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Tornado: Czech Republic, June 2021
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A summer of disasters…

Flooding, Germany, July 2021
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Extreme Hail, Austria, June 2021

Wildfires, Greece, July 2021



What is the role of climate change on extreme events like floods and droughts?

NASA/ISS



Floods

ASI/Land Tirol/BH Landeck



Blöschl et al. 2019

Floods in the past

Blöschl et al. 2020

Northwestern Europe: 
increasing rainfall and 

soil moisture

Eastern Europe:
decreasing and earlier 

snowmelt

Southern Europe: 
decreasing rainfall 

and increasing 
evaporation



D
is

ch
ar

ge
[m

³/s
]

Recent floods in context of the past

Long term annual flood peak discharges on the Danube (Vienna)

Year Flood volume
[109 m3]

Retention volume
[109 m3]

1899 6,6 2

2013 6,1 < 0,5

Precipitation

2013
11.055

2002
10.250

1954
9.600

1899
10.500

1862
9.865

1991
9.500

1897
9.420



Viglione et al. 2016

Fingerprinting of flood trends – contribution of the atmosphere

• Investigation on flood trends in Central Europe contributors to the trend

Catchment (land use change, soil
compaction, urbanization etc.)

River (loss of retention volume, levee
construction etc.)

Atmosphere (increasing precipitation
intensity, role of convection etc.)

Atmospheric controls act mainly on 
small to medium sized catchments
considering flood changes
 Precipitation intensity and
convection increasingly important



Changes in precipitation intensity on daily and hourly time scales

• Changes in days with distinct intensity classes – an example for Austria
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Substatial increase of days with heavy 
to extreme daily precipitation sums

Hourly precipitation intensity nearly
linearly scales with temperature
changes following the Clausius-
Clapeyron relation



Future outlook

Change in daily precipitation intensity [%]



Droughts



Droughts in the past

A messy problem…



Droughts in the past, an example for the Alpine region

Average of drought features (Intensity, Duration, Frequency)

Drought Decades

Drivers
Intensity, Duration

Drivers:
Intensity, Frequency

1860s 1940s

Haslinger et al. 2019

Low pressure gradients, convective environment

Zonal atmospheric circulation



Droughts in the past

Changes in atmospheric evaporative demand

Global trend in atmospheric evaporative demand

Atmospheric evaporative demand in Austria and drivers of change

Global and regional increase in 
atmospheric evaporative demand
Drivers in Central Europe: 
1) Increase in surface radiation
2) Increase in temperature



Future outlook until the end of the 21st century

Changes in mean summer precipitation Changes in mean precipitation and interannual variability

Changes in global atmospheric evaporative demand



Future outlook



Take home messages

Floods:

• Temporal clustering of floods on a long term perspective in Europe (flood rich vs. flood poor periods)
• Multiple drivers for large scale floods, climate vs. catchment vs. river characteristics
• Climate change is altering precipitation regimes  increase in short term intensity on hourly and daily 

time scales  increasing risk of small scale flooding with climate change

Droughts

• Temporal clustering of droughts on a long term perspective in Central Europe (drought decades)
• Little changes in precipitation amount, increase in atmospheric evaporative demand
• Future drought risk is driven by increasing interannual variability and atmospheric evaporative demand

In general:
Internal climate variability substantially shifts probabilities for hydrometeorological extremes, internal 
climate variability is underestimated in state-of-the arte climate models (O‘Reilly et al. 2021, Nature)



Thank you for your kind attention
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