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Large scale groundwater modeling using globally available 
datasets: A test for the Rhine-Meuse basin

Edwin H. Sutanudjaja, Steven de Jong, Frans C. van Geer, and Marc F.P. Bierkens
Dept. of Physical Geography, Utrecht University - : e.sutanudjaja@geo.uu.nl

Can we make a model for a large basin  
by only using globally available datasets?

Purpose: 
The objective is to use globally available datasets to build large scale groundwater models for data-poor regions. 
We use the Rhine-Meuse basin as the test bed because it contains ample data for verification.

PCR-GLOBWB and MODFLOW: 
➢ Spatial resolution: 30 arc-seconds – approximatively 1 km.
➢ The land surface PCR-GLOWB model consists of two unsaturated soil stores 

(1 and 2) and a linear groundwater store (3).  
➢ The local drainage components are direct runoff (QDR), interflow (QSf), and 

baseflow (Qbf). Exchange fluxes between stores (P) are also defined.

➢ Loosely coupling with MODFLOW: The linear groundwater store (3) is replaced 
by a MODFLOW groundwater model. This is done by the following procedure:
➢ The PCR-GLOBWB is used to calculate groundwater recharge and water levels.
➢ The calculated recharge and water levels are used to force the MODFLOW.  

Current model result: 

Land surface model 
PCR-GLOBWB 

(Van Beek & Bierkens, 2006)

Groundwater model 
MODFLOW 

(McDonald & Harbaugh, 1988)

GLCC 2
land cover

➢ Vegetation properties (LAI, cover fraction, etc.)
➢ Storage capacity (unsaturated zone) 

http://edc2.usgs.gov/glcc/glcc.php 

Storage capacities
Leaf area index 

(growing season)

FAO (1995) 
soil map

➢ Storage capacities (unsaturated zone)
➢ Soil retention curve parameters
➢ Soil conductivities
➢ Soil porosities 

FAO soil map

Lithological 
map of Dürr 
et al (2005)

➢ Aquifer properties (transmissivities 
and storage coefficients)

Non- & semi-consolidated sediments
Mixed consolidated sedimentary rocks
Siliciclastic sedimentary rocks
Basic volcanic rocks
Complex rocks
Complex lithologies lithological map

Global HYDROSHEDS
digital elevation map

➢ Elevation, drain direction, etc.
➢ Channel network, dimension, and conductance.

http://hydrosheds.cr.usgs.gov/ 

digital 
elevation map

river/channel 
network and lakes

Global forcing datasets
➢ Precipitation, temperature, and other climatological data 

from the CRU TS 2.1, CRU CL 2.0, ERA-40 reanalysis, 
and ECMWF operational archive datasets.

➢ Potential evaporation+transpiration based on the 
Penman-Monteith method. 

Monthly precipitation Jan 1995 
based on CRU TS 2.1 & CRU CL 2.0

Daily precipitation 31 Jan 
1995 based on ERA 40
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Future work: 
➢ Sensitivity analysis, by varying 

aquifer properties (transmissivities 
and storage coefficients).

➢ Use remote sensing  (e.g. AMSR-E 
soil moisture) to evaluate the model.

➢ Dynamic (fully) coupling between 
the PCR-GLOWB and MODFLOW. 

➢ Model calibration.
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Groundwater 
head database
We have collected head data 
from many institutions.

Contributors:
NAQUA/BAFU, Kanton Zürich (Switzerland), BRGM (France), 
DOV Vlaanderen, Portail environnement de Wallonie (Belgium), 
LUBW Baden-Württemberg, GeoPortal Wasser Rheinland-Pfalz, LfU Bayern, 
LANUV Nordrhein-Westfalen (Germany), DINOLoket/TNO (Netherlands), etc. 
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average measurement = 32.36 m 
average model = 32.25 m
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Can we detect groundwater by 
satellite remote sensing? 
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calculated steady state groundwater depth (m)

The model output suggests that shallow groundwater 
depth correlates to low soil moisture variation.

*) All maps are plotted in the 
“Latitude/Longitude”

 coordinate system.

http://edc2.usgs.gov/glcc/glcc.php
http://hydrosheds.cr.usgs.gov/
http://www.ecmwf.int/products/data/operational_system/
http://edc2.usgs.gov/glcc/globdoc2_0.php

