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IPCC Scenarios Global warming
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= UHI is exacerbated by anticyclonic conditions imsoer especially
during Heat Wave events

= HWs in cities have consequences
Health (extra or premature deaths)

+ e.g. 2003 HW in Paris or 2010 HW in Moscow (700tdsa day)
Energy demand

= In this context, our study focuses on cities vuadidity to HW events
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Objectives

Main purpose establishing a range of possible
future HWs over Paris region by analyzing their
evolution within climate model projections

HW definition

Definition validation by extracting historical HW
events over the study area

Extraction of future HW events within climatic
projections (RCMs + IPCC-scenarios)

Analysis of future HW characteristics

AGU Fall meeting 12-17 december
2010, San Francisco
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HW definition

Definition based on the Meteo-France operationahwg
system for HWs
BMI : Bio-Meteorological Indicator
Tnight& BMIn and Tday= BMIx
2 stages :
Detection of HW peak by applying thresholds on BMIs

BMIx or (BMIn+BMIx)/2 > Q99.9 (provided by the wamg system)
HW duration : all adjacent days for which

BMIx or (BMIn+BMIx)/2 > Q99.9 - 2°C

HW event
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Historical HWs extracted within a reference
observation time-serie (1950-2009)

Heat waves — Ohs
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Main past HW events are
well described in intensity
and duration
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AGU Fall meeting 12-17 december
2010, San Francisco
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IPCC-
SCN
A2

ARPEGE CLIMATE Variable Resolution B1

CNRM RM 5.1 ARPEGE
DMI HIRHAMS ARPEGE
DMI HIRHAMS ECHAM
KNMI RACMO2 ECHAM
ICTP REGCM3 ECHAM
SMHI RCA ECHAM
MPI REMO ECHAM
ETHZ CLM HadCM3QO0
METO-HC HadRM3Q0 HadCM3QO0

AGU Fall meeting 12-17 december
2010, San Francisco
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Quantile-quantile plots for BMI
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0 20 40
REMO
ECHAM

In agreement with obs : RACMO2, ARPEGE

VR

Underestimation : HIRHAM5 (ECHAM), RCA
Overestimation : RM5.1, CLM, HadRM3QO ...
Influence of GCM drivers:
ARPEGE-> HadCM3Q0-> ECHAM



2 ot ARPEGE VR A2

ARPEGE VR B1

METEO FRANCE
Toujours un temps d'avance

0
5
0
5
02000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100 02000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100
70 70
65k 1 ]
2 & ARPEGE VR AlB 371w 2 &St RMS5.1 (ARPEGE) AlB
g ssf ' 1 2HWS 55t ]
& sof {13HW 50f ]
m At 114 HWE ast 3
R ! " jisaws 4o ]
B 30f PO HW 5 550 I 1
25F I I 17HW 2 35F I ]
E uf . i 180w E 2f :
Z st Z 1t |
10F I | ok 1
(S)hj v o 0w B, 0m . N3
2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100 %00(] 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100
70 70
2 & HIRHAMS (ARPEGE) AlB g SoF HIRHAMS (ECHAMS) AlB
S 55t 8 5sb 3
S0f b ]
2 o 25 :
= 40f i ]
© 35t s ‘3‘ 3 ]
o 30F B L d
< 25t 23 ]
2 B -
10f Z 15 ]
st i

L i I I. s shys . l.l v Llma I
2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

