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ḋ2
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ḋ < 0

A∗
AA∗∗

A∗∗∗

nica

ḋ
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ḋ = (i− g)d − nica − aid∗
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; !$  11*.' 6*/  + !,?/*-&,&+$ !+ $%& '$ +" /" *6 1!-!+94

A+ 9&+&/ 1 $%!' ,& +' $% $ ? /$ *6 $%& CDE# */ *6 $%& - 1)& *6 &G?*/$'# % ' $* 0& '&$

 '!"& 6*/ ?*-&/$7 /&")3$!*+ &G?&+"!$)/&'# ?/!*/ $* "&0$ '&/-!3&4

 !

 ! "#$ #% &'$()'$ "*$ +,' )-(*+&. ,"% *-+ #/0&-1'$ '#+,'&  2 !"#$ -& 3-+, +,' $'3+ %+-)4 5#66

"))(/(6"+' "7"#*8

 "

9* +,' *-+#-* -! ":-&$"3#6#+. %'' ;-&+,-1'& '+ "68 <=>>?@2 A#&$%"66 "*$ B#66#"/%-* <CDDC@2

E,'%,"/"*# <CDDF@ "*$ A,"++"),"&." <CDDF@8

QQ



 ! "#$%& '(! )$'*$) $+ ,-$#.,/*0*'& 1*'( '(! 2(34,) +,5'$#6 ,""#$,5( 78,99*: ;<<=>?

@) A!#& "$$# 5$3)'#*!B $)0& ",#' $+ CDE 9#$1'( 5,) /! 3B!. '$ B!#A*5! +$#!*9) .!/' ,).

'$ B',/*0*F! '(! .!/' #,'*$? G(! 3B3,0 5$).*'*$) g > i 4,& )$' /! , 9$$. *).*5,'$# $+

.!/' ,-$#.,/*0*'&? G,H*)9 *)'$ ,55$3)' '(! 2(34,) +,5'$#6 ,""#$,5( '$ ,-$#.,/*0*'& '(!

CDI !J3,'*$)B 5(,)9! ,B +$00$1B

θ ≤ g − h  !"#$%$!& 5$).*'*$) 7<>

nica = (i + h − g)d /$3).,#& #!0,'*$) 7;K>

ḋ = (i + h − g)d − nica  !"!# #$%"!&'( )**+

dh = nica
i+h−g

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

01!$! h = p + k &2 #1! 1)+%3 4%5#'$6 p &2 #1! 7'7)*%#&'3 8$'0#1 $%#! %3 k &2

#1! 7!$5!3#%8! #%$8!# &35$!%2! &3 9:; 7!$ 5%7&#%< k +!%2)$!2 #1! &+7$'=!+!3# &3 #1!

2#%3 %$ '4 *&=&38 01&51 &2 5'32& !$! #' "! 3!5!22%$> &3 '$ !$ #' %##%&3 #1! ?:92 '$

% 1&81!$ *!=!* '4 1)+%3  !=!*'7+!3#

 !

< dh &2 #1! 2#%"*!  !"# $%#&' 5'32&2#!3# 0&#1 k<

@3 A&8)$! BC 01!$! #1! "%2!*&3! 25!3%$&' &2 #1! 2%+! %2 &3 A&8)$! -C #1! 5')3#$> 1%2 %

 !"#  !D5&#C g > i %3 #1! %5#)%*  !"#E#'E9:; $%#&'C d2
C &2 1&81!$ #1%3 &#2 2#%"*! $%#&'C

A6 #1!  !"# $%#&'  !5$!%2!2 %3 #1! 2&#)%#&'3 *''F2 +%3%8!%"*!<

G!=!$#1!*!22 #1! H1)+%3 4%5#'$I 7!$27!5#&=! 5%3  $%2#&5%**> +' &4> #1! %"'=! 5'3E

 &#&'3< J)77'2! g < i + h 2)51 #1%# #1! 8$'0#1 $%#! &2 3'# 1&81 !3')81 #' 7%> &3#!$!2#2

'3 4'$!&83  !"# %3 #' 8)%$%3#!! %3 &35$!%2! &3 &35'+! 7!$ 5%7&#% 01&51 2%#&2D!2 #1!

