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Climate Change 2013: The Physical Science Basis 
Summary for Policymakers 
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A. Introduction 
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-://:&+7#( +*( *344,/&#8( F;( :( *#/+#*( ,%( ,7#/:/='+-1( '+1'$+1'&#8( =,-=$3*+,-*("'+='M( &:0#-( &,1#&'#/M(
4/,7+8#(:(=,-=+*#(*399:/;R(A:+-(*#=&+,-*(:/#( +-&/,83=#8("+&'(:(F/+#%(4:/:1/:4'( +-( +&:$+=*("'+='(
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!'#( 8#1/##( ,%( =#/&:+-&;( +-( 0#;( %+-8+-1*( +-( &'+*( :**#**9#-&( +*( F:*#8( ,-( &'#( :3&',/( &#:9*d(
#7:$3:&+,-*( ,%( 3-8#/$;+-1( *=+#-&+%+=( 3-8#/*&:-8+-1( :-8( +*( #J4/#**#8( :*( :( f3:$+&:&+7#( $#7#$( ,%(
=,-%+8#-=#( K%/,9( very low( &,( very highL( :-8M( "'#-( 4,**+F$#M( 4/,F:F+$+*&+=:$$;( "+&'( :( f3:-&+%+#8(
$+0#$+',,8(K%/,9(exceptionally unlikely(&,(virtually certainLR(>,-%+8#-=#(+-(&'#(7:$+8+&;(,%(:(%+-8+-1(+*(
F:*#8( ,-( &'#( &;4#M( :9,3-&M( f3:$+&;M( :-8( =,-*+*&#-=;( ,%( #7+8#-=#( K#R1RM( 8:&:M( 9#=':-+*&+=(
3-8#/*&:-8+-1M( &'#,/;M( 9,8#$*M( #J4#/&( _3819#-&L( :-8( &'#( 8#1/##( ,%( :1/##9#-&CR( </,F:F+$+*&+=(
#*&+9:&#*( ,%( f3:-&+%+#8(9#:*3/#*( ,%( 3-=#/&:+-&;( +-( :( %+-8+-1( :/#( F:*#8( ,-( *&:&+*&+=:$( :-:$;*+*( ,%(
,F*#/7:&+,-*(,/(9,8#$(/#*3$&*M(,/(F,&'M(:-8(#J4#/&(_3819#-&DR(.'#/#(:44/,4/+:&#M(%+-8+-1*(:/#(:$*,(
%,/93$:&#8(:*(*&:&#9#-&*(,%(%:=&("+&',3&(3*+-1(3-=#/&:+-&;(f3:$+%+#/*R(K)##(>':4&#/(C(:-8(S,J(!)RC(
%,/(9,/#(8#&:+$*(:F,3&(&'#(*4#=+%+=($:-13:1#(&'#(5<>>(3*#*(&,(=,993-+=:&#(3-=#/&:+-&;L(
(
!'#( F:*+*( %,/( *3F*&:-&+7#( 4:/:1/:4'*( +-( &'+*( )399:/;( %,/( <,$+=;9:0#/*( =:-( F#( %,3-8( +-( &'#(
=':4&#/( *#=&+,-*( ,%( &'#( 3-8#/$;+-1( /#4,/&( :-8( +-( &'#( !#='-+=:$( )399:/;R( !'#*#( /#%#/#-=#*( :/#(
1+7#-(+-(=3/$;(F/:=0#&*R(
(
(
B. Observed Changes in the Climate System 
(
Observations of the climate system are based on direct measurements and remote sensing from 
satellites and other platforms. Global-scale observations from the instrumental era began in the 
mid-19th century for temperature and other variables, with more comprehensive and diverse sets 
of observations available for the period 1950 onwards. Paleoclimate reconstructions extend some 
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records back hundreds to millions of years. Together, they provide a comprehensive view of the 
variability and long-term changes in the atmosphere, the ocean, the cryosphere, and the land 
surface. 
(

.:/9+-1( ,%( &'#( =$+9:&#( *;*&#9( +*( 3-#f3+7,=:$M( :-8( *+-=#( &'#( Ci@G*M( 9:-;( ,%( &'#( ,F*#/7#8(
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1/##-',3*#(1:*#*(':7#(+-=/#:*#8(K*##(T+13/#*()<ARCM()<ARDM()<ARH(:-8()<AReLR(nDRDM(DReM(HRDM(
HREM(eRDjeREM(@RDM(@RHM(@R@j@RlM(lRDM(CHRDo(
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B.1 Atmosphere 
(

Y:='( ,%( &'#( $:*&( &'/##( 8#=:8#*( ':*( F##-( *3==#**+7#$;( ":/9#/( :&( &'#( Y:/&'d*( *3/%:=#( &':-( :-;(
4/#=#8+-1(8#=:8#(*+-=#(Cp@G(K*##(T+13/#()<ARCLR( 5-( &'#(P,/&'#/-(\#9+*4'#/#M(CipHjDGCD(":*(
likely(&'#(":/9#*&(HGB;#:/(4#/+,8(,%(&'#($:*&(CeGG(;#:/*(Kmedium confidenceLR(nDReM(@RHo(

(
q5P)Y?!(T52X?Y()<ARC(\Y?Yr(
Figure SPM.1: K:L(aF*#/7#8(1$,F:$(9#:-(=,9F+-#8($:-8(:-8(,=#:-(*3/%:=#(&#94#/:&3/#(:-,9:$+#*M( %/,9(
Cp@G( &,( DGCD( %/,9( &'/##(8:&:( *#&*R( !,4(4:-#$g( :--3:$(9#:-( 7:$3#*M( F,&&,9(4:-#$g( 8#=:8:$(9#:-( 7:$3#*(
+-=$38+-1( &'#( #*&+9:&#( ,%( 3-=#/&:+-&;( %,/( ,-#( 8:&:*#&( KF$:=0LR( 6-,9:$+#*( :/#( /#$:&+7#( &,( &'#( 9#:-( ,%(
CilC CiiGR( KFL( A:4( ,%( &'#( ,F*#/7#8( *3/%:=#( &#94#/:&3/#( =':-1#( %/,9( CiGC( &,( DGCD( 8#/+7#8( %/,9(
&#94#/:&3/#(&/#-8*(8#&#/9+-#8(F;($+-#:/(/#1/#**+,-(%/,9(,-#(8:&:*#&(K,/:-1#($+-#(+-(4:-#$(:LR(!/#-8*(':7#(
F##-(=:$=3$:&#8("'#/#(8:&:(:7:+$:F+$+&;(4#/9+&*(:(/,F3*&(#*&+9:&#(K+R#RM(,-$;(%,/(1/+8(F,J#*("+&'(1/#:&#/(&':-(
EGk( =,94$#&#( /#=,/8*( :-8(9,/#( &':-( DGk(8:&:( :7:+$:F+$+&;( +-( &'#( %+/*&( :-8( $:*&( CGk(,%( &'#( &+9#( 4#/+,8LR(
a&'#/(:/#:*(:/#("'+&#R(2/+8(F,J#*("'#/#(&'#(&/#-8(+*(*+1-+%+=:-&(:&(&'#(CGk($#7#$(:/#(+-8+=:&#8(F;(:(s(*+1-R(
T,/( :( $+*&+-1( ,%( &'#( 8:&:*#&*( :-8( %3/&'#/( &#='-+=:$( 8#&:+$*( *##( &'#( !#='-+=:$( )399:/;( )344$#9#-&:/;(
A:&#/+:$R(nT+13/#*(DRCijDRDCh(T+13/#(!)RDo(
(
( !'#(1$,F:$$;(:7#/:1#8(=,9F+-#8($:-8(:-8(,=#:-(*3/%:=#(&#94#/:&3/#(8:&:(:*(=:$=3$:&#8(F;(:(
$+-#:/( &/#-8M( *',"( :(":/9+-1( ,%( GRp@( qGRl@( &,( CRGlr( t>( HM( ,7#/( &'#( 4#/+,8( CppGjDGCDM("'#-(
93$&+4$#(+-8#4#-8#-&$;(4/,83=#8(8:&:*#&*(#J+*&R((!'#(&,&:$(+-=/#:*#(F#&"##-(&'#(:7#/:1#(,%(&'#(
Cp@GjCiGG(4#/+,8( :-8( &'#( DGGHjDGCD(4#/+,8( +*( GREp( qGRED( &,( GRp@r( t>M( F:*#8(,-( &'#( *+-1$#(
$,-1#*&(8:&:*#&(:7:+$:F$#eR(KT+13/#()<ARC:L(nDReo(

!

( T,/(&'#($,-1#*&(4#/+,8("'#-(=:$=3$:&+,-(,%(/#1+,-:$(&/#-8*(+*(*3%%+=+#-&$;(=,94$#&#(KCiGCjDGCDLM(
:$9,*&(&'#(#-&+/#(1$,F#(':*(#J4#/+#-=#8(*3/%:=#(":/9+-1R(KT+13/#()<ARCFL(nDReo(

(
( 5-( :88+&+,-( &,( /,F3*&( 93$&+B8#=:8:$( ":/9+-1M( 1$,F:$( 9#:-( *3/%:=#( &#94#/:&3/#( #J'+F+&*(
*3F*&:-&+:$(8#=:8:$(:-8( +-&#/:--3:$( 7:/+:F+$+&;( K*##(T+13/#()<ARCLR([3#( &,(-:&3/:$( 7:/+:F+$+&;M(
&/#-8*(F:*#8(,-(*',/&(/#=,/8*(:/#(7#/;(*#-*+&+7#(&,(&'#(F#1+--+-1(:-8(#-8(8:&#*(:-8(8,(-,&(+-(
1#-#/:$(/#%$#=&($,-1B&#/9(=$+9:&#(&/#-8*R(6*(,-#(#J:94$#M(&'#(/:&#(,%(":/9+-1(,7#/(&'#(4:*&(C@(
;#:/*(KCiipjDGCDh(GRG@(qjGRG@(&,(sGRC@r(t>(4#/(8#=:8#LM("'+='(F#1+-*("+&'(:(*&/,-1(Y$(P+u,M(+*(
*9:$$#/(&':-(&'#(/:&#(=:$=3$:&#8(*+-=#(Ci@C(KCi@CjDGCDh(GRCD(qGRGp(&,(GRCer(t>(4#/(8#=:8#L@R(
nDReo(

(
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( >,-&+-#-&:$B*=:$#( *3/%:=#( &#94#/:&3/#( /#=,-*&/3=&+,-*( *',"M( "+&'( high confidenceM( 93$&+B
8#=:8:$(4#/+,8*(83/+-1( &'#(A#8+#7:$(>$+9:&#(6-,9:$;( K;#:/(i@G( &,(CD@GL( &':&("#/#( +-(*,9#(
/#1+,-*( :*(":/9(:*( +-( &'#( $:&#( DG&'( =#-&3/;R !'#*#( /#1+,-:$(":/9(4#/+,8*( 8+8( -,&( ,==3/( :*(
=,'#/#-&$;(:=/,**(/#1+,-*(:*(&'#(":/9+-1(+-(&'#($:&#(DG&'(=#-&3/;(Khigh confidenceLR(n@R@o(

(
"( 5&( +*( virtually certain( &':&( 1$,F:$$;( &'#( &/,4,*4'#/#( ':*( ":/9#8( *+-=#( &'#(9+8BDG&'( =#-&3/;R(

A,/#( =,94$#&#( ,F*#/7:&+,-*( :$$,"( 1/#:&#/( =,-%+8#-=#( +-( #*&+9:&#*( ,%( &/,4,*4'#/+=(
&#94#/:&3/#( =':-1#*( +-( &'#( #J&/:&/,4+=:$( P,/&'#/-( \#9+*4'#/#( &':-( #$*#"'#/#R( !'#/#( +*(
medium confidence( +-( &'#( /:&#( ,%( ":/9+-1( :-8( +&*( 7#/&+=:$( *&/3=&3/#( +-( &'#( P,/&'#/-(
\#9+*4'#/#(#J&/:B&/,4+=:$(&/,4,*4'#/#(:-8(low confidence(#$*#"'#/#R(nDReo(

(
"( Confidence(+-(4/#=+4+&:&+,-(=':-1#(:7#/:1#8(,7#/(1$,F:$($:-8(:/#:*(*+-=#(CiGC(+* low(4/+,/(&,(

Ci@C( :-8(medium( :%&#/":/8*R( 67#/:1#8( ,7#/( &'#( 9+8B$:&+&38#( $:-8( :/#:*( ,%( &'#( P,/&'#/-(
\#9+*4'#/#M( 4/#=+4+&:&+,-( ':*( +-=/#:*#8( *+-=#( CiGC( Kmedium( confidence( F#%,/#( :-8( high(
confidence( :%&#/( Ci@CLR( T,/( ,&'#/( $:&+&38#*( :/#:B:7#/:1#8( $,-1B&#/9( 4,*+&+7#( ,/( -#1:&+7#(
&/#-8*(':7#(low(confidenceR(nT+13/#()<ARDM(T+13/#(!)R``M(DR@o(

(
q5P)Y?!(T52X?Y()<ARD(\Y?Yr(
Figure SPM.2:(A:4*(,%(,F*#/7#8(4/#=+4+&:&+,-(=':-1#( %/,9(CiGC( &,(DGCG(:-8( %/,9(Ci@C( &,(DGCG(K&/#-8*(
=:$=3$:&#8(3*+-1(&'#(*:9#(=/+&#/+:(:*(+-(T+13/#()<ARCFL(%/,9(,-#(8:&:(*#&R(T,/(%3/&'#/(&#='-+=:$(8#&:+$*(*##(
&'#(!#='-+=:$()399:/;()344$#9#-&:/;(A:&#/+:$R(nT+13/#(!)R`h(T+13/#(DRDio(qT52X?Y(!a(SY(>a<vY[5!Y[(
6P[(A6[Y(>aP)5)!YP!(.5!\(T52X?Y()<ARCFr(
(
"( >':-1#*(+-(9:-;(#J&/#9#("#:&'#/(:-8(=$+9:&#(#7#-&*(':7#(F##-(,F*#/7#8(*+-=#(:F,3&(Ci@G(

K*##(!:F$#()<ARC( %,/( 8#&:+$*LR( 5&( +*(very likely( &':&( &'#(-39F#/(,%( =,$8(8:;*(:-8(-+1'&*(':*(
8#=/#:*#8(:-8(&'#(-39F#/(,%(":/9(8:;*(:-8(-+1'&*(':*(+-=/#:*#8(,-(&'#(1$,F:$(*=:$#lR(5&(+*(
likely( &':&( &'#( %/#f3#-=;( ,%( '#:&( ":7#*( ':*( +-=/#:*#8( +-( $:/1#( 4:/&*( ,%( Y3/,4#M( 6*+:( :-8(
63*&/:$+:R(!'#/#(:/#( likely(9,/#($:-8(/#1+,-*("'#/#(&'#(-39F#/(,%('#:7;(4/#=+4+&:&+,-(#7#-&*(
':*(+-=/#:*#8(&':-("'#/#(+&(':*(8#=/#:*#8R(!'#(%/#f3#-=;(,/(+-&#-*+&;(,%('#:7;(4/#=+4+&:&+,-(
#7#-&*(':*( likely( +-=/#:*#8( +-(P,/&'(69#/+=:(:-8(Y3/,4#R( 5-(,&'#/(=,-&+-#-&*M(=,-%+8#-=#( +-(
=':-1#*(+-('#:7;(4/#=+4+&:&+,-(#7#-&*(+*(:&(9,*&((medium.(nDRlo(

(
q5P)Y?!(!6SIY()<ARC(\Y?Yr(
Table SPM.1:(YJ&/#9#("#:&'#/(:-8(=$+9:&#(#7#-&*g(2$,F:$B*=:$#(:**#**9#-&(,%(/#=#-&(,F*#/7#8(=':-1#*M(
'39:-(=,-&/+F3&+,-(&,(&'#(=':-1#*M(:-8(4/,_#=&#8(%3/&'#/(=':-1#*(%,/(&'#(#:/$;(KDGCljDGH@L(:-8($:&#(KDGpCj
DCGGL(DC*&(=#-&3/;R(S,$8(+-8+=:&#*("'#/#(&'#(6?@(KF$:=0L(4/,7+8#*(:(/#7+*#8w(1$,F:$B*=:$#(:**#**9#-&(%/,9(
&'#()?Y`(KF$3#L(,/(6?e(K/#8LR(</,_#=&+,-*(%,/(#:/$;(DC*&(=#-&3/;("#/#(-,&(4/,7+8#8(+-(4/#7+,3*(:**#**9#-&(
/#4,/&*R( </,_#=&+,-*( +-( &'#( 6?@( :/#( /#$:&+7#( &,( &'#( /#%#/#-=#( 4#/+,8( ,%( CipljDGG@M( :-8( 3*#( &'#( -#"(
?#4/#*#-&:&+7#(>,-=#-&/:&+,-(<:&'":;(K?><L(*=#-:/+,*(K*##(S,J()<ARCL(3-$#**(,&'#/"+*#(*4#=+%+#8R()##(
&'#(2$,**:/;(%,/(8#%+-+&+,-*(,%(#J&/#9#("#:&'#/(:-8(=$+9:&#(#7#-&*R(
(
B.2 Ocean 
(

a=#:-(":/9+-1( 8,9+-:&#*( &'#( +-=/#:*#( +-( #-#/1;( *&,/#8( +-( &'#( =$+9:&#( *;*&#9M( :==,3-&+-1( %,/(
9,/#(&':-(iGk(,%(&'#(#-#/1;(:==393$:&#8(F#&"##-(CiEC(:-8(DGCG(Khigh confidenceLR(5&(+*(virtually 
certain( &':&( &'#( 344#/( ,=#:-( KG EGG(9L(":/9#8( %/,9(CiEC( &,( DGCG( K*##(T+13/#()<ARHLM( :-8( +&(
likely(":/9#8(F#&"##-(&'#(CpEG*(:-8(CiECR(nHRDM(S,J(HRCo(

(
"( a-(:(1$,F:$(*=:$#M(&'#(,=#:-(":/9+-1(+*($:/1#*&(-#:/(&'#(*3/%:=#M(:-8(&'#(344#/(E@(9(":/9#8(

F;( GRCC( qGRGi( &,( GRCHr( t>( 4#/( 8#=:8#( ,7#/( &'#( 4#/+,8( CiECjDGCGR( )+-=#(6?eM( +-*&/39#-&:$(
F+:*#*( +-( 344#/B,=#:-( &#94#/:&3/#( /#=,/8*( ':7#( F##-( +8#-&+%+#8( :-8( /#83=#8M( #-':-=+-1(
=,-%+8#-=#(+-(&'#(:**#**9#-&(,%(=':-1#R(nHRDo(

(

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
l()##(&'#(2$,**:/;(%,/(&'#(8#%+-+&+,-(,%(&'#*#(&#/9*g(=,$8(8:;*(O(=,$8(-+1'&*M(":/9(8:;*(O(":/9(-+1'&*M('#:&(
":7#*R(