%000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

PP UNOUNO LD NS RO UNONO PoOUMCUMOLOhShdOhdh

000
70 7
¢ &f RACMO2 (ECHAM) AlB | ¢ 5f REGCM3 (ECHAM) AlIB 1
< gs- ] 3 g b 1
oF E 3 ]
o 40f E = 40F ]
© 3sf 9 © 35t ]
B 30F i B30} 1 1
2 25F 9 g 25t ]
g 20} b 5 20r | 11
Z 15F 1 1 I | 9 Z 15F 1
1of ' ' 1or ' 1 1
o TR . . :
9000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100 000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100
70 70
¢ 8 RCA (ECHAM) AlB 2 65t REMO (ECHAM) AlB
S ssf ke = 55k ]
50F ] Sob ]
| ' |
o A0F ] 3 ]
© 3st ] “f bl ]
o 30F 1 F 9
2 25} I 1] 23 ]
| ¢ |1 1HW
=
Z 15F I I Z sk . i
10 1 | 10f ' !
%I L.l L LN maoalm L, La.a d 2 HW
000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100 9000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100
n 7 1 3 HW
2 65F CLM (HadCM3QO0) AIB j 2 b HadRM3Q0 (HadCM3Q0) AIB ]
< <
< st 1 2% - 4 HW|
s0F ] s0F 1
3 T 1[I 5HW
o 40f ] = 40F ]
© 35F 9 © asf ]
B30} 9 B 30f I ] ‘ﬁ 7l
S 55k ] -g 25F 1 1 H
) g 20F 1
2 Z | s 7T HW,
10F 1 M B 10F I ' ] | | ]
3% ] A A1 B L ]
9000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100 9000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100 I 8 HW




B O o oo
70 Toujours un temps d'avance

2 I ARPEGE VR A2

Number of HW da

%OOO 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

¢5f  SMHI RCA (ECHAMS) A1B]

Number of HW days

000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100 I 1HW




Maximum BMIn (°C)

I o |

30
297 max HW in 2075-2100
287~28°C(82°F)
27
26 =
25 g |
o4 | ;
231 . | | |
224 — | !
214 | |
20 : O —
19 - .
b , ' 2003HW,
| | ~20,°C (68 °F
L | | |
et : l |
154 —L— " _“
‘ L]
14 1 ’
12 .
124 ¢
" BMIn
10
T I T -T
¥ > )
y & & 8
v v A2
] S 0
s § &8
Y Y v v

Maximum BMIx (°C)

41

L4004

46

max HW in 2075-2100

45 -
44 -
43 -
42 -

~46°C (115°F)  °

—

o

| 2003 HW

29
38
37
36
a5
34
33
32 1
31
30
29

39 °C (102 °F)

28

Nb of HW

Duration - 2075-2099

METEO FRANCE

Toujours un temps d'avance

2003 HW
11 days
e
Max HW
ua
> 1 month
= [ I =T I_H_ I I 1
0 10 20 \30 /40
Length (days)



40

38

36

3

32

30

Intensity {Celsius degress})

28

26

24

40

38

36

34

32

30

Intensity {Celsius degrees}

28

26

24

Heat waves — Obs

B T T T T T T T ]
- o 2003 ~
E o 1990 o 1976 1950—-2009 ]
B P E P R S A R R I R S St M A s R
Q =] 10 12 20 25 30 35 44
Duration (days}
Heat waves — ARPEGE VR Bl
T Sy B [ ) B
A I I I I I I I ]
8] o 10 ki) 20 25 30 35 40

Duration (days}

Intensity (Celsius degrees}

Intensity (Celsius degrees)

40

&

36

34

32

30

28

26

24

40

38

36

34

32

30

28

26

24

METEO FRANCE

Toujours un temps d'avance

2084

O 5 10 15 20 25 30 35

-
o

Duration (days)

Heot waves — ARPEGE VR AILB

95

TT T [ T T T[T T T[T T T[T T T[T T[T T[T
vl b b v P b ™ e by ag

0 & 10 15 Z0 25 30 35 40

Duration (days)



N
o

Intensity (Gelsius degrees) Intensity (Celsius degrees)

Intensity (Celsius degrees)

N INTENSITY (°C)

