2SS & dumedall S

Shutterstock.com :8yg.all gi=

I dntd) 8Ll 0 %50 Lyl Lo Ol Ll Sloxaudly dsg 3l
"eilly sal") dosy sl 5in ol o pisd o3V haw Y] e

4-1‘((9)

& elbl )l St (5329 MR J) LSlsa)) JiSUl ol plis)) mos
D e o ellgfl G B8l o s jadll Talhad (Blall &l
oSt Tyaor ASaTL) Caondd) Lol elindl 3 BBl b5 (o 2 g8 St
Jsball Wzl soall eais Sl guatd] gleiyl

LuolSUl Byl a3 a8 Gaé o (sl NI ] 3l ) Bl 50 ElsiT o Auvsacnbls Lol ol O
T3 Byl dzyd Oty i duvged] 831,00) Lol diLall slsbly Sl3ly Jslgad! o HlsbYI & Sl
(https://climate.ncsu.edu/edu/Heat) .JJ:JI 235 095 O sl

(3l BMl ] o g 30 s bl s iiles plozzl s )

pslall dmi

%1 29l el
.

%1 :a3LY1 AU § 8yl

Lzl dxald) Llaally ,Sull syl

oy Bolelg Ul WS Jol oo olibly &g SULY go o]

.

do o

Lo TS Joall i oSUs bl oaas & Tolos oo LI ellail] (605

& 32y Ggyome Jio by Bs3gll G Gyl s e dliell (a9 A5

Qisos O edl e 1485 L § BoBslly Syl avall pbl as pac
Ol Gl & e 3o ol sl 2] ] b s e LI
FUL & S gl e Sns

goo3e Jio gl gy s I Jloz¥l gusddl ladd] duus oo Y

G %10 - 5 ds Jas Lod < %1 ol el § pasady B
gl (o %70 o ST pustudy (V" gkl 8)l,2d1") elsgll qad
los (o5 slbl Hlu J] Ll sl ooty Eue (Ll il Jo oo
28 ) Oluol gag (&alSUl 8yl,001") U1 o TS lgrus

T

%10-5 :4.0Y) 3)),0d] 335

L ezl o WL dpn il BB ghes i1 JS)

H fan
(N,

ppill 2ol
dipll 6anioll WY

tt<<”’

Lol Ologlso

s o el ) padll Olizse dal) Busb) oYl geoliyy St
dsdlie ol o “Uf,a.l.c&ybgoub).cgi cied! sl bl (e Lislu
Syl o Suow be d8yme M,s)%mu s S poles diy doad
Olaleo¥l § ity Slodl § duasd! Ohledl Blses jlazul

St gt O lly puolsdl SaoYl s § Olobiad) Azt
Y o e olbls & ls SBLAI o Lo dSLiakl OBl JLad]
B LB e lye eomis Los das ol U o VIS

258 o0 dodl § OBl oda delud (S oYl s & o S . Dslil
ks C39)) § e e pllad L]y ikl

wasde

& vald oa S gy Leg o) 9055 (DLl Jolsibl peudl 555
Ll (SWYI § oLkl L)) bl dl3g deoy¥I &) ole 933500
sl e o fziys e 32l GBI (b oLl &, 3 s )
525 st sl iy 08 s3I L Glhall Jsha & B8 C¥as
Byl Ol § Tolasy) (s blall o 8535 Skl § Blasdl OVl
O8I cadldYl £ LUl e Oyl oda 553 bl pid Ldlisy dealdsyl
OBl fg8 sl O Skl rog Ll Busy sblie J] Joay 43 Loyl
Lag «gs2d) Ml e Sy colbly & Wy SBLYI o L dSGLach)
ollss sLis]s SUbl 55 (e ol & Wslakl BN Glibs e lyie foxiy
s CBI § Bigye SST iy

s dall bladlls Sl 1Y)


https://climate.ncsu.edu/edu/Heat

2

I3
*

...—

2

Qoan

»e

dl W Wl sl alasel 631 - pladl s § ducdl &3340 0ol
698 Ga clbly (2)¥1 Blazo] Casdg Ul 5905 (Ll slhasd) J5las
558 (o Byl Oloys glisyls gy S5l ol ] e Sy

e QLI el w5 0ls as dublal] 8ylml Ooloys glisy) e Layoas
258 iy ol ay5ys ddsdl oLl wstugs &) Lisas gy Of )
253 gloeidl slasl] 8L ze bl Jsho dwS uss glowd! slasll
Wad ylgll gundl glotl) BLOY oSVl oy 32l BV 0y 50
dolite 01,50 Tao olelsdl oudgls eeliadl] J) @Bl U5 8ols] (e oy
Ot ISl Jelal Sl e Cady Lodiss .oV sliel e

daS 235 e Lyilby At U1 Glisd) OV (0 Tu e denas (2
el dl oysi 658 Iyl (Gl el 31,5 858 bl Jsha
3555 Olulew UM o0 Slysall 0l GuSs Sabl (g ST ST 12,V
(+) .clll.g L Blito) Gusss GLl clhsll w35 Gylay @211 plasal
oStk oleYl § S Gruion () e 0l § SN iy

g, L S o

Sld) elhast)
blasYg &5ily
WL

g sl

.
e

@

Y Byl dzys

Bogaal) dla)
PRI sladll §

pslall dmi

Aty 221 LLalls LS. 1Y)



