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Abstract Data

RCM Simulations
* EURO-CORDEX domain at 0.44° resolution

* ERA-Interim forcing
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Land use/land cover changes (LUC) modify local land surface properties that control the
land-atmosphere mass, energy, and momentum exchanges. The impact of these changes
depends on the scale and nature of land cover modifications and is very difficult to
quantify. The Flagship Pilot Study LUCAS (Land Use & Climate Across Scales) provides a
coordinated effort to study LUC using an ensemble of regional climate models (RCMs).
Heatwaves can be defined as extreme hot consecutive days and have a variety of direct,
indirect, immediate, and delayed impacts, including higher water loss via
evapotranspiration, lower yields of agricultural products, severe health problems,
increased energy consumption and increase in the duration, size, and intensity of
wildfires, causing economic losses and catastrophic environmental impacts.
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3 Land Use experiments

* Current vegetation (CORINE)

KON

35N

* Trees replaced by grassland (GRASS)
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» Grasses and shrubs replaced by trees (FOREST)
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* 11 European research institutes

Methods: Heat Wave Events 1986-2015

Latitude (°N)

Latitude (°N)

Latitude (°N)

o > > AUTH BCCR IDL :
* Daily Maximum Temperature magnitude (MT): 70— .\ | 7 | — 70
’ el | 1 ’ Cori
] 4.2 : 1 4.2 T (| 4.2 O r] n e
fod - P25 a T > P 60 | * | | | 3.6 60 - . ‘ {I ‘ l 3'6A 60 - ! ' | “ ] ' ‘ i) " 3.6
P — P lf xd 25 g | | 30 & 1 ) ]' 30& | | H '. | 3.0
MT(Txd) =4 175 25 9 1l ' I 9 “ | 'i | | g (1] . |
\ s 2 - o (e R | ol R min .. Although  with  some
\ 0 lf Txd g P25 © | .['v l‘ 1] :n 18 ®© .l . | 18 ®© | | I ,' l | ’ 1(‘ ‘ 'i‘ 1.8 g
] fli (TR ‘ 1.2 ~ (- i3 Uiy Ll 1 i 1.2 . . :
o ST 0 R ‘i I e L }.'i (1R | S ik A R ' differences in magnitude,
. . ! YI r | \1h [ WY " ‘ -“T, Lok . gl |1| ; lt I Wl . ’:i"ll ‘ i ‘ il 4 g 1' J"‘ 18l i
* Daily Latent Heat Flux Magnitude (MH): bt e e e e B e the models can represent
1986 1990 1994 1998 2002 2006 2010 2014 1986 1990 1994 1998 2002 2006 2010 2014 1986 1990 1994 1998 2002 2006 2010 2014
ETH GERICS S the major European heat
fhfl 70 70 : - 70 -
Sd _ Ph ] 1] : 1 4.8 R \ }1 U ) 4.8 | h l | 4.8
AN - - 2 if hflsqy < Py | | .2 | Ll !’i\ i 0L e .. waves, e.g. 1994,
Sa) = Pr7s = Phas " | 1 (| s sod I E] ’ I b | | (it [ |
0 lf hflS > P g | HAlE I " 3.0 | ' 5 ‘ 1l i_’ | I 308 | | ; i’ ' | 3.0 2003’2006’ 201 O’ 201 5'
\ ¢ Z Py w | 0 Y e AR W R
E 5 ] | | ‘ .L 2.4 ; so It ! LRI 1[4 |4 ] (4l :" 2.45 i { ,‘ ! ' il ' 2.4
. . § [i M 1.8; | .ir’\ | '.‘,‘:" | 1.8§ .' | i 1 B L 1.8 .
