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1. Regional climate modelling 1. Regional climate modelling 

A RCM can be forced by 
● "free" GCMs for performing future projections (IPCC), 
● weather forecast global models (like GFS, ECMWF) for performing forecast,
● reanalysis (perfect GCM where observations are assimilated into) for performing hindcast
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1. Regional climate modelling 1. Regional climate modelling 

1. The 1. The RCM physics and parametersRCM physics and parameters can be  can be tuned for a specific tuned for a specific 
area/climatearea/climate while the GCM physics needs to work well over each  while the GCM physics needs to work well over each 
climate.climate.
2. Higher spatial resolution for a reduced computer time allows to better 2. Higher spatial resolution for a reduced computer time allows to better 
take into account local circulations and processes.take into account local circulations and processes.

MAR forced by ERA5 
and run at 2.5km
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1. Regional climate modelling 1. Regional climate modelling 

3. Simulation of (extreme) precipitation linked 3. Simulation of (extreme) precipitation linked 
to local topography (barrier) or convective events.to local topography (barrier) or convective events.

Precip: 13-15 
JUL 2021

Precipitation over 31 JUL – 02 AUG 2034 
from MAR forced by MPI-ESM1-2-HR (ssp585)

Precipitation over 31 JUL – 02 AUG 2034 
from MPI-ESM1-2-HR (ssp585)
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1. Regional climate modelling 1. Regional climate modelling 

4. Heat waves, droughts, ... and links to complex land use + ability to 4. Heat waves, droughts, ... and links to complex land use + ability to 
correct GCM biases in the planetary boundary layer.correct GCM biases in the planetary boundary layer.

Tmax in Summer 2034 
from MAR forced by MPI-ESM1-2-HR (ssp585)

Tmax in Summer 2034
from MPI-ESM1-2-HR (ssp585)

urban heat island effect
MPI-ESM1-2-HR is too cold

A
d

d
e d

v a
l u

e s



CLIM0026 - Xavier.Fettweis@uliege.be09/02/26 6/48

1. Regional climate modelling 1. Regional climate modelling 

1. RCM is not able to correct large scale biases (general atmospheric 1. RCM is not able to correct large scale biases (general atmospheric 
circulation)circulation)

Amount of precipitation simulated 
by MAR forced by MIROC6 (1981-2010)

vs
MAR forced by ERA5 (1981-2010)

Amount of precipitation simulated 
by MAR forced by MIROC6 (1981-2010)

vs
MAR forced by ERA5 (1981-2010)
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1. Regional climate modelling 1. Regional climate modelling 

4 Scénarios du 
GIEC

ssp126 ssp245 ssp370 ssp585

GCM1 GCM2 GCM3

~30 GCMs

MAR MAR
Zoom over 
Belgium

MPI-ESM1-2-HR 

MAR

Selection of GCM with respect to
 
1. their ability to simulate current 
climate in the free atmosphere
2. their climate sensitivity
3. the availability of outputs 

CORDEX Europe
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2. Use of future projections: correction 2. Use of future projections: correction 

You need 1st to (eventually) correct the model to have in AVERAGE over 1981-2010 
for example the same climate than ERA5 (the observation).

Raw monthly temperature for Gembloux.

A GCM is not able to simulate
the observed variability but 
the average/std dev
 should be the same!

MAR forced
by

MAR forced 
by
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2. Use of future projections: correction 2. Use of future projections: correction 

The same plot where ave(MPI)=ave(ERA) and std(MPI)=std(ERA) at the monthly 
time scale
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2. Use of future projections: correction 2. Use of future projections: correction 

MPI - MPIcorr

For each month:

MPIcorr = (MPI – ave(MPI))/std(MPI)*std(ERA)+ave(ERA)

We assume that the biases remain constant in time!

ave(MPI)-ave(ERA)

std(MPI)-std(ERA)