Adam Curry


Adam Curry


Adam Curry


Adam Curry


Adam Curry
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"( 5&( +*( likely( &':&( &'#( ,=#:-(":/9#8( F#&"##-( EGG( :-8( DGGG(9( %/,9( Ci@E( &,( DGGiR( )3%%+=+#-&(
,F*#/7:&+,-*(:/#(:7:+$:F$#(%,/(&'#(4#/+,8(CiiD(&,(DGG@(%,/(:(1$,F:$(:**#**9#-&(,%(&#94#/:&3/#(
=':-1#(F#$,"(DGGG(9R(!'#/#("#/#(likely(-,(*+1-+%+=:-&(,F*#/7#8(&#94#/:&3/#(&/#-8*(F#&"##-(
DGGG(:-8(HGGG(9(%,/(&'+*(4#/+,8R(5&(+*(likely(&':&(&'#(,=#:-(":/9#8(%/,9(HGGG(9(&,(&'#(F,&&,9(
%,/(&'+*(4#/+,8M("+&'(&'#($:/1#*&(":/9+-1(,F*#/7#8(+-(&'#(),3&'#/-(a=#:-R(nHRDo(

(
"( A,/#(&':-(lGk(,%(&'#(-#&(#-#/1;(+-=/#:*#(+-(&'#(=$+9:&#(*;*&#9(+*(*&,/#8(+-(&'#(344#/(,=#:-(

KGjEGG(9L( 83/+-1( &'#( /#$:&+7#$;("#$$B*:94$#8( eGB;#:/( 4#/+,8( %/,9( CiEC( &,( DGCGM( :-8( :F,3&(
HGk(+*(*&,/#8(+-(&'#(,=#:-(F#$,"(EGG(9R(!'#(+-=/#:*#(+-(344#/(,=#:-('#:&(=,-&#-&(83/+-1(&'+*(
&+9#(4#/+,8(#*&+9:&#8(%/,9(:($+-#:/(&/#-8(+*(likely CE(qC@(&,(Cir( (CGDD(W(E(KT+13/#()<ARHLR(nHRDM(
S,J(HRCo((

(
"( 5&(+*(about as likely as not &':&(,=#:-('#:&(=,-&#-&(%/,9(GjEGG(9(+-=/#:*#8(9,/#(*$,"$;(83/+-1(

DGGHjDGCG( &':-(83/+-1(CiiHjDGGD(K*##(T+13/#()<ARHLR(a=#:-('#:&(34&:0#( %/,9(EGGjDGGG(
9M("'#/#(+-&#/:--3:$(7:/+:F+$+&;(+*(*9:$$#/M(likely =,-&+-3#8(3-:F:&#8(%/,9(CiiH(&,(DGGiR(nHRDM(
S,J(iRDo(

(
"( 5&( +*(very likely(&':&(/#1+,-*(,%('+1'(*:$+-+&;("'#/#(#7:4,/:&+,-(8,9+-:&#*(':7#(F#=,9#(9,/#(

*:$+-#M("'+$#(/#1+,-*(,%($,"(*:$+-+&;("'#/#(4/#=+4+&:&+,-(8,9+-:&#*(':7#(F#=,9#(%/#*'#/(*+-=#(
&'#(Ci@G*R(!'#*#(/#1+,-:$(&/#-8*(+-(,=#:-(*:$+-+&;(4/,7+8#(+-8+/#=&(#7+8#-=#(&':&(#7:4,/:&+,-(
:-8((4/#=+4+&:&+,-(,7#/(&'#(,=#:-*(':7#(=':-1#8(Kmedium confidenceLR(nDR@M(HRHM(HR@o(

(
"( !'#/#(+*(-,(,F*#/7:&+,-:$(#7+8#-=#(,%(:(&/#-8(+-(&'#(6&$:-&+=(A#/+8+,-:$(a7#/&3/-+-1(>+/=3$:&+,-(

K6Aa>LM( F:*#8( ,-( &'#( 8#=:8#B$,-1( /#=,/8( ,%( &'#( =,94$#&#( 6Aa>( :-8( $,-1#/( /#=,/8*( ,%(
+-8+7+83:$(6Aa>(=,94,-#-&*R(nHRlo((

(
B.3 Cryosphere 
(

a7#/( &'#( $:*&( &",( 8#=:8#*M( &'#( 2/##-$:-8( :-8( 6-&:/=&+=( +=#( *'##&*( ':7#( F##-( $,*+-1( 9:**M(
1$:=+#/*(':7#(=,-&+-3#8(&,(*'/+-0(:$9,*&(",/$8"+8#M(:-8(6/=&+=(*#:(+=#(:-8(P,/&'#/-(\#9+*4'#/#(
*4/+-1( *-,"( =,7#/( ':7#( =,-&+-3#8( &,( 8#=/#:*#( +-( #J&#-&( Khigh confidenceL( K*##(T+13/#()<ARHLR(
neRDjeREo(

(
"( !'#( :7#/:1#( /:&#( ,%( +=#( $,**p( %/,9( 1$:=+#/*( :/,3-8( &'#( ",/$8M( #J=$38+-1( 1$:=+#/*( ,-( &'#(

4#/+4'#/;( ,%( &'#( +=#( *'##&*iM( ":*( very likely( DDl( qiC( &,( HlCr( 2&( ;/ C( ,7#/( &'#( 4#/+,8(
CiEC DGGiM(:-8(very likely(DE@(qCeG(&,(eCGr(2&(;/ C(,7#/(&'#(4#/+,8(CiiH DGGiCGR(neRHo(

(
"( !'#( :7#/:1#( /:&#( ,%( +=#( $,**( %/,9( &'#( 2/##-$:-8( +=#( *'##&( ':*( very likely( *3F*&:-&+:$$;(

+-=/#:*#8( %/,9(He( qjl( &,(Eer(2&(;/jC(,7#/( &'#(4#/+,8(CiiDjDGGC( &,(DC@( qC@E( &,(DEer(2&(;/jC(
,7#/(&'#(4#/+,8(DGGDjDGCCR(neReo(

(
"( !'#(:7#/:1#(/:&#(,%(+=#($,**(%/,9(&'#(6-&:/=&+=(+=#(*'##&(':*(likely(+-=/#:*#8(%/,9(HG(qjHE(&,(

iEr(2&(;/jC(,7#/(&'#(4#/+,8(CiiDjDGGC(&,(CeE(qED(&,(DDCr(2&(;/jC(,7#/(&'#(4#/+,8(DGGDjDGCCR(
!'#/#( +*( very high confidence( &':&( &'#*#( $,**#*( :/#( 9:+-$;( %/,9( &'#( -,/&'#/-( 6-&:/=&+=(
<#-+-*3$:(:-8(&'#(693-8*#-()#:(*#=&,/(,%(.#*&(6-&:/=&+=:R(neReo(

(
q5P)Y?!(T52X?Y()<ARH(\Y?Yr(

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
E(6(=,-*&:-&(*344$;(,%('#:&(&'/,31'(&'#(,=#:-(*3/%:=#(:&(&'#(/:&#(,%(C(.(9jD(%,/(C(;#:/(",3$8(+-=/#:*#(&'#(
,=#:-('#:&(=,-&#-&(F;(CRC( (CGDD(WR(
p(6$$(/#%#/#-=#*(&,(x+=#($,**d(,/(x9:**($,**d(/#%#/(&,(-#&(+=#($,**M(:==393$:&+,-(9+-3*(9#$&(:-8(+=#F#/1(=:$7+-1R(
i(T,/(9#&',8,$,1+=:$(/#:*,-*M(&'+*(:**#**9#-&(,%(+=#($,**(%/,9(&'#(6-&:/=&+=(:-8(2/##-$:-8(+=#(*'##&*(
+-=$38#*(=':-1#(+-(&'#(1$:=+#/*(,-(&'#(4#/+4'#/;R(!'#*#(4#/+4'#/:$(1$:=+#/*(:/#(&'3*(#J=$38#8(%/,9(&'#(
7:$3#*(1+7#-(%,/(1$:=+#/*R(
CG(CGG(2&(;/ C(,%(+=#($,**(+*(#f3+7:$#-&(&,(:F,3&(GRDp(99(;/ C(,%(1$,F:$(9#:-(*#:($#7#$(/+*#R(
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Figure SPM.3:(A3$&+4$#(,F*#/7#8(+-8+=:&,/*(,%(:(=':-1+-1(1$,F:$(=$+9:&#g(K:L(YJ&#-&(,%(P,/&'#/-(\#9+*4'#/#(
A:/='B64/+$(K*4/+-1L(:7#/:1#(*-,"(=,7#/M(KFL(YJ&#-&(,%(6/=&+=(W3$;B6313*&B)#4&#9F#/(K*399#/L(:7#/:1#(*#:(
+=#M(K=L(=':-1#(+-(1$,F:$(9#:-(344#/(,=#:-(KGjEGG(9L('#:&(=,-&#-&(:$+1-#8(&,(DGGl DGCGM(:-8(/#$:&+7#(&,(
&'#(9#:-(,%(:$$(8:&:*#&*(%,/(CiECM(K8L(1$,F:$(9#:-(*#:($#7#$(/#$:&+7#(&,(&'#(CiGGjCiG@(9#:-(,%(&'#($,-1#*&(
/3--+-1( 8:&:*#&M( :-8( "+&'( :$$( 8:&:*#&*( :$+1-#8( &,( ':7#( &'#( *:9#( 7:$3#( +-( CiiHM( &'#( %+/*&( ;#:/( ,%( *:&#$$+&#(
:$&+9#&/;(8:&:R(6$$(&+9#B*#/+#*(K=,$,3/#8($+-#*(+-8+=:&+-1(8+%%#/#-&(8:&:(*#&*L(*',"(:--3:$(7:$3#*M(:-8("'#/#(
:**#**#8M(3-=#/&:+-&+#*(:/#(+-8+=:&#8(F;(=,$,3/#8(*':8+-1R()##(!#='-+=:$()399:/;()344$#9#-&:/;(A:&#/+:$(
%,/(:($+*&+-1(,%(&'#(8:&:*#&*R(nT+13/#*(HRDM(HRCHM(eRCiM(:-8(eRHh(T6^(DRCM(T+13/#(Dh(T+13/#(!)RCo(
(
"( !'#(:--3:$(9#:-(6/=&+=(*#:(+=#(#J&#-&(8#=/#:*#8(,7#/(&'#(4#/+,8(CiEijDGCD("+&'(:(/:&#(&':&(

":*(very likely( +-( &'#( /:-1#(HR@( &,(eRCk(4#/( 8#=:8#( K/:-1#(,%( GRe@( &,(GR@C(9+$$+,-( 09D(4#/(
8#=:8#LM(:-8(very likely( +-(&'#(/:-1#(iRe(&,(CHRlk(4#/(8#=:8#(K/:-1#(,%(GREH(&,(CRGE(9+$$+,-(
09D(4#/(8#=:8#L(%,/(&'#(*399#/(*#:(+=#(9+-+939(K4#/#--+:$(*#:(+=#LR(!'#(:7#/:1#(8#=/#:*#(
+-(8#=:8:$(9#:-(#J&#-&(,%(6/=&+=(*#:( +=#(':*(F##-(9,*&( /:4+8( +-(*399#/(Khigh confidenceLh(
&'#(*4:&+:$(#J&#-&(':*(8#=/#:*#8(+-(#7#/;(*#:*,-M(:-8(+-(#7#/;(*3==#**+7#(8#=:8#(*+-=#(CiEi(
Khigh confidenceL(K*##(T+13/#()<ARHLR(!'#/#(+*(medium confidence(%/,9(/#=,-*&/3=&+,-*(&':&(
,7#/( &'#( 4:*&( &'/##( 8#=:8#*M( 6/=&+=( *399#/( *#:( +=#( /#&/#:&( ":*( 3-4/#=#8#-&#8( :-8( *#:(
*3/%:=#(&#94#/:&3/#*("#/#(:-,9:$,3*$;('+1'(+-(:&($#:*&(&'#($:*&(CMe@G(;#:/*R(neRDM(@R@o(

(
"( 5&(+*(very likely(&':&(&'#(:--3:$(9#:-(6-&:/=&+=(*#:(+=#(#J&#-&(+-=/#:*#8(:&(:(/:&#(+-(&'#(/:-1#(

,%(CRD(&,(CRpk(4#/(8#=:8#(K/:-1#(,%(GRCH(&,(GRDG(9+$$+,-(09D(4#/(8#=:8#L(F#&"##-(CiEi(:-8(
DGCDR(!'#/#( +*(high confidence( &':&( &'#/#(:/#(*&/,-1(/#1+,-:$(8+%%#/#-=#*( +-(&'+*(:--3:$(/:&#M(
"+&'(#J&#-&(+-=/#:*+-1(+-(*,9#(/#1+,-*(:-8(8#=/#:*+-1(+-(,&'#/*R(neRDo(

(
"( !'#/#( +*( very high confidence( &':&( &'#( #J&#-&( ,%( P,/&'#/-( \#9+*4'#/#( *-,"( =,7#/( ':*(

8#=/#:*#8(*+-=#(&'#(9+8BDG&'(=#-&3/;(K*##(T+13/#()<ARHLR(P,/&'#/-(\#9+*4'#/#(*-,"(=,7#/(
#J&#-&(8#=/#:*#8(CRl(qGRp(&,(DRer(k(4#/(8#=:8#(%,/(A:/='(:-8(64/+$M(:-8!CCRE(qpRp(&,(CeRlr(k(
4#/(8#=:8#(%,/(W3-#M(,7#/(&'#(CilEjDGCD(4#/+,8R([3/+-1(&'+*(4#/+,8M(*-,"(=,7#/(#J&#-&(+-(&'#(
P,/&'#/-(\#9+*4'#/#(8+8(-,&(*',"(:(*&:&+*&+=:$$;(*+1-+%+=:-&(+-=/#:*#(+-(:-;(9,-&'R(neR@o(

(
"( !'#/#(+*(high confidence(&':&(4#/9:%/,*&(&#94#/:&3/#*(':7#(+-=/#:*#8(+-(9,*&(/#1+,-*(*+-=#(

&'#(#:/$;(CipG*R(aF*#/7#8(":/9+-1(":*(34(&,(Ht>(+-(4:/&*(,%(P,/&'#/-(6$:*0:(K#:/$;(CipG*(&,(
9+8BDGGG*L(:-8(34(&,(Dt>(+-(4:/&*(,%(&'#(?3**+:-(Y3/,4#:-(P,/&'(KCiECjDGCGLR(5-(&'#($:&&#/(
/#1+,-M(:(=,-*+8#/:F$#(/#83=&+,-(+-(4#/9:%/,*&(&'+=0-#**(:-8(:/#:$(#J&#-&(':*(F##-(,F*#/7#8(
,7#/(&'#(4#/+,8(CiE@jDGG@(Kmedium confidenceLR(neREo(

(
"( A3$&+4$#($+-#*(,%(#7+8#-=#(*344,/&(7#/;(*3F*&:-&+:$(6/=&+=(":/9+-1(*+-=#(&'#(9+8BDG&'(=#-&3/;R(

nS,J(@RCM(CGRHo(
(
B.4 Sea Level 
(

!'#(/:&#(,%(*#:($#7#$(/+*#(*+-=#(&'#(9+8BCi&'(=#-&3/;(':*(F##-($:/1#/(&':-(&'#(9#:-(/:&#(83/+-1(&'#(
4/#7+,3*(&",(9+$$#--+:(Khigh confidenceLR(a7#/(&'#(4#/+,8(CiGCjDGCGM(1$,F:$(9#:-(*#:($#7#$(/,*#(
F;(GRCi(qGRCE(&,(GRDCr(9(K*##(T+13/#()<ARHLR(nHREM(@RlM(CHRDo(

(
"( </,J;(:-8( +-*&/39#-&:$(*#:( $#7#$(8:&:( +-8+=:&#(:( &/:-*+&+,-( +-( &'#( $:&#(Ci&'( &,( &'#(#:/$;(DG&'(

=#-&3/;(%/,9(/#$:&+7#$;($,"(9#:-(/:&#*(,%(/+*#(,7#/(&'#(4/#7+,3*(&",(9+$$#--+:(&,('+1'#/(/:&#*(,%(
/+*#(Khigh confidenceLR(5&( +*( likely(&':&(&'#(/:&#(,%(1$,F:$(9#:-(*#:($#7#$(/+*#(':*(=,-&+-3#8(&,(
+-=/#:*#(*+-=#(&'#(#:/$;(DG&'(=#-&3/;R(nHREM(@RlM(CHRDo(

(
"( 5&(+*(very likely(&':&(&'#(9#:-(/:&#(,%(1$,F:$(:7#/:1#8(*#:($#7#$(/+*#(":*(CRE(qCR@(&,(CRir(99(;/j

C(F#&"##-(CiGC(:-8(DGCGM(DRG(qCRE(&,(DRHr(99(;/jC(F#&"##-(CiEC(:-8(DGCG(:-8(HRD(qDRp(&,(HRlr(
99( ;/jC( F#&"##-( CiiH( :-8( DGCGR( !+8#B1:31#( :-8( *:&#$$+&#( :$&+9#&#/( 8:&:( :/#( =,-*+*&#-&(
/#1:/8+-1( &'#( '+1'#/( /:&#( ,%( &'#( $:&&#/( 4#/+,8R( 5&( +*( likely( &':&( *+9+$:/$;( '+1'( /:&#*( ,==3//#8(
F#&"##-(CiDG(:-8(Ci@GR(nHREo(

(
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"( )+-=#(&'#(#:/$;(CiEG*M(1$:=+#/(9:**($,**(:-8(,=#:-(&'#/9:$(#J4:-*+,-(%/,9(":/9+-1(&,1#&'#/(
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B.5 Carbon and Other Biogeochemical Cycles 
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DGCCM( @ek( :F,7#( &'#( CiiG( $#7#$R( 6--3:$( -#&( >aD( #9+**+,-*( %/,9( :-&'/,4,1#-+=( $:-8( 3*#(
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:-&'/,4,1#-+=(#9+**+,-*(,%(@e@(qelG(&,(lHGr(2&>R(nlRHo(

(

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
CC(449(K4:/&*(4#/(9+$$+,-L(,/(44F(K4:/&*(4#/(F+$$+,-M(C(F+$$+,-(y(CMGGG(9+$$+,-L(+*(&'#(/:&+,(,%(&'#(-39F#/(,%(1:*(
9,$#=3$#*(&,(&'#(&,&:$(-39F#/(,%(9,$#=3$#*(,%(8/;(:+/R(T,/(#J:94$#M(HGG(449(9#:-*(HGG(9,$#=3$#*(,%(:(1:*(
4#/(9+$$+,-(9,$#=3$#*(,%(8/;(:+/R(
CD(C(2+1:&,--#(,%(=:/F,-(y(C(2&>(y(CGC@(1/:9*(,%(=:/F,-(y(C(<#&:1/:9(,%(=:/F,-(y(C(<1>R(!'+*(=,//#*4,-8*(
&,(HRlE(2&>aDR(

