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Abstract. Future climate changes might have some impactsl Introduction

on catchment hydrology. An assessment of such impacts on

e.g. ground water recharge is required to derive adaptatiofruture climate changes may lead to changes of the hydro-
strategies for future water resources management. The maifgical conditions of a catchment such as long-term wa-
objective of our study was an analysis of three different re-ter availability, ground water recharge or drought periods.
gional climate change scenarios for a catchment with an aredherefore, a reliable estimation of the impacts of climate
of 2415kn? located in the Northeastern German lowlands. change on catchment hydrology is required to develop adap-
These data sets consist of the STAR-scenario with a time petation strategies in water resources management. Such stud-
riod 1951-2055, the WettReg-scenario covering the periodes were carried out in different river basins across Europe
19612100 and the grid based REMO-scenario for the timeising hydrological models and regional climate change sce-
span 1950-2100. All three data sets are based on the SRE®0s (e.g. Caballero et al., 2007; de Witt et al., 2007; Hat-
scenario A1B of the IPCC. In our analysis, we compared thelermann et al., 2008). In the last decade, a large amount of
meteorological data for the control period obtained from thesuch regional climate change scenarios using different global
regional climate change scenarios with corresponding dat@nd regional climate models depending on different IPCC-
measured at meteorological stations in the catchment. Th&RES-emission scenarios were developed (e.g. Deque et al.,
results of this analysis indicated, that there are high differ-2007). However, the results of different regional climate
ences between the different regional climate change scenaghange scenarios for even one IPCC-SRES scenario such
ios regarding the temporal dynamics and the amount of preas A1B showed uncertainties depending on the selected re-
cipitation. In addition, we applied a water balance modelgional as well as global climate model (e.g. Deque et al.,
using input data obtained from the different climate change2007; Minville et al., 2008). This indicates, that regional
scenarios and analyzed the impact of these different inpuglimate projections should be evaluated regarding their suit-
data on the model output groundwater recharge. The resultability for hydrological impact analysis (e.g. Bronstert et al.,
of our study indicated, that these regional climate change sce2007).

narios due to the uncertainties in the projections of precipi- The primary goal of our study was a comparison of three
tation show only a limited suitability for hydrologic impact different regional climate change projections for the purpose
analysis used for the establishment of future concrete wate@f @ model based hydrological impact analysis in a mesoscale
management procedures in their present state. catchment located in the Northeastern German lowlands. We
applied a water balance model using meteorological input
data obtained from these different climate change projections
in that catchment and carried out a first preliminary analysis
of the impact of these different meteorological input data on

some model outputs such as ground water recharge.
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mate data observed at meteorological stations by cluster ana-
L lysis using statistics such as seasonality, anomalies, inter-
> annual variability and trends of observed air temperatures
{vf" : BALTIC SEA as an input (Werner and Gerstengarbe, 1997). Projections
& of future climate conditions are constructed by STAR using
P Rostock : .' the projected trend of future temperatures derived from the
‘ ) model ECHAM4 as main input (Gerstengarbe et al., 2003).
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diation for meteorological stations and are splitted in the ref-
erence or control period 1951-2000 and the climate change
period 2001-2055 with an increase of 1Glof the mean an-
nual temperature and a mean decrease of 8% in the annual
precipitation rates (Gerstengarbe et al., 2003). More details
about the STAR-model can be obtained from Gerstengarbe
et al. (2003) and Werner and Gerstengarbe (1997).

