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/)/&$1!(.!2'+$'!&2!1(.(1(=$!&0$!/31!25!-..3-#(=$+!5(R$+!(.9$/&1$.&!%2/&/!-.+!9-'(-4#$!2,$'-&(.*!%2/&/!

25!&0$!5(.-#!*$.$'-&2'!5#$$&6!J&/!1-(.!+$%(/(2.!9-'(-4#$/!-'$!(.9$/&1$.&!(.!.$?!,2?$'!,#-.&/!-.+!023'#)!

*$.$'-&(2.!25!.$?!-.+!$R(/&(.*!,2?$'!,#-.&/6!G0$!12+$#!&-A$/!(.&2!-%%23.&!/)/&$1:?(+$!%2./&'-(.&/>!

(.%#3+(.*!1-&%0(.*!023'#)!$#$%&'(%(&)!*$.$'-&(2.!&2!023'#)!+$1-.+>!-.+!1$$&(.*!,#-..(.*!'$/$'9$!

'$]3('$1$.&/!L?0(%0!?-/!/$&!-&!HXd!-429$!,'28$%&$+!,$-A!+$1-.+!9-#3$/!NFXPM6!G0$!5#$$&!

%2.5(*3'-&(2./!?$'$!+$&$'1(.$+!3/(.*!&0$!/-1$!$./$14#$!25!%#(1-&$!12+$#/!-.+!$1(//(2.!/%$.-'(2/!

3/$+!&2!/(13#-&$!%#(1-&$:(.+3%$+!$55$%&/!2.!/3,,#)!-.+!+$1-.+!3/$+!(.!&0(/!/&3+)6!J.!$-%0!7W"!$1(//(2.!

/%$.-'(2!L.2!#(1(&/>!FEd!'$+3%&(2.>!-.+!VEd!'$+3%&(2.M>!&0$!7"!12+$#!2,&(1(=$+!&?2!%2.5(*3'-&(2./!25!

&0$!*$.$'-&2'!5#$$&!(.!DEFE!(.!&0(/!/&3+)6!
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U!

G0$!5('/&!5#$$&!L[(*3'$!D-M!?-/!%'$-&$+!?(&0!.2!$55$%&/!25!%#(1-&$!%0-.*$!2.!/3,,#)!-.+!+$1-.+6 !

"#$%&'(%(&)!+$1-.+!?-/!/(13#-&$+!3/(.*!0(/&2'(%-#!%#(1-&$!+-&-6!@)+'2!*$.$'-&(2.!,2&$.&(-#/!?$'$!$]3-#!

&2!0(/&2'(%-#!-9$'-*$/>!-.+!?$!(.%#3+$+!.2!%#(1-&$:(.+3%$+!%-,-%(&)!+$'-&(.*/!52'!&0$'1-#!,2?$'!,#-.&/6!

G0$!/$%2.+!5#$$&!L[(*3'$!D4M!?-/!%'$-&$+!(.%#3+(.*!&0$!$55$%&/!25!%#(1-&$!%0-.*$!2.!/3,,#)!-.+!+$1-.+!

3.+$'!Y7I!X6F!4)!DEFE!+$/%'(4$+!,'$9(23/#)6!a2&0!%2.5(*3'-&(2./!?$'$!%'$-&$+!4)!-!%-,-%(&)!$R,-./(2.!

12+$#!(.&$*'-&$+!?(&0(.!23'!12+$#(.*!5'-1$?2'A6!G0(/!'$/3#&$+!(.!/(R!+(55$'$.&!5#$$&/!L/$$![(*3'$!CO!(.!

CJM6!K!+$&-(#$+!+$/%'(,&(2.!25!&0$!%-,-%(&)!$R,-./(2.!12+$#!(/!-9-(#-4#$!(.!Y-#/&2.![2./$%-!$&!-#6!NFXP6!

!

!

 :,@+B*'"#$+!!+ :J@+92,'+4"#+!!!

[(*3'$!Dc!72.5(*3'-&(2./!25!&0$!*$.$'-&2'!5#$$&!(.!DEFE!+$/%'(4$+!(.!Y-#/&2.![2./$%-!$&!-#6!NFXP!L.2!
#(1(&/!2.!7W"!$1(//(2./M6!e314$'/!(.!&0$!%$.&$'!25!$-%0!,#2&!/02?!&0$!&2&-#!(./&-##$+!%-,-%(&)!(.!
DEFE6!G0$!(..$'!#-)$'!25!&0$!,($!%0-'&!/02?/!&0$!4'$-A+2?.!(.&2!&0$!+(55$'$.&!53$#!/23'%$/!3/$+!4)!
&0$!,2?$'!,#-.&/!(.!C"Y76!G0$!1(++#$!#-)$'!/02?/!&0$!&),$/!25!*$.$'-&(.*!&$%0.2#2*($/!\ !?0$'$!
-,,#(%-4#$!\ !3/$+!52'!$-%0!&),$!25!53$#!/23'%$6!G0$!23&$'!#-)$'!,'$/$.&/!&0$!%22#(.*!&$%0.2#2*($/!
3/$+!(.!&0$!'$/,$%&(9$!&0$'12$#$%&'(%!*$.$'-&2'/6!G0$!%2+$/!jWGk>!jY7k>!-.+!j`7k!/&-.+!52'>!
'$/,$%&(9$#)c!2.%$:&0'23*0!%22#(.*>!'$%('%3#-&(.*!%22#(.*>!-.+!+')!%22#(.*6!

"#F! G52,!8)332,3'5,!(5.!78)5)328!H2+@(,8> !

G2!-.-#)=$!&0$!&'-+$255/!4$&?$$.!,#-..(.*!-.+!2,$'-&(2.-#!%2/&/!3.+$'!+(55$'$.&!%#(1-&$!%0-.*$!

-//31,&(2./>!?$!3/$+!-!3.(&!%211(&1$.&!-.+!$%2.21(%!+(/,-&%0!L;7"`M!12+$#!NHF>!HSP6!G0$!;7"`!

12+$#!(/!-!1(R$+!(.&$*$'!#(.$-'!,'2*'-11(.*!LQJIM!12+$#!&0-&!2,&(1(=$/!,#-.& :#$9$#!$#$%&'(%(&)!

*$.$'-&(2.!(.!2'+$'!&2!1(.(1(=$!2,$'-&(2.-#!%2/&/!?0(#$!1$$&(.*!$#$%&'(%(&)!+$1-.+!-.+!*$.$'-&2':

#$9$#!3.(&!%211(&1$.&!%2./&'-(.&/6!W,$'-&(2.-#!%2/&/!%2./(/&!25!&0$!/31!25!9-'(-4#$!$#$%&'(%(&)!

SERC

150 GW

Coal

Coal Steam

RC

Hydro

Natural
Gas

Combined
Cycle

DC
OT

RC

Nuclear

Nuclear

RC

Solar

Wind

SERC

202 GW

Coal

Coal Steam

RC

Hydro

Natural
Gas

Combined
Cycle

DC
OT

RC

Nuclear

Nuclear

RC

Solar

Wind
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HE!

*$.$'-&(2.!%2/&>!/&-'&:3,!%2/&>!-.+!$/&(1-&$+!%2/&!+3$!&2!#2//!25!#2-+6!B$!(1,#$1$.&$+!-!%3/&21(=$+!

9$'/(2.!25!&0(/!12+$#!&0-&!(.%#3+$+!%#(1-&$!(.+3%$+!*$.$'-&(2.!%2./&'-(.&/!(.!&0$'1-#!-.+!0)+'2!

*$.$'-&2'/!-.+!(1,-%&/!25!%#(1-&$!%0-.*$!(.!$#$%&'(%(&)!+$1-.+6!K!+$&-(#$+!52'13#-&(2.!25!&0$!;7"`!

12+$#!(/!-9-(#-4#$!(.!&0$!CJ6!

G0$!;7"`!12+$#!'-.!/$]3$.&(-##)!52'!OTF!+-(#)!/(13#-&(2./!25!023'#)!+(/,-&%0!&2!43(#+!-!53##!VSTE:023'!

/(13#-&(2.!25!&0$!*$.$'-&(2.!-&!(.+(9(+3-#!,#-.&/!52'!-!/(13#-&(2.!)$-'!'$,'$/$.&(.*!DEFE6!J.!2'+$'!&2!

-%%23.&!52'!(.&$':+-)!*$.$'-&2'!2,$'-&(2./>!?$!$R$%3&$+!$-%0!+-(#)!(&$'-&(2.!25!&0$!;7"`!12+$#!?(&0!-!

DX!023'!2,&(1(=-&(2.!?(.+2?!,#3/!-!DX :023'!#22A:-0$-+!,$'(2+6!G0$!/2#3&(2.!25!&0$!5('/&!DX!023'!

,$'(2+!+$&$'1(.$/!&0$!(.(&(-#!%2.+(&(2./!52'!&0$!52##2?(.*!;7"`!(&$'-&(2.6!J.!23'!*'(+!2,$'-&(2.!

/%$.-'(2/!3.+$'!%#(1-&$!%0-.*$>!?$!'-.!2.$!53##!-..3-#!;7"`!+(/,-&%0!/(13#-&(2.!52'!$-%0!25!&0$!

&?$.&)!%#(1-&$!12+$#!23&,3&/!(.!23'!+-&-/$&!52'!&0$!)$-'!DEFE6!"-%0!25!&0$!&?$.&)!%#(1-&$!/(13#-&(2./!

'$/3#&$+!(.!+(/&(.%&!&(1$!/$'($/!?(&0!VSTE!9-#3$/!25!023'#)!$#$%&'(%(&)!+$1-.+>!-.+!OTF!9-#3$/!25!+-(#)!

&0$'1-#!%-,-%(&)!+$'-&(.*/!-.+!0)+'2,2?$'!,2&$.&(-#6!G0(/!'$/3#&$+!(.!&?$.&)!+(55$'$.&!+(/,-&%0!

/(13#-&(2./!(.!$-%0!/%$.-'(26!G0(/!?-)>!23'!'$/3#&/!'$,'$/$.&$+!&0$!(.0$'$.&!3.%$'&-(.&($/!(.!&0$!

%#(1-&$!/(13#-&(2./6!

B$!'$,$-&$+!-!/(1(#-'!-,,'2-%0!(.!&0$!/%$.-'(2/!25!*'(+!2,$'-&(2.!?(&023&!%#(1-&$!%0-.*$!$55$%&/6!J.!

&0(/!%-/$>!?$!/(13#-&$+!&?$.&)!+(/&(.%&!&(1$!/$'($/!25!023'#)!$#$%&'(%(&)!+$1-.+!4)!/-1,#(.*!&0$!

?$-&0$'!%2.+(&(2./!25!&?$.&)!3.(]3$!)$-'/!(.!23'!0(/&2'(%-#!+-&-/$&!LHUSU!\ !DEHFM!&0-&!-'$!1$-.&!&2!

'$,'$/$.&!1$&$2'2#2*(%-#!%2.+(&(2./!(.!DEFE!(.!&0$!-4/$.%$!25!%#(1-&$!%0-.*$6!W.!&0$!/3,,#):/(+$>!?$!

-//31$+!&0-&!0)+'2!*$.$'-&(2.!,2&$.&(-#/!?$'$!$]3-#!&2!0(/&2'(%-#!-9$'-*$/>!-.+!&0$'1-#!,2?$'!,#-.&/!

$R,$'($.%$+!.2!%#(1-&$:(.+3%$+!%-,-%(&)!+$'-&(.*/6![2'!12'$!+$&-(#/>!/$$!&0$!CJ6!

"#$I ! J)++!)*!1)(. !

G2!$/&(1-&$!,2&$.&(-#!(1,-%&/!25!%#(1-&$!%0-.*$!2.!'$#(-4(#(&)!-.+!%2/&>!?$!]3-.&(5($+!#2//!25!#2-+!LgWgM!

$9$.&/!3/(.*!&0$!;7"`!12+$#6!G0$!'$/3#&/!5'21!&0$!;7"`!(.+(%-&$!-.)!3./$'9$+!$#$%&'(%(&)!(.!&0$!

/3,,#)b+$1-.+!$]3-&(2.!L/$$!/$%&(2.!H6U!(.!CJM6!
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HH!

B$!]3-.&(5($+!'(/A!25!gWg!3/(.*!&0$!#2//!25!#2-+!,'24-4(#(&)!Lg2gIM6!G2!%21,3&$!&0$!g2gI!(.!23'!

/(13#-&(2./>!?$!%23.&$+!&0$!.314$'!25!023'/!(.!$-%0!+(/,-&%0!/(13#-&(2.!&0-&!-.)!&),$!25!#2//!25!#2-+!

$9$.&!2%%3''$+6!G0$.!?$!+(9(+$+!&0(/!.314$'!4)!&0$!&2&-#!.314$'!25!023'/!4$(.*!/(13#-&$+6!

B$!]3-.&(5($+!%2/&!25!&0$/$!23&-*$/!3/(.*!&0$!9-#3$!25!#2/&!#2-+!LiWggM6!"/&(1-&(.*!9-#3$/!25!#2/&!#2-+!(/!

-.!(1,2'&-.&!-.+!2.*2(.*!&2,(%!25!/&3+)!(.!$.$'*)!$%2.21(%/!NFEP6!C&3+($/!3/3-##)!'$#)!2.!2.$!25!&0'$$!

?-)/!&2!$/&(1-&$!&0$!9-#3$!25!#2/&!#2-+!NOFPc!%2./31$'!/3'9$)/!NV>!F>!TE>!XP^!%2/&!$/&(1-&$/!5'21!

,'$9(23/!/3,,#)!23&-*$/!NHXP^!-.+!$/&(1-&$/!25!1-%'2$%2.21(%!,'2+3%&(2.!53.%&(2./!NOF>!HO>!OUP6!