Adam Curry




!"#$%&'()#**+,-(,%(.,/0+-1(2/,34(5( ( 644/,7#8()399:/;(%,/(<,$+=;9:0#/*(

5<>>(.25(6?@( )<ABp( DE()#4&#9F#/(DGCH(

"( a%(&'#*#(=393$:&+7#(:-&'/,4,1#-+=(>aD(#9+**+,-*M(DeG(qDHG(&,(D@Gr(2&>(':7#(:==393$:&#8(+-(
&'#(:&9,*4'#/#M(C@@(qCD@(&,(Cp@r(2&>(':7#(F##-(&:0#-(34(F;(&'#(,=#:-(:-8(C@G(qlG(&,(DeGr(
2&>( ':7#( :==393$:&#8( +-( -:&3/:$( &#//#*&/+:$( #=,*;*&#9*( K=%R( =393$:&+7#( /#*+83:$( $:-8( *+-0LR(
nT+13/#(!)ReM(HRpM(lRHo(

(
"( a=#:-(:=+8+%+=:&+,-( +*( f3:-&+%+#8( F;( 8#=/#:*#*( +-( 4\CHR( !'#(4\(,%( ,=#:-( *3/%:=#(":&#/( ':*(

8#=/#:*#8(F;(GRC(*+-=#(&'#(F#1+--+-1(,%(&'#(+-83*&/+:$(#/:(Khigh confidenceLM(=,//#*4,-8+-1(&,(
:(Dlk(+-=/#:*#(+-(';8/,1#-(+,-(=,-=#-&/:&+,-(K*##(T+13/#()<AReLR(nHRpRM(S,J(HRDo(

(
q5P)Y?!(T52X?Y()<ARe(\Y?Yr(
Figure SPM.4: A3$&+4$#( ,F*#/7#8( +-8+=:&,/*( ,%( :( =':-1+-1( 1$,F:$( =:/F,-( =;=$#g( K:L( :&9,*4'#/+=(
=,-=#-&/:&+,-*( ,%( =:/F,-( 8+,J+8#( K>aDL( %/,9( A:3-:( I,:( KCitHD PM( C@@tHe.( j( /#8L( :-8( ),3&'( <,$#(
Kpit@i )M( Detep.( j( F$:=0L( *+-=#( Ci@ph( KFL( 4:/&+:$( 4/#**3/#( ,%( 8+**,$7#8(>aD( :&( &'#( ,=#:-( *3/%:=#( KF$3#(
=3/7#*L( :-8( in situ( 4\( K1/##-( =3/7#*LM( :(9#:*3/#( ,%( &'#( :=+8+&;( ,%( ,=#:-(":&#/R(A#:*3/#9#-&*( :/#( %/,9(
&'/##(*&:&+,-*(%/,9(&'#(6&$:-&+=(KDitCGPM(C@tHG.(j(8:/0(F$3#O8:/0(1/##-h(HCteGPM(letCG.(j(F$3#O1/##-L(
:-8(&'#(<:=+%+=(a=#:-*(KDDte@PM(C@ptGG.( ($+1'&(F$3#O$+1'&(1/##-LR(T3$$(8#&:+$*(,%(&'#(8:&:*#&*(*',"-('#/#(
:/#(4/,7+8#8(+-(&'#(3-8#/$;+-1(/#4,/&(:-8(&'#(!#='-+=:$()399:/;()344$#9#-&:/;(A:&#/+:$R(nT+13/#*(DRC(:-8(
HRCph(T+13/#(!)R@o(
(
(
C. Drivers of Climate Change 
(
Natural and anthropogenic substances and processes that alter the Earth's energy budget are 
drivers of climate change. Radiative forcing14 (RF) quantifies the change in energy fluxes caused 
by changes in these drivers for 2011 relative to 1750, unless otherwise indicated. Positive RF 
leads to surface warming, negative RF leads to surface cooling.  RF is estimated based on in-situ 
and remote observations, properties of greenhouse gases and aerosols, and calculations using 
numerical models representing observed processes.( Some emitted compounds affect the 
atmospheric concentration of other substances. The RF can be reported based on the 
concentration changes of each substance15. Alternatively, the emission-based RF of a compound 
can be reported, which provides a more direct link to human activities. It includes contributions 
from all substances affected by that emission. The total anthropogenic RF of the two approaches 
are identical when considering all drivers. Though both approaches are used in this Summary, 
emission-based RFs are emphasized. 
(
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Figure SPM.5: ?:8+:&+7#( %,/=+-1( #*&+9:&#*( +-( DGCC( /#$:&+7#( &,( CE@G( :-8( :11/#1:&#8( 3-=#/&:+-&+#*( %,/( &'#(
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(
D. Understanding the Climate System and its Recent Changes 
(
Understanding recent changes in the climate system results from combining observations, studies 
of feedback processes, and model simulations. Evaluation of the ability of climate models to 
simulate recent changes requires consideration of the state of all modelled climate system 
components at the start of the simulation and the natural and anthropogenic forcing used to drive 
the models. Compared to AR4, more detailed and longer observations and improved climate 
models now enable the attribution of a human contribution to detected changes in more climate 
system components.  
(
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D.1 Evaluation of Climate Models 
(
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*+-=#(6?eR()+93$:&#8(1$,F:$B9#:-(&/#-8*(+-(&'#(%/#f3#-=;(,%(#J&/#9#(":/9(:-8(=,$8(8:;*(:-8(
-+1'&*(,7#/(&'#(*#=,-8(':$%(,%(&'#(DG&'(=#-&3/;(:/#(1#-#/:$$;(=,-*+*&#-&("+&'(,F*#/7:&+,-*R(niR@o(
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:**#**9#-&(+*(':94#/#8(F;(,F*#/7:&+,-:$(3-=#/&:+-&+#*R(niReM(iRlo(
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&'#(&+9#(,%(&'#(6?eM(F3&(&'#/#(/#9:+-*(low(confidence(+-(&'#(/#4/#*#-&:&+,-(:-8(f3:-&+%+=:&+,-(
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,=#:-(=:/F,-(*+-0*(,7#/(&'#($:&&#/(4:/&(,%(&'#(DG&'(=#-&3/;(:/#("+&'+-(&'#(/:-1#(,%(,F*#/7:&+,-:$(
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D.2 Quantification of Climate System Responses 
(
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=,-=#-&/:&+,-R( Yf3+$+F/+39( =$+9:&#( *#-*+&+7+&;( +*( likely( +-( &'#( /:-1#( CR@t>( &,( eR@t>( Khigh 
confidenceLM(extremely unlikely($#**(&':-(Ct>(Khigh confidenceLM(:-8(very unlikely(1/#:&#/(&':-(
lt>(Kmedium confidenceLClR(!'#( $,"#/( &#94#/:&3/#( $+9+&(,%( &'#(:**#**#8( likely( /:-1#( +*( &'3*(
$#**( &':-( &'#( Dt>( +-( &'#( 6?eM( F3&( &'#( 344#/( $+9+&( +*( &'#( *:9#R( !'+*( :**#**9#-&( /#%$#=&*(
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D.3 Detection and Attribution of Climate Change 
(
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+=#R( 6$$( &+9#B*#/+#*( :/#( 8#=:8:$( :7#/:1#*M( 4$,&&#8( :&( &'#( =#-&/#( ,%( &'#( 8#=:8#R( T,/( &#94#/:&3/#( 4:-#$*M(
,F*#/7:&+,-*(:/#(8:*'#8($+-#*(+%(&'#(*4:&+:$(=,7#/:1#(,%(:/#:*(F#+-1(#J:9+-#8(+*(F#$,"(@GkR(T,/(,=#:-('#:&(
=,-&#-&(:-8(*#:(+=#(4:-#$*(&'#(*,$+8($+-#(+*("'#/#(&'#(=,7#/:1#(,%(8:&:(+*(1,,8(:-8('+1'#/(+-(f3:$+&;M(:-8(&'#(
8:*'#8( $+-#( +*( "'#/#( &'#( 8:&:( =,7#/:1#( +*( ,-$;( :8#f3:&#M( :-8( &'3*M( 3-=#/&:+-&;( +*( $:/1#/R( A,8#$( /#*3$&*(
*',"-( :/#( >,34$#8(A,8#$( 5-&#/=,94:/+*,-( </,_#=&( <':*#( @( K>A5<@L(93$&+B9,8#$( #-*#9F$#( /:-1#*M( "+&'(
*':8#8( F:-8*( +-8+=:&+-1( &'#( @( &,( i@k( =,-%+8#-=#( +-&#/7:$*R( T,/( %3/&'#/( &#='-+=:$( 8#&:+$*M( +-=$38+-1( /#1+,-(
8#%+-+&+,-*(*##(&'#(!#='-+=:$()399:/;()344$#9#-&:/;(A:&#/+:$R(nT+13/#(CGRDCh(T+13/#(!)RCDo(
(
( 5&( +*(extremely likely( &':&(9,/#( &':-(':$%( ,%( &'#( ,F*#/7#8( +-=/#:*#( +-( 1$,F:$( :7#/:1#( *3/%:=#(
&#94#/:&3/#(%/,9(Ci@C(&,(DGCG(":*(=:3*#8(F;(&'#(:-&'/,4,1#-+=(+-=/#:*#(+-(1/##-',3*#(1:*(
=,-=#-&/:&+,-*( :-8( ,&'#/( :-&'/,4,1#-+=( %,/=+-1*( &,1#&'#/R( !'#( F#*&( #*&+9:&#( ,%( &'#( '39:-B
+-83=#8(=,-&/+F3&+,-(&,(":/9+-1(+*(*+9+$:/(&,(&'#(,F*#/7#8(":/9+-1(,7#/(&'+*(4#/+,8R(nCGRHo(
(

( 2/##-',3*#( 1:*#*( =,-&/+F3&#8( :( 1$,F:$( 9#:-( *3/%:=#( ":/9+-1( likely( &,( F#( +-( &'#( /:-1#( ,%(
GR@t>( &,( CRHt>( ,7#/( &'#( 4#/+,8( Ci@C DGCGM( "+&'( &'#( =,-&/+F3&+,-*( %/,9( ,&'#/( :-&'/,4,1#-+=(
%,/=+-1*M( +-=$38+-1(&'#(=,,$+-1(#%%#=&(,%(:#/,*,$*M( likely( &,(F#( +-( &'#(/:-1#(,%( GRlt>(&,(GRCt>R(
!'#(=,-&/+F3&+,-(%/,9(-:&3/:$(%,/=+-1*(+*( likely(&,(F#(+-(&'#(/:-1#(,%( GRCt>(&,(GRCt>M(:-8(%/,9(
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+-&#/-:$( 7:/+:F+$+&;( +*( likely( &,( F#( +-( &'#( /:-1#( ,%( GRCt>( &,( GRCt>R( !,1#&'#/( &'#*#( :**#**#8(
=,-&/+F3&+,-*(:/#(=,-*+*&#-&("+&'( &'#(,F*#/7#8(":/9+-1(,%(:44/,J+9:&#$;(GRlt>(&,(GREt>(,7#/(
&'+*(4#/+,8R(nCGRHo(
(

( a7#/( #7#/;( =,-&+-#-&:$( /#1+,-( #J=#4&( 6-&:/=&+=:M( :-&'/,4,1#-+=( %,/=+-1*( ':7#( likely 9:8#( :(
*3F*&:-&+:$( =,-&/+F3&+,-( &,( *3/%:=#( &#94#/:&3/#( +-=/#:*#*( *+-=#( &'#( 9+8BDG&'( =#-&3/;( K*##(
T+13/#()<ARlLR(T,/(6-&:/=&+=:M( $:/1#(,F*#/7:&+,-:$(3-=#/&:+-&+#*( /#*3$&( +-( low confidence( &':&(
:-&'/,4,1#-+=( %,/=+-1*( ':7#( =,-&/+F3&#8( &,( &'#( ,F*#/7#8( ":/9+-1( :7#/:1#8( ,7#/( :7:+$:F$#(
*&:&+,-*R( 5&( +*( likely( &':&( &'#/#(':*(F##-(:-(:-&'/,4,1#-+=(=,-&/+F3&+,-( &,( &'#(7#/;(*3F*&:-&+:$(
6/=&+=(":/9+-1(*+-=#(&'#(9+8BDG&'(=#-&3/;R(nDReM(CGRHo(
(

( 5&( +*(very likely( &':&(:-&'/,4,1#-+=( +-%$3#-=#M(4:/&+=3$:/$;(1/##-',3*#(1:*#*(:-8(*&/:&,*4'#/+=(
,N,-#( 8#4$#&+,-M( ':*( $#8( &,( :( 8#&#=&:F$#( ,F*#/7#8( 4:&&#/-( ,%( &/,4,*4'#/+=( ":/9+-1( :-8( :(
=,//#*4,-8+-1(=,,$+-1(+-(&'#($,"#/(*&/:&,*4'#/#(*+-=#(CilCR(nDReM(iReM(CGRHo(
(

( 5&(+*(very likely(&':&(:-&'/,4,1#-+=(%,/=+-1*(':7#(9:8#(:(*3F*&:-&+:$(=,-&/+F3&+,-(&,(+-=/#:*#*(+-(
1$,F:$( 344#/( ,=#:-( '#:&( =,-&#-&( KGjEGG(9L( ,F*#/7#8( *+-=#( &'#( CiEG*( K*##( T+13/#( )<ARlLR(
!'#/#(+*(#7+8#-=#(%,/('39:-(+-%$3#-=#(+-(*,9#(+-8+7+83:$(,=#:-(F:*+-*R(nHRDM(CGReo(
(

( 5&( +*( likely( &':&( :-&'/,4,1#-+=( +-%$3#-=#*( ':7#( :%%#=&#8( &'#( 1$,F:$( ":&#/( =;=$#( *+-=#( CilGR(
6-&'/,4,1#-+=( +-%$3#-=#*( ':7#( =,-&/+F3&#8( &,( ,F*#/7#8( +-=/#:*#*( +-( :&9,*4'#/+=( 9,+*&3/#(
=,-&#-&( +-( &'#( :&9,*4'#/#( Kmedium confidenceLM( &,( 1$,F:$B*=:$#( =':-1#*( +-( 4/#=+4+&:&+,-(
4:&&#/-*( ,7#/( $:-8( Kmedium confidence)M( &,( +-&#-*+%+=:&+,-( ,%( '#:7;( 4/#=+4+&:&+,-( ,7#/( $:-8(
/#1+,-*("'#/#( 8:&:( :/#( *3%%+=+#-&( Kmedium confidenceLM( :-8( &,( =':-1#*( +-( *3/%:=#(:-8( *3FB
*3/%:=#(,=#:-(*:$+-+&;(Kvery(likelyLR(nDR@M(DRlM(HRHM(ERlM(CGRHM(CGReo(
!

( !'#/#( ':*( F##-( %3/&'#/( *&/#-1&'#-+-1( ,%( &'#( #7+8#-=#( %,/( '39:-( +-%$3#-=#( ,-( &#94#/:&3/#(
#J&/#9#*( *+-=#( &'#( )?Y`R( 5&( +*( -,"( very likely( &':&( '39:-( +-%$3#-=#( ':*( =,-&/+F3&#8( &,(
,F*#/7#8(1$,F:$( *=:$#(=':-1#*( +-( &'#( %/#f3#-=;(:-8( +-&#-*+&;(,%( 8:+$;( &#94#/:&3/#(#J&/#9#*(
*+-=#( &'#( 9+8BDG&'( =#-&3/;M( :-8( likely( &':&( '39:-( +-%$3#-=#( ':*( 9,/#( &':-( 8,3F$#8( &'#(
4/,F:F+$+&;(,%(,==3//#-=#(,%('#:&(":7#*(+-(*,9#($,=:&+,-*(K*##(!:F$#()<ARCLR(nCGRlo(
(

( 6-&'/,4,1#-+=(+-%$3#-=#*(':7#(very likely(=,-&/+F3&#8(&,(6/=&+=(*#:(+=#($,**(*+-=#(CiEiR(!'#/#(
+*(low confidence(+-(&'#(*=+#-&+%+=(3-8#/*&:-8+-1(,%(&'#(*9:$$(,F*#/7#8(+-=/#:*#(+-(6-&:/=&+=(*#:(
+=#( #J&#-&( 83#( &,( &'#( +-=,94$#&#( :-8( =,94#&+-1( *=+#-&+%+=( #J4$:-:&+,-*( %,/( &'#( =:3*#*( ,%(
=':-1#( :-8( low confidence( +-( #*&+9:&#*( ,%( +-&#/-:$( 7:/+:F+$+&;( +-( &':&( /#1+,-( K*##( T+13/#(
)<ARlLR(nCGR@o(
(

( 6-&'/,4,1#-+=(+-%$3#-=#*(likely(=,-&/+F3&#8(&,(&'#(/#&/#:&(,%(1$:=+#/*(*+-=#(&'#(CilG*(:-8(&,(&'#(
+-=/#:*#8( *3/%:=#(9:**( $,**( ,%( &'#( 2/##-$:-8( +=#( *'##&( *+-=#( CiiHR( [3#( &,( :( $,"( $#7#$( ,%(
*=+#-&+%+=(3-8#/*&:-8+-1(&'#/#(+*(low confidence(+-(:&&/+F3&+-1(&'#(=:3*#*(,%(&'#(,F*#/7#8($,**(,%(
9:**(%/,9(&'#(6-&:/=&+=(+=#(*'##&(,7#/(&'#(4:*&(&",(8#=:8#*R(neRHM(CGR@o(
(

( 5&(+*(likely &':&(&'#/#(':*(F##-(:-(:-&'/,4,1#-+=(=,-&/+F3&+,-(&,(,F*#/7#8(/#83=&+,-*(+-(P,/&'#/-(
\#9+*4'#/#(*4/+-1(*-,"(=,7#/(*+-=#(CiEGR(nCGR@o(
(

( 5&( +*(very likely( &':&( &'#/#( +*( :( *3F*&:-&+:$( :-&'/,4,1#-+=( =,-&/+F3&+,-( &,( &'#(1$,F:$(9#:-(*#:(
$#7#$(/+*#(*+-=#(&'#(CiEG*R(!'+*(+*(F:*#8(,-(&'#(high confidence(+-(:-(:-&'/,4,1#-+=(+-%$3#-=#(
,-( &'#( &",( $:/1#*&(=,-&/+F3&+,-*( &,(*#:( $#7#$( /+*#M( &':&( +*( &'#/9:$(#J4:-*+,-(:-8(1$:=+#/(9:**(
$,**R(nCGReM(CGR@M(CHRHo(
(