The second climate change projection is the
so called WettReg-approach Weéterlagenbasierte
Regdonalisierungsmethode =weather-type based region-
alization method). WettReg is a combination of a statistical
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Y > | Dsta & Maps ESRI 2003 }N\ fl relationships between large-scale atmospheric circulation
Wl Bedlin R patterns and local climate as well as characteristics of
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N RS I regional climate for different weather types (Enke et al.,
2005; Spekat et al., 2007). This approach classifies observed
weather types into typical temperature and precipitation
regimes for the control period defined from 1961 to 2000.
Future climate conditions are derived from corresponding
temperature and precipitation regimes obtained from the
results of the global climate model ECHAM5/MPI-OM
2.1 Database (Jungclaus et al., 2006; Spekat et al., 2007). The time series
for meteorological stations according to WettReg consist of
The location of the Ucker catchment with an area of meteorological input data with a daily time step similar to
2415kn? is shown in Fig. 1. The actual land cover consists the STAR-scenario. In contrast to STAR, WettReg is divided
of 5% settlements, 4% water bodies, 13% meadows, 3% wetin the reference period 1961-2000 and the climate change
lands, 22% forests, and 53% arable land. The areas locatgokeriod 2001-2100. There exist ten realizations according to
in the north of the Ucker catchment are covered with sandyten different weather regimes (Spekat et al., 2007). From
soils with low soil water storage capacity. In the southernthese ten realizations, three different precipitation regimes
and western parts, loamy soils with higher soil water storaggdry, middle and moist) were evaluated (Spekat et al., 2007).
capacity are located. In the flat river plains, wetlands andMore details about the WettReg-dataset can be obtained
peat soils with shallow groundwater tables dominate. Thefrom Spekat et al. (2007).
comparison of the actual mean annual rate of precipitation The third climate change projection is based on calcu-
for Germany at 789 mmy* with that for our catchment at lations of the dynamic regional climate model Regional
about 510 mmy? for the time period 1961-1990 indicates Model (= REMO) of the Max-Planck-Institute for Meteorol-
that this catchment is located in one of the driest regions inogy, Hamburg, Germany (e.g. Jacob et al., 2007, 2008, sec-
Germany (Deutscher Wetterdienst, 1999). ond delivery corrected for horizontal shift). The grid based
In our study, we used three different regional climate model REMO has a spatial resolution of 0.088pprox.
change projections, all based on the IPCC-SRES scenari®d0Ox 10 km. Large-scale boundary conditions and forcing in-
A1B. A detailed description of these scenarios can be obputs are obtained from the global climate model ECHAM5
tained from Nakienovt et al. (2000). The first regional sce- (Jacob et al., 2007). Similar to WettReg and STAR, we used
nario is based on the application of the statistical regionalmeteorological data from REMO-Grids with a daily time
downscaling model STAR developed by the Potsdam Insti-step, provided by the Max-Planck-Institute for Meteorology,
tute of Climate Research (Gerstengarbe et al., 2003; Wernddamburg, Germany within the research-project NEWAL-
and Gerstengarbe, 1997). The STAR-model resamples cliNET (Ende, 2009).

Fig. 1. Location of the Ucker catchment in NE-Germany (from
Wegehenkel et al., 2006).

2 Material and methods
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. The other spatial data set for the modgl simulations CONraple 1. Types of weather stations in the Ucker catchment.
sists of a land cover map, a soil map, a river net map and a
digital elevation model. More information about the spatial ", Name TypeWettreg  TypeSTAR  TypeDWD_MD
data base can be obtained from e.g. Wegehenkel et al. (2006)

1 Ahlbeck Precipitation - Precipitation
and Wegehenkel and Kersebaum (2009). 2 Altentreptow  Precipitation - Climate
3 Angermuende Climate Climate Climate
4 Bredereiche Precipitation - Precipitation
2.2 Simulation model 5 Carpin-Serran Precipitation Climate Climate
6 Friedrichswalde  Precipitation Climate Climate
7 Fuerstenberg Precipitation - Precipitation
The hydrological model ESEUSuUsed in our study is cou- 8 Goeritz Precipitation  Climate Precipitation
. . 9 Grambow Precipitation Climate Precipitation
pled to a Geographical Information System and needs three ;5 neyglobsow Climate Climate Precipitation
digital maps regarding hydrotopes, subbasins and river net 11 Penkun Precipitation ~ Climate Climate
(Wegehenkel et al., 2006). Hydrotopes are the elementary 12 Penzlin Precipitation  Climate Precipitation
- . . . . 13 Prenzlau Precipitation Climate Precipitation
spatial modelling units each with an assumed hydrological 7, Ratheburg Precipitation _ Precipitation

uniform behaviour resulting from the overlay of the land 15  Uckermuende Climate Climate Climate
cover map, the soil and subbasins map as well as the digital
elevation model. Therefore, the database of each hydrotope

consists of information about soil type, groundwater table,y, 1o catchment outlet. A more detailed description of the
land cover, corresponding subbasin and mean elevation. Th&atabase and the model can be obtained from e.g. Wege-
river net map contains information about the cross profiles thenkel et al. (2006)

the river sections, elevation of the river nodes and reference
to the corresponding downstream river section. 2.3 Analysis and evaluation of regional climate