3

YTy

Qan

Jsd s dazll @)1 slasll § 8,1 Clysl] odo Iyl o Lo S0
Shlell ¢ @lalls olbl LSS e ol

deue ) gl

W) 5l Oldse paogy i)

Bosb 05 Dl o bl patd a8 cele 83530 Dlig Lo Ll § Syme IS
S5z B § 03039 dgdl)sls lyilasls lasda ne 4y 28u39 daygie
Ol 55 gole (uadcn o5 & Ladlysl Glolus re slo Hlso S e
88Uy Lghuome 558 slll o Olill o Olie Bus Suslgll 8zl o
S3laz Uolsy Subl LaydB o 6T celll (oo 5 100 JSU bl sLS 70 Ly
Juas HloeaVl sluel o Leg M Pdelu 42 lue e oy udiie oSS
("BLlall Y1) slsgll G2 sl (e d8as Tyl g 48 «lilils )
Jias Sllue e O¥shas duds aomddl 0355 Laygy odes

790 (3 JSidl) OileslSII e VY i ol Ol J)

Jshgl Tyas gallly ucd)

ysbyll e dualdl e b3Lusbl okl oo %60-40 Liy lall sstume e
Dbl b Jos oyl Ll oloa¥l § 01 alls Sl Lawsy ol
) Al 0 s (blall 3blio pamy § ™2 M loall e e g3
& T)‘j).g 55T odn o) Bole] ddas uady okt Jeha dwS e %70
(4 JS) gl s JE 53

%10 (o 5T BysYl diay y=llg 8 pasdl 1) Llgrad) L J225 Y
e pillls 2l § %22 dais ol iSI bl § duold) dolus o
olaal) &Yl (358 8)5u)) & lynanl uS5y U1 5V Phlel (gt
B! e 501 (e Bkl dysbo )l lgshas I Gl )55 Lo Bols
Soles ¢2askS 50005 500 i Lo (o391 e Toszme balucts Of S g2
3 JUL) e e 7000 105 8 o Lo U rosl] Bladl Bty Lo
"opall & oldl Slse e %80 8 Ve Lulysl 52 (e Syall ysh
B 399 8ybull Dyobyll 548 92358l o3> § Hlasl) (gucy)l skl Ll
Lol Bsbl L) Thkas Laysy 535581 a5 g5 olie Uy iy 8
Ly 81 Oyt § Bpall Llsl Do Lol Mo lud) dalaze § Hlaall Johy)

polell Lt

U § sl 5l daS e il 580 of Ak O w3 Ms s
Sl el 3l of U] .olasdl e il e DlELL S Y g2
@29 slasdl s olyb S dbldl O] o 2L Gzl BUR G bl
Sl § 0553 08 LS desboall GBlesYl o s udy il sy
& sl 5l Olygd e 62531 sthall § Olpil) 28 535 Jus (=il
1 sl BNl

D3] V> wlame C3ams) dely3ll ey die Bble Chas Jlgo blall 4d3
&S 81 Lo el I3 o ] Jsort) ™ 2(1950 ple die S

‘pia.’dl
*

»e

“ £ 08 . EPRE I
Sdon) ALl oda JS&S 13

.

120 Jlso O¥sha IS e 0201 g e dbdlucll o] dueS )38
Olasbl (s Lgis %60 Jls> sday oo diwll § sSe singhS
60 o U Thoas GLl il sz s *%.(2 UK ya1) duold] e %405

daal gde w721 ge Syolall dygadl dygb )l odn e %803
29 o Bl U85 § WIS Ishgll 8595 Liss § Ll slasll 99
(852l BVl Ll Gladall J)

N 55 %80-60 gy 325N AaSIN 03 (pag Aenll 35 CSn fnskS 48 sy Losny (Sl 5a sSus RoslS (Al 72 G acsSie FoslS (Al 120 1 83305 SR s kdluil) bl £aS Juz) e Ll oLl b 2 S
U e Skl Q) sl e asSa saghS Cll 40 B telsal sy Byl o bauorh ) Al 5 3Ll el il (pa S RashS (AT 23 s i s AW Slodandl e %40-520 (L

(AAAS) pelsd) pois) 453, dumazd) (o OB gl B3ls| Pearce72 iy Jasma 3l balasd)

ddidtudly &sll Lladlly Sudl 1asyl



4

I3
*

YTy

Qan

Leawsll slaad) Juse § polassl J] 0ol 08 jde mald] 0,8 Chaties
Obsd § Lams Lyis 525 LS pall G sizy D)) 8 4
ENis b dylabl 3blbl @ dsiuall L5l duowshl ol

