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Motivation

Climate change = more weather extremes, more intense 

thunderstorms (wind gusts, heavy precipitation)



Motivation

Number of flashes as a function of mean monthly 
temperature, Germany, 1992-1998
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Motivation
Why high resolution climate modelling?

Influence of small-scale 
features on atmospheric flow

(orography, land use)

convection resolving



COSMO CLM (2.4.11)
0.04125°

CLM (18km)

0.04125°
approx. 5 km resolution



200 x 200 gridpoints
40 levels

∆x = ∆y = 0.012°
(approx. 1.3 km)

COSMO-DE
Configuration

+ bigger relaxation + bigger relaxation 
zone



Knote et al. (2009)



Setup

Time slice experiment:
10 years of summer months in 2 scenarios

IPCC AR4 simulations

Climatology of the 20th century (C_1960)

1960   1961   1962   1963   1964   1965   1966   1967   1968   1969
JJA JJAJJA JJA JJA JJA JJA JJA JJA JJA

C_1960

A1B SRES

2015   2016   2017   2018   2019   2020   2021   2022   2023   2024
JJA JJAJJA JJA JJA JJA JJA JJA JJA JJA

A1B_2020



Mean 2m-temperature July18 km 1.3 km

Check against forcing data:
Resolution increase from 5 to 1.3 km

C_1960



Mean 2m-temperature July5 km 1.3 km

C_1960



Mean maximum 2m-temperature JJA
5 km 1.3 km

K

C_1960



Check against forcing 5km: 
Differences in mean max. 2m-temp. histograms

Frequency

K

Mean unchanged (+-)
Variability increased



Frequency

Check against forcing: 
Differences in 10 m-windspeed histograms

m/s

Mean unchanged (+-)
Variability increased



Mean changes between scenarios

Temperature

maximum

mean

+2.1 K

∆ (A1B – C1960)

Temperature
at 2m mean

minimum

da
ily

Precipitation accumulated

+1.8 K

+2.0 K

-24 mm/movery uncertain

mean speed

gusts
Wind

at 10m
-0.03 m/s

-0.05 m/s

very uncertain



Extreme value analysis: Peaks over threshold

?

## fitted 
General Pareto Distribution 

threshold u

VarianceBias

valuevalue

General Pareto Distribution 
(GPD)

Search of independent events: Decorrelation time sc ales
Temperature: ca. 10d
Wind: ca. 36h
Precip.: ca. 24h



Extreme value analysis: Return periods

A1B
C_1960dashed lines: the 95 % 

condence interval of the 
the fitted GPD function

Maxima of
daily minimum 2m temperature

the fitted GPD function



Difference mean 2m-temperature: 2015-24 (A1B) / 196 0-69

°C

Knote et al. (2009)



Difference 30 year return period of the 2m maximum temperature: 2015-24 
(A1B) / 1960-69

°C

Knote et al. (2009)



C1960
A1b (2015 – 24)

Stability of 30 yrs return value for
daily 2m temperature mean 

95 %

1000 iterations
of 

’moving-block‘
bootstrapping



C1960
A1b (2015 – 24)

Stability of 20 yrs return value for
wind gusts 

95 %

1000 iterations
of 

’moving-block‘
bootstrapping



Extreme value analysis: Changes in 30 yrs return 
levels 

+4.3 K

30 yr return value

Temperature

maximum

∆ (A1B – C1960)

mean

+2.1 K

+3.3 K

+2.1 K

-0.9 mm/h

Temperature
at 2m mean

minimum

da
ily

Precipitation accumulated

+1.77 K

+1.95 K

-24 mm/mouncertain

-0.21 m/s

0.16 m/s

mean speed

gusts
Wind

at 10m
-0.03 m/s

-0.05 m/s

uncertain



Comparison with measurements
Klimabericht Rheinland-
Pfalz (2007)

Precipitation and climate stations in 
Rheinland-Pfalz (Wasserwirtschaftsverwaltung)



Temperature at climate stations 1961-69



Temperature 1961-69
Mean 2m-temperature June-August 1961 - 1969
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Precipitation 1961-69
Mean  sum precipitation June-August 1961 - 1969
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Conclusions
• Resolution increase added variability

• Mean changes between scenarios 1960 to 
2025 in expected range (temperature, wind)2025 in expected range (temperature, wind)

• Increases in temperature extremes exceed 
mean changes, different spatial distribution

• No change in wind extremes• No change in wind extremes

• Change in precipitation extremes uncertain