( !'#/#( +*( high confidence( &':&( =':-1#*( +-( &,&:$( *,$:/( +//:8+:-=#( ':7#( -,&( =,-&/+F3&#8( &,( &'#(
+-=/#:*#( +-(1$,F:$(9#:-(*3/%:=#( &#94#/:&3/#(,7#/( &'#(4#/+,8(Cipl( &,(DGGpM(F:*#8(,-(8+/#=&(
*:&#$$+&#(9#:*3/#9#-&*(,%(&,&:$(*,$:/( +//:8+:-=#R(!'#/#(+*(medium confidence( &':&(&'#(CCB;#:/(
=;=$#( ,%( *,$:/( 7:/+:F+$+&;( +-%$3#-=#*( 8#=:8:$( =$+9:&#( %$3=&3:&+,-*( +-( *,9#( /#1+,-*R( P,( /,F3*&(

Adam Curry


Adam Curry


Adam Curry


Adam Curry


Adam Curry


Adam Curry




!"#$%&'()#**+,-(,%(.,/0+-1(2/,34(5( ( 644/,7#8()399:/;(%,/(<,$+=;9:0#/*(

5<>>(.25(6?@( )<ABCe( DE()#4&#9F#/(DGCH(

:**,=+:&+,-(F#&"##-( =':-1#*( +-( =,*9+=( /:;*( :-8( =$,38+-#**( ':*( F##-( +8#-&+%+#8R( nEReM( CGRHM(
S,J(CGRDo(

(
(
E. Future Global and Regional Climate Change 
(
Projections of changes in the climate system are made using a hierarchy of climate models 
ranging from simple climate models, to models of intermediate complexity, to comprehensive 
climate models, and Earth System Models. These models simulate changes based on a set of 
scenarios of anthropogenic forcings. A new set of scenarios, the Representative Concentration 
Pathways (RCPs), was used for the new climate model simulations carried out under the 
framework of the Coupled Model Intercomparison Project Phase 5 (CMIP5) of the World Climate 
Research Programme. In all RCPs, atmospheric CO2 concentrations are higher in 2100 relative to 
present day as a result of a further increase of cumulative emissions of CO2 to the atmosphere 
during the 21st century (see Box SPM.1). Projections in this Summary for Policymakers are for the 
end of the 21st century (2081–2100) given relative to 1986–2005, unless otherwise stated. To 
place such projections in historical context, it is necessary to consider observed changes between 
different periods. Based on the longest global surface temperature dataset available, the observed 
change between the average of the period 1850–1900 and of the AR5 reference period is 0.61 
[0.55 to 0.67] °C. However, warming has occurred beyond the average of the AR5 reference 
period. Hence this is not an estimate of historical warming to present (see Chapter 2) . 
(

>,-&+-3#8( #9+**+,-*( ,%( 1/##-',3*#( 1:*#*( "+$$( =:3*#( %3/&'#/( ":/9+-1( :-8( =':-1#*( +-( :$$(
=,94,-#-&*(,%(&'#(=$+9:&#(*;*&#9R(I+9+&+-1(=$+9:&#(=':-1#("+$$(/#f3+/#(*3F*&:-&+:$(:-8(*3*&:+-#8(
/#83=&+,-*(,%(1/##-',3*#(1:*(#9+**+,-*R(n>':4&#/*(lM(CCM(CDM(CHM(Ceo(

(
( </,_#=&+,-*(%,/(&'#(-#J&(%#"(8#=:8#*(*',"(*4:&+:$(4:&&#/-*(,%(=$+9:&#(=':-1#(*+9+$:/(&,(&',*#(
4/,_#=&#8(%,/(&'#($:&#/(DC*&(=#-&3/;(F3&("+&'(*9:$$#/(9:1-+&38#R(5-&#/-:$(7:/+:F+$+&;("+$$(=,-&+-3#(
&,(F#(:(9:_,/( +-%$3#-=#(,-(=$+9:&#M(4:/&+=3$:/$;( +-( &'#(-#:/B&#/9(:-8(:&( &'#(/#1+,-:$(*=:$#R(S;(
&'#(9+8BDC*&(=#-&3/;(&'#(9:1-+&38#*(,%(&'#(4/,_#=&#8(=':-1#*(:/#(*3F*&:-&+:$$;(:%%#=&#8(F;(&'#(
=',+=#(,%(#9+**+,-*(*=#-:/+,(KS,J()<ARCLR(nCCRHM(S,J(CCRCM(6--#J(5o(
(

( </,_#=&#8(=$+9:&#(=':-1#(F:*#8(,-(?><*( +*(*+9+$:/( &,(6?e( +-(F,&'(4:&&#/-*(:-8(9:1-+&38#M(
:%&#/(:==,3-&+-1(%,/(*=#-:/+,(8+%%#/#-=#*R(!'#(,7#/:$$(*4/#:8(,%(4/,_#=&+,-*(%,/(&'#('+1'(?><*(+*(
-://,"#/( &':-( %,/( =,94:/:F$#( *=#-:/+,*( 3*#8( +-( 6?e( F#=:3*#( +-( =,-&/:*&( &,( &'#( )?Y)(
#9+**+,-( *=#-:/+,*( 3*#8( +-( 6?eM( &'#( ?><*( 3*#8( +-( 6?@( :/#( 8#%+-#8( :*( =,-=#-&/:&+,-(
4:&'":;*( :-8( &'3*( =:/F,-( =;=$#( 3-=#/&:+-&+#*( :%%#=&+-1( :&9,*4'#/+=(>aD( =,-=#-&/:&+,-*( :/#(
-,&(=,-*+8#/#8(+-(&'#(=,-=#-&/:&+,-(8/+7#-(>A5<@(*+93$:&+,-*R(</,_#=&+,-*(,%(*#:($#7#$(/+*#(:/#(
$:/1#/(&':-(+-(&'#(6?eM(4/+9:/+$;(F#=:3*#(,%(+94/,7#8(9,8#$$+-1(,%($:-8B+=#(=,-&/+F3&+,-*RnCCRHM(
CDRHM(CDReM(CHReM(CHR@o(

(
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Figure SPM.7:(>A5<@(93$&+B9,8#$(*+93$:&#8(&+9#(*#/+#*(%/,9(Ci@G(&,(DCGG(%,/(K:L(=':-1#(+-(1$,F:$(:--3:$(
9#:-( *3/%:=#( &#94#/:&3/#( /#$:&+7#( &,( CipljDGG@( K*##( !:F$#( )<ARD( %,/( ,&'#/( /#%#/#-=#( 4#/+,8*LM( KFL(
P,/&'#/-(\#9+*4'#/#()#4&#9F#/(*#:(+=#(#J&#-&(K@(;#:/(/3--+-1(9#:-L(:-8(K=L(1$,F:$(9#:-(,=#:-(*3/%:=#(
4\R( !+9#( *#/+#*( ,%( 4/,_#=&+,-*( :-8( :(9#:*3/#( ,%( 3-=#/&:+-&;( K*':8+-1L( :/#( *',"-( %,/( *=#-:/+,*( ?><DRl(
KF$3#L( :-8( ?><pR@( K/#8LR( S$:=0( K1/#;( *':8+-1L( +*( &'#( 9,8#$$#8( '+*&,/+=:$( #7,$3&+,-( 3*+-1( '+*&,/+=:$(
/#=,-*&/3=&#8(%,/=+-1*R(!'#(9#:-(:-8(:**,=+:&#8(3-=#/&:+-&+#*(:7#/:1#8(,7#/(DGpC DCGG(:/#(1+7#-(%,/(:$$(
?><(*=#-:/+,*(:*(=,$,/#8(7#/&+=:$(F:/*R(!'#(-39F#/*(,%(>A5<@(9,8#$*(3*#8( &,(=:$=3$:&#( &'#(93$&+B9,8#$(
9#:-(+*(+-8+=:&#8R(T,/(*#:(+=#(#J&#-&(KFLM(&'#(4/,_#=&#8(9#:-(:-8(3-=#/&:+-&;(K9+-+939B9:J+939(/:-1#L(,%(
&'#(*3F*#&(,%(9,8#$*(&':&(9,*&(=$,*#$;(/#4/,83=#(&'#(=$+9:&,$,1+=:$(9#:-(*&:&#(:-8(CiEi DGCD(&/#-8(,%(&'#(
6/=&+=( *#:( +=#( +*( 1+7#-( K-39F#/( ,%(9,8#$*( 1+7#-( +-( F/:=0#&*LR( T,/( =,94$#&#-#**M( &'#( >A5<@(93$&+B9,8#$(
9#:-( +*(:$*,( +-8+=:&#8("+&'(8,&&#8( $+-#*R(!'#(8:*'#8( $+-#( /#4/#*#-&*(-#:/$;( +=#B%/##(=,-8+&+,-*( K+R#RM("'#-(
*#:(+=#(#J&#-&(+*($#**(&':-(CGl(09D(%,/(:&($#:*&(%+7#(=,-*#=3&+7#(;#:/*LR(T,/(%3/&'#/(&#='-+=:$(8#&:+$*(*##(&'#(
!#='-+=:$()399:/;()344$#9#-&:/;(A:&#/+:$( nT+13/#*(lRDpM(CDR@M(:-8(CDRDpjCDRHCh(T+13/#*(!)RC@M(!)RCEM(
:-8(!)RDGo(
!
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Figure SPM.8:(A:4*(,%(>A5<@(93$&+B9,8#$(9#:-(/#*3$&*( %,/( &'#(*=#-:/+,*(?><DRl(:-8(?><pR@( +-(DGpCj
DCGG( ,%( K:L( :--3:$( 9#:-( *3/%:=#( &#94#/:&3/#( =':-1#M( KFL( :7#/:1#( 4#/=#-&( =':-1#( +-( :--3:$( 9#:-(
4/#=+4+&:&+,-M( K=L( P,/&'#/-( \#9+*4'#/#( )#4&#9F#/( *#:( +=#( #J&#-&( :-8( K8L( =':-1#( +-( ,=#:-( *3/%:=#( 4\R(
>':-1#*(+-(4:-#$*(K:LM(KFL(:-8(K8L(:/#(*',"-(/#$:&+7#(&,(CipljDGG@R(!'#(-39F#/(,%(>A5<@(9,8#$*(3*#8(&,(
=:$=3$:&#(&'#(93$&+B9,8#$(9#:-(+*(+-8+=:&#8(+-(&'#(344#/(/+1'&(=,/-#/(,%(#:='(4:-#$R(T,/(4:-#$*(K:L(:-8(KFLM(
':&='+-1( +-8+=:&#*( /#1+,-*("'#/#( &'#(93$&+B9,8#$(9#:-( +*( *9:$$( =,94:/#8( &,( +-&#/-:$( 7:/+:F+$+&;( K+R#RM( $#**(
&':-(,-#(*&:-8:/8(8#7+:&+,-(,%( +-&#/-:$(7:/+:F+$+&;( +-(DGB;#:/(9#:-*LR()&+44$+-1( +-8+=:&#*(/#1+,-*("'#/#(&'#(
93$&+B9,8#$( 9#:-( +*( $:/1#( =,94:/#8( &,( +-&#/-:$( 7:/+:F+$+&;( K+R#RM( 1/#:&#/( &':-( &",( *&:-8:/8( 8#7+:&+,-*( ,%(
+-&#/-:$(7:/+:F+$+&;(+-(DGB;#:/(9#:-*L(:-8("'#/#(iGk(,%(9,8#$*(:1/##(,-(&'#(*+1-(,%(=':-1#(K*##(S,J(CDRCLR(
5-(4:-#$(K=LM(&'#($+-#*(:/#(&'#(9,8#$$#8(9#:-*(%,/(Cipl DGG@h(&'#(%+$$#8(:/#:*(:/#(%,/(&'#(#-8(,%(&'#(=#-&3/;R(
!'#(>A5<@(93$&+B9,8#$(9#:-( +*( 1+7#-( +-("'+&#( =,$,3/M( &'#( 4/,_#=&#8(9#:-( *#:( +=#( #J&#-&( ,%( :( *3F*#&( ,%(
9,8#$*(K-39F#/(,%(9,8#$*(1+7#-(+-(F/:=0#&*L(&':&(9,*&(=$,*#$;(/#4/,83=#(&'#(=$+9:&,$,1+=:$(9#:-(*&:&#(:-8(
CiEi DGCD(&/#-8(,%(&'#(6/=&+=(*#:(+=#(#J&#-&(+*(1+7#-(+-($+1'&(F$3#(=,$,3/R(T,/(%3/&'#/(&#='-+=:$(8#&:+$*(*##(&'#(
!#='-+=:$()399:/;()344$#9#-&:/;(A:&#/+:$R(nT+13/#*(lRDpM(CDRCCM(CDRDDM(:-8(CDRDih(T+13/#*(!)RC@M(!)RClM(
!)RCEM(:-8(!)RDGo(
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Table SPM.2: </,_#=&#8(=':-1#(+-(1$,F:$(9#:-(*3/%:=#(:+/(&#94#/:&3/#(:-8(1$,F:$(9#:-(*#:($#7#$(/+*#(%,/(
&'#(9+8B(:-8($:&#(DC*&(=#-&3/;(/#$:&+7#(&,(&'#(/#%#/#-=#(4#/+,8(,%(CipljDGG@R(nCDReh(!:F$#(CDRDM(!:F$#(CHR@o(
(
E.1 Atmosphere: Temperature 
(

2$,F:$(*3/%:=#(&#94#/:&3/#(=':-1#(%,/(&'#(#-8(,%(&'#(DC*&(=#-&3/;(+*(likely(&,(#J=##8(CR@t>(/#$:&+7#(
&,(Cp@G(&,(CiGG(%,/(:$$(?><(*=#-:/+,*(#J=#4&(?><DRlR( 5&( +*( likely( &,(#J=##8(Dt>(%,/(?><lRG(:-8(
?><pR@M(:-8(more likely than not(&,(#J=##8(Dt>(%,/(?><eR@R(.:/9+-1("+$$(=,-&+-3#(F#;,-8(DCGG(
3-8#/(:$$(?><(*=#-:/+,*(#J=#4&(?><DRlR(.:/9+-1("+$$(=,-&+-3#( &,(#J'+F+&( +-&#/:--3:$B&,B8#=:8:$(
7:/+:F+$+&;( :-8("+$$( -,&( F#( /#1+,-:$$;( 3-+%,/9( K*##(T+13/#*()<ARE(:-8()<ARpLR( nCCRHM( CDRHM( CDReM(
CeRpo(

(
"( !'#(1$,F:$(9#:-(*3/%:=#(&#94#/:&3/#(=':-1#(%,/(&'#(4#/+,8(DGCljDGH@(/#$:&+7#(&,(CipljDGG@(

"+$$(likely F#(+-(&'#(/:-1#(,%(GRHt>(&,(GREt>(Kmedium confidenceLR(!'+*(:**#**9#-&(+*(F:*#8(,-(
93$&+4$#( $+-#*(,%(#7+8#-=#(:-8(:**39#*( &'#/#("+$$(F#(-,(9:_,/(7,$=:-+=(#/34&+,-*(,/(*#=3$:/(
=':-1#*(+-(&,&:$(*,$:/(+//:8+:-=#R((?#$:&+7#(&,(-:&3/:$(+-&#/-:$(7:/+:F+$+&;M(-#:/B&#/9(+-=/#:*#*(+-(
*#:*,-:$(9#:-(:-8(:--3:$(9#:-( &#94#/:&3/#*(:/#(#J4#=&#8( &,(F#( $:/1#/( +-( &'#( &/,4+=*(:-8(
*3F&/,4+=*(&':-(+-(9+8B$:&+&38#*(Khigh confidenceLR(nCCRHo(
(

"( 5-=/#:*#( ,%( 1$,F:$( 9#:-( *3/%:=#( &#94#/:&3/#*( %,/( DGpCjDCGG( /#$:&+7#( &,( CipljDGG@( +*(
4/,_#=&#8( &,( likely F#( +-( &'#( /:-1#*( 8#/+7#8( %/,9( &'#( =,-=#-&/:&+,-( 8/+7#-( >A5<@( 9,8#$(
*+93$:&+,-*M( &':&( +*M( GRHt>( &,( CREt>( K?><DRlLM( CRCt>( &,( DRlt>( K?><eR@LM( CRet>( &,( HRCt>(
K?><lRGLM(DRlt>(&,(eRpt>(K?><pR@LR(!'#(6/=&+=(/#1+,-("+$$(":/9(9,/#(/:4+8$;(&':-(&'#(1$,F:$(
9#:-M(:-8(9#:-(":/9+-1(,7#/($:-8("+$$(F#($:/1#/(&':-(,7#/(&'#(,=#:-(Kvery high confidenceL(
K*##(T+13/#*()<ARE(:-8()<ARpM(:-8(!:F$#()<ARDLR(nCDReM(CeRpo(
!

