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GRDC operates under the auspices of the World Meteorological Organization (WMO) with the sup-
port of the Federal Republic of Germany within the Federal Institute of Hydrology (BfG)
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The GRDC is acting under the auspices of the World Meteorological Organization (WMO) and
is supported by WMO Resolutions 21 (Cg XI1, 1995) and 25 (Cg XIl1I, 1999). Its primary task is
to maintain, extend and promote a global database on river discharge aimed at supporting inter-
national organizations and programs by serving essential data and products to the international
hydrologic and climate research and assessment community in their endeavour to better under-
stand the Earth system. The GRDC was established at the German Federal Institute of Hydrolo-
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Member states and territories are the principal data providers for the GRDC.
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Preface

Accurate information of surface freshwater fluxes into the World’s seas and oceans is of im-
portance to science. Determining freshwater fluxes was originally aimed at closing knowledge
gaps in the hydrological cycle and to arrive at an improved world water balance. Furthermore,
global monitoring of freshwater resources and the flux of matter into coastal areas and the
oceans are of specific interest to research. Especially the influence of freshwater fluxes on oce-
anic circulation patterns and its impact on climate systems has resulted in numerous studies and
requests for improved and timely determination of freshwater fluxes.

In the past the GRDC has calculated and published freshwater fluxes in the years 1996 (GRDC
Report 10 (March 1996): Freshwater Fluxes from Continents into the World Oceans based on
Data of the Global Runoff Data Base / W. Grabs, Th. de Couet, J. Pauler), 2004 and 2009. Re-
sults of the last two versions are available online at the GRDC website. For previous studies
different methodologies were used. Selected outputs of the global hydrological model Wa-
terGAP (Dall et al., 2003) were used to estimate freshwater fluxes on a global scale in 2004 and
20009.

Within the framework of the European Commission funded FP7 project GEOWOW the GRDC
had the opportunity to develop an automated and standardised procedure for the calculation of
freshwater fluxes. The necessary geo-processing workflow was compiled for the GRDC into a
specially designed ArcGIS toolbox by UDATA - Umweltschutz und Datenanalyse Neustadt /
Weinstralle, Germany (Wilkinson et al., 2014). This workflow will be used to regularly re-
calculate freshwater fluxes, at least when WaterGAP inputs are updated by the team at Frankfurt
University, Germany.

The Global Freshwater Fluxes into the World Oceans are provided as a stand-alone Web Ser-
vice. This service is available at the GRDC website, but has also been registered with the GE-
OSS Portal in support of GEO (Group on Earth Observations).

| believe that the Global Freshwater Fluxes into the World Oceans still attract wide interest. But
there might be also an interest in the methodology applied. The GRDC would like to thank Kris-
tina Wilkinson and the UDATA team for describing the calculation workflow and the results in
the GRDC Report Series.

Ulrich Looser

Head, GRDC
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1 Introduction and background

The Global Runoff Data Centre (GRDC) calculates mean Global Freshwater Fluxes into the
World Oceans and provides the relevant data products at different spatial scales via its website.

This report summaries the work undertaken by UDATA, a GRDC contracted company, to cal-
culate the 2014 version of freshwater fluxes and to automate the calculation and visualization
with the help of specifically developed GIS tools.

Based on modelling results from the global hydrological model WaterGAP 2.2 (Water - Global
Assessment and Prognosis, Doll et al., 2003, Muller Schmied et al., 2014) freshwater fluxes for
0.5° grid cells can be analysed and aggregated automatically at various spatial resolutions in the
future.

WaterGAP delivers results for water balance components on a global scale for 0.5° cells of the
land surface. Freshwater fluxes are accumulated along a river network obtained from a 0.5°
global drainage direction map (D6ll & Lehner, 2002). Since every single cell can only have one
downstream cell, no delta formations or river bifurcations are possible. Given the spatial resolu-
tion of 0.5°, the modelled results only represent the general water balance of a wider area and
should not be used for detailed regional or local hydrological studies.

The WaterGAP 2.2 model does not incorporate glacier dynamics and is largely dependent on
the quality of the underlying global datasets (land use, soil maps, hydrogeology etc.) as well as
global climate inputs. These model specifications should be kept in mind when looking at re-
sults for different regions.

For the calculation of freshwater fluxes ModelBuilder, a GIS tool available within ESRI ArcGIS
was used. At the same time, an additional Python script was developed to allow the calculation
of freshwater fluxes outside an active GIS environment.

2 Base data
The following basic data were used to generate and pre-process the necessary input data:

1. Global drainage direction map with 0.5° spatial resolution to identify coastal cells and in-
ternal sinks for the global land surface (except Antarctica) (DDM30, Doll and Lehner,
2002)

2. Global shape file of GIWA regions (GIWA - Global International Waters Assessment,
http://www.unep.org/dewa/giwa/)

3. Global shape file of 5° cells along the coastlines of all continents

4. Global shape file to assign cells to continents, oceans and 5 ° latitude bands
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5.  EXCEL table with predefined worksheets to calculate global freshwater fluxes along 5°
and 10° latitudinal zones (for continents and oceans) using the layout of the GRDC product
from 2009

6. Annual WaterGAP files in netCDF format with discharge values for 0.5° grid cells
(km3/year) for the global land surface (except Antarctica) for the 50 year period 1960 -
2009

7. Four “empty” shape files where the aggregated discharge values are added as fields in the
attribute tables using GIS tools for

Spatial resolution Nr. of entities
1. GIWA regions 61
2. 5°cells along the coastlines 611
3. 5° latitude bands 156
4. 10° latitude bands 86

(3. and 4. - combined zones for oceans, continents and latitude bands)

8. One global shape file which contains the necessary information for every WaterGAP
coastal cell (10179 cells total), e.g. to which GIWA region or which latitude band each 0.5°
cell belongs to.