Lsplall (WY1 § Olysal) does Baasd] oS ol s dbgonle
s 535 Y 1ag (sl gl JI OLL Jages & lyalane Jioms)
Ollas INe o Bausy Obluse ] 031 aig s s oxbl Jshayll
SbLsYl odg) 9550 of oSall ey "Suslall SV suly &5
A § pudbl f g AV oyl bshs 3blie e SISl saclall
elatll § Loy SULol O i 0% Bgomle JSiy SbLLI
Y goysll bshis 3blie e 555 13 dpylabl gblbl & w2,
Yo Susall Ol e oy 093tV G OV Ul o LS
olses ST C¥usg el Jsha LI sl g o Lol g9
e il digss) § S alia cdorll gsradl e Jsbl Glis
oy I olbl Olsazeias O bamg) Eum 55391 & 91 TILL) e
Jsha daS § %15 duwty olasdl Gugd W8 LI § ol 5SY

U 858 <31 & bl Jsha &aS (a8L5 LLT 35 caigll @ * atl

S 3gmys il § SLlal el § Oyt mo Ladlgte Lyig)] duowshl
slebl bl paie & gl oo 3wt Loy gy o] (a8l5 J)

Jshaglls sl Ly Olisu) deulsll LUV mbsy Lo 1ing ¥.0,50

-

2 T o e A28 Jshagl) &S Saly (el 63 OIS WIS (2008 - 1999) GHEN Jskaal 53993 Bole) A brwgia 14 S

polell Lt

—

Zyghy IS s Wkl el B SR Olle it Bas cls dinas g a3 o) 13 0355 & Ll Ty ol 1 LN S5 Byl ©lbluns el ey Biall 5 Jas 13 JSad)

e s anid T ylall BBULI s 5 ety Vg il K3 o
& Wgmls OLadls ] Ll sliazs] 655 38 Layl Dazsll GbULl

O dzdndl 5 W89 .kl Jsha 4aS § JWbs okl Gl el
e 5aldl O, g B30 N G Rl § mls Bl e Ll )

(AAAS) polsd) o383 350, dumazd) a3 ) Bale] Pearce72 o Jisa 13l Jaask)

b 83a i e lims %l 43 3555 U2 oo dols B9 dela 3
Pls= gl ddlell @2,V plaseial e Tk ) Oy Jshayl!
laies xSV Blsel § i dalsls dsBlgll ells oo SST sl

Bas e 418 Y U1l plsol § iy sy sasSls 3530

& a5l )Y Slelaseiuly Boorde JSiy 33udl O¥ase OIG b

' 5521 Ol

Byl G 3 YAy (@2l YI pladeil Ol

02l dl st o SLl Jses Il ddeell Syl o gr3lod] sl
7.9640-30 dousty L) Dystadl &Vl pilly o] C¥uma (ads5 desly)
- 1950 8341 ¢ @23Y) slasd] § Olysll Sl fled] gt o

&l 954 dowis Dgad) ol iy o] C¥ame § Loliss! 2000
L) oLl Oy & Teliyls csSo RaslS 3500 - 3000 Jolsy Lo
ALl elagd] 8303 OF elodsdl Ca5S) 5,51 daz 07 %.966.8 Loty
ou b sl 5l 8ylyml) didgasd] dS,md) ddeld (s ducws 19500 15l
. ss2d) @Mly o)V s

IEST}T REVWWRPIVN RENESTF I QRAPEST
TS T5B bl of de (dslhaol HL3Y) Jlsid! Glaslas Jus

ddidtudly &sll Lladlly Sudl 1asyl



e A5, A=) o o) jasd) oo dsmil) Cidas iygo 939 B3l Aslad) ddnsed) (e L dsi) 16 JSE)
% N WS G BhsY) g (e vl o3 @l gl

olais lgalad Lol ddoed] 450 s el Slbasl OF Ao o Lo limng

2B plall 3blis § Jlsd ISt lao b)) Oloyd 28) S SLI)

I &Sl 8yl,edl 3305 pads J] @olbl § CLI D3| Ol (J=alls
Ll D] Cadaw 85 723V e duwgaucnbl 8yl0) 78)5 dul]
Sldg 2013 ple 4] 2003 ple o dtakl wasll M § Wgorle Tyl
Tty doylabl GbUll & 8yl,odl Glales) Jawste e °0.28 ] Jua
Jldl Jusll mes o gicdl Dzl gbULI & £°0.32 J] day Twsus
dl 715 Dyludl L Gluds Cavdy of Skl e (LI 15Y

polsll dms

2 GV me dewlite deSs &)y Blb @52d) Bl ) lyie Eamatis
(6 Sl & JSdl) (Olosdlsy-Olisie 0538) dallall g,y

s10,] ] 0de o b ) 8l Oloys § OBMSY) Las W39
sasll 85 § 0°20 ) (S Loysl awy s Tolezsl (LI 3blia
SBLESY O 323 syl byhangw 852 §s (7 JSid) laco
010 J] e 93 Hlexill deshadl) (o) V15 Ll ge 8)ledl Oloys §
Bl 35 Gshs Gl LR Syl a3l Toume 3 Sy
1oL laghss U1 oSV el g yalall g lieY)

: %80-70 dusalll 81,201 ;

oE %1510 50 o

%201 02250 5,11 :