$!()&$! #%$8!# k< K1! "'* *&3!2  !25$&"! #1! 3!0 2&#)%#&'36 "'#1 #1! "')3 %$> $!*%E

#&'3 %3 #1! 2#%#! !()%#&'3 %$! 7'2&#&=!*> 2*'7! %3 %"'=! %** #1! 2)2#%&3%"&*&#> %$!% &2

+)51 $! )5! 

 "

< L 5'3 &#&'3 01&51 *''F! 2)2#%&3%"*! %3 &3 01&51 #1!  !"# $%#&' 0%2

2#%"&*&M! 3'0 %77!%$2 #' "! +)51 +'$!  $%+%#&5< K1! H1)+%3 4%5#'$I h $!()&$!2 7%$#

'4 !5'3'+&5 8$'0#1 #' "! %**'5%#! #' 1)+%3  !=!*'7+!3# !N7!3 &#)$!2 %3 #1!$!4'$!

#1! 8$'0#1 $%#! %=%&*%"*! 4'$ #1! 7)$7'2! '4 D3%35&%* 2#%"&*&2%#&'3 &2 *'0!$ #1%3 #1!

%5#)%* '3!< K1! #$% !E'O "!#0!!3 !N7!3 &#)$!2 &3 4%=')$ '4 1)+%3  !=!*'7+!3# %3 

D3%35&%* 2#%"&*&2%#&'3 "!5'+!2 +'$! 2#$&38!3#6  !"# 2#%"&*&2%#&'3 5%33'# "! %##%&3! 

)3*!22 1)+%3  !=!*'7+!3# #%$8!#2 %$! 3!8*!5#! <

P3 !$ 2)51 5'3 &#&'32  !"# 4'$8&=!3!22 7*)2 &35$!%2! %& 0')* "! #1! '3*> '7#&'3

01&51 +&81# +&#&8%#! #1! 5'32#$%&3#C %# *!%2# &3 #1! 21'$# $)3<

 !

 ! "#$ %&''()*$ +,*-$' &. k '$$ /,00( 123345 ,!6 "#$ 7%%$!6(8 &. "#(' %,%$9:
 "

;! , %-9$*< ,==&-!"(!0 %$9'%$="(+$> "#$ $?-(*()9(-@ '#(." .9&@ 6$)"&9 "& =9$6("&9> .9&@ A "& A∗
:

A&@%,9$6 "& "#$ ),'$*(!$ '=$!,9(& &. B(0-9$ 2 (. g > h + i "#$! "#$ 09&C"# 9,"$ (' #(0#$9 "#,! "#$

D#-@,! .,="&9E ,!6 "#$ '",)(*("< 9$*,"(&! ,!6 "#$ '","$ $?-,"(&! '"(** '*&%$ 6&C!C,96'> )-" "#$< 9&","$

-%C,96' "#-' 9$6-=(!0 "#$ '-'",(!,)(*("< ,9$, ,!6 (!=9$,'(!0 "#$ +,*-$ &. "#$ '",)*$ 6$)" 9,"(&:

-.



 !"#$% &' ()#*+,  +-./$0

d2

0

d

with human factor

without human factor

nica

d

ḋ

0

with human factor

A

nica

A∗

without human factor

aid

12



 !"# $%&%'(&) *++),

 ! "#$#!% &#'"( %)#"# )'( *##! ' "#+,+'- ./ ,!%#"#(% ,! ,!0#1#0 ,!(%"23#!%( /." -.4 '!0

3,00-#5,!$.3# $.2!%",#( 6!'!$,!7

 !

8 %)# ,0#' *#,!7 %)'% %)# ,!%#"#(% "'%# .! /."#,7! 0#*%

,( -,!9#0 %. %)# #$.!.3,$ :#"/."3'!$# ./ %)# 0#*%." $.2!%"&; <),( #$.!.3,$ :#"/."3'!$#

3'& %)# 3#'(2"#0 *& %)# =>? 7".4%) "'%#@ *& .%)#" "#-#+'!% 3'7!,%20#( (2$) '( !#%

#1:."%(@ ." *& %)# :",$# ./ (.3# :",3'"& $.33.0,%,#(@ ,/ %)#& "#:"#(#!% '! ,3:."%'!%

