
sensors were in operation for a long time providing 2030 year time series.
10

Active and passive microwave sensors on low orbit satellites are retrieving information on
raindrops or ice particles. At lower frequencies raindrops emit like black bodies over the
colderappearing ocean surface, while at higher frequencies ice scatter radiation upwelling
from the surface. As a consequence lower frequency passive microwave sensors only work
over ocean providing coarse resolution estimates of the liquid water amount typically at
moderate sampling frequency. Freezing level, nonprecipitating liquid in cloud has to be
determined independently. These sensors cannot detect snow. Higher frequency passive
microwave sensors (operating at similar temporal frequencies as low frequency sensors)
depend on the ice scattering, so no warm rain signal is detected. These sensors cannot
distinguish ice/snow on surface from heavy precipitation. The sensor resolution is better than
emission sensors, but worse than infrared sensors from geostationary satellites. Active
microwave sensors provide high spatial resolution information, but temporarily at a very
coarse frequency. Just like ground radar, space radar images need to be calibrated.

Figure 2. Global precipitation from various sources
Observations at multiple wavelengths and radiative transfer equations combine the strengths
of emission (warm rain) and scattering (ice) to obtain vertical profile of hydrometeors. The
algorithm currently in use employing this approach is the Goddard profiling algorithm
(GPROF, Kummerow, 2001, 1993), which doesn’t seem to fully realize the benefits of multi
wavelengths sensors possibly due to the lack of frequencies.
Satellitederived estimates have complementary characteristics (geostationary infrared is more
complete but has poor accuracy, low orbit passive microwave is more accurate but has sparse
sampling) so their combination could yield more accurate precipitation estimates at high
spatial and temporal resolutions. First attempts to develop data products combining different
sensors were carried out in the early 1990s, after various intercomparison exercises
demonstrated that combined algorithms, especially infrared with microwave, were performed
better than pure infrared or passive microwave products.
New multisource products (Multisource Analysis of Precipitation, MSAP,Figure 3) blend
reanalysis data (ERA40 or ERAI) using optimum interpolations to take advantage of the
higher accuracy of the satellite data at low latitude combined with the reanalysis data at high
altitude where satellite retrievals are nonexistent or perform poorly (Sapiano et al. 2008).
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Figure 3. Multisource analysis of precipitation. Optimum interpolation is used to produce
blend of ERA40 (now includes ERAI) and SSM/I precipitation. Relies on satellite
estimates in tropics, reanalysis in high latitudes, mix in between (Sapiano et al. 2008)
Relatively long (30 year) time series of global 2.5° monthly data are available from GPCP and
others. More recent products have resolutions of 1025 km and 13 hourly with coverage from
60°N – 60°S  much better than earlier data sets, but validation and error characterization is
vital and not adequate so far for many applications. Satellitederived precipitation estimates
still have numerous challenges over land in particular compared to oceans. Distinguishing
between solid and light precipitation, snow or ice on the ground from precipitation at high
latitude, or detecting precipitation on rugged terrain (orographic effect) is difficult.
Insitu observations are still essential both for validation and merging with satellite and model
based precipitation to provide more accurate combined estimates. Gridded precipitation data
sets derived from precipitation gauge measurements are produced and updated on a regular
basis by the Global Precipitation Climate Centre (GPCC), which is one of the core GTNH
partners. More detailed description of the currently available products is given in the GTNH
panel meeting section of this report.
1.1.2. Soil Moisture
Spatial and temporal distribution of soil moisture has scientific significance to agricultural,
hydrological and meteorological applications. Active and passive remote sensing systems and
especially those operating in the microwave region of the electromagnetic spectrum have
shown the ability to measure the spatial variation of soil moisture content in the nearsurface
layer under a variety of topographic and land cover conditions. The greatest advantage of the
microwave region of the spectrum is its ability to observe the earth’s surface under all weather
conditions. Spaceborne active microwave sensors are able to provide high spatial resolution
(up to 10 m), but have low temporal resolution and are more sensitive to surface
characteristics than passive systems. However, passive microwave sensors provide low
spatial resolutions (40 to 50 km) with a higher temporal resolution (12 to 24 hrs). Most of the
microwave remote sensing applications of soil moisture retrieval are based on the hypothesis
that the signal backscattered from the observed scene is widely dependent of the dielectric
contrast that exists between wet and dry soils. The accuracy of satellitederived soil moisture
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is affected by the presence of vegetation, which significantly modifies and attenuates the
outgoing microwave radiation of the soil.
In the coming years, several experimental and operational satellite missions will be available
to retrieve surface soil moisture. ESA’s Soil Moisture and Ocean Salinity Mission (SMOS)
and NASA’s Soil Moisture Active/Passive (SMAP) sensor are expected to provide a flow of
high and low resolution soil moisture data. SMOS will make passive microwave
measurements at a spatial resolution of about 40 km. However, SMAP will combine a passive
microwave radiometer (40 km) and active microwave radar (1, 3 and 10 km).As a lower
microwave frequency is advantageous for soil moisture retrieval, both missions will operate in
Lband frequency. These two missions are expected to measure soil moisture with an
~ 0.04 m3/m3 accuracy. In addition to these soil moisture missions, other operational
radiometers systems such as Advanced Microwave Scanning Radiometers (AMSR, Figure 4),
Special Sensor Microwave Imager
(SSM/I) have been found to be
capable of soil moisture retrieval.
Advanced Microwave Scanning
Radiometer (AMSRE), the latest
generation of radiometers was
launched in 2002 onboard of
AQUA satellite. AMSRE acquires
data at 6 passive frequencies
ranging from 6.9 GHz (CBand) to
89.0 GHz, with a spatial resolution
ranging between 56 km (6.9 GHz)
and
5.4 km
(89 GHz).The
Aquarius satellite that will carry an
integrated Lband radiometer
(1.413 GHz) and scatterometer
(1.26 GHz) is expected to be
operational
in
2010.
The
EUMETSAT’s Polar
System
Figure 4 Soil Moisture retrieved from AMSRE METOP will be a continuation of
sensor.
European
Remote
Sensing
Satellite scatterometer mission
carrying the Advanced Scatterometer (ASCAT) work at 5.3 GHz frequency. The METOP
satellite series, with Advanced Scatterometer onboard, will be the first operational satellite
system dedicated to the retrieval of soil moisture information.
The research at NOAACooperative Remote Sensing Science and Technology Center
(NOAACREST) at City University of New York deals with development of algorithm for
soil moisture retrieval using active and passive microwave remote sensing data. The NOAA
CREST center has strong research facilities including a truck mounted insitu passive
microwave radiometer (1.411.55 GHz) for soil moisture research. The soil moisture retrieval
model was developed for an active microwave remote sensing sensors (1.26 GHz and
5.3 GHz frequency). Similarly, there is also work in progress on soil moisture retrieval model
using passive microwave remote sensing data. The active microwave soil moisture retrieval
model is an extension of the Integral Equation Model (IEM) to make it more suitable to land
surface model data assimilation use. The active microwave soil moisture retrieval model is
complex, and before it is applied to the retrieval of soil moisture in conjunction with a soil
13

and land model, the adjoin development and control parameters under a variety of vegetation
and soil moisture conditions are examined. The adjoin sensitivity analysis is inherently
independent of the data assimilation problem and the associated specification of the
background covariance. The adjoin sensitivities have an ability to attribute cause and effect in
a multivariate analysis. In constructing adjoin of the soil moisture retrieval model, all input
variables and parameters were treated as candidate control variables. The perturbation
analysis of all input variables, that allows relative variable response ranking were performed.
A comprehensive linear perturbation analysis was performed using five leading control
variables (surface roughness, surface height, soil moisture, vegetation water content, and
vegetation canopy height).
1.1.3. Remote Monitoring of Surface Waters
Water bodies are ideal targets for remote sensing due to the characteristic spectral and
dielectric properties of the water. Visible and near infrared sensors on Earth resource satellites
like Landsat, SPOT, Aqua or Terra have been used to map water bodies for decades. While
these sensors provide high resolution images of surface waters (in the order of 10s of meters
to several hundred meter), their main disadvantage is that these spectral bands are obscured by
clouds. More recently various passive and active microwave sensors are becoming more
operational Passive microwave sensors like the Spectral Sensor Microwave Imager (SSM/I)
carried on Defence Mapping Satellite Platform (DMSP) and Advance Microwave Scanning
Radiometer (AMSRE) aboard on Aqua satellite were successfully used to monitor discharge
in large rivers (Vörösmarty et al., 1996).

Figure 5. Lake level monitoring using radar altimeters
More recently active sensors (radars and lidars) are used successfully to detect stage heights
of water bodies (Figure 5, Birkett, 1998). These sensors typically need wide open water
surface (in the order of hundreds of meters to a few km), which makes their use on rivers
difficult since rivers of these sizes are rare. Altimeters (potentially combined with imaging
sensors) are clearly the best tools to monitor the innumerable lakes, reservoirs, wetlands and
floodplains globally, which normally change less dynamically then river flows (particularly in
small and medium sized rivers) therefore the relatively low temporal frequency of the satellite
retrievals (1030 days) poses less limitation. The University of Maryland already maintains
operational lake monitoring as part of the U.S. Department of Agricultures Crop Explorer
14

program. The US Dept. of Agriculture, Foreign Agricultural Service (USDA/FAS) together
with the National Aeronautics and Space Administration (NASA) are funding a program that
aims to monitor in near real time the changing water levels of the world's largest lakes.
The database currently contains around 75 lakes with products based on the NASA/CNES
Topex/Poseidon and Jason1 satellite missions (19922008), and the Naval Research Lab's
(NRL) GFO mission (20002008). The Jason2 (or OSTM The Ocean Surface Topography
Mission) satellite was launched in June 2008 and is the follow on mission to Topex/Poseidon
and Jason1. It is a joint venture between NASA, CNES, NOAA and EUMETSAT with
science objectives that focus on the ocean, coastal regions and inland waters. Utilizing radar
altimetry the Jason2/OSTM mission will continue the lake and reservoir water level
observations through the 20082014 timeframe. The first preliminary OSTM products for the
largest of the lakes were uploaded on October 1st, 2009 and operational procedures will
update these weekly. Product revisions and additional lakes will continue to be uploaded
through 2009 and 2010, as research and additional satellite data sets are incorporated into the
program.
The Surface Water and Ocean Topography (SWOT) mission of NASA identified by the
Decadal Survey (NRC, 2007) as one of the key missions to be launched in the next decade
(between 201316) will open new opportunities for inland water monitoring by carrying the
first time an imaging radar that will be able to monitor water extent and stage heights
simultaneously. The SWOT mission will be the first satellite dedicated entirely to monitoring
surface waters. The imaging radar was designed to monitor storage changes in wetlands, flood
plains, lakes and reservoirs and river discharge.
1.1.4. Groundwater
Groundwater is an important source of freshwater in many parts of the word. Increasing water
demands has led to over exploitation and a significant drop in groundwater levels in numerous
places. Despite its significance, groundwater resources are poorly monitored and groundwater
data are sparse.
The International Groundwater Resource Assessment Centre (IGRAC) hosted by
DELTARES, in Utrecht, The Netherlands as a joint UNESCO and WMO center facilitates
and promotes global sharing of information and knowledge required for sustainable
groundwater resources development and management. The IGRAC team’s goal is to establish
a global groundwater monitoring system allowing the assessment of groundwater resources on
a regular basis. Instead of collecting
raw
groundwater
observations,
which is often difficult to access
(due to the obstacles in international
data sharing) and have limited
representativeness
without
the
intimate local knowledge, IGRAC
opted to set up a webbased system,
where aggregated groundwater
information can be uploaded by
regional experts (Figure 6).

Figure 6. Background colors represents the GPCC
gridded precipitation map for January 2008.
(Groundwater level data are fictitious here!) 15

Emerging alternative to insitu
groundwater monitoring is using
remote sensing. The Gravity
Recovery and Climate Experiment

(GRACE, Tapley et al., 2004) satellites are capable to detect variations in the Earth’s gravity
fields that are related to changes in various water storages in the hydrological cycle. The
challenge using GRACE is twofold. First, the gravity field variations represent water storage
changes from the whole column below the satellite (from groundwater, soil moisture, surface
water and atmosphere). The separation of these storage pools is only possible by considering
other data (e.g. using models or combination of models and other hydrometeorological
observations, Rodel et al., 2004, 1999). The second challenge is the measurement sensitivity.
The expected accuracy of the GRACE sensor was a few mm of water over a unit area, which
is the equivalent of 1 kg/m2 (Rodel et al. 1999). To appreciate this degree of sensor
sensitivity, one may consider the mass of the corresponding Earth cone1, which is equal to
1.17 × 1010 kg/m2. Remarkably, GRACE is able to achieve this degree of sensitivity by
averaging over larger regions. The current GRACE instrument can detect groundwater change
at 10 days to monthly temporal frequency for basins larger then 160 km2 (Rodel et al. 2009),
which is likely to be too coarse for most of the regional applications. Recent study by Rodel et
al. (2009) demonstrated ability of GRACE to track groundwater decline since its operation.
1.1.5. River Discharge
Traditionally river discharge is measured on the ground by establishing rating relationship
between river stage height and discharge. While operating flow level gauges on rivers is
relatively inexpensive, the establishing of rating relationship requires costly field campaigns
at different flow conditions. Carrying out these field campaigns under flood conditions is
particularly difficult and often dangerous. Still, insitu observations of river discharge are
considered the most accurately (510 %, Rantz, 1982a, 1982b) measured component of the
water cycle (Grabs et al., 1996; Hageman and Dümenil, 1998). The limitation in the
availability of river discharge data globally and difficulties in achieving timely data sharing
have lead to increased interest in finding alternative means of discharge monitoring (Alsdorf
et al., 2003, 2002). A summary of issues to bridge the observational gap in hydrological
observations is given in Grabs, 2009. Before discussing the feasibility of alternative solutions
using remote sensing techniques, one has to consider some of the properties that make
discharge measurement particularly valuable.