‘pi-o.’dl
*

»e

eloyad] &1 e pladdl Bole]
Eo sl gunddl ¥l (o %50 oo ST Jsoxiy dyslsdl JIs=Yl &
8yl ol Jzss qulls shl) JMs e &1slS Byl ] 23V pebaw
late oud GuSming shag] 8593 ddse (g5ad! M) ] Layygay dialS)
sladll J) Tsle

Cipall puse 3) Bladl z9,kls s9d! 2L e slodl o Lol
LA patetw daldwd) of diawdl maudl e (il slas asyg
agaes )l W55 (natd Slgll gundd) plmidl o ST duaS

Jshgl

B3y gUiy) mes (oY) g Ssina s 8,50l Az glisy) J) Gl slaidl A1) 6355 Jskagh g3 Qs wedl 3 S WS Adas e & sLail) ) ples¥) 5iSils ol Gl d3338 (o) Byl Ay el o) Sy 55 Jsadt
Uy gahis Jally k) K28 o s sl il S (o) o) A3l S 3550 G55 liyn o i B35 2 2y o 20 B0l B w5 o

i ag,8 ) Basal) el ey 333)ls Ol 3l alasl)

Azl 3l Lladlly Sl Iyl



v

Shutterstock.com :8ysal\ Bgdc

oleoVl § Libie awg «land

& i) 993,50 4T GB Sbladl b o hdiiy Oollaomd] pazé
Ml J) Lmal) Loall & o) 48LY1 8y),m1 ope %90 (s Log Lail
S 653 Y Wl ] ey Ldle Byl syl e Cousdl wiss s34l
o0, IS0 51 e L5 %10

oSlabl olz3Yl Ollassehl U oo 092,801 deuST (6 L Sraom LS
Julis By Szl B! (e 099,50) eaST BB ammaad Loutimd L]
Wz 3o 09,8 aST BB Ollamdl jaake (sl BNl § 1555
0313 Blsiad dglowe § 3l bl & duend] BV oy
Coac ey Jambly $3odl BM! gu 00,801 ST G O3S,
e 920l B 3 0925 ST G LS 3 2l ] oo
deaST GBSt Bliy] (1§ limssd 13] i Syumd diio) Ol o
09,8 2T (B S 4085 9l dumbs Jolor 51800 (0 5 52,8

pslall dmi

s 6r7 LiliasSsumse OMelad dilie o 8, LI Of s
slasS)l Sldas UM e Jshaglly Comidl JSa3 JoT (e o1l L)
Brsull e 1a8less JWlis «go2dl Bllly ssudl Ml di3gal)

S "BlSs 8Lk dyghs Sl ot @i 7 derslayy

iz shsedl UL 5o Lot gl sl kb lals L3S, - &g
ol § ousmss shll dgha <l § clog)l ne Jauss ShoYl (e Gl -
ol iS5 g e Tals Tz U35 s Tl A gJsSoY)
ool U85 o ooy 555 ls cgsmd] Ml & aledl Bl
doys @8y § Lokl doglocdl ¥l uslus O oSg LS #7754 shall
8yallall 0de (95 (o9 -daded] OBl 53553 M (e dbzed By,
@3l o 6°15- U] Coxld] 83,0 dzyd Jgo9 3 wazl] Sgus oS Y
Bihe Oloyd § delasll o] 05 el SUsdl ol Ly o)
oo 5lhal sl Comddl) Jlmdl] a3 pests Los 20 Colis

29 ST By

Shutterstock.com :8ys.all Bsac

»e

Germany Poland

zech Republi |
P e

8 A MsmafHungary

s"’Sparse =

\fegetatiorl Lo
36°C P ’

Harvested ©

Meadow 42.5°C

o e
o

SPO m

0 250
L L

008 Gl l) dmadal) S § dsdand) 8,0 )58 57 UK

8yl deys Olelisy) (s Iy 2100 ple Jslo ddlall 8)),adl Olrys
P ad = o des bl 6,5 Y

Sladie Whle dishrud) 3l,5d) doys Casdlyl 20009 1950 Jyolsd] s
03153 § Ol Lol 7. )81 slagll § Olpied] oy £°0.3

20159 2000 pelsd! o GLl ellasd] Gl Caus duondaad) @3l

& ddorl) dixhadl 831l d2pd G °0.23 dhawsto [olahy) Connw 4B
Ghawsll oY) by 985 *. Ll slhsl] § Olpsd] b Sgas oSkl
L 15V Olaz g3 (e %40-18 Gl ellasd] Ol (s oz W)
Pl 8343 O 0 )1 e gty ol (plass] IS5 e g dlov]
R O |

ol s § Liid) & gloudl sla) 553
3] cued Jshgdl wdgs @Bl Glasws e GLII duanl pazas

s dall bladlls Sl 1Y)



YTy

Qan

el 8l Cleys

Sl bl plass]

09,5 Oleglls dus A8

Calazdl 3oL

Bl 8y, ©loys

bl )

CLlll $le 535

NERCU WA N

T g e Sllasdl Al Gam] Je IN m M LS Vs sl ge % (55 Y bl iy ccblimdly (A s (Uil 3l oy s lachl SVl dsadad | s 18 S