* Latent Heat Flux-Temperature Coupling Magnitude (LETCM): AR 1 s T i AL ST \ J ke Larger  percentiles  are
L L T T 1 e I 0.6 40 Uil B i l BT | ‘ | AT W o6 40 TN TEIF vt it AL 'i:“""l';‘: | 0.6 :
. ZMT(T S MH IS Ay T e R R e L R associated to shorter, but
= Xq) * Sq4 1986 1990 1994 1998 2002 2006 2010 2014 1986 1990 1994 1998 2002 2006 2010 2014 1986 1990 1994 1998 2002 2006 2010 2014 .
more intense heat waves.
4 4 ‘ (o)
e 5 ) S 95% of extreme heat
] P90 P90
R - waves have a maximum
P, and P, daily percentiles centred on a 91 day window - - - soj\ ¢ v 2% of th
25
: : : g g g range o on o O e
Tasmax > P, daily percentile centred on a 31 day window f P S ] \\ e S y
. P uropean continent
Heat Wave: Tasmax > P85, P90, P95 for at least 3 consecutive days “ § SRR P
10 \‘\\,\
Z \\“\;\\”;:*-0—\0"—0‘_—.;‘————; i
0 2 ' 4 6 ' fl3 ' 10 ' 12 14 ' 16 18 20
orest rass
AUTH ETH AUTH
ETH 70 ‘ - - 1 70 70 45 45
L ‘ ‘ 4.8 108/ AR A IR AT = 48 g *1F t —=— P95 —=— P95 1 —=— P95
| ‘ ! | 4.2 1 is . 4% ores —— P90 40 —— P90 407 —poo]
. \ 4.2 ot el e Tt B O Al B | | | : ,' B | I - 30 . ~-—- P85 s —-—- P85 o —-—- P85
i " o O T lt 1 o g i 55" OO BRI ‘ - A - - w]
© I ‘ | = 5 | '1 | l| r\ l e < i | | | | 30 & Y] | 30 % /'I/ /\\\\ < AN\ |
e hl il ' : o i |' ’ l g 7 il g ' " | | | g ® ol g en g
2 50 24 2 50 - t ‘ e = ’ ‘ 24 8 . \ ‘ 2.4 ) 1 l// \\ ) Y v \
® . 1.8 = 1N ' Iy 1 £ 907 i £ 207 | i g ! \ g °1° g
- | | l = Ul i ‘ I 18 L | ‘ 1.8 o , ‘ ;‘ | AR 1.8 ° ] I.’ \\\\ g 5 \ g s \
R R T i L (o 12 LU B 010 e 12 n Lol oIk 12 10 ! L\ 10 AN 10 AN
A | ' ! ! “": ;‘ TS O 0.6 40 — ; ‘ ‘ .’ [ l‘l | I | ! 1 I | ‘ l» ‘.‘ "l ‘ | ‘ | ‘ ‘ 1 ! / . \ | > \Q\
N ‘ Wt ) O SURN L ORI A Y AL 06 40 —ih it L LR 8 i 0.6 40 1, : LY I ' 0.6 > ,-'i % 5 s I e
T T T T T T T T 0.0 (i N ['A VMY | {911 Ll | i ;t Wi | ' . ’ | | 1 , ( .. .\'\ | ] === e
1986 1990 1994 1998 2002 2006 2010 2014 J T J ' T T T J 0 C ’ p 1 0Oy pee DRTUN B R 0.0 : L s s a M ‘ 0.0 (I : — : : 0 : : : : . 1+
1986 1990 1994 1998 2002 2006 2010 2014 1986 1990 1994 1998 2002 2006 2010 2014 1986° 1990 1994 1998 2002 2006 2010 2014 0.0 0.5 1.0 15 Magzr;?tUde 25 3.0 35 4.0 4 6 8 lfength (zzays) 14 16 18 20 0 2 4 6 8 Lanzo(%) 12 14 16 18 20
GERICS BCCR GERICS BCCR ] ]
70 R : — — 70 ‘ 70 . 70 = 7 — 4 —
| !\ | | li 1IN | | 4.8 | [l | 4.8 l { ' | r i t | | 4.8 4.8 S Grass | _ggg “ _ggg “ _zgg 7
fIU R “lr S 4.2 [ | ‘ 4.2 ‘ | SR ol |l 4.2 4.2 30 N —-—- P85 \ —-—- P85 1 —-—- P85
\ ‘ e b ! 'i " { ‘ A | | ‘IM | | “ , E b ! ‘ i ) 35_ 35-
S 99 1 { h [ I ’ L :{ | ‘ |, 36 =~ 60~ ‘ l | %0 — 60 1 ‘ i ? L BN 11l | ! 3.6 —~ 60 - } 3.6 = 25 " o 30 \ = 30 \
e } | A \ |! | ; 30 £ ' | | N ' i | 1} 3.0 g ‘ | 14 ;It "L“ ‘ 2l ’ I o I | | | | 5 9;; ) ;,-//\.\ \ s:; 25.\& % 25.\
o (R1 LY T THR Y .- NULTRR it M- < |1 LRl 11 il £ IR | i s sl \ |
Ssoq 1R 1 (I8 IR I, 2 50 4 ET | | | 1 | , . I 2.4 B 55 ! ' ’ 2.4 2 . ; \ g R \\
