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The hourly 5 km by 5 km climate fields 
describing incoming short-wave!"long-wave 
radiation!"near-surface pressure!"near-surface 
specific humidity!"surface air temperature!"
and surface wind speeds.
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! urban expansion

! reforestation
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! Models might Largely Overestimate the 
Forest Biomass in Regions Prone to 
Frequent Tropical Cyclones without 
Considering Wind Disturbances 



4"5<,55")#=!"#$#%&' ()*+,-"#$&+./-0)$$

!" !

!"#$%&' '

()"*'%+',%-&#'+%)"./.'

$&'/0$.')"#$%&'1'234'

50*6'

(7")*#"'(89' '

+%)',%-&#'+%)"./.' '

5: ; '0* <26'

(7")*#"'(89' '

+%)'/0"'%/0")'+%)"./.'

5: ; '0* <26'

=%&#'+%)"./.'

>")?"&/*#" '

5@6'

A%/"&/$*B'$&?)"*."'

5: ; '0* <26'

#$%&'()*!

+,!-../0 !
123..! 3-4-! ".545! 6346! "147!

#$%!8&9:';<$(!

=$>(;'<(*!

+-..!?!@..!/0 !

A2... ! "764.! "3A46! A543! "543!

!"#$#%&'()*



!52("+%6&2&$&"4)'E)$-")F&'1%44)3&4$+&65$&'()

! !"#$%&'()*+&,$-+./,&(+)0$#12#*+.#0($-/33#-(-$("&($)4#*$("#$2&-($56$7#&*-8$&I?%;5?JK?A&%'66K55?A6?%
';%&5':3678%6L68'A?4%I74%I7>%7%<'5?%4KM4&7A&378%?;;?6&%'A%&I?%=B0%&I7A%&I?%6'<M3A?>%?;;?6&4%
';%87A>%6'N?5%6I7AD?%7A>%,C! ;?5&383O7&3'AP%7A>%&I?%744'637&?>%683<7&?%6I7AD?Q94#0$&($("#$
0&(+)0&,$,#4#,8$&$"&0:%/,$)%$(*)2+'&,$'7',)0#-$')/,:$)%%-#($("#$+.2&'($)%$:#'&:#-$)%$&%%)*#-(&(+)0$&0:$
%)*#-($2*)(#'(+)0$2*)3*&.-$&0:$("#$#%%#'($)%$#0"&0'#:$%)*#-($3*);("$:/#$()$'"&03+03$#04+*)0.#0(&,$
')0:+(+)0-<$=)--#-$+0$>+).&--$%),,);+03$("#$2&--&3#$)%$+0(#0-#$(*)2+'&,$'7',)0#-$"&4#$>##0$;#,,$
:)'/.#0(#:$?=+0$#($&,<8$@66AB$=+0$#($&,<8$@6CCB$D*+&*(##($&,<8$@6CEF8$&,(")/3"$&$>+&-$();&*:-$
-(/:7+03$("#$.)-($+0(#0-+4#$(*)2+'&,$'7',)0#-$?',&--$A$&0:$/2B$=+0$#($&,<8$@6@6F$"&-$*#-/,(#:$+0$&$
,+.+(#:$/0:#*-(&0:+03$)%$");$%)*#-(-$+0$-()*.G2*)0#$*#3+)0-$*#-2)0:$()$("#$.)*#$%*#H/#0($2&--&3#$
)%$,);#*$+0(#0-+(7$(*)2+'&,$'7',)0#-<