LA Glams Ul lyblitoly &7 Lygas s s duds C35)1 33
010 pad] Slizgs moly) dddod] &gl il Olules N> o
ALl stagll 5853 Jio (i) Basibl @l gxaliyy s 8y0Lall 013 5
Aol ek ol JLaL) 53l dhastl) Jolone NS (e il 5lute s
Ologis gal g . Blally olkl Olysd &yt 5357 lale g syl
BLaSt bl § Wlo doly3 drolsd] dmalgl) GbULI ] deadlls o
A gasll ol ge w5 (98 Sy

B Eup disgs A Slas] ] dolodl Gusl § 9o cple JSiia
SISE e dols Ol dals Glall slhsd] & gian Lo R o
O3 02, i) s 4393 o Wad @liol) 835wy dizsloyies
Lork) Olstad] e gLl e - gymdd] Lolss - Ll slaz]

T gy sl Blsl e Soxtud gilie ,553 &yl darlsyl

pslall dmi

P IEd)

Bl olkly 093,81 Oly939 dunldl op 33l O1BYI 088 ookl o0
& 4oy Vls dyszdl dishyl Oily93 puswls 8ole] AR denadl (yas
2L Catis CSoSUl w55 Jo (e o2l BMlly &y Wl Gl slhas
S Blaz Gatll OsSw LLad 138 . blsdl slo)] Calizs § Jshy)!
dwoy¥) dimbal]

Jasy edad] dole] LSy (bl AB) L clad)l e L Vs

o Al 315 9ol § o) Byl 18] dusly3)) dot o) Silusylos
oUaeYl St dnelSUl g 3lodl] 8 i dolaiVl 385 1Sa g (A5
A Y LI Jie bl J) 5Uadll Bols] Ul (e lgelasiiuly

oo Teds SLLE el Bale] poY) Cllazew Lo sdahill § Hleei 538 O
ol Js1s ] bl ga byl clogl) o do o auoik] Sl

»e

SO lubed! e A HEY Lo L

BlaoYl e 8uilly duasdl &5 G clasl Houy SlieY Con
b & 3y99 09,505 d8Ualls oLkl lysa) duwla dodiie Jalg=S oLLL
Olubed! e L3R HBYI pasy o

ghi buss Ll 2 3 LS gl Jelad! Sl Glils J] okl «
S e oo Hlsoly Blas #lilly duold) phaul w55 LI loxal
Slesl Cod G OBLAly SLT 35 gYail s 6315 (g b
dilo B8 (L D3] 50 Tagsas 05280 4aST GB o 30
OL 35,9 Blasdly Ol Dl3le gLkl 53 3550 @ .42 540
(8 JSLa) 835sbl ddela) O3l e 4335 ddle

e xSl Ll dzglsSoV @t g Suslabl Slblay T,k
ads a;ﬂ pais o 5Sg WJEl dw o . deble 28U Thwan Laylasl
sl U1 (REDDH) aygadsy Ol U] g derWl Oblesy)
(UNFCCQ) bkl x5 olis &Y dusill 0ol 3151 56
olbl Ule § LRI ol Ladss il Aol Slousdly 51,30 T54
labsds 8lally

dols Laaly s GUls dulusd] GL 3bls Gl ooy o
U ass Lslols

Bole) dsae iSSs L A3 e slad)l ggadll dweaVl o o
Sl sl US & i

SOl L ddasiy ) el o desly3)) Olslodl 5553 Ry o
D el dzlymdl Blug plasiuls dwdl jlas e

<y &bl Jsaslly Slisd 5T et gloo] o disly3l drlyodl @

s dall bladlls Sl 1Y)



2

Qoan

Coe, M. T. et al. The Forests of the Amazon and Cerrado Moderate Regional Climate and Are the Key to the Future. Tropical -37 . . . 8
£ . &
Conservation Science 10, 194008291772067 (2017). 'J'L' d_€ ls J" M_’ 9 JS‘“,
McAlpine, C. A. et al. Forest loss and Borneo's climate. Environmental Research Letters 13, 044009 (2018). -38 . .

Paul, S. et al. Weakening of Indian Summer Monsoon Rainfall due to Changes in Land Use Land Cover. Scientific Reports 6, (2016). -39

- . . .
Hesslerovi, P, Pokorny, J., Brom, J. & Rejskova - Prochazkov, A. Daily dynamics of radiation surface temperature of different land -40 Pokorny, J. et al. Solar energy dissipation and temperature control by water and plants. International Journal of Water 5, 311 (2010). -1 d : ’ < t |

cover types in a temperate cultural landscape: Consequences for the local climate. Ecological Engineering 54, 145-154 (2013). Jasechko, $. et al. Terrestrial water fluxes dominated by transpiration. Nature 496, 347-350 (2013). -2

‘Trenberth, K. E., Fasullo, J. T. & Kiehl, J. Earth's Global Energy Budget. Bulletin of the American Meteorological Society 90, 311-324 -3