ARPEGE VR A1B " Heat waves - CNRM RM5.1 -
¥ s 3
3 _sE 4]
E g T a
5 5o
g 0 ]
> § 2t o 2370 5
: ‘_?’ zui &° ° 2093 :
[ o ]
- £ [ o ]
7 1950—1999 s @ 1950—199 ]
1999 0 6 31 1999-2050 1
2049 E i 2049-2100 ]
f L L f L L 24[ L N L L N L L
= . — - - 35 - "] 5 10 15 zo( )25 30 35 40
Duration (days
0 DURATION (days) 40
Heat waves — Heat waves — KNMI RACM02
DMI HIRHAM5 ECHAM o ]
38 - 3B E
s ] 36 .
[ ¢ 2099 ]
34 . gk 4
L E -] ]
[ K é Ery . 3@ o o 2009 A
E & 1
sof a ] Z b E o 3
E ] ° 8 ]
; 2 2498 1
w o, ] = 28F g@ 8 ° b
[ 4°.8 1950-1999 53% 1950-1999 ]
sl 25 1999-2050 ] %f ¥ 1999 0 3
I 2049-2100 ° 2049-2100 ]
24[ 1 L L ! | I 24 L1001 L L L L L L k|
) 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
Duration (days) Duration (doys)
Heat waves SMH' RCA —r3 Heat waves - MPI REMO 14M5
40 40[ E:
B ] 3 3
36 4 38 4
; L ]
34 - g 34 —
L g 7
A s o O ]
s N znf O 3
E [+ & 2082 % t oo 9
sn:— -] %o 4 é so:— e E
wf $0°8 o, ° ] | 0, 3
[ 1§88 1950-1999 £ gga‘:, 1950-1999 1
sf 10 ¢ 19992050 5 6L §F° 1999 1
[ ed 2049-2100 L 2049-2100 ]
24 1 L 1 1 I 1 24 L 1 I L Il L 1 |
Q 10 15 20 25 30 35 40 o 5 10 15 20 25 30 35 40
Duration (days} Duration (days)
pe Heat waves — ETHZ CLM § Heat wovee METO-HC HadRM3QO
40 . T !
=E 1 8 E
ECS . _ 38 -
f Y ,
Hf o 2094 - o & B
E ° 28887
. ki 2 [ 2077 3
E oRs | RN Y | E
oF g 4 £ 30f b7 2098 3
[ o 7 "5@ i
28 °§°° Q 4 £ 28F e, ° .
E §s§° e 1950—199 [0 1950-1999 ]
[ Pe%es ° 19992050 E saf oy 19992050 1
2049-2100 L 2049-2100
24 L L L L L L 240 @, 1 L L 1 L i 1
a 10 15 20 25 30 35 40 o 5 10 15 25 30 35 40

Duration (days}

20
Curation (days)

0 Heot waves - DMI HIRHAM5 ARPEGE
38 5
_ 36F b
z
H
§ 34+ 7
= 2070
g [
2 B2 20 ]
S I
Z 3 @ =
3
< %F ?; Y 4
U . 1950-1999
26 & ! " 1 2050 B
24 L . . L . . .
0 5 10 15 0 25 30 35 40
Duration (days)
Heat waves — 3
w0 ICTP REGCM3
38k =
sk ]
ki
g [
g 340 .
Sp
2 L
= a2 B
g L @
% il
Fof g0 8 o ]
2
£, F %
£ 0 ° 1
E %g‘g g 1950-1999
PR AR 1993-2050 4
5 2048-2100
24 L L I ! L L L
) 5 10 15 20 25 30 35 40
Duration {doys)

METEO FRANCE

Toujours un temps d'avance

o)

Future HW seriousness

10 simulations, 1 scenario: A1B)
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= Conclusion of the analysis

For extreme HWSs in 2075-2100 :
+ Increase in intensity: 22 °C72 °F)< Mean Intensity < 36 °@7 °F)
+ Increase in duration : up to one month
+ Increase in frequency: 2-3 HWs per year

= Modeling of the impact of these future HWs on urlchmate

Using a specific urban climate model TEB in oraesimulate air
temperature at street level, evaluate energy copsom...

Using several projections of Paris 2100 (expansmiansive use of air
conditioning systems, adaptation strategies sugjieening strategies ...)

mospheric forcing
3 Atmospherlc forc
= Reanalysis or climate projections

SURFEX land surface modeliing system
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Figl. Schematic of the SURFEX system including TEB and ISBA, running in offline mode. A. Lemonsu 2010
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Paris 2100
imagined by two
Parisian architects
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SOURCE : Yannick Gourvil and Cecile Leroux, colledET ALORS
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