S ot | i \‘ | ‘ [‘ die (8 | 1.8 S I \' " i [ ] | \ , 1.8 § ‘] 1 : '“ ?‘ : Nl gl L 1.8 E | } [ ‘ 1.8 § !! / \\\\\ § 15- \ ;Té 15_\‘\\
ARATRE LRI RR Y (R0 (el O (M 1 R D ‘ 1.2 | NIRRT R I R | T | 12 K ;' O 10 0] 4
40 TN lii‘g | ".-,',!1;1‘:’»_3;“.';3, [ 0.6 40-’;‘i o 0 i |\ I ,él;'[ 0.6 e ! ’lvl;"fi\‘;«rl"s, f*t‘ 40 - | | ',-( I 5 /,i// \\ ] - ] N\\\
l'l ]l “ ’l!’ ' “1 ‘ 1] “’l‘“ :4'['\l il l\, 0.0 . \ 'Ill =' M l‘ Ll L \ l' dh -ll 0.0 Iy ' I 1 ;‘ . I’V II I;'! | 'lﬁl | ' “ i l | L l | E I | \ b o X ’4// ' \§\__ — ol ' ' : \\\: : . - . ol ' ' HW%—‘T A e
1986 1990 1994 1998 2002 2006 2010 2014 1986 1990 1994 1998 2002 2006 2010 2014 T T T T o 5 T 0.0 T T T T T T T 1 0.0 0.0 05 1.0 15 2.0 25 3.0 35 40 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
1986 1990 1994 1998 2002 2006 2010 2014 1986 1990 1994 1998 2002 2006 2010 2014 Magnitude Length (days) Land (%)
SMHI IDL 70 >MH! ‘ 70 e 45 45
70 1 AT I 4.8 70 4.8 i ! ’ imyl | ’ 1] 48 8 35 —s— Forest P95 —s— Forest P95 —=— Forest P95
| \ ; ' ‘ i —e— Corine 40 —e— Corine 40 —e— Corine
| ' z [ | .’ 4.2 I ‘ I i‘. 4.2 \ 1 ] ' | lv‘ AL | | 4.2 , ' | | 2 30 ,:',\ +§rasst|£989§ a5 —‘—Erasst{'é):{ 35' —A—g‘rasstlgsifz
dyly 0 TLE AL I | il I} _ 60 " Y IE || B A0l R F36 60 || I | 19 3.6 N T e - T o ] T o
= %7 | | f I ‘ 5 ’ | \‘ 1 0 = 00 ‘ f 1 ; I 20 = l || P 1 ’ | ' | = ‘ I ': J ' g 25 /I A —-—-grass FI’38855 g 30 \\ —-—-grass FI’38855 g 30 ‘\ —-—-grass I;3885!5
g | l’ | U | 30 & I ) ? 3.0 < | | | ] 30 < | } i I T i/ %\\ = \\\\ = \
- LT R AL 11 TR TR g L W AL R I AT . Ew i £ =\
2s04 ff 3 | 254 '," | 1! e i) 0 1ff i £ 50 A ! | el g I | I || ' z s i / ‘\T'\\ s ] & s
© ' Wl 04 :, , 18 ® ' '1?41 il \“ | I [ (A 1.8 o f'. 1 TN nR .‘ 18 @ \ Il ‘ | ! w: ’ *} \} 1.8 § ! / -\\‘:3:\ § A § 15"‘;\
| ' 'li 8 ' i ] 12 ]t‘ it ‘\ AR Bt T l?? 12 il | bt LR MRIINEY Wi B 22 it ARl (IREE 12 . [ AN
O IS ’Mf‘ & & a0 4|1 J‘i"‘.f;'; |""| 1 i{‘," Y 0.6 40 o RIRR R (R IWHND ' ] 0.6 40 4| | 'l B e 0.6 5 i % ] IR
i (43 1179 e bl I LIk N, I L "(ll] | ‘; 1 .l,"“"*rl il ?'l;“.’r | ";'.' "“l'!‘ - B0 LS A A 4 AL n i1l IR it * | I " i bl 0GR 0.0 1. .{' J | “x\ S — _ 5
1986 1990 1994 1998 2002 2006 2010 2014 1986 1990 1994 1998 2002 2006 2010 2014 1986 1990 1994 1998 2002 2006 2010 2014 1986 1990 1994 1998 2002 2006 2010 2014 0005108 Magzrftude 28308540 ! ® s 1L°ength(1dzays) S ° Land 56
LETCM  Corine Forest Grass lusi
Conclusions
70 ‘ ‘ 0 70 0 70 0 70 0 70 0 3 "
| ‘ B . -2 =2 \ ' ! ! ! -2 ‘ | 1 -2 | (1] -2 -2
( ‘ | .: ‘l - = [ | : | \ | i | l‘! : . . . .
wd 1 I TR e el B 8 IR ] R HRE Y | ‘o | -« |+ Afforestation induces an increase in the number of heat
I | ' -6 < -6 s I URW BRI | |l -8 < ! AR ' y -6 < ; ‘ -6 I -6
| ] TREEIE! (R g | g I VR TR A g fiy g TR : | |
s0 - ‘ =08 5 ! ' -8 3 _@ I | -8 2 o J (8 L ! 8 2 50 - i *F ol =
f !!' ! | -103 ' -10 § 1 | ' (] | l “,.' l‘ \ 1o§ Wit l- | 10 8 ] | |* —1|'§ %0 - waves