Sabajo, C. R. et al. Expansion of oil palm and other cash ses an i f the land surface t the Jambi province -41 L. - . v R £ .
abajo, et al. Expansion of oil palm and other cash crops causes an increase of the land surface temperature in the Jambi province P >3 b b/ds 5 ST Gy Stefan Schwarzer

in Indonesia. Biogeosciences 14, 4619-4635 (2017). - - 79 8 [Nt bt
Wang, K. & Dickinson, R. E. A review of global terrestrial evapotranspiration: Observation, modeling, climatology, and climatic -4

variability: GLOBAL TERRESTRIAL EVAPOTRANSPIRATION. Reviews of Geophysics 50, (2012). .
Ellison, D., Wang-Erlandsson, L., van der Ent, R. & van Noordwijk, M. Upwind forests: managing moisture recycling for nature-based u 9” l ).L ‘
resilience. Unasylva 70, 13 (2019). Lt .
Schneider, U. et al. Evaluating the Hydrological Cycle over Land Using the Newly-Corrected Precipitation Climatology from the Global -6 U9 JLz'n
Precipitation Climatology Centre (GPCC). Atmosphere 8, 52 (2017).
Schlesinger, W. H. & Jasechko, S. Transpiration in the global water cycle. Agricultural and Forest Meteorology 189-190, 115-117 (2014). -7

Wei, Z. et al. Revisiting the contribution of transpiration to global terrestrial evapotranspiration: Revisiting Global ET Partitioning. -8

Geophysical Research Letters 44, 27922801 (2017). Wls dxnl? D Ouglas Sheil )9'“‘:‘.55J?J I

Alkama, R. & Cescatti, A. Biophysical climate impacts of recent changes in global forest cover. Science 351, 600-604 (2016). -42
Bounoua, L., Defries, R., Collatz, G. J., Sellers, P. & Khan, H. Effects of Land Cover Conversion on Surface Climate. 36 (2002). -43

&

Brovkin, V. et al. Biogeophysical effects of historical land cover changes simulated by six Earth system models of intermediate -44
complexity. Climate Dynamics 26, 587-600 (2006).

Pitman, A. J. et al. Uncertainties in climate responses to past land cover change: First results from the LUCID intercomparison study. -45
Geophysical Research Letters 36, (2009).

Pongratz, ]., Reick, C. H., Raddatz, T. & Claussen, M. Biogeophysical versus biogeochemical climate response to historical -46

anthropogenic land cover change: CLIMATE EFFECTS OF HISTORICAL LAND COVER CHANG

(v dzsle David Ellison

Geophysical Research Letters 37,

(2010).
y . ) . . ) — ) i . N < . . L. .
Zhao, M., Pitman, A. J. & Chase, T. The impact of land cover change on the atmospheric circulation: Climate Dynamics 17, 467-477 -47 Kravtik, M., Pokorny, J. Kohutiar, J., Kovi¢, M. & Toth, E. Water for the Recovery of the Climate - A New Water Paradigm. 94 (2007). = -9 ded) susak! ("‘5” @AL: ) J &:L”Jl deuhl has soy) bl 5S,L) Lera Miles
(2001). Mahmood, R. et al. Land cover changes and their hiogeophysical effects on climate: LAND COVER CHANGES AND THEIR -10 e . * - =
Li, Y. et al. Potential and Actual impacts of ion and ion on land surface IMPACTS OF FOREST -48 BIOGEOPHYSICAL EFFECTS ON CLIMATE. International Journal of Climatology 34, 929-953 (2014). (UNEP-WCMC)
CHANGE ON TEMPERATURE. Journal of Geaphysical Rescarch: Atmosphers 121, 14,372-14,356 (2016) van der Ent, R. ], Savenije, H. H. G, Schaefl, B. & Steele-Dunne, S. C. Origin and fate of atmospheric moisture over continents. Water -11
Mahowald, N. M., Ward, D. S, Doney, S. C., Hess, P. G. & Randerson, J. T. Are the impacts of land use on warming underestimated in -49 Resources Research 46, (2010). diogSedl 93lyg)eS dzol> (Eleanor Milne

Crowther, T. W. et al. Mapping tree density at a global scale. Nature 525, 201-205 (2015). -12 - " e
FAO. State of the world’s forests 2012. (Food and Agriculture Organization of the United Nations, 2012). -13 419” EREEY| Myl EAL’ ¥ R %) 3:.?] ).U
Ellison, D. et al. Trees, forests and water: Cool insights for a hot world. Global Environmental Change 43, 51-61 (2017). -14 . .
Pokorny, J. What can a tree do? (2012). -15 dolewcs Jazle dowwsl LuslS ‘93-3)5" o LY Jo ple Q9S00 LUL cgwmles Opless]
Weng, W, Luedeke, M. K. B., Zemp, D. C., Lakes, T. & Kropp, J. P. Acrial and surface rivers: downwind impacts on water availability -16 . R R . P A .
from land use changes in Amazonia. Hydrol. Earth Syst. Sci. 22, 911-927 (2018). &L ‘R§Jbt? biuz ‘O—‘")SS:"-“‘:!)S (Sl 509l drga0 «wsS Judly (G99 JlS_.,;b
Nobre, A. D. The Future Climate of Amazonia. 42 (2014). -17 2l
Eltahir, E. A. B. & Bras, R. L. Precipitation recycling in the Amazon basin. Quarterly Journal of the Royal Meteorological Society 120, -18 (q:) 9
861-880 (1994).

climate policy? Environmental Research Letters 12, 094016 (2017).