Figure 7.Simulated Mean annual discharge of the Danube

1

Discharge
fundamentally
differs from typical insitu
measurements from the point
that
discharge
is
an
integrated signal of the
runoff processes both in
space and time upstream
from the location of the
discharge
gauge.
Considering
a
typical
discharge profile (Figure 7)
the striking features are
relatively long sections,

Unit area (1 m2) multiplied by the Earth radius (6.37 × 106 m) times mean density of the Earth
(5.5 g/cm3) divided by three (calculating the volume as a cone)
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where the discharge barely changes interrupted by sudden jumps at the confluences of major
tributaries. As a consequence, it is typically better to monitor the tributaries directly rather
than establishing monitoring on the main stem before and after the tributaries (when the
discharge measurement uncertainty could exceed the difference between the upstream and
downstream discharge).
The difficulties in discharge measurements under certain conditions (ice, flood, braided
streams) are also often mentioned as the rational for alternative solutions (Alsdorf et al.,
2002). While these difficulties could be severe in certain locations, but due to the nature of the
discharge profile, typically, one could find less challenging river reaches for discharge
measurements. The location of the actual discharge gauge and the crosssection where the
field surveys are carried out are rarely identical for the same reason.
Furthermore, relatively few discharge gauges would be sufficient to establish a fairly detailed
distribution of the runoff generation. For instance, 1000 gauges spread evenly over the
98x106 km2 actively contributing portion of continental land mass (Fekete et al. 2002) would
be the equivalent of monitoring ~105 km2 basins that was found as the minimum basin size for
monitoring storage changes by the GRACE satellites at a monthly temporal frequency (Rodell
and Famiglietti, 1999; Rodell et al., 2004). The average annual cost of operating discharge
gauges (including telemetered stage recording at 515 minute frequency, regular field
surveying and reporting the discharge records realtime via web interface) for the U.S.
Geological Survey is ~$20 000/yr, which means that $20 million/yr could enable us to operate
1000 gauges. Five thousand gauges could improve significantly the discharge monitoring
networks ability to resolve the spatial distribution of the river runoff. Actually, much of the
needed discharge monitoring infrastructure is in place considering the discharge data archive
of the Global Runoff Data Centre (Koblenz, Germany) so the ultimate task is to upgrade
observation infrastructure at existing sites and to ensure the timely delivery of the recorded
discharge values globally.
Satellite remote sensing faces a number of challenges in competing with insitu solutions.

Figure 8. Synthetic satellite orbits operating at different ground track repeat frequencies
crossing 200 m wide rivers
Perhaps the most severe is the limited temporal frequency. Low orbit satellites (like the ones
carrying altimeter instruments or the planned SWOT mission) have to make a compromise
between ground track spacing and repeat frequencies (Figure 8). While wide swath (several
thousands of kms) instruments like the Moderate Resolution Imaging Spectroradiometer
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(MODIS) aboard of Terra and Aqua satellites resolve this conflict by covering wide regions,
but at the price of poorer quality observations toward the edges. Not all sensors can be
operated beyond the near nadir view angle. For instance, the imaging radar envisioned for the
SWOT mission will have a 120 km swath, which means that the orbit configuration need to
exceed the 10 day repeat in order to maintain (almost) full ground track coverage. Contrasting
10 day frequency with the virtually continuous (typically 515 minute sampling, which is only
limited by the recording and the telemetering capability) insitu measurements, one has to
conclude that remote sensing will have difficulties to compete.
The second limitation is the minimum water surface needed to make reliable measurements.
Current altimeters are limited to several hundred meters, which rules out their application to
medium sized rivers. Figure 8shows the river crossing synthetic satellite orbits operating at
different return frequencies. Clearly, the river reaches exceeding 200 m river width at mean
discharge are rather rare. Considering our statement before that discharge monitoring needs to
target tributaries (instead of making multiple measurements along the mainstream) that
means, satellites need to be able to target rivers that are significantly smaller than their current
capability. The SWOT mission with its 1060 m spatial resolution is expected to be able to
monitor rivers under 100 m width (which is probably very optimistic). Perhaps, the only hope
for remote sensing solution to cope with the small target size is the variability of rivers in
terms of the water surface area. As shown before, river discharge stays almost uniform over
long reaches, while the river width could vary significantly along those reaches. Similarly to
insitu measurements, one might be able to find wider stretches of the same river, to make
remote sensing measurements. This approach works for imaging sensors measuring water
surface (as a surrogate to river width).
The third challenge is observation accuracy. River width typically varies less than flow height
therefore altimeters appear to have more chance to provide the basis for discharge estimates.
Current altimeters are reported to achieve few centimeters accuracy over large water bodies,
where averaging multiple measurements allows the reduction of the radar signal’s noise. This
means that over smaller water bodies, altimeters rarely can get close to the cmrange
accuracy, which is essential for reliable discharge estimates.
The fourth challenge is the substitution of the ground surveys with remote sensing
measurements. As we mentioned before, field surveys are the most expensive elements of the
insitu discharge monitoring and any solution that still requires significant field survey defeats
the purpose of seeking for alternative solutions. The accurate field surveys (including detailed
mapping of the river crosssections and measuring flow velocities along several verticals) are
keys to the accuracy of the discharge measurement. Any approximation to minimize the need
for field survey will lead to severe compromise in the accuracy of the measured discharge
taking away the main advantage of the river discharge measurements.
Perhaps a more rational goal for applying remote sensing in river monitoring is to find ways
to complement the ground observations. Remote sensing and the SWOT mission in particular
will have the potential to map river channels (outside of the regular field surveys for gauge
calibrations). Furthermore, remote sensing could fill in the gap during floods when the
calibration and operation of the insitu gauges is difficult.
1.2.

GTNH Information Integration

The strength of GTNH is bringing together different hydrological observations in a
consistent manner allowing the characterization of the hydrological cycle. Contrasting the
different observations helps to identify data inconsistencies and reduce observational
uncertainties.
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At the core of organizing hydrological information are baseline data representing surface
water bodies such as river networks, lakes and reservoirs. River networks play a special role
not only as surface waters, but as an important organizer of the land surface and providing the
horizontal linkage between the land and coastal oceans.
1.2.1. Integration of MultiSatellite Remote Sensing Observations to study the
Global Water and Energy cycles and climate
Land surface waters play a primary role in the global water cycle and climate. As a
consequence, there is a widespread demand for accurate and longterm quantitative
observations of their distribution over the whole globe. The first global dataset were presented
that quantify the monthly distribution of surface water extent (Figure 9) at ~25km sampling
intervals over 12 years (19932004) (Papa et al., 2009; Prigent et al., 2007). These estimates
are generated from complementary multiple satellite observations, including passive (SSM/I)
and active (ERS scatter meter) microwave along with visible and nearinfrared imagery
(AVHRR).
In addition to a large seasonal and interannual variability, the 12year record of surface water

Figure 9. Global map of the annual maximum surface water extent (averaged over 1993
2004) derived from the multisatellite method. The spatial resolution is 773 km2 (i.e.,
equal area grid of 0.25°x0.25° at the equator). Also shown are the latitudinal
distributions of global surface water estimates: 1) the annual maximum surface water
extent averaged over 19932004 (as shown on the map, solid black line), 2) the maximum
surface water extent reached for each pixel over 19932004 (broken black line). Surface
water extent values are aggregated in steps of 3 degrees.

extent at global scale shows a slight decrease in the 1990s before increasing again after 2000
(Papa et al., 2009). Over inland water bodies and large river basins, such as the Amazon, the
variability of the surface water extent is assessed against related variables such as insitu river
discharges, altimeterderived and insitu rivers/floodplains water level heights and
precipitation estimates. In a second part, a new global surface water volume change dataset
was shown that is derived from a combination of the surface water extent product with
altimeterderived and insitu river/floodplains water level heights and digital elevation models
(Frappart et al., 2008). The resulting global surface water volume change data represents a
unique source of quantitative information to support analyses and modeling of the land
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surface water budget. In particular, it helps understanding how precipitation falling on land
partitions into the different component of the terrestrial water balance equation. The total
water storage and variations can be inferred from the GRACE satellite measurements, which
are the sum of the surface water storage, plus the soil moisture and the groundwater (and
snow). Its difference with the surface water storage provides the variations of soil moisture
and groundwater. To separate these two last components, the use satellitederived soil
moisture products, soon available with the nearfuture launch of SMOS and SMAP or from
modeling is investigate. Together with insitu river discharge and precipitation, these new
quantities allow us to improve overall knowledge of the variations of the different
components of the land hydrology processes and their impacts of other climate components.
For instance, these results help to an improved model representation of global terrestrial water
dynamics and are used to validate and adjust simulations of water extent and storage and
discharge for large river basins and continents. Moreover, understanding the variations of
surface water at global scale, in particular floods and wetlands, provides a unique opportunity
to understand the recent variations of global atmospheric methane. Better understandings of
land hydrology processes are also critical for ocean study as new information on fresh water
discharge are now being implemented in OGCM to study its impacts on SSS and SST
variations.
1.2.2. Baseline Surface Hydrography
The monitoring and management of surface waters requires a series of base line data
representing their physical locations, dimensions and linkages to each other. Additional
attributes (e.g. names, aquatic habitat, hydrological, hydraulic properties etc.) are needed to
ease the navigation in the data sets and characterization of the water bodies. Several data sets
have been developed mostly during the last decade with increasing details representing

Figure 10. HydroSHEDS, 500 m resolution gridded network derived from Shuttle
Terraing Mapping mission elevation data.
different types of water bodies (e.g. Surface Water Body Database, SWBD from NASA;
Hydrological data and maps based on Shuttle Elevation Derivatives at multiple Scales,
HydroSHEDS2 from WWF/McGill and Global Reservoirs and Dams, GRanD from GSWP).

2

http://www.worldwildlife.org/science/projects/freshwater/item1991.html
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Figure 11.Global Reservoirs and Dam database (GRanD) includes the~7000 largest
reservoirs globally (with a total storage capacity of ~ 5000 km3)
referenced to SWBD polygons and HydroSHEDS river network
Although these data sets are invaluable on their own merit, their coherent integration into one
data compendium complemented by addition data sets representing the existing, insitu
monitoring networks would increase their utility tremendously. At the core of such an
integrated data set, high resolution river networks play a special role, since rivers naturally
link the other surface water components of the hydrological cycle.
The medium resolution river networks (e.g. Simulated Topological networks, STN30p by
Vörösmarty et al. (2000) or Digital Drainage Maps, DDM30 by Döll et al. (2002) at 30
minute resolution) and related reservoir data bases served well the research applications in the
last decade, but have limited use in regional water management.
Although many highquality river maps exist for wellstudied river basins and individual
nations, seamless highquality data on large scales such as continents or the entire globe were
lacking in the past. Data for many large international river basins were patchy, and remote
areas are often poorly mapped. In response to these needs, a team of researchers led by the
Conservation Science Program of the World Wildlife Fund (WWF) has developed a
hydrographic database (HydroSHEDS), that provides currently the best high resolution river
network with nearly global extent. HydroSHEDS (Figure 10) was developed using the 90 m
resolution Shuttle Radar Topography Mission (SRTM; Farr and Kobrik, 2000). HydroSHEDS
data is freely available from the U.S. Geological Survey’s EROS Data Center1. Further
details and data specifications are described in Lehner et al. (2008) and in the HydroSHEDS
Technical Documentation (Lehner et al. 2006).
Another new, high resolution data set is the SRTM Surface Water Body Database (SWBD)
that provides the baseline extent of global lakes reservoirs and wetlands. Originally, SWBD
was developed for processing the SRTM elevation data to be able to mask out surface waters
were the SRTM was expected to perform poorly with significant noise. While SWBD is a
byproduct of SRTM, it has significant value on its own. SWBD has been cleaned and merged
into a seamless coverage at McGill.
The Global Reservoirs and Dams database (GRanD, Figure 11) developed by a team of
international experts brought together by the Global Water System Project of GEWEX
consolidated several reservoir datasets developed in the past by various researchers. GRanD
was primarily developed by teams that attempted in the past to develop reservoir data sets
along with stakeholders who had vested interests in the final products. GWSP provided
financial support for three meetings during the course of the project to allow the participants
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to identify the specifications of the expected outcome and specify tasks for the participating
teams. The resulting data set is probably the most complete collection of reservoir information
globally.
The combination of SWBD and GRanD represent the state of the art depiction of water
impoundments globally. As such, they should be considered as the essential backbone for
HYDROLARE, which intends to be the global repository of lake and reservoir information.
1.2.3. Soil Moisture and GEWEX
The presentation by Dr. Peter van Oevelen (presented by Rick Lawford) summarized the
activities of the International Soil Moisture Working Group (ISWG). Soil Moisture is now
regarded as an Essential Climate Variable (ECV) by GCOS indicating the progress in
developing the observational base for soil moisture products. The ISWG has been supporting
the SMOS mission by promoting a global soil moisture insitu network that could provide
data for Calibration/Validation of satellite products as well as data for research and
operations. The ISWG held its third meeting in Portugal in March 2009 to discuss issues
related to insitu measurement protocols, network design and data hosting. In the latest
workshop the focus was on a threetier activity including 1) validation, 2) assimilation, and 3)
product fusion and merging. Over the next year (2010) there will be a focus on embedding
this activity in GEWEX and in launching a data hosting center.
1.3.

User Perspectives and GTNRelevant Data needs: Managing Nature and
HumanWater Cycle Interactions

An important result of the workshop preceding the GTNH panel meeting was bringing
together data providers, agencies and potential users. In a panel discussion the invited
speakers (Bart Wickel from WWF, Alex de Sherbinin of CIESIN, Charles Vörösmarty and
Andrea Munoz Hernandez from CCNY and Michael Vardon from the U.N. Statistics
Division) provided information on user needs ranging from ecosystem protection to
developing investment strategies for water management.
1.3.1. Aquatic Ecosystem Protection
The World Wildlife Fund3 is primarily concerned about ecosystem protection, but “WWF’s
ultimate goals is to build a future where people live in harmony with nature”. WWF
recognizes that securing water resources to support humans and ecosystems is a key in
achieving their goal of promoting sustainable natural resource management. The most
important threads to ecosystems in river basins are a) landuse change, b) climate change, c)
consumptive water use, and d) river engineering (dams, canalization, flow diversions). While
the first three affects the flow regime implicitly, the last one represents a direct intrusion to
the natural river flow conditions and the aquatic ecosystems.
The better understanding of these threads and the strategic planning to mitigate their impacts
needs information and tools depicting the main characteristics of the hydrological system.
WWF invested significant resources in the development of HydroSHEDS. Participated in the
assembling of GRanD and remains committed to their further refinements.

3

http://www.wwf.org
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WWF identified 14 major basins or regions (Amazon, Pantanal, Zambezi, East Africa,
Danube, Balkans, Indus, Ganges, Mekong, Yangtze, Amur/Heilong, US Southeast Rivers, Rio
Grande/Rio Bravo, Mesoamerican Rivers) as their priority basins. More recently, river basins
fed by the Himalayas are getting additional attentions.

