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Climate change is expected to have an impact on hydrologi-
cal systems because of changes in precipitation, tempera-

ture, and reference evapotranspiration, which are the primary 
input variables for the terrestrial part of the hydrological cycle. 
Globally averaged surface air temperature is projected to increase 
between 1.4 and 5.8°C by the year 2100 relative to 1990 for 
the range of scenarios described in the IPCC Special Report on 
Emissions Scenarios (IPCC, 2000, 2001). Regional variations in 
the predicted temperature changes occur, with higher latitudes 
showing greater relative warming (IPCC, 2001). Changes in pre-
cipitation also show a large regional variation (IPCC, 2001). The 
most important sources and driving forces of climate change are 
at the regional scale. Considering that the political and technical 
measures to adapt to climate change also take place at a regional 

level (river basin level), regional-scale studies on global change 
are a matter of great concern (Varis et al., 2004).

General circulation models (GCMs) have been used to 
generate a number of projections of climate change based on 
greenhouse-gas and aerosol concentrations described in emis-
sions scenarios. Statistical or dynamical downscaling of the cli-
mate change signals projected by the GCM is necessary since 
the horizontal resolution of the GCMs is too coarse to be used 
in regional hydrological models (Wood et al., 2004). Physically 
based regional climate models (RCMs) are used to dynamically 
downscale the signals by accounting for sub-GCM gridscale forc-
ing (e.g., complex topographical features and land-cover inho-
mogeneity) and by enhancing the simulation of atmospheric 
circulations and climatic variables at fi ne spatial scales (Xu et al., 
2005). The RCM is driven by sea-surface temperatures and driv-
ing atmospheric lateral boundary values from the forcing GCM 
(Déqué et al., 2005).

The use of several simulations from the same RCM with 
varying emissions scenarios and GCM forcings better refl ects 
the uncertainty in the range of possible future climate change 
(Salathé, 2005). Unfortunately, the number of simulations from 
an RCM is often limited and only available for certain time 
slices because climate model simulations are computationally 
demanding. A number of studies have compared climate out-
puts for several RCMs, emissions scenarios, or GCM forcings 
(Rummukainen et al., 2001; Räisänen et al., 2004; Salathé, 
2005; Van den Hurk et al., 2005).

Most hydrological impact studies that investigate the effects 
of climate change focus on surface water (Mimikou et al., 2000; 

Regional Differences in Climate Change Impacts 
on Groundwater and Stream Discharge in Denmark
Lieke van Roosmalen,* Britt S. B. Christensen, and Torben O. Sonnenborg

Regional impact studies of the effects of future climate change are necessary because projected changes in meteorological 
variables vary regionally, and different hydrological systems can react in various ways to the same changes. In this study the 
effects of climate change on groundwater recharge, storage, and discharge to streams are compared in two geologically and cli-
matologically different regions in Denmark. Outputs are used for the periods 1961 to 1990 and 2071 to 2100 from a regional 
climate model representing the Intergovernmental Panel on Climate Change (IPCC) scenarios A2 and B2. A physically based, 
distributed hydrological model simulates changes in groundwater head, recharge, and discharge. Precipitation, temperature, 
and reference evapotranspiration increased for both the A2 and B2 scenarios. This results in a signifi cant increase in mean 
annual net precipitation, but with decreased values in the summer months. The magnitude of the hydrological response to the 
simulated climate change is highly dependent on the geological setting of the model area. In the Jylland area, characterized by 
sandy top soils and large interconnected aquifers, groundwater recharge increased signifi cantly, resulting in higher groundwater 
levels and increasing groundwater–river interaction. On Sjaelland, where the topsoil is dominated by low-permeability soils and 
the aquifers are protected by thick clay layers of regional extent, only minor changes in groundwater levels are predicted. The 
primary effect in this area is the change in stream discharge, caused by changes in drain fl ow and overland fl ow, with up to 50% 
increase in winter and 50% decrease in summer. This study shows the added value of studying different climate scenarios and 
hydrological systems, so that the simulated effects can be compared both qualitatively and quantitatively.

L. van Roosmalen, Geological Institute, Univ. of Copenhagen, Øster 
Voldgade 10, 1350 Copenhagen K, Denmark; B.S.B. Christensen 
and T.O. Sonnenborg, Geological Survey of Denmark and Green-
land (GEUS), Øster Voldgade 10, 1350 Copenhagen K, Denmark. 
Received 5 July 2006. *Corresponding author (lvr@geol.ku.dk).

Vadose Zone J. 6:554–571
doi:10.2136/vzj2006.0093

© Soil Science Society of America
677 S. Segoe Rd. Madison, WI 53711 USA.
All rights reserved. No part of this periodical may be reproduced or 
transmitted in any form or by any means, electronic or mechanical, 
including photocopying, recording, or any information storage and 
retrieval system, without permission in writing from the publisher.

ABBREVIATIONS: GCM, general circulation model; GEUS, Geological Survey of Denmark and Greenland; IPCC, Intergovern-
mental Panel on Climate Change; masl, meters above sea level; ME, mean error; RCM, Regional Climate Model; RMS, root 
mean squared error.

S
P

E
C

IA
L 

S
E

C
TI

O
N
: G

R
O

U
N

D
W

AT
E

R
 R

E
S

O
U

R
C

E
S
 

A
S

S
E

S
S

M
E

N
T 

U
N

D
E

R
 T

H
E
 P

R
E

S
S

U
R

E
S
 O

F 
H

U
M

A
N

IT
Y
 

A
N

D
 C

LI
M

AT
E
 C

H
A

N
G

E

 Published online August 23, 2007 Published online August 23, 2007