Duveiller, G., Hooker, J. & Cescatti, A. The mark of vegetation change on Earth’s surface energy balance. Nature Communications 9, -50
(2018).

Ban-Weiss, G. A., Bala, G., Cao, L., Pongratz, J. & Caldeira, K. Climate forcing and response to idealized changes in surface latent and -51
sensible heat. Environmental Research Letters 6, (2011).

Wolosin, M. & Harris, N. Tropical Forests and Climate Change: The Latest Science. World Resources Institute 14 (2018). -52

Poschl, U. et al. Rainforest Aerosols as Biogenic Nuclei of Clouds and Precipitation in the Amazon. Science 329, 1513-1516 (2010). -53

Bigg, E. K., Soubeyrand, S. & Morris, C. E. Persistent after-effects of heavy rain on concentrations of ice nuclei and rainfall suggest a -54

biological cause. Atmospheric Chemistry and Physics 15, 2313-2326 (2015). e ] .
Bowers, R. M. et al. Characterization of Airborne Microbial Communities at a High-Elevation Site and Their Potential To Act as -55 Keys, P. W, Wang-Erlandsson, L. & Gordon, L. J. Revealing Invisible Water: Moisture Recycling as an Ecosystem Service. PLOS ONE -19 yl o | 3 . ° > l A | ‘ . | \ d ) l - ‘A
Atmospheric Ice Nuclei. Applied and Environmental Microbiology 75, 5121-5130 (2009). 11, 0151993 (2016). <° ~ 2~ .)J. QA ) A )'? 3 &..)S

Staal, A. et al. Forest-rainfall cascades buffer against drought across the Amazon. Nature Climate Change 8, 539-543 (2018). -20

o

Conen, F, Eckhardt, S., Gundersen, H., Stohl, A. & Yttri, K. E. Rainfall drives atmospheric ice-nucleating particles in the coastal -56

climate of southern Norway. Atmospheric Chemistry and Physics 17, 11065-11073 (2017). van der Ent, R. ]. A new view on the hydrological cycle over continents. (2014). -21 e 8 . |
Joung, Y. S., Ge, Z. & Buie, C. R. Bioaerosol generation by raindrops on soil. Nature Communications 8, (2017). -57 Wang:Erlandsson, L., van der Ent, R. ], Gordon, L. J. & Savenije, H. H. G. Contrasting roles of and in the -22 rov

o

Després, VivianeR. ef al. Primary biological aerosol particles in the atmosphere: a review. Tellus B: Chemical and Physical Meteorology -58 hydrological cycle - Part 1: Temporal characteristics over land. Earth System Dynamics 5, 441-469 (2014).

64, 15598 (2012), van der Ent, R. J. & Savenije, H. H. G. Length and time scales of atmospheric moisture recycling. Atmospheric Chemistry and Physics -23 Erick 9 Esther Katu 9« Audrey Ringler 9 Sandor Frigyik 9« Alexandre Caldas
Morris, C. E. et al. Bioprecipitation: a feedback cycle linking Earth history, ecosystem dynamics and land use through biological ice -59 11, 1853-1863 (2011). . . .
uclestors in the stmosphere. Global Change Biology 20, 341351 (014) van der Ent, R. J. & Tuinenburg, O. A. The residence time of water in the atmosphere revisited. Hydrol. Earth Syst. Sci. 21, 779-790 -24 Pascil Muchesiag [Litswa
N N C . . L . N N . (2017). .
Christner, B. C., Morris, C. E., Foreman, C. M., Cai, R. & Sands, D. C. Ubiquity of Biological Ice Nucleators in Snowfall. Science 319, -60 P 5 .
1214-1214 (2008) Gebrehiwot, S. G. et al. The Nile Basin waters and the West African rainforest: Rethinking the ies. Wiley isciplinary -25 Walter Jehne lala)] fAlS OR (5T Frwn

Lazaridis, M. Bacteria as Cloud Condensation Nuclei (CCN) in the Atmosphere. Atmosphere 10, 786 (2019). -61 Reviews: Water 6, e1317 (2019).

Morris, C. E., Soubeyrand, S., Bigg, E. K., Creamean, J. M. & Sands, D. C. Mapping Rainfall Feedback to Reveal the Potential Sensitivity -62 Wang-Erlandsson, L. et al. Remote land use impacts on river flows through atmospheric teleconnections. Hydrology and Earth System -26 i e -
Sciences 22, 4311-4328 (2018). 3 -2
. -3

Sterling, S. M., Ducharne, A. & Polcher, J. The impact of global land-cover change on the terrestrial water cycle. Nature Climate Change - . . = _
3, 385-390 (2013). oS loge sly ¢l o ub&‘—}” lesd =3 Y bl}U N& 4.5.3)199 dodsxtud) Oliasd!

