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Motivation

« Warmer climate, more
Intense cloudbursts

» Cloudbursts are better
represented by convection -
permitting models than by
models with convection
parameterization

* A number of papers indicate
convection permitting

models show stronger

igcrease In Intensities
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Climate simulations

1. 10 summer months with most precipitation in E-OBS from
2000-2016

2. Downscaling of ERA-Interim in two steps:
) to c. 12 km gridscale (EURO-CORDEX-type)
i) to 2.5-3 km with HCLIM-AROME

3. A surrogate climate change experiment where the
temperature on the boundaries and SST in i) is increased
by +2°C and specific humidity on the boundaries are set

to keep RH constant.
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+2°C warming

* T, Increases by close to +2°C

- Smaller T,,,, increase over much of the land areas
due to enhanced evapotranspiration

* SH,,,, increases everywhere

Control +2°C Difference
ALADIN 2C - ALADIN

AROME2C - AROME
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Strong increase in humidity

Fraction of days
with > 40 kg/m2
cloud water (very
humid
conditions)

Number of days
with very humid
conditions
Increase
significantly!
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AROME 2C (SM)

AROME 2C - AROME

Fraction (%)

Control

AROME (SM)

Fraction (%)

TCWV [RN40] |°SW Europe
+2°C

_AROME 2C (SM)

000 400 800 1200 1600 2000 000 400 800 1200 1600 20.00-1500 -9.00 -3.00 300 000 1500

%

Difference

AROME 2C - AROME

12.00

Fncuoo (%)

N

20.00 000 4.00 12.00 20.00 -15.00 9

Fncoon (%)

I :i—
-l



>

Changing stability of the
atmosphere (1)

» Upper levels warm more (as pressure levels are
pushed upwards) leading to slightly more (less)
stable conditions at high (low) levels

850 hPa (c. 1500 m) 500 hPa (c. 5500 m) 300 hPa (c. 9000 m)
10850 RACMO TP2-CTL
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Changing stability of the

atmosphere (2)

« Maximum CAPE
Increases due to
Increased
availibility of
humidity (more
favorable for
convection)

cape (day max) | North Europe
AROME2C

AROME2C - AROME
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Changing risk of deep
convection?

* Large increases in humidity due to the warmer
conditions

« Some stabilization of the middle and upper
troposphere — lowermost atmosphere
becomes less stable

* Increasing maximum CAPE

* The surrogate climate change experiment
indicates conditions favorable for deep
convection and heavy precipitation
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Changes 1n monthly mean
precipitation

c. +5 % / degree (cf. Clausius-Clapeyron c. + 6.5% / degree)

Control +2°C Difference
a—— ALADIN 2C - ALADIN
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Changes 1n heavy
precipitation

Increases of c. 5 % / degree for the coarse model.

Increases up to almost 10 % / degree for the high res model.

APr/ATd2m [p99.9 (wet hours)] | SW Europe
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Sampling 1ssues?
Are extremes in the control experiment also
there in the +2C setting?
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Hourly extremes

Aggregation to the 12 km grid

* High resolution model adds value at the coarse scale
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Changing hourly extremes

Aggregation to the 12 km grid

« Changes at the coarse scale grid are mostly larger in the high-res model
for extreme precipitation

Central Europe Climate change signal
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Difference (%)

Changing hourly extremes

Aggregation to the 12 km grid

« Changes at the
coarse scale grid are
mostly larger in the
high-res model

* Not always at the
high-end (larger
convective
systems?)
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Changing hourly extremes

High resolution has an impact

 Local maxima

always higher than 80
mean. 70
60
* Response depends .,
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Summary

* Precipitation increases in the +2C climate and
more for extremes than for average conditions.

* Precipitation extremes increases more in the
convection permitting simulations.

* Clear illustration of added value of downscaling.

* The increase Iin extreme precipitation differs
between regions, ranging from 1 to 2 times the
Clausius-Clapeyron ratio, with the largest
increases at the high-end of the distribution and
iINn moist environments.
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