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Impact of climate change on ecotopes of the rivers
Rhine and Meuse
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Abstract: Climate change, resulting in changes in temperature, precipitation, river discharge
regime and sea level rise, may affect the ecosystems of the large rivers of the Netherlands in
this century. This note discusses the method used to assess the impact of climate change on
riparian ecosystems along the large rivers and presents the results of an application for the
rivers Rhine and Meuse in the Netherlands. For this purpose, the effects of different climate
change and land use scenarios on characteristic ecotopes have been compared with the
current situation. The climate change scenarios were derived from the temperature rise
estimation of the Intergovernmental Panel on Climate Change (IPCC). These have been
translated into a sea level rise and changes in river discharge regime using results from earlier
climate studies. Flood durations were derived by combining current contour maps of altitude
and future sedimentation loads. For each type of ecotope a transition matrix has been deve-
loped to relate changes in flood duration and land use to changes in the types of ecotopes. The
results indicate that climate change has a significant impact on several characteristic riverine
ecotopes and therefore on the ecological quality of floodplains. However, the effect of natural
land use is more dramatic and may therefore compensate for some of the negative effects of
climate change.
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Introduction

After the extreme weather-related events, such as the floods in 1993 and 1995 and
the dry summer of 1995, the effects of climate change in the Netherlands have
been researched in several studies (Kwabpuk 1993; PARMET 1995; Grass 1997;
MippELKoOP 2001, 2004; VAN AsseLT 2001). Due to changes in temperature and
precipitation surplus the discharges of the rivers Rhine and Meuse will be affected
in future in such a way that extremes are accentuated (higher discharges in winter
and lower in summer) (e.g. MIDDELKOOP 2004). In addition, sea level rise will
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decrease the possibilities for water to discharge from the rivers and it will increase
salt intrusion. These changes in the water systems of the Netherlands will have
consequences for water-related functions, like nature. To formulate measures to
counteract and mitigate these changes it is necessary to understand these conse-
quences. The objective of this project was to assess the impact of climate change
on riparian ecotope distribution in floodplains of the large rivers in the Nether-
lands, with a focus on low summer flows.

Material and methods

The ecological effects of climate change have been determined by considering the
changes in characteristic, natural ecotopes for different climate and land use
scenarios for the year 2050 (Fig. 1). The climate scenarios constructed by the
Royal Netherlands Meteorological Institute (KNMI) are based on temperature
estimations of the Intergovernmental Panel on Climate Change (IPCC) and the
empirical relation between precipitation (on wet days) and daily mean tempera-
ture, as observed at the Dutch station De Bilt (VAN AsseLT 2001). We considered
the three wet variants, including a lower, central and upper estimation for the year
2050 and a dry variant for the upper estimation in 2050 where temperature and
precipitation were uncoupled. Besides climate change, the effects of change in
land use were considered. This scenario consisted of a transformation of current
agricultural land in the floodplain to more natural grazed areas and is referred to as
‘natural land use’. The landscape pattern relates to the physical habitat of the
ecosystems (SOUTHWOOD 1977) and may be seen both as a result of hydromor-
phological and ecological processes as well as a prerequisite for biological species
occurrence (LEUVEN et al. 2002; Van pER MoLEN et al. 2003). It can be expressed
in ecotope composition and is directly affected by the parameters used to express
climate change and by measures. Site factors influencing the presence of an eco-
tope are e.g. flood duration, spring groundwater level, soil texture and land use.
The most discriminating factor along large rivers is the flood duration (DISTER
1980: RADEMAKERS & WOLFERT 1994; KrLin 1998). Therefore. this factor was
used to determine the impact of climate change. The climate scenarios have been

—>

Fig. 1. Schematization of the method: Climate change scenarios have been translated into

changes in discharge regime. A combination with a GIS map of the elevation gave a flood
duration map. Transition matrices were used to derive a GIS map of the ecotopes. An
example is given for the ecotopes ‘high-water-free forest”, ‘rich structured floodplain pas-
ture’ and ‘river dune’. The first row gives the flood durations (colours correspond with
given example of flood duration map). If the current ecotape is ‘high-water-free forest’
and the area changes to a frequently flooded zone. the result ecotope will be ‘natural levee
forest’. The histogram presents the acreage change of characteristic ecotopes along the
Rhine.
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translated into a sea level rise and changes in river discharge regime using results
from earlier climate studies (VAN AsseLT 2001; AssELMAN 1999). Ecologically
relevant flood durations (364, 150, 50, 20 and 2 d/yr) were derived on a grid base
of 100 m by combining a current contour map of the elevation, future sedimenta-
tion loads and the discharges corresponding to the relevant exceedance times. This
resulted in the mean potential flood duration because the flooding was estimated
by extrapolating water levels. The ecotope composition used for the present situa-
tion was surveyed in 1997-1998, using true colour aerial photographs on a scale of
1:10.000 (VAN DER MOLEN et al. 2003). Ecotope maps for the scenarios were
derived by combining the ecotope map from the survey with the future flood
durations, land use and expert-based transition matrices describing the ecotope
change as a result of a change in flood duration and land use (see Fig. 1 for an
example).

