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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. 

Importance: 

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

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

3. ambitious Austrian energy and climate targets that call for a rapid transformation of the entire energy system 
towards carbon neutrality. 
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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

Energy models: 
AIT-Market Flow & 
Balmorel

Meteorological Input Data

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

Hydrological model: 
COSERO

 Discharge

Glacier information: 
OGGM  Longterm ice 
volume / area / 
dynamics changes
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 Hourly data (several variables) for high-alpine case study regions domains Zillertal & Maltatal, resolution 
4 km (underlying 250 m grid)

 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 

 Historical data (1990-2022) + selection of representative climate projections covering 21st century 

 Daily data (temperature, precipitation) for discharge modelling for whole Austria  ÖKS 15 [2] selection

EURO-CORDEX Model [1] Closest Socioeconomic Shared Pathway (SSP) median Precip. behavior

MPI-M-MPI-ESM-LR_rcp45_r1i1p1_CLMcom-CCLM4-8-17 1-2.6 (Paris agreeing) Dry

ICHEC-EC-EARTH_rcp85_r1i1p1_KNMI-RACMO22E 3-7.0 Mixed

MPI-M-MPI-ESM-LR_rcp85_r1i1p1_CLMcom-CCLM4-8-17 2-4.5 / 3-7.0 Dry

ICHEC-EC-EARTH_rcp85_r12i1p1_SMHI-RCA4 3-7.0 / 5-8.5 (Business as usual) Wet
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Poster: Undercatch corrected precipitation
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Variable Unit Additional preparation methods Used for Used data sets

Temperature °C Input for Alpine3D, OGGM 
and COSERO

SPARTACUS [3,4]

Wind Speed m/s Ridge regression machine learning approach Input for Alpine3D GeoSphere station data [5]

Wind Direction °N Creation of one representative wind direction field per 
month for days with and without precipitation

Input for Alpine3D INCA [6]

Radiation kWh Aspect-dependent radiation correction Input for Alpine3D APOLIS [7]
INCA [6]

Precipitation mm Quality control of data set and local station data

Undercatch correction using a elevation regression 
derived from undercatch-corrected local station data 
[10]

Input for Alpine3D, OGGM 
and COSERO

SPARTACUS [3,4] 
Stations from various 
sources
ERA5-Land [8]
CHELSA [9]

Potential Evapotranspiration mm Derived quantity using the FAO 56 Penman-Monteith 
equation [11]

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

Relative Humidity % Input for Alpine3D SPARTACUS [3,4]
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Uncorrected precipitation

Corrected 
precipitation
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Mean monthly and cumulative water balance using the first 
meteo product (M1) in the Kölnbrein catchment as input for the 
COSERO [12] model.

Mean monthly and cumulative water balance using the second 
meteo product (M2) in the Kölnbrein catchment as input for the 
COSERO model.

Observed runoff
Simulated runoff
Precipitation
Actual Evapotranspiration

Kölnbrein basin 
in the Maltatal
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 Satellite-based snow depth and 
cover information

 Glacier outline, mass balance and
thickness information

 Runoff and reservoir inflow data

NSE=0.62;KGE=0.80;CORR=0.81

Hydrological simulation with the hydrological model COSERO [12] 
compared to inflow observations into the Kölnbrein reservoir
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Water equivalent on glaciers

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

Basis for coupling with Alpine3D [14] & Cosero [12] in 
a next step



Work packages 
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03.04.2024

Synergies:

Changes:

Dissemination:• SNOWPOWER (VERBUND)
• SnowModVis (HyWa)
• Groundwater Recharge Study (HyWa)
• G-MONARCH (HyWa) etc.