For each hydrotope in the catchment, water balance is cal-  change projections
culated based on daily time steps. Snowmelt is simulated by
a degree-day approach. Potential reference evapotranspiréa addition to the STAR- (=STAR) and REMO-scenario
tion (PET) is calculated as a function of global radiation, sa-(=REMO), we selected the data sets with the prede-
turation deficit of air and wind speed according to Wendling fined dry (= WRdry) and the middle precipitation regime
et al. (1991). The partitioning of PET in transpiration, in- (= WR_middle) from the WettReg-data set. Due to the dif-
terception and evaporation is simulated using simple vegeferent time periods of the scenarios, we defined a common
tation type specific seasonal time courses for rooting depthcontrol period 1961-2000 for all climate change projections
plant height and soil cover. Interception is calculated by afor an evaluation of the presentation of the current climate
modified linear storage approach. Actual evapotranspiratiorconditions by STAR, REMO and WettReg. Weather stations
is determined by PET, soil cover and by a root density func-are usually classified as climate stations measuring e.g. pre-
tion, which establishes water extraction by evapotranspiracipitation, global radiation, wind speed and air humidity or
tion from soil layers. as precipitation stations observing only rainfall. A compar-

Infiltration into the topsoil layer and runoff genera- ison of the classification of the 15 weather stations for the
tion is calculated by a modified approach according toUcker catchment used in the climate change projections Wet-
Holtan (1961). Actual water content and water fluxes of eachtReg and STAR with that obtained from the German Weather
soil layer are calculated using a capacity approach with nonService (= DWD) showed some discrepancies (Table 1). In
linear storage routing according to Glugla (1969). The watercontrast to the classification obtained from DWD, the STAR-
flux across the lower boundary of the soil profile is defined asscenario defined all stations as climate stations (Table 1).
groundwater recharge. In the presence of groundwater in th&he WettReg-scenario classified only three climate stations
soil profile, capillary rise is calculated depending on soil tex-in contrast to six climate stations according to DWD (Ta-
ture, bulk density, and distance from the soil layer to ground-ble 1). Only two stations, Angermuende and Uckermuende,
water table and soil water content in the layer using tabulamwere defined identically as climate stations by DWD, STAR
data published in AG Boden (2005). and WettReg (Table 1). This low amount of identical climate

For each modelling time step, surface runoff is routedstations hampers a sufficient comparison of e.g. tempera-
by a fast linear storage and groundwater recharge is routeture or air humidity measured at the weather stations with
by a slow linear storage for base flow for each subbasincorresponding ones obtained from the STAR- and WettReg-
Due to the low amount of steep slopes in the catch-dataset. Therefore, we focused in our evaluation of the cli-
ment, interflow is neglected. The discharge of each subimate change scenarios only on precipitation. This evalu-
basin comprised of the outflows of these two storages isation consists of the comparison of precipitation rates ob-
assigned to the corresponding river section of the sub4ained from the climate change projections with correspond-
basin. The stream flow through the river net is simu-ing ones measured at 15 meteorological stations located in-
lated by a linear storage cascade of all river sections dowrside and outside of the catchment (Fig. 2). The precipitation

www.adv-geosci.net/27/57/2010/ Adv. Geosci., 27,6%4-2010



60 M. Wegehenkel et al.: Evaluation of climate change scenarios

| l TRermund

1 P Rathdbur
Staveénhagen
] Altentregtow Anlbeck
[] Remo-Grids
@ Weather Stations
Pegz lin J NUecker—catchment
Soerit Gra W
Carpin-Sgrrahn P
irow P 'Inu’M L
[ )
Furstgnberd (Havkl) Penkyn | |
[ ]
Neugldbso d
BredereicHe : !
ngejmin I
—r—‘i' 1 L FTiedn hswalde N
0 20 40 60 80 100 Kilometers