Results

Due to an increase of higher and lower discharges of the Rhine in the wet variants
of the scenarios, water levels of discharges with an exceedance time of 50, 20 and
2 d/yr increased. while the lower discharges occurred more than 150 d/yr decrease.
These changes in water levels have implications for the width of different envir-
onmental zones, which are distinguished by different flood durations. The area
affected depends on the relief in the floodplains. If the water level shifts to areas
with a steep slope the area diminishes and vice versa. For the Rhine wetter con-
ditions imply that areas of ecotopes with an intermediate flood duration (20 to 150
d/yr), such as herbaceous natural levee, natural levee hayfield and floodplain soft-
wood forest increase (Table 1). Extreme wet and dry ecotopes, like natural levee
pasture, river dune and hardwood forest decrease in area. This effect is greater in
scenarios with a larger climate change. The variation in the total areas of ecotopes
ranges from —54 % to +49 %. In the river basin of the Meuse areas with different
flooding duration shift to higher places (Table 1). The acreage with a flood dura-
tion higher than 2 d/yr increases, while rarely flooded areas become smaller
because they cannot shift as a result of natural elevations or embankments. The
area with ecotopes softwood forest, (marshy) herbaceous and grassed floodplain
increase in the wet variants of the climate scenarios. The relative changes vary
from =2 % to +133 % for the upper estimation, but the absolute differences are
small. The results from both rivers show contrasting changes for the dry variant of
the upper estimation of climate change. Hardwood forest, river dune and natural
levee haylield increase at the cost of softwood and marshy forest and herbaceous
floodplain. Changes range from —78 % to +37 % for the Rhine and —65 % to +7 %
for the Meuse. The results of the natural land use scenarios show a transition of the
production grasslands into natural levee hayfield, grassed or marshy grassed flood-
plain, depending on the hydrodynamics. The same occurs with for the agricultural
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arcas, which changes into herbaceous natural levee and herbaceous floodplains.
Production forests change into natural forest (hardwood, softwood or marshy
forest). Consequently, these natural ecotopes increase in area. The effect of natural
land use scenarios is larger then the impact of climate change.

Discussion

Improvements ol the results could be derived by using a sophisticated three-
dimensional hydrodynamic model instead of extrapolating the water levels and
taking into account small elevations through a more detailed elevation grid.
Although flood duration is the most important factor influencing the riparian
vegetation, groundwater levels could be of importance, too (especially during
summer). This was already explored in the Netherlands in other studies (e.g.
VERMULST et al. 1998; HaasnooT et al. 1999; Van WaLsum et al. 2002). Haas-
NooT et al. (1999) modelled a significant impact on wet terrestrial ecosystems.
VAN WaLsuM et al. (2002) concluded that groundwater changes were not large
enough to create a situation with significant moisture stress for riverine grass-
lands along brook valleys. For examining the potential impact we focused on the
indirect effects of climate change through hydrology. Direct effects, through a
change in temperature and CO; concentration, on the germination, growth, flower-
ing and fruiting of plant species were not taken into account. This will probably
mainly affect the quality of the ecotopes (considered as biodiversity) and not the
distribution as explored in this study. In spite of these critical notes we think that
the method we used is good enough to estimate the potential impact on riverine
ecotopes along large rivers.

Conclusions

The results indicate that climate change has a significant impact on several char-
acteristic riverine ecotopes and therefore on the ecological quality of floodplains.
This is mainly shown by an increase in the area of ecotopes such as softwood and
marshy forest, river banks and herbaceous swamps. Conversely, there is less space
for higher-lying ecotopes like hardwood forest and river dune. The dry variant of
the climate scenarios shows an opposite effect. Summer drought due to climate
change has almost no impact on riverine ecotopes as it does not change the mean
flood duration significantly. Changes in land use may have more impact compared
to climate change. so a shift in management practice in the floodplains may
compensate for the adverse effects of climate change on the ecological quality
of the floodplains. The focus of river rehabilitation and management practice
should be on the typical riverine habitats that decrease, which is largely dependent
on the actual climate change.
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