BR | it Lo | |
ko a2l 12 ¢ 12 | | , 12 TR R R P T R SN 12 -1
- - | l bply - — ) | ! ,‘~lij, "' ) } ) 510 1 A 12 hd >
ki | - BRELA u D 1R PR B TN T | i | . |* The new extreme heat and latent heat metric emphasises
1986 1990 1994 1998 2002 2006 2010 2014 1986 1990 1994 1998 2002 2006 2010 2014 Sobe 1ot Hask Kodhino0s D008 30N Fots SoBE 1000 1004 3868 2060 D508TI0i0 DoYA TO6E 1000, 1568 35692000 20683050 2014 LSO, O . 20.(;; 2‘0-06 A o '
GERICS 5 et S GERICS _ . 5 BCCR : cemice - positive temperature extremes associated to reduced
70 . 0 o ~ . i ‘ : 70 0
!. . : "‘ 1 '! -2 ’ | ) 2 i l | |l ’ -2 | | | -2 70 ] T 0 . ) )
RIS R LR y U] SR I T BTN RO R . {1 » x - evapotranspiration.
ads ‘l ‘ “r.' g - f - = |} | """l:"‘| .' i . Ll | 6 604 1 LI s i ] e S0 -4
" 1y -6 § | & 0 t IR LR | Y " i 18 RL0 R A g I It I = -6 . . . .
MR 7 Lt i = £ = | ™A gk ] ” = 2 1 (A Ul | ST R AR T ~ |+ High LETCM values in afforestation show that the increased
g o R 3 t -10 ® ‘ | i | 108 M g i ¥t -10 2 50 4 ' AN £ %
; | ( ’ 0 12 ) ’ l USRS 4 -12 LS ’ rr" ) ' 3 | l 13 " . . . . . . .
MR NSIUE | SEPERLE [ TR | 7 = | evapotranspiration in forests during spring, induces low soil
40 | y 1 14 A ! 14 40 o Y a0 - )
TR [T IR R IR MY SR 1900 19Ny 199 1908002 0002000 2013 1986 1990 1994 1998 2002 2006 2010 2014 1986 1990 1994 1998 2002 2006 2010 2014 . . — r o r . . —r - . i . . .
moisture during summer which enhances heat waves
SMHI 7 adle o - SMHI 5 98 AUTH . SMHI N AUTH 0
70 0 70 0 ° . . . .
) , = = 3 | | 2 o . |* The number, amplitude and spatial distribution of compound
5. ( -4 g 60 | -4 60 [ A -4 = 60 - I I‘; -4 60 - -4 _ 60 - =9
Py ' . ! -y Z L[] L] o
™ i £ o £ i e £ S s extreme heat and evaporation is highly model dependant
50 - -8 £ 50 ' N Eso- 8 £ s0- !\ 19 | 1 ® 2w 82 50 | -
f' S 8 -10 § —105 ‘ ' | 210 1 _1'5 : 10 . . . . .
| ,2 UYL vl | “ [+ The impact of afforestation or deforestation is not consistent
40 - i 904 40 - 1 40 N } | | ' { 40 - M 40 o
14 i 14 i IR 14 1 14
T T T T T T T T ‘ | ! ! ELg
1986 1990 1994 1998 2002 2006 2010 2014 VIO NN, H8. S0, HNR2Ne AR08 1986 1990 19'94 1998 2002 2006 2010 2014 1986 1990 1994 1998 2002 2006 2010 2014 1968 35601994 10682003 200672050 2014 1986 1990 1994 1998 2002 2006 2010 2014 across mOdelS

Acknowledgements

All authors would like to acknowledge the financial support from Fundacéo para a Ciéncia e a Tecnologia, I.P./MCTES through national funds (PIDDAC) — UIDB/50019/2020 — Instituto Dom Luiz and from the project LEADING (PTDC/CTA-MET/28914/2017).

D

OM LUIZ

INSTITUTO

Ciencias
ULisboa

FCT

Fundagao para a Ciéncia e a Tecnologia

MINISTERIO DA E']'Jl,'{'.-‘\("..-;'t(] E CIENCIA

25-29 SEPTEMBER 2023 TRIESTE, ITALY

WCRP
CERDEX

FLAGSHIP PILOT STUDIES

=

1\ L/

Internatio

$RDEX ICRC-CORDEX 2023

rence On Regiol

iy

nal Climate



	Slide 1

