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ABSTRACT

Global and local methods are widely used in international macroeconomics to analyze 
incomplete-markets models. We study solutions for an endowment economy, an RBC model and 
a Sudden Stops model with an occasionally binding credit constraint. First-order, second-order, 
risky steady state (RSS), and DynareOBC solutions are compared v. fixed-point-iteration global 
solutions in the time and frequency domains. The solutions differ in key respects, including 
measures of precautionary savings, cyclical moments, impulse response functions, financial 
premia and macro responses to credit constraints, and periodograms of consumption, foreign 
assets and net exports. The global method is easy to implement and fast albeit slower than local 
methods, except DynareOBC which is of comparable speed. These findings favor global methods 
except when prevented by the curse of dimensionality and urge caution when using local 
methods. Of the latter, first-order solutions are preferable because results are very similar to 
second-order and RSS methods.
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∞
∑
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}
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ct = ezt ȳ −A+ bt − qbt+1, 012

3!"*" ezt ȳ .) ),$#!-),.# .%#$&" $* 456 ,!-, 7+#,+-,") -*$+%8 - &"-% ȳ 3.,! )!$#9) zt $: ";<$%"%,.-=
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,!" 8-,-2F
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zt ȳ −A+ bt − qbt+1) = (1 + r)βEt [uc(e
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∞
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)
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s.t. c = ez ȳ −A+ b− qb′, b′ ≥ ϕ.
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]
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!*,&' *,(" :'#*;!'%&' /!/&"*#4 $* 3$&=%# #$/$=(' '&#2=*# (# +2== -.. $" !2' >2("*$*(*$)& (11=$ (*$!"#?

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

@& 2#& *,& #(/& 5(#&=$"&  (=$5'(*$!" (# $" 72'%2 &* (=? DEFFGH4 0,$ , 0(# 5(#&% !" (""2(= %(*( +!'

I&<$ !? J(5=& K =$#*# *,&  (=$5'(*$!" 1('(/&*&'#? J,& J(5=& #,!0# ( #25#&* !+ 1('(/&*&'#  !//!"

*! =! (= ("% 6=!5(= #!=2*$!"#4 (# 0&== (# *,& 1('(/&*&'# *,(* ('& 1('*$ 2=(' *! &( ,4 $" =2%$"6 +!' *,&
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ϕ = −0.51 ("% β = 0.94? J0! 1('(/&*&'# ('& '&>2$'&% *! $%&"*$+3 *,&  (=$5'(*$!"4 5& (2#& 0,$=& *,&
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", "#$ '&.$ 6&(7$ ,- ϕ )! "#$ *&()%+&"),! ,- "#$ 8(,%&( ',(7"),!'0 #$!*$ bdss = −0.519 :#)' )' /,!$

', "#&" %,"# ',(7"),!' #&6$ "#$ '&.$ bdss ;+$*&(( "#&" "#$ /$"$+.)!)'")* '"$&/2 '"&"$ ,- "#$ 8(,%&(
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1
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π(z′, z)6 b′(b, z) '3* )!" *"732)2%3 %5 3") "1,%-)+8  !" $%/'$ (")!%*+ ,-%*./" +%$.)2%3+ 2(,$2"* &9
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"G"3 5%- )!" :;< +%$.)2%3+ &"/'.+" 23 '$$ %5 %.- M.'3)2)')2G" ',,$2/')2%3+ hbb6 hyy '3* hby '-"

3"#$2#2&$9 +('$$8

  

 !" )"-( hσzσzσ
2
z 2+ '$+% 2(,%-)'3)6 &"/'.+" 2) 2+%$')"+ )!" "I"/) %5 23/%("

G'-2'&2$2)9 %3 ("'3 =><8 N) 2+ '3 "+)2(')" %5 )!" '(%.3) %5 ,-"/'.)2%3'-9 +'G23#+ )!') )!" :;<

+%$.)2%3 /',).-"+8 O%-"%G"-6 +23/" )!2+ 2+ )!" %3$9 )"-( )!') 2+  !"#$%$"$%&'() -"$"G'3) %5 )!%+" )!')