,%#3 ,! %)# $.2!%"&A( #1:."%(; <)#(# 6!'!$,'- ,!(%"23#!%( '"# 0#(,7!#0 %. -,3,% +2-!#"5

'*,-,%& ./ %)# $.2!%"& %. #,%)#" $&$-,$'- ." (200#! ().$9( B=",C%)5D.!#( '!0 E)'"3'@

FGGHI;  ! :'"%,$2-'" J."#!(K%#,! '!0 L'2". BFGGMI (277#(% %)'% =>?5,!0#1#0 *.!0(

$.!%",*2%# %. 0#*% "'%,. (%'*,-,('%,.!;

<)# =>E $'! *# '0':%#0 %. %),( $'(#@ 4),$) $'! *# ./ ,!%#"#(% /." (.3# 3,00-#5

,!$.3# #$.!.3,#( '!0 /." #3#"7,!7 3'"9#%(@ 4)#"# /."#,7! -,'*,-,%,#( N2,%# ./%#! %'9#

%)# /."3 ./ *.!0(; O# '((23# %)'% ,! %)# *'(#-,!# ($#!'",. %)#& )'+# '  !"# 0#6$,%@ *2%

$.!%"'"& %. P Q(@ ,!%#"#(% "'%#( '"# 7"#'%#" %)'! =>? 7".4%) "'%#(; <)# (,%2'%,.! ,(

0#($",*#0 ,! R,72"# S; T.%,$# %)'% 2!-#(( %)# $.2!%"& ,( '-"#'0& ,!(,0# %)# (2(%',!'*,-,%&

'"#' %)# 0#*% "'%,. 4,-- U#1:-.0#A; =,+#!  !"#@ ! '!0 $ %)#"# ,( !. (%'*-# +'-2# ./ %;

<)# ,!%#"#(% "'%# ib ,( 0#%#"3,!#0 *& %)# /.--.4,!7 ,!0#1'%,.! "2-#

 "

V

ib = bg BWXI

4)#"# b ,( ' ($'-'" (2$) %)'% 0 < b < 1 '!0 ib < g *& '((23:%,.!;

<)# *.2!0'"& "#-'%,.! '!0 %)# (%'%# #N2'%,.! *#$.3# '( /.--.4(V

nica = (b − 1)gd BWMI

ḋ = (b − 1)gd − nica. BWSI

J.%) "#-'%,.!( *#$.3# !.4 !#7'%,+#-& (-.:#0@ (## %)# *.-0 -,!#(; <)# 0#*% "'%,. %

3'& #,%)#" ,!$"#'(# ." 0#$"#'(# 0#:#!0,!7 .! 4)#%)#" %)# $.2!%"& -.$'%#( ,%(#-/ .! %)#

",7)% ." .! %)# -#/% ./ %)# (%'*-# #N2,-,*",23 Aib
@ *2% ,! '!& $'(# %)# 0#*% "'%,. 4,-- !.

-.!7#" #1:-.0#;

- .+%')/,(+%,

<)# U=#.3#%"& ./ >#*% E2(%',!'*,-,%&A@ =>E@ ,( ' +#"& (,3:-# *2% '-(. +#"& +#"('%,-#

%..- %. '!'-&(# %)# :".*-#3 ./ /."#,7! 0#*% (2(%',!'*,-,%&; =>E $'! #'(,-& *# '0':%#0 %.

0,Y#"#!% %&:#( ./ $.2!%",#( 4,%) 0,Y#"#!% 3'$".#$.!.3,$ :#"/."3'!$#( '!0 ,% ),7)-,7)%(

(.3# +#"& ,3:."%'!% '(:#$%( ./ 0#*% (2(%',!'*,-,%& ,! P Q(; P#% 2( (233'",K# %)# 3'Z."

:.,!%(;

 !

