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Role of snow In water balancea global scale (Berghuijs et al., 2014)
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Figure 1| Mean annual streamflow and streamflow anomaly in the context of the Budyko hypothesis, stratified by snow fraction. The observed long-term
streamflow and precipitation measurements are placed in the context of the Budvko hypothesis. The Budyko hypothesis states the mean streamflow is
primarily a function of the catchment's annual precipitation and potential evaporation as shown by the black line in a. Departures below the Budyko curve
for catchments with a significant fraction of the precipitation falling as snow indicate that an increased fraction of precipitation as snowfall is associated
with higher streamflow, as clarified by the linear regression in b.



Snow effect on baseflow (Jenicek and Ledvinka, 2020)
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Impact of glaciers on summer runoff (Stahl et al., 2016)
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Impact of glaciers on summer runoff (Stahl et al., 2016)
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Impact of glaciers on summer runoff (Stahl et al., 2016)
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Impact of glaciers on summer runoff (Stahl et al., 2016)
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And glaciers are melting ...




And glaciers are melting ...




What can we expect?

(a) Global surface temperature change relative to 1850-1900
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Source: AR6 Climate Change 2021: The Physical Science Basis, Summary for Policymakers 13



What can we expect?

(b) Annual mean temperature change (°C) Across warming levels, land areas warm more than ocean areas, and the
relative to 1850-1900 Arctic and Antarctica warm more than the tropics.
Simulated change at 1.5°C global warming Simulated change at 2°C global warming Simulated change at 4°C global warming
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Source: AR6 Climate Change 2021: The Physical Science Basis, Summary for Policymakers 14



What can we expect?

(c) Annual mean precipitation change (%) Precipitation is projected to increase over high latitudes, the equatorial
relative to 1850-1900 Pacific and parts of the monsoon regions, but decrease over parts of the

subtropics and in limited areas of the tropics.

Simulated change at 1.5°C global warming Simulated change at 2°C global warming Simulated change at 4°C global warming
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How do we assess impact of climate changes on runoff?

Extrapolation of observel
runoff trends into the
future

Analysingunoff quantiles (e.g.
Qys1.€. the flow that is
exceeded 95% of the time)
using e.g. MamKendall

approach (analyse of trends in ¢

time series)

Extrapolation of changing
stochastic rainfall
characteristics into the
future combined with
rainfallrunoff modelling

A stochastic model may be usej
to investigate what would
happen if the trend of observed
precipitation and air
temperature characteristics in
the historical period would
persist into the future

Rainfalgrunoff projections
based on climate
scenarios

Modelling the catchment runoff

based on climate scenarios
(typically ensemble approach
based on RCMSs)




How do we assess impact of climate changes on runoff?

1. HBMlight model (Seibert and Vis
2012)
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How do we assess impact of climate changes on runoff?

Scenario Results

simulation

Model setup Scenario
and preparation

calibration

analysis

wModel setup wDaily corrections wApplication of wChanges in sno
and calibration of temperature different climate storages
based on and precipitation scenarios in a wChanges in
historical applied to the ref. hydrological runoff
observations period model seasonality
wConsiders e.g. wSimulation of wChanges in
CQ evolution ensemble of runoff extremity
future oete
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N y N ) . projections L )
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Changes in hydrological regimedpechigHanelet al, 2012)
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Fig. 4. Seasonal and annual relative changes in runoff [%] between the control and scenario period. Note that the changes are most-
ly positive in winter and negative in the other seasons.
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Glaclers influence on summer rundffusset al.2008)
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Glaciers influence on summer runoff (Huss et al. 2008)

Zinalvalley, Switzerland: frorVeisshorn(4506 ma.s.l) to Dent Blanche (4357 ms.). Photo by Michal Jenicek




Glaclers influence on summer rundffusset al.2008)
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Glaclers influence on summer rundffusset al.2008)
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Glaclers influence on summer rund€bpoltschniget al. 2008)
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Glaclers influence on summer rund€bpoltschniget al. 2008)
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Changes In hydrological regime in Swiss catchments (Addor et al., 2014)
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Figure 6. Projected regime changes for 2070-2099. The mean of the projections is represented by the thick colored line, the likely range (colored area) encompasses two thirds of all 54
model chains, and the minimum and maximum are shown by thin colored lines. The reference discharge (1980-2009) is depicted by a black line in the top row. The bottom row shows
the relative difference between the reference and the projections. In Figures 6, 9, and 11, the catchments are ordered according to their mean elevation, from (left) the highest to (right)
the lowest.
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Changes In hydrological regime in Swiss catchments (Addor et al., 2014)
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Figure 7. Projected evolution of glacierized area, for the lower, medium, and high estimates of the probabilistic climate projections under
the RCP2.6, A1B, and A2 emission scenarios. Note the different scales of the y axes.
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Changes in snow signatures (Jenicek et al., 2018)
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Changes in snow signatures (Jenicek et al., 2018)
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And what about skiiryMarty et al., 2017)
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Influence of snow storage on low flows: decreas@ in(Jenicek et al., 2018)
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Changes in future runoff (Jenicek et al., 2021)

A Monthly runoff for the reference period and for the period 262099
A Relative changes in monthly runoff for the period 2€®9 compared to the reference period

A Black dashed line indicates reference period, blue line represents future period22@8) light blue area
indicates the range of different future climate projections.