*2+)23#.2+! :;< 5-%( D;< +%$.)2%3+6 '3* &%)! %5 )!"+" +%$.)2%3+ !'G" )!" +'(" hb )"-( @'+ +!%C3

&9 F/!(2))HP-%!Q '3* R-2&" @:SSTBB6 )!"+" -"+.$)+ '$+% 2(,$9 )!') )!" :;< '3* D;< +%$.)2%3+

+!%.$* &" G"-9 +2(2$'-6 "1/",) 23 )!"2- 7-+) (%("3)+8

>%- )!" EFF (")!%*6 *" P-%%) @:SDTB +!%C"* )!') 23/%(" G%$')2$2)9 ('))"-+ 5%- *")"-(2323# brss

&"/'.+" )!" /%"K/2"3) %5 G'-2')2%3 %5 /%3+.(,)2%3 @-"$')2G" )% 2)+ -2+J9 +)"'*9 +)')"B 2+ /%3+)'3)6 ') '

$"G"$ )!') *","3*+ %3 β6 r '3* σ8 ! N3).2)2G"$96 )!2+ /',).-"+ ,-"/'.)2%3'-9 +'G23#+ &"/'.+"6 25 23/%("

G'-2'&2$2)9 -2+"+ '3* )!" +!'-"+ %5 23/%(" '$$%/')"* )% +'G23#+ G8 /%3+.(,)2%3 -"('23 .3/!'3#"*6
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 !

hb(ψ, b
∗) =

R+ eb
∗ψ(1− b∗ψ + ψ)−

√

R2 + 2eb∗ψ(b∗ψ + ψ − 1)R+ e2b∗ψ (1− b∗ψ + ψ)2

2eb∗ψ
, :;<

#!(8( R ≡ 1 + r /%) b∗ = bdss 7"8 =>& /%) ?>& "8 brss 7"8 @AA, A$%1( .!( .(82 hbbB hyy /%)
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/ $% .!( 5/ (0$%( 1/0$58/.$"% /%)  "04( 7"8 ρb(ψ, b
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J$3E8( = 6$(0) / U(6 V%)$%39 Q!( 4/0E( "7 ρb $ %(/806 $)(%.$1/0 /18"  ?>& /%) @AA 7"8 /%6

0 ≤ ψ ≤ 0.1B #!$1! $ /% $%.(84/0 .!/. $%10E)( .!( 5/ (0$%( /%) ./83(.() 1/0$58/.$"% 4/0E( /%)

/0 " /00 .!( 4/0E( "7 ηr $2'0$() 56 .!( ψ 4/0E( E () $% .!( '/'(8 0$ .() $% Q/50( =,

 #

 !"#!$ %&'

 !

 !"# $%#&'( )**'"%# +,$ -,(! +&'' )./ *)$(")' 0112

 "

13!4"((56$,!7 )./ 8$"-% 9:;;<= ,-()".%/ #"4"')$ $%#&'(# -> /%$"?".@ (!% ).)'>("3 #,'&(",. ,+ (!% /%3"#",. $&'% ,+

ABC +,$ ). %./,D4%.( %3,.,4> D"(! ',@ &("'"(> )./ &#".@ (!% #()(",.)$"(>5"./&3".@ )##&4*(",. -> D!"3! (!% $)(%

,+ ("4% *$%+%$%.3% /%*%./# ,. )@@$%@)(% 3,.#&4*(",.2

 #

 !% !"@!%#( ψ ". (!% '"(%$)(&$% "# ψ = 2.8 ". 6)$3")5E"33, %( )'2 9:;F;=G )./ D"(! (!%"$ ?)'&% ,+ bdss = −0.007
>"%'/# ηr = −0.01962 B,$ (!% ".(%$?)' 0 ≤ ψ ≤ 0.1 D"(! ,&$ bdss = −0.51 D% ,-()". ). ".(%$?)' ,+ %')#("3"("%#
0 ≥ ηr ≥ −0.0512 H. ,&$ -)#%'".% )./ ()$@%(%/ 3)'"-$)(",.#G ψ = 0.001, 0.0468 D!"3! "4*'"%# ηr = −0.0051,−0.02392

=W



 !" #$%&"' () ψ &'"* +,  !" %+ "-$ &-".  !" /!(+/" () $00-(1+2$ +,3 $-(&,* bdss #4 brss $,* '(%#+,3

5+ ! 678. 978 (- 0$- +$% :;; *("' ,( 2$<" $ *+="-",/"4  !" #$% &#"'()*&#'#" "&#+,'#"& $%-.(