• Journal 
publication in 
preparation
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in some WP-tasks due to several meteo-
hydro-iterations in high-alpine catchments

ACRP-project

• Explicit statement on the impact of glacier 
loss, snow cover changes and the Alpine 
water cycle for the energy sector

Next steps: • Future simulation of alpine case study areas
• Hydrological simulation of entire Austria
• Coupling with energy modelling

• HydroCarpath 2024:
• Ehrendorfer et al. (2023) [15]
• Lücking et al. (2023) [16]
• Pulka et al. (2023) [17]

• EGU 2024:
• Ehrendorfer et al. (2024) [18]
• Maier et al. (2024) [19]

High resolution 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 

Upscaling the hydrological model for Austrian wide application 

Impact due to CC on hydropower and the overall electricity sector

Project management 



Meteorological input

Hydrological modelling

Energy modelling

Climate Change

Snowpack & Glacier modelling
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Thank you 
for your 

attention!

https://www.foto-webcam.eu/webcam/schlegeis/2023/09/08/1300



Klimatag 2024, ACRP14 – HyMELT-CC – KR21KB0K0000103.04.2024

[1] Jacob, D. et al. EURO-CORDEX (2014): New high-resolution climate change projections for European impact research. Reg Environ Change 14, 563–578. https://doi.org/10.1007/s10113-013-0499-2

[2] Federal Ministry of the Republic of Austria for Climate Action, Environment, Energy, Mobility, Innovation and Technology (2015): Endbericht OEKS15| Klimaszenarien für Österreich | Daten - Methoden - Klimaanalyse. German. https://www.bmk.gv.at/themen/ 
klima_umwelt/klimaschutz/anpassungsstrategie/publikationen/oeks15.html. accessed: 2023-01-04. 

[3] Hiebl, J. and Frei, C. (2015): “Daily temperature grids for Austria since 1961—concept, creation and applicability”. In: Theoretical and Applied Climatology 124.1-2 (Feb. 2015), pp. 161–178. doi: 10.1007/s00704-015-1411-4. url: https://doi.org/10.1007/s00704-015-1411-4.

[4] Hiebl, J. and Frei, C. (2017): “Daily precipitation grids for Austria since 1961—development and evaluation of a spatial dataset for hydroclimatic monitoring and modelling”. In: Theoretical and Applied Climatology 132.1-2 (Mar. 2017), pp. 327–345. doi: 10.1007/s00704-
017- 2093-x. url: https://doi.org/10.1007/s00704-017-2093-x.

[5] GeoSphere Austria. TAWES stations: semi-automatic weather stations. https://www.zamg.ac.at/cms/en/climate/meteorological-network. accessed: 2023-01-04.

[6] Haiden, T. et al. (2011): The Integrated Nowcasting through Comprehensive Analysis (INCA) System and Its Validation over the Eastern Alpine Region. In: Weather and Forecasting 26.2 (Apr. 2011), pp. 166–183. doi: 10.1175/2010waf2222451.1.

[7] GeoSphere Austria. APOLIS. https://www.zamg.ac.at/cms/de/forschung/klima/klimatografien/apolis. accessed: 2023-03-21.

[8] Muñoz-Sabater, J. et al. (2021): ERA5-Land: a state-of-the-art global reanalysis dataset for land applications. In: Earth System Science Data 13.9 (Sept. 2021), pp. 4349–4383. doi: 10.5194/essd-13-4349-2021. url: https://doi.org/10.5194/essd-13-4349-2021.

[9] Karger, D. N. et al. (2023): CHELSA-W5E5: daily 1km meteorological forcing data for climate impact studies. In: Earth System Science Data 15.6 (June 2023), pp. 2445–2464. doi: 10.5194/essd-15-2445-2023. url: https://doi.org/10.5194/essd-15-2445-2023.

[10] Goodison, B. E., Louie, P. Y. T. and Yang, D. (1998): WMO Solid Precipitation Measurement Intercomparison.Tech. rep. 872. WMO/TD.

[11] Food and Agriculture Organization of the United Nations (1998): Crop evapotranspiration - Guidelines for computing crop water requirements - FAO Irrigation and drainage paper 56. 1998. ISBN 92-5-104219-5 

[12] Herrnegger, M., Senoner, T., Klotz, D., Wesemann, J., Nachtnebel, H. P., & Schulz, K. (2015): RAINFALL-RUNOFF-MODEL COSERO Handbook 2015.2.