Fig. 2. Station network for STAR and WettReg as well as REMO-Grids for the Ucker catchment.

rates obtained from the stations and from the scenarios were In the recent study, this so calibrated model was applied
used without any additional modification. In the case of theusing the meteorological data provided by the climate change
grid based REMO-data set, we simply compared the precipprojections without any further correction. The model simu-
itation rates measured at the station with the correspondingdation was carried out continuously for 90 years ranging from
mean rates calculated from rainfall rates obtained from thel January 1961 to 31 December 2050 with a daily time step.
grid with the station located inside and the eight surround-Due to the different time spans of the climate change peri-
ing REMO-grids (Fig. 2). This procedure is recommendedods such as 2001-2055 for STAR and 2001-2100 for Wet-
by the providers of the REMO-data set (UBA-MPI, 2008). tReg and REMO, we defined the climate change period for
For the analysis, we compared cumulative times series, cuthe analysis of the model outputs 2011-2050 with a duration
mulative frequency distributions, differences in annual ratesof 40years. This equals the duration of the control period
and spatial rainfall distributions obtained from the different 1961-2000 and enables the direct comparison of cumulative
regional climate data sets. frequency curves and cumulative rainfall.

2.4 Model set up 3 Results and discussion

e L 3.1 Comparison of climate scenarios with station data
The spatial distribution of meteorological input data for the

modelling units hydrotopes was interpolated from stationsThe comparison of cumulative daily rainfall obtained from
for STAR and WettReg using an inverse-distance procedur®wD-station data with those according to the STAR-,
included in the model. For the REMO-data, we simply usedwettReg- and REMO-scenario for the common control pe-
the time series of the corresponding grid with the station lo-riod 1961-2000 indicated an overestimation of rainfall by the
cated inside and treated these grid-based time series simil@®EMO-approach in contrast with the other data sets. A com-
like station data with the same interpolation method as STARparison of measured cumulative daily rainfall from six se-
and WettReg (Fig. 2). lected stations with corresponding scenario data is presented
For forested areas, we assumed the existence of adult forn Fig. 3. In comparison with the station data, REMO over-
est stands for the total simulation period. Initial soil water estimates cumulative daily rainfall in an order of magnitude
contents for the simulation runs were set equal to field ca-of 16-41% of cumulative station rainfall (Fig. 3). Only in
pacity. In a former study, the model was calibrated usingcase of the station Altentreptow, located Northeast outside
measured discharge rates and observed meteorological inpof the catchment (Fig. 2), cumulative rainfall obtained from
data from the period 1989-2003. Within this calibration, all climate change scenarios were higher than cumulative
only two model parameters, which influences the determi-rainfall according to the station data (Fig. 3). For the other
nation of runoff and baseflow and, therefore, mainly impactsstations such as Angermuende, Friedrichswalde, Penkun or
channel discharge, were modified to match the measured diddckermuende, cumulative daily rainfall obtained from the
charge rates with an acceptable precision (Wegehenkel et aM/ettRegdry-scenario is mainly higher than those obtained
2006; Wegehenkel and Kersebaum, 2009). The other datbom WettRegmiddle, STAR and station data. Wettrelgy
such as soil hydraulic properties were not changed. overestimates cumulative rainfall in an order of magnitude
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Fig. 3. Comparison of cumulative daily rainfall (=Prc) in mm for
six selected stations obtained from weather station (= station) and
the climate change scenarios REMO (= REMO), STAR (= STAR),