J     F    M   A    M    J    J     A     S    O   N    D 

Some times, the correction 
of STD could enhance the 

changes and it is not 
recommanded in this case 
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2. Use of future projections: ensemble 2. Use of future projections: ensemble 
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Raw outputs for the Sart-Tilman pixel
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2. Use of future projections: ensemble 2. Use of future projections: ensemble 

Same with ave/std = to ERA over 1981-2010

IPSL and 
UKESM are 
out of range

The ensemble mean should be computed over BCC, MPI, MIROC, NORESM and CNRM
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2. Use of future projections: ensemble 2. Use of future projections: ensemble 

The ensemble mean should be computed over BCC, MPI, MIROC, NORESM and CNRM
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3. Future change in Belgium3. Future change in Belgium

The current more likely 
scenario is between
SSP245 and SSP370. 
Results of SSP370 will 
be shown hereafter.
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3. Future changes in Belgium 3. Future changes in Belgium (in a +2°C world)(in a +2°C world)
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3. Future changes in Belgium 3. Future changes in Belgium (in a +2°C world)(in a +2°C world)

SSP370: ~2031-2060Ensemble mean of 6 forcing ESMs

+1.3°C vs 
1850-1900

MAR Reference:
1981-2010
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3. Future changes in Belgium 3. Future changes in Belgium (in a +2°C world)(in a +2°C world)
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3. Future changes in Belgium 3. Future changes in Belgium (in a +2°C world)(in a +2°C world)

Water into 
the soil: annual

Water into 
the soil: JJA

Snowfall
Snow height 
> 1cm
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3. Future changes in Belgium 3. Future changes in Belgium (in a +2°C world)(in a +2°C world)

1981-2010 1981-2010

+2°C world+2°C world

+300 %
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3. Future changes in Belgium 3. Future changes in Belgium (in a +2°C world)(in a +2°C world)

1981-2010 1981-2010

+2°C world+2°C world

-30-50 
%
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3. Future changes in Belgium 3. Future changes in Belgium (in a +2°C world)(in a +2°C world)

1981-2010 1981-2010

+2°C world+2°C world

Warm:
Nbr of 

summers
> Tave + 1*std

Hot:
Nbr of 

summers
> Tave + 2*std

Warm

Hot
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3. Future changes in Belgium3. Future changes in Belgium
1981-2010 1981-2010

+ 2°C World + 2°C World

Dry summer

Dry summer

Wet summer

Wet summer

Dry:
Nbr of 

summers
< PPave - 

1*std

Wet:
Nbr of 

summers
> PPave + 

1*std



CLIM0026 - Xavier.Fettweis@uliege.be09/02/26 23/48

3. Future changes in Belgium3. Future changes in Belgium

1981-2010 1981-2010

+ 3°C world + 3°C world

Dry summer

Dry summer

Wet summer

Wet summer

Dry:
Nbr of 

summers
< PPave - 

1*std

Wet:
Nbr of 

summers
> PPave + 

1*std
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3. Future changes in Belgium3. Future changes in Belgium

Evolution du SPEI (Standardised Precipitation-Evapotranspiration) index

© Miriam Baudewyn

2021

1976
2019

2022
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3. Future changes in Belgium3. Future changes in Belgium

Anticyclonic blockingAnticyclonic blocking
=> heatwave and drought in summer=> heatwave and drought in summer

Depression blockingDepression blocking
=> rain and flooding=> rain and flooding
& +7%/°C water in the atmosphere& +7%/°C water in the atmosphere
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3. Future changes in Belgium3. Future changes in Belgium
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3. Future changes in Belgium3. Future changes in Belgium

Nbr of heat wave days

Heat wave = 5 days with Tmax > 25°C 
including 3 days with Tmax > 30°C

1981-2010 
(+0.7°C)

+2°C world
(~2030)

+3°C world
(~2060)

Antwerpen 7.8 16.3 25.7

Arlon 3.7 10.2 17.6

Bastogne 0.8 3.3 7.9

Brussels 9.2 17.6 26.8

Hasselt 8.6 17.9 27.7

Liège 6.4 14.4 23.4

Mont-Rigi 0.4 2.3 5.3

Ostende 1.2 4.0 8.3

Uccle 6.4 14.1 22.4
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40°C was already observed 
in 2019 but projected in 2040
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3. Future changes in Belgium 3. Future changes in Belgium (in a +2°C world)(in a +2°C world)

Le climat Le climat 
à Liège :à Liège :

Le Man (2030)

Poitiers (2050)
Angoulême (2070)
Agen (2090)
Toulouse (2100)

Climate of Liège in 2100 ~ climate of Toulouse!Climate of Liège in 2100 ~ climate of Toulouse!

