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The relative impact of climate
change and urban land-use change
on the heat stress in Belgium
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Willems, Koen De Ridder, Erwan Brisson, Matthias Demuzere
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Changes in global
soclety

- Technological and scientific
advancements

- Industrialisation, trading, and
business

-> growth in assets, services and
population

1800 -> 2014: 1 -> 7 Billion

World population development




Climate change

Comparison with
CMIP5 models, RCF scenarios emulated CMIP3 RCP

5 — Historical (42)
4 =— RCP2.6(26)
RCP A5 (32)

- RCP&.0(7)

— RCPR&5(30)

RCP 8.5

Global surface warming (°C)

RCP 2.6

1900 1950 2000 2050 2100
Year

Figure from Knutti and Sedlacek (2012).



Urban expansion

LATE AFTERNOON TEMPERATURE

Rurl  Suburbon Commerciol Downtown  Urban  Park  Suburban Rural
Residential Residential Residential  Farmland
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ODbjectives

* To reconstruct the present-day heat stress for an
extended period and for an extended area (Belgium)
based on high-resolution urban climate modelling

* To quantify the impact of climate change and urban land-
use change on the heat stress in Belgium
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Heat stress index

» Definition by the Federal Agency Public Health
of Belgium:

- Heat wave day (h): this is 1 for the days for which

the 3-day averaged minimum screen-level
temperature exceeds 18.2 °C and averaged
maximum exceeds 29.6°C. Otherwise it is 0.

- Heat-wave Degree Days (HWDD): sum over h,

multiplied with the degrees of positive thresshold
exceedances at each day:

HWDD = Z[( T,..—18.2°C) +(T,,  —29.6 °C)+}hi,



/ Scenario's

Land-use change

Climate change

Adaptation

— vegetation

— water management

— energy use

— building characteristics

CLM-Community WORLD

: Eﬁmmunity
I
—— Iran: 1

Mexico: 1
Nigeria: 1
Russia: 1
Saudi Arabia: 1
Senegal: 2
Tanzania: 1

USA: 3

CLM-Community EUROPE

Austria: 3

]

Regional climate model

COSMO-CLM

Heat stress




/ Scenario's

Land-use change

Climate change

Adaptation

— vegetation

— water management

— energy use

— building characteristics

CLM-Community WORLD

Iram: 1

Israeli 2 /g

Mexico: 1
Nigeria: 1
Russia: 1
Saudi Arabia: 1

Senegal: 2

Tanzania: 1

USA: 3

Venezuela: 1

]

CLM-Community EUROPE

Regional climate model




COSMO-CLM + TERRA-URB model setup for Belgium

(a) TUMY and TuUY 7 -

0 20 40 60 80 100

St & T | Vegetation in spring (%)

SR e}
0.
=
i

0 20 40 60 80 100
Impervious Suface Area (%)

Brussels

— 2.8km horizontal resolution; 40 vertical layers

! — Default external parameters in COSMO-CLM
(EXTPAR) + Impervious Surface Area extracted from a
state-of-the-art land-use model ('"Ruimtemodel
Vlaanderen')

— Period:
— Evaluation period: 2012 (nested in ECMWEF)
— longterm hindcast (2000 — 2010); cascade-nested
in ERA-INTERIM
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Evaluation daily minimum air temperatures Antwerp
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300 - F- LT HWDD for Antwerp in 2012 [°C x day] I
' ' ISM  UCM e

URBAN 188  53.1 . —
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Evaluation daily minimum air temperatures Antwerp

riiral
300 - F- LT HWDD for Antwerp in 2012 [°C x day] I
' ' ISM UCM  EOBS e

URBAN 18.8 53.1 0.0 B
RURAL 0.0 19.9 0.0 _

day in 2012
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Evaluation daily minimum air temperatures Antwerp
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— Scale composition: combining small-scale information from UCM with
Large-scale information from EOBS

UCM EOBS
TCOMP _ TUCM _ [Tn *G]i,j | [Tn *G]i,j
1,7 1,7 [1H*K]z‘,j | 1, *xK], ;

— UHI correction factor

day in 2012
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Reconstruction heat-stress index for
2000-2010

COSMO-CLM + TERRA-URB (composite) cascade-nested in ERA-INTERIM




Reconstruction heat-stress index for
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Reconstruction heat-stress index for
2000-2010

COSMO-CLM + TERRA-URB (composite) cascade-nested in ERA-INTERIM
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Reconstruction heat-stress index for
2000-2010

COSMO-CLM + TERRA-URB (composite) cascade-nested in ERA-INTERIM
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Reconstruction heat-stress index for
2000-2010

COSMO-CLM + TERRA-URB (composite) cascade-nested in ERA-INTERIM

130p e e @ Bruges centre ||
120F SR R R @ @® Moerkerke :

pof

ST S S S R S e

...,

B0
L e s s S e e

GO e

HWDD [°C - day]

sof

T S s s s e e W e

b
20

R e







ODbjectives

« To reconstruct the present-day heat stress for an
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use change on the heat stress in Belgium




ODbjectives

e To reconstruct the present-day heat stress for an
extended period and for an extended area (Belgium)
based on high-resolution urban climate modelling

« To quantify the impact of climate change and urban land-
use change on the heat stress in Belgium




Urban expansion
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Urban expansion
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Climate change and uncertainty
for Belglum (2000 - 2060)

T high
_ _ _ _ — middle

Maand

AT approach — add monthly-mean temperature
change to the high-resolution composites



Heat stress scenarios
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Conclusions

* Present-day heat stress in Belgium is primarily
occuring In cities

* Increment of heatstress mainly originates from
global climate change

 Cities are the hotspots of climate change:
Increment of heat stress is the largest in cities
where it Is already warmer

* Heat stress In city centres is further intensified by
urban expansion
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