"( ?#$:&+7#( &,( &'#(:7#/:1#( %/,9(;#:/(Cp@G( &,( CiGGM(1$,F:$( *3/%:=#( &#94#/:&3/#( =':-1#(F;( &'#(
#-8(,%(&'#(DC*&(=#-&3/;(+*(4/,_#=&#8(&,( likely(#J=##8(CR@t>(%,/(?><eR@M(?><lRG(:-8(?><pR@(
Khigh confidenceLR(.:/9+-1(+*(likely(&,(#J=##8(Dt>(%,/(?><lRG(:-8(?><pR@(Khigh confidenceLM(
more likely than not(&,(#J=##8(Dt>(%,/(?><eR@(Khigh confidenceLM(F3&(unlikely(&,(#J=##8(Dt>(
%,/(?><DRl(Kmedium confidenceLR(.:/9+-1(+*(unlikely(&,(#J=##8(et>(%,/(?><DRlM(?><eR@(:-8(
?><lRG( Khigh confidenceL(:-8( +*(about(as likely as not( &,(#J=##8(et>( %,/(?><pR@( Kmedium 
confidenceLR(nCDReo(

(
"( 5&(+*(virtually certain(&':&(&'#/#("+$$(F#(9,/#(%/#f3#-&(',&(:-8(%#"#/(=,$8(&#94#/:&3/#(#J&/#9#*(

,7#/( 9,*&( $:-8( :/#:*( ,-( 8:+$;( :-8( *#:*,-:$( &+9#*=:$#*( :*( 1$,F:$( 9#:-( &#94#/:&3/#*(
+-=/#:*#R( 5&( +*( very likely( &':&( '#:&( ":7#*( "+$$( ,==3/( "+&'( :( '+1'#/( %/#f3#-=;( :-8( 83/:&+,-R(
a==:*+,-:$(=,$8("+-&#/(#J&/#9#*("+$$(=,-&+-3#(&,(,==3/(K*##(!:F$#()<ARCLR(nCDReo(

(
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E.2 Atmosphere: Water Cycle 
(

>':-1#*( +-( &'#(1$,F:$(":&#/(=;=$#( +-( /#*4,-*#( &,( &'#(":/9+-1(,7#/( &'#(DC*&( =#-&3/;("+$$( -,&(F#(
3-+%,/9R( !'#( =,-&/:*&( +-( 4/#=+4+&:&+,-( F#&"##-( "#&( :-8( 8/;( /#1+,-*( :-8( F#&"##-( "#&( :-8( 8/;(
*#:*,-*("+$$(+-=/#:*#M(:$&',31'(&'#/#(9:;(F#(/#1+,-:$(#J=#4&+,-*(K*##(T+13/#()<ARpLR(nCDReM(CeRHo(

(
"( </,_#=&#8( =':-1#*( +-( &'#( ":&#/( =;=$#( ,7#/( &'#( -#J&( %#"( 8#=:8#*( *',"( *+9+$:/( $:/1#B*=:$#(

4:&&#/-*(&,(&',*#(&,":/8*(&'#(#-8(,%(&'#(=#-&3/;M(F3&("+&'(*9:$$#/(9:1-+&38#R(>':-1#*(+-(&'#(
-#:/B&#/9M(:-8(:&( &'#( /#1+,-:$( *=:$#("+$$( F#(*&/,-1$;( +-%$3#-=#8(F;(-:&3/:$( +-&#/-:$( 7:/+:F+$+&;(
:-8(9:;(F#(:%%#=&#8(F;(:-&'/,4,1#-+=(:#/,*,$(#9+**+,-*R(nCCRHo(

!
"( !'#( '+1'( $:&+&38#*( :-8( &'#( #f3:&,/+:$( <:=+%+=(a=#:-( :/#( likely( &,( #J4#/+#-=#( :-( +-=/#:*#( +-(

:--3:$(9#:-(4/#=+4+&:&+,-(F;(&'#(#-8(,%(&'+*(=#-&3/;(3-8#/(&'#(?><pR@(*=#-:/+,R(5-(9:-;(9+8B
$:&+&38#(:-8(*3F&/,4+=:$(8/;(/#1+,-*M(9#:-(4/#=+4+&:&+,-("+$$(likely(8#=/#:*#M("'+$#(+-(9:-;(9+8B
$:&+&38#("#&(/#1+,-*M(9#:-(4/#=+4+&:&+,-("+$$(likely(+-=/#:*#(F;(&'#(#-8(,%(&'+*(=#-&3/;(3-8#/(&'#(
?><pR@(*=#-:/+,(K*##(T+13/#()<ARpLR(nERlM(CDReM(CeRHo(

!
"( YJ&/#9#(4/#=+4+&:&+,-(#7#-&*(,7#/(9,*&(,%(&'#(9+8B$:&+&38#($:-8(9:**#*(:-8(,7#/("#&(&/,4+=:$(

/#1+,-*("+$$(very likely(F#=,9#(9,/#(+-&#-*#(:-8(9,/#(%/#f3#-&(F;(&'#(#-8(,%(&'+*(=#-&3/;M(:*(
1$,F:$(9#:-(*3/%:=#(&#94#/:&3/#(+-=/#:*#*(K*##(!:F$#()<ARCLR(nERlM(CDReo(

!
"( 2$,F:$$;M( +&( +*( likely( &':&( &'#(:/#:(#-=,94:**#8(F;(9,-*,,-(*;*&#9*("+$$( +-=/#:*#(,7#/( &'#(

DC*&( =#-&3/;R(.'+$#(9,-*,,-("+-8*( :/#( likely( &,("#:0#-M(9,-*,,-( 4/#=+4+&:&+,-( +*( likely( &,(
+-&#-*+%;( 83#( &,( &'#( +-=/#:*#( +-( :&9,*4'#/+=( 9,+*&3/#R( A,-*,,-( ,-*#&( 8:&#*( :/#( likely( &,(
F#=,9#(#:/$+#/(,/(-,&(&,(=':-1#(93='R(A,-*,,-(/#&/#:&(8:&#*("+$$(likely(F#(8#$:;#8M(/#*3$&+-1(
+-($#-1&'#-+-1(,%(&'#(9,-*,,-(*#:*,-(+-(9:-;(/#1+,-*R(nCeRDo(

!
"( !'#/#( +*( high confidence( &':&( &'#( Y$( P+u,B),3&'#/-( a*=+$$:&+,-( KYP)aL( "+$$ /#9:+-( &'#(

8,9+-:-&(9,8#(,%( +-&#/:--3:$(7:/+:F+$+&;( +-(&'#(&/,4+=:$(<:=+%+=M("+&'(1$,F:$(#%%#=&*( +-(&'#(DC*&(
=#-&3/;R([3#(&,(&'#(+-=/#:*#(+-(9,+*&3/#(:7:+$:F+$+&;M(YP)aB/#$:&#8(4/#=+4+&:&+,-(7:/+:F+$+&;(,-(
/#1+,-:$(*=:$#*("+$$( likely( +-&#-*+%;R(P:&3/:$(7:/+:&+,-*(,%( &'#(:94$+&38#(:-8(*4:&+:$(4:&&#/-(,%(
YP)a(:/#( $:/1#(:-8( &'3*(confidence( +-(:-;(*4#=+%+=(4/,_#=&#8(=':-1#( +-(YP)a(:-8(/#$:&#8(
/#1+,-:$(4'#-,9#-:(%,/(&'#(DC*&(=#-&3/;(/#9:+-*(lowR(n@ReM(CeReo(

 
E.3 Atmosphere: Air Quality 
!

( !'#( /:-1#( +-( 4/,_#=&+,-*( ,%( :+/( f3:$+&;( K,N,-#( :-8( <ADR@CE( +-( -#:/B*3/%:=#( :+/L( +*( 8/+7#-(
4/+9:/+$;( F;( #9+**+,-*( K+-=$38+-1( >\eLM( /:&'#/( &':-( F;( 4';*+=:$( =$+9:&#( =':-1#( Kmedium 
confidenceLR( (!'#/#( +*(high confidence( &':&(1$,F:$$;M(":/9+-1(8#=/#:*#*(F:=01/,3-8(*3/%:=#(
,N,-#R(\+1'(>\e($#7#$*(K?><pR@L(=:-(,%%*#&(&'+*(8#=/#:*#M(/:+*+-1(F:=01/,3-8(*3/%:=#(,N,-#(
F;(;#:/(DCGG(,-(:7#/:1#(F;(:F,3&(p(44F(KD@k(,%(=3//#-&($#7#$*L(/#$:&+7#(&,(*=#-:/+,*("+&'(*9:$$(
>\e(=':-1#*(K?><eR@M(?><lRGL(Khigh confidenceLR(nCCRH(
!

( aF*#/7:&+,-:$( :-8( 9,8#$$+-1( #7+8#-=#( +-8+=:&#*( &':&M( :$$( #$*#( F#+-1( #f3:$M( $,=:$$;( '+1'#/(
*3/%:=#(&#94#/:&3/#*(+-(4,$$3&#8(/#1+,-*("+$$(&/+11#/(/#1+,-:$(%##8F:=0*(+-(='#9+*&/;(:-8($,=:$(
#9+**+,-*(&':&("+$$(+-=/#:*#(4#:0($#7#$*(,%(,N,-#(:-8(<ADR@(Kmedium confidenceLR(T,/(<ADR@M(
=$+9:&#(=':-1#(9:;(:$&#/(-:&3/:$(:#/,*,$(*,3/=#*(:*("#$$(:*(/#9,7:$(F;(4/#=+4+&:&+,-M(F3&(-,(
=,-%+8#-=#( $#7#$( +*( :&&:='#8( &,( &'#( ,7#/:$$( +94:=&( ,%( =$+9:&#( =':-1#( ,-(<ADR@( 8+*&/+F3&+,-*R(
nCCRHo(

 
E.4 Ocean 
!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
CE(<ADR@(/#%#/*(&,(4:/&+=3$:&#(9:&&#/("+&'(:(8+:9#&#/(,%($#**(&':-(DR@(9+=/,9#&/#*M(:(9#:*3/#(,%(:&9,*4'#/+=(
:#/,*,$(=,-=#-&/:&+,-R(
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5<>>(.25(6?@( )<ABCE( DE()#4&#9F#/(DGCH(

!'#( 1$,F:$( ,=#:-( "+$$( =,-&+-3#( &,( ":/9( 83/+-1( &'#( DC*&( =#-&3/;R( \#:&( "+$$( 4#-#&/:&#( %/,9( &'#(
*3/%:=#(&,(&'#(8##4(,=#:-(:-8(:%%#=&(,=#:-(=+/=3$:&+,-R(nCCRHM(CDReo(

(
( !'#(*&/,-1#*&(,=#:-(":/9+-1(+*(4/,_#=&#8(%,/(&'#(*3/%:=#(+-(&/,4+=:$(:-8(P,/&'#/-(\#9+*4'#/#(
*3F&/,4+=:$( /#1+,-*R( 6&( 1/#:&#/( 8#4&'( &'#(":/9+-1("+$$( F#(9,*&( 4/,-,3-=#8( +-( &'#( ),3&'#/-(
a=#:-(Khigh confidenceLR(S#*&(#*&+9:&#*(,%(,=#:-(":/9+-1(+-(&'#(&,4(,-#('3-8/#8(9#&#/*(:/#(
:F,3&(GRlt>(K?><DRlL( &,(DRGt>(K?><pR@LM(:-8(:F,3&(GRHt>(K?><DRlL( &,(GRlt>(K?><pR@L(:&(:(
8#4&'(,%(:F,3&(CGGG(9(F;(&'#(#-8(,%(&'#(DC*&(=#-&3/;R(nCDReM(CeRHo
(

( 5&(+*(very likely &':&(&'#(6&$:-&+=(A#/+8+,-:$(a7#/&3/-+-1(>+/=3$:&+,-(K6Aa>L("+$$("#:0#-(,7#/(&'#(
DC*&(=#-&3/;R(S#*&(#*&+9:&#*(:-8(/:-1#Cp(%,/(&'#(/#83=&+,-(%/,9(>A5<@(:/#(CCk(KC(&,(DekL(+-(
?><DRl( :-8( Hek( KCD( &,( @ekL( +-( ?><pR@R( 5&( +*( likely &':&( &'#/#( "+$$( F#( *,9#( 8#=$+-#( +-( &'#(
6Aa>( F;( :F,3&( DG@GM( F3&( &'#/#(9:;( F#( *,9#( 8#=:8#*("'#-( &'#( 6Aa>( +-=/#:*#*( 83#( &,(
$:/1#(+-&#/-:$(7:/+:F+$+&;R(nCCRHM(CDReo(

!
"( 5&( +*( very unlikely &':&( &'#( 6Aa>( "+$$( 3-8#/1,( :-( :F/34&( &/:-*+&+,-( ,/( =,$$:4*#( +-( &'#( DC*&(

=#-&3/;(%,/(&'#(*=#-:/+,*(=,-*+8#/#8R(!'#/#(+*(low confidence(+-(:**#**+-1(&'#(#7,$3&+,-(,%(&'#(
6Aa>( F#;,-8( &'#( DC*&( =#-&3/;( F#=:3*#( ,%( &'#( $+9+&#8( -39F#/( ,%( :-:$;*#*( :-8( #f3+7,=:$(
/#*3$&*R(\,"#7#/M(:(=,$$:4*#(F#;,-8(&'#(DC*&(=#-&3/;(%,/($:/1#(*3*&:+-#8(":/9+-1(=:--,&(F#(
#J=$38#8R(nCDR@o(

 
E.5 Cryosphere 
!

5&( +*( very likely( &':&( &'#( 6/=&+=( *#:( +=#( =,7#/( "+$$( =,-&+-3#( &,( *'/+-0( :-8( &'+-( :-8( &':&( P,/&'#/-(
\#9+*4'#/#( *4/+-1( *-,"( =,7#/( "+$$( 8#=/#:*#( 83/+-1( &'#( DC*&( =#-&3/;( :*( 1$,F:$( 9#:-( *3/%:=#(
&#94#/:&3/#(/+*#*R(2$,F:$(1$:=+#/(7,$39#("+$$(%3/&'#/(8#=/#:*#R(nCDReM(CHReo(

!
"( v#:/B/,3-8( /#83=&+,-*( +- 6/=&+=( *#:( +=#(#J&#-&(:/#(4/,_#=&#8(F;( &'#(#-8(,%( &'#(DC*&( =#-&3/;(

%/,9(93$&+B9,8#$(:7#/:1#*R(!'#*#(/#83=&+,-*(/:-1#(%/,9(eHk(%,/(?><DRl(&,(iek(%,/(?><pR@(
+-()#4&#9F#/(:-8(%/,9(pk(%,/(?><DRl(&,(Hek(%,/(?><pR@(+-(T#F/3:/;(Kmedium confidenceL(
K*##(T+13/#*()<ARE(:-8()<ARpLR(nCDReo(

!
"( S:*#8( ,-( :-( :**#**9#-&( ,%( &'#( *3F*#&( ,%( 9,8#$*( &':&( 9,*&( =$,*#$;( /#4/,83=#( &'#(

=$+9:&,$,1+=:$(9#:-(*&:&#(:-8(CiEi DGCD(&/#-8(,%(&'#(6/=&+=(*#:(+=#(#J&#-&M(:(-#:/$;(+=#B%/##(
6/=&+=( a=#:-Ci( +-( )#4&#9F#/( F#%,/#( 9+8B=#-&3/;( +*( likely %,/( ?><pR@( Kmedium confidenceL(
K*##(T+13/#*()<ARE(:-8()<ARpL.(6(4/,_#=&+,-(,%("'#-(&'#(6/=&+=(9+1'&(F#=,9#(-#:/$;(+=#B%/##(
+-( )#4&#9F#/( +-( &'#( DC*&( =#-&3/;( =:--,&( F#(9:8#("+&'( =,-%+8#-=#( %,/( &'#( ,&'#/( *=#-:/+,*R 
nCCRHM(CDReM(CDR@o(

!
"( 5-(&'#(6-&:/=&+=M(:(8#=/#:*#(+-(*#:(+=#(#J&#-&(:-8(7,$39#(+*(4/,_#=&#8("+&' low confidence(%,/(

&'#(#-8(,%(&'#(DC*&(=#-&3/;(:*(1$,F:$(9#:-(*3/%:=#(&#94#/:&3/#(/+*#*R nCDReo(
!
"( S;(&'#(#-8(,%(&'#(DC*&(=#-&3/;M(&'#(1$,F:$(1$:=+#/(7,$39#M(#J=$38+-1(1$:=+#/*(,-(&'#(4#/+4'#/;(

,%(6-&:/=&+=:M(+*(4/,_#=&#8(&,(8#=/#:*#(F;(C@(&,(@@k(%,/(?><DRlM(:-8(F;(H@(&,(p@k(%,/(?><pR@(
Kmedium confidenceLR(nCHReM(CHR@o(

!
"( !'#( :/#:( ,%( P,/&'#/-( \#9+*4'#/#( *4/+-1( *-,"( =,7#/( +*( 4/,_#=&#8( &,( 8#=/#:*#( F;( Ek( %,/(

?><DRl(:-8(F;(D@k(+-(?><pR@(F;(&'#(#-8(,%(&'#(DC*&(=#-&3/;(%,/(&'#(9,8#$(:7#/:1#(Kmedium 
confidenceLR(nCDReo(

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
Cp(!'#(/:-1#*(+-(&'+*(4:/:1/:4'(+-8+=:&#(:(>A5<@(9,8#$(*4/#:8R(
Ci(>,-8+&+,-*(+-(&'#(6/=&+=(a=#:-(:/#(/#%#//#8(&,(:*(-#:/$;(+=#B%/##("'#-(&'#(*#:(+=#(#J&#-&(+*($#**(&':-(CGl(
09D(%,/(:&($#:*&(%+7#(=,-*#=3&+7#(;#:/*R(
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"( 5&( +*( virtually certain( &':&( -#:/B*3/%:=#( 4#/9:%/,*&( #J&#-&( :&( '+1'( -,/&'#/-( $:&+&38#*( "+$$( F#(
/#83=#8(:*(1$,F:$(9#:-(*3/%:=#( &#94#/:&3/#( +-=/#:*#*R(S;( &'#(#-8(,%( &'#(DC*&(=#-&3/;M( &'#(
:/#:(,%(4#/9:%/,*&(-#:/(&'#(*3/%:=#(K344#/(HR@(9L(+*(4/,_#=&#8(&,(8#=/#:*#(F;(F#&"##-(HEk(
K?><DRlL(&,(pCk(K?><pR@L(%,/(&'#(9,8#$(:7#/:1#(Kmedium confidenceLR(nCDReo(

 
E.6 Sea Level 
!

2$,F:$(9#:-(*#:($#7#$("+$$(=,-&+-3#(&,(/+*#(83/+-1(&'#(DC*&(=#-&3/;(K*##(T+13/#()<ARiLR(X-8#/(:$$(
?><(*=#-:/+,*( &'#( /:&#(,%(*#:( $#7#$( /+*#("+$$(very likely(#J=##8( &':&(,F*#/7#8(83/+-1(CiECjDGCG(
83#(&,(+-=/#:*#8(,=#:-(":/9+-1(:-8(+-=/#:*#8($,**(,%(9:**(%/,9(1$:=+#/*(:-8(+=#(*'##&*R(nCHRHj
CHR@o(

(
( >,-%+8#-=#(+-(4/,_#=&+,-*(,%(1$,F:$(9#:-(*#:($#7#$(/+*#(':*(+-=/#:*#8(*+-=#(&'#(6?e(F#=:3*#(,%(
&'#(+94/,7#8(4';*+=:$(3-8#/*&:-8+-1(,%(&'#(=,94,-#-&*(,%(*#:($#7#$M(&'#(+94/,7#8(:1/##9#-&(
,%(4/,=#**BF:*#8(9,8#$*("+&'(,F*#/7:&+,-*M(:-8(&'#(+-=$3*+,-(,%(+=#B*'##&(8;-:9+=:$(=':-1#*R(
nCHRHjCHR@o(

!
q5P)Y?!(T52X?Y()<ARi(\Y?Yr(
Figure SPM.9:(</,_#=&+,-*(,%(1$,F:$(9#:-(*#:($#7#$(/+*#(,7#/(&'#(DC*&(=#-&3/;(/#$:&+7#(&,(CipljDGG@(%/,9(
&'#( =,9F+-:&+,-( ,%( &'#( >A5<@( #-*#9F$#( "+&'( 4/,=#**BF:*#8( 9,8#$*M( %,/( ?><DRl( :-8( ?><pR@R( !'#(
:**#**#8(likely(/:-1#(+*(*',"-(:*(:(*':8#8(F:-8R(!'#(:**#**#8(likely(/:-1#*(%,/(&'#(9#:-(,7#/(&'#(4#/+,8(
DGpCjDCGG(%,/(:$$(?><(*=#-:/+,*(:/#(1+7#-(:*(=,$,3/#8(7#/&+=:$(F:/*M("+&'(&'#(=,//#*4,-8+-1(9#8+:-(7:$3#(
1+7#-(:*(:(',/+N,-&:$($+-#R(T,/(%3/&'#/(&#='-+=:$(8#&:+$*(*##(&'#(!#='-+=:$()399:/;()344$#9#-&:/;(A:&#/+:$(
n!:F$#(CHR@M(T+13/#*CHRCG(:-8(CHRCCh(T+13/#*(!)RDC(:-8(!)RDDo(
!

