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Objectives

In our study, we apply a wide range of Regional Climate Models (RCMs)
to a comprehensive set of mesoscale catchments distributed over
Switzerland, to quantify the impact of climate change on Swiss
hydrological systems.

We determine catchments exhibiting sensitivity towards those changes
In climate that are anticipated for Switzerland during the first half of the
21% centrury (OcCC 2007), e.g. changes in precipitation patterns and
Increasing temperatures.

We present the results of an application of 17 climate scenarios to six test
regions, each of them representing a natural geographic region of
Switzerland. Basic relations of catchment characteristics and climate
sensitivity are specified.
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A total of 17 RCMs from the ENSEMBLES project (HEWITT & GRIGGS
2004) were interpolated to meteorological station locations (BOSSHARD
ET AL. 2009) using the Delta Approach (PRUDHOMME ET AL. 2002 ). We
added the daily Deltas calculated for the period 2021-2050 to the
observed time series (1976-2005) of precipitation and temperature
(Fig. 2). These scenario time series are used to force the hydrological
modelling system PREVAH (VIVIROLI ET AL. 2009, Fig. 3) at a temporal
resolution of one hour and a spatial resolution of 500 x 500 m®.

We apply the climate scenarios to six test regions first (Fig. 1) to check
them for hydrological plausibility. After this plausibility test, the climate
scenarios will be applied to approximately 200 mesoscale catchments
with an average area of 150 km® and a range of 30 to 2000 km”.

| Swiss mesoscale catchments

Bl Test regions

Thur - Andelfingen
1696 km®, 770 m asl, - %

Ergolz - Liestal B
261 km®* 590 m asl, - % U

"'"’ Emme - Burgdorf

263 km?, 1850 m asl, - %
4 637 km?, 976 m asl, - %

Broye - Payerne
392 km?, 710 m asl, - %
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Figure 1: Six test regions out of approximately 200 Swiss mesoscale catchments. The
climate scenarios are applied to these catchments to test them for hydrological
plausibility. Indicated are river and gauge name, catchment size, mean elevation and
percentage of glaciated area.

Methods

Adding the Delta to the
observed time series
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Figure 2: Schematic representation of the calculation of climate scenarios using Delta Change signals, exemplified
through the RCM model chain C4l_ ECHAM _RCA (Institution GCM_RCM). Left side: Mean annual cycle of Delta Change
signals for temperature (additive) and precipitation (multiplicative) at Bern-Liebefeld, 565 m asl, 46.93 °N, 7.42 °E. The
Delta Change signals are calculated for the scenario period 2021-2050 relative to the reference period 1976-2005 . The
driving emmission scenario (SRES) is A1B (BOSSHARD ETAL. 2009).
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The results of the hydrological modelling with observed and scenario data are visualized in Figure 4,
shown as runoff regimes and seasonal differences in discharge quantity for control and scenario runs..

Broye - Payerne (rain-fed, low elevation) Ergolz - Liestal (rain-fed, low elevation) Emme - Burgdorf (rain-/snow-fed, low elevation)
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> low elevations:
decreasing
runoff in general,
highest in spring
and summer
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> high elevations:
strong increase
in winter runoff
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> snow-fed
regimes: lower
runoff in summer
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> ice-fed regimes:
increasing runoff
and earlier peak
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Figure 4: Modelling results for the six testregions. Lower part of
each graphic: Mean monthly discharge [mm]. Upper part: Box
plots (according to definition of TUKEY 1977) for the seasonal
differences of 17 scenario runs relative to the control period.
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Forcing the hydrological model with

__________ T - _I || ] |
- P | scenario data as climate input
uneable torage |
Parameters * modules V EIMXES
[ PKOR | TUNEABLE PARAMETERS
SNTOGKROR Precipitation
TTRANS PKOR Precipitation adjustment for rain [%]
- - El SNOKOR  Precipitation adjustment for snow [%)]
TO TGR Threshold temperature rain-snow [°C]
CRFR TTRANS Transition temperature range rain-snow [°C]
THIE NS Snowmelt
TMFMAX o
RMESNOW T0 Threshold temperature snowmelt [°C]
- - CRFR Coefficient for re-freezing [-]
TMFMIN Minimum temperature melt factor for snow [mm d" K]
Sl TMFMAX  Maximum temperature melt factor for snow [mm d” K]
RMFSNOW Constant radiation melt factor snow [mm h™ K' W' m?]
L BETA . .
Soil moisture recharge
BETA Non-linearity parameter for infiltration module [-]
Runoff formation
KOH Storage time for surface runoff [h]
T KOH ] K1H Storage time for interflow [h]
K1H RO SGR Threshold for quick runoff formation [mm]
PERC Percolation rate [mm h]
SGR R1 CG1H Storgge time for quick bas_eflow [h]
T SLZ1MAX  Maximal content of the quick baseflow storage [mm]
K2H Storage time for slow baseflow [h]
PERC Icemelt (optional)
CG1H ICETMF Constant temperature melt factor for ice [mm d" K]
! ICERMF Constant radiation melt factor for ice [mm h”" K" W' m?]
SLZ1MAX
o STORAGE MODULES
L  K2H i SSNO Snow storage [mm]
Sl Interception storage [mm]
SSM Soil moisture storage [mm]
SUZ Upper zone (unsaturated) runoff storage [mm]
o/ T/ /s e e SLZ1-3 Lower zone (saturated) runoff storages [mm]
Glacier module (optional) SGL1-3 Glacier module: firn, snow and ice (optional) [mm]
g | FLUXES
ICETME El Evaporation from interception storage [mm h™']
[ ICERMF ] ESM Evapotranspiration from soil moisture storage [mm h™]
RO Quick runoff (surface runoff) [mm h™]
R1 Delayed runoff (interflow) [mm h'']
R2 Slow runoff (baseflow) [mm h]
SL79 Rf1 RO RTOT Total runoff [mm h™']

Figure 3: Schematic visualization of the hydrological modelling system PREVAH
(VIVIROLIET AL. 2009)
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We showed an application of 17 highly resolved climate scenarios to six
mesoscale test catchments in Switzerland for the period 2021-2050.

The majority of scenarios result in decreasing runoff for catchments in
lower elevations, with a most distinct decrease in spring and summer.

Snow-fed catchments show higher runoff in winter (increasing
percentage of rain) and less runoffin summer (reduced snow pack).

lce-fed catchments show increasing runoff during the whole year with an
earlier peak due to increasing temperatures and earlier glacier melt.

We will apply the climate scenarios to a comprehensive set of
approximately 200 mesoscale catchments to determine the climate
sensitivity of hydrological systems in Switzerland.
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