I'$9(23/!/&3+($/!0-9$!523.+!-!?(+$!'-.*$!25!9-#3$/!25!#2/&!#2-+!(.!+(55$'$.&!'$*(2./>!5'21!F>EEE!$bQB0!

&2!XF>EEE!$bQB0!NOUP6!G0(/!9-'(-4(#(&)!(/!+3$!&2!1$&02+2#2*(%-#!+(55$'$.%$/!-.+!/,$%(5(%!%0-'-%&$'(/&(%/!

25!&0$!'$*(2./!-.-#)=$+6!

G0$!iWgg!3/$+!(.!&0(/!/&3+)!?-/!4-/$+!2.!9-#3$/!%-#%3#-&$+!52'!&0$!"#$%&'(%!Y$#(-4(#(&)!723.%(#!25!G$R-/!

L"Y7WGM!NOUP6!"Y7WG!9-#3$/!L(.!DEHD!;C`M!?$'$!HHE!$bQB0!52'!'$/(+$.&(-#!%2./31$'/!-.+!F>TSU!

$bQB0!52'!7211$'%(-#!l!J.+3/&'(-#!L7lJM!%2./31$'/6!B$!3,+-&$+!&0$/$!9-#3$/!&2!DEHF!%3''$.%)!NTUP!

-.+!%214(.$+!&0$1!(.&2!-!/(.*#$!/)/&$1 :?(+$!9-#3$!3/(.*!/0-'$/!25!$#$%&'(%(&)!%2./31,&(2.!4)!/$%&2'!

'$,2'&$+ !4)!&0$!;C!".$'*)!J.52'1-&(2.!K+1(.(/&'-&(2.!L"JKM!NSDP6!G0$.>!?$!-+-,&$+!&0(/!/)/&$1:?(+$!

9-#3$!&2!&0$!/23&0$-/&!;6C6!3/(.*!&0$!'-&(2!4$&?$$.!<`I!,$'!%-,(&-!(.!G$R-/!-.+!<`I!,$'!%-,(&-!(.!&0$!

C"Y7!/&-&$/!NTV>!SEP6![2'!12'$!+$&-(#/!-423&!gWg>!g2gI>!-.+!iWgg>!,#$-/$!/$$!&0$!CJ6!

"#$$! K)&3(12L'.!8)+,!)*!'5'&;/ !

G0$!.2'1-#(=$+!%2/&!25!$.$'*)!(/!-.-#2*23/!&2!&0$!#$9$#(=$+!%2/&!25!$.$'*)!Lg7W"M>!43&!(.!&0(/!/&3+)!(&!(/!

3/$+!&2!,$'52'1!-!%2./(/&$.&!%21,-'(/2.!4$&?$$.!+(55$'$.&!&0$!*$.$'-&2'!5#$$&/!3.+$'!+(55$'$.&!

/%$.-' (2/6!G2!%21,3&$!&0$!.2'1-#(=$+!%2/&!25!$.$'*)>!?$!/311$+!3,!-##!-..3-#(=$+!5(R$+!-.+!9-'(-4#$!

%2/&/!-.+!+(9(+$+!4)!&0$!&2&-#!-..3-#!$#$%&'(%(&)!%2./31,&(2.!L0"#$# M!(.!$-%0!/%$.-'(26!G0$!/$&!25!%2/&/!7!

(.%#3+$/!%-,(&-#!$R,$.+(&3'$/!L%-,$RM!%2/&/!L-..3-#(=$+!3/(.*!-!Fd!+(/%23.&!'-&$!-.+!/&-.+-'+!,2?$'!

,#-.&!#(5$&(1$/M>!-..3-#!5(R$+!2,$'-&(2.!-.+!1-(.&$.-.%$!L5(R$+!WlQM!%2/&/>!-..3-#!9-'(-4#$!WlQ!%2/&/>!

53$#!%2/&/>!-.+!-..3-#!%2/&!25!#2//!25!#2-+6!B$!%21,3&$+!&2&-#!%2/&!25!#2//!25!#2-+!L(.!$b)$-'M!(.!$-%0!

-..3 -#!/(13#-&(2.!4)!/311(.*!3,!-##!9-#3$/!25!3.53#5(##$+!$#$%&'(%(&)!+$1-.+!-.+!13#&(,#)(.*!(&!4)!&0$!
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HD!

9-#3$!25!#2/&!#2-+!LO>EHV!$bQB0M6!Q2'$!(.52'1-&(2.!-423&!&0$!2&0$'!,-'-1$&$'/!(.!&0(/!%-#%3#-&(2.!(/!

-9-(#-4#$!(.!&0$!CJ6!

!"#$%&'()* +,"-. +"/ +)0)#12+345678 9++: +
; <=>?+3452)%#9!"#$%&

@"#$# +3678 52)%#9
!

B$!-#/2!$/&(1-&$+!&0$!(1,#($+!%2/&!25!-92(+(.*!&0$!,2&$.&(-#!#2-+!#2//!(.!&0$!/%$.-'(2!1&$.,*'22322'

*44*5)(6!G2!$/&(1-&$!&0(/!%2/&>!?$!%21,3&$+!&0$!+(55$'$.%$!(.!-..3-#!(.9$/&1$.&!-.+!2,$'-&(.*!$R,$./$/!

(.!&0$!/%$.-'(2/!!"#$'4.,'22322'*44*5)('L5.() M!-.+!1&$.,*'22322'*44*5)('L5.() 6M6!G0$.!?$!+(9(+$+!&0(/!

12.$&-')!9-#3$!4)!&0$!+(55$'$.%$!(.!#2//!25!#2-+!(.!/%$.-'(2/!/%$.-'(2/!!"#$'4.,'22322'*44*5)('L7.7 M!-.+!

1&$.,*'22322'*44*5)('L7. 76M6!G0(/!9-#3$!%-.!&0$.!4$!%21,-'$+!&2!&0$!9-#3$!25!#2/&!#2-+!LO>EHV!$bQB0M6!

A$B&')*+C"-. +345678 9+:
; <=>?!"#$%&' ()( D ; <=>?E!"#$*%&' ()( 3452)%#9

FGF+D +FGFE+3678 52)%#9
!

1! 2.0)3%0!

[(*3'$!O!%21,-'$/!&0$!.2'1-#(=$+!%2/&!25!$.$'*)!L(.!$bQB0M!25!&0$!523'!/%$.-'(2/!-.-#)=$+6!G0(/!

1$&'(%!&-A$/!(.&2!%2./(+$'-&(2.!-##!%2/&/!5'21!+(55$'$.&!&$%0.2#2*($/!-.+!-##2?/!52'!-!%2./(/&$.&!

%21,-'(/2.!-%'2//!&0$!+(55$'$.&!/%$.-'(2/!-.+!*$.$'-&2'!5#$$&/6!G2!%21,3&$!&0$!.2'1-#(=$+!%2/&!25!

$.$'*)>!?$!/311$+!3,!-##!-..3-#(=$+!5(R$+!-.+!9-'(-4#$!%2/&/!-.+!+(9(+$+!4)!&0$!&2&-#!$#$%&'(%(&)!

+$1-.+!(.!$-%0!/%$.-'(26!G0$!.2'1-#(=$+!%2/&!25!$.$'*)!(.!$-%0!/%$.-'(2!%2./(/&/!25!5(9$!%21,2.$.&/c!

%-,(&-#!$R,$.+(&3'$/!L%-,$RM!%2/&/>!5(R$+!2,$'-&(2.!-.+!1-(.&$.-.%$!L5(R$+!WlQM!%2/&/>!9-'(-4#$!WlQ!

%2/&/>!53$#!%2/&/>!-.+!&2&-#!%2/&!25!#2//!25!#2-+6!G2!%21,3&$!&0$!&2&-#!%2/&!25!#2/&!#2-+>!?$!3/$+!-!9-#3$!25!

#2/&!#2-+!L(6$6>!%2./31$'f/!-9$'-*$!?(##(.*.$//!&2!,-)!&2!-92(+!$#$%&'(%(&)!%3'&-(#1$.&/M!25!O>EHV!$bQB0!

L(.!DEHF!;C`M!L/$$!Q$&02+/M6!

e2&!,#-..(.*!52'!%#(1-&$!%0-.*$!%-.!'$/3#&!(.!-!/34/&-.&(-##)!0(*0$'!.2'1-#(=$+!%2/&!25!$.$'*)!&0-.!

2&0$'!/%$.-'(2/6!J.!/%$.-'(2/!?0$'$!&0$!,#-..(.*!/&-*$!+(+!.2&!-%%23.&!52'!%#(1-&$:(.+3%$+!'(/A/>!&0$!

.2'1-#(=$+!%2/&!25!$.$'*)!?-/!OT6V!$bQB0!L1&$.,*'223$.'22'*44*5)(M!-.+!UU6O!$bQB0!L1&$.,*'22322'

*44*5)(M!LDEHF!;C`M6!J.!&0$!/%$.-'(2/!?0$'$!,#-..(.*!+(+!-%%23.&!52'!%#(1-&$:(.+3%$+!'(/A/!L!"#$'4.,'
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HO!

22322'*44*5)('-.+! !"#$'4.,'223$.'22'*44*5)(M>!&0$!.2'1-#(=$+!%2/&!25!$.$'*)!?-/!XE!$bQB06!I#-..(.*!52'!

%#(1-&$!%0-.*$!'$/3#&$+!(.!%-,$R!%2/&/!25!-,,'2R(1-&$#)!HD6S!$bQB0>!'23*0#)!TEd!0(*0$'!&0-.!?0$.!

(*.2'(.*!%#(1-&$!%0-.*$!LV!$bQB0M6!@2?$9$'>!,#-..(.*!52'!%#(1-&$!%0-.*$!'$/3#&$+!(.!/1-##$'!9-'(-4#$!

%2/&/!4$%-3/$!&0$!$R,-./(2.!,2#(%)!43(#+/!12'$!/2#-'!*$.$'-&2'/6!C(.%$!/2#-'!L-.+!?(.+M!0-9$!.$-':=$'2!

1-'*(.-#!2,$'-&(.*!%2/&/>!12'$!/2#-'!*$.$'-&(2.!'$+3%$/!9-'(-4#$!%2/&/6!J.!/%$.-'(2/! !"#$'4.,'223$.'22'

*44*5)('-.+! !"#$'4.,'22322'*44*5)(>!9-'(-4#$!%2/&/!L53$#!m!9-'(-4#$!WlQM!-'$!-,,'2R(1-&$#)!HU6F!$bQB06!

J.!/%$.-'(2/! 1&$.,*'223$.'22'*44*5)('-.+! 1&$.,*'22322'*44*5)('9-'(-4#$!%2/&/!-'$!-,,'2R(1-&$#)!DE6F!

$bQB06!G0$!&2&-#!%2/&!25!#2/&!#2-+!+21(.-&$/!&0$!.2'1-#(=$+!%2/&!25!$.$'*)!(.!/%$.-'(2!1&$.,*'22322'

*44*5)('L[(*3'$!OM6!J.!&0(/!/%$.-'(2>!&0$!&2&-#!%2/&!25!#2/&!#2-+!-%%23.&/!52'!TXd!25!&0$!.2'1-#(=$+!%2/&!25!

$.$'*)>!?0(%0!1-A$/!&0(/!/%$.-'(2!&0$!%2/&#($/&6!

!

!

[(*3'$!Oc!721,-'(/2.!25!.2'1-#(=$+!%2/&/!25!$.$'*)!(.!DEFE!(.!&0$!523'!/%$.-'(2/6!G0$!9-#3$/!-'$!
&0$!-9$'-*$!25!&0$!/(13#-&(2./!3/(.*!+-&-!5'21!&?$.&)!+(55$'$.&!<7Q/6!"''2'!4-'/!'$,'$/$.&!&0$!
UEd!3.%$'&-(.&)!'-.*$!25!$-%0!%21,2.$.&!29$'!&0$!&?$.&)!<7Q!/(13#-&(2./6!

<(9$.!&0$!(1,2'&-.%$!25!&0$!&2&-#!%2/&!25!#2/&!#2-+!(.!23'!'$/3#&/>!?$!53'&0$'!(.9$/&(*-&$!&0$!9-#3$!25!#2/&!

#2-+6!B$!,$'52'1$+!-++(&(2.-#!-.-#)/(/!&2!%2.&$R&3-#(=$!&0$!(1,#(%-&(2./!25!&0$!9-#3$!25!#2//!25!#2-+!(.!

23'!/%$.-'(2/6!C,$%(5(%-##)>!?$!$/&(1-&$+!&0$!(1,#($+!%2/&!25!-92(+(.*!&0$!#-'*$!-123.&!25!#2-+!#2//!(.!
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HX!

&0$!/%$.-'(2!1&$.,*'22322'*44*5)('L/$$!Q$&02+/M6!G0(/!?-)!?$!%23#+!%21,-'$!(&!&2!&0$!$/&(1-&$+!9-#3$/!

(.!&0$!#(&$'-&3'$6!K%%2'+(.*!&2!23'!'$/3#&/>!&0$!%2/&!25!-92(+(.*!&0$!-123.&!25!#2-+!#2//!(.!/%$.-'(2!

1&$.,*'22322'*44*5)('?23#+!4$!-,,'2R(1-&$#)!HSF!$bQB0!LTd!25!&0$!9-#3$!25!#2/&!#2-+!3/$+!(.![(*3'$!

OM6!G0(/!'$/3#&!/3**$/&/!&0-&!&0$!%2/&!L(.!$bQB0M!25!,#-..(.*!52'!%#(1-&$!%0-.*$!-.+!&03/!-92(+(.*!#2/&!

#2-+!(/!/34/&-.&(-##)!#2?$'!&0-.!&0$!9-#3$/!25!&0$!?(##(.*.$//!25!%2./31$'/!&2!,-)!&2!-92(+!-!,$'(2+!