Figure 12 Himalayas, the "Water Towers of the Asia"

Over 700 million people live in the river basins originated in the Himalaya Mountains
(Figure 12). The Himalayas effectively acting as the “Water Towers” of the regions ensured
steady supply of water through it melting snow cover and glaciers, which is threatened by the
retreating glaciers as a response to changing climate.
1.3.2. Humans Altering the Water Cycle
In his talk "Humans Altering the Water Cycle", Alex de Sherbinin of CIESIN at the Earth
Institute of Columbia University addressed a number of topics. He began by addressing the
immediate impacts, which are abstraction for domestic, industrial, and agricultural uses. He
then discussed the impacts of flow stabilization through dams and reservoirs, which include
positive impacts (water for irrigation, industry, and domestic purposes; flood control;
hydroelectricity) and potentially negative effects (fragmentation and destruction of habitat;
loss of species; health impacts from stagnant water; loss of sediments and nutrients to
downstream systems). Humans also alter land cover through changes in land use, including
converting forests to cropland, and creating impervious surfaces, both of which affect the
water cycle in different ways. Institutions (water sharing agreements, water law) and markets
also have a significant impact on water resources, which he illustrated by a chart depicting
dramatic increases in water withdrawals in China and India as income grew over the past
decades. Climate change will also have significant impacts on the water cycle, leading to
drying in some regions and increased precipitation in others, not to mention sealevel rise
which will impact coastal water bodies and aquifers. Finally, there are reciprocal linkages, as
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when humans pollute water sources that they later use for domestic purposes. In short, de
Sherbinin concluded that we live in the anthropocene and water resources have been
significantly altered by human activities in almost every corner of the world.
1.3.3. Operational Tracking of the State of Global Water
A set of keyindicators that intend to capture the contemporary state of the water systems was
presented by Andrea MunozHernandez from CCNY at a 30 minutes resolution using the
Water Balance Model / Water Transport Model configuration (WBM/WTM) from 2003 to
2009. Some of these indicators include:
1. Mapping Water Stress and Scarcity: The index is based on the ratio of local demand
to discharge (Q). The local demand includes domestic, industrial and agriculture
demand (DIA). Values below 0.4 indicate lower stress, whereas those areas
experiencing a ratio greater of 0.4, present a severe water limitation (Falkenmark,
1997; Vörösmarty et al. 2000, 2005a, 2005b). According to preliminary results, the
most affected areas are in the Middle East, North Africa, Australia, Northwest
Mexico, and Southwest United States.
2. People Under Extreme Precipitation: The number of people that are affected by
extreme precipitation is determined using a threshold of 50 mm/day (Karl and Knight,
1998). The capacity to identify those areas that have been experienced extreme
precipitation is critical in order to avoid human or economic losses associated with
floods or mudslides.
Future work includes the exploration of indicators that include
·

Extreme events such as droughts and floods;

·

Water quality and its impacts into the availability of water of various regions;

·

Economic productivity of the water resources;

·

Social equity based on water distribution;

·

Resilience to extreme weather.

These indicators will be developed in a much finer resolution (6’ longitude × latitude) in order
to get a more realistic representation of the water problems faced in a particular region
1.3.4. United Nations: System of EnvironmentalEconomic Accounting for
Water
The System of EnvironmentalEconomic Accounting for Water (SEEAW) presented by
Michael Vardon. The system was designed as a tool to support Integrated Water Resources
Management by understanding the links between the economy and the environment. Some of
the objectives include:
·

Maximizing/optimizing the social, economic and environmental benefits of water use
in the economy,

·

Managing water scarcity and competing demands for water, especially in the context
of climate change,

·

Defining water as an economic good (e.g. water pricing, full cost recovery, water
rights),
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·

Identifying water intensive and water polluting industries for policy response (e.g.
application of users pays and polluter pays principles).

The United Nations Statistical Commission adopted SEEAW in March 2007 as an interim
statistical standard. The users of information have recognized SEEAW as useful because it
provides the muchneeded conceptual framework for monitoring and assessment. Over 44
countries have, or are planning, water accounts. Some of these countries include: Australia,
Bolivia, Canada, China, Denmark, Dominican Republic, Egypt, Israel, Mexico, South Africa,
Spain, Lebanon, Turkey and the United Kingdom.
The SEEAW indicators could help to relieve some of the current pressure on water resources.
Some of these pressures include:
·

International transport of water and pollution,

·

Industrylevel trends: develop indicators that could be used for environmental
economic profiles, and

·

Technology and driving forces: water intensity/productivity and total (domestic) water
requirements to meet final demand.

For more information see UNSTATS (2009).
1.4.

Workshop Recommendations

The workshop participants expressed strongly the need for Earth observations in general and
particularly hydrometeorological data. In the light of elevated public interest in climate and
climate change, the decline of insitu monitoring networks is disturbing. Tremendous progress
has been made in the last few decades in introducing new satellite observations that
undoubtedly revolutionized Earth observations (e.g. meteorology, land cover mapping,
elevation surveying, etc.). While the new satellite era offers new capabilities of monitoring
that were impossible or difficult to monitor in the past, certain essential variables (such as
river discharge, surface water quality) are still best measured on the ground and remote
sensing even in the longerterm future would not be able to substitute ground observations
entirely.
The identification of Essential Climate Variables (ECV) by GCOS (along with a series of
guidelines, how these variables can be monitored) is an important first step in establishing
adequate Earth Observing networks. While the need for Earth Observations are widely
recognized as demonstrated by the growing membership in the Group on Earth Observations,
global monitoring networks are evolving in an evolutionary manner as a result of volunteering
contributions from various countries. With the exception of the synoptic meteorological
network that is maintained by Members of WMO, global observation and data acquisition are
often carried out on an ad hoc basis without longterm commitment for maintaining and
updating the assembled data archives. The 20+ years of experience of data centers like GRDC
or GEMS/Water demonstrates that voluntary contributions have limitations and are at the
mercy of national budget allocations to meteorological and hydrological services and donor
agencies.
Adequate and sustainable Earth system monitoring and hydrometeorological observations in
particular will require longterm commitments and resources to motivate the continued
operation of monitoring networks and submission of the observed records to appropriate data
centers. Global hydrometeorological monitoring will need to take a holistic approach and
establish guidelines for monitoring ECVs. GEO identified a series of societal benefit areas
justifying the need for Earth observations, but there are often disconnects between the data
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requirements by the various applications and the promoted observations (e.g. GRACE as
groundwater monitoring instruments for water resource management). These guidelines need
to consider both remote sensing and insitu solutions, which will need political commitments
by national governments to operate into the future. Inadequate international cooperation and
data sharing is often used as a justification for promoting satellite remote sensing solutions
even when they are more expensive and inferior to insitu measurements. Undoubtedly,
gaining the necessary commitments to operate insitu and share observed data in a timely
manner is a daunting task, but it is not more unlikely than achieving consensus on combating
global warming. The scientific community had limited success so far to make a case for
significant investments in Earth Observations (both insitu and remote sensing). During the
almost two decades since IPCC released its “First Assessment Report”, there was  with a few
exceptions  a steady decline in insitu monitoring networks followed by a similar decline in
US investments in new satellites.
Earth system monitoring should be included in the Global Change dialog both as a means to
better manage Earth resources, but also as an obligation for future generations to record as
climate change progresses so they will be no longer limited to study proxy data (e.g. tree
rings, ice cores, etc.) that contemporary scientists need to do to reconstruct past climate
patterns.
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2.

GTNPanel Meeting

The GTNH panel meeting was attended by 18 participants including participants from the
antecedent workshop representing observational, scientific and applicationsoriented domains.
The GTNH panel agenda was assembled with the transition from the workshop in mind
therefore, the GTNH data infrastructure and data standards that were thought to have wider
interest was discussed first followed by status reports of the GTNH members.
2.1.

GTNH Data Infrastructure and Data Standards

The standardization of data infrastructure is a highly recognized necessity for the exchange of
data and sharing of Earth Observations. An important contribution from developed nations to
the Global Observing System of Systems (GEOSS) is the advanced technologies for modern
data management. GTNH, which intends to follow closely GEOSS recommendations in this
respect is very keen on familiarizing itself with the most recent advancements and adopt the
appropriate technologies to serve its communities.
Likewise, GTNH through its activities is in line and actively contributing to standardization
efforts within the scope of WMO’s Information System (WIS) and in particular through
WMO’s affiliation with ISO and the Working Groups Meteorology/Oceans and Hydrology of
the Open Geospatial Consortium (OGC).
The data infrastructure and standards discussion was started with invited speakers from USGS
and NASA, who are in the forefront in developing and implementing new means for
managing and distributing a wide array of Earth observational data. The invited talks were
followed by presentations of ongoing activities to set metadata standards, and current
capabilities of GTNH and ArcticRIMS websites. ArcticRIMS, which is build on the same
data engine as the core GTNH website was demonstrated as potentially the first regional
implementation of the GTNH concept.
2.1.1. USGS Water Data Exchange Services
USGS has a longterm commitment in collecting and distributing hydrology related data.
USGS should be viewed as a role model for hydrometeorological services for their
continuing effort to making their data freely and publicly available. Some of the USGS water
data exchange efforts include:
Systems
USGS water data for the nation (NWISWeb): The USGS water for the Nation4
(NWISWeb) is the public repository for USGS water data at approximately 1.5 million sites
across the United States, Puerto Rico and Guam. The database includes groundwater, surface
water, and waterquality data. NWISWeb is accessible at http://waterdata.usgs.gov/nwis
Instantaneous data archive (IDA): In recent years more attention has been given to
historical instantaneous data. Increasing requests for these data prompted the USGS to
develop the IDA5. Currently the IDA contains historical instantaneous discharge values only.

4

http://waterdata.usgs.gov/nwis

5

http://ida.water.usgs.gov
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Waterwatch: Waterwatch is a USGS web page that displays maps, graphs, and tables
describing realtime, recent, and past streamflow conditions for the United States. The maps
show the location of more than 3000 longterm (30 years or more) USGS stream gauges.
Web services:
Discrete waterquality web service: The USGS and EPA have two separate waterquality
databases (USGS’s NWIS and EPA’s STORET). The USGS and EPA are working together to
provide scientists and policymakers an easier way to integrate access to their large water
quality databases. The initial set of web services provides two core methods for accessing the
information in these systems. Each of these web services has different input parameters and
predefined output formats (or schema). Monitoring location information and associated
waterquality results will be served through these two services.
Daily values web service (Beta): This web service provides summarized timeseries data for
each day of a site’s period of record. The timeseries data used to derive daily values,
sometimes referred to as realtime or instantaneous values, may be collected as often as every
minute. These data are used to calculate daily values, such as the daily mean, median,
maximum, minimum, and/or other derived values. Daily data include approved, quality
assured data that may be published, and provisional data, whose accuracy has not been
verified. The USGS daily values holdings are vast, and in some cases going back more than a
hundred years.
Instantaneous values web service (in development): This web page is expected to be
available by October 2010. The page will provide highly reliable instantaneous timeseries
values (including stage and discharge) via REST and SOAP protocols.
2.1.2. Innovative Technologies Contributing to Future Earth Science
Capabilities
The Earth Science Technology Office6 (ESTO) was established in 1998 to enable new
capabilities and it was funded primarily through three programs:
§

Advanced Component Technology (ACT)

§

Instrument Incubator Program (IIP)

§

Advanced Information Systems Technology (AIST)

The competitive, peerreviewed proposals enable the selection of bestofclass technology
investments. Risks are assessed before major funds are invested, making it a costeffective
approach to technology development and validation. This approach has resulted in:

6

•

A portfolio of emerging technologies that will enhance and/or enable future science
measurements.

•

A growing number of infusion successes: (1) technologies are infused into: science
campaigns, instruments, ground systems and missions. (2) infusion is by competitive
selection by science investigators or mission managers, not the technology program.

http://esto.nasa.gov
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ESTO investments in water and energy technology from 2003 to present are shown in the
following table:
ESTO
Program

Number of
investments

Number/missions enabled

ACT

34

7 (DESDynI, PATH, SMAP,SCLP, ACE, HyspIRI,SWOT)

IIP

41

15 (ICESATII, GRACEII, SWOT, GACM, PATH,
DESDynI, LIST, ACE, SMAP, SCLP, GEOCape,
HyspIRI,GPSRO, CLARREO, XOVWM)

AIST

46

12 (ICESATII, SWOT, PATH, DESDynI, LIST, ACE,
SMAP, SCLP, GEOCape, HyspIRI, CLARREO, XOVWM)

There are also other technologies such as ESMF, which is a framework for coupling
computational capabilities from multiple disciplines and a framework for realtime data
assimilation.
2.1.3. GRDC Metadata Project Report to the 4th GTNH Panel Session
The objective of the project is to propose a standardized detailed metadata format for selected
GTNH data types and demonstrate their use in enabling the user to discover and access data
and related information. The project is also a core input to WIS and OGC as discussed above.
Status:
The “management of metadata” in the sense of information about hydrologic datasets
includes:
·

Standardized description of river discharge data using an ISO conform metadata profile.

·

Collection, processing and retrieval of metadata by standard rules offered in a webbased
environment that enables the user to discover and access data.

The commonest way to inform about available data is cataloguing. A standardized description
is required to identify and evaluate data in pooled information across different hydrological
observation networks. Reflecting the special perspective of the global climate and water
resources research community addressed by GTNH, data and information are required that
capture the GCOS Essential Climate Variables (ECVs). Taken into account the variety of
sampling and processing of these data, the common meaning behind naming conventions and
syntax needs to be captured on a high level of abstraction.
Hydrologic data are special geographic data whose origin is an observation related to a body
of water. The result of observation forms the hydrologic dataset. The information about the
observation that generated the dataset and about the investigated realworld phenomenon is
integral parts of hydrologic metadata. To support interoperability, the hydrologic datasets
need to be described compliant with relevant ISO standards and OGC specifications.
GRDC has drafted a semantic structure (UML model) to describe river discharge data while
also reflecting the observation at an identified gauging station on a river which bases on the
metadata requirements GRDC is frequently asked for in its routine business as global data
centre, and also in the context of transnational data collecting projects. This structure can be
extended for other hydrologic features and their observed properties, special sampling
features and procedures. With regard to the other ECVs, extensions by experts in their special
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fields of hydrology are required. The final intent of the metadata structure is its development
to a constituent part of the WMO Core Profile of the ISO 19115 Metadata Standard, allowing
global application in the hydrologic community also providing interoperability with the
meteorological, climatologic and related environmental communities and data users.
The hydrologic dataset will be described compliant with ISO 19115: GEOGRAPHIC
INFORMATION  METADATA. The description of the associated observation basically follows
the ideas documented in the relevant OGC specifications, particularly OGC ABSTRACT
SPECIFICATION: OBSERVATION AND MEASUREMENT (OGC O&M) and OGC ABSTRACT
SPECIFICATION: SENSOR WEB ENABLEMENT (OGC SWE). The proposed semantic structure is
described in full in GRDC 2009. The proposed metadata structure forms the required basis for
a future global catalogue of hydrologic data. As a first step the catalogue will be compiled
from river discharge data related to the stations of the GCOS baseline network. The catalogue
will be extended depending on the further development of the metadata profile towards a
GTNH metadata profile. A dynamic structure is required which allows the collection,
processing and retrieval of metadata, but also the assisted completion and modification of the
underlying metadata profile. Suitable templates shall be provided for metadata collection,
editing and search. The semiautomated import from existing databases shall be supported. A
webbased environment shall facilitate the metadata management on the providers (NHS) and
the distributors (GRDC) side. A suitable software product needs to be found or developed,
which meets the essential requirements of a GTNH data catalogue. The customization for the
special requirements and the adjustment to the hydrologic metadata profile needs to be
specified.
Next Steps:
·

Translation from UML
model
to
XML/GML
application schema

·

Identification
and
application of a software
product suitable to manage
hydrologic
metadata,
implementing
and
maintaining
a
domain
specific metadata profile
(GRDC to contact the
contractor to find out
license and adjustment
needs and the related costs).

