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PROJECT OVERVIEW Hy/A\elt~-CE&

Overall aim: Performance of a highly-interdisciplinary and detailed assessment of the impact of a changing
meteorology and hydrology, including future glacier evolution, changes of the seasonal snow cover on
hydropower supply and the overall electricity sector in Austria, with a special focus on critical periods like

heat waves or dry periods in summer as well as dark doldrums during winter, sttt
Past: 2003-2022 Climate Change Impact on Future: ‘Tomorrow’ - 2100
= = CLIMATE
Highly-interdisciplinary e R e G e D Y CIORDWEY Climate Change projections for 13 e
assessment of the Austrian mid- & long-term impacts on @
hydropower & electric energy Austrian hydropower & electric

increase of critical periods like heat waves,
persistent dryy weather peviods,
Low flows

energy enabling stakeholders to
perform potentially necessary

cycle at different spatial scales Changes in precipitation adaptions in time
Changes in snow cover, amount S timing

situation based on detailed
simulations of the Alpine water Severe glacier losses

Importance:

1. the very high importance of hydropower production in Austria for the domestic electricity sector,

changing hydrological systems and the disruption of snow and glacier contribution to hydropower production

ambitious Austrian energy and climate targets that call for a rapid transformation of the entire energy system
towards carbon neutrality.
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PROJECT STRUCTURE AND MODEL SETUP

/ -

Austrian wide
Upscaling

A

for Austrian wide application

[ WP3: Upscaling the hydrological model }
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Reference period in past Future until 2100
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E 2 WP'l: AT rESOIUtIO? e WP2: High resolution model
o 2 glacier and hydrological mo- .
) . i application in the case study
5 Y delling and evaluation in the o
- . . for the 215" century
E 3 case study regions in the past
25\ / /

Climate Change on hydropower and the overall electricity sector

[ WP4: Impact of glacier loss and changes in the Alpine water cycle due to 1

WPS5: Project Management and Dissemination

A
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Meteorological Input Data

[

Snowpack model: Alpine3D *
- SWE, snow & ice melt/area
-> Runoff generation per cell

SLF

Undercatch correction

\ 4

Hydrological model:
COSERO

- Discharge ﬂ

/

l

A

v

/Glacier information: \
OGGM - Longterm ice
volume / area /
dynamics changes

@GGM

Open Global Glacier Model

Energy models:

AlT-Market Flow &

Balmorel

Balmorel
Energy system model
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Explicit statement on the impact of

glacier loss, snow cover changes and
the Alpine water cycle due to Climate
Change for the energy sector
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METEOROLOGICAL INPUT Hythelt-CE

= Hourly data (several variables) for high-alpine case study regions domains Zillertal & Maltatal, resolution

4 km (underlying 250 m grid)

INDUSTRY, INNOVATION
AND INFRASTRUCTURE

» Regridding, temporal disaggregation daily - hourly data for all variables

» Special emphasis on precipitation correction, as simulated discharge was too less compared to &
observed reservoir inflow, indicating too little precipitation in glaciated areas 13 ioor
= Historical data (1990-2022) + selection of representative climate projections covering 215t century @
MPI-M-MPI-ESM-LR_rcp45_rlilp1_CLMcom-CCLM4-8-17 1-2.6 (Paris agreeing) Dry
ICHEC-EC-EARTH_rcp85_rlilp1_KNMI-RACMO22E 3-7.0 Mixed
MPI-M-MPI-ESM-LR_rcp85_rlilpl_CLMcom-CCLM4-8-17 2-4.5 [/ 3-7.0 Dry
ICHEC-EC-EARTH_rcp85_r12ilp1_SMHI-RCA4 3-7.0 / 5-8.5 (Business as usual) Wet

= Daily data (temperature, precipitation) for discharge modelling for whole Austria > OKS 15 [2] selection
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METEOROLOGICAL VARIABLES: ANNUAL MEANS (MALTATAL)
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Poster: Undercatch corrected precipi’ro’rion

resolution spatial precipitation data
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HyMELT-CC PROJECT OVERVIEW

the croject
lacianed bigh alpine areas (HyMELT.CC).

Improving snowpack and hydrological modelling
by performing an undercatch correction on high

IE

* Institute of Metzaralogy and Climstology (B0KU-Met], BOKU University of Natural Resources and Life Sciances, Vienna, AT Cormesponding athor il
# Inctitute of Hycrology and Water Managament [HyWa), BOKU Univerziy of Natwrl Resounces and Life Scences, Vienna, AT hoch®boku ac. 3t

MOTIVATION & CONTEXT FOR THIS STUDY

Hydropower is an important source of energy production in Austria [1]. With climate
cchange and the transiticn towards renewable energy sources, predse modelling of runoff
processes. such as snow and ice melt. is crudial to provide useful adaption strategies to
stakaholders. Metacrological input data for hydrological models i charscterized by high
uncartainties in complex, alpine terrin, which frequently lead to simulated runcff or
glader mass balances which do not match observations. A well known issue is the
undercatch of precipitation stations in high elevations. Gridded precipitation dats sets [4]
muﬂmnhmammm@mhumwhﬂdwﬂmdummm—unm

HYMELT-CC  performs @ detailed
assessment of the impact of Climate
change on the Alpine water cycle,
induding future glacier evolution,
having an impact on
supply and the overall elm:ncn:','
sactor. The assessment focuses on very
detailed simulations in high-alpine case.
study regions [Maletal & Zillertzl) 2z
well as the upsczling to entire Austria.
Specific focus is on criticel situations
like heat waves or low flow situatons
0 ensble timely i of
hydropower companies te safeguard
electricity supply aks in the fuzure.