?(&023&!$#$%&'(%(&)!%3''$.&#)!3/$+!(.!&0$!#(&$'-&3'$6!

[(*3'$!X!/02?/!-9$'-*$!&2&-#!*$.$'-&(2.!(.!DEFE!5'21!&0$!&?$.&)!;7"`!/(13#-&(2./!(.!$-%0!/%$.-'(26!J.!

&0$!/%$.-'(2/!&0-&!(.%#3+$+!%#(1-&$!%0-.*$!$55$%&/!(.!&0$!;7"`!12+$#>!&2&-#!-..3-#!$#$%&'(%(&)!

%2./31,&(2.!?-/!-,,'2R(1-&$#)!TSO!GB0 >!2'!Od!0(*0$'!&0-.!(.!&0$!/%$.-'(2/!&0-&!+(+!.2&!-%%23.&!52'!

%#(1-&$!%0-.*$!(.!&0$!;7"`!12+$#6!Q2/&!25!&0(/!(.%'$-/$!(.!%2./31,&(2.!?-/!%2.%$.&'-&$+!(.!&0$!

/311$'>!?0$.!+$1-.+!?-/!HTd!0(*0$'6!72.9$'/$#)>!$#$%&'(%(&)!%2./31,&(2.!(.!&0$!?(.&$'!?-/!

-,,'2R(1- &$#)!Od!#2?$'!(.!&0$!/%$.-'(2/!&0-&!(.%#3+$!%#(1-&$!(1,-%&/!(.!&0$!;7"`!12+$#6 !

!

!

[(*3'$!Xc!721,-'(/2.!25!&0$!*$.$'-&(2.!4)!/23'%$!(.!$-%0!/$-/2.!-.+!/%$.-'(26!<$.$'-&(2.!9-#3$/!
-'$!-9$'-*$/!29$'!&0$!&?$.&)!-..3-#!/(13#-&(2./!(.!$-%0!/%$.-'(26!"''2'! 4-'/!'$,'$/$.&!&0$!UEd!
3.%$'&-(.&)!'-.*$!25!&0$!&2&-#!*$.$'-&(2.!29$'!&0$!&?$.&)!<7Q!/(13#-&(2./6!
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HF!

G0$!*$.$'-&(2.!,'25(#$/!(.!&0$!/311$'!-'$!25!,-'&(%3#-'!(.&$'$/&6!J.!&0$!/311$'>!Y7I!X6F!1$&$2'2#2*(%-#!

%2.+(&(2./!'$/3#&$+!(.!%#(1-&$:(.+3%$+!%-,-%(&)!+$'-&(.*/!25!.-&3'-#!*-/!,2?$'!,#-.&/6!J.!/%$.-'(2! !"#$'

4.,'22322'*44*5)(>!5#$$&!,#-..(.*!,-'&#)!255/$&!&0$/$!%#(1-&$:(.+3%$+!+$'-&(.*/!4)!(.9$/&(.*!(.!12'$!/2#-'!

,2?$'6!C2#-'!,2?$'!,#-.&/!(.!&0$!/23&0$-/&!;6C6!&),(%-##)!0-9$!0(*0$'!,2?$'!23&,3&!(.!/311$'&(1$!

%21,-'$+!&2!?(.&$'&(1$!L/$$!/$%&(2.!H6F!(.!CJM6!a)!0-9(.*!12'$!/2#-'!$.$'*)!-9-(#-4#$>!&0$!/)/&$1!(/!

-4#$!&2!/3,,#)!9('&3-##)!-##!$#$%&'(%(&)!+$1-.+6!72.9$'/$#)>!(.!/%$.-'(2!1&$.,*'22322'*44*5)(>!5#$$&!

,#-..(.*!+(+!.2&!-%%23.&!52'!%#(1-&$:(.+3%$+!+$'-&(.*/!25!.-&3'-#!*-/!,2?$'!,#-.&/6!K/!-!'$/3#&>!&0$!

%2/&:1(.(1(=-&(2.!/2#3&(2.!(.!&0$!%-,-%(&)!$R,-./(2.!12+$#!'$#($+!2.!.-&3'-#!*-/!(.9$/&1$.&/!&2!1$$&!

+$1-.+!-.+!+(+!.2&!(.9$/&!0$-9(#)!(.!/2#-'!,#- .&/6!B0$.!&0$!.-&3'-#!*-/!,#-.&/!?$'$!.2&!-4#$!&2!2,$'-&$!

-&!53##!%-,-%(&)!+3'(.*!/311$'&(1$!3.+$'!Y7I!X6F!%2.+(&(2./>!&0$'$!?-/!-!/&$$,!(.%'$-/$!(.!&0$!

2%%3''$.%$!25!#2//!25!#2-+!$9$.&/6!J.!/%$.-'(2!1&$.,*'22322'*44*5)(>!&0$!/)/&$1!5-(#/!&2!+$#(9$'!HD!GB0!25!

&0$!/311$'&(1$!$#$%&'(%(&)!+$1-.+!L-9$'-*$!25!&0$!;7"`!/(13#-&(2./!52'!DEFE!3/(.*!+-&-!5'21!&?$.&)!

<7Q/M6!

6#$! J)++!)*!1)(.!@&)M(M212,/!

[(*3'$!F-!/02?/!&0$!+(/&'(43&(2.!25!#2//!25!#2-+!,'24-4(#(&)!Lg2gIM!(.!$-%0!25!&0$!523'!/%$.-'(2/6!g2gI!

]3-.&(5($/!&0$!$R,$%&$+!.314$'!25!023'/!(.!&0$!)$-'!?0$.!-!#2//!25!#2-+!$9$.&!25!-.)!1-*.(&3+$!

0-,,$.$+!(.!23'!/(13#-&(2./6!G0$!/%$.-'(2/!L !"#$'4.,'223$.'22'*44*5)('-.+! !"#$'4.,'22322'*44*5)(M!(.!

?0(%0!%-,-%(&)!$R,-./(2.!-%%23.&$+!52'!%#(1-&$:(.+3%$+!%0-.*$/!(.!+$1-.+!-.+! /3,,#)!25!$#$%&'(%(&)!

0-9$!#2?!g2gI/6!G0(/!-#(*./!?(&0!.$*#(*(4#$!#2/&!#2-+!24/$'9$+!(.!&02/$!/%$.-'(2/!L[(*3'$!F-M6!J.!&0$!

/%$.-'(2! !"#$'4.,'223$.'22'*44*5)('(.!?0(%0!?$!(.%#3+$+!%#(1-&$!%0-.*$!(1,-%&/!4)!DEFE>!&0$!/)/&$1!0-/!

$R%$//!%-,-%(&)>!?0(%0!'$/3#&/!(.!-,,'2R(1-&$#)!=$'2!g2gI6!J.!&0$!/%$.-'(2! !"#$'4.,'22322'*44*5)(>!5#$$&!

$R,-./(2.!+$%(/(2./!?$'$!/355(%($.&!&2!%2,$!?(&0!&0$!$/&(1-&$+!%#(1-&$!%0-.*$!$55$%&/!4)!DEFE>!

'$/3#&(.*!(.!#2?!g2gI!LE6DSdM6!C(1(#-'#)>!(.!&0$!/%$.-'(2!?0$'$!&0$!%-,-%(&)!$R,-./(2.!12+$#!+(+!.2&!

-%%23.&!52'!%#(1-&$!(.+3%$+!%2./&'-(.&/>!43&!%#(1-&$!%0-.*$!(1,-%&/!?$'$!(.%#3+$+!(.!&0$!DEFE!

2,$'-&(2./!/&-*$>!g2gI!(/!/1-##!LE6HXdM6!;.#(A$!&0$/$!2&0$'!&0'$$!/%$.-'(2/>!/%$.-'(2!1&$.,*'22322'

*44*5)('0-+!-9$'-*$!g2gI!#$9$#/!25!-,,'2R(1-&$#)!HDd>!%2''$/,2.+(.*!&2!'23*0#)!H>EFE!023'/!(.!DEFE!(.!

?0(%0!&0$!/)/&$1!%-..2&!1$$&!&0$!53##!#2-+6!G0(/!0(*0!9-#3$!25!g2gI!(.!&0(/!#-/&!/%$.-'(2!(/!+3$!&2!&?2!

(.&$''$#-&$+!%#(1-&$:(.+3%$+!%2./&'-(.&/!&0-&!?$'$!.2&!%2./(+$'$+!(.!&0$!,#-..(.*!/&-*$c!&0$!(.%'$-/$!(.!
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HT!

$#$%&'(%(&)!+$1-.+!'$#-&$+!&2!%0-.*$/!(.!%#(1-&$!%2.+(&(2./>!-.+!&0$!,2&$.&(-#!'$+3%&(2.!(.!&0$'1-#!

%-,-%(&)!(.!/311$'&(1$6!

[(*3'$!F4!%21,-'$/!&0$!A$'.$#!+$./(&($/!25!&0$!#2//!25!#2-+!9-#3$/!(.!&0$!523'!/%$.-'(2/!/(13#-&$+6!K'$-/!

3.+$'!$-%0!%3'9$!-'$!/%-#$+!(.!2'+$'!&2!4$&&$'!'$,'$/$.&!&0$!+(55$'$.&!-9$'-*$!,'24-4(#(&($/!(.!$-%0!

/%$.-'(26!K/!$R,$%&$+>!&0$!+$./(&)!,#2&!52'!/%$.-'(2!!"#$'4.,'223$.'22'*44*5)('/02?!9('&3-##)!,'24-4(#(&)!

=$'2!25!-.)!#2//!25!#2-+!$9$.&/6!G0$!+$./(&)!,#2&/!52'!/%$.-'(2/!1&$.,*'223$.'22'*44*5)(' -.+! !"#$'4.,'

22322'*44*5)(','$/$.&!/(1(#-'!+(/&'(43&(2./!25!#2//!25!#2-+!$9$.&/6!a2&0!+(/&'(43&(2./!0-9$!#2?!

,'24-4(#(&($/!25!-.)!&),$!25!/02'&-*$!$9$.&6!G0$!-9$'-*$!#2//!25!#2-+!9-#3$!(.!&0$/$!&?2!/%$.-'(2/!(/!

-,,'2R(1-&$#)!O6V!<B!-. +!X6F!<B>!'$/,$%&(9$#)6!W.!&0$!2&0$'!0-.+>!1&$.,*'22322'*44*5)('/02?/!-!?(+$!

'-.*$!25!,2//(4#$!9-#3$/!25!#2-+!#2//6!G0$!-9$'-*$!#2-+!#2//!9-#3$!(/!-,,'2R(1-&$#)!HX!<B6!@2?$9$'>!

&0$'$!(/!-!Dd!,'24-4(#(&)!&0-&!/(13#-&$+!#2-+!#2//$/!(.!&0(/!/%$.-'(2!%23#+!/3',-//!DO!<B!LHSd!25!&0$!

-9$'-*$!,$-A!+$1-.+!9-#3$!(.!&0(/!/%$.-'(2M6!

!

[(*3'$!Fc!L-M!721,-'(/2.!25!&0$!#2//!25!#2-+!,'24-4(#(&)!Lg2gIM!(.!&0$!523'!/%$.-'(2/!/(13#-&$+6!
G0$/$!9-#3$/!'$,'$/$.&!&0$!$R,$%&$+!.314$'!25!023'/!(.!&0$!)$-'!?0$.!-!#2//!25!#2-+!$9$.&!25!-.)!
1-*.(&3+$!0-,,$.$+!(.!23'!/(13#-&(2./6!G0$!42R,#2&/!(.!$-%0!/%$.-'(2!?$'$!%21,(#$+!4)!
/(13#-&(.*!VSTE!023'/!(.!&0$!)$-'6!G0$!'-.*$!(.!&0$!42R,#2&/!'$,'$/$.&/!&0$!+(55$'$.&!9-#3$/!
%21,(#$+!(.!&0$!&?$.&)!+(55$'$.&!%#(1-&$!/(13#-&(2./!(.!$-%0!/%$.-'(26!L4M!721,-'(/2.!25!&0$!A$'.$#!
+$./(&($/!25!#2//!25!#2-+!Lg2gM!(.!&0$!523'!/%$.-'(2/!/(13#-&$+6!K'$-/!3.+$'!&0$!523'!%3'9$/!-'$!
/%-#$+!(.!2'+$'!&2!'$,'$/$.&!&0$!+(55$'$.&!9-#3$/!25!&0$!29$'-##!,'24-4(#(&($/!25!#2//!25!#2-+!(.!$-%0!
/%$.-'(26!
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HS!

6#"! H&2N'&+!)*!1)++!)*!1)(. !

;.+$' :(.9$/&1$.&!(.!%-,-%(&)!+'(9$/!0(*0!9-#3$/!25!#2/&!#2-+!(.!DEFE!(.!/%$.-'(2!1&$.,*'22322'*44*5)(6!G2!

]3-.&(5)!&0$!+'(9$'/!25!#2/&!#2-+>!?$!3/$+!&0$!52##2?(.*!0$3'(/&(%c!#2-+!#2//$/!-'$!+'(9$.!4)!&0$'1-#!

+$'-&(.*/!5('/&!-.+!3.+$' :(.9$/&1$.&!(.!%-,-%(&)!/$%2.+6![(*3'$!T-!/02?/!&0$!4'$-A+2?.!25!&0$!-9$'-*$!

#2/&!#2-+!L(.!<BM!&0-&!'$/3#&!5'21!&0$'1-#!+$'-&(.*/!-.+!5'21!%-,-%(&)!/02'&5-##/!-/!-!'$/3#&!25!3.+$':

(.9$/&1$.&/!(.!%-,-%(&)6!7-,-%(&)!/02'&5-##/!-%%23.&>!2.!-9$'-*$>!52'!-,,'2R(1-&$#)!SEd!25!&0$!-123.&!