!'/" #% (+0"1 ,-2! ,%1" #!'3 $!'# #!" 4'&".+3" 2'.+41'#+%3 '3( &,'.. /'1+'#+%3& '1%-3( +# $%-.(

51"(+2#6 7" &#'1# #% 3%#+2" ' 3%3*3"8.+8+4." (+0"1"32" %3.) +9 bdss +& ,%1" #!'3 9%1#) 5"12"3#'8"

5%+3#& %9 :;< 4".%$ brss6 =%1"%/"1> &+32" +3 #!" 4'&".+3" '3( #'18"#"( 2'.+41'#+%3& +# +& '.&% #!"

2'&" #!'# #!" #"1,& 1".'#"( #% #!" ?-'(1'#+2 '3( +3#"1'2#+%3 #"1,& %9 #!" @AB ("2+&+%3 1-." %9 b '1"

3"'1.) C"1%> +# 9%..%$& #!'# $" 2'3 "D5"2# #!" @AB '3( EFF &%.-#+%3& #% 51%(-2" &+,+.'1 &"2%3( '3(

!+8!"1*%1("1 ,%,"3#& 9%1 '.. "3(%8"3%-& /'1+'4."&> '& #!" 1"&-.#& 1"5%1#"( 4".%$ $+.. 2%3G1,6

 !

H+8-1" I '.&% &!%$& #!'# ρb &$+#2!"& 91%, ("21"'&+38 #% +321"'&+38 +3 ψ '# ' &-J2+"3#.) !+8!
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#&*240 ρz %& ,!&#$ - .9 =!()%!$ 5QQ !')2!$$: =(#/%')" "$%40)$: 0%40#( 1#!& >?8 )0!& GHI+

D0# "#'*&/ E&/%&4 %" )0!) )0# $*'!$ 1#)0*/" @%)0 )!(4#)#/ '!$% (!)%*&" !(# @*("# )0!& )0#

 !"#$%&# '!$% (!)%*&" !) '!=)2(%&4 =(#'!2)%*&!(: "!<%&4"+ ,!&#$" '. !&/ /. "0*@ )0!) )0# !<#(!4# *3

>?8 %& )0# )!(4#)#/ '!$% (!)%*&" %&'(#!"#" <#(: "$%40)$: ! *<# bdss !" )0# <!(%! %$%): !&/ =#("%")#&'#

*3 %&'*1# (%"#+ R"%&4 ψ = B+6 !&/ B+P9 )0# (#"2$) %" #<#& ")(*&4#(9 @%)0 1#!& >?8  #'*1%&4 %&<!(%!&)

)* %&'*1# <!(%! %$%): !&/ =#("%")#&'#+ S*(#*<#(9 "%&'# )0# )#(1" /#=#&/%&4 *& )0# ;2!/(!)%' !&/

%&)#(!')%*& )#(1" *3 )0# P78 "*$2)%*&" '*&)%&2# )*  # ;2!&)%)!)%<#$: %((#$#<!&)9 )0%" (#"2$) "244#")"

)0!) 2&$#"" ψ %" T#=) <#(: $*@9 )0# 678 "*$2)%*&" !(# &#!($: )0# "!1# !" )0# P78 !&/ 5QQ "*$2)%*&"

%& !$$ /%1#&"%*&"9 #<#& $*&4A(2& !<#(!4#"+ O& !//%)%*&9 )0# P78 !&/ 5QQ "*$2)%*&" !$"*  #'*1#

&#!($: %/#&)%'!$9 "%&'# brss  #'*1#" <#(: "%1%$!( )* bdss+ D02"9 @0%$# '!$% (!)%&4 ψ )* 1!)'0 )0#

=#("%")#&'# *3 >?8 %& )0# GHI "*$2)%*& %1=(*<#" )0# $*'!$ 1#)0*/"U ! %$%): )* 1!)'0 "#'*&/A !&/

0%40#(A*(/#( 1*1#&)"9 %) !$"* (#1*<#" =(#'!2)%*&!(: "!<%&4" !$1*") #&)%(#$: !&/ (#&/#(" )0# P78

!&/ 5QQ "*$2)%*&" ;2!&)%)!)%<#$: '*&"%")#&) @%)0 '#()!%&): #;2%<!$#&'#V

D0# 3!') )0!) =(#'!2)%*&!(: "!<%&4" &#!($: <!&%"0 3(*1 )0# P78 !&/ =!()%!$ 5QQ "*$2)%*&" !" ψ