e 2: ekl et o & ey
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CE [%] = 96.63 + 041 wspd® — mwrpd+5.‘15.‘l'(2]
‘where wepd is the wind speed in m/s, T is the temperature in *C are not applicable to
gridded datasets, as information about what the meteorolegical conditions were at the
location of the scation is effectively last in tha insarpolation stap [S]. Thersfors, 3 diffarent
approach for correcting predipitation dat in high elevated sreas, where gridded dat setz
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METEOROLOGICAL VARIABLES

Hy/\elt-CE

Temperature

Wind Speed

Wind Direction

Radiation

Precipitation

Potential Evapotranspiration

Relative Humidity

m/s

°N

kWh

mm

mm

%

Ridge regression machine learning approach

Creation of one representative wind direction field per

month for days with and without precipitation

Aspect-dependent radiation correction

Quality control of data set and local station data

Undercatch correction using a elevation regression
derived from undercatch-corrected local station data

[10]

Derived quantity using the FAO 56 Penman-Monteith

equation [11]

Input for Alpine3D, OGGM
and COSERO

Input for Alpine3D

Input for Alpine3D

Input for Alpine3D

Input for Alpine3D, OGGM
and COSERO

Validation for COSERO

Input for Alpine3D

INDUSTRIE,
INNOVATION UND
INFRASTRUKTUR

o

SPARTACUS [3,4]

GeoSphere station data [5]

1 MASSNAHMENZUM
KLIMASCHUTZ

INCA [6]

<>

APOLIS [7]
INCA [6]

SPARTACUS [3,4]
Stations from various
sources

ERA5-Land [8]
CHELSA9]

SPARTACUS [3,4]
APOLIS [7]
ERA5-Land [8]

SPARTACUS [3,4]
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[mm]

RESULTS - WATER BALANCE: CORRECTED PRECIPITATION

Uncorrected precipitation

Langjihrige Wasserbilanz 2015 - 2022
NBS5 Speicher Kdlnbrein gesamt (1 Zelle)
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— QS5iM

600
1

ETA

Kumulative Wasserbilanz 2015 - 2022

NBS5 Speicher Kdlnbrein gesamt (1 Zelle)

— QOBS
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ETA

(QSIMAQOBS)-1 = -27 %

207

= Observed runoff

= Simulated runoff
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Mean monthly and cumulative water balance using the first
meteo product (M1) in the Kdlnbrein catchment as input for the
COSERO [12] model.

Mean monthly and cumulative water balance using the second

meteo product (M2) in the Kélnbrein catchment as input for the

COSERO model.

P

1766

it Corrected

precipitation

Kolnbrein basin
in the Maltatal
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Satellite Observation ALPINE3D Simulation without ALPINE3D Simulation with
(10.05.21) corrected precipitation corrected precipitation
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SIMULATIONS & VALIDATION

= Satellite-based snow depth and

snow height [m]
[ 1<=05
C105-10
—10-15
C015-20

0 20-25

W 25-3.0

BN 30-3.5

Bl 35-40

N > 40

cover information

= Glacier outline, mass balance and
thickness information

= Runoff and reservoir inflow data

Hydrological simulation with the hydrological model COSERO [12]
compared to inflow observations into the Kolnbrein reservoir

Legend:
[ Catchment Simulated w.e. [m]
[ RGI Outline 2003 C118-32
Glacier Thickness [m] [_J32-37
4 | | 70 [ J37-41
l J'q‘.- A '|| Il P 6 [ 141-44
R . o Google Satellite 2020 Eaa-47
| [ 47 -50
Apr b 2y A B 50 -54
B 54 -58
0 250 500 750m [
NSE=0.62;KGE=0.80;CORR=0.81 — — G- o0
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SIMULATION OF GLACIER MASS BALANCE

Glacier mass balance simulation with glacier model
OGGM [13] for GroB- and Kleinelendkees in Maltatal
and reference glacier

Water equivalent on glaciers 2009

100000

Basis for coupling with Alpine3D [14] & Cosero [12] in 368000 -; 2
a next step
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PROGRESS & SYNERGIES 03042024 HyS/A\elt~CE

[ ']
Work packages Project Year 1 I Project Year 2 Project Year 3

HyMELT-CC 1| 2 3 4 5 6 7 8 9 |10 |11 | 12213141516 82718192020 2223|24]25]|26]27]28]29 |30

olution snow, glacier and hydrological modelling and evaluation in the case study regions in the past

High resolution model application in the case study regions for 21st century

INDUSTRY, INNOVATION
AND INFRASTRUCTURE

o

Upscaling the hydrological model for Austrian wide application

Impact due to CC on hydropower and the overall electricity sector

Next steps: « Future simulation of alpine case study areas < Explicit statement on the impact of glacier 13 i
« Hydrological simulation of entire Austria loss, snow cover changes and the Alpine @
« Coupling with energy modelling water cycle for the energy sector
Synerqies: SNOWPOWER (VERBUND) Dissemination: . HydroCarpath 2024
(;) S+ SnowModVis (HyWal - Ehrendorfer et al. (2023) [15]
« Groundwater Recharge Study (HyWa) « LUcking et al. (2023) [16]
SECURES + G-MONARCH (HyWa) etc. . Pulka et al. (2023) [17]
« Journal « EGU 2024:
Changes: in some WP-tasks due to several meteo- publication in « Ehrendorfer et al. (2024) [18]
hydro—i’rero’rions in high-alpine catchments preparation « Maier et al. (2024) [19]

HyWa MET TECHNISCHE : L
@ @ Verbund ATem— BIE B

\141,
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