25!#2/&!#2-+6!G0$'1-#!+$'-&(.*/!-%%23.&!52'!-,,'2R(1-&$#)!OEd6!G0$!$''2'!4-'/!'$,'$/$.&!&0$!'-.*$!25!

9-'(-4(#(&)!25!$-%0!%21,2.$.&!29$'!&0$!&?$.&)!<7Q/!/(13#-&$+6!

B0(#$!3.+$' :(.9$/&1$.&!(.!%-,-%(&)!-%%23.&/!52'!-!#-'*$'!,$'%$.&-*$!25!&0$!#2/&!#2-+!(.!DEFE!(.!/%$.-'(2!

1&$.,*'22322'*44*5)(>!#2//!25!#2-+!$9$.&/!+'(9$.!4)!&0$'1-#!+$'-&(.*!0-,,$.!12'$!5'$]3$.&#)!&0-.!&0$!

2.$/!+'(9$.!4)!%-,-%(&)!/02'&5-##6![(*3'$!T4!/02?/!&0$!82(.&!+$./(&)!,#2&!25!&0$!&?2!%21,2.$.&/6!G0$!

02'(=2.&-#!-R(/!'$,'$/$.&/!&0$!9-#3$!25!#2/&!#2-+!%-3/$+!4)!&0$'1-#!+$'-&(.*/>!?0(#$!&0$!9$'&(%-#!-R(/!

/02?/!&0$!#2/&!#2-+!%-3/$+!4)!%-,-%(&)!/02'&5-##/!&0-&!'$/3#&!5'21!3.+$':(.9$/&1$.&/!(.!%-,-%(&)6!Y$+!

%2#2'/!'$,'$/$.&!0(*0$'!5'$]3$.%)!$9$.&/>!?0(#$!4#3$!%2#2'/!'$,'$/$.&!#2?$'!5'$]3$.%)!$9$.&/6!G0$!

1-'*(.-#!+$./(&($/!25!$-%0!%21,2.$.&!-'$!-#/2!(##3/&'-&$+!(.!&0$!,#2&6!G0(/!5(*3'$!0(*0#(*0&/!&0-&!%-,-%(&)!

/02'&5-##/!&0-&!'$/3#&!5'21!3.+$':(.9$/&1$.&/!(.!%-,-%(&)!-'$!'$/,2./(4#$!52'!#-'*$'!#2//!25!#2-+!$9$.&/!

&0-&!0-,,$.!(.5'$]3$.&#)6!G0$'1-#!+$'-&(.*/>!2.!&0$!2&0$'!0-.+>!#$-+!&2!/1-##$'!43&!12'$!5'$]3$.&!#2//!

25!#2-+!$9$.&/6!G0$!12+$!25!&0$!+(/&'(43&(2./!(/!#2%-&$+!-&!-!,2(.&!?0$'$!&0$'1-#!+$'-&(.*/!-%%23.&!52'!

-,,'2R(1-&$#)!O!<B!25!#2/&!#2-+!?0(#$!%-,-%(&)!/02'&5-##/!-'$!%#2/$!&2!=$'26!g2-+!#2//$/!+'(9$.!4)!

&0$'1-#!+$'-&(.*/!0-9$!-!1-R(131!9-#3$!25!-,,'2R(1-&$#)!S!<B6!C(13#-&$+!#2-+!#2//$/!(.!/%$.-'(2!

1&$.,*'22322'.558,('%23#+!&2&-#!29$'!OF!<B!(.!/21$!#2?!,'24-4(#(&)!$9$.&/!L/$$![(*3'$!F4M6![(*3'$!T-!

/02?/!&0-&!&0$/$!#2?!,'24-4(#(&)!$9$.&/!?23#+!4$!+'(9$.!12/&#)!4)!/02'&-*$/!(.!(./&-##$+!%-,-%(&)6!
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HV!

!
[(*3'$!Tc!`$%21,2/(&(2.!25!&0$!#2//!25!#2-+!9-#3$/!(.!/%$.-'(2!1&$.,*'22322'.558,(6!G0$!&0$'1-#!
+$'-&(.*!%21,2.$.&!%2''$/,2.+/!&2!#2//!25!#2-+!$9$.&/!&0-&!2%%3''$+!4$%-3/$!25!&0$!+$'-&(.*/!25!
&0$'1-#!*$.$'-&2'/6!G0$!%-,-%(&)!/02'&5-##!%21,2.$.&!%2''$/,2.+/!&2!&02/$!#2//!25!#2-+/!%-3/$+!4)!
&0$!#-%A!25!(./&-##$+!%-,-%(&)!2.!&0$!/)/&$16!L-M!/02?/!&0$!-9$'-*$!9-#3$!25!&0$/$!%21,2.$.&/6!G0$!
'$+!$''2'!4-'/!'$,'$/$.&!&0$!'-.*$!25!9-#3$/!25!$-%0!%21 ,2.$.&!29$'!&0$!&?$.&)!<7Q/!/(13#-&$+6!
L4M!/02?/!&0$!&?2:+(1$./(2.-#!,'24-4(#(&)!+$./(&)!53.%&(2.!25!&0$!&?2!%21,2.$.&/6!

!

6#6! O1(5525;!A2,>!0P"!'32++2)5!,(&;',+ !

B$!-#/2!,$'52'1$+!5#$$&!$R,-./(2.!/(13#-&(2./!(1,2/(.*!FEd!-.+!VEd!'$+3%&(2.!(.!7W "!$1(//(2./!4)!

DEFE!NFXP!L%21,-'$+!&2!DEHFM6!K++(.*!&0$!FEd!'$+3%&(2.!&-'*$&!'$/3#&$+!(.!5#$$&/!?(&0!(./&-##$+!

%-,-%(&)!Dd!L1&$.,*'22M!-.+!Od!L!"#$'4.,'22 M!#-'*$'!&0-.!&0$!5#$$&/!+$/(*.$+!?(&023&!&0(/!$1(//(2./!

%2./&'-(.&!L/$$![(*3'$!CO!(.!CJM6!G0(/!/1-##!(.%'$-/$!(.!(./&-##$+!%-,-%(&)!?-/!-!'$/3#&!25!-++(&(2.-#!

+$,#2)1$.&/!25!/2#-'!-.+!?(.+!(.!2'+$'!&2!1$$&!&0$!$1(//(2./!&-'*$&6!72/&!-.+!'$#(-4(#(&)!'$/3#&/!?(&0!

&0(/!7W"!$1(//(2.!%2./&'-(.&!(.!$-%0!/%$.-'(2!?$'$!/(1(#-'!&2!&0$!2.$/!,'$/$.&$+!(.![(*3'$/!O! \ !T!L/$$!

[(*3'$!S>!G-4#$!D>!-.+!/$%&(2.!D!(.!CJM6!W.!&0$!2&0$'!0-.+>!&0$!5#$$&/!+$/(*.$+!?(&0!VEd!'$+3%&(2.!(.!7W"!
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HU!

$1(//(2./!?$'$!/34/&-.&(-##)!+(55$'$.&!NFXP!5'21!&0$!2.$/!,#-..$+!?(&023&!7W"!#(1(&/!L/$$![(*3'$!CO!(.!

CJM6!J.!&0$!/%$.-'(2/!?(&0!VEd!'$+3%&(2.>!&0$'$!?-/!-!#-'*$!(.%'$-/$!25!'$.$?-4#$/!(.!&0$!5#$$&!&2!1$$&!

&0$!$1(//(2.!&-'*$&6!Y$/3#&(.*!5#$$&/!?$'$!TVd!L1&$.,*'22M!-.+!XSd!L!"#$'4.,'22 M!#-'*$'!&0-.!5#$$&/!

+$/(*.$+!?(&023&!$1(//(2.!%2./&'-(.&/6!G0(/!(.%'$-/$!(.!(./&-##$+!%-,-%(&)!'$/3#&$+!(.!-.!(.%'$-/$!(.!

%-,(&-#!$R,$.+(&3'$!%2/&/!L/$$![(*3'$!S!-.+!G-4#$!DM6![3'&0$'12'$>!&0$!(.9$/&1$.&/!(.!'$.$?-4#$!

$.$'*)!L-&!&0$!$R,$./$!25!.-&3'-#!*-/ !(.9$/&1$.&/M!'$+3%$+!&0$!93#.$'-4(#(&)!25!&0$!5#$$&/!&2!%#(1-&$!

%0-.*$>!/2!&0$!%2/&!25!#2/&!#2-+!(.!/%$.-'(2!1&$.,*'223$.'22'*44*5)('(/!UOd!#$//!&0-.!52'!23'!'$/3#&/!

?(&023&!7W"!#(1(&/!L[(*3'$/!O!-.+!SM6!a$%-3/$!25!*'$-&$'!%-,$R!-.+!#2?$'!#2/&!#2-+!%2/&/>!&0$!/%$.-'(2/!

1&$.,*'22322'*44*5)('-.+! !"#$'4.,'223$.'22'*44*5)('0-+!/(1(#-'!%2/&/!L?(&0(.!HdM6!72.9$'/$#)>!?(&023&!-!

7W"!%-,>!/%$.-'(2!1&$.,*'22322'*44*5)('0-+!%2/&/!HXVd!*'$-&$'!&0-.!/%$.-'(2!!"#$'4.,'223$.'22'*44*5)('

L[(*3'$!OM6!

4! 5+0*)00+'$!

W3'!,-,$'!+$ 12./&'-&$/!&0-&!%#(1-&$!%0-.*$!%23#+!/(*.(5(%-.&#)!'$+3%$!&0$!'$#(-4(#(&)!25!53&3'$!,2?$'!

/)/&$1/!(5!/)/&$1!,#-..$'/!+2!.2&!-%%23.&!52'!%#(1-&$!%0-.*$!(.!&0$('!,#-..(.*!,'2%$//$/6!I#-..(.*!

-*$.&/!3/3-##)!3/$!/&-.+-'+!&-'*$&!#$9$#/!25!'$#(-4(#(&)!1$&'(%/!&2!+$/(*.!&0$!$R,-./(2.!25!&0$!$#$%&'(%(&)!

*'(+6![2'!$R-1,#$>!-.!-%%$,&-4#$!&-'*$&!#$9$#!25!g2gI!(/!E6H!+-)/b)$-'!L2'!$]3(9-#$.&#)>!E6EOdM!NXTP6![2'!

&0$!5#$$&/!,#-..$+!?(&023&!7W"!%2./&'-(.&/>!&0$!'$/3#&/!5'21!&0$!/%$!.-'(2/! 1&$.,*'223$.'22'*44*5)(>!!"#$'

4., '22322'*44*5)(>!-.+!!"#$'4.,'223$.'22'*44*5)('-##!'$-%0$+!#$9$#/!25!g2gI!%#2/$!&2!&0(/!&-'*$&6!@2?$9$'>!

/%$.-'(2! 1&$.,*'22322'.558,(' '$/3#&/!(.!#$9$#/!25!g2gI!25!HDd>!?0(%0!?23#+!4$!-.!3.-%%$,&-4#$!#$9$#!25!

23&-*$/6!W3&-*$/!(.!/%$.-'(2!1&$.,*'22322'.558,('?$'$!-#/2!25!#2.*$'!+3'-&(2.!LHHFd!#2.*$'!2.!

-9$'-*$!&0-.!(.!&0$!5('/&!&?2!/%$.-'(2/>!/$$!/$%&(2.!D!(.!CJM!-.+!25!#-'*$'!1-*.(&3+$!LDEEd!*'$-&$'!&0-.!

(.!&0$!5('/&!&?2!/%$.-'(2/>!/$$![(*3'$!F4M6!G0$/$!0(*0!#$9$#/!25!g2gI!'$/3#&$+!(.!/34/&-.&(-#!%2/&/!&2!&0$!

/)/&$1!LUU!$bQB0>!-&!#$-/&!HXVd!0(*0$'!&0-.!(.!&0$!2&0$'!/%$.-'(2/M6!

!
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DE!

!

[(*3'$!Sc!721,-'(/2.!25!.2'1-#(=$+!%2/&/!25!$.$'*)!(.!DEFE!25!&0$!5#$$&/!,#-..$+!?(&0!FEd!-.+!
VEd!'$+3%&(2./!(.!7W"!$1(//(2./!L%21,-'$+!&2!DEHFM6!G0$!9-#3$/!-'$!&0$!-9$'-*$!25!&0$!/(13#-&(2./!
3/(.*!+-&-!5'21!&?$.&)!+(55$'$.&!<7Q/6!"''2'!4-'/!'$,'$/$.&!&0$!UEd!3.%$'&-(.&)!'-.*$!25!&0$!&2&-#!
%2/&!29$'!&0$!&?$.&)!<7Q!/(13#-&(2./6!

B$!-#/2!523.+!&0-&!&0$'$!-'$!-/)11$&'(%!%2/&/!-.+!4$.$5(&/!52'!,#-..$'/!&2!(.%2',2'-&$!%#(1-&$!%0-.*$6!

C,$%(5(%-##)>!?$!5(.+!&0-&!&0$!%2/&/!25!$''2.$23/#)!(*.2'(.*!%#(1-&$!%0-.*$!(.!,#-..(.*!L&0-&!(/>!(*.2'(.*!

%#(1-&$!%0-.*$!43&!$R,$'($.%(.*!(&/!(1,-%&/!#-&$'M!%-.!4$!/(*.(5(%-.&!:!-.!(.%'$-/$!25!FU!$bQB0!

LmHXSdM6!W.!&0$!2&0$'!0-.+>!&0$!-++(&(2.-#!%2/&/!25!$''2.$23/#)!-%%23.&(.*!52'!%#(1-&$!%0-.*$!L&0-&!(/>!

,#-..(.*!52'!%#(1-&$!%0-.*$!43&!$R,$'($.%(.*!.$*#(*(4#$!%#(1-&$!(1,-%&/M!-'$!'$#-&(9$#)!1(.2'!:!2.!&0$!