 !! "#$ %&'()&*! +#$!&',(!%& )&- .)/$# 0122345 6)7#8) 0122945 :%;7!$( )&- 6)7#8) 0122945

<#=!& !( );> 0122?45 :$%@(=AB#&!' )&-  =)$C) 0122?4>

 "

D&! *)& %C)E%&! ) ;#F!$ ;%C%( "#$ ib (# )8#%- (=)( %( 7!*#C!' &!E)(%8! %& *)'!' #" )& !*#&#C%*

$!*!''%#&>

WM



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

0

Abaseline
A

ib

nica

d

d0

GDP-indexed bond

baseline

baseline

GDP-indexed bond

ḋ

nica

2&



 !"#$% !& $'( )*#( +, -./# $'( )+&0!$!+& g > i !# !&*0(12*$( $+ 3"+3("45 0(#)"!6(

$'( &+$!+& +, #2#$*!&*6!4!$5% $'!# )+&0!$!+& +7("# * 3*"$!*4 *&0 !&)+834($( 9!(: +, 0(6$

#2#$*!&*6!4!$5 6()*2#( !$ )+&)(&$"*$(# +&45 +& $'( ;&*&)!*4 #!0( +, $'( 3"+64(8< =+:(9("

>?@ 6"!&A# $+ $'( ,+"( $'( "+4( +,  !"# *&0 $'( #$"2)$2"*4 *#3()$# !& $'( 3"+)(## +, 0(6$

#2#$*!&*6!4!$5< .& +"0(" ,+" 0(6$ ,+"A!9(&(## $+ 6( (B)!(&$ *&0 ,+" * )+2&$"5 $+ 8+9(

$+ * #$"+&A(" 3+#!$!+& !& '(" (C$("&*4 ;&*&)(%  !"# &((0# $+ !83"+9( 3("8*&(&$45 *&0

(9(& $+ 6()+8( 3+#!$!9(<

@()+&0%  !"# !83"+9(8(&$# !8345 8*D+" )'*&A(# !& $'( 3"+02)$!+& *&0 (C3+"$ #$"2)E

$2"( +, * 0(9(4+3!&A )+2&$"5% 62$ $'(#( )'*&A(# &((0 !&9(#$8(&$#% :'!)' 8*5 0("!9( ,"+8

,+"(!A& 6+""+:!&A *&0 *6+9( *44 #$"2)$2"*4 )'*&A( *&0 (C3+"$ 0!9("#!;)*$!+& $*F( $!8(<

G'!# !# )4(*" ,"+8 $'( ,*)$ $'*$ $'( 0(6$ )"!#!# '*# &+: 4*#$(0 8+"( $'*& +&( A(&("*$!+&%

&+$:!$'#$*&0!&A $'( 8*&5 "(#)'(024!&A# :'!)' '*9( $*F(& 34*)( #!&)( $'( 8!0 HIJK#

*&0% ,+" $'( -./#% $'( 9("5 ,*9+2"*64( !&$("(#$ "*$(#< G'( ,*44*)!(# +, $'( 8*&5 34*&#

*&0 !&!$!*$!9(# *"( *4#+ '!A'4!A'$(0 65 $'( ,*)$ $'*$ 8+#$ +, $'( &(: 0(6$ +, 8!004( *&0

4+:E!&)+8( ()+&+8!(# :*# 02( $'( "+44!&AE+9(" +, 2&3*!0 !&$("(#$#% * )4(*" #!A& +, 2&"(E

*4!#$!) 4(&0!&A *&0 6+""+:!&A )+&0!$!+&#< >?@ #'+:# '+: $+ #($ $'( 6+""+:!&A 3"+)(##

+& 8+"( "(*4!#$!) A"+2&0#< .& 3*"$!)24*" >?@ (C34*!&# :'5 * L3+#!$!9( #'+)F $'("*35M%

:'!)' )+86!&(# 0(6$ )*&)(44*$!+& *&0 !&)"(*#(0 *!0% )*& 6( * &()(##*"5 3+4!)5 $+ A!9( *

"(*4 )'*&)( $+ !&0(6$(0 4+:E!&)+8( )+2&$"!(# $+ #$"(&A$'(& $'(!" !&$("&*$!+&*4 3+#!$!+&

!& * 3("8*&(&$ :*5<

G'!"0% 12!$( +,$(& #2#$*!&*6!4!$5 !# (12*$(0 :!$' $'( )+&0!$!+& g > i% 62$ !& $'( )*#(