3 Pre-processing of input data

3.1 WATERGAP COASTAL CELLS

Based on the global drainage direction map (DDM30, Doll & Lehner 2002) hydrological
catchments and internal sinks were derived on a global scale. 0.5° cells with a flow direction of
“0” are the end points of flow paths, thus marking either cells along the coastline or pour points
of internal sinks. Because only freshwater fluxes into the world oceans should be analysed, most
of the internal sinks (e.g. the Okavango Delta, Lake Chad or the Tibetan Plateau) are neglected.
The only exceptions are the Caspian Sea and the Aral Sea which were kept for data processing
because they are also GIWA regions and were already analysed in previous studies (GRDC
2009). Finally, 10179 WaterGAP cells were identified that are of interest for further analysis.

Each one of these 10179 cells was assigned to a
- GIWA region
- Continent
- Ocean
- 5°coastline cell
- 5° latitude band
- 10¢ latitude band
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All of the catchments derived in the previous step are assigned the same attributes. Catchment
areas range from 340 kmz2 (single cells in the northern arctic ocean) to a maximum of 5.9 Mio
km2 for the Amazon, the world’s largest drainage basin.

The WaterGAP outlet cell of the Amazon basin lies within the 0°- 5° North latitude band. This
value was changed manually to 0°- 5° South, because the actual ocean outlet of the Amazon
river is south of the equator and because in previous studies (GRDC 2009) the Amazon basin
outlet was also attributed to the southern hemisphere. This way, the comparability of results can
be maintained. In other global water balance studies (Baumgartner et al. 1975), the majority of
Amazon stream flow was also assigned to the southern hemisphere (2/3 between 0° and 5°
South and 1/3 between 0° and 5° North).

3.2 5°AND 10° LATITUDE BANDS

To identify zones that drain into a specific ocean from a specific continent within one 5° latitude
band the 10179 identified WaterGAP cells were dissolved according to their attributes.

Fig. 1. Drainage basins derived from DDM30 in Europe (left) and the corresponding 5 ° latitude bands (right)

4 Calculation

Freshwater Fluxes into the World Oceans are calculated and delivered as ArcGIS shape files for
four different spatial resolutions.

The newly developed GIS tools now available to the GRDC can be run for single years as well
as longer periods, depending on the availability of WaterGAP model output. These tools are
accessible to the GRDC as a classic ArcGIS tool box with user dialogue for data selection and
as a stand-alone Python script.

Four shape files are created in the output folder which contain the calculated annual freshwater
fluxes (km3/year) for four different spatial aggregations:

- GIWA regions

- 5°coastline cells

- 5°latitude bands

- 10° latitude bands.
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The results obtained for 5° latitude bands are used later for data processing in a pre-formatted
EXCEL file to determine mean global Freshwater Fluxes for 5° and 10° latitudinal zones. These
tables use the same format as previous studies (GRDC 2009) and follow specifications provided
by Baumgartner et al. (1975). Global latitudinal zones are analysed according to the amount of
freshwater flowing into the different world oceans and how freshwater fluxes are distributed
over hemispheres and continents. The results are briefly presented and discussed in chapter 7.

Additionally long term mean values for the “WMO climate normal periods” 1961-1990 and
1971-2000 are calculated as well as for the entire period 1960 - 2009.

5 Results

Freshwater fluxes from continents to the world oceans were calculated within this study using
WaterGAP 2.2 model output and applying newly developed GIS tools. Internal continental
sinks (lakes, plateaus etc.) were neglected except for the Caspian Sea and Aral Sea.

Global mean values for surface freshwater fluxes sum up to about 42.000 kmd/year for the 30
year long “WMO climate normal periods” (1961 - 1990 and 1971 - 2000). This is in close
agreement with recent WaterGAP publications (Muller Schmied et al., 2014) where the global
value for long-term average freshwater fluxes was estimated at 42.364 km?3/year.

Compared to previous GRDC data products (GRDC 2009) a significant increase in the global
value (2009: 36109 kmd/year) can be seen. This can only be attributed to changes in the model
structure and different climate input of WaterGAP as well as a model recalibration. In 20009,
results from WaterGAP 2.1 model output were analysed whereas the current study is based on
the more recent WaterGAP 2.2 model output.

As already mentioned, WaterGAP 2.2 does not incorporate glacier dynamics. This should be
kept in mind when looking at results for areas like Greenland where not only the hydrological
processes are difficult to represent but where the necessary input data are also very difficult to
obtain. This applies to (measured) climate data as well as hydrological data for model calibra-
tion. About 6% of WaterGAP coastal cells are located in Greenland but they only contribute
about 1% to the total global freshwater fluxes. Despite those constraints, Greenland was left in
all global maps and tables to allow comparison with previous similar data products.

Figures 2 and 3 show results for global 5° and 10° latitudinal zones. The values represent mean
freshwater fluxes in kmd/year for the “WMO climate normal period” 1961-1990. This table
allows direct comparison with previous results from the GRDC (2009).
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Fig. 2 — Mean freshwater fluxes into the world oceans (1961-1990) — results for 5° latitudinal zones (km?/a)
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Fig. 3 — Mean freshwater fluxes into the world oceans (1961-1990) — results for 10° latitudinal zones (km?3/a)
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