Gordon, L. J. et al. Human modification of global water vapor flows from the land surface. Proceedings of the National Academy of -28 2

Hasler, N., Werth, D. & Avissar, R. Effects of Tropical Deforestation on Global Hydroclimate: A Multimodel Ensemble Analysis. Journal -65 ., - : S el - S P a . g .
L e i ’ Sciences 102, 7612-7617 (2005). &Osjb @lze o G d=e Bglst) Uyss-” 9l daudd Busat @AB’I @ebf) L«JL? Oe

of Climate 22, 1124-1141 (2009).

of Precipitation to Biological Aerosols. Bulletin of the American Meteorological Society 98, 1109-1118 (2017).

o
N

Cheng, L. etal Record-Sening Ocean Warmth Continued in 2019. Advances in Atmaspheric Sciences 37, 137-142 (2020). -63
Portner, H.-O. et al. IPCC Special Report on the Ocean and Cryosphere in a Changing Climate. Summary for Policymakers. (2019). -64

o

van der Werf, G. R., Randerson, J. T, Giglio, L., Gobron, N. & Dolman, A. J. Climate controls on the variability of fires in the tropics -66 Chen, C. et al. Biophysical impacts of Earth greening largely controlled by aerodynamic resistance. Sci. Adv. 6, eabb1981 (2020). -29 T LQA 55 Jodocn s Lo (& T l@:‘ } T Ll T Lsde i 3 T b ‘y a3 3]
and subtropics: CLIMATE CONTROLS ON FIRES. Global Biogeocher. Cycls 22, nfa-nfa (2008). Teuling, A. J. et al. Observational evidence for cloud cover enhancement over western European forests. Nature Communications 8, -30 9 lgegsd Jadly le’*i 39« 9 9l dods 9 (b-:b; 9l AL Y @y
Zhao, M. & Running, . W. Drought-Induced Reduction in Global Terrestrial Net Primary Production from 2000 Through 2009. -67 (2017). .
Science 329, 940-943 (2010, Takata, K., Saito, K. & Yasunari, T. Changes in the Asian monsoon climate during 1700-1850 induced by preindustrial cultivation, -31 SB09
Managing the Risks of Extreme Events and Disasters to Advance Climate Change Adaptation: Special Report of the Intergovernmental -68 Proceedings of the National Academy of Sciences 106, 9586-9589 (2009).
Piclke, R. A. Influence of the spatial distribution of vegetation and soils on the prediction of cumulus Convective rainfall. Reviews of -32

Panel on Climate Change. (Cambridge University Press, 2012). doi:10.1017/CB0O9781139177245.

) ) o ) . Geophysics 39, 151-177 (2001). P - - s -
International Union of Forest Research Organizations. Global Fire Challenges in a Warming World. (2018). -69 gd ddme 98 LS Ao gl pouwylly Hgally bl ©
Sheil, D. & Murdiyarso, D. How Forests Attract Rain: An Examination of a New Hypothesis. BioScience 59, 341-347 (2009). - - .o 6 )J 3 E 9

Chase, T. N, Pielke Sr,, R. A,, Kittel, T. G. E, Nemani, R. R. & Running, S. W. Simulated impacts of historical land cover changes on -

&
b

Ellison, D. & Speranza, C. L. From blue to green water and back again: Promoting tree, shrub and forest-based landscape resilience in -70

the Sahel. Science of The Total Environment 739, 140002 (2020). 4

S ) ) . . 3
Lemordant, L., Gentine, P, Swann, A. S., Cook, B. 1. & Scheff, J. Critical impact of vegetation physi on the conti 71 global climate in northern winter. Climate Dynamics 16, 93-105 (2000). ( ' lm}u
Chase, T. N., Pielke, R. A., Kittel, T. G. E, Nemani, R. & Running, S. W. Sensitivity of a general circulation model to global changes in -

leaf area index. Journal of Geophysical Research: Atmospheres 101, 7393-7408 (1996).
Medvigy, D, Walko, R. L., Otte, M. J. & Avissar, R. Simulated Changes in Northwest U.S. Climate in Response to Amazon -
Deforestation*. Journal of Climate 26, 9115-9136 (2013).

@

&
b

cycle in response to increasing CO . Proceedings of the National Academy of Sciences 115, 4093-4098 (2018).
Pearce, E. A controversial Russian theory claims forests don't just make rain—they make wind. Science | AAAS https://www. 72

iencemagorg 12020/06/c sian-theory-claims-forests-don-t-just-mak hey-make-wind (2020).

unep-foresight@un.org

&

6

6752 i) Bkl Yl gualiy e Byslall bl Glizse a3y CoY) se disluls Al Olylasyl e g303

WESR

WORLD ENVIRONMENT
SITUATION ROOM

. . . ity dealdl Lladlly Skl 13

https://wesr.unep.org/foresight

9l


https://wesr.unep.org/foresight
mailto:unep-foresight@un.org
https://www.science.org/content/article/controversial-russian-theory-claims-forests-don-t-just-make-rain-they-make-wind%20(2020)
https://www.science.org/content/article/controversial-russian-theory-claims-forests-don-t-just-make-rain-they-make-wind%20(2020)