Observé Observé Projeté Projeté Projeté Projeté Projeté
1981-20102011-2022 2011-2030 2021-2040 2041-2060 2061-2080 2081-2100

Température moyenne (°C) 10.3 11.4 10.8 11.0 11.8 12.7 13.7
Température en été (°C) 18.0 19.0 18.7 18.9 20.0 21.2 22.2
Nbr de jours avec Tmax > 30°C 7 10 10 11 17 25 34
Nbr de jours avec Tmax > 35°C 0 1 1 1 2 6 8
Nbr de jours avec Tmax > 40°C 0 0 0 0 0 0 1
Nbr de jours avec Tmin > 20°C 3 6 5 6 11 17 29
Nbr de jours avec Tmin < 0°C 44 28 39 38 30 24 6
Nbr de jours avec Tmax < 0°C 13 7 10 9 7 15 4
Precipitation annuelle (mm) 834 777 862 854 883 865 870
Précipitation en été (mm) 288 285 290 281 286 256 264
Chute de neige (mm) 68 54 63 61 43 34 22
Nbr de jours avec 1cm de neige 5 3 3 3 1 1 1
Ensoleillement en été (%) 100 103 101 102 104 108 108
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3. Future changes in Belgium3. Future changes in Belgium

Production = ρ v3

Air density ↓ Decrease in summer
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4. Extreme events4. Extreme events

To have extreme events (like tornados, thunderstorm, …), we need:
1. high temperatures (which is enhanced by Global Warming)

=> Global Warming brings more energy to the system

2. vertical instability (which can be dampen by global warming)
=> the warming of high atmosphere will be larger than low atmosphere

=> more stable temperature profiles (at the large scale at least)

3. thermic contrasts  (which can be dampen by global warming)
=> Warming of North Pole is larger than Equator

=> damping of the atmospheric dynamics 

4. weak atmospheric dynamics (which is dampen by global warming) 
=> Global Warming favours blocking at our latitude which enhances extreme 

events 
+ the climate models are not able to generate them

It is very hard to predict their evolution BUT It is very hard to predict their evolution BUT 
due to the expansion of human due to the expansion of human 
infrastructures, a same event will generate a infrastructures, a same event will generate a 
lot of more destruction!!lot of more destruction!!
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4. Extreme events: July 2021 floods4. Extreme events: July 2021 floods

Ternel 208

Ouffet 103

Louveigné 152

Spa-Malchamp 229

Jalhay 289??

Mont-Rigi 210

Butgenbach 124

Robertville 96

St-Vith 109

July average

mm/3days

Total precipitation: 13-15 July 2021Total precipitation: 13-15 July 2021
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4. Extreme events: July 2021 floods4. Extreme events: July 2021 floods

13-15 July 2021

12-14 September 1998

7-9 October 1982

Statistics for the Vesdre valley
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4. Extreme events: July 2021 floods4. Extreme events: July 2021 floods

12-14 September 1998

13-15 July 2021
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4. Extreme events: July 2021 floods4. Extreme events: July 2021 floods
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Only 2 scenarios suggest event like July 21 

Optimistic future projection

Data : MAR forced par MPI-ESM1-2-HR
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4. Extreme events: July 2021 floods4. Extreme events: July 2021 floods
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All scenarios suggest events like July 21!