·

Figure 13 GTNH Web portal

Action by end 2009

Project lead: Ms Irina Dornblut
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2.1.4. GTNH Web Portal
The GTNH Web portal7 (Figure 13) is hosted by the University of New Hampshire since
2005. The original website that was developed by Environment Canada went through a major
update prior to the 3rd GTNH Panel meeting. Shortly before that meeting, the decision was
made to purchase the www.gtnh.net domain. Since then, Charles Vörösmarty and Balázs
Fekete GTNH coordinators moved to the City College of New York where they started the
CUNY Environmental Crossroads Initiative. This move inevitably caused interruption in the
further development. The GTNH web portal is currently hosted jointly by the UNH and
CCNY team. While the web server is at UNH, most of the data preparation and processing is
carried out at CCNY.
The GTNH web portal is build on the GlobalRIMS engine (Prusevitch et al. 2009), which
has a series of visualization and analysis capabilities on top of OGC standard web services.
Recent development efforts are focusing on integrating more data from GTNH partners.
2.1.5. ArticRIMS
ArcticRIMS8 is a webbased data archive and analysis system developed at the University of
New Hampshire (UNH) for the panArctic land mass. Data holdings include point data in the
form of historical and realtime river discharge and spatiotemporal gridded fields for many
biogeophysical variables of interest to the high latitude water cycle.
Near realtime data is being ingested from Russia, United States and Norway with delay times
from 1 day to 1 week. This data is the raw provisional data being fed from the respective
national agencies responsible for their collection. In the case of the Russian data, the available
river stage height is run through a model in order to estimate discharge. Comparing these
model estimates with the data released by Roshydromet (often up to 1 year later) an average
error in the range of 6% (June to October) to 15% (November to May) is found. Most of the
error is found during the transitional periods of river freeze and ice breakup.
While the core ArcticRIMS fields have daily time steps at the grid cell level, the web site
allows the user to access all gridded fields at several time and space resolutions. Temporally,
these are daily, monthly and yearly time series and daily, monthly and yearly climatologies
(long term means).Spatially these are grid cell, watershed, sea basin, continental and pan
Arctic with additional political divisions of national, subnational (e.g. state, province, oblast)
and administrative units (e.g. county, census division, rayon).The user can select any space
time combination in order to access the data most appropriate to their interests. All gridded
fields held within ArcticRIMS are available for display, exploration and analysis by
generating scalespecific time series, histograms, and animations.
A second generation of ArcticRIMS has been under development at UNH in which a
significantly higher degree of flexibility is available in terms of loading data into the system,
representing data with multiple source projections, and linking to a larger set of available
data.

7

http://www.gtnh.net

8

http://RIMS.unh.edu
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2.2.

Status Report of GTNH Milestones

2.2.1. Review of GTNH Action Items 20052007 (WMO/GCOS)
No

Action

Who

Next steps

Progress to date

1

Database of “pristine” basins available at W. Grabs, H. Lins,
GRDC
U. Looser

Ongoing; proposals
coming in from various
countries.

2

Clarify role of AQUASTAT as water use W. Grabs, S.
database with FAO
Bojinski

Reestablish contact K. B Lehner to enquire,
Frenken (FAO) (WG,
with cc Bojinski
SB)

3

Crosscheck content of TEMS database A. Letourneau
with GTNH inventory and FLUXNET

Refresh contact and set
deadline March 2008
(WG, SB)

4

Clarify status of proposed international V. Vuglinsky, W.
data centre for lakes in Russian Grabs, S. Bojinski
Federation, including insituand satellite
based data; take TOPC priority list into
account

See milestones of
HYDROLARE 1st
Steering Committee
report

5

Update GTNH configuration diagram and S. Bojinski, W.
inventory
Grabs

Ongoing; Update

6

Update and amend GTNH website, based B. Fekete (D.
on user feedback (see also ‘Next steps’ in Harvey)
section 1.1)

Ongoing; Update
urgently needed

7

Identify soil moisture network activities P. van Oevelen
and relevant points of contact; organize
meeting at ESA ESTEC

Establish institutional
data collection
(proposal by Portugal)

8

Document feedback to GTNR support U.Looser
letter on GTNR website

Ongoing ; report by
Looser

8a

Send new request letter on GTNR to W. Grabs
nonresponding countries, and inform
responding countries on progress

By 1 January 08

9

Provide webbased demonstration of near U. Looser, I.
realtime monitoring from a subset of Dornblut
GTNR stations

Use of software
developed in ETNR
framework for GTNR
by end of 2009

10

Inform GTNG and GTNP of GTNH S. Bojinski, W.
activities, and explore possible areas of Grabs
coordination

Establish contact at
TOPC10 in November
2007 (DG, SB)

11

Followup actions and recommendations B. Fekete (D.
of 2nd GTNH panel meeting
Harvey)

Regular reporting to
Panel; meeting report

Not est’d as of last
year; questions on how
it moves ahead

2.2.2. Global Precipitation Climatology Centre (GPCC)
Since the end of 1988 the GPCC is operated by Deutscher Wetterdienst (DWD, German
Weather Service) under the auspices of the WMO as a German contribution to the World
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Climate Research Programme (WCRP) and to the Global Climate Observing System (GCOS).
It is also an initial component of the Global Earth Observation System of System (GEOSS).
The main objective of GPCC is the analysis of the spatial and temporal distribution of global
land surface precipitation on a monthly timescale based on insitu observation data.
The rain gauge database used for the GPCC analyses comprises:
·

near realtime weather and climate observation data (SYNOP and CLIMAT) regularly
exchanged via the WMO Global Telecommunication System (GTS);

·

non realtime precipitation observation data provided by WMO Member States’ National
Meteorological and Hydrological Services (NMHSs). Up to now data of about 180
countries have been provided to GPCC. Additionally all major monthly global insitu
precipitation station databases, such as CRU, FAO and GHCN, have been integrated into
GPCC’s data base.

Thus GPCC holds the largest monthly insitu precipitation database of the world comprising
more than 23 million station years (since 1901) of rain gauge based precipitation data at about
78,000 different stations. Over the past 18 months (Oct 2007 – March 2009) since the last
GTNH meeting new data and updates of about 40,000 stations from 52 countries have been
added to the GPCC database. Corresponding to international agreement, station data provided
by Third Parties to GPCC are protected.
The GPCC data processing steps include quality control and quality assurance of the station
metadata, as well as of the precipitation data, interpolation of the stationrelated data to spatial
means on regular grid areas.
In order to fulfill the different user requirements the GPCC has implemented a set of gridded
monthly precipitation products, which have been optimized for the purpose of their applica
tion.
Monthly GPCC precipitation analysis products for the Earths’ land surface:
A) First Guess Analysis (Oct. 2003present)
·

Useful for global precipitation anomaly analysis, e.g. in context of early drought
monitoring by UNEP and FAO;

·

Based on weather observation data received near realtime via the WMO GTS
from ca. 6,500 stations;

·

Automaticonly qualitycontrol (metadata and observation data);

·

Analysis is based on anomalies from climatological normals at the stations or,
where no station normal is available, from GPCC’s high resolution gridded pre
cipitation climatology;

·

Grid resolution 2.5° and 1.0° latitude/longitude.

B) Monitoring Product (Jan. 1986present, Version 2)
· Useful for global precipitation monitoring (e.g. in context of GCOS); and as insitu
reference for global satellitegauge combined products (e.g. GPCP, CMAP);
· Based on near realtime weather and climate observation data from approximately
8,000 stations;
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· Automatic precontrol plus visual quality control of selected stations (metadata and
observation data);
· Analysis is based on anomalies from climatological normals at the stations or, where
no station normal is available, from GPCC’s high resolution gridded precipitation
climatology;
·

Grid resolution 2.5° and 1.0° latitude/longitude.

C) Full Data Reanalysis (19012007, Version 4)
·

Optimized with regard to high spatial density and accuracy as needed for NWP/
Climate model verification (e.g. ECMWF, MPIM) and for water cycle assessment
studies in context of WCRP GEWEX, WMO HWRP and UNESCO IHP;

·

Based on near realtime data (as used for the Monitoring Product) plus all addi
tional monthly precipitation data in the GPCC data base;

·

Data coverage per month varies from 10,000 to more than 45,000 stations;

·

Automatic precontrol plus visual quality control of selected stations (metadata and
observation data);

·

Grid resolution 2.5°, 1.0°, 0.5° latitude/longitude.

D) 50Year Analysis of monthly precipitation (19512000, Version 1.1)
·

Optimized with regard to timeseries homogeneity and quality needed for climate
variability/trend analyses;

·

Based on more than 9.300 stations in the GPCC data base providing almost com
plete timeseries;

·

Automatic precontrol plus visual quality control of selected stations (metadata and
observation data);

·

Grid resolution 2.5°, 1.0°, 0.5° latitude/longitude.

E) Global precipitation climatology for the Earths’ land surface (19512000)
·

Based on more than 50,000 stations in the GPCC data with at least 10 years of data
during the period 19512000;

·

Automatic precontrol plus visual quality control of selected stations (metadata and
observation data);

·

Grid resolution 2.5°, 1.0°, 0.5°, and 0.25° latitude/longitude.

All gridded GPCC analysis products are disseminated free of charge via Internet9. More than
2000 users per month visualize and download GPCC products.
Next Steps:
An extended version of the GPCC 50Year Analysis (Version 2; period 19512005) is in
preparation and will be ready by autumn 2009. A significant update of the online GPCC
9

http://gpcc.dwd.de
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product visualization tool (GPCC Visualizer) is in preparation and will be ready by end of
2009. The development of a daily near realtime precipitation analysis product is in planning
phase and might be ready by 2012.
Project lead: T. Fuchs
Project Participants:
U. Schneider, A. MeyerChristoffer, additional GPCCinternal staff
2.2.3. Global Runoff Data Centre (GRDC)
Map Product on RealTime Hydrological Conditions
To develop a pilot web application that demonstrates the retrieval, integration and
presentation of realtime hydrometric data for selected large rivers from several countries
(Global Terrestrial Network for River Discharge, GTNR10)
Status:
In the framework of the EUROPEAN TERRESTRIAL NETWORK FOR RIVER DISCHARGE (ETNR)
20062009, GRDC has developed a service for the automated collection of realtime river
discharge data, using FTP and HTTP servers via Internet protocols. This software system
provides the EUROPEAN FLOOD ALERT SYSTEM (EFAS) of EUJRC with water level and river
discharge data that are provided by national hydrological services via Internet protocols, in
nearreal time.
The ETNR software system is in operation:
·

to process and store the data in a database,

·

to check the plausibility of the data,

·

to transform water level data into discharge data where required,

·

to classify the data on the background of historic data, and

·

to redistribute data in a harmonized way via the Internet.

A prototype of a mapping application was developed by GRDC to monitor the operation of
the ETNR system. Using Google Earth, it displays the current operating status of all stations
that are part of the running system. As a first step to display the stations of the GCOS baseline
network in Google Earth, GRDC provides the related KMZ file for download from the GRDC
website.
Output/ deliverable:
Adaptation of the ETNR data collecting system for the requirements of GTNR in terms of
spatial and temporal discretisation of collected data and a more generalized data plausibility
analysis.
Further development of the mapping routine operating within ETNR towards a regular
mapping of the current hydrologic situation at selected baseline network stations expressed in
percentiles of the longterm observed river discharge. To put the mapping application into

10

http://gtnr.bafg.de
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operation for GTNR, the final selection and approval of the stations that will form the GCOS
baseline network is required. This coincides with the progress of the envisaged
HYDROLOGICAL APPLICATIONS AND. RUNOFF NETWORK (HARON) which is focused on the
upgrade and sustained maintenance of major global runoff stations,
Schedule (resourcedependent):
·

Adaptation of the ETNR data collecting system for the requirements of GTNR (end of
2009)

·

Test mode operation of the GTNR data collecting system (end 2009)

·

Regular operation of the GTNR data collecting system (depending on the provision of
discharge in nearreal time by NHS close to the project progress of HARON).

Project lead: Ms Irina Dornblut
Surface Runoff
Ulrich Looser presented the functions and projects of the Global Runoff Data Centre
(GRDC), which is operated from within the German Federal Institute of Hydrology (BfG).
The GRDC provides riverdischarge data in support of the predominantly water and climate
related programmes and projects of the United Nations (UN), their specialized agencies and
the scientific research community.
The major functions of the GRDC include:
•

Acquisition of global runoff data

•

Harmonization of the diverse runoff datasets

•

Maintenance and the management of the runoff database

•

Distribution of the data.