+, 4+:E!&)+8( )+2&$"!(# $'!# )+240 6( '!A'45 8!#4(*0!&A< G'( &+$!+& +, *7+"0*6!4!$5

$*F(# !&$+ *))+2&$ $'( '28*& 0(9(4+38(&$ )'*44(&A(# ,*)!&A * 0(9(4+3!&A )+2&$"5 *&0

!&$(A"*$(# $'(8 !&$+ $'( #2#$*!&*6!4!$5 *&*45#!#< N5 *0*3$!&A >?@ $+ $'( L'28*& ,*)$+"M

*33"+*)' $+ *7+"0*6!4!$5 :( '*9( #((& $'*$ * #!$2*$!+& :'!)' )+240 6( "(A*"0(0 *#

#2#$*!&*64( !& ;&*&)!*4 $("8# 8*5 6( *6#+42$(45 2&*7+"0*64( ,+" * -./< G'( L'28*&

,*)$+"M *33"+*)' "(12!"(# $'*$ 3*"$ +, $'( >?O A"+:$' "*$( !# *44+)*$(0 $+ '28*&

0(9(4+38(&$ (C3(&0!$2"(# *&0 $'("(,+"( $'( A"+:$' "*$( *9*!4*64( ,+" $'( 32"3+#( +,

;&*&)!*4 #$*6!4!#*$!+& !# 4+:(" $'*& $'( *)$2*4 +&(< G'( &+$!+& +, *7+"0*6!4!$5 *&0 $'(

>?@ ,"*8(:+"F #($ $'( )'*44(&A(# ,*)!&A *& !&0(6$(0 4+:E!&)+8( )+2&$"5 !&#!0( * 8+"(

"(*4!#$!) *33"+*)'<

G+ #28 23P 0(6$ !# 8*!&45 *6+2$ $'( 4+&A "2&% *# !$ !#  !"# !83"+9(8(&$% 62$ !& $'(

)*#( +, -./# $'( #'+"$ *&0 $'( 4+&A "2& 82#$ 6+$' 6( $*F(& !&$+ )+&#!0("*$!+&< /("$*!&45

$'( 3++" )+2&$"!(# 82#$ 8*F( $'( 8+#$ (B)!(&$ 2#( +, *!0 *&0 +, 0(6$ ,+"A!9(&(##% 62$

$'"(( 3+!&$# 82#$ 6( F(3$ !& 8!&0<

 !"#$% $'(#( )+2&$"!(# '*9( $+ $*)F4( 8*&5 0!7("(&$ )'*44(&A(# *$ $'( #*8( $!8( *&0

0(6$ #2#$*!&*6!4!$5 !# +&45 +&( +, $'(8< G++ 8*&5 $*"A($# :!$'+2$ )4(*" 3"!+"!$!(# *&0

*& !0(* *6+2$ $'( 3+##!64( $"*0(E+7# 6($:((& $'(8 )*& 4(*0 $+ )+&,2#!+& *&0 0!#*#$("<

@()+&0% $'( #!Q( +, *!0 *&0 $'( #!Q( *&0 $("8# +, ,+"(!A& 6+""+:!&A 82#$ 6( *33"+E

3"!*$( $+ $'( 0!B)24$5 +, $'( $*#F# *&0 )'*44(&A(# ,*)!&A 4+:E!&)+8( )+2&$"!(#< ?(6$

HR



 !"#$%&'&(( $( '! ()*(+$+)+&  !" ,&(( -$. -'. /-''!+ 0)(+$ 1 - "&.)/+$!' ! 23/$-, 4&%&,5

!67&'+ 8(($(+-'/&9

:;$".< +;& $76"!%&7&'+ !  !"# $( - .$3/),+ ,!'#5+&"7 !*0&/+$%& =;$/; ()"&,1 "&5

>)$"&( -66"!6"$-+& .!7&(+$/ 6!,$/$&( *1 ?@A(9 B!=&%&" +;$( &C6!"+ .$%&"($D/-+$!' 6"!/&((

7)(+ -,(! *& ()66!"+&. *1 -66"!6"$-+& $'+&"'-+$!'-, +"-.& "&,-+$!'(< - E$'. ! &C+&"'-,

&'-*,$'# &'%$"!'7&'+9 F!"#$%$'# +;& .&*+ *)+  !(+&"$'# +"-.& -""-'#&7&'+( =;$/; .-75

-#& ?@A(G '&+ &C6!"+( $( $'/!;&"&'+ -'. /!)'+&"56"!.)/+$%&H =$+;!)+ 6&"7-'&'+  !"#

$76"!%&7&'+( .&*+ *&/!7&( - 6&"7-'&'+ /!'.&7'-+$!'9 B$#;5$'/!7& &/!'!7$&( 7)(+

!6&' +;&$" 7-"E&+( +! +;& 6"!.)/+( ! ?@A(< *)+ -*!%& -,, ?@A( 7)(+ '!+ *& 6"&%&'+&.