( 2$,F:$(9#:-(*#:($#7#$(/+*#(%,/(DGpC DCGG(/#$:&+7#(&,(CipljDGG@("+$$(likely(F#(+-(&'#(/:-1#*(,%(
GRDl(&,(GR@@(9(%,/(?><DRlM(GRHD(&,(GRlH(9(%,/(?><eR@M(GRHH(&,(GRlH(9(%,/(?><lRGM(:-8(GRe@(&,(
GRpD(9(%,/(?><pR@(Kmedium confidenceLR(T,/(?><pR@M(&'#(/+*#(F;(&'#(;#:/(DCGG(+*(GR@D(&,(GRip(
9M("+&'( :( /:&#( 83/+-1( DGpCjDCGG( ,%( p( &,Cl(99( ;/jC( Kmedium confidenceLR!'#*#( /:-1#*( :/#(
8#/+7#8( %/,9( >A5<@( =$+9:&#( 4/,_#=&+,-*( +-( =,9F+-:&+,-( "+&'( 4/,=#**BF:*#8( 9,8#$*( :-8(
$+&#/:&3/#(:**#**9#-&(,%(1$:=+#/(:-8(+=#(*'##&(=,-&/+F3&+,-*(K*##(T+13/#()<ARiM(!:F$#()<ARDLR(
nCHR@o(
(

( 5-(&'#(?><(4/,_#=&+,-*M(&'#/9:$(#J4:-*+,-(:==,3-&*(%,/(HG(&,(@@k((,%(DC*&(=#-&3/;(1$,F:$(9#:-(
*#:($#7#$(/+*#M(:-8(1$:=+#/*(%,/(C@(&,(H@kR(!'#(+-=/#:*#(+-(*3/%:=#(9#$&+-1(,%(&'#(2/##-$:-8(+=#(
*'##&("+$$(#J=##8( &'#( +-=/#:*#( +-(*-,"%:$$M( $#:8+-1( &,(:(4,*+&+7#(=,-&/+F3&+,-( %/,9(=':-1#*( +-(
*3/%:=#(9:**(F:$:-=#(&,(%3&3/#(*#:($#7#$(Khigh confidenceLR(.'+$#(*3/%:=#(9#$&+-1("+$$(/#9:+-(
*9:$$M( :-( +-=/#:*#( +-( *-,"%:$$( ,-( &'#( 6-&:/=&+=( +=#( *'##&( +*( #J4#=&#8( Kmedium confidenceLM(
/#*3$&+-1(+-(:(-#1:&+7#(=,-&/+F3&+,-(&,(%3&3/#(*#:($#7#$(%/,9(=':-1#*(+-(*3/%:=#(9:**(F:$:-=#R(
>':-1#*(+-(,3&%$,"(%/,9(F,&'(+=#(*'##&*(=,9F+-#8("+$$(likely(9:0#(:(=,-&/+F3&+,-(+-(&'#(/:-1#(
,%(GRGH(&,(GRDG(9(F;(DGpC DCGG(Kmedium confidenceLR(nCHRH CHR@o(
(

( S:*#8(,-(=3//#-&(3-8#/*&:-8+-1M(,-$;(&'#(=,$$:4*#(,%(9:/+-#BF:*#8(*#=&,/*(,%(&'#(6-&:/=&+=(+=#(
*'##&M(+%(+-+&+:&#8M(=,3$8(=:3*#(1$,F:$(9#:-(*#:($#7#$(&,(/+*#(*3F*&:-&+:$$;(:F,7#(&'#(likely(/:-1#(
83/+-1(&'#(DC*&(=#-&3/;R(\,"#7#/M(&'#/#(+*(medium confidence(&':&(&'+*(:88+&+,-:$(=,-&/+F3&+,-(
",3$8( -,&( #J=##8( *#7#/:$( &#-&'*( ,%( :(9#&#/( ,%( *#:( $#7#$( /+*#( 83/+-1( &'#( DC*&( =#-&3/;R( nCHReM(
CHR@o(
(

( !'#( F:*+*( %,/( '+1'#/( 4/,_#=&+,-*( ,%( 1$,F:$(9#:-( *#:( $#7#$( /+*#( +-( &'#( DC*&( =#-&3/;( ':*( F##-(
=,-*+8#/#8(:-8(+&(':*(F##-(=,-=$38#8(&':&( &'#/#( +*(=3//#-&$;( +-*3%%+=+#-&(#7+8#-=#(&,(#7:$3:&#(
&'#(4/,F:F+$+&;(,%(*4#=+%+=( $#7#$*(:F,7#(&'#(:**#**#8( likely( /:-1#R(A:-;(*#9+B#94+/+=:$(9,8#$(
4/,_#=&+,-*(,%(1$,F:$(9#:-(*#:($#7#$(/+*#(:/#('+1'#/(&':-(4/,=#**BF:*#8(9,8#$(4/,_#=&+,-*(K34(
&,( :F,3&( &"+=#( :*( $:/1#LM( F3&( &'#/#( +*( -,( =,-*#-*3*( +-( &'#( *=+#-&+%+=( =,993-+&;( :F,3&( &'#+/(
/#$+:F+$+&;(:-8(&'#/#(+*(&'3*(low confidence(+-(&'#+/(4/,_#=&+,-*R(nCHR@o(
(
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( )#:($#7#$(/+*#("+$$(-,&(F#(3-+%,/9R(S;(&'#(#-8(,%(&'#(DC*&(=#-&3/;M(+&(+*(very likely(&':&(*#:($#7#$(
"+$$(/+*#(+-(9,/#(&':-(:F,3&(i@k(,%(&'#(,=#:-(:/#:R(6F,3&(EGk(,%(&'#(=,:*&$+-#*(",/$8"+8#(:/#(
4/,_#=&#8( &,( #J4#/+#-=#( *#:( $#7#$( =':-1#("+&'+-( DGk( ,%( &'#( 1$,F:$(9#:-( *#:( $#7#$( =':-1#R(
nCHRCM(CHRlo(

 
E.7 Carbon and Other Biogeochemical Cycles 
(

>$+9:&#( =':-1#("+$$( :%%#=&( =:/F,-( =;=$#(4/,=#**#*( +-( :(":;( &':&("+$$( #J:=#/F:&#( &'#( +-=/#:*#(,%(
>aD( +-( &'#( :&9,*4'#/#( Khigh confidenceLR( T3/&'#/( 34&:0#( ,%( =:/F,-( F;( &'#( ,=#:-( "+$$( +-=/#:*#(
,=#:-(:=+8+%+=:&+,-R(nlReo(

(
"( a=#:-(34&:0#(,%(:-&'/,4,1#-+=(>aD("+$$(=,-&+-3#(3-8#/(:$$( %,3/(?><*(&'/,31'(&,(DCGGM("+&'(

'+1'#/(34&:0#(%,/('+1'#/(=,-=#-&/:&+,-(4:&'":;*(Kvery high confidenceLR(!'#(%3&3/#(#7,$3&+,-(
,%(&'#($:-8(=:/F,-(34&:0#(+*($#**(=#/&:+-R(6(9:_,/+&;(,%(9,8#$*(4/,_#=&(:(=,-&+-3#8($:-8(=:/F,-(
34&:0#(3-8#/(:$$(?><*M(F3&(*,9#(9,8#$*(*+93$:&#(:( $:-8(=:/F,-( $,**(83#( &,( &'#(=,9F+-#8(
#%%#=&(,%(=$+9:&#(=':-1#(:-8($:-8(3*#(=':-1#R(nlReo(
(

"( S:*#8(,-(Y:/&'();*&#9(A,8#$*M(&'#/#(+*(high confidence &':&(&'#(%##8F:=0(F#&"##-(=$+9:&#(
:-8(&'#(=:/F,-(=;=$#(+*(4,*+&+7#(+-(&'#(DC*&(=#-&3/;h(&':&(+*M(=$+9:&#(=':-1#("+$$(4:/&+:$$;(,%%*#&(
+-=/#:*#*(+-($:-8(:-8(,=#:-(=:/F,-(*+-0*(=:3*#8(F;(/+*+-1(:&9,*4'#/+=(>aDR(6*(:(/#*3$&(9,/#(
,%(&'#(#9+&&#8(:-&'/,4,1#-+=(>aD("+$$(/#9:+-(+-(&'#(:&9,*4'#/#R(6(4,*+&+7#(%##8F:=0(F#&"##-(
=$+9:&#(:-8(&'#(=:/F,-(=;=$#(,-(=#-&3/;(&,(9+$$#--+:$(&+9#(*=:$#*(+*(*344,/&#8(F;(4:$#,=$+9:&#(
,F*#/7:&+,-*(:-8(9,8#$$+-1R(nlRDM(lReo(
(

"( Y:/&'();*&#9(A,8#$*(4/,_#=&(:(1$,F:$( +-=/#:*#( +-(,=#:-(:=+8+%+=:&+,-( %,/(:$$(?><(*=#-:/+,*R(
!'#(=,//#*4,-8+-1(8#=/#:*#(+-(*3/%:=#(,=#:-(4\(F;(&'#(#-8(,%(DC*&(=#-&3/;(+*(+-(&'#(/:-1#CH(
,%(GRGl(&,(GRGE(%,/(?><DRlM(GRCe(&,(GRC@(%,/(?><eR@M(GRDG(&,(GRDC(%,/(?><lRG(:-8(GRHG(&,(GRHD(
%,/(?><pR@(K*##(T+13/#*()<ARE(:-8()<ARpLR(nlReo(
(

( >393$:&+7#(>aD(#9+**+,-*DG(%,/(&'#(DGCDjDCGG(4#/+,8(=,94:&+F$#("+&'(&'#(?><(:&9,*4'#/+=(
>aD(=,-=#-&/:&+,-*M(:*(8#/+7#8(%/,9(C@(Y:/&'();*&#9(A,8#$*M(/:-1#(%/,9(CeG(&,(eCG(2&>(%,/(
?><DRlM(@i@(&,(CGG@(2&>(%,/(?><eR@M(peG(&,(CD@G(2&>(%,/(?><lRGM(:-8(CeC@(&,(CiCG(2&>(%,/(
?><pR@(K*##(!:F$#()<ARHLR(nlReo(

(
q5P)Y?!(!6SIY()<ARH(\Y?Yr(
Table SPM.3:(>393$:&+7#(>aD(#9+**+,-*(%,/(&'#(DGCDjDCGG(4#/+,8(=,94:&+F$#("+&'(&'#(?><(:&9,*4'#/+=(
=,-=#-&/:&+,-*(*+93$:&#8(F;(&'#(>A5<@(Y:/&'();*&#9(A,8#$*R(nlReM(!:F$#(lRCDo(
(
( S;( DG@GM( :--3:$( >aD( #9+**+,-*( 8#/+7#8( %/,9( Y:/&'( );*&#9( A,8#$*( %,$$,"+-1( ?><DRl( :/#(
*9:$$#/( &':-( CiiG( #9+**+,-*( KF;( Cek( &,( ilkL( K*##( T+13/#( !)RCiLR( S;( &'#( #-8( ,%( &'#( DC*&(
=#-&3/;M(:F,3&(':$%(,%(&'#(9,8#$*(+-%#/(#9+**+,-*(*$+1'&$;(:F,7#(N#/,M("'+$#(&'#(,&'#/(':$%(+-%#/(
:(-#&(/#9,7:$(,%(>aD(%/,9(&'#(:&9,*4'#/#R(nlReo( (
(

( !'#(/#$#:*#(,%(>aD(,/(>\e(&,(&'#(:&9,*4'#/#(%/,9(&':"+-1(4#/9:%/,*&(=:/F,-(*&,=0*(,7#/(&'#(
DC*&(=#-&3/;( +*(:**#**#8( &,(F#( +-( &'#( /:-1#(,%(@G( &,(D@G(2&>( %,/(?><pR@( Klow confidenceLR(
nlReo(

(
E.8 Climate Stabilization, Climate Change Commitment and Irreversibility 
(

>393$:&+7#(#9+**+,-*(,%(>aD($:/1#$;(8#&#/9+-#(1$,F:$(9#:-(*3/%:=#(":/9+-1(F;(&'#($:&#(DC*&(
=#-&3/;(:-8(F#;,-8(K*##(T+13/#()<ARCGLR(A,*&(:*4#=&*(,%(=$+9:&#(=':-1#("+$$(4#/*+*&(%,/(9:-;(
=#-&3/+#*(#7#-(+%(#9+**+,-*(,%(>aD(:/#(*&,44#8R(!'+*(/#4/#*#-&*(:(*3F*&:-&+:$(93$&+B=#-&3/;(=$+9:&#(
=':-1#(=,99+&9#-&(=/#:&#8(F;(4:*&M(4/#*#-&(:-8(%3&3/#(#9+**+,-*(,%(>aDR(nCDR@o(

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
DG(T/,9(%,**+$(%3#$M(=#9#-&M(+-83*&/;M(:-8(":*&#(*#=&,/*R(
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(
q5P)Y?!(T52X?Y()<ARCG(\Y?Yr(
Figure SPM.10g(2$,F:$(9#:-(*3/%:=#(&#94#/:&3/#(+-=/#:*#(:*(:(%3-=&+,-(,%(=393$:&+7#(&,&:$(1$,F:$(>aD(
#9+**+,-*(%/,9(7:/+,3*($+-#*(,%(#7+8#-=#R(A3$&+B9,8#$(/#*3$&*(%/,9(:('+#/:/=';(,%(=$+9:&#B=:/F,-(=;=$#(
9,8#$*(%,/(#:='(?><(3-&+$(DCGG(:/#(*',"-("+&'(=,$,3/#8($+-#*(:-8(8#=:8:$(9#:-*(K8,&*LR(),9#(8#=:8:$(
9#:-*(:/#(+-8+=:&#8(%,/(=$:/+&;(K#R1RM(DG@G(+-8+=:&+-1(&'#(8#=:8#(DGeC DG@GLR(A,8#$(/#*3$&*(,7#/(&'#(
'+*&,/+=:$(4#/+,8(KCplGjDGCGL(:/#(+-8+=:&#8(+-(F$:=0R(!'#(=,$,3/#8(4$39#(+$$3*&/:&#*(&'#(93$&+B9,8#$(*4/#:8(
,7#/(&'#(%,3/(?><(*=#-:/+,*(:-8(%:8#*("+&'(&'#(8#=/#:*+-1(-39F#/(,%(:7:+$:F$#(9,8#$*(+-(?><pR@R(!'#(
93$&+B9,8#$(9#:-(:-8(/:-1#(*+93$:&#8(F;(>A5<@(9,8#$*M(%,/=#8(F;(:(>aD(+-=/#:*#(,%(Ck(4#/(;#:/(KCk(4#/(
;#:/(>aD(*+93$:&+,-*LM(+*(1+7#-(F;(&'#(&'+-(F$:=0($+-#(:-8(1/#;(:/#:R(T,/(:(*4#=+%+=(:9,3-&(,%(=393$:&+7#(>aD(
#9+**+,-*M(&'#(Ck(4#/(;#:/(>aD(*+93$:&+,-*(#J'+F+&($,"#/(":/9+-1(&':-(&',*#(8/+7#-(F;(?><*M("'+='(+-=$38#(
:88+&+,-:$(-,-B>aD(8/+7#/*R(6$$(7:$3#*(:/#(1+7#-(/#$:&+7#(&,(&'#(CplC CppG(F:*#(4#/+,8R([#=:8:$(:7#/:1#*(
:/#(=,--#=&#8(F;(*&/:+1'&($+-#*R(nT+13/#(CDRe@h(!TYRpM(T+13/#(Co(
(
"( >393$:&+7#(&,&:$(#9+**+,-*(,%(>aD(:-8(1$,F:$(9#:-(*3/%:=#(&#94#/:&3/#(/#*4,-*#(:/#(

:44/,J+9:&#$;($+-#:/$;(/#$:&#8(K*##(T+13/#()<ARCGLR(6-;(1+7#-($#7#$(,%(":/9+-1(+*(:**,=+:&#8(
"+&'(:(/:-1#(,%(=393$:&+7#(>aD(#9+**+,-*DCM(:-8(&'#/#%,/#M(#R1RM('+1'#/(#9+**+,-*(+-(#:/$+#/(
8#=:8#*(+94$;($,"#/(#9+**+,-*($:&#/R(nCDR@o(

(
( I+9+&+-1(&'#(":/9+-1(=:3*#8(F;(:-&'/,4,1#-+=(>aD(#9+**+,-*(:$,-#("+&'(:(4/,F:F+$+&;(,%(
mHHkM(m@GkM(:-8(mllk(&,($#**(&':-(Dt>(*+-=#(&'#(4#/+,8(CplCjCppGDDM("+$$(/#f3+/#(=393$:&+7#(
>aD(#9+**+,-*(%/,9(:$$(:-&'/,4,1#-+=(*,3/=#*(&,(*&:;(F#&"##-(G(:-8(:F,3&(C@lG(2&>M(G(:-8(
:F,3&(CDCG(2&>M(:-8(G(:-8(:F,3&(CGGG(2&>(*+-=#(&':&(4#/+,8(/#*4#=&+7#$;DHR(!'#*#(344#/(
:9,3-&*(:/#(/#83=#8(&,(:F,3&(ppG(2&>M(peG(2&>M(:-8(pGG(2&>(/#*4#=&+7#$;M("'#-(:==,3-&+-1(
%,/(-,-B>aD(%,/=+-1*(:*(+-(?><DRlR(6-(:9,3-&(,%(@HC(qeel(&,(lClr(2&>M(":*(:$/#:8;(#9+&&#8(F;(
DGCCR(nCDR@o(

(
( 6($,"#/(":/9+-1(&:/1#&M(,/(:('+1'#/($+0#$+',,8(,%(/#9:+-+-1(F#$,"(:(*4#=+%+=(":/9+-1(&:/1#&M("+$$(
/#f3+/#($,"#/(=393$:&+7#(>aD(#9+**+,-*R(6==,3-&+-1(%,/(":/9+-1(#%%#=&*(,%(+-=/#:*#*(+-(-,-B
>aD(1/##-',3*#(1:*#*M(/#83=&+,-*(+-(:#/,*,$*M(,/(&'#(/#$#:*#(,%(1/##-',3*#(1:*#*(%/,9(
4#/9:%/,*&("+$$(:$*,($,"#/(&'#(=393$:&+7#(>aD(#9+**+,-*(%,/(:(*4#=+%+=(":/9+-1(&:/1#&(K*##(
T+13/#()<ARCGLR(nCDR@o(