In June 2009 the GRDC database held worldwide discharge data of 7,349 stations in 156
countries featuring around 283,000 stationyears of monthly and daily values with an average
timeseries length of 38,5years. Over the past 24 months data of more than 2500 stations from
17 countries have been updated.
The GRDC is involved in a number of projects such as the Global Terrestrial Network for
River Discharge (GTNR) which is aimed at improving access to near realtime river
discharge data for about 400 selected gauging stations around the world that capture the
majority of the freshwater flux into the oceans. GTNR is also a GRDC contribution to the
Implementation Plan for the Global Observing System for Climate in Support of the
UNFCCC and the GTNH.
Following the severe Elbe and Danube floods in 2002, the European Commission initiated the
development of a European Flood Alert System (EFAS) to increase floodwarning times for
transnational river basins. This project is conducted at the EC Joint Research Centre (JRC)
and the GRDC has been tasked to supply the required hydrological data for Europe. Therefore
the threeyear project European Terrestrial Network for River Discharge (ETNR) was
launched in 2006. The ETNR project aims to access near realtime discharge and water level
data from 30 transnational river basins in 36 European countries. Most of the data are already
collected by the various National Hydrological Services, but currently no uniform system
exists through which this data can be accessed. To achieve its objectives, the ETNR project
follows a twopronged approach. On the one hand all concerned National Hydrological
Services need to be contacted and their cooperation to provide near realtime (NRT) data need
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to be secured. On the other hand computer programmes and data formats must be developed
for the automated collection, quality control and distribution of NRT data. The ETNR project
serves as a pilot study for GRDC plans to collect NRT data on a global scale as part of the
GTNR.
The GRDC maintains the European Water Archive (EWA). This is a direct contribution to the
UNESCO EUROFRIEND community. The GRDC database model has been applied to the
EWA database in order to utilize standardized database tools.
The GRDC has drafted a metadata profile for hydrologic datasets applicable to river discharge
data and extendable for other hydrologic features related to the GCOS ECVs. Final intent of
the semantic structure is its development to a constituent part of the WMO Core Profile of the
ISO 19115 Metadata Standard (Project 1.2). This development has been noted by 13th Session
of the WMO Commission on Hydrology and Resolution 6 (CHyXIII) recommends “That the
Global Runoff Data Centre should undertake the development of the metadata profile, in
collaboration with interested parties, under the overall guidance of WIS/WIGOS to form part
of the WMO Core Profile of the ISO Metadata Standard”
Apart from the project and data tasks the GRDC is also involved in updating some GIS
products, like the WMO sub regions and an improved global drainage basin and river
network.
Currently the main objectives of the GRDC are the consolidation of existing projects and an
intensified drive on data acquisition to better meet the data needs of GRDC clients.
River Discharge
The GTNR has been defined by GRDC as the key hydrological network describing
continental fluxes into the oceans (GRDC Rep. No.5, 1996). Since, the network definition has
been updated as more stations became available to GRDC. TOPC has accepted the GTNR as
the GCOS Baseline River Discharge Network and is formally supported by action item T4 of
the Implementation Plan for the Global Observing System for Climate in support of the
United Nations Framework Convention on Climate Change (UNFCCC) (GCOSIP).
In April 2005 the GCOS secretariat of WMO sent out a data request and support letter signed
by the WMO Secretary General to The Permanent Representatives with WMO and their
Hydrologic Advisors of 82 countries which feature tentative 380 GTNR stations. The
national data providers were invited to evaluate the initial station selection regarding its
suitability to capture the freshwater fluxes to the oceans in terms of continuity, length and
quality of the historic records. They were requested to confirm the location of the stations,
define their operational status including the measurement, data recording and transmission
technologies used, and provide GRDC with the updated station metadata.
In responses by the NHSs, a total of 185 stations have been confirmed so far as GTNR
stations – these include 97 stations from the initial proposal of 380 stations, as well as 88
alternative suggestions by the National Hydrological Services NHSs.
However, no feedback was received for 265 stations. The status of these stations still has to be
clarified.
21 countries have replied positively on the request for collaboration and GRDC already
received a number of datasets of both historic or NRTdata. Most of the countries replied
within the first six months after sending out the support letter. The last reply dates back to
September 2006.
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In summary, 75% of the contacted national authorities made no reply. Only 10 of the invited
NHS provided GRDC with historic records of discharge data. Currently the NHS of only three
countries, INHGA of Romania, NVE of Norway and ORKUSTOFNUN of Iceland provide
the GRDC with daily discharge data in near realtime.
Because of the low percentage of replies (25%), the GTNR baseline network of river runoff
reference stations on a global scale has not yet been finalized.
2.2.4. Mapping of Biogeochemical Fluxes – GEMS/Water
In March 2009 the Canadian Minister of the Environment announced renewed funding for the
GEMS/Water Programme. Unfortunately, this has not materialized yet and research scientists
and other staff were lost. As a result no new proposal could be submitted on nitrogen as
indicated in the action items table from the last meeting. GEMS/Water has increased the
number of participating countries and the number of monitoring stations to more than 3,200
and data entries exceed four million. The data cover the period 1965 to 2009, but this is
variable between countries and regions.
At the last meeting it was indicated to increase the number of joint GRDC and GEMS/Water
stations to be more globally representative for GTNH biogeochemical flux computations.
Since the last meeting GRDC has regularly updated the hydrological data for the joint
monitoring stations. GEMS/Water and GRDC have increased the number of joint stations to
more than 600, which is a significant increase from the last meeting. These stations allow for
flux calculations of nutrients and contaminants to inland seas and lakes and to nearshore
marine environments. GEMStat11 provides annual flux calculations for about 100 stations.
The parameters for which flux estimates are available are: total phosphorus, dissolved
orthophosphate, total phosphate, soluble reactive orthophosphate, total orthophosphate,
dissolved phosphorus, suspended solids, total iron, nitrate, nitrite + nitrate and nitrite and total
nitrogen (Kjeldahl). These flux estimates can now be viewed for each station via GEMStat
and Google Earth.
The GEOSS continues to recognize and promote the need for linking inland water quality to
nearshore marine water quality and for more work to connect insitu (ground based)
measurements of water quality with spaced measurements. Work with GEOSS through
UNGIWG members is ongoing, to expand the discoverability of GEMStat, with the purpose
of positioning water quality data within broad mandates, particularly climate change and
ecosystem conservation. GEMS/Water has also been working with SDI partners to the same
end, and from a data access perspective, to improve search functionality in GEMStat.
Future Developments

11

•

To improve loading estimates (certainty)  more algorithms and intelligence to the
system that will select the right algorithm based on the data provided.

•

Available as a web service  users can send in their data and get results and remarks.

•

Automatic screening of data to remove insufficient or unfit data based on criteria.

http://www.gemstat.org
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•

Long term vision  to calculate loading estimates based on a watershed or regional
approach.

2.2.5. Snow Cover and Glacier Data
The National Snow and Ice Data Center (NSIDC), University of Colorado, archives and
distributes, free of charge, global data representing all components of the cryosphere, which
include snow cover, glaciers, permafrost and seasonally frozen ground, river and lake ice, ice
sheets, ice shelves, and sea ice. Of particular interest to GTNH are the components of the
cryosphere which contribute most directly to the storage and flow of fresh water resources
and thus a primary focus is on seasonal snow cover and glaciers.
Snow cover and glacier data sets are available through the NSIDC data catalogue and can be
accessed through web interface12with direct user assistance available through
nsidc@nsidc.org. Data sets and information summarized below represent updates since the
Report of the 3rd GTNH Coordination Panel Meeting of 2007.
Snow Cover
Satellite Snow Cover Data: NSIDC provides two longterm satellite records of hemispheric to
global scale snow cover: 1) Weekly snow extent for the Northern Hemisphere, nominal
resolution of 100 x 100 km, derived from visible wavelength satellite data for the period 1966
through 2008; 2) Daily and monthly global snow extent and snow water equivalent (SWE),
resolution of 25 x 25km, derived from both visible and passive microwave satellite data for
the period 1978 through 2008. Both data sets are updated routinely.
Insitu Snow Cover Data: There is no single globally complete archive for insitu data. The
only truly global network is the WMO Global Telecommunications System (GTS) where
snow depth may be measured once daily at weather stations, but is not always reported over
the GTS.NSIDC continues in the attempt to fill this need, although financial and political
considerations often prevent complete success. The archive of insitu snow measurements at
NSIDC is one which is restricted to data that are discontinuous in space and time but
nevertheless represent the single most comprehensive archive for insitu data. A current
project at NSIDC is to compile and grid all currently available station snow depth data from
all possible sources in the Northern Hemisphere. In addition, the WCRP Climate and
Cryosphere (CliC) project is involved in compiling all available insitu snow data with a
current focus on Asia. Also, operational global daily snow depth analysis by the Canadian
Meteorological Centre is available via web13. This data set, archived at NSIDC, represents the
only systematic compilation of global insitu snow depth data and covers the period 1998 to
2008. The analysis uses all available realtime snow depth observations from the WMO GTS
as well as other sources.
Glaciers
Satellite Glacier Data: The completion of a global database of glacier outlines (vector shape
files) is an important goal for both climate change analysis as well as for the successful
prediction of future water resources. The Global Land Ice Measurements from Space

12

http://nsidc.org

13

http://weatheroffice.ec.gc.ca/analysis/index_e.html
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(GLIMS) project at NSIDC is creating such a glacier inventory14. GLIMS relies on
collaboration among over sixty institutions worldwide that provide the analysis
corresponding to their particular region of expertise. Data received by the GLIMS team at
NSIDC are ingested into a spatially enabled database and made available via a website15
featuring an interactive map, and a WebMapping Service (WMS). The GLIMS Glacier
database currently contains outlines of over 83,000 glaciers representing all continents on
which glacier ice is found. In addition, historical mapderived outlines are included in the
archive to provide the context for comparison with current satellitebased assessments.
Finally, this work is being undertaken in direct collaboration with the World Glacier
Monitoring Service (WGMS), Zurich Switzerland, and is a logical extension of the WGMS
World Glacier Inventory (WGI).
Insitu (surface) Glacier Data: These data primarily include the historical time series of glacier
terminus locations and mass balance. The global archive for these data is the WGMS. Similar
to the contributor network described above for GLIMS, these data are available through an
internationally coordinated global network. Activities at the WGMS are being undertaken in
direct collaboration with NSIDC and GLIMS. Prof. Wilfried Haeberli, Univ. of Zurich, is the
Director of WGMS and chair of the GTNG. Coordination between GTNH and GTNG is
important to avoid duplication as well as to facilitate efficient and timely delivery of data to
researchers worldwide. This coordination currently exists through an ongoing working
association, and a formal MoU, between WGMSZurich and NSIDC/WDCBoulder. In
addition, a recently established GTNG Steering Committee now coordinates, supports and
advises the operational bodies responsible for the international glacier monitoring, i.e.
WGMS, NSIDC, and GLIMS.
During 2009, Richard Armstrong, NSIDC, acted as lead author on updates to the following
documents:
GTOS: Assessment of the status of the development of standards for the Terrestrial Essential
Climate Variables: ECV T5: Snow cover.
GCOS:2009Update to the Implementation Plan for the Global Observing System
for Climate in support of the UNFCC: Snow Cover.
2.2.6. International Groundwater Resources Assessment Centre (IGRAC)
Achievements
·

IGWCO, GARS and UNESCO Groundwater Working Group organized Workshop on
Global Monitoring of Groundwater Resources (Utrecht, The Netherlands, 1819 October
2007): Minutes available trough Neno Kukuric or Sophie Vermooten. For the short report
by Jay Famiglietti, please visit the website16 cited below.

14

http://glims.org

15

http://glims.colorado.edu/glacierdata

16

http://www.igrac.net/dynamics/modules/SFIL0100/view.php?fil_Id=86
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·

Software: GGMN webbased application17 released with online 18manual (Figure 6).
Offline version of GGMN application in final stage of development

·

Inventory on groundwater datasets ready to be used in GGMN

·

Imbedding: GEO subtask for WA0801, Graphic, AEGOS (EUAfrican project, GEO
subtask for CB0905:), WWAP

·

Communication: presentation at Kampala conference (June 08), WWF5 (March 09), at
IGWCO meetings (Geneva 08, Kyoto 09), update website, article for Hyderabad
IAHS/IAH conference in September 2009.

Ongoing activities
·

Organization of first workshop in Africa in August 2009, Lusaka for 5 countries (Zambia,
Kenya, Tanzania, Uganda, Mozambique. (funding not secured yet; 70 % chance) to set up
an African Chapter of the GGMN

·

Funding: GEO call for proposal. Setting up the GGMN for Africa in collaboration with
AEGOS team (November deadline for submission) (other potential sources;EU FP7,
AWF)

·

Developing “people network” of skilled country representatives

·

Linkage with Whymap’s groundwater resources maps, GPCC output through use of these
background maps/data in GGMN application and other background gridded datasets

·

Formalizing the GGMN People Network (via WMO, UNESCO and GEO)

·

Enclosure of the GGMN into World Water Assessment Programme

·

Update of the GGMN founding documents (purpose, procedure, priorities, deliverables,
etc.)

·

Improvement of software processing tools for harmonization purposes

More information is available on the IGRAC website19.
Future projects outlined in GTNH report 2007
Currently no contact with GPCC regarding project B (Estimation of groundwater recharge)
has been established. The monthly gridded precipitation maps (0.5 degrees) can currently be
made available through the webapplication to be used by national groundwater experts in
aggregation procedure to report changes in groundwater level (Figure 6).
Related projects at IGRAC
Producing global storage and abstraction maps through use of proxy information like
population, industry and hydrogeology (started in May 2009); Interesting output for GTNH.

17

http://hosting01.eid.nl/ggms/GGMS.html

18

http://www.igrac.net/dynamics/modules/SFIL0100/view.php?fil_Id=123

19

http://www.igrac.nl/publications/281
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2.2.7. HYDROLARE
In 2008 the preliminary phase of the establishment of HYDROLARE was finalized. The first
phase of HYDROLARE activity started on 01.01.2009.
During 2008 two main objectives of HYDROLARE activities were realized:
·

Database design and formation;

·

Creation of the operational base for HYDROLARE.

The first objective to design and implement the first version of the HYDROLARE database
was achieved Access software was used for this purpose. The encoding system for water
bodies and gauge stations was worked out using the WMO Regions and SubRegions. Two
types of information, metadata and data of observations are presented in the database.
Metadata consists of geographical, hydrographical, morphometric characteristics for lakes and
reservoirs and projecting data for reservoirs. Such hydrological characteristics as mean
monthly water levels, mean monthly and maximum water temperature and maximum ice
cover thickness are foreseen within the data base.
During 2008 the following actions were taken to upload data and information into the
prototype of the database:
·

Metadata for lakes and reservoirs of Russia and former USSR countries;

·
Historical observational data on water level for lakes and reservoirs of Russia and
former USSR countries (largest lakes and reservoirs).
The first test operation of HYDROLARE was made in the middle of 2008. Its efficiency was
confirmed. In 2009 data formatting and uploading into the database is continuing.
The second objective was achieved with the signing of the Agreement between Roshydromet
and WMO on the establishment of HYDROLARE in the WMO headquarter on 20 June 2008.
In the Agreement the status of HYDROLARE, its scope of activities and responsibilities are
described. A special logo for HYDROLARE was developed and adopted. The Website of
HYDROLARE20 was established.
A questionnaire on the hydrology of lakes and reservoirs for HYDROLARE was distributed
via WMO to WMO memberstates. Answers from 45 countries were received at the
beginning of 2009. 32 countries clearly agreed to exchange data with HYDROLARE.
In the period 1517 July 2009 the second meeting of the Steering Committee for
HYDROLARE will be held in the State Hydrological Institute, St. Petersburg, Russia.
2.2.8. Group on Earth Observations
Avenues for contributions from the Global Terrestrial Network – Hydrology (GTNH) to the
Global Earth Observation System of Systems (GEOSS) within the international Group on
Earth Observations (GEO) framework were explored through presentations from the GEO
Secretariat.