(%"#" %1=$%#" )0!) )0# )#(1" /(%<%&4 )0# /#<%!)%*&" *3 )0# 2&'*&/%)%*&!$ !<#(!4#" *3 b 3(*1 bdss !(#

<!&%"0%&4 )**+ D* "0#/ $%40) *& @0: )0%" 0!==#&"9 @# 2"# !4!%& )0# /#'%"%*& (2$#" 3*( $*4 2)%$%): !&/

%+%+/+ "0*'T" -)*4#)0#( @%)0 )0# ;2!&)%)!)%<# (#"2$) )0!) )0# ;2!/(!)%' !&/ %&)#(!')%*& )#(1" *3 )0#
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 !" #$%&'($)# *+, ),-%(-(.%,/ '$ ,01+,## '2, &)3$)4('($)*% 5,*)# $6 '2, %$3*% #$%&'($)# *#7

E[b]2OA = bdss + σ2z
hσzσz

2(1− hb)
, E[b]RSS = bdss + σ2z

g2y
2ψ
, 89:/

;2,+, gy (# '2, 3$,<3(,)' $6 '2, %(),*+(=,4 3$)#&51'($) 4,3(#($) +&%, $) ()3$5,> ?, #2$;,4 ,*+%(,+

'2*' hb (# 4,3+,*#()- () ψ 6$+ ψ < 0.5> @,)3,A '2, 4,)$5()*'$+ () '2, +(-2'B2*)4B#(4, $6 .$'2

$6 '2, *.$C, ,01+,##($)# +(#,# ;('2 ψA ;2(32 .+()-# '2, &)3$)4('($)*% *C,+*-, 3%$#,+ '$ bdss> D2,

3$,<3(,)'# hσzσz *)4 gy *%#$ 4,1,)4 $) ψA #$ '2,+, *+, *%#$ ,E,3'# $6 ψ $) 5,*) FG" $1,+*'()-

'2+$&-2 '2,#, 3$,<3(,)'#A .&' '2, H&*)'('*'(C, ,C(4,)3, ()4(3*'()- '2*' 6$+ ψ ≥ 0.047 '2, 5,*)

FG" (# *.$&' '2, #*5, *# bdss ()4(3*',# '2*' '2,#, ,E,3'# *+, ,('2,+ ;$+I()- () '2, #*5, 4(+,3'($)

*# '2$#, $1,+*'()- C(* '2, 4,)$5()*'$+# $6 '2, ,01+,##($)#A $+ '2,J *+, 5$+, '2*) $E#,' .J '2,5>

D2, ,3$)$5(3 ()'&('($) 6$+ '2, *.$C, +,#&%' 6$%%$;# 6+$5 '2, *+-&5,)' .J K325(''BL+$2M *)4

N+(., 8 ::O/ #2$;()- '2*' '2, PQRS 6&)3'($) (# #(5(%*+ '$ * #,'&1 ;('2$&' PQRS .&' ;2,+, *-,)'#

()3&+ * H&*4+*'(3 3$#' (ψ̃/2)(bt+1 − bdss)2 6$+ 4,C(*'()- 6+$5 #',*4JB#'*', .$)4 2$%4()-#> D2, %$-B

%(),*+(=,4 Q&%,+ ,H&*'($)# $6 '2, ';$ 6$+5&%*'($)# .,3$5, ,H&(C*%,)' (6 ;, #,' ψ̃ = ψ/(1+r)> @,)3,A

'2, 5$4,% ;('2 PQRS 3*) ., +,B()',+1+,',4 *# * 5$4,% () ;2(32 *-,)'# *+, 1,)*%(=,4 6$+ 4,C(*'()-

6+$5 bdssA *)4 '2, 3$#' ()3+,*#,# ;('2 ψ> ! T$+,$C,+A '2, 3$#' 2*# C*+(*.%, *)4 U0,4 3$51$),)'#A

#()3, (' 3*) ., 4,3$51$#,4 ()'$ '2,#, ';$ ',+5#7 (ψ̃/2)(bt+1 − 2bdss)bt+1 *)4 (ψ̃/2)bdss> R6 '2,