(
"( 6($:/1#(%/:=&+,-(,%(:-&'/,4,1#-+=(=$+9:&#(=':-1#(/#*3$&+-1(%/,9(>aD(#9+**+,-*(+*(+//#7#/*+F$#(

,-(:(93$&+B=#-&3/;(&,(9+$$#--+:$(&+9#(*=:$#M(#J=#4&(+-(&'#(=:*#(,%(:($:/1#(-#&(/#9,7:$(,%(>aD(
%/,9(&'#(:&9,*4'#/#(,7#/(:(*3*&:+-#8(4#/+,8R()3/%:=#(&#94#/:&3/#*("+$$(/#9:+-(:44/,J+9:&#$;(
=,-*&:-&(:&(#$#7:&#8($#7#$*(%,/(9:-;(=#-&3/+#*(:%&#/(:(=,94$#&#(=#**:&+,-(,%(-#&(:-&'/,4,1#-+=(
>aD(#9+**+,-*R([3#(&,(&'#($,-1(&+9#(*=:$#*(,%('#:&(&/:-*%#/(%/,9(&'#(,=#:-(*3/%:=#(&,(8#4&'M(
,=#:-(":/9+-1("+$$(=,-&+-3#(%,/(=#-&3/+#*R([#4#-8+-1(,-(&'#(*=#-:/+,M(:F,3&(C@(&,(eGk(,%(
#9+&&#8(>aD("+$$(/#9:+-(+-(&'#(:&9,*4'#/#($,-1#/(&':-(CMGGG(;#:/*R(nS,J(lRCM(CDReMCDR@o((

(
"( 5&(+*(virtually certain(&':&(1$,F:$(9#:-(*#:($#7#$(/+*#("+$$(=,-&+-3#(F#;,-8(DCGGM("+&'(*#:($#7#$(

/+*#(83#(&,(&'#/9:$(#J4:-*+,-(&,(=,-&+-3#(%,/(9:-;(=#-&3/+#*R(!'#(%#"(:7:+$:F$#(9,8#$(/#*3$&*(
&':&(1,(F#;,-8(DCGG(+-8+=:&#(1$,F:$(9#:-(*#:($#7#$(/+*#(:F,7#(&'#(4/#B+-83*&/+:$($#7#$(F;(DHGG(
&,(F#($#**(&':-(C(9(%,/(:(/:8+:&+7#(%,/=+-1(&':&(=,//#*4,-8*(&,(>aD(=,-=#-&/:&+,-*(&':&(4#:0(
:-8(8#=$+-#(:-8(/#9:+-(F#$,"(@GG(449M(:*(+-(&'#(*=#-:/+,(?><DRlR(T,/(:(/:8+:&+7#(%,/=+-1(
&':&(=,//#*4,-8*(&,(:(>aD(=,-=#-&/:&+,-(&':&(+*(:F,7#(EGG(449(F3&(F#$,"(C@GG(449M(:*(+-(&'#(
*=#-:/+,(?><pR@M(&'#(4/,_#=&#8(/+*#(+*(C(9(&,(9,/#(&':-(H(9(Kmedium confidenceLR(nCHR@o(

!
"( )3*&:+-#8(9:**($,**(F;(+=#(*'##&*(",3$8(=:3*#($:/1#/(*#:($#7#$(/+*#M(:-8(*,9#(4:/&(,%(&'#(

9:**($,**(9+1'&(F#(+//#7#/*+F$#R(!'#/#(+*(high confidence(&':&(*3*&:+-#8(":/9+-1(1/#:&#/(&':-(
*,9#(&'/#*',$8(",3$8($#:8(&,(&'#(-#:/B=,94$#&#($,**(,%(&'#(2/##-$:-8(+=#(*'##&(,7#/(:(
9+$$#--+39(,/(9,/#M(=:3*+-1(:(1$,F:$(9#:-(*#:($#7#$(/+*#(,%(34(&,(E(9R(>3//#-&(#*&+9:&#*(

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
DC(^3:-&+%+=:&+,-(,%(&'+*(/:-1#(,%(>aD(#9+**+,-*(/#f3+/#*(&:0+-1(+-&,(:==,3-&(-,-B>aD(8/+7#/*R(
DD(!'#(%+/*&(DGB;#:/(4#/+,8(:7:+$:F$#(%/,9(&'#(9,8#$*R(
DH(!'+*(+*(F:*#8(,-(&'#(:**#**9#-&(,%(&'#(!/:-*+#-&(>$+9:&#(?#*4,-*#(&,(>393$:&+7#(>:/F,-(Y9+**+,-*(
K!>?YL(K*##()#=&+,-([RDL(
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+-8+=:&#(&':&(&'#(&'/#*',$8(+*(1/#:&#/(&':-(:F,3&(Ct>(Klow confidenceL(F3&($#**(&':-(:F,3&(et>(
Kmedium confidenceL(1$,F:$(9#:-(":/9+-1("+&'(/#*4#=&(&,(4/#B+-83*&/+:$R(6F/34&(:-8(
+//#7#/*+F$#(+=#($,**(%/,9(:(4,&#-&+:$(+-*&:F+$+&;(,%(9:/+-#BF:*#8(*#=&,/*(,%(&'#(6-&:/=&+=(5=#(
)'##&(+-(/#*4,-*#(&,(=$+9:&#(%,/=+-1(+*(4,**+F$#M(F3&(=3//#-&(#7+8#-=#(:-8(3-8#/*&:-8+-1(+*(
+-*3%%+=+#-&(&,(9:0#(:(f3:-&+&:&+7#(:**#**9#-&R(n@RpM(CHReM(CHR@o(

!

( A#&',8*(&':&(:+9(&,(8#$+F#/:&#$;(:$&#/(&'#(=$+9:&#(*;*&#9(&,(=,3-&#/(=$+9:&#(=':-1#M(&#/9#8(
1#,#-1+-##/+-1M(':7#(F##-(4/,4,*#8R(I+9+&#8(#7+8#-=#(4/#=$38#*(:(=,94/#'#-*+7#(
f3:-&+&:&+7#(:**#**9#-&(,%(F,&'(),$:/(?:8+:&+,-(A:-:1#9#-&(K)?AL(:-8(>:/F,-([+,J+8#(
?#9,7:$(K>[?L(:-8(&'#+/(+94:=&(,-(&'#(=$+9:&#(*;*&#9R(>[?(9#&',8*(':7#(F+,1#,='#9+=:$(
:-8(&#='-,$,1+=:$($+9+&:&+,-*(&,(&'#+/(4,&#-&+:$(,-(:(1$,F:$(*=:$#R(!'#/#(+*(+-*3%%+=+#-&(0-,"$#81#(
&,(f3:-&+%;(',"(93='(>aD(#9+**+,-*(=,3$8(F#(4:/&+:$$;(,%%*#&(F;(>[?(,-(:(=#-&3/;(&+9#*=:$#R(
A,8#$$+-1(+-8+=:&#*(&':&()?A(9#&',8*M(+%(/#:$+N:F$#M(':7#(&'#(4,&#-&+:$(&,(*3F*&:-&+:$$;(,%%*#&(:(
1$,F:$(&#94#/:&3/#(/+*#M(F3&(&'#;(",3$8(:$*,(9,8+%;(&'#(1$,F:$(":&#/(=;=$#M(:-8(",3$8(-,&(
/#83=#(,=#:-(:=+8+%+=:&+,-R(5%()?A("#/#(&#/9+-:&#8(%,/(:-;(/#:*,-M(&'#/#(+*(high confidence 
&':&(1$,F:$(*3/%:=#(&#94#/:&3/#*(",3$8(/+*#(7#/;(/:4+8$;(&,(7:$3#*(=,-*+*&#-&("+&'(&'#(
1/##-',3*#(1:*(%,/=+-1R(>[?(:-8()?A(9#&',8*(=://;(*+8#(#%%#=&*(:-8($,-1B&#/9(
=,-*#f3#-=#*(,-(:(1$,F:$(*=:$#R(nlR@M(EREo(

! (



!"#$%&'()#**+,-(,%(.,/0+-1(2/,34(5( ( 644/,7#8()399:/;(%,/(<,$+=;9:0#/*(
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Box SPM.1:(?#4/#*#-&:&+7#(>,-=#-&/:&+,-(<:&'":;*(K?><*L(
(
>$+9:&#(=':-1#(4/,_#=&+,-*(+-(.25(/#f3+/#(+-%,/9:&+,-(:F,3&(%3&3/#(#9+**+,-*(,/(=,-=#-&/:&+,-*(,%(
1/##-',3*#(1:*#*M(:#/,*,$*(:-8(,&'#/(=$+9:&#(8/+7#/*R(!'+*(+-%,/9:&+,-(+*(,%&#-(#J4/#**#8(:*(:(
*=#-:/+,(,%('39:-(:=&+7+&+#*M("'+='(:/#(-,&(:**#**#8(+-(&'+*(/#4,/&R(5<>>(.25(*=#-:/+,*(':7#(
%,=3*#8(,-(:-&'/,4,1#-+=(#9+**+,-*(:-8(8,(-,&(+-=$38#(=':-1#*(+-(-:&3/:$(8/+7#/*(*3='(:*(*,$:/(
,/(7,$=:-+=(%,/=+-1(,/(-:&3/:$(#9+**+,-*M(%,/(#J:94$#M(,%(>\e(:-8(PDaR(
(
T,/(&'#(T+%&'(6**#**9#-&(?#4,/&(,%(5<>>M(&'#(*=+#-&+%+=(=,993-+&;(':*(8#%+-#8(:(*#&(,%(%,3/(-#"(
*=#-:/+,*M(8#-,&#8(?#4/#*#-&:&+7#(>,-=#-&/:&+,-(<:&'":;*(K?><*M(*##(2$,**:/;LR(!'#;(:/#(
+8#-&+%+#8(F;(&'#+/(:44/,J+9:&#(&,&:$(/:8+:&+7#(%,/=+-1(+-(;#:/(DCGG(/#$:&+7#(&,(CE@Gg(DRl(.(9BD(%,/(
?><DRlM(eR@(.(9BD(%,/(?><eR@M(lRG(.(9BD(%,/(?><lRG(:-8(pR@(.(9BD(%,/(?><pR@R(T,/(&'#(
>,34$#8(A,8#$(5-&#/=,94:/+*,-(</,_#=&(<':*#(@(K>A5<@L(/#*3$&*M(&'#*#(7:$3#*(*',3$8(F#(
3-8#/*&,,8(:*(+-8+=:&+7#(,-$;M(:*(&'#(=$+9:&#(%,/=+-1(/#*3$&+-1(%/,9(:$$(8/+7#/*(7:/+#*(F#&"##-(
9,8#$*(83#(&,(*4#=+%+=(9,8#$(=':/:=&#/+*&+=*(:-8(&/#:&9#-&(,%(*',/&B$+7#8(=$+9:&#(%,/=#/*R(!'#*#(
%,3/(?><*(+-=$38#(,-#(9+&+1:&+,-(*=#-:/+,($#:8+-1(&,(:(7#/;($,"(%,/=+-1($#7#$(K?><DRlLM(&",(
*&:F+$+N:&+,-(*=#-:/+,*(K?><eR@(:-8(?><lLM(:-8(,-#(*=#-:/+,("+&'(7#/;('+1'(1/##-',3*#(1:*(
#9+**+,-*(K?><pR@LR(!'#(?><*(=:-(&'3*(/#4/#*#-&(:(/:-1#(,%(DC*&(=#-&3/;(=$+9:&#(4,$+=+#*M(:*(
=,94:/#8("+&'(&'#(-,B=$+9:&#B4,$+=;(,%(&'#()4#=+:$(?#4,/&(,-(Y9+**+,-*()=#-:/+,*(K)?Y)L(3*#8(+-(
&'#(!'+/8(6**#**9#-&(?#4,/&(:-8(&'#(T,3/&'(6**#**9#-&(?#4,/&R(T,/(?><lRG(:-8(?><pR@M(
/:8+:&+7#(%,/=+-1(8,#*(-,&(4#:0(F;(;#:/(DCGGh(%,/(?><DRl(+&(4#:0*(:-8(8#=$+-#*h(:-8(%,/(?><eR@(+&(
*&:F+$+N#*(F;(DCGGR(Y:='(?><(4/,7+8#*(*4:&+:$$;(/#*,$7#8(8:&:(*#&*(,%($:-8(3*#(=':-1#(:-8(*#=&,/B
F:*#8(#9+**+,-*(,%(:+/(4,$$3&:-&*M(:-8(+&(*4#=+%+#*(:--3:$(1/##-',3*#(1:*(=,-=#-&/:&+,-*(:-8(
:-&'/,4,1#-+=(#9+**+,-*(34(&,(DCGGR(?><*(:/#(F:*#8(,-(:(=,9F+-:&+,-(,%(+-&#1/:&#8(:**#**9#-&(
9,8#$*M(*+94$#(=$+9:&#(9,8#$*M(:&9,*4'#/+=(='#9+*&/;(:-8(1$,F:$(=:/F,-(=;=$#(9,8#$*R(.'+$#(&'#(
?><*(*4:-(:("+8#(/:-1#(,%(&,&:$(%,/=+-1(7:$3#*M(&'#;(8,(-,&(=,7#/(&'#(%3$$(/:-1#(,%(#9+**+,-*(+-(&'#(
$+&#/:&3/#M(4:/&+=3$:/$;(%,/(:#/,*,$*R(
(
A,*&(,%(&'#(>A5<@(:-8(Y:/&'();*&#9(A,8#$(KY)AL(*+93$:&+,-*("#/#(4#/%,/9#8("+&'(4/#*=/+F#8(
>aD(=,-=#-&/:&+,-*(/#:='+-1(eDC(449(K?><DRlLM(@Hp(449(K?><eR@LM(lEG(449(K?><lRGLM(:-8(iHl(
449(K?><(pR@L(F;(&'#(;#:/(DCGGR(5-=$38+-1(:$*,(&'#(4/#*=/+F#8(=,-=#-&/:&+,-*(,%(>\e(:-8(PDaM(
&'#(=,9F+-#8(>aDB#f3+7:$#-&(=,-=#-&/:&+,-*(:/#(eE@(449(K?><DRlLM(lHG(449(K?><eR@LM(pGG(449(
K?><lRGLM(:-8(CHCH(449(K?><pR@LR(T,/(?><pR@M(:88+&+,-:$(>A5<@(Y)A(*+93$:&+,-*(:/#(
4#/%,/9#8("+&'(4/#*=/+F#8(>aD(#9+**+,-*(:*(4/,7+8#8(F;(&'#(+-&#1/:&#8(:**#**9#-&(9,8#$*R(T,/(
:$$(?><*M(:88+&+,-:$(=:$=3$:&+,-*("#/#(9:8#("+&'(348:&#8(:&9,*4'#/+=(='#9+*&/;(8:&:(:-8(9,8#$*(
K+-=$38+-1(&'#(6&9,*4'#/+=(>'#9+*&/;(:-8(>$+9:&#(=,94,-#-&(,%(>A5<@L(3*+-1(&'#(?><(
4/#*=/+F#8(#9+**+,-*(,%(&'#(='#9+=:$$;(/#:=&+7#(1:*#*(K>\eM(PDaM(\T>*M(PaJM(>aM(PA]a>LR(
!'#*#(*+93$:&+,-*(#-:F$#(+-7#*&+1:&+,-(,%(3-=#/&:+-&+#*(/#$:&#8(&,(=:/F,-(=;=$#(%##8F:=0*(:-8(
:&9,*4'#/+=(='#9+*&/;R(
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Table SPM.1 [TABLE SUBJECT TO FINAL COPYEDIT] 
(
Phenomenon and direction 
of trend 

Assessment that changes occurred 
(typically since 1950 unless 
otherwise indicated)  

Assessment of a human 
contribution to 
observed changes 

Likelihood of further changes 

Early 21st century Late 21st century 

#$%&'%!$()*+%!,'-'%!!
.+/)!)$01!$()!(23451!!
+6'%!&+15!/$()!$%'$1!!

Very likely   
789:;

Very likely  
 7<=9:;

Likely  
7<<9>;

Virtually certain   
7<89?; 

Very likely 
Very likely 

Likely
Likely ! !

Virtually certain
Virtually certain 

#$%&'%!$()*+%!&+%'!,%'@A'(5!
4+5!)$01!$()!(23451!!
+6'%!&+15!/$()!$%'$1!

Very likely  
789:;

Very likely   
7<=9:;

Likely  
7<<9>;

Virtually certain  
7<89?;  

Very likely 
Very likely 

Likely
Likely B(23451!+(/0C! !

Virtually certain
Virtually certain 

#$%&!1D'//1*4'$5!-$6'19!!
E%'@A'(.0!$()*+%!)A%$52+(!2(.%'$1'1!
+6'%!&+15!/$()!$%'$1!

Medium confidence +(!$!3/+F$/!1.$/' 
Likely!2(!/$%3'!D$%51!+,!GA%+D'H!I12$!$()!IA15%$/2$!

789:;

Likely!B$C  

7<=9:;

J+5!,+%&$//0!$11'11')!BFC!

7<<9>;

Very likely  
 

7<89?; 

Medium confidence 2(!&$(0!BFA5!(+5!$//C!%'32+(1
Likely!  

J+5!,+%&$//0!$11'11')!
More likely than not !

!
 

Very likely 
Very likely   

K'$60!D%'.2D25$52+(!'6'(519!
L(.%'$1'!2(!54'!,%'@A'(.0H!2(5'(1250H!$()*+%!
$&+A(5!+,!4'$60!D%'.2D25$52+(9!

Likely &+%'!/$()!$%'$1!-254!2(.%'$1'1!54$(!)'.%'$1'1!B.C!
789:;

Medium confidence  

7M9:H!<=9:;

Likely +6'%!&$(0!/$()!$%'$1
  

7<<9>;

Very likely +6'%!&+15!+,!54'!&2)N/$525A)'!/$()!&$11'1!
$()!+6'%!-'5!5%+D2.$/!%'32+(1  

 
!

7<89?; 
Likely!&+%'!/$()!$%'$1!-254!2(.%'$1'1!54$(!)'.%'$1'1
Likely +6'%!&+15!/$()!$%'$1!

Medium confidence  
More likely than not 

! Likely +6'%!&$(0!$%'$1
Very likely +6'%!&+15!/$()!$%'$1 !

L(.%'$1'1!2(!2(5'(1250!$()*+%!!
)A%$52+(!+,!)%+A345!

Low confidence +(!$!3/+F$/!1.$/'!
Likely!.4$(3'1!2(!1+&'!%'32+(1!B)C!

789:;

Low confidence 

7<=9:;

Low confidence B3C 

7<<9>;

Likely (medium confidence)!+(!$!%'32+($/!5+!3/+F$/!
1.$/'!B4C!