2'+$'!25!O!$bQB0!LmUdM6![3'&0$'12'$>!?$!523.+!&0-&!&0$!-++(&(2.-#!(.9$/&1$.&!-.+!2,$'-&(.*!%2/&/!

.$$+$+!&2!-92(+!&0$!#2/&!#2-+!&0-&!2%%3'/!(.!/%$.-'(2! 1&$.,*'22322'.558,('?23#+!'$,'$/$.&!-'23.+! $HSF!

52'!$-%0!QB0!25!3./$'9$+!#2-+>!?0(%0!(/!%2./(+$'-4#)!#2?$'!&0-.!$/&(1-&$+!9-#3$/!25!&0$!?(##(.*.$//!25!

$#$%&'(%(&)!%2./31$'/!&2!,-)!&2!-92(+!#2//!25!#2-+6!

!

!

!

!
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DH!

G-4#$!Dc!C311-')!25!'$/3#&/!

!K !"7"'%.#,)'. ! 87$',#)" ! B'%.,22$(! F"#1,2)L$( ! M''-,2 ! M''-,2 !

! ! !,&,7).E ! 7"%.+"4+N'$#*E! O$1,'( ! P"%.+P",(!

! ! :AQ@! :! CRQ/@! :SQ/@! :SQ/@!

F"+!K ! ! B*'"#$+!!C'"+!!+$44$7.%! =><0H! IT0U! T>I0V! <0<!

2)1).%! 92,'+4"#+!!C!!+$44$7.%! ;<;0; ! H<0;! TW;0>! <0=!
! 92,'+4"#+!!C'"+!!+$44$7.%! ;<;0; ! H<0<! T>I0V! <0<!

! B*'"#$+!!C!!+$44$7.%! =><0H! VV0I! TW;0>! =H0=!

><X+!K! ! B*'"#$+!!C'"+!!+$44$7.%! =>I0V! IT0U! T>I0V! <0<!

#$(-7.)"' ! 92,'+4"#+!!C!!+$44$7.%! ;<V0<! H<0I! TW;0>! <0=!
! 92,'+4"#+!!C'"+!!+$44$7.%! ;<V0<! H<0;! T>I0V! <0<!

! B*'"#$+!!C!!+$44$7.%! =>I0V! VI0<! TW;0>! =;0W!

U<X+!K! ! B*'"#$+!!C'"+!!+$44$7.%! ;>;0V! H<0V! T>I0V! <0<!

#$(-7.)"' ! 92,'+4"#+!!C!!+$44$7.%! ;VW0<! HH0<! TW;0>! <0<!
! 92,'+4"#+!!C'"+!!+$44$7.%! ;VW0<! HH0W! T>I0V! <0<!

! B*'"#$+!!C!!+$44$7.%! ;>;0V! HH0V! TW;0>! =0<!

!

K++(&(2.-##)>!?$!523.+!&0-&!5#$$&/!&0-&!-%0($9$!-.!VEd!'$+3%&(2.!(.!7W"!$1(//(2./!-'$!#$//!93#.$'-4#$!&2!

&0$/$!$/&(1-&$+!(1,-%&/!25!%#(1-&$!%0-.*$6!a$%-3/$!&0$!%-,-%(&)!12+$#!.$$+/!&2!-++!12'$!'$.$?-4#$!

%-,-%(&)!L?(.+!-.+!/2#-'M!&2!1$$&!&0$!/&'(%&$'!$1(//(2.!%2./&'-(.&>!&0(/!'$/3#&/!(.!$R%$//!*$.$'-&(2.!

%-,-%(&)6!G0(/!/3',#3/!%-,-%(&)!-#/2!0$#,/!&2!'$+3%$!%#(1-&$:(.+3%$+!93#.$'-4(#(&($/!$9$.!(.!&0$!

/%$.-'(2/!?0$'$!&0$!,#-..(.*!/&-*$!$''2.$23/#)!+(+!.2&!-%%23.&!52'!%#(1-&$!%0-.*$!(1,-%&/!L1&$.,*'

22322'.558,(M6!

G0$'$!-'$!/21$!%-9$-&/!(.!23'!-.-#)/(/!&0-&!/023#+!4$!&-A$.!(.&2!-%%23.&!?0$.!(.&$','$&(.*!23'!'$/3#&/6!

[('/&>!?0(#$!23'!$R,-./(2.!,2#(%($/!-%%23.&$+!52'!&0$!3.%$'&-(.&)!(.!%#(1-&$!,'28$%&(2./>!&0$)!?$'$!

2,&(1(=$+!-//31(.*!/&-&(%!/%$.-'(2/6!J.!&0$/$!/%$.-'(2/>!-##!(.9$/&1$.&!+$%(/(2./!52'!&0$!,#-..(.*!

02'(=2.!LDEHF\ DEFEM!-'$!+$5(.$+!-&!&0$!4$*(..(.*!25!&0$!,$'(2+>!3/(.*!&0$!(.52'1-&(2.!-9-(#-4#$!-&!&0(/!

&(1$!L$6*6>!&0$!,'28$%&(2./!25!%#(1-&$:(.+3%$+!(1,-%&/M6!J.!'$-#!#(5$>!,#-..(.*!-*$.&/!?23#+!-+-,&!&0$('!

+$%(/(2./!-/!&0$)!/&-'&!&2!24/$'9$!/21$!25!&0$!$R&'$1$!0-=-'+/!/(13#-&$+!(.!/%$.-'(2!1&$.,*'22322'

.558,(6!W3'!'$/3#&/!(.!/%$.-'(2!1&$.,*'22322'.558,('%23#+!4$!(.&$','$&$+!-/!-!j?2'/&:%-/$k!/%$.-'(26!G2!
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DD!

'$,'$/$.&!-!12'$!'$-#(/&(%!(.9$/ &1$.&!+).-1(%/!(.!&0$!%-,-%(&)!$R,-./(2.!12+$#>!53&3'$!$R&$./(2./!25!

&0(/!?2'A!%23#+!3/$!-!+(55$'$.&!-,,'2-%0!&0-&!(.0$'$.&#)!(.%#3+$+!3.%$'&-(.&)!-.+!&0$!-%]3(/(&(2.!25!

(.52'1-&(2.!+3'(.*!&0$!,#-..(.*!/&-*$!L$6*6>!3/(.*!-!'$-#!2,&(2./!5'-1$?2'A!NDTPM6!

K#/2>!4$%-3/$!23'!248$%&(9$!?-/!&2!(/2#-&$!5('/&!2'+$'!(1,-%&/!25!%#(1-&$!%0-.*$!2.!&0$!,2?$'!*'(+>!?$!

-//31$+!&0-&!53&3'$!$#$%&'(%(&)!+$1-.+!?23#+!2.#)!+(55$'!5'21!,'$/$.&!9-#3$/!4$%-3/$!25!%0-.*$/!(.!

%#(1-&$!%2.+(&(2./6![3&3'$!-.-#)/(/!/023#+!-#/2!(.&$*'-&$!/2%(2:$%2.21(%!%0-.*$/!?(&0!%#(1-&$:(.+3%$+!

2.$/6![2'!$R-1,#$>!$#$%&'(5(%-&(2.!25!&0$!&'-./,2'&-&(2.!/$%&2'!%23#+!(.%'$-/$!&2&-#!-..3-#!$#$%&'(%(&)!

%2./31,&(2.!4$&?$$.!DFd!-.+!SHd!4)!DEFE!NXOP6!K++(&(2.-##)>!+$1-.+!52'!-14($.&!%22#(.*!\ !&0$!

1-(.!+'(9$'!25 !&0$!(.%'$-/$!(.!#2/&!#2-+!(.!23'!'$/3#&/!\ !?(##!-#/2!+$,$.+!/&'2.*#)!2.!/2%(2:$%2.21(%!

5-%&2'/!/3%0!-/!(&/!-552'+-4(#(&)!NVEP6!Q2'$29$'>!(5!,2,3#-&(2.!$R,-.+/!(.!23'!/&3+)!'$*(2.!-/!$R,$%&$+!

NTSP>!&0$.!?$!%23#+!$R,$%&!%#(1-&$!%0-.*$!&2!%-3/$!-!#-'*$'!(.%'$-/$!(.!+$1-.+>!$R-%$'4-&(.*!,#-..(.*!

-.+!2,$'-&(2.-#!&'-+$ :255/!523.+!(.!23'!'$/3#&/6!

B$!+(+!.2&!(.%#3+$!&'-./1(//(2.!%2./&'-(.&/>!.2'!%0-.*$/!(.!/2#-'!-.+!?(.+!*$.$'-&(2.!4$%-3/$!25!

%#(1-&$!%0-.*$6!G'-./1(//(2.!%-,-%(&)!(/!/$./(&(9$!&2!-14($.&!-('!&$1,$'-&3'$!-.+!%#(1-&$!%0-.*$!

%23#+!'$/3#&!(.!-++(&(2.-#!&'-./1(//(2.!'$/&'(%&(2./!NFV>!TP6!7#(1-&$!%0-.*$!%23#+!-#/2!-55$%&!/2#-'!-.+!

?(.+!*$.$'-&(2.!,'25(#$/!NHT>!HS>!XEP>!?0(%0!%23#+!(1,-%&!23'!'$/3#&/!*(9$.!&0$!/34/&-.&(-#!,-'&(%(,-&(2.!

25!'$.$?-4#$/!(.!23' !53&3'$!5#$$&/6!G0$/$!%#(1-&$!(1,-%&/!2.!'$.$?-4#$!*$.$'-&(2.!%23#+!4$!,-'&(%3#-'#)!

(1,2'&-.&!52'!/%$.-'(2/!?(&0!/&'(.*$.&!%-'42.!%2./&'-(.&/6!@2?$9$'>!+2?./%-#(.*!53&3'$!?(.+!-.+!/2#-'!

'$/23'%$/!&2!&0$!023'#)!'$/2#3&(2.!.$%$//-')!52'!23'!12+$#/!(/!&0$!/348$%&!25!/(*.(5(%-.&!2.*2(.*!

'$/$-'%0!-.+!%21,3&-&(2.-##)!%2/&#)6![3&3'$!?2'A!%23#+!(.%2',2'-&$!&0$/$!5-%&2'/!(.!23'!12+$#(.*!

5'-1$?2'A!-.+!?23#+!4$!,-'&(%3#-'#)!(1,2'&-.&!52'!3.+$'/&-.+(.*!&0$!%#(1-&$ :(.+3%$+!(1,-%&/!2.!

#2?:%-'42.!,2?$'!/)/&$1/6 !

J.!/,(&$!25!&0$/$!12+$#(.*!#(1(&-&(2./>!&0$!'$/3#&/!,'$/$.&$+!(.!&0(/!/&3+)!%23#+!(.52'1!,#-..(.*!-*$.&/!

(.!&0$!,2?$'!/$%&2'!&2!%21$!3,!?(&0!-+-,&-&(2.!/&'-&$*($/!&2!%2,$!?(&0!%#(1-&$!%0-.*$!'(/A/6!K%%2'+(.*!

&2!23'!'$/3#&/>!1-A(.*!,'$/$.& :+-)!,#-..(.*!+$%(/(2./!&0-& !-%%23.&!52'!%#(1-&$:(.+3%$+!$55$%&/!?23#+!

4$!/34/&-.&(-##)!#$//!%2/&#)!&0-.!(*.2'(.*!&0$/$!'(/A/6!B0$.!?$!+(+!.2&!(.%#3+$!%#(1-&$:(.+3%$+!(1,-%&/!

(.!&0$!2,$'-&(2./!/&-*$!LDEFEM>!&0$!$.$'*)!%2/&/!5'21!&0$!5#$$&!,#-..$+!(.%#3+(.*!&0$/$!(1,-%&/!?$'$!

Ud!0(*0$'!&0-.!&0$!$.$'*)!%2/&/!25!&0$!5#$$&!,#-..$+!(*.2'(.*!&0$/$!(1,-%&/6!72.9$'/$#)>!?0$.!%#(1-&$!
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DO!

(.+3%$+!(1,-%&/!?$'$!(.%#3+$+>!&0$!$.$'*)!%2/&/!5'21!&0$!5#$$&!,#-..$+!(.%#3+(.*!&0$/$!(1,-%&/!?$'$!

TEd!#2?$'!&0-.!&02/$!25!&0$!5#$$&!,#-..$+!(*.2'(.*!%#(1-&$:(.+ 3%$+!(1,-%&/6!W&0$'!-+-,&-&(2.!

/&'-&$*($/!.2&!(.%#3+$+!(.!23'!-.-#)/(/!5'-1$?2'A!?23#+!-#/2!4$!(1,2'&-.&!&2!1-A$!&0$!*'(+!12'$!

'$/(#($.&!&2!&0$!(1,-%&/!25!%#(1-&$!%0-.*$6![2'!$R-1,#$>!(.!23'!-.-#)/(/!?$!-//31$+!&0-&!$.$'*)!

$55(%($.%)!?23#+!'$1-(.!%2./&-.&!-&!,'$/$.&!#$9$#/6!@2?$9$'>!(.%'$-/(.*!$55(%($.%)!25!-14($.&!%22#(.*!

1$&02+/!%23#+!-#/2!4$!-.!(1,2'&-.&!-+-,&-&(2.!/&'-&$*)6!C21$!25!&0$/$!-+-,&-&(2.!/&'-&$*($/!\ !/3%0!-/!

(./&-##(.*!12'$!?(.+!-.+!/2#-'!,2?$'!,#-.&/! \ !?23#+!-#/2!0$#,!&2!1(&(*-&$!53&3'$!7W"!$1(//(2./>!-/!?$!

523.+!(.!23'!VEd!7W"!%-,!/%$.-'(26!G0(/!+3-#!4$.$5(&!25!&0$/$!/&'-&$*($/!L-+-,&-&(2.!-.+!1(&(*-&(2.M!