20

http://www.hydrolare.ru
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Considering the broad scope of research related to observations of the hydrological cycle and
the valueadded products and services being developed under the GTNH umbrella, it is
evident that GTNH activities are natural contributors to the tasks of the Water Societal
Benefit Area (SBA) of the GEO 20092011 Work Plan. For example, among other pursuits,
constituent network partners and data centers of the GTNH are addressing needs of the
science community in terms of understanding the global hydrological cycle in the context of
climate change, and assessing the quantity and quality of freshwater resources. These goals
dovetail with the Overarching Task WA0801 (Integrated Products for Water Resource
Management and Research) of the GEO Work Plan which advocates improvement and
expansion of insitu networks, combined with satellite missions (both existing and planned
spaceborne Earth observing systems) and emerging assimilation and prediction capabilities,
to facilitate understanding of the global water cycle and its management. In particular, GTN
H activities can contribute to individual sub tasks of WA0801 focused on precipitation,
groundwater, surface runoff, soil moisture, water cycle data integration, and water quality.
Another potential arena for contributions to GEOSS from the GTNH involves populating the
GEOSS Common Infrastructure (GCI). The GCI aims to facilitate the discovery, access and
dissemination of Earth observation resources, including data, metadata and information
products, the use of common standards, and the identification of best practices for improved
interoperability. Specifically, the GCI consists of a web portal (the GEO Portal),
clearinghouses for searching data, information and services, registries and other capabilities
supporting access to GEOSS components, standards, and best practices, in order to provide
the framework and operational interfaces for comprehensive, coordinated, and sustained
observations of the Earth system, including space, airborne and insitu systems. The metadata,
products, and services developed by data centers such as International Groundwater
Assessment Centre (IGRAC) and the Global Precipitation Climatology Centre (GPCC) are
ideal candidates for making substantial contributions to the GCI.
The GCI further aims to maintain a process for interoperability through compatible system
interfaces for observation systems, the models to generate products, and the information
products themselves. GEO promotes the adoption and implementation of a minimum set of
interoperability arrangements with emphasis on standards for the longterm goal of increasing
community consensus. To further interoperability and access to sustained information
products, the GCI provides guidelines and best practices for observation and measurement
techniques, data, metadata, models and products. In this regard, the World Meteorological
Organization (WMO) Information System and the Global Runoff Data Centre (GRDC) are
actively working to establish data and metadata standards and formats for climate, weather,
and hydrological information, and could provide useful guidance to GEOSS through
contributions to the GCI.
The “Strategic Targets: GEOSS Implementation by 2015” document notes that the
contributed resources constituting and populating the GCI are to be provided by GEO
Members and Participating Organizations, which will make best efforts to ensure sustained
operation of the core components and related information infrastructure. Given that the
principal sponsors of the GTNH include the WMO, the Global Climate Observing System
(GCOS), and the Global Terrestrial Observing System (GTOS), all of which are Participating
Organizations in GEO, the GTNH and its constituent member institutions are especially
encouraged to register their metadata, products, services, and standards with the GCI.
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2.2.9. Matching Program Activities
The Panel was informed of major decisions and view of WMO with direct relevance to the
further development and implementation of the GTNH.
In particular, the WMO Technical Commission for Hydrology (CHy) during its thirteenth
session in 2008 urged member countries to maintain and strengthen the hydrological networks
and observational capabilities, which are a prerequisite for the development of adaptation
strategies and related activities. In this regard, CHy decided to strengthen activities
undertaken by GTNH in support of the provision of climaterelevant hydrologic data and
information for climate research and applications, and in support of adaptation to climate
variability and change in the water sector. To assess the data needs, CHy decided to review, in
close collaboration with GCOS the data exchange requirements at regional and global levels.
It also recalled the need for regular exchange of data at regional and global levels to support
regional and global research, under data exchange policies such as those specified by WMO
Resolution 25 (CgXIII1999).
WMO in its efforts to support adaptation to climate variability and change is fully aware of
the necessity to plan and implement adequate activities, including pilot projects, to facilitate
the supply of tailored climate information to water managers for decisionmaking. With the
regional perspective of Asia, the WMO Regional Association II (Asia) in 2008 recognized the
importance of obtaining specific data and information on water in snow and glacier fields in
the mountains as well as lakes and reservoirs especially in the context of climate change.
The Regional Association had also been concerned that the overall level of exchange of
hydrological data falls sharply behind a growing need for the free and open access to these
data, in particular for integrated river basin management, planning purposes and scientific
programmes at regional and global scales. It therefore reiterated its support to global data
centres such as the GRDC and the Global Terrestrial Network – Hydrology (GTNH).
The CHy expects that present technical hindrances in the exchange of data could be overcome
through the WMO Information System (WIS) approach and improved interoperability of
regionally implemented projects of its Hydrological Cycle Observation systems (HYCOS)
projects. This would require further development of (meta) data standards.
With regard to the relations between WMO and the Integrated Global Water Observations
(IGWCO) Community of Practice, the Commission for Hydrology recognized the
complementary nature of the GEO Water Tasks to activities undertaken by the Commission
and expressed its expectation that the IGWCO, cohosted by WMO, acts as effective conduit
of the Commission’s inputs in support of the GEO Water Tasks. It therefore decided “That the
collaboration between the Commission and the water tasks of GEO should be largely
facilitated through IGWCO”.
In turn, the IGWCO Executive Committee supported by the majority opinion of the IGWCO
Science Advisory Group views GTNH as the observational component of the IGWCO.
Both – the WMO Information System (WIS) and the WMO Integrated Global Observing
System (WIGOS) have direct relevance to the further development and implementation of
GTNH. The members of the panel were informed of key features of WIS and WIGOS.
WIS brings new features and opportunities namely:
— Common information exchange standards, functions and services for all WMO
programmes
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— Interdisciplinary discovery, retrieval and exchange of information in realtime and non
real time
— Interoperability through online catalogues using metadata based on ISO 19100
(geographic information standard)
— Industry standards and offtheshelf hardware and software systems to ensure cost
effectiveness.
In its structure, functional centres that are being established are in the process to be
interconnected by data communication networks:
— National Centres (NC)
¾ Links national data providers and users to regional and global data exchange
nodes, and administrates access to WIS
— Data Collection and Production Centres (DCPC)
¾ Provides for regional and international exchange of WMO programmes’ data and
products
¾ Supports data and information push and pull
— Global Information System Centres (GISC)
¾ Provides for global exchange of data and products
¾ Collects and provides metadata for all data and products
¾ Supports data and information discovery and pull
The diagram (Figure 14) shows the schematic structure of WIS and its relations to data
centres and institutions:

Figure 14. WMO Information System (WIS) configuration
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The Panel was informed of WIGOS which is planned as a comprehensive, coordinated and
sustainable system of observing systems, ensuring interoperability between its component
systems. Broad deliverables of WIGOS aim to:
Ø Focus on atmospheric, oceanic and terrestrial domains including hydrological domains
Ø Ensure broader governance frameworks (e.g. interagency cosponsorship of systems) and
relationships to improve management and governance of component systems
Ø Increase interoperability between various systems with particular attention given to
complementarily between the spacebased and insitu components
In its hydrological domain WIGOS will include components of GTNH, however, at present
the relationship between WIGOS and GTNH has not been clearly defined and Panel
members recognized that this will be and important action item to do. The WIGOS integration
levels bear also direct relevance to the activities of GTNH. WIS, as a system of observing
systems, aims to accomplish integration at three levels:
1. Observation standardization
2. Common information infrastructure, i.e. WIS
3. Endproduct quality assurance
2.3.

Interaction Between GTNH and Other Programs

2.3.1. IGWCO/GEO Community of Practice (IGWCOGEO): Introductory notes
Rick Lawford presented the progress that is being made in developing a framework for the
water cycle community of practice activities in the Group on Earth Observations (GEO).The
initial concept of a Water Cycle Community of Practice was developed in 2005 under to
oversight of the GEPO User Interface Committee (UIC). However, resource limitations have
curtailed its development for the last three years. However, at its 2009 planning meeting the
IGWCO (Integrated Global Water Cycle Observations theme) adopted the title of IGWCO
Community of Practice to complete the stated desire of GEO SEC to see the IGOSP themes
integrated into the GEO program. GTNH is a major player in IGWCO and has an
opportunity to provide major inputs into the IGWCO Community of Practice through its
leadership of the development of a number of key water cycle variables. At the same time the
existing Water Cycle Community of Practice in supporting an UIC initiated Task of a survey
of the needs of users for Earth Observations. In addition regional and specialized communities
of practice were emerging through the Asian Water Cycle Initiative, the Water Quality
working group and other activities with a specialized focus. In order to maintain this diversity
and richness and at the same time ensure that the Water Cycle community interacts effectively
with GEO and its Committee structures a framework with four pillars is serving as the model
for its implementation. The four pillars include development activities (IGWCO), deployment
activities (through regional and specialized communities of practice), demonstration activities
(through user interactions) and dissemination (through capacity building). This structure is
being implemented with the support of an unofficial website21, which is still under
development.

21

http://www.watercycleforum.com

46

In summary, GEO Water activities are moving toward a convergence of Water Cycle
Communities of Practice within a larger framework. GTNH has an important role to play in
this framework, particularly in the IGWCO Community of Practice, and it could benefit from
the regional linkages, capacity building and user interactions that this broader structure could
provide.
2.3.2. GTOS with Activities of GTNH
Water vapour – status
Many of the worldwide >10 000 synoptic meteorological insitu stations that are part of the
WMO World Weather Watch Global Observing System, measure air humidity (mostly
relative humidity) on a regular basis. Generally, these data are exchanged via the WMO
Global Telecommunication System and archived at the World Data Centre for Meteorology 
Asheville, hosted by the US National Climatic Data Centre (NCDC). In the past five years,
significant progress has been made in the availability and use of water vapor data from global
and national networks. NCDC holds historical data from over 20 000 synoptic stations
globally in its Integrated Surface Dataset (ISD). Unlike for temperature and precipitation,
however, water vapor observations are not monitored globally and in a internationally
coordinated fashion, and data from some national and regional networks are not exchanged on
a routine basis. In near realtime, a considerably larger volume of data is available from the
synoptic network, for use in operational atmospheric analysis and reanalysis. Water vapor
data are included in datasets held by NCAR, ICOADS, CRU and the reanalysis centers.
Atmospheric water vapor information can also be derived indirectly, using the GPS Radio
Occultation (RO) technique as well as groundbased GPS receivers. GPSbased meteorology
has transitioned from research into a near global operational status. GPS RO measurements of
the temperature and humiditysensitive atmospheric refractive index are now routinely
available in near realtime and assimilated into operational numerical weather prediction and
reanalysis systems, using the GRAS, CHAMP or COSMIC satellite instruments, for example.
Some ground based networks of GPS receivers are being created and the data analysis has
started. Groundbased GPS data based on signal delay provides information on the humidity
content of the atmosphere, and shows promise in being used in meteorological/climatological
applications. To date, a global standard for the exchange of data from GPS networks has not
been developed, although guidelines providing the basis for such a standard exist. There are a
number of national and regional networks, maintained by operational as well as research
institutions of GPS receivers, which supply realtime raw GPS data.
Terrestrial Framework
Given the overall lack of internationallyrecognized common observational practices of the 13
terrestrial Essential Climate Variables [status 2008: Albedo; Biomass; Fire Disturbance;
FAPAR; Glaciers and Ice Caps; Ground Water; Lake Levels and Reservoir Storage; Land
Cover; Leaf Area Index; Permafrost; River Discharge; Snow Cover; Water Use], the GCOS
Second Adequacy Report (2003) identified the need for a international standardsetting body
to provide guidance for defining and implementing such practices in all countries.
Consequently, the UNFCCC at its 9th Conference of the Parties (2003) invited the Secretariat
of the Global Terrestrial Observing System (cosponsored by WMO, FAO, UNEP, ICSU and
housed by FAO Rome) to develop an international framework for the preparation of guidance
materials, standards and reporting guidelines related to terrestrial observing systems for
climate, including hydrological observations. Such a framework should allow for consensus
building on such standards among a broad range of participating countries, and subsequent
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promulgation within countries. This work should take into consideration existing guidance
frameworks, such as those by WMO (e.g., Commission of Hydrology) and ISO.
Iterations with the UNFCCC, have led to a proposal by the GTOS Secretariat, in June 2009,
for setting up a Framework for Terrestrial Essential Climate Variables based on the ISO
approach. This proposal has met initial agreement on the part of WMO and FAO. Under the
auspices of these two organizations, and with a reporting duty to the UNFCCC, this
Framework would consist of:
·

a Joint Steering Group (consisting of representatives from relevant technical bodies,
such as the WMO Commission for Agricultural Meteorology, the WMO Commission
for Climatology, the GCOS/GTOS Terrestrial Observation Panel for Climate, the
GTOS Terrestrial Carbon Observations Panel, relevant ISO groups, other experts),
deciding on the mechanism and technical details for developing a particular standard;
if required, initiates and oversees implementation;

·

a Joint Advisory Group, providing technical support to the JSG; and

·

a Secretariat (provisionally serviced by GTOS Secretariat).

The Framework would be linked to the existing ISO Technical Committees for Geographic
Information/Geomatics (211), for Environmental Management (207) and possibly others.
For the purposes of an inventory of already existing standards and guidelines for terrestrial
ECVs, which would provide a basis for the work within the Framework, GTOS Secretariat
has led the preparation of status reports for each of the terrestrial ECVs22. Members of the
GTNH panel have contributed to these reports in the area of river discharge, snow cover and
lakes and reservoirs.
Discussions are ongoing as to the implementation of the proposed framework within WMO
and FAO.
2.3.3. IEEE Water for the World
Tom Wiener of the IEEE described the present state of the IEEE Water Project, Water for the
World
Water for the World is a threephase program:
Phase 1 Actionable Vision (2008)
Phase 2 Pilot Projects (2009  10)
Phase 3 Institutionalization
Phase 1 is complete. The Actionable Vision outline is:
I. Background and Issues
II. Methods and Approaches
III. Pilot Projects
IV. Institutionalization

22

http://www.fao.org/gtos/topcECV.html
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The IEEE has received fourteen Pilot project Proposals as follows:
·

AfricaAsia Climate Change Vulnerability

·

Amazon Water Quality

·

Aquifer Health Assessment

·

Bangladesh Arsenic Removal

·

Drilling in Mozambique

·

Food Processing

·

Ghana Weija Reservoir Management

·

HydroSHEDS

·

Irrigation Management

·

Lake Nicaragua Water Quality

·

Limpopo Water and Sanitation

·

Nanoengineered Purifiers

·

Small Irrigation

·

Water Harvesting

The IEEE, in cooperation with the proposers, is now seeking funding for two of the proposals:
Water Harvesting, a plan to capture monsoon rains in northwestern India and store it to assure
water for the remainder of the growing season; and Ghana Weija Reservoir Management, to
use remote and insitu sensing to manage the reservoir and its environs.
The next two programs for which funding will be sought are Lake Nicaragua Water Quality, a
project to validate the use of remote sensing to monitor lake water quality; and Small
Irrigation, a project to assess the effectiveness of local irrigation schemes and to publicize and
encourage the best practices.
Institutionalization of the results of the various projects is a major goal of Water for the
World.
2.4.