7<89?; 
Medium confidence!2(!1+&'!%'32+(1
Likely!2(!&$(0!%'32+(1H!12(.'!<OM=!B'C! !

Medium confidence!B,C!
More likely than not 

!
!

Medium confidence!2(!1+&'!%'32+(1
Likely B'C  !

L(.%'$1'1!2(!2(5'(1'!5%+D2.$/!
.0./+('!$.526250!

Low confidence 2(!/+(3!5'%&!B.'(5'((2$/C!.4$(3'1
Virtually certain 2(!J+%54!I5/$(52.!12(.'!<OM=!

789:;

Low confidence B2C  

7<=9:;

Low confidence  

7<<9>;

More likely than not 2(!54'!#'15'%(!J+%54!P$.2,2.!
$()!J+%54!I5/$(52.!BQC  

7<?9:; 
Low confidence
Likely!B2(!1+&'!%'32+(1H!12(.'!<OM=C! !

Low confidence 
More likely than not!

!
  

More likely than not 2(!1+&'!F$12(1 
Likely 

L(.%'$1')!2(.2)'(.'!!
$()*+%!&$3(25A)'!+,!
'R5%'&'!4234!1'$!/'6'/!

Likely B12(.'!<OM=C 
  7>9M;

Likely!BSC  
7>9M;

Likely!B/C!
7<>9M;

Very likely B/C  
7<>9M; 

Likely B/$5'!8=54!.'(5A%0C 
Likely  

Likely!BSC
More likely than not BSC!

! Very likely B&C 
Likely  

(
w(!'#(8+/#=&(=,94:/+*,-(,%(:**#**9#-&( %+-8+-1*(F#&"##-( /#4,/&*( +*(8+%%+=3$&R(T,/(*,9#(=$+9:&#(7:/+:F$#*M(8+%%#/#-&(:*4#=&*(':7#(F##-(:**#**#8M(:-8( &'#( /#7+*#8(
13+8:-=#(-,&#(,-(3-=#/&:+-&+#*(':*(F##-(3*#8(%,/(&'#()?Y`(:-8(6?@R(!'#(:7:+$:F+$+&;(,%(-#"(+-%,/9:&+,-M(+94/,7#8(*=+#-&+%+=(3-8#/*&:-8+-1M(=,-&+-3#8(:-:$;*#*(,%(
8:&:(:-8(9,8#$*M(:-8(*4#=+%+=(8+%%#/#-=#*(+-(9#&',8,$,1+#*(:44$+#8(+-(&'#(:**#**#8(*&38+#*M(:$$(=,-&/+F3&#(&,(/#7+*#8(:**#**9#-&(%+-8+-1*R(
(
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Notes: 
K:L(6&&/+F3&+,-(+*(F:*#8(,-(:7:+$:F$#(=:*#(*&38+#*R(5&(+*(likely(&':&('39:-(+-%$3#-=#(':*(9,/#(&':-(8,3F$#8(&'#(4/,F:F+$+&;(,%(,==3//#-=#(,%(*,9#(,F*#/7#8('#:&(":7#*(
+-(*,9#($,=:&+,-*R(
KFL(A,8#$*(4/,_#=&(-#:/B&#/9(+-=/#:*#*(+-(&'#(83/:&+,-M(+-&#-*+&;(:-8(*4:&+:$(#J&#-&(,%('#:&(":7#*(:-8(":/9(*4#$$*R(
K=L( 5-(9,*&(=,-&+-#-&*M(=,-%+8#-=#(+-(&/#-8*( +*(-,&('+1'#/(&':-(medium(#J=#4&( +-(P,/&'(69#/+=:(:-8(Y3/,4#("'#/#(&'#/#(':7#(F##-( likely( +-=/#:*#*( +-(#+&'#/(&'#(
%/#f3#-=;(,/(+-&#-*+&;(,%('#:7;(4/#=+4+&:&+,-("+&'(*,9#(*#:*,-:$(:-8O,/(/#1+,-:$(7:/+:&+,-R(5&(+*(very likely(&':&(&'#/#(':7#(F##-(+-=/#:*#*(+-(=#-&/:$(P,/&'(69#/+=:R(
K8L(!'#(%/#f3#-=;(:-8(+-&#-*+&;(,%(8/,31'&(':*(likely(+-=/#:*#8(+-(&'#(A#8+&#//:-#:-(:-8(.#*&(6%/+=:(:-8(likely(8#=/#:*#8(+-(=#-&/:$(P,/&'(69#/+=:(:-8(-,/&'B"#*&(
63*&/:$+:R(
K#L(6?e(:**#**#8(&'#(:/#:(:%%#=&#8(F;(8/,31'&R((
K%L()?Y`(:**#**#8(medium confidence(&':&(:-&'/,4,1#-+=(+-%$3#-=#(':8(=,-&/+F3&#8(&,(*,9#(=':-1#*(+-(&'#(8/,31'&(4:&&#/-*(,F*#/7#8(+-(&'#(*#=,-8(':$%(,%(&'#(
DG&'(=#-&3/;M(F:*#8(,-(+&*(:&&/+F3&#8(+94:=&(,-(4/#=+4+&:&+,-(:-8(&#94#/:&3/#(=':-1#*R()?Y`(:**#**#8(low confidence(+-(&'#(:&&/+F3&+,-(,%(=':-1#*(+-(8/,31'&*(:&(
&'#($#7#$(,%(*+-1$#(/#1+,-*R(
K1L(!'#/#(+*(low confidence(+-(4/,_#=&#8(=':-1#*(+-(*,+$(9,+*&3/#R(
K'L(?#1+,-:$(&,(1$,F:$B*=:$#(4/,_#=&#8(8#=/#:*#*(+-(*,+$(9,+*&3/#(:-8(+-=/#:*#8(:1/+=3$&3/:$(8/,31'&(:/#( likely((medium confidence)(+-(4/#*#-&$;(8/;(/#1+,-*(F;(&'#(
#-8(,%(&'+*(=#-&3/;(3-8#/(&'#(?><pR@(*=#-:/+,R ),+$(9,+*&3/#(8/;+-1(+-(&'#(A#8+&#//:-#:-M(),3&'"#*&(X)(:-8(*,3&'#/-(6%/+=:-(/#1+,-*(+*(=,-*+*&#-&("+&'(4/,_#=&#8(
=':-1#*(+-(\:8$#;(=+/=3$:&+,-(:-8(+-=/#:*#8(*3/%:=#(&#94#/:&3/#*M(*,(&'#/#(+* high confidence +-( likely(*3/%:=#(8/;+-1(+-(&'#*#(/#1+,-*(F;(&'#(#-8(,%(&'+*(=#-&3/;(
3-8#/(&'#(?><pR@(*=#-:/+,R(
K+L(!'#/#(+*(medium confidence(&':&(:(/#83=&+,-(+-(:#/,*,$(%,/=+-1(,7#/(&'#(P,/&'(6&$:-&+=(':*(=,-&/+F3&#8(:&($#:*&(+-(4:/&(&,(&'#(,F*#/7#8(+-=/#:*#(+-(&/,4+=:$(=;=$,-#(
:=&+7+&;(*+-=#(&'#(CiEG*(+-(&'+*(/#1+,-R(
K_L(S:*#8(,-(#J4#/&(_3819#-&(:-8(:**#**9#-&(,%(4/,_#=&+,-*("'+='(3*#(:-()?Y)(6CS(K,/(*+9+$:/L(*=#-:/+,R(
K0L(6&&/+F3&+,-(+*(F:*#8(,-(&'#(=$,*#(/#$:&+,-*'+4(F#&"##-(,F*#/7#8(=':-1#*(+-(#J&/#9#(:-8(9#:-(*#:($#7#$R(
K$L(!'#/#( +*(high confidence( &':&( &'+*( +-=/#:*#( +-(#J&/#9#('+1'(*#:( $#7#$("+$$(4/+9:/+$;(F#( &'#( /#*3$&(,%(:-( +-=/#:*#( +-(9#:-(*#:( $#7#$R(!'#/#( +*( low confidence( +-(
/#1+,-B*4#=+%+=(4/,_#=&+,-*(,%(*&,/9+-#**(:-8(:**,=+:&#8(*&,/9(*3/1#*R(
K9L()?Y`(:**#**#8(+&(&,(F#(very likely(&':&(9#:-(*#:($#7#$(/+*#("+$$(=,-&/+F3&#(&,(%3&3/#(34":/8(&/#-8*(+-(#J&/#9#(=,:*&:$('+1'(":&#/($#7#$*R(
(



!"#$%&'()#**+,-(,%(.,/0+-1(2/,34(5( ( 644/,7#8()399:/;(%,/(<,$+=;9:0#/*(
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Table SPM.2 [TABLE SUBJECT TO FINAL COPYEDIT](
(

  2046–2065 2081–2100 

Variable Scenario 9#:- likely(/:-1#(=( 9#:-( likely(/:-1#(=(

2$,F:$(A#:-()3/%:=#(
!#94#/:&3/#(>':-1#(
Kt>L(:(
(

?><DRl( CRG( GRe(&,(CRl( CRG( GRH(&,(CRE(
?><eR@( CRe( GRi(&,(DRG( CRp( CRC(&,(DRl(
?><lRG( CRH( GRp(&,(CRp( DRD( CRe(&,(HRC(
?><pR@( DRG( CRe(&,(DRl( HRE( DRl(&,(eRp(

  9#:- likely(/:-1#(8( 9#:-( likely(/:-1#(8(

2$,F:$(A#:-()#:(I#7#$(
?+*#(K9L(F(

?><DRl( GRDe( GRCE(&,(GRHD( GReG( GRDl(&,(GR@@(
?><eR@( GRDl( GRCi(&,(GRHH( GReE( GRHD(&,(GRlH(
?><lRG( GRD@( GRCp(&,(GRHD( GRep( GRHH(&,(GRlH(
?><pR@( GRHG( GRDD(&,(GRHp( GRlH( GRe@(&,(GRpD(

(
P,&#*g(
K:L(S:*#8(,-(&'#(>A5<@(#-*#9F$#h(:-,9:$+#*(=:$=3$:&#8("+&'(/#*4#=&(&,(CipljDGG@R(X*+-1(\:8>?X!e(:-8(
+&*(3-=#/&:+-&;(#*&+9:&#(K@ i@k(=,-%+8#-=#(+-&#/7:$LM(&'#(,F*#/7#8(":/9+-1(&,(&'#(/#%#/#-=#(4#/+,8(
Cipl DGG@(+*(GRlC(qGR@@(&,(GRlEr(t>(%,/(Cp@G CiGGM(:-8(GRCC(qGRGi(&,(GRCHr(t>(%,/(CipG CiiiM(&'#(6?e(
/#%#/#-=#(4#/+,8(%,/(4/,_#=&+,-*R(I+0#$;(/:-1#*(':7#(-,&(F##-(:**#**#8('#/#("+&'(/#*4#=&(&,(#:/$+#/(
/#%#/#-=#(4#/+,8*(F#=:3*#(9#&',8*(:/#(-,&(1#-#/:$$;(:7:+$:F$#(+-(&'#($+&#/:&3/#(%,/(=,9F+-+-1(&'#(
3-=#/&:+-&+#*(+-(9,8#$*(:-8(,F*#/7:&+,-*R(688+-1(4/,_#=&#8(:-8(,F*#/7#8(=':-1#*(8,#*(-,&(:==,3-&(%,/(
4,&#-&+:$(#%%#=&*(,%(9,8#$(F+:*#*(=,94:/#8(&,(,F*#/7:&+,-*M(:-8(%,/(+-&#/-:$(7:/+:F+$+&;(83/+-1(&'#(
,F*#/7:&+,-:$(/#%#/#-=#(4#/+,8(nDReh(CCRDh(!:F$#*(CDRD(:-8(CDRHo(

KFL(S:*#8(,-(DC(>A5<@(9,8#$*h(:-,9:$+#*(=:$=3$:&#8("+&'(/#*4#=&(&,(CipljDGG@R(.'#/#(>A5<@(/#*3$&*(
"#/#(-,&(:7:+$:F$#(%,/(:(4:/&+=3$:/(6a2>A(:-8(*=#-:/+,M(&'#;("#/#(#*&+9:&#8(:*(#J4$:+-#8(+-(>':4&#/(
CHM(!:F$#(CHR@R(!'#(=,-&/+F3&+,-*(%/,9(+=#(*'##&(/:4+8(8;-:9+=:$(=':-1#(:-8(:-&'/,4,1#-+=($:-8(":&#/(
*&,/:1#(:/#(&/#:&#8(:*(':7+-1(3-+%,/9(4/,F:F+$+&;(8+*&/+F3&+,-*M(:-8(:*($:/1#$;(+-8#4#-8#-&(,%(*=#-:/+,R(
!'+*(&/#:&9#-&(8,#*(-,&(+94$;(&':&(&'#(=,-&/+F3&+,-*(=,-=#/-#8("+$$(-,&(8#4#-8(,-(&'#(*=#-:/+,(%,$$,"#8M(
,-$;(&':&(&'#(=3//#-&(*&:&#(,%(0-,"$#81#(8,#*(-,&(4#/9+&(:(f3:-&+&:&+7#(:**#**9#-&(,%(&'#(8#4#-8#-=#R(
S:*#8(,-(=3//#-&(3-8#/*&:-8+-1M(,-$;(&'#(=,$$:4*#(,%(9:/+-#BF:*#8(*#=&,/*(,%(&'#(6-&:/=&+=(5=#()'##&M(+%(
+-+&+:&#8M(=,3$8(=:3*#(1$,F:$(9#:-(*#:($#7#$(&,(/+*#(*3F*&:-&+:$$;(:F,7#(&'#(likely(/:-1#(83/+-1(&'#(DC*&(
=#-&3/;R(!'#/#(+*(medium confidence(&':&(&'+*(:88+&+,-:$(=,-&/+F3&+,-(",3$8(-,&(#J=##8(*#7#/:$(&#-&'*(,%(:(
9#&#/(,%(*#:($#7#$(/+*#(83/+-1(&'#(DC*&(=#-&3/;R(

K=L(>:$=3$:&#8(%/,9(4/,_#=&+,-*(:*(@ i@k(9,8#$(/:-1#*R(!'#*#(/:-1#*(:/#(&'#-(:**#**#8(&,(F#(likely(/:-1#*(
:%&#/(:==,3-&+-1(%,/(:88+&+,-:$(3-=#/&:+-&+#*(,/(8+%%#/#-&($#7#$*(,%(=,-%+8#-=#(+-(9,8#$*R(T,/(4/,_#=&+,-*(,%(
1$,F:$(9#:-(*3/%:=#(&#94#/:&3/#(=':-1#(+-(DGel DGl@(confidence(+*(mediumM(F#=:3*#(&'#(/#$:&+7#(
+94,/&:-=#(,%(+-&#/-:$(7:/+:F+$+&;M(:-8(3-=#/&:+-&;(+-(-,-B1/##-',3*#(1:*(%,/=+-1(:-8(/#*4,-*#M(:/#($:/1#/(
&':-(%,/(DGpC DCGGR(!'#($+0#$;(/:-1#*(%,/(DGel DGl@(8,(-,&(&:0#(+-&,(:==,3-&(&'#(4,**+F$#(+-%$3#-=#(,%(
%:=&,/*(&':&($#:8(&,(&'#(:**#**#8(/:-1#(%,/(-#:/B&#/9(KDGCl DGH@L(1$,F:$(9#:-(*3/%:=#(&#94#/:&3/#(
=':-1#(&':&(+*($,"#/(&':-(&'#(@ i@k(9,8#$(/:-1#M(F#=:3*#(&'#(+-%$3#-=#(,%(&'#*#(%:=&,/*(,-($,-1#/(&#/9(
4/,_#=&+,-*(':*(-,&(F##-(f3:-&+%+#8(83#(&,(+-*3%%+=+#-&(*=+#-&+%+=(3-8#/*&:-8+-1R(nCCRHo(

K8L(>:$=3$:&#8(%/,9(4/,_#=&+,-*(:*(@ i@k(9,8#$(/:-1#*R(!'#*#(/:-1#*(:/#(&'#-(:**#**#8(&,(F#(likely(/:-1#*(
:%&#/(:==,3-&+-1(%,/(:88+&+,-:$(3-=#/&:+-&+#*(,/(8+%%#/#-&($#7#$*(,%(=,-%+8#-=#(+-(9,8#$*R(T,/(4/,_#=&+,-*(,%(
1$,F:$(9#:-(*#:($#7#$(/+*#(confidence(+*(medium(%,/(F,&'(&+9#(',/+N,-*R(

! !

Adam Curry




!"#$%&'()#**+,-(,%(.,/0+-1(2/,34(5( ( 644/,7#8()399:/;(%,/(<,$+=;9:0#/*(

5<>>(.25(6?@( )<ABDl( DE()#4&#9F#/(DGCH(

Table SPM.3 [TABLE SUBJECT TO FINAL COPYEDIT] 
 
)=#-:/+,( >393$:&+7#(>aD(Y9+**+,-*(DGCDjDCGG(K+-(2&>:L(

A#:-( ?:-1#(
?><DRl( DEG( CeG(&,(eCG(
?><eR@( EpG( @i@(&,(CGG@(
?><lRG( CGlG( peG(&,(CD@G(
?><pR@( Clp@( CeC@(&,(CiCG((
P,&#*g(
K:L(C(2+1:&,--#(,%(=:/F,-(=,//#*4,-8*(&,(HRlE(2&>aDR(
! (



!"#$%&'()#**+,-(,%(.,/0+-1(2/,34(5( ( 644/,7#8()399:/;(%,/(<,$+=;9:0#/*(

5<>>(.25(6?@( )<ABDE( DE()#4&#9F#/(DGCH(

Figure SPM.1 [FIGURE SUBJECT TO FINAL COPYEDIT] 
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Figure SPM.2 [FIGURE SUBJECT TO FINAL COPYEDIT] 
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Figure SPM.4 [FIGURE SUBJECT TO FINAL COPYEDIT] 
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Figure SPM.5 [FIGURE SUBJECT TO FINAL COPYEDIT] 
 

(
! (



!"#$%&'()#**+,-(,%(.,/0+-1(2/,34(5( ( 644/,7#8()399:/;(%,/(<,$+=;9:0#/*(

5<>>(.25(6?@( )<ABHD( DE()#4&#9F#/(DGCH(

Figure SPM.6 [FIGURE SUBJECT TO FINAL COPYEDIT] 
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Figure SPM.7 [FIGURE SUBJECT TO FINAL COPYEDIT] 
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Figure SPM.8 [FIGURE SUBJECT TO FINAL COPYEDIT] 
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Figure SPM.9 [FIGURE SUBJECT TO FINAL COPYEDIT] 
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Figure SPM.10 [FIGURE SUBJECT TO FINAL COPYEDIT] 
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