Less optimistic projections
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4. Extreme events: July 2021 floods4. Extreme events: July 2021 floods

© Josip Brajkovic

20yr return precipitation 
event over 1951-2021 
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4. Extreme events: July 2021 floods4. Extreme events: July 2021 floods

© Josip BrajkovicChange in intensity: +7%/1deg
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4. Extreme events: July 2021 floods4. Extreme events: July 2021 floods

© Josip BrajkovicChange in frequency: - 50%/1deg
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4. Extreme events: rainfall4. Extreme events: rainfall

Can we wave worse event than the July 2021 one ?Can we wave worse event than the July 2021 one ?

Certainly yes but locally 

29 Mai 2008 at Liège (Rénory)

© MétéoBelgique

+1°C in surface 
= + 10 % of the 

worse event

Currently : max precip ~150 mm/h
In 2050  : max precip ~200 mm/h
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4. Extreme events: winter flood4. Extreme events: winter flood

Days favourable to flood 
(rainfall + snow melt)

Days favourable to flood 
(rainfall only)

Days favourable to flood 
(both)
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4. Extreme events: winter flood4. Extreme events: winter flood

Days favourable to flood 
(rainfall + snow melt)

Days favourable to flood 
(rainfall only)

Days favourable to flood 
(both)
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4. Extreme events: hurricanes4. Extreme events: hurricanes

Could you have hurricanes in Belgium ?Could you have hurricanes in Belgium ?
A priori NOT but:A priori NOT but:

October 2005October 2005 : Hurricane Vince : Hurricane Vince
was born close to Portugal in an was born close to Portugal in an 
area where it can not (SST = 21°C).area where it can not (SST = 21°C).

1)Theory of hurricane still valid ? SST > 26°C?
2)What about Medicanes ?
3)Climate models not able to generate them
4)More energy but more stability

29 October 202129 October 2021
Medicane ApolloMedicane Apollo
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4. Extreme events: sea level4. Extreme events: sea level

+1m
(BE: 630km²)

Belgium is mainly 
sensitive to 
Antarctica

apocalypse 
glacier

+ 1m is very likely in + 1m is very likely in 
2100 in Belgium2100 in Belgium
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4. Extreme events: sea level4. Extreme events: sea level

1. Low pressure
2. Wind towards the coast
3. high tide

1st Feb 1953

More severe storm surges are expectedMore severe storm surges are expected

(c) Randresihaja et al. 2025

In the Scheldt estuary,
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4. Extreme events: forest fire4. Extreme events: forest fire

Conclusion of the Plan Vesdre: 
In future, floods will be not the problem but well forest fires!!

+2°C : risk of floods every 10-20 yrs+2°C : risk of floods every 10-20 yrs
+4°C : risk of forest fires+4°C : risk of forest fires + droughts  + droughts 

every summerevery summer
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4. Extreme events: forest fire4. Extreme events: forest fire

Area favourable to Beeches (Hêtres)

Foret de Soigne Foret de 
Hervelee

Dying beechesDying beeches
South WindSouth Wind
Heat waveHeat wave
Dry summerDry summer

1980     2050
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4. Extreme events: forest fire4. Extreme events: forest fire

Scolythes ? Too Dry ? Scolythes ? Too Dry ? 

Hautes-Fagnes will beHautes-Fagnes will be
naturally reforested naturally reforested 

End of the Hautes-Fagnes and risk of fireEnd of the Hautes-Fagnes and risk of fire
Climate of Mont-Rigi in 2100 => climate of Liège in 2000Climate of Mont-Rigi in 2100 => climate of Liège in 2000

spruce

Tetras-Lyre
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5. Impact on tourism5. Impact on tourism

- The end of skiing in the Ardennes
- Water levels either too high or too low in summer for kayaking
- Risk of forest fires in summer
- Heatwaves in Lower and Central Belgium

+ More sunshine in summer
+ Development of tourism in autumn and spring
+ Development of a “fresh” tourism in the Ardennes (forests)
+ Development of a "beach" tourism near reservoirs

Tourism in a +2°C world is ...Tourism in a +2°C world is ...

ButBut
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