Breakout Groups

As part of the GTNH meeting, the panel members split into three different groups trying to
find several ways to increase the outreach of the group. The groups included:
· Communication and Funding
· Data Integration
· Demonstration
In each group several conclusions were reached. A summary of these conclusions is briefly
described below.
Communication and Funding Group
There were several suggestions proposed by the group aiming to improve the communication
within the group, but also trying to outreach to the public; some of these suggestions include:
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·

Try different ways of communicating the objectives and current work of the group, so
the general public can be aware and subsequently can call on funding agencies to
support projects. Some examples include articles in magazines (e.g. NYT), television
conferences, and other publications.

·

Prepare articles for WMO publications/Newsletters and the GEO Newsletter

·

Improve internal communication using teleconferences within the members of the
panel so the proposed achievements can in fact be accomplished.

·

Improve the outreach of the group by increasing the number of publications; in this
way, a broader audience would know about the current work.

·

Create a glossy brochure to be able to distribute some quick facts about the group.

·

Widely distribute the report of the GTNH meeting.

·

Promote GTNH in WMO Congress and other constitutional bodies including WMO
Regional Associations and Technical Commissions and through GCOS avenues.

With regards to the funding, the group proposed to create a trust fund for baseline activities.
Various people or organizations can provide funding that aims to support several projects
simultaneously. Additionally, traditional ways of funding (e.g. USAID, World Bank, others)
should be pursued.
Data Integration Group
This group came out with several suggestion listed as follows:
·

Populate the web page with new items, so it does not look static. The group will
provide new and diverse datasets, so the web page can be constantly updated.

·

Add metadata in a specific format, so the databases are consistent and consequently
the public can easily access them.

·

Explore multiple platforms in order to improve the current datasets.

·

Explore discharge data using WaterML to test the interoperability of the meta
databases.

·

Include CEOP activities and datasets; look into possibilities of linking data
aggregation activities of GTNH and CEOP.

·

Need to include socioeconomic datasets. The goal is to reach partners that could
provide reliable socioeconomic datasets that could be integrated with hydrologic
datasets to create useful products.

Demonstration Projects Group
The Group began by reviewing the three themes of GTNH from 2002, namely: 1)
Requirements on Adequacy of current observing systems; 2) Approaches and tools for data
collection and access, and 3) Development of global scale products. While it was agreed that
GTNH has made considerable progress since 2002 there was considerable discussion
regarding the GTNH capabilities we should demonstrate and the areas in which the
demonstrations should be made.
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The goals of these demonstrations projects include:
1. Demonstrate value of GTNH data sets and tools.
2. Show how data from GTNH can be brought together with other types of data(e.g.
socioeconomic data) to solve problems.
3. Enhance networks and services through demonstration projects. Three areas for
demonstration projects include science issues, operational management issues and
policy issues.
The proposals in the three areas included:
Science:
1. Trends in Runoff into the Arctic Ocean
2. Real contributions of glaciers to runoff.
3. Drought assessment – identification of drought prone areas – areas in drought
4. Identification of the groundwater contributions to flows
Operations:
1. Comparisons of reservoirs and their management information requirements at high
latitudes and tropical latitudes.
2. Assessment of the amount of shortterm rain that an area could sustain before having a
flood or landslide (include both GTNH and socioeconomic data).
3. Provide data sets for transboundary basins that should provide a planning basis for
adapting to climate change.
4. Use GTNH data sets to enhance climate outlooks provided to developing countries
5. Support emergency services through use of GTNH data sets for nowcasting.
6. Demonstrate the value of a dense observational system such as the East Coast of the
USA and then assess the consequence of degrading the information inputs to zero.
Policy:
1. Use of quantity data as surrogate for water quality data in areas of poor water quality.
2. Assessment of the human greed and poor management practices on flow regimes.
3. In semiarid areas optimize the amount of groundwater needed to meet regional water
needs.
4. Demonstrate the use of GTNH data sets in assessing the value of environmental
services.
5. Demonstrate how GTNH data sets combined with other types of data enable the
assessment of the world’s water resources and their vulnerabilities.
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2.5.

Action List

No.
1

Action

Who

Updated MetaDatabase of “pristine” basins
available at GRDC

Grabs, Lins,
Looser

2

Clarify role of AQUASTAT as water use
database with FAO (K. Frenken), and establish
dialogue with GTNH
Clarify how soil moisture network activities,
including institutional data collection, move
ahead
Send new request letter on GTNR to non
responding countries, and inform responding
countries on progress
Identify and apply software product suitable to
manage hydrological metadata; implement
domainspecific metadata profile
Develop concept for the implementation of a
groundwater recharge project, jointly by GPCC,
IGRAC, GTNP, on a regional scale
IGRAC to use gridded precipitation data as a
proxy of groundwater recharge, and explore the
possibility of using GRACE and soil moisture
data if available.
Jointly using river runoff and water quality data:
new webbased flux computation
Organize an expert meeting on geochemical
fluxes and establishing the working group on
that

Lehner (cc
Bojinski)

Explore the contribution of GPCC to the
precipitation task of IGWCO
GRDC, NSIDC collaboration in regions where
glacier melt is particularly important (NSIDC
identify important areas and river gauges;
GRDC then act upon these requirements
Enhance NRT collection of lakes and reservoirs
data by HYDROLARE in collaboration with all
partner institutions; use SRTMderived lake
information dataset
GRDC to chart a process how the metadata
standard and associated technology is being
promoted into other domains and ECVs – should
be a continuation of project 1.3, in reformulated
form

3

4

5

6

7

8
9

10
11

12

13

14

15

16

Encourage all GTNH partners to register their
observational components in the GEO portal
Define relationship between GTNH and
WIGOS
Hold 3monthly teleconferences of all GTNH
partners

Status/ next steps
Ongoing; proposals
coming in from
various countries.
Contact K. Frenken

TimeFrame
March 2010

van Oevelen

Proposal by
Portugal

January 2010

WMO

Upon request by
GRDC

Early 2010

January 2010

GRDC

By end2009

Kukuric

February 2010

Kukuric

First half 2010

Robarts

April 2010

Robarts

April 2010

Lawford

Early 2010

Armstrong,
Looser

December 2009

Grabs

December 2009

Looser

Early 2010

All

As soon as possible

WMO

March 2010

GTNH
coordinator,
WMO
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Use GEO webex
infrastructure

Include de Sherbinin
and Wickel for socio
economic and NGO
perspectives

Communication and Outreach
17
Engage on suggestions made by Communication
and Outreach breakout group
Data Integration
18
Engage on suggestions made by Data
Integration breakout group
Demonstration Projects
19
Trends in Runoff into the Arctic Ocean
20

21

22

23

24

25

26

27

Drought assessment – identification of drought
prone areas, areas in drought, sources of water
scarcity
Identification of groundwater contributions to
surface flow

Comparisons of reservoirs and their
management information requirements at high
latitudes and tropical latitudes

Assessment of the amount of shortterm rain that
an area could sustain before having a flood or
landslide (include both GTNH and
socioeconomic data)

Use GTNH data sets to enhance climate
outlooks provided to developing countries

Demonstrate the value of a dense observational
system such as the East Coast of the USA and
then assess the consequence of degrading the
information inputs to zero

To report back to
Panel on progress

Early 2010

GTNH
coordinator, to
delegate
where possible

To report back to
Panel on progress

Early 2010

Lammers

Develop 1p project
outline using
template
Develop 1p project
outline using
template
Develop 1p project
outline using
template

February 2010

MHernandez,
Vörösmarty,
Kukuric,
Looser
Vuglinsky,
Cretaux,
Hester?,Domi
nik? in NL,
Fekete
Looser, Grabs,
GPCC

Develop 1p project
outline using
template

February 2010

To be discussed;
Develop 1p project
outline using
template

April 2010

To explore;
Develop 1p project
outline using
template

Second half of 2010

Grabs,
Vörösmarty,
Armstrong

GEF potentially
interested; Develop
1p project outline
using template
To liaise with Dr.
Kumar (WMO);
Develop project
outline using
template
Develop 1p project
outline using
template

Ongoing, on request

Armstrong,
Nir Krakauer?,
Grabs
Lawford

Real contributions of glaciers to runoff

Provide data sets for transboundary basins that
should provide a basis for plan for adapting to
climate change.

GTNH
coordinator, to
delegate
where possible

Bojinski,
Grabs

Lakhankar,
Kullmann
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February 2010

February 2010

First half of 2010

First half of 2010
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Internet sources
GTN R

http://gtnr.bafg.de

GEMS/Water

http://www.gemswater.org and http://www.gemstat.org

IGRAC

http://www.igrac.nl

IAEA

http://ww.iaea.org/water

GPCC

http://www.dwd.de/en/FundE/Klima/KLIS/int/GPCC/GPCC.htm

GRDC

http://grdc.bafg.de

NSIDC

http://nsidc.org

Fluxnet

http://daac.ornl.gov/FLUXNET

AQUASTAT/ FAO

http://www.fao.org/nr/water/aquastat/main/index.stm

WMO WWW

http://www.wmo.int/pages/prog/www/index_en.htm

GCOS

http://gcos.wmo.int

HYDROLARE

http://www.hydrolare.ru/

56

ANNEX I: WorkshopAgenda
Workshop Preceding the 4th Session of the GTNH Coordination Panel
07 to 10 July 2009
Programmatic, Research and Applications Opportunities for Users and
Sponsors of the Global Terrestrial Network – Hydrology (GTNH)
The City College of New York at the CUNY, New York, NY 10035
Steinman Hall Exhibition Room
GOAL: To set the stage for the planning of current and future GTNH activities in the
upcoming GTNH Coordination Panel meeting, by:
• presenting key examples of progress in the technical, scientific and applications realms that
have developed or are using GTNH relevant data resources
• recognizing and integrating data provider, data user, and data synthesis perspectives
• developing an initial vision of short (02 year), medium (25 year), and longer term (>5
year) progress

AGENDA
Tuesday  07 July 2009
10:00 – 11:15

Introduction and StageSetting

10:00 – 10:10

Welcome on behalf of CCNY and CUNY (Charles Vörösmarty)

10:10 – 10:40

Introduction to GTNH (Wolfgang Grabs [WMO], Stefan Bojinski
[GCOS])

10:40 – 11:00

Workshop Framework and Expected Outputs of Value to GTNH
(Charles Vörösmarty [CCNY/CUNY])

11:00 – 11:15

Coffee Break

11:15 – 12:15

GTNH Building Blocks: Technology and Innovation in Data Provision

11:15 – 11:30

Satellite and Merged Precipitation (Phil Arkin [UMD])

11:30 – 11:45

Soil Moisture Mission (Tarendra Lakhankar [NOAACREST] at CCNY)

11:45 – 12:00

Remote Monitoring of Surface Waters (Charon Birkett [UMD])

12:00 – 12:15

Groundwater (Neno Kukuric [IGRAC])

12:15 – 12:30

Discharge and GPCC products (Balázs Fekete [CCNY/CUNY] and Tobias
Fuchs)

57

12:30 – 14:00

Lunch (CCNY Faculty Dining Hall, North Academic Center)

14:00 – 14:45

GTNH Information Integration

14:00 – 14:15

Integrated Water Budgeting Strategies (Fabrice Papa [CCNY/CUNY])

14:15 – 14:30

Surface Water Data Base (Bernhard Lehner [McGill]

14:30 – 14:45

GEWEX and Lessons from CEOP (Rick Lawford [GEWEX emeritus])

14:45 – 15:30

User Perspectives and GTNRelevant Data Needs: Managing Nature and
HumanWater Cycle Interactions

14:45 – 15:00

Aquatic Ecosystem Protection (Bart Wickel [WWF])

15:00 – 15:15

Humans altering the water cycle (Alex de Sherbinin [CIESIN,
ColumbiaUniversity])

15:15 – 15:30

Operational Tracking of the State of Global Water Resources
(Andrea MuñozHernandez, Charles Vörösmarty [CCNY/CUNY])

15:30 – 15:45

United Nations: System of EnvironmentalEconomic Accounting for Water
(Michael Vardon)

16:00 – 16:15

Coffee Break

16:15 – 17:45

Open Discussion

17:45 – 18:00

Synthesis of the Day (Wolfgang Grabs, Charles Vörösmarty)

18:30 – 20:00

Reception (Marshak Science Building Room#925926)

Wednesday 08 July a.m.
09:00 – 10:45

10:45 – 11:00

Panel Discussion: Dialogue with the Agencies Together, How Can We
Make GTNH “Happen”(George Komar, Reza Khanbilvardi, David
Bjerklie, Robert Dry, Michael Vardon, Wolgang Grabs, Doug Cripe)
Coffee Break

11:00 11:30

Panel Discussion: Future directions of GTNH
Converging on common views for near, mid, longterm

11:30 – 12:00

Synthesis of the workshop (Charles Vörösmarty, Wolfgang Grabs)

12:00 – 13:30

Lunch (CCNY faculty dinning hall)

58

ANNEX II. Fourth Session of the GTNH Coordination Panel
Agenda
Wednesday 08 July p.m.
13:30 – 15:00

Introductory Session
Welcome address (TBD host institution)
Invited keynote lecture from host institution (TBD)
Adoption of the agenda (Chairperson)
Objectives and expected outcomes of the panel session (GTNH
Coordinator)

15:00 – 15:15

Coffee Break

15:15 – 17:00

GTNH data infrastructure and data standards

15:15 – 15:30

USGS Water Data Exchange Services (Ronald Busciolano)

15:30 – 15:45

NASA infrastructure (George Komar)

15:45 – 16:00

GRDC Metadata Profile (Ulrich Looser)

16:00 – 16:15

GTNH Web portal (Balázs Fekete and Tarendra Lakhankar)

16:15 – 16:30

ArcticRIMS and NEESPI (Richard Lammers)

16:30 – 16:45
16:45 – 18:00

Coffee Break
Discussion

Thursday 09 July
9:00 – 10:30

Status report of GTNH milestones

9:00 – 9:10

Activity status (WMO/GCOS, Wolfgang Grabs)

9:10 – 9:20

Status report – GPCC (Wolfgang Grabs on behalf of Tobias Fuchs)

9:20 – 9:30

Status report – GRDC (Ulrich Looser)

9:30 – 9:40

Status report – GEMS/Water (Richard Robarts)

9:50 – 10:00

Status report – National Snow and Ice Data Center (Richard Armstrong)

10:10 – 10:20

Status report – IGRAC (Neno Kukiric)

10:20 – 10:30

Status Report – ArcticRIMS (Richard Lammers)
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10:30 – 10:40

Status Report – GEO (Doug Cripe)

10:40  10:50

HYDROLARE (Wolfgang Grabs on behalf of Valery Vuglinsky)

10:50 – 11:00

Discussion

11:00 – 11:15

Coffee Break

11:15 – 12:00

Matching program activities

11:15 – 11:30

WMO’s Climate and Water programs with activities of GTNH
Introductory notes (Ghassam Asrar)