 "!7 -.!6+$'# $'.)(+"$-, 6!,$/$&( =;$/;  -%!)" '&= $'.)(+"$&( -'. 6"!+&/+ +;& %&"1  &=

-/+$%$+$&( +;&1 ;-%& $' +;& 7-') -/+)"$'# (&/+!"9

I4J (;!=( +;-+ ;$#;5$'/!7& /!)'+"$&( /!),. -'. (;!),. ;-%& 7!"& /!;&"&'+ -$.<

.&*+ -'. +"-.& 6!,$/$&(9 K$+;!)+ +;&(& /!'($.&"-+$!'( $' 7$'. +;& #-7& =$,, '!+ *&

/"&.$*,& -'. =$,, '!+ =!"E9

 !!"#$%&

L1 )($'# +;& (+-+& &>)-+$!' $+ $( 6!(($*,& +! &(+$7-+& +;& I4M #"!=+; "-+& g∗ +;-+

=!),. *& "&>)$"&. +! (+-*$,$N& +;& -/+)-, .&*+ "-+$!9 K& /-""1 !' +;$( &C&"/$(&  !" +;"&&

#"!)6( ! /!)'+"$&(O B@MA(

 !

< ?-+$' 87&"$/-'

 "

-'. P-(+ 8($-'

  

/!)'+"$&( -'. =& )(&

.-+-  !" QRRR5QRRS< =;$/; ;-( *&&' - 7)/; 7!"& 6!($+$%& 6&"$!. +;-' +;& +=! 6"&%$!)(

.&/-.&(< 6-"+$/),-",1  !" B@MA( -'. ?-+$' 87&"$/-9 8,, .-+- -"& $' '!7$'-, %-,)&(9

:-*,& TO I"!=+; -'. 4&*+ J+-*$,$N-+$!'

 !"# ! $ h1 h2 g∗ g∗h1
g∗h2

B@MA 5U9VQ T9VQ WR9TT W9XV TS9WW TV9TY QR9SQ QY9YZ

?-+$' 87&"$/- 5T9YT Z9YQ VY9UQ V9XR T9YQ TR9WV TX9TQ TQ9SZ

P-(+ 8($- T9RS V9RT ZR9QS V9ZR Q9RU R9YR X9XR Q9YU

 !"#$%&' ()*(!*)"+$, -)&./ $, 0$%*/ 1),2 34556)7 ),/ 0$%*/ 1),2 34556-7

:;& D#)"&( $' +;& D"(+ +=! /!,)7'( ! :-*,& T [  !"# -'. ! [ -"& D"(+ .&"$%&.

*1 +-E$'# +;&$" -%&"-#& %-,)&(  !" &-/; /!)'+"1 !%&" +;& (&%&' 1&-"( -'. (&/!'. *1

45

 !" #$%&' () *%+'%)", %- ./ 0123)4 5-#!67()867 () "9*:&,", ;"*6&)" %- +())(7# ,686<

48

5$#"78(76= >$6?(:= 3!(:"= 3%:%+;(6= 3%)86 @(*6= A*&6,%$= B"9(*%= 26$6#&6C= 2"$&= D$&#&6C= 67,

E"7"?&":6<

44

36+;%,(6= 3!(76= 17,%7")(6= F6% 2G@= B6:6C)(6= B%7#%:(6= BC67+6$= 26'&6 H"I J&(7"6= 2!(:('K

'(7")= E("876+ 67,  !6(:67,<

TW



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

!  0#&$ $() *%4) 0/ ,0,#"!$%0&5 6& $() $(%.7  0"#+& 2) %&7% !$) $() )8$).&!" 7)9$ .!$%0
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