1-A$/ !&0$1!$9$.!12'$!-&&'-%&(9$6!K/!,#-..(.*!-*$.&/!#22A!(.&2!/3/&-(.-4#$!,-&0?-)/!52'!&0$!

+$%-'42.(=-&(2.!25!$#$%&'(%(&)!*$.$'-&(2.>!/&3+($/!&0-&!(.&$*'-&$!&0$!+(55$'$.&!93#.$'-4(#(&($/!25!&0$!

,2?$'!/)/&$1!&2!%#(1-&$!%0-.*$!?(##!0$#,!+$%(/(2.:1-A$'/!1(&(*-&$!'$#(-4(#(&)!-.+!-552'+-4(#(&)!

%0-##$.*$/!5-%(.*!&0$!+$/(*.!25!&0$!53&3'$!,2?$'!*'(+6!

6! 7*8$'93.(:;.$%0 !

[3.+(.*!52'!&0(/!?2'A!%-1$!5'21!& 0$!e-&(2.-#!C%($.%$![23.+-&(2.!LeC[M!-/!,-'&!25!&0$!Y$/(#($.&!

J.&$'+$,$.+$.&!J.5'-/&'3%&3'$!I'2%$//$/!-.+!C)/&$1/!LYJICM!,'2*'-1!9(-!<'-.&!e314$'!"[YJHXXHHOH6!

G0(/!?2'A!3/$+!&0$!"R&'$1$!C%($.%$!-.+!".*(.$$'(.*!`(/%29$')!".9('2.1$.&!LnC"`"MNTXP>!?0(%0!(/!

/3 ,,2'&$+!4)!e-&(2.-#!C%($.%$![23.+-&(2.!*'-.&!.314$'!K7J :HFXVFTD6!C,$%(5(%-##)>!(&!3/$+!&0$!a'(+*$/!

/)/&$1!NXUP>!?0(%0!(/!/3,,2'&$+!4)!eC[!-?-'+!.314$'!K7J :HXXFTET>!-&!&0$!I(&&/43'*0!

C3,$'%21,3&(.*!7$.&$'!LIC7M6!

<! 2.=.&.$*.0 !

NHP o20.!G6!K4-&=2*#236!j`$9$#2,1$.&!25!*'(++$+!/3'5-%$!1$&$2'2#2*(%-#!+-&-!52'!$%2#2*(%-#!

-,,#(%-&(2./!-.+!12+$##(.*k6!J.c!1$)*,$#)%.$#"'9.8,$#"'.4'2"%:#).".&;'OO6H!Lo-.6!DEHOM>!,,6!

HDH\ HOH6!issnc!EVUUVXHV6!doic!10.1002/joc.34136!urlc!http://doi.wiley.com/!

10.1002/joc.34136!
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DX!

NDP o20.!G6!K4-&=2*#23!-.+!G(12&0)!o6!a'2?.6!jK!%21,-'(/2.!25!/&-&(/&(%-#!+2?./%-#(.*!1$&02+/!

/3(&$+!52'!?(#+5('$!-,,#(%-&(2./k6!J.c!1$)*,$#)%.$#"'9.8,$#"'.4'2"%:#).".&;'OD6F!LK,'6!DEHDM>!,,6!

SSD\ SVE6!issnc!EVUUVXHV6!doic!10.1002/joc.23126!urlc!http://doi.wiley. com/10.1002/joc.23126!

NOP Q-R(1(#(-.!K3550-11$'>!I-&'(%A!a-)#(/>!-.+!7-&0$'(.$!@6!@-3/1-.6!j7#(1-&$!%0-.*$!(/!

,'28$%&$+!&2!0-9$!/$9$'$!(1,-%&/!2.!&0$!5'$]3$.%)!-.+!(.&$./(&)!25!,$-A!$#$%&'(%(&)!+$1-.+!

-%'2//!&0$!;.(&$+!C&-&$/k6!J.c!!,.5**-%$&('.4')<*'=#)%.$#"'>5#-*:;'.4'?5%*$5*('HHX6V!

LDEHSM>!,,6!HVVT\ HVUH6!issnc!EEDS:VXDX6!doic!10.1073/pnas.16131931146!urlc!https:!

//www.pnas.org/content/pnas/114/8/1886.full.pdf6!

NXP C3.0$$!a-(A!$&!-#6!j"/&(1-&(.*!?0-&!;C!'$/(+$.&(-#!%3/&21$'/!-'$!?(##(.*!&2!,-)!52'!'$/(#($.%$!

&2!#-'*$!$#$%&'(%(&)!23&-*$/!25!#2.*!+3'-&(2.k6!J.c!=#)8,*'@$*,&;'F6O!LQ-'6!DEDEM>!,,6!DFE\ DFV6!

issnc!DEFVSFXT6!doic!10.1038/s41560-020-0581-16!urlc!https://doi.org/!

10.1038/s41560-020-0581-16!

NFP I!o!a-#+3%%(!$&!-#6!@"*5),%5#"'!.A*,'1$)*,,8/)%.$'2.()'@()%:#)*('4.,'1$-%B%-8#"'1$-8(),%*(C'?*5).,(C'

#$-'DE?E'@5.$.:;6!G$%06!'$,6!Y(%0#-.+>!BKc!I-%(5(%!e2'&0?$/&!e-&(2.-#!g-42'-&2')!LIeegM>!

[$46!DEED6!doic!10.2172/9261276!urlc!http://www.osti.gov/servlets/ purl/926127-BH7Ndx/6!

NTP Q-&&0$?!a-'&2/!$&!-#6!jJ1,-%&/!25!'(/(.*!-('!&$1,$'-&3'$/!2.!$#$%&'(%!&'-./1(//(2.!-1,-%(&)!

-.+!,$-A!$#$%&'(%(&)!#2-+!(.!&0$!;.(&$+!C&-&$/k6!J.c!@$B%,.$:*$)#"'F*(*#,5<'7*))*,(!

HH6HH!Le296!DEHTM>!,6!HHXEEV6!issnc!HSXVUODT6!doic!10.1088/1748-9326/11/11/1140086!urlc!

https://iopscience.iop.org/article/10.1088/1748-9326/11/11/114008% 

20https://iopscience.iop.org/article/10.1088/1748-9326/11/11/114008/meta6!

NSP Q-&&0$?!`6!a-'&2/!-.+!Q(A0-(#!i6!70$/&$'6!jJ1,-%&/!25!%#(1-&$!%0-.*$!2.!$#$%&'(%!,2?$'!

/3,,#)!(.!&0$!B$/&$'.!;.(&$+!C&-&$/k6!J.c!=#)8,*'2"%:#)*'2<#$&*'F6V!LK3*6!DEHFM>!,,6!SXV\ !

SFD6!issnc!HSFVTSUV6!doic!10.1038/nclimate26486!urlc!http://www.nature.com/ 

articles/nclimate26486!

NVP Q(%0-$#!a$$./&2%A>!",0'-(1!<2#+(.>!-.+!Z2$#!@-(&29/A)6!jY$/,2./$!4(-/!(.!-!%2.82(.&!-.-#)/(/!

25!,2?$'!23&-*$/k6!J.c!@$*,&;'@5.$.:%5('DE6D:T!LK,'6!HUUVM>!,,6!HOF\ HFT6!issnc!

EHXEUVVO6!doic!10.1016/s0140-9883(97)00017-06!
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NUP K.+'$?!a$..$&&>!o2/$,0!@-11-.>!-.+!a-'&!e(8//$.6!jQ$&C(1 c!K!I)&02.!,-%A-*$!52'!

$/&(1-&(2.!-.+!+(/-**'$*-&(2.!25!1$&$2'2#2*(%-#!+-&-k6!J.c!9.8,$#"'.4'G/*$'?.8,5*'?.4)A#,* !

F6XS!LQ-'6!DEDEM>!,6!DEXD6!issnc!DXSF:UETT6!doic!10.21105/joss.020426!urlc!https: 

//joss.theoj.org/papers/10.21105/joss.020426!

NHEP @676!a#2215($#+!$&!-#6!jp3-.&(5)(.*!&0$!/$./(&(9(&)!25!$3'2,$-.!,2?$'!/)/&$1/!&2!$.$'*)!

/%$.-'(2/!-.+!%#(1-&$!%0-.*$!,'28$%&(2./k6!J.c!F*$*A#H"*'@$*,&;'LW%&6!DEDEM6!issnc!EUTEHXVH6!

doic!10.1016/j.renene.2020.09.1256!urlc!https://linkinghub.elsevier.com/ 

retrieve/pii/S09601481203155006!

NHHP a2..$9(##$!I2?$'!K+1(.(/&'-&(2.6! I!>'/,*/#,*('4.,'#'5<#$&%$&'5"%:#)* 6!DEHX6!urlc!https:!

//www.bpa.gov/news/newsroom/Pages/BPA-prepares-for-a-changing-climate.aspx6!

NHDP 7-'.$*($!Q$##2.!;.(9$'/(&)6 !1$)*&,#)*-'@$B%,.$:*$)#"'2.$),."'J.-*"'K1@2JL'M*,(%.$'NNEO6!

DEHV6!urlc!http://cmu.edu/epp/iecm/index.html6!

NHOP Y3(!7-/&'2>!Cq$'*(2![-(-/>!-.+!o2'*$!"/&$9$/6!jG0$!%2/&!25!$#$%&'(%(&)!(.&$''3,&(2./!(.!I2'&3*-#c!

i-#3(.*!#2/&!#2-+!4)!-,,#)(.*!&0$!,'2+3%&(2. :53.%&(2.!-,,'2-%0k6!J.c!D)%"%)%*('!."%5;'XE!Lo3.$!

DEHTM>!,,6!XV\ FS6!issnc!EUFSHSVS6!doic!10.1016/j.jup.2016.04.0036!

NHXP o-.$!g6!72'?(.!-.+!B(##(-1!G!Q(#$/6!1:/#5)'>((*((:*$)'.4')<*'NPQQ'=*A'R.,S'2%);'I"#5S.8) 6!

G$%06!'$,6!B-/0(.*&2.>!`7!L;.(&$+!C&-&$/Mc!B-/0(.*&2.!I'2%3'$1$.&!W,$'-&(2./!W55(%$>!o3#)!

HUSS>!,,6!H\ HFF6!doic!10.2172/65846456!urlc!http://www.osti.gov/servlets/ purl/6584645/6!

NHFP Q(%0-$#!G6!7'-(*>!I-3#(.-!o-'-1(##2>!-.+!a'(!Q-&0(-/!@2+*$6!j7-'42.!+(2R(+$!$1(//(2./!$55$%&/!

25!*'(+:/%-#$!$#$%&'(%(&)!/&2'-*$!(.!-!+$%-'42.(=(.*!,2?$'!/)/&$1k6!J.c! @$B%,.$:*$)#"'F*(*#,5<'

7*))*,(' HO6H!Lo-.6!DEHVM>!,6!EHXEEX6!issnc!HSXVUODT6!doic!10.1088/1748-9326/ aa9a786!urlc!

http://stacks.iop.org/1748-9326/13/i=1/a=014004?key=crossref. 

d76684669dfe1d7287c7907ff6e3e7716!

NHTP Q(%0-$#!G6!7'-(*!$&!-#6!jK!'$9($?!25!&0$!,2&$.&(-#!(1,-%&/!25!%#(1-&$!%0-.*$!2.!43#A!,2?$'!

/)/&$1!,#-..(.*!-.+!2,$'-&(2./!(.!&0$!;.(&$+!C&-&$/k6!J.c! F*$*A#H"*'#$-'?8()#%$#H"*'@$*,&;'

F*B%*A('UV!L`$%6!DEHVM>!,,6!DFF\ DTS6!issnc!HVSUETUE6!doic!10.1016/j.rser.2018.09.!

0226!urlc!https://www.sciencedirect.com/science/article/pii/S13640321183067016!
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NHSP Q(%0-$#!G6!7'-(*!$&!-#6!j"55$%&/!2.!,2?$'!/)/&$1!2,$'-&(2./!25!,2&$.&(-#!%0-.*$/!(.!?(.+!-.+!

/2#-'!*$.$'-&(2.!,2&$.&(-#!3.+$'!%#(1-&$!%0-.*$k6!J.c!@$B%,.$:*$)#"'F*(*#,5<'7*))*,(!

HX6O!LQ-'6!DEHUM6!issnc!HSXVUODT6!doic!10.1088/1748-9326/aaf93b6!

NHVP 70'(/&2,0$'!` -#)!$&!-#6!jI0)/(2*'-,0(%-##)!/$./(&(9$!1-,,(.*!25!%#(1-&2#2*(%-#!&$1,$'-&3'$!

-.+!,'$%(,(&-&(2.!-%'2//!&0$!%2.&$'1(.23/!;.(&$+!C&-&$/k6!".*#(/06!J.c!1$)*,$#)%.$#"'9.8,$#"'.4'

2"%:#).".&;' DV6HF!LDEEVM>!,,6!DEOH\ DETX6!issnc!HEUSEEVV6!doic!10.1002/joc.16886!urlc!

https://rmets.onlinelibrary.wiley.com/doi/full/10.1002/joc.16886!

NHUP o-1$/!K6!`('A/!$&!-#6!jJ1,-%&/!25!%#(1-&$!%0-.*$!2.!$.$'*)!%2./31,&(2.!-.+!,$-A!+$1-.+!(.!

43(#+(.*/c!K!+$&-(#$+!'$*(2.-#!-,,'2-%0k6!".*#(/06!J.c!@$*,&;'SU67!LDEHFM>!,,6!DE\ OD6!issnc!

EOTEFXXD6!doic!10.1016/j.energy.2014.08.0816!urlc!http://linkinghub. 

elsevier.com/retrieve/pii/S03605442140104696!