U0,4 3$#' (# %*+-,+ '2*) '2, .,),U' 4,+(C,4 6+$5 1+,3*&'($)*+J #*C()-#A (' ;$&%4 ., #&.$1'(5*%

'$ *%%$; '2, %$)-B+&) *C,+*-, $6 .$)4# '$ 4,C(*', 6+$5 bdss> D2&#A %$3*% #$%&'($)# &#()- '*+-,',4

3*%(.+*'($)# 2*C, '2, #2$+'3$5()- '2*' ;2(%, '2,J 3*) *11+$0(5*', .,'',+ '2, '+&, C*%&,# $6 #,3$)4B

*)4 2(-2,+B$+4,+ 5$5,)'# .J #,''()- ψ 2(-2 ,)$&-2 '$ 5*'32 '2, '+&, C*%&, $6 ρbA (' $)%J '*I,# *

5$4,#' ()3+,*#, () ψ '$ 5*I, 1+,3*&'($)*+J #*C()-# ),*+%J C*)(#2 *)4 '$ 5*I, 9!"A  !" *)4 SKK

#$%&'($)# *.$&' '2, #*5, () *%% 4(5,)#($)#>

D2, %*#' 1*),% () D*.%, V #2$;# 1,+6$+5*)3, 5,'+(3# $6 '2, *%-$+('25#> "%% #$%&'($)# *+, H&(',

6*#'> D2, LWX #$%&'($) '*I,# OY #,3$)4# .&' '2, %$3*% #$%&'($)# *+, 6*#',+ *' *.$&' 9Z['2 $6 '2*'

'(5, 8#,, '2, D*.%, 6$$')$', 6$+ 4,'*(%# $) '2, #$6';*+, *)4 2*+4;*+, &#,4 () *%% '2, 3$51&'*'($)#/>

!) '2, $'2,+ 2*)4A '2, LWX #$%&'($) (# #(-)(U3*)'%J 5$+, *33&+*',A *# ()4(3*',4 .J '2, #5*%%,+

5*0(5&5 ,++$+ () '2, Q&%,+ ,H&*'($) *)4 '2, 5,*) *)4 5*0(5&5 1,+3,)' 4(E,+,)3,# () 4,3(#($)

+&%,# 6$+ FG" *)4 3$)#&51'($) $6 '2, %$3*% #$%&'($)# C> '2, LWX #$%&'($)> D2, FG" %$3*% 4,3(#($)

+&%,# #2$; *C,+*-, 85*0(5&5/ 4(E,+,)3,# +*)-()- 6+$5 \>V '$ 9 89 >O '$ O\>]/ 1,+3,)'>

 !

 !"# $%&'( )*+ bt+1 < bdss ,bt+1 > bdss- ./01"2 3.4 5*+0 ,/0" 6022- )*+ 7*++*8!1/ ,2.9!1/- 5*+0:
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 ! "#$%&'( )('$*+'( ,%+ -.*+'

 !"#$% & '$()!*%+ !,'#-+% $%+'(.+% /#.01!(.+ 1( 2 (.%3+12.*2$*3*%)!21!(. !.0(,% +4(056 7.0(,%

*8.2,!0+ 2$% +4(9. !. :2.%- ";6  ($ 14% -(02- +(-#1!(.+< :2.%-+ 2;< 0;< 2.* %; =>;< *;< 2.* /;; +4(9

$%+#-1+ /($ 14% >2+%-!.% =12$"%1%*; 02-!>$21!(.6 7. %204 '-(1< 14% ?@A +(-#1!(. !+ +4(9. !. >-#%6

B(.+#,'1!(. 2.* (#1'#1 2$% !. '%$0%.1 *%)!21!(.+ /$(, 14%!$ -(."3$#. ,%2.+< 94!-% C DE?F:

2.* .GE?F: 2$% !. *!H%$%.0%+ $%-21!)% 1( 14%!$ -(."3$#. ,%2.+ =+!.0% $21!(+ 2$% 2-$%2*8 !. '%$0%.1;6

I4% '-(1+ +4(9 .%2$-8 !*%.1!02- !,'#-+% $%+'(.+%+ /($ JKD< LKD 2.* MNN !. %204 02-!>$21!(.