_ ; _ Fig. 4. Cumulative frequency curve and maximum (= Max) of daily
WettRegdry (=WR.dry) and WettRegniddle (= WRm) for the T .
control geri);c(i 1961—2)(/))00 an ( ) precipitation rates (=Prc) of the control period 1961-2000 mea-

sured at the weather stations Ueckénde and Carpin-Serrahn in
comprison with corresponding curves obtained from the climate
up to 12% of that calculated from the station data. In con-change scenarios REMO, STAR, Wettreyy (= Wr.dry) and Wet-
trast, cumulative rainfall obtained from the WettRexgdle- ~ tRegmiddle (= WRm).
scenario is lower than those obtained from STAR, Wet-
tRegdry and station data. This underestimation of cumu- These findings were also indicated by the differences be-
lative rainfall by WettRegmiddle is an order of magnitude tween annual rates of precipitation measured at the sta-
of up to 16% of the station data (Fig. 3). Please note thations and corresponding annual rates obtained from the cli-
we used the original denomination of the WettReg-dataseiate change scenarios for the control period 1961-2000
although our results might indicate a contradiction between(Fig. 5). In comparison with the station data, the REMO sce-
WettRegdry with more rainfall and WettRegiddle with  nario showed mainly an overestimation of annual rates up
a lower amount of precipitation. However, for all stations to 611 mmy! corresponding to 162% of the station data

in the Ucker catchment, cumulative daily rainfall data ob- (annual rate station minus annual rate REMO means neg-
tained from the STAR-scenario showed the best fit to the staative data in Fig. 5). Especially in the year 1982, mea-

tion data with differences:2% of cumulative station rainfall  sured annual rainfall rates ranged within 308-551 mrhip
(Fig. 3). contrast to REMO with annual rates of precipitation within
The comparison of cumulative frequency graphs of daily 723-1004 mmy*. Annual rainfall rates obtained from Wet-
station rainfall with corresponding ones obtained from thetRegdry and WettRegniddle showed over- and underesti-
climate change scenarios indicated also differences betweemation in an order of magnitude of 0-528 mmtycorre-
the REMO-scenario and the station data as well as the othesponding to 0-136% of the station data (Fig. 5). Mainly
climate change scenarios especially regarding maximum andnly minor differences between annual rates obtained from
the amount days without rainfall (Fig. 4). In contrast to the STAR-Scenario and those obtained from the stations
REMO-, WettReg- and STAR-scenario were mainly similar could be observed (Fig. 5). However, these observed differ-
with the station data (Fig. 4). However, similar to cumulative ences in our study should not be used as an indicator of the
daily rainfall, the STAR-scenario showed the best fit to the quality of the climate projections and, therefore, should be
station data. interpreted more as an additional measure of the uncertainties

Daily rates of Prc (mm d'1)
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Fig. 6. Spatial distribution of mean annual rates of precipitation
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estimation of annual rates of precipitation by the REMO-
Fig. 5. Differences between annual rates of precipitation mea-Scenario in comparison with the station data and the other
sured at the weather stations Carpin-Serrahn, Altentreptow, Angerelimate change scenarios STAR and WettReg (Fig. 6).
muende and Uckermuende and corresponding rates obained fromur study, the spatial distribution of precipitation obtained
the climate change scenarions REMO (= Station — REMO), STARfrom the climate change projections was calculated using a
(= Station — STAR), WettRegry (= Station — WRdry) and Wet-  gimple inverse-distance procedure. In contrast, DWD used a
tRegmiddle (= Station —WBm) for the control period 1961-2000. ;e more sophisticated multistep procedure based mainly
on regression between precipitation and topographiyllgv
Westermeier, 1995). This discrepancy between both interpo-
of precipitation rates simulated by different climate changelation procedures might have an additional impact on the dif-
projections. The good fit of the STAR-model to the sta- ferences between the spatial precipitation patterns according
tion data might be mainly due to the use of observed datd0 DWD (1999) and those according to the climate scenarios.
for the generation of the times series for the control period Despite the fact, that climate change scenarios such as
(Gerstengarbe et al., 2003). In contrast, REMO uses output¥VettReg and REMO does not simulate real rainfall series,
of the global climate model ECHAMS for the generation of our comparison allows a general estimation of over- or under-
the time series (Jacob et al., 2007, 2008). Furthermore, thigstimation trends of climate change scenarios in comparison
good fit does not mean, that the future climate projection ob-with station data and of the uncertainties of climate change
tained from the STAR-method is the most reliable scenarioscenarios regarding the outputs for precipitation.
for the application for hydrologic impact analysis. In a pa-
per published by Bronstert et al. (2007), STAR, WettReg3.2 Preliminary results of the application of the water
and REMO were also evaluated for their suitability for hy- balance model
drological impact studies comparing simulated and observed
precipitations for the control period in a region located in In a former study, we applied the water balance model in the
South Germany covering the federal states of Bavaria andJcker catchment using the STAR-scenario and compared the
Baden-Wuerttemberg with a total area of 106 00Gknn model results for the control period 1951-2000 with those
that study, the WettReg-method showed differences betweenbtained from the climate change period 2001-2050. The
observed and simulated precipitation of about 20mmy comparison indicated a reduction of precipitation in the cli-
which corresponds to 2% of the observed rainfall. How- mate change period 2001-2050 in an order of magnitude of