NDEP 7-'2#(.$!`'-R#!$&!-#6!jG0$!B(.+!J.&$*'-&(2.!e-&(2.-#!`-&-/$&!LBJe`M!G22#A(&k6!J.c!>//"%*-'

@$*,&;'HFH!LK3*6!DEHFM>!,,6!OFF\ OTT6!issnc!EOETDTHU6!doic!10.1016/j.apenergy.!

2015.03.1216!urlc!https://www.sciencedirect.com/science/article/pii/ 

S0306261915004237?via%7B%5C%%7D3Dihub6!

NDHP @0T'58)('.8)/8)'#)'?)E'>"H#$'$85"*#,'/.A*,'/"#$)'#('T,#$5*'H.%"(6!Y$3&$'/6!o3#)!DO>!DEHU6!

urlc!https://af.reuters.com/article/commoditiesNews/idAFL8N24O5NM L9(/(&$+!2.!EVbHFbDEHUM6!

NDDP [$+$'-#!".$'*)!Y$*3#-&2')!7211(//(2.6! T.,:'=.E'QNU'V'>$$8#"'@"*5),%5'I#"#$5%$&'>8)<.,%);'

>,*#'#$-'!"#$$%$&'>,*#'F*/.,) 6!DEHT6!urlc!http://www.ferc.gov/docs-filing/ forms/form-

714/data.asp6!

NDOP `-9$![#$//.$'6! W.)'A*#)<*,'/8(<*('XM>'/.A*,'/*#S').'<%&<*()'>8&8()'%$'(*B*$';*#,( 6!G(1$/!

['$$!I'$//6!K3*6!HX>!DEHU6!urlc!https://www.timesfreepress.com/news/breakingnews/ 

story/2019/aug/14/hot-weather-pushes-tva-power-peak-highest-august-sevenyears/501133/ 

L9(/(&$+!2.!EVbHFbDEHUM6!
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NDXP r-&$![2''$/&!$&!-#6!jK//$//(.*!%#(1-&$!%0-.*$!(1,-%&/!2.!7-#(52'.(-!0)+'2,2?$'!*$.$'-&(2.!

-.+!-.%(##-')!/$'9(%$/!,'29(/(2.k6!J.c!2"%:#)%5'2<#$&*'HFH6O:X!L`$%6!DEHVM>!,,6!OUF\ XHD6!issnc!

HFSOHXVE6!doic!10.1007/s10584-018-2329-56!

NDFP <3(+2!['-.%2!-.+!K#-.!@6!C-./&-+6!j7#(1-&$!%0-.*$!-.+!$#$%&'(%(&)!+$1-.+!(.!7-#(52'.(-k6!J.c!

2"%:#)%5'2<#$&*'VS6H!C;IIg!LDEESM>!,,6!HOU\ HFH6!issnc!EHTFEEEU6!doic!10.1007/ s10584-007-

9364-y6!

NDTP <'-$1$!<3&0'($6!jY$-#!2,&(2./!-.-#)/(/!25!%#(1-&$:%0-.*$!-+-,&- &(2.c!(.9$/&1$.&!5#$R(4(#(&)!

-.+!$R&'$1$!?$-&0$'!$9$.&/k6!J.c!2"%:#)%5'2<#$&*'HFT6H:D!LC$,&6!DEHUM>!,,6!DOH\ DFO6!issnc!

HFSOHXVE6!doic!10.1007/s10584-019-02529-z6!

NDSP Y$(.+$'&!o6!@--'/1-!$&!-#6!j@(*0!Y$/2#3&(2.!Q2+$#!J.&$'%21,-'(/2.!I'28$%&!L@(*0Y$/QJI!

9H6EM!52'!7QJITk6!J.c!+*.(5%*$)%4%5'J.-*"'0*B*"./:*$)'U6HH!Le296!DEHTM>!,,6!XHVF\ XDEV6!issnc!

HUUHUTEO6!doic!10.5194/gmd-9-4185-20166!

NDVP K#-.![6!@-1#$&!$&!-#6!j"55$%&/!25!,'28$%&$+!%#(1-&$!%0-.*$!2.!$.$'*)!/3,,#)!-.+!+$1-.+!(.!&0$!

I-%(5(%!e2'&0?$/&!-.+!B-/0(.*&2.!C&-&$k6!J.c!2"%:#)%5'2<#$&*'HED6H:D!LQ-)!DEHEM>!,,6!HEO\

HDV6!issnc!EHTFEEEU6!doic!10.1007/s10584-010-9857-y6!

NDUP @)+'2:p3q$4$%6!?8()#%$#H%"%);'F*/.,)'OYNZ6!G$%06!'$,6!DEHV6!urlc!http://www.hydroquebec. 

com/data/documents-donnees/pdf/sustainability-report.pdf6!

NOEP JI776!jC311-')!52'!I2#(%)1-A$'/k6!J.c!+".H#"'A#,:%$&'.4'NE['2E'>$'1!22'?/*5%#"'F*/.,)'.$')<*'

%:/#5)('.4'&".H#"'A#,:%$&'.4'NE['2'#H.B*'/,*'%$-8(),%#"'"*B*"('#$-',*"#)*-'&".H#"'&,**$<.8(*'

&#('*:%((%.$'/#)<A#;(C'%$')<*'5.$)*\)'.4'(),*$&)<*$%$&')<*'&".H#"',*(/.$(*').')<*')<,*#)'.4'

5"%:#)*'5<#$&*C'$+6!4)!i-#q$'($!Q-//2. :`$#12&&$!$&!-#6!<$.$9->!C?(&=$'#-.+>!DEHV>!

,6!OD6!urlc!https://report.ipcc.ch/sr15/pdf/sr15%7B%5C_%7Dspm%7B%5C_%7Dfinal. pdf6!

NOHP C0(0!70($0!r-2!$&!-#6!jI'28$%&(.*!%0-.*$/!(.!-..3-#!0)+'2,2?$'!*$.$'-&(2.!3/(.*!'$*(2.-#!

'3.255!+-&-c!K.!-//$//1$.&!25!&0$!;.(&$+!C&-&$/!5$+$'-#!0)+'2,2?$'!,#-.&/k6!J.c!@$*,&;'VE!

L[$46!DEHFM>!,,6!DOU\ DFE6!issnc!EOTEFXXD6!doic!10.1016/j.energy.2014.11.0666!
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NODP G6!K6!r(11$##!-.+!o6!K6!i$(#6!1:/#5)'.4'-,.8&<)'.$'DE?E'()*#:'*"*5),%5'/.A*,'/"#$)'5.."%$&'A#)*,'

%$)#S*('#$-',*"#)*-'A#)*,',*(.8,5*':#$#&*:*$)'%((8*(E' G$%06!'$,6!K'*2..$>!Jgc!K'*2..$!

e-&(2.-#!g-42'-&2')!LKegM>!K,'6!DEEU6!doic!10.2172/9512526!urlc!http://www. 

osti.gov/servlets/purl/951252-CV8mWm/6!

NOOP @-*$.!r2%0!-.+!C&$5-.!is2*$#$6!j`).-1(%!12+$##(.*!25!?-&$'!+$1-.+>!?-&$'!-9-(#-4(#(&)!-.+!

-+-,&-&(2.!/&'-&$*($/!52'!,2?$'!,#-.&/!&2!*#24-#!%0-.*$k6!J.c!@5.".&%5#"'@5.$.:%5('TV6S!LQ-)!

DEEUM>!,,6!DEOH\ DEOU6!issnc!EUDHVEEU6!doic!10.1016/j.ecolecon.2009.02.0156!urlc!

https://www.sciencedirect.com/science/article/pii/S0921800909000639?via%7B% 

5C%%7D3Dihub6!

NOXP @-*$.!r2%0!$&!-#6!jG'$.+/!(.!?-&$'!+$1-.+!-.+!?-&$'!-9-(#-4(#(&)!52'!,2?$'!,#-.&/ :/%$.-'(2!

-.-#)/$/!52'!&0$!<$'1-.! %-,(&-#!a$'#(.k6!J.c!2"%:#)%5'2<#$&*'HHE6O:X!L[$46!DEHDM>!,,6!VSU\ !

VUU6!issnc!EHTFEEEU6!doic!10.1007/s10584-011-0110-06!urlc!http://link.springer.!

com/10.1007/s10584-011-0110-06!

NOFP "(1$-'!g$-0)!-.+!Y(%0-'+!C6o6!G2#6!jK.!$/&(1-&$!25!&0$!9-#3$!25!#2/&!#2-+!52'!J'$#-.+k6!J.c!

@$*,&;'!."%5;'OU6O!LQ-'6!DEHHM>!,,6!HFHX\ HFDE6!issnc!EOEHXDHF6!doic!10.1016/j.enpol.!

2010.12.0256!

NOTP @2.*)( !g(!$&!-#6!jK!I0)/(%-##)!a-/$+!Y3.255!Y23&(.*!Q2+$#!52'!g-.+!C3'5-%$!-.+!"-'&0!

C)/&$1!Q2+$#/k6!J.c!9.8,$#"'.4'W;-,.:*)*.,.".&;' HX6O!Lo3.$!DEHOM>!,,6!VEV\ VDV6!issnc!HFDF:

SFFn6!doic!10.1175/jhm-d-12-015.16!urlc!http://journals.ametsoc.org/ doi/abs/10.1175/JHM-D-12-

015.16!

NOSP n3!g(-.*!$&!-#6!jK!/(1,#$!0)+'2#2*(%-##)!4-/$+!12+$#!25!#-.+!/3'5-%$!?-&$'!-.+!$.$'*)!5#3R$/!

52'!*$.$'-#!%('%3#-&(2.!12+$#/k6!J.c!9.8,$#"'.4'+*./<;(%5#"'F*(*#,5<'UU6`S!Lo3#)!HUUXM>!,6!

HXXHF6!issnc!EHXV:EDDS6!doic!10.1029/94jd004836!urlc!http://doi.wiley.!

com/10.1029/94JD004836!

NOVP K9(9-!g2$?!$&!-#6!j[2//(#!53$#\ 5('$+!,2?$'!,#-.&!2,$'-&(2./!3.+$'!-!%0-.*(.*!%#(1-&$k6!J.c!

2"%:#)%5'2<#$&*'LC$,&6!DEDEM>!,,6!H\ HX6!issnc!EHTF:EEEU6!doic!10.1007/s10584-02002834-y6!urlc!

http://link.springer.com/10.1007/s10584-020-02834-y6!
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NOUP g2.+2.!"%2.21(%/!J.&$'.-&(2.-#!gg76!@()%:#)%$&')<*'B#"8*'.4'".()'".#-6!G$%06!'$,6!DEHO>!,,6!O\

ST6!urlc!www.londoneconomics.com6!

NXEP J*.-%(2!g2/-+-!7-''$.t2!$&!-#6!jI2&$.&(-#!(1,-%&/!25!%#(1-&$!%0-.*$!2.!?(.+!-.+!/2#-'!

$#$%&'(%(&)!*$.$'-&(2.!(.!G$R-/k6!J.c!2"%:#)%5'2<#$&*'Le296!DEDEM>!,,6!H\ DD6!issnc!HFSOHXVE6!

doic!10.1007/s10584-020-02891-36!urlc!http://link.springer.com/10.1007/s10584020-02891-36!

NXHP o6!Q-%A.(%A!$&!-#6!jW,$'-&(2.-#!?-&$'!%2./31,&(2.!-.+!?(&0+'-?-#!5-%&2'/!52'!$#$%&'(%(&)!

*$.$'-&( .*!&$%0.2#2*($/c!K!'$9($?!25!$R(/&(.*!#(&$'-&3'$k6!J.c!@$B%,.$:*$)#"'F*(*#,5<'7*))*,('

S6X!L`$%6!DEHDM>!,6!EXFVED6!issnc!HSXVUODT6!doic!10.1088/1748-9326/7/4/0458026!urlc!

http://stacks.iop.org/1748-9326/7/i=4/a=045802?key=crossref.!

6f4ebd5836ab24141e19d95fd1e657096!

NXDP e6!Q-++$.>!K6!g$?(/>!-.+!Q6!`-9(/6!jG0$'1-#!$55#3$.&!5'21!&0$!,2?$'!/$%&2'c!K.!-.-#)/(/!25!

2.%$:&0'23*0!%22#(.*!/)/&$1!(1,-%&/!2.!/3'5-%$!?-&$'!&$1,$'-&3'$k6!J.c!@$B%,.$:*$)#"'

F*(*#,5<'7*))*,(' V6O!LC$,&6!DEHOM>!,6!EOFEET6!issnc!HSXVUODT6!doic!10.1088/1748-9326/8/!

3/0350066!urlc!http://stacks.iop.org/1748-9326/8/i=3/a=035006?key=crossref. 

d2aef1361a05ed203ffe916c5f56e8276!

NXOP G'($3!Q-(!$&!-#6!@"*5),%4%5#)%.$'T8)8,*('?)8-;]'?5*$#,%.('.4'@"*5),%5'X*5<$.".&;'>-./)%.$'#$-'

!.A*,'2.$(8:/)%.$'4.,')<*'D$%)*-'?)#)*( 6!G$%06!'$,6!<2#+$.>!7Wc!e-&(2.-#!Y$.$?-4#$!".$'*)!

g-42'-&2')>!DEHV6!urlc!https://www.nrel.gov/docs/fy18osti/71500.pdf.6!

NXXP o-1$/!Q%[-'#-.+!$&!-#6!jJ1,-%&/!25!'(/(.*!-('!&$1,$'-&3'$/!-.+!$1(//(2./!1(&(*-&(2.!2.!

$#$%&'(%(&)!+$1-.+!-.+!/3,,#)!(.!&0$!;.(&$+!C&-&$/c!-!13#&(:12+$#!%21,-'(/2.k6!".*#(/06!J.c!