02+%< !. -!.% 9!14 14% $%+#-1+ 1421 14% hb 0(%O0!%.1+ (/ 14% >(.* *%0!+!(. $#-%+ 2$% +!,!-2$ 2.* 14%

P#2*$21!0 2.* !.1%$201!(. 1%$,+ (/ 14% LKD +(-#1!(.+ 2$% )%$8 +,2--6 K. 14% (14%$ 42.*< 14% -(02-

!,'#-+% $%+'(.+%+ 9!14 14% >2+%-!.% 02-!>$21!(. *!H%$ +42$'-8 /$(, 14% ?@A (.%+6 ?@A '$%*!01+ 2

9%25%$ *%0-!.% !. C D =!6%6 -%++ >($$(9!."; 2.* ,#04 /2+1%$ ,%2. $%)%$+!(. 142. 14% -(02- +(-#1!(.+6

D00($*!."-8< 0(.+#,'1!(. /2--+ .%2$-8 19!0% 2+ ,#04 (. !,'201 !. 14% ?@A +(-#1!(.< 2.* 0(.1!.#%+

1( *%0-!.% >%/($% $%0()%$!."< *!+'-28!." 2-+( /2+1%$ ,%2. $%)%$+!(.6 I4%+% *!H%$%.0%+ !. 0(.+#,'1!(.

$%+'(.+%+ 2-+( $%Q%01 +,2--%$ 1$2*% *%R0!1+ (. !,'201 2.* !. 14% R$+1 '%$!(*+ (/ 1$2.+!1!(. 2.* 2

/2+1%$ $%0()%$8 !.1( 1$2*% +#$'-#+%+ 9!14 14% ?@A +(-#1!(.6 @(02- +(-#1!(.+ 9!14 12$"%1%* 02-!>$23

1!(.+ 8!%-* !,'#-+% $%+'(.+%+ 1421 2''$(G!,21% >%11%$ 14% ?@A +(-#1!(.+< >#1 +1!-- +4(9 .(1!0%2>-%

*!+0$%'2.0!%+6 7. '2$1!0#-2$< 14% -(02- +(-#1!(.+ .(9 ()%$%+1!,21% 14% /2-- !. 0(.+#,'1!(. (. !,'2016

/! 0$( -)1& /(+'.-2 1+1&2'.'

S% 0(,'2$% .%G1 .(.'2$2,%1$!0 +2,'-% '%$!(*("$2,+ (/ 14% )2$!(#+ +(-#1!(.+6 I4% "(2- !+ 1(

*%1%$,!.% 94%14%$ !. 2**!1!(. 1( 14% *!H%$%.0%+ !. 1!,%3+%$!%+ '$('%$1!%+< 14% ,%14(*+ *!H%$ !. 14%!$

'$%*!01!(.+ 2>(#1 14% $%-%)2.0% (/ Q#01#21!(.+ 21 *!H%$%.1 /$%P#%.0!%+ /($ ()%$2-- )2$!2>!-!186

 !"#$% T +4(9+ '%$!(*("$2,+ /($+!,#-21%* *212 (/ b< c 2.* nx 0($$%+'(.*!." 1( 2 ,#-1!)2$!21%

+'%01$#, #+!." 2 A2$1-%11 9!.*(9 9!14 14% +,((14!." '2$2,%1%$ +%1 1( JUU6

  

I4%+% '%$!(*("$2,+

2$% 0(,'#1%* >2+%* (. -(." 1!,%3+%$!%+ +!,#-21!(.+ !.0-#*!." TVUU '%$!(*+6 I4% 832G!+ +4(9+ 14%

'('#-21!(. +'%01$#,< 14% G32G!+ +4(9+ 14% /$%P#%.08 !. 8%2$+< 2.* 14% )%$1!02- -!.%+ !+(-21% 14%

>#+!.%++ 080-% /$%P#%.086 I4% '2.%-+ (. 14% -%/1 =$!"41; 2$% /($ 14% >2+%-!.% =12$"%1%*; 02-!>$21!(.+6

D+ !. 14% '$%)!(#+ 042$1+< 14% '-(1+ /($ 14% ?@A +(-#1!(. 2$% !*%.1!02- !. >(14 +%1+ (/ '-(1+< >%02#+%

14% "-(>2- +(-#1!(. 42+ 2 +!."-% 02-!>$21!(.6 7. 2**!1!(.< 2+ 9!14 14% 1!,%3+%$!%+ $%+#-1+< 14% +'%01$2-