11:30 – 12:00

Interaction of GTNH and WMO’s integrated global observing system
(WIGOS) and the WMO Information System  Introductory notes and
discussion (WMO/GCOS)

12:00 – 13:30

Lunch (CCNY faculty dinning hall)

13:30 – 15:00

Interaction between GTNH and other programs

13:30 – 14:15

IGWCO/GEO  Community of Practice (IGWCOGEO)
Introductory notes (Rick Lawford)

14:15 – 14:45

GTOS with activities of GTNH
Introductory notes (Stephan Bojinski)

14:45 – 15:00

IEEE Water for the Word (Tom Wiener)

15:15 – 17:00

Review/Reorientation of GTNH projects/activities (Strategy
discussion)

15:15 – 16:00

Towards the generation of integrated GTNH data products – the way
forward (All)

16:00 – 17:00

GTNH work plan and milestones 2009 – 2011 (All)

Friday 10 July
9:00 – 12:00

Conclusions

9:00 – 9:15

Summary of findings from Day 1 and Day 2 (Coordinator)

9:15 – 10:30

Formulation and adoption of key recommendations and the GTNH work
plan (All)

10:30 – 10:45

Coffee Break

10:45 – 11:45 Any other business (All)
11:45 – 12:00 Closure of the session (Chairperson/All)
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ANNEX III. List of Participants
Workshop participants
Philip ARKIN

Cooperative Institute for Climate and Satellites (CICS)
5825 University Research Court, Suite 4001
University of Maryland
College Park, MD 207403823, USA
Email:parkin@essic.umd.edu
Phone: 1 301 405 2147

Charon BIRKETT

Earth System Science Interdisciplinary Center (ESSIC)
University of Maryland
5825 University Research Court, Suite 4001
College Park, MD. 20740382
Email:cmb@essic.umd.edu
Phone: 1 301 405 9296

Ronald Busciolano

Supervisory Hydrologist
Hydrologic Surveillance and Analysis Section
U.S. Geological Survey  New York Water Science Center
2045 Route 112, Building 4, Coram, NY 117273085, USA
Email: rjbuscio@usgs.gov
Phone: (631) 7360783, ext. 104
Fax: (631) 7364283

Alex DE SHERBININI

Applications Center
CIESIN  The Earth Institute
Columbia University
Lamont Campus, 61 Route 9W (PO Box 1000)
Palisades, NY 10964, USA
Email: adesherbinin@ciesin.columbia.edu
Phone: 1 845 365 8936

Robert DRY

U.S. Department of State
DiplomatinResidence at The City College of New York
North Academic Building 6/141A
138th Street & Convent Avenue
New York, NY 10031, USA
Email: rdry@ccny.cuny.edu
Phone:

Reza KHANBILVARDI

NOAACREST at CCNY
Steinman Hall
160 Convent Avenue
New York, NY 10031, USA
Email: rk@ce.ccny.cuny.edu
Phone: 1 212 6508009
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George KOMAR

Earth Science Technology Office (ESTO), Code 407
NASA Goddard Space Flight Center
Greenbelt, MD 20771, USA
Email:george.j.komar@nasa.gov
Phone:1 3012860007

Nir KRAKAUER

Civil Engineering Department,
NOAACREST
The City College of New York
160 Convent Avenue
New York, NY 10031, USA
Email: nir@ce.ccny.cuny.edu
Phone: 1 212 650 8003

Tarendra LAKHANKAR

CUNY Environmental Crossroads Initiative
City University of New York
160 Convent Avenue,
New York, NY 10031,USA
Email:tlakhankar@ccny.cuny.edu
Phone: 212 6505815

Rick LAWFORD

Center for Earth Observation Science (CEOS)
495 Wallace Building
Winnipeg, MB R3T 2N2, CANADA
Email:lawfordr@cc.umanitoba.ca
Phone:204 272 1540
Fax: 204 272 1532

Bernhard LEHNER

Burnside Hall, 805 Sherbrooke Street West
McGill University
Montreal, QC H3A 2K6, CANADA
Email: bernhard.lehner@mcgill.ca
Phone: 1 514 398 8794

Andrea MUNOZ
HERNANDEZ

CUNY Environmental Crossroads Initiative
City University of New York
160 Convent Avenue. NY, NY 10031, USA
Email: amunozhe@mtu.edu
Phone: 1 212 650 5766

Fabrice PAPA

The City College of New York
160 Convent Avenue, New York, NY 10031, USA
Email: papa@ees1s0.engr.ccny.cuny.edu
Phone: 1 212 650 23795
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Michel VARDON

Adviser on EnvironmentalEconomic Accounting
United Nations Statistics Division
Room DC2 1532, New York, NY 10017, USA
Email:vardon@un.org
Phone: 1 917 367 5391

Bart WICKEL

World Wildlife Fund  United States
1250 24th St. NW, Washington, DC 20037, USA
Email: Bart.Wickel@wwfus.org
Phone: 1 2024954585

Tom WIENER

Executive Vice Chair
IEEE Committee on Earth Observation
2403 Lisbon Lane, Alexandria ,VA 22306, USA
Email: t.wiener@ieee.org
Phone: 1 703 768 9522

Eric F. WOOD

Dept. of Civil and Environmental Engineering
Princeton University
Princeton, NJ 08544, USA
Email: efwood@princeton.edu
Phone: 1 609 258 4675

Ivan ZAVADSKY

Global Environmental Facility
Email: izavadsky@thegef.org

Panel members
Richard ARMSTRONG

National Snow and Ice Data Center
University of Boulder,
UCB 449, Boulder, CO 80309, USA
Email: rlax@nsidc.org Phone: 1 303 492 1828 Fax: 1 303 492
2468

Balázs FEKETE

CUNY Environmental Crossroads Initiative
City University of New York
160 Convent Avenue,New York, New York, 10031, USA
Email: bfekete@ccny.cuny.edu
Phone: 1 212 650 8146

Neno KUKIRIC

International Groundwater Resources Assessment Centre
(IGRAC)
3508 TA, P.O. Box 80015, NETHERLANDS
Email: neno.kukuric@tno.nl
Phone:31 30 256 4270
Fax: 31 30 256 4755
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Richard LAMMERS

Water Systems Analysis Group
Complex Systems Research Center
Institute for the Study of Earth, Oceans, and Space
University of New Hampshire
Morse Hall, Durham, NH 03824, USA
Email:richard.lammers@unh.edu
Phone: +1 603 862 4699

Ulrich LOOSER

Global Runoff Data Centre
Federal Institute of Hydrology (BfG)
Am Mainzer Tor 1, 56068, Koblenz, GERMANY
Email: Looser@bafg.de
Phone: +49 261 1306 5224
Fax: +49 261 1306 5722

Richard ROBARTS

GEMS/Water Programme
c/o National Water Research Institute
11 Innovation Blvd.,
Saskatoon, Saskatchewan S7N 3H5,CANADA
Email: Richard.Robarts@gemswater.org
Phone: +1 306 975 6047
Fax: +1 306 975 5143

Charles VÖRÖSMARTY

CUNY Environmental Crossroads Initiative
City University of New York
160 Convent Avenue, New York, NY 10031, USA
Email: cvorosmarty@ccny.cuny.edu
Phone: Tel: 212 6507042
Fax: 212 650 8097

Secretariat
Ghassem ASRAR

World Meteorological Organization
7 bis, Avenue de la Paix
Case Postale 2300, CH1211 Genève 2, SWITZERLAND
Email: GAsrar@wmo.int
Phone: 41227308246

Stephan BOJINSKI

Global Climate Observing System Secretariat
World Meteorological Organization
7 bis, Avenue de la Paix
Case Postale 2300, CH1211 Genève 2, SWITZERLAND
Email: sbojinski@wmo.int
Phone: +41 22 730 8150 Fax:
+41 22 730 8052
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Douglas CRIPE

Scientific Officer
GEO Secretariat
7 bis, avenue de la Paix, Case postale 2300
CH1211 Genève 2, SWITZERLAND
Email:DCripe@geosec.org
Phone: 41 22 730 8368

Wolfgang GRABS

Hydrology and Water Resources Department
World Meteorological Organization
7 bis, Avenue de la Paix
Case Postale 2300, CH1211 Genève 2 SWITZERLAND
Email: wgrabs@wmo.int
Phone: +41 22 730 8358
Fax: +41 22 730 8043
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ANNEX IV. Acronyms
ACIA

Arctic Climate Impact Assessment

AOPC

Atmospheric Observation Panel for Climate

AQUASTAT

Information System on Water and Agriculture (FAO)

BfG

Bundesanstalt für Gewässerkunde (German Federal Institute of Hydrology)

BGC

Biogeochemicals

BMPs

Best Management Practices (BMPs)

CBS

Commission for Basic Systems (WMO)

CCl

Commission for Climatology (WMO)

CEOS

Committee on Earth Observation Satellites

CHy

Commission for Hydrology (WMO)

CIMO

Commission for Instruments and Methods of Observation (WMO)

CliC

Climate and Cryosphere (WCRP)

CLIMAT

Report of monthly means and totals from a World Weather Watch land station

CUAHSI

Consortium of Universities for the Advancement of the Hydrologic Sciences
Inc.

DAAC

Distributed Active Archive Centre

DBCP

Data Buoy Cooperation Panel

DEWA

Division of Early Warning and Assessment (UNEP)

DIF

Data Interchange Format

DWD

Deutscher Wetterdienst

EC

European Commission

ECV

Essential Climate Variable

EFAS

European Flood Forecasting System

ECMWF

European Centre for MediumRange Weather Forecasts

ESA

European Space Agency

ET

Evapotranspiration

ETNR

European Terrestrial Network for River Discharge

EUMETSAT

European Organization for the Exploitation of Meteorological Satellites

EWA

European Water Archive

FAGS

Federation of Astronomical and Geophysical Data Analysis Services

FAO

Food and Agriculture Organization of the United Nations

FLUXNET

Flux and Energy Exchange Network

FRIEND

Flow Regimes from International Experimental and Network Data Sets
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FTP

File Transfer Protocol

GCOS

Global Climate Observing System

GEMS

Global Environmental Monitoring System

GEMS/Water

Global Environmental Monitoring System for Water

GEO

Group on Earth Observations

GEOSS

Global Earth Observation System of Systems

GEWEX

Global Energy and Water Cycle Experiment

GGIS

Global Groundwater Information System

GHOST

Global Hierarchical Observing Strategy

GLDAS

Global Land Data Assimilation System (NASA)

GLIMS

Global Land Ice Measurements from Space

GNIP

Global Network of Isotopes in Precipitation

GNIR

Global Network Isotopes in Rivers

GOCE

Gravity Field and SteadyState Ocean Circulation Explorer

GOS

Global Observing System

GOSIC

Global Observing Systems Information Center

GPCC

Global Precipitation Climatology Centre

GPCP

Global Precipitation Climatology Project

GPS

Global Positioning System

GRACE

Gravity Recovery and Climate Experiment

GRAPHIC

Groundwater Resources Assessment under the Pressures of Humanity and
Climate

GRDC

Global Runoff Data Centre

GSN

GCOS Surface Network

GSWP

Global Soil Wetness Project

GWSP

Global Water Systems Project

GTNET

Global Terrestrial Observing Network

GTNG

Global Terrestrial Network for Glaciers

GTNH

Global Terrestrial Network  Hydrology

GTNL

Global Terrestrial Network for Lakes
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GTNR

Global Terrestrial Network for Rivers

GTOS

Global Terrestrial Observing System

HARON

Hydrological Applications Runoff Network

HELP

Hydrology for Environment, Life and Policy

HWR

Hydrology and Water Resources Department (WMO)

HYCOS

Hydrological Cycle Observing System

HYDROLARE

International Centre of Data on Hydrology of Lakes and Reservoirs

HydroML

Hydrologic Markup Language

HYDROS

Hydrosphere State Mission

IAEA

International Atomic Energy Agency

ICSU

International Council for Science

IGOS

Integrated Global Observing System

IGRAC

International Groundwater Resources Assessment Centre

IGWCO

Integrated Global Water Cycle Observations

ILEC

International Lake Environment Committee Foundation

IMS

Internet Mapping Server

IOC

Intergovernmental Oceanographic Commission (of UNESCO)

IODE

International Oceanographic Data and Information Exchange

IPCC

Intergovernmental Panel on Climate Change

IR

Infrared

ISMWG

International Soil Moisture Working Group

ISO

International Organization for Standardization

ISOHIS

Isotope Hydrology Information System

JAXA

Japan Aerospace Exploration Agency

JCOMM

Joint Technical Commission for Oceanography and Marine Meteorology

JRC

Joint Research Centre

JMA

Japan Meteorological Agency

LDAS

Land Surface Data Assimilation System

METOP

Meteorological Operational Polar Satellite

MODIS

Moderate Resolution Imaging Spectroradiometer

MSC

Meteorological Service of Canada

MSG

Meteosat Second Generation

NASA

National Aeronautics and Space Administration (USA)

NCDC

National Climatic Data Center
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NESDIS

National Environmental Satellite, Data, and Information Service

NMHS

National Meteorological and Hydrological Service

NIR

Near Infrared

NMHS

National Meteorological and Hydrological Service

NOAA

National Oceanic and Atmospheric Administration (USA)

NOKIS

North and Baltic Sea Coastal Information System

NPOESS

National Polar Orbiting Operational Environmental Satellite System

NRT

Near real time

NSIDC

National Snow and Ice Data Center

NWP

Numerical Weather Prediction

POC

Point of Contact

SAF

Satellite Application Facility

SAR

Synthetic Aperture Radar

SHI

State Hydrological Institute (Russian Federation)

SMOS

Soil Moisture and Ocean Salinity Mission

SOT

Ship Observations Team

SRTM

Shuttle Radar Terrain Mission

SSM/I

Special Sensor Microwave/Imager

SWE

Snow Water Equivalent

TAO

Tropical Atmosphere Ocean Project

TEMS

Terrestrial Ecosystem Monitoring System

TIP

TAO Implementation Panel

TOPC

Terrestrial Observation Panel for Climate

TRIP

Total Runoff Integrating Pathways

TRMM

Tropical Rainfall Measuring Mission

UNEP

United Nations Environment Programme

UNESCO

United Nations Educational, Scientific and Cultural Organization

UNFCCC

United Nations Framework Convention on Climate Change

USGS

United States Geological Survey

VOS

Voluntary Observing Ship

VOSClim

Voluntary Observing Ship Climate Project

WatER

Water Elevation Recovery

WCMS

WMO Core Metadata Standard

WCP

World Climate Programme (WMO)
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WCRP

World Climate Research Programme

WDC

World Data Centre

WGMS

World Glacier Monitoring Service

WMO

World Meteorological Organization

WMS

WebMapping Service

WRAP

World Resources Application Project

WWW

World Weather Watch (WMO)
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