2"%:#)%5'2<#$&*'HOH6H!Lo3#)!DEHFM>!,,6!HHH\ HDF6!issnc!HFSOHXVE6!doic!10.1007/s10584015-

1380-86!urlc!http://link.springer.com/10.1007/s10584-015-1380-86!

NXFP K'($#!Q(-'-!$&!-#6!j7#(1-&$:B-&$'!K+-,&-&(2.!52'![3&3'$!;C!"#$%&'(%(&)!J.5'-/&'3%&3'$k6!J.c!

@$B%,.$:*$)#"'?5%*$5*'#$-'X*5<$.".&;'FO6DO!L`$%6!DEHUM>!,,6!HXEDU\ HXEXE6!issnc!HFDEFVFH6!

doic!10.1021/acs.est.9b030376!
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OE!

NXTP Q(%0-$#!Q(##(*-.6!J*)<.-(').'J.-*"'#$-'2#"58"#)*'2#/#5%);'2.$),%H8)%.$('.4'M#,%#H"*'

+*$*,#)%.$'4.,'F*(.8,5*'>-*^8#5;'!"#$$%$&6!G$%06!'$,6!e-&(2.-#!Y$.$?-4#$!".$'*)!

g-42'-&2')>!DEHH6!urlc!http://www.nerc.com/docs/pc/ivgtf/IVGTF1-6!

NXSP r$..$&0!"6!Q(&%0$##6!jG0$!13#&(:(./&(&3&(2.!e2'&0!K1$'(%-.!g-.+!`-&-!K//(1(#-&(2.!C)/&$1!

Leg`KCMc!;&(#(=(.*!13#&(,#$!<7JI!,'2+3%&/!-.+!,-'&.$'/!(.!-!%2.&(.$.&-#!+(/&'(43&$+!

0)+'2#2*(%-#!12+$#(.*!/)/&$1k6!J.c!9.8,$#"'.4'+*./<;(%5#"'F*(*#,5<'HEU6`S!LDEEXM>!,6!SXXU6!

issnc!EHXV:EDDS6!doic!10.1029/2003jd0038236!

NXVP Y)-.!o6!e($1$)$'!$&!-#6!jK!G0$'1-##)!C&'-&(5($+!Y$/$'92('!Q2+3#$!52'!g-'*$:C%-#$!`(/&'(43&$+!

C&'$-1!G$1,$'-&3'$!Q2+$#/!B(&0!K,,#(%-&(2.!(.!&0$!G$..$//$$!Y(9$'!a-/(.k6!

J.c!_#)*,'F*(.8,5*('F*(*#,5<' FX6HE!LW%&6!DEHVM>!,,6!VHEO\ VHHU6!issnc!HUXXSUSO6!doic!10.!

1029/2018WR0226156!urlc!https://onlinelibrary.wiley.com/doi/abs/10.1029/ 2018WR0226156!

NXUP e(%02#-/!K6!e)/&'21!$&!-#6!ja'(+*$/c!K!;.(]3$#)![#$R(4#$!@I7!Y$/23'%$!52'!e$?!72113.(&($/!

-.+!`-&-!K.-#)&(%/k6!J.c!!,.5**-%$&('.4')<*'OYN['`?@0@'2.$4*,*$5*]'?5%*$)%4%5'>-B#$5*:*$)('

@$#H"*-'H;'@$<#$5*-'2;H*,%$4,#(),85)8,*6!nC"`"!fHF6!C&6!g23(/>!Q(//23'(c!

K7Q>!DEHF>!OEcH\ OEcV6!isbnc!USV:H:XFEO:OSDE:F6!doic!10.1145/2792745.27927756!urlc!

http://doi.acm.org/10.1145/2792745.27927756!

NFEP Q-'&$.!W9-$'$!$&!-#6!j@2?!+$&-(#$+!9-#3$!25!#2/&!#2-+!+-&-!(1,-%&!,2?$'!/)/&$1!'$#(-4(#(&)!

+$%(/(2./k6!J.c!@$*,&;'!."%5;'HOD!LC$,&6!DEHUM>!,,6!HETX\ HESF6!issnc!EOEHXDHF6!doic!10.!

1016/j.enpol.2019.06.0586!

NFHP Y-,0-$#!I-)$& :a3'(.!$&!-#6!jW,&(1(=-&(2.!25!'$*(2.-#!?-&$'!:!,2?$'!/)/&$1/!3 .+$'!%22#(.*!

%2./&'-(.&/!-.+!%#(1-&$!%0-.*$k6!J.c!@$*,&;'HFF!Lo3#)!DEHVM>!,,6!XVX\ XUX6!issnc!EOTEFXXD6!doic!

10.1016/j.energy.2018.05.0436!urlc!https://www.sciencedirect.com/science/ 

article/pii/S0360544218308636?via%7B%5C%%7D3Dihub6!

NFDP o-A24!I$&$'6!j@2?!+2$/!%#(1-&$!%0-.*$!-55$%&!$#$%&'(%(&)!/)/&$1!,#-..(.*!-.+!2,&(1-#!

-##2%-&(2.!25!9-'(-4#$!'$.$?-4#$!$.$'*)_k!J.c!>//"%*-'@$*,&;'DFD!LW%&6!DEHUM>!,6!HHOOUS6!issnc!

EOETDTHU6!doic!10.1016/j.apenergy.2019.1133976!urlc!https://www.sciencedirect.!
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com/science/article/pii/S0306261919310712?via%7B%5C%%7D3Dihub6!

NFOP IYJCQ!7#(1-&$!<'23,6!!F1?J'2"%:#)*'0#)# 6!DEHT6!urlc!http://www.prism.oregonstate. edu/6!

NFXP ['-.%(/%2!Y-#/&2.![2./$%-!$&!-#6!j"55$%&/!25!%#(1-&$!%0-.*$!2.!%-,-%(&)!$R,-./(2.!+$%(/(2./!25!

-.!$#$%&'(%(&)!*$.$'-&(2.!5#$$&!(.!&0$!C23&0$-/&!;6C6k!J.c!@$B%,.$:*$)#"'?5%*$5*!

#$-'X*5<$.".&;' HS!Lo-.6!DEDHM6!issnc!EEHO:UOTn6!doic!10.1021/acs.est.0c065476!urlc!

https://pubs.acs.org/doi/10.1021/acs.est.0c065476!

NFFP ['-.%(/%2!Y-#/&2.![2./$%-!$&!-#6!jC$-/2.-#!$55$%&/!25!%#(1-&$!%0-.*$!2.!(.&'- :+-)!$#$%&'(%(&)!

+$1-.+!,-&&$'./k6!".*#(/06!J.c! 2"%:#)%5'2<#$&*'OO6H!LDEHUM>!,,6!H\ HS6!issnc!HFSO:HXVE6!doic!

10.1007/s10584-019-02413-w6!urlc!https://doi.org/10.1007/s10584-01902413-w6!

NFTP `6!o6!C-(#2'!-.+!K6!K6!I-9#29-6!jK('!%2.+(&(2.(.*!1-'A$&!/-&3'-&(2.!-.+!#2.*:&$'1!'$/,2./$!25!

'$/(+$.&(-#!%22#(.*!$.$'*)!+$1-.+!&2!%#(1-&$!%0-.*$k6!".*#(/06!J.c!@$*,&;'DV6U!LDEEOM>!,,6!

UXH\ UFH6!issnc!EOTEFXXD6!doic!10.1016/S0360-5442(03)00033-16!urlc!http:// 

linkinghub.elsevier.com/retrieve/pii/S03605442030003316!

NFSP `-9(+!o6!C-(#2'6!jY$#-&(.*!'$/(+$.&(-#!-.+!%211$'%(-#!/$%&2'!$#$%&'(%(&)!#2-+/!&2!%#(1-&$!

"9-#3-&(.*!/&-&$!#$9$#!/$./(&(9(&($/!-.+!93#.$'-4(#(&($/k6!".*#(/06!J.c!@$*,&;'DT6S!LDEEHM>!,,6!

TXF\ TFS6!issnc!EOTEFXXD6!doic!10.1016/S0360-5442(01)00023-86!urlc!http:// 

linkinghub.elsevier.com/retrieve/pii/S03605442010002386!

NFVP o-)-.&!K6!C-&0-)$!$&!-#6!j"/&(1-&(.*!(1,-%&/!25!?-'1(.*!&$1,$'-&3'$/!2.!7-#(52'.(-f/!

$#$%&'(%(&)!/)/&$1k6!J.c!+".H#"'@$B%,.$:*$)#"'2<#$&*'DO6D!LK,'6!DEHOM>!,,6!XUU\ FHH6!issnc!

EUFUOSVE6!doic!10.1016/j.gloenvcha.2012.12.0056!

NFUP Q-'A3/!C%0#2&&!$&!-#6!jG0$!(1,-%&!25!%#(1-&$!%0-.*$!2.!-!%2/&:2,&(1-#!0(*0#)!'$.$?-4#$!

"3'2,$-.!$#$%&'(%(&)!.$&?2'Ak6!J.c!>//"%*-'@$*,&;'DOE!Le296!DEHVM>!,,6!HTXF\ HTFU6!issnc!

EOETDTHU6!doic!10.1016/j.apenergy.2018.09.0846!-'n(9c!1805.116736!

NTEP Q(%0-$#!o!C3##(9-.>!o2/0!C%0$##$.4$'*>!-.+!Q-'/0-##!Q-%+2.-#+!a#3.+$##6!D/-#)*-'M#"8*'.4 !
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?*,B%5*' F*"%#H%"%);' @()%:#)*(' 4.,' @"*5),%5' D)%"%);' 28().:*,(' %$' )<*' D$%)*-' ?)#)*(6! G$%06! '$,6!

a$'A$#$)>!7K!L;.(&$+!C&-&$/Mc!g-?'$.%$!a$'A$#$)!e-&(2.-#!g-42'-&2')!LgaegM>!o-.6!DEHF6!doic!

10.2172/11726436!urlc!http://www.osti.gov/servlets/purl/1172643/6!

NTHP r-'#!"6!G-)#2'>!Y2.-#+!o6!C&2355$'>!-.+!<$'-#+!K6!Q$$0#6!jK.!29$'9($?!25!7QJIF!-.+!&0$!

$R,$'(1$.&!+$/(*.k6!".*#(/06!J.c!I8""*)%$'.4')<*'>:*,%5#$'J*)*.,.".&%5#"'?.5%*);'UO6X!

LDEHDM>!,,6!XVF\ XUV6!issnc!EEEOEEES6!doic!10.1175/BAMS-D-11-00094.16!urlc!http:!

//journals.ametsoc.org/doi/abs/10.1175/BAMS-D-11-00094.16!

NTDP G$..$//$!i-##$)!K3&02'(&)6!2"%:#)*'2<#$&*'>-#/)#)%.$'>5)%.$'!"#$6!G$%06!'$,6!DEHT6!urlc!

https://www.tva.gov/file%7B%5C_%7Dsource/TVA/Site%20Content/About%20TVA/ 

Guidelines%20and%20Reports/Sustainability%20Plans%20and%20Performance/pdf/ 

tva%7B%5C_%7Dclimate%7B%5C_%7Dadaptation%7B%5C_%7Dplan%7B%5C_%7D2016%7B%5C_ 

%7D%7B%5C_%7Dfinal.pdf6!

NTOP J6!G24(.!$&!-#6!ji3#.$'-4(#(&($/!-.+!'$/(#($.%$!25!"3'2,$-.!,2?$'!*$.$'-&(2.!&2!H6F!%>!D!%!-.+!O!

%!?-'1(.*k6!J.c!@$B%,.$:*$)#"'F*(*#,5<'7*))*,('HO6X!LK,'6!DEHVM>!,6!EXXEDX6!issnc!

HSXVUODT6!doic!10.1088/1748-9326/aab2116!urlc!

http://stacks.iop.org/17489326/13/i=4/a=044024?key=crossref.7132b6b600e244c44cef30e5d9da6a

426!

NTXP o20.!G2?./!$&!-#6!jnC"`"c!K%%$#$'-&(.*!C%($.&(5(%!`(/%29$')k6!J.c!2.:/8)%$&'%$'?5%*$5*'a!

@$&%$**,%$&'HT6F!LDEHXM>!,,6!TD\ SX6!doic!10.1109/mcse.2014.806!

NTFP C6!B6`6!G3'.$'!$&!-#6!j721,23.+!%#(1-&$!$9$.&/!&'-./52'1!$#$%&'(%-#!,2?$'!/02'&5-##!'(/A!(.!

&0$!I-%(5(%!e2'&0?$/&k6!J.c!=#)8,*'2.::8$%5#)%.$(' HE6H!L`$%6!DEHUM>!,6!V6!issnc!DEXHHSDO6!doic!

10.1038/s41467-018-07894-46!urlc!http://www.nature.com/articles/s41467018-07894-46!

NTTP C$-.!B6`6!G3'.$'!$&!-#6!j7#(1-&$!(1,-%&/!2.!0)+'2,2?$'!-.+!%2./$]3$.%$/!52'!*#24-#!

$#$%&'(%(&)!/3,,#)!(.9$/&1$.&!.$$+/k6!J.c!@$*,&;'HXH!L`$%6!DEHSM>!,,6!DEVH\ DEUE6!issnc!

EOTEFXXD6!

doic!10.1016/j.energy.2017.11.0896!
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NTSP ;.(9$'/(&)!25!i('*(.(-!B$#+ 2.!722,$'!7$.&$'! :!̀ $12*'-,0(%/!Y$/$-'%0!<'23,6! =#)%.$#"'

!./8"#)%.$'!,.b*5)%.$( 6!DEHV6!urlc!https://demographics.coopercenter.org/nationalpopulation-

projections6!

NTVP ;C!a3'$-3!25!"%2.21(%!K.-#)/(/!La"KM6!+0!'H;'?)#)* 6!urlc!https://www.bea.gov/ data/gdp/gdp-
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