! RK?%&'%683<7&36%S75<3ADP%6L68'A?%3A&?A43&L%34%:5?>36&?>%&'%3A65?74?P%7A>%4&'5<%&576T4%75?%
:5'U?6&?>%&'%4I3;&%:'8?S75>%?I+J/(&$#($&,<8$@6CKB$!-)/$#($&,<8$@6CLB$M+08$@66NF8$#-2#'+&,,7$+0$
(#.2#*&(#$',+.&(#$J)0#-<$I)*#)4#*8$("#$(*&0-,&(+)0$-2##:$)%$(*)2+'&,$'7',)0#-$"&-$&,-)$>##0$
-,);+03$:);08$;"+'"$')/,:$>#$&--)'+&(#:$;+("$+0'*#&-#:$,)'&,$*&+0%&,,$&0:$-()*.G+0:/'#:$:&.&3#$
?O)--+08$@6CPF<$!"#*#%)*#8$<'5?%3A&?A4?%4&'5<4%75?%?V:?6&?>%&'%>?65?74?%&I?%=B0%';%+73S7AW4%
;'5?4&4<$Q0$("#$)("#*$"&0:8$-/22)-#$("#$-()*.$(*&'R-$.)4#$0)*(";&*:$&0:$("/-$*#:/'#$("#$
%*#H/#0'7$)%$'7',)0#-$.&R+03$,&0:%&,,$+0$!&+;&0<$S0$("&($'&-#8$("#$%)*#-($>+).&--$+-$#12#'(#:$()$
+0'*#&-#$+0$!&+;&0<$T(+,,8$+($;+,,$,+R#,7$>?65?74?%;K5&I?5%A'5&IS75>P%SI?5?%;K&K5?%4&'5<4%S388%
<7T?%87A>;788Q



9'."2)2&1&$%$&'(4

! E3&5'D?A%*E/%7A>%:I'4:I'5'K4%*./%6L683AD%&*#$0)($&'')/0(#:$%)*$+0$QUVWSX99$*5@L@<$W);#4#*8$
0/(*+#0($'7',+03$&0:$0/(*+#0($,+.+(&(+)0-$.&7$2,&7$&0$+.2)*(&0($*),#$+0$(*##$3*);("$+0$?-/>FG(*)2+'&,$
%)*#-($>+).#-$?W)/,()0$#($&,<8$@66PF<$!"#$&>/0:&0'#$)%$:+--),4#:$+0)*3&0+'$0+(*)3#0$+0$("#$*+4#*$
:+-'"&*3#$+0$!&+;&0$?V"&03$#($&,<8$@6@6B$W/&03$#($&,<8$@6CLF$-/33#-(-$("&($0+(*)3#0$+-$0)$,)03#*$&$
%&'()*$,+.+(+03$2,&0($3*);("$)4#*$,&*3#$&*#&-$)%$!&+;&0<$!"#$2*+.&*7$-)/*'#$)%$("+-$0+(*)3#0$+-$
,+R#,7$()$>#$&(.)-2"#*+'$:#2)-+(+)0$%*).$.&+0,&0:$V"+0&8$,)'&,$+0:/-(*78$&0:$")/-#"),:$#.+--+)0-$
)%$>#(;##0$6<P$&0:$@6$R3$Y$"&!" 7*!" ?Z"&)$#($&,<8$@6CNF<$@K::'4?%7&<'4:I?536%>?:'43&3'A%
6'A&3AK?4%&'%3A65?74?%3A%&I?%;K&K5?<$S0$("&($'&-#8$0+(*)3#0$-&(/*&(+)0$+0$("#$-)+,$.&7$,#&:$()$&$
:#',+0#$+0$%)*#-($3*);("$?[>#*$#($&,<8$CEEE8$@66AF<

! !"#$+:#&,$-+./,&(+)0$;)/,:$&'')/0($%)*$M'&I%A7&K578%7A>%7A&I5':'D?A36%>34&K5M7A6?4%7A>%&I?%
>35?6&%7A>%3A>35?6&%?;;?6&4%';%7%6I7AD3AD%683<7&?%?I'X);#,,$#($&,<8$@6@6F<$S0$("+-$-(/:78$("#$.)-($
'*+(+'&,$:*+4#*-$+0$:#(#*.+0+03$("#$3*);("$)%$!&+;&0$%)*#-(-$;#*#$&--/.#:$()$>#$*#,&(#:$()$("#$,&0:$
')4#*$'"&03#8$/0.&0&3#:$%)*#-(-8$-()*.$:&.&3#8$&0:$VQ# %#*(+,+J&(+)08$&0:$("#$&--)'+&(#:$',+.&(#$
'"&03#<$X35?%>34&K5M7A6?P%SI36I%6'K8>P%KA>?5%;K&K5?%683<7&36%6'A>3&3'A4P%M?6'<?%7%4KM4&7A&378%
>34&K5M7A6?%3A%+73S7A8$;&-$0)($&'')/0(#:$%)*<$