[13] Maussion, F., Butenko, A., Champollion, N., Dusch, M., Eis, J., Fourteau, K., Gregor, P., Jarosch, A. H., Landmann, J., Oesterle, F., Recinos, B., Rothenpieler, T., Vlug, A., Wild, C. T., and Marzeion, B. (2019): The Open Global Glacier Model (OGGM) v1.1, Geosci. Model 
Dev., 12, 909–931,  https://doi.org/10.5194/gmd-12-909-2019

[14] Lehning, M., Völksch, I., Gustafsson, D., Nguyen, T. A., Stähli, M., & Zappa, M. (2006). ALPINE3D: a detailed model of mountain surface processes and its application to snow hydrology. Hydrological Processes, 20(10), 2111-2128. https://doi.org/10.1002/hyp.6204

[15] Ehrendorfer, C., Koch, F., Lücking, S., Pulka, T., Holzmann, H., Maier, P., Lehner, F., Formayer, H., Herrnegger, M. (2023): Coupled snow-hydrological modelling for two high alpine Austrian catchments. In: Péter Kalicz, Kamila Hlav̌cová, Silvia Kohnová, Borbála Széles, , 
Anna Liová, Zoltán Gribovszki (Eds.), HydroCarpath - International Conference: Hydrology of the Carpathian Basin: Catchment experiments and modeling for improved description and prediction of hydrological processes; ISBN: 978-963-334-497-2

[16] Lücking, S., Koch, F., Formayer, H. (2023): Modelling and evaluation of the snow and ice melt in the Großglockner Region. In: Péter Kalicz, Kamila Hlav̌cová, Silvia Kohnová, Borbála Széles, , Anna Liová, Zoltán Gribovszki, HydroCarpath - International Conference: 
Hydrology of the Carpathian Basin: Catchment experiments and modeling for improved description and prediction of hydrological processes; ISBN: 978-963-334-497-2

[17] Pulka, T., Herrnegger, M., Ehrendorfer, C., Lücking, S;.,Schulz, K., Koch, F. (2023): Evaluation of precipitation corrections to improve reservoir inflow predictions by a conceptual hydrological model in the Malta Valley, Austria. In: Péter Kalicz, Kamila Hlav̌cová, Silvia 
Kohnová, Borbála Széles, , Anna Liová, Zoltán Gribovszki, HydroCarpath - International Conference: Hydrology of the Carpathian Basin: Catchment experiments and modeling for improved description and prediction of hydrological processes; ISBN: 978-963-334-497-2

[18] Ehrendorfer, C., Koch, F., Lücking, S., Pulka, T., Holzmann, H., Maier, P., Lehner, F., Formayer, H., and Herrnegger, M. (2024): Contribution of glacier melt to runoff under climate change using a conceptual hydrological model in selected high alpine regions in Austria, 
EGU General Assembly 2024, Vienna, Austria, 14–19 Apr 2024, EGU24-5329, https://doi.org/10.5194/egusphere-egu24-5329.

[19] Maier, P., Ehrendorfer, C., Lücking, S., Lehner, F., Koch, F., Herrnegger, M., and Formayer, H. (2024): On the improvement of runoff and glacier mass balance modelling by performing an undercatch correction on gridded precipitation data sets based on 
independent station data, EGU General Assembly 2024, Vienna, Austria, 14–19 Apr 2024, EGU24-2047, https://doi.org/10.5194/egusphere-egu24-2047.

13

https://doi.org/10.1007/s10113-013-0499-2
https://doi.org/10.1007/s00704-015-1411-4
https://doi.org/10.1007/s00704-017-2093-x
https://doi.org/10.5194/essd-13-4349-2021
https://doi.org/10.5194/essd-15-2445-2023
https://doi.org/10.5194/gmd-12-909-2019
https://doi.org/10.1002/hyp.6204
https://doi.org/10.5194/egusphere-egu24-5329
https://doi.org/10.5194/egusphere-egu24-2047

	HyMELT-CC: ����HYdro power: iMpact on the ELecTricity sector in Austria due to Climate Change in glaciated high alpine areas
	Project Overview
	Project Structure and Model Setup
	Regions
	Meteorological input
	Meteorological Variables: Annual Means (Maltatal)
	Meteorological Variables
	Results - Water balance: Corrected Precipitation
	Simulations & Validation
	Simulation of glacier mass balance
	Progress & Synergies
	Foliennummer 12
	Literature