(mm)

Diff. ann.rates_station - ann.rates_clim.scenar.
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Fig. 7. Comparison of cumulative rates of daily precipitation

(= Prc.cum) and simulated groundwater recharge (= G\(Rn) for Fig. 8. Comparison of cumulative rates of daily precipitation

the control period 1961-2000 and the defined climate change pe(=Prccum) and simulated groundwater recharge (= G@&fn) for

riod 2011-2050 at the selected hydrotope with arable land/sandghe control period 1961-2000 and the defined climate change period

soil, simulated using the climate change scenarios WettRgg 2011-2050 at the selected hydrotope with coniferous forest/sandy

(=WR_dry), STAR and REMO. soil, simulated using the climate change scenarios WettRgg
(=WR_dry), STAR and REMO.

2-10% of the control period 1951-2000 and a decrease of
groundwater recharge in an order of magnitude of 1-94%4 Conclusions
for the climate change period 2001-2050 (Wegehenkel and
Kersebaum, 2009). Due to these uncertainties at the present state of the climate
In the recent study, we carried out a first application of theprojections, the results of our study are preliminary and a
water balance model using the scenarios Wettm@gSTAR definition of some confidence intervals is difficult. How-
and REMO and comparing some preliminary model results€Ver, such a definition of confidence intervals is essential for
for the new defined control period 19612000 with those forthe acceptance of the results of such impact studies by lo-
the new defined climate change period 2011-2050. The scecal stakeholders regarding adaptation strategies in water re-
nario WettRegdry indicated a reduction of precipitation in sources management. Taking into account our results from
the climate change period 2011-2050 by up to 3% of thethe evaluation of the three different regional climate change
control period 1961-2000. However, the REMO-scenarioScenarios, there are large differences between the climate
showed an increase of precipitation in the climate changechange scenarios regarding the temporal dynamics and the
period 20112050 in order of 1-12% of the control period @mount of precipitation. These differences led to contradic-
1961-2000 leading to a simulated mean relative increase oory modelling results regarding groundwater recharge espe-
groundwater recharge of 19% for the Ucker catchment. Ancially between the model outputs based on the use of the
example of the impact of the different climate change sce-REMO-scenario and those based on the STAR- and the Wet-
narios is presented in Figs. 7 and 8. For a first preliminarytRegdry-scenario. However, there are some limitations in
analysis, we randomly selected a hydrotope with arable landur analysis such as no Bias-correction of REMO data and
located on a poor soil with sand contents above 90% and &he limited compatibility between meteorological time series
field Capacity of 11 Wol% and a hydrotope with coniferous obtained from grids and station based time series. However,
forests located at the same soil. A comparison of cumulativedespite these limitations, these uncertainties hamper, e.g. the
daily rainfall and simulated groundwater recharge for bothreécommendation of concrete water resource management op-
hydrotopes in the Ucker catchment illustrated that the usdions based on hydrological impact analysis using model out-
of WettRegdry and STAR led to a reduction of simulated Puts calculated with input data obtained from regional cli-
groundwater recharge in the climate change period 2011-Mmate change projections in their present state.
2050 in an order of magnitude of 7-30% of the control pe-
riod (Figs. 7 and 8). Due to the increase of precipitation, Acknowledgementsthe work was founded from the Germany
the results obtained from the model application using theFederal Ministry of Consumer Protection, Food and Agriculture

0 indi d : f simulated dand the Ministry of Agriculture, Environmental Protection and
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