! \/(/*#$4#*-+)0-$)%$("#$QUVWSX99$.):#,$&*#$#12#'(#:$()$>#$'&2&>,#$)%$&'')/0(+03$%)*$%+*#8$
:*)/3"(8$%,)):-8$;+0:-()*.-8$+0-#'($)/(>*#&R-8$,&0:$')4#*$'"&03#-8$%)*#-($.&0&3#.#0(8$&0:$("#$
+0(#*&'(+)0$>#(;##0$("#-#$:+-(/*>&0'#-<$S0$("+-$*#-2#'(8$.):#,$:#4#,)2.#0(-$.&7$)/(*/0$("#$
#.2+*+'&,$#4+:#0'#8$&0:$.):#,#*-$;+,,$-))0$0##:$:&(&-#(-$("&($'&0$>#$/-#:$()$#4&,/&(#$("#$+.2&'($)%$
+0:+4+:/&,$:+-(/*>&0'#-$&0:$("#+*$+0(#*&'(+)0-!



G511%+8)

! !"#$%&'()"*+%%')%'",$'"-'&.$'*+),'/+#(",'0""1%'"-'&$##$%&#)+1'$/"%2%&$*%3'4&%'%&"#+5$'/+0+/)&2'
)%6'."7$8$#6'891,$#+(1$'&"'/1)*+&$'/.+,5$'+,:'+,&.#"0"5$,)/'+,:',+&9#+1':)%&9#(+,/$%3'

! 4,'&.)%'%&9:26'%)*91+&)",'$;0$#)*$,&%'7$#$'9%$:'&"'+&&#)(9&$'&.$')*0+/&'"-'2"#$%&'()&+&(#,-.>)
(',0)@.-)',0)(',0)&#:-")&5',;->)',0)%,&"-'.%,;)'24#.$5-"%&)*< !"&#,&-,2"'2%#,.)",'&.$'
-"#$%&'()"*+%%'),'<+)7+,3'

! <.$'%)*91+&)",'$;0$#)*$,&%'7$#$'0"%%)(1$'&.+,=%'&"'+'#$/$,&'/$,&9#2>1",5'/"9,&#2>%0$/)-)/'
(',0)&#:-")"-&#,.2"@&2%#,6'#$/$,&'/"9,&#2>%0$/)-)/'&(%4'2-)"-&#,.2"@&2%#,.)?-#"*'<@@4A'B'
@CDE6'+,:'&.$'#$/$,&12':$8$1"0$:'*":$1'/+0+()1)&2'&"'%)*91+&$'&.$'$--$/&%'"-'7),:'%&"#*%'",'
-"#$%&'()"*+%%3'

! <.$'%&9:)$%'%."7'&.+&'A%,0)0%.2@"6',&-).2"#,;(+)'88-&2.)&'"6#,).-B@-.2"'2%#,)"'2-.F'),'&.$'
+(%$,/$'"-'7),:':)%&9#(+,/$%6'25-)',,@'().-B@-.2"'2%#,)"'2-)A#@(0)0#@6(-)&#4$'"-0)2#)
25-)$"-.-,2 C0'+)"'2- 6'),/19:),5'7),:':)%&9#(+,/$%3'4,'"#:$#'7"#:%6',"&'/",%):$#),5'7),:'
:)%&9#(+,/$%'*)5.&'1+#5$12'"8$#$%&)*+&$'&.$'-"#$%&'()"*+%%'),'#$5)",%'0#",$'&"'-#$G9$,&'
&#"0)/+1'/2/1",$%6'"-'7.)/.'%"*$'#$+/.'&20."",'%&#$,5&.!



G3*)<7$&'(4

!"#$%&'($&)**+,-'./"&/0&1$$-."2&'($&-%$*$"'3#)4&0/%$*'&5/6$%)2$&7+'&8$''."2&'($&4/+"2&0/%$*'*&!"#$%&"'$()'
*)+,-'./'0)$1"'1)2,1#)&'3%'#4)'5,61#4'%$#3,%$+'5,1)"#'3%7)%#,108'1)$94'#4)'$7)1$()'*3,:$""'5,1'#4)',#4)1'5,1)"#"'
,*")17)&'3%'#4)'"$:)'1)(3,%'-3#4'$'"3:3+$1'9+3:$#)'*$9;(1,6%&<'9'&:/+8#&."5%$)*$&'($&)6$%)2$&;<=&74&)7/+'&>?&
, ! () "# )"#&@A, ! () "#$0/%&8/:8)"#*&)"#&8/:&$8$6)'./"&,/+"')."* ='1)"2)9#37)+0

>4)'21)")%#?&$0'(+,*$+'$7)1$()'@AB'5,1)"#'*3,:$""'!7,+6:)',5'(1,-3%('"#,9;8' .*&>BC&,! () "#$)"#&>AA&
, ! () "# 0/%&;*.)&!C@D='E/E/8<'>4)',*")17)&'5,1)"#'*3,:$""'5,1'>$3-$%)")'5,1)"#"'-$"'EFF'GH': ! 4$"# 3%'
E/FE'$%&'"3:6+$#)&'#,'*)'EFI'GH': ! 4$"# 3%'E/FI<'>4)'@AB'3%'>$3-$%'3"'#4)1)5,1)'"3:3+$1'#,'J$2$%K"'!FI/'
: ! 4$"#8='$1,6%&'E'#,'.'#3:)"'#4)'7$+6)"'1)2,1#)&'5,1'%)$1*0'9,6%#13)"'"694'$"'L43%$'!MN':! 4$"#8='O,1)$'
!IP': ! 4$"#8'!>,:22, )#'$+<='E/F/8=',1'#4)'%)$1*0'L43%)")'21,73%9)',5'C6Q3$%'!MI':! 4$"#R'S6')#'$+<='E/FP8<'

!"#$%&'()#*+,-./012+,34
5#6789:;$<=>;$<)? @#ABC DEFGH I
JKL#8MN<OPQR4ST5$ @U5UVJKL# I

B3$)&'%3-6'>&6&$)J3'P#&$L1-C#-C0'Q+)'?,,'R'



!"#$%&'()%* #$+,"-.#%/ ,*#$&/ " #$%$&$'())*+(," ' $- $'()./)(01 234+$5678/9:.77 ;<=7*+>*,?@A0()4"BC 2!""# 5!D! EE$

F+<"F$GF$8,4 H$G&$I>., 2!"$$ 5-./8487 1( =*G4./8487)8*,0877J8)*81*(,*, 1>.K.+1.), ;8/*0*/LM 0((1E)*,1(0 1>.;8/*0*/ 4./8487J8)*8=*7*1N*, 1>.O(<1>;8/*0*/" PQ&

I>.," H*GH*,?R"F<8,?" K $" K8,?" K $GF$" #<8,?" #$GH$" F(,?" #$GO$" C81("S$" &<N++8.)1"O$" 2!"$%5LTQ./(,+1)</1*,?S8*:8,U+78,4/(J.) />8,?.+ =.1:.., VWXY8,4 !XVZ0)([ >*+1()*/87[8E+ 8,4
O;@S*[8?.+" O/*.,1*0*/Q.E()1+"W" D\YD$

I>.," H*GH*,?R"P8)4*,.)" 6$" ;8+]1()" ^$" 67.,,(: " C$" QN4.)"#$" _8784." M$" `8<41+" C$" @11("#$" '/P)81>" #$' $" ;78,a<. " I $" &<N++8.)1"O$" 2!"$& 5LTO*[<781*,?48[8?. 0() :*,4 +1()[+ *, 1>.78,4
+<)08/.[(4.7 @QIF%-33GIM` 2).J*+*(, Y!\! 5b"P.(+/*.,1*0*/ '(4.7 -.J.7(E[.,1" VV" ccVGcWV$

I>.," H*GH*,?R"F<8,?" K $" I>.,?" I $GS$" F(,?" #$GO$" H.>" ^$G&$" &<N++8.)1"O$2!"!! 5LO*[<781*(,(0 1>.*[E8/1 (0 .,J*)(,[.,187 4*+1<)=8,/.+(, 0().+1=*([8++ *, S8*:8," 01234-(&/(5,-/$,/5 "
V!c" . !X!V#PXX\ZVW$

!!

:"E"+"(7"4)H)<7I(',2".#"1"($4

E+,,$S+)$%+)6T'
W&SE:&+2SX()%1?G*/??,YI'GG?%&*
W&SE:&+2SX($%& 6(:FS(O?,0/0?*%X('()

@$S*&8S&)6T'