*%.+!18 /#.01!(.+ 2$% .%2$-8 !*%.1!02- /($ LKD 2.* MNN ,%14(*+< >%02#+% 14% -(02- *%0!+!(. $#-%+

42)% +!,!-2$ hb 1%$,+ 2.* 14% P#2*$21!0 2.* !.1%$201!(. 1%$,+ (/ 14% LKD +(-#1!(.+ 2$% !$$%-%)2.16

  

 ! "#$$#% &'()$*#+,-../0 )+ 1!**)+2 *3! 4'$5! #" *3! 1(##*3)+2 6'7'(!*!78 93! 7!15$*1 "#7 6'7'(!*7): !1*)('*!1

#" *3! 16!:*7'$ ;!+1)*)!1 '7! 2!+!7'$$< 1(##*3!7 =5* 13#% 1)()$'7 6'**!7+1 '1 *3#1! #" *3! +#+6'7'(!*7): !1*)('*!18

  



 !! "#$ %$&'()(*&+,- +&$ *$.$&+!!/ )(0.0+&) -!(%'.* 1$2+3-$ "#$ $43'!'1&'3, -"(2#+-"'2 %&(5

2$--$- +&$ -','!+& "(  6789 %&(2$--$-: ;$.2$< "#$ 2(."&'13"'(. (= !(0$& =&$43$.2'$- "( "#$ >+&'+.2$- (=

"#$ >+&'+1!$- $?2$$)- "#+" (= 13-'.$-- 2/2!$ +.) !(0$& =&$43$.2'$-: @#$ &$-3!"- -#(0< #(0$>$&< "#+"

"#$ !(2+! ,$"#()- 3.)$& "#$ 1+-$!'.$ 2+!'1&+"'(. (>$&$-"',+"$ "#$ 2(."&'13"'(. (= !(0 =&$43$.2/

,(>$,$."- "( "#$ "("+! >+&'+.2$ (= +!! "#&$$ -$&'$-< 0#'2# '- 2(.-'-"$." 0'"# "#$'& -!(0$& ,$+.5

&$>$&-'(. +.) #'*#$& >+!3$- (= ρb &$!+"'>$ "( "#$ ABC -(!3"'(.: D(&$(>$&< 0#'!$ "#$ 2(."&'13"'(.

(= E32"3+"'(.- +" "#$ 13-'.$-- 2/2!$ =&$43$.2/ (& #'*#$& =(& "#$ >+&'+1'!'"/ (= b '- -!'*#"!/ #'*#$&

0'"# "#$ !(2+! -(!3"'(.- "#+. '. "#$ ABC -(!3"'(.< =(& nx "#$ !(2+! ,$"#()- (>$&$-"',+"$ '" +.) =(&

c "#$/ 3.)$&$-"',+"$ '": F. %+&"'23!+&< "#$ !(2+! ,$"#()- 3.)$&$-"',+"$ -'*.'G2+."!/ "#$ =&+2"'(.

(= 2(.-3,%"'(. E32"3+"'(.- $?%!+'.$) 1/ 13-'.$-- 2/2!$ +.) #'*#$& =&$43$.2'$- +.) 3.)$&5%&$)'2"

-'*.'G2+."!/ "#$ 2(."&'13"'(. (= !(0 =&$43$.2'$-:

H(& "+&*$"$) 2+!'1&+"'(.-< "#$ %$&'()(*&+,- (= b +&$ .$+&!/ "#$ -+,$ '. "#$ ABC +.) !(2+!

-(!3"'(.- +!,(-" 1/ 2(.-"&32"'(.< 1$2+3-$ "#$ "+&*$"$) 2+!'1&+"'(.- +&$ 13'!" "( ,+"2# "#$  6789

2($I2'$." (= "#$ ABC -(!3"'(.: ;(0$>$&< "#$ %$&'()(*&+,- (= c +.) nx =(& "#$ !(2+! -(!3"'(.-

-"'!! )'J$& -#+&%!/ =&(, "#$ ABC (.$-: @#$/ -"'!! 3.)$&$-"',+"$ -'*.'G2+."!/ "#$ 2(."&'13"'(. (=

2(.-3,%"'(. E32"3+"'(.- +" 13-'.$-- 2/2!$ +.) #'*#$& =&$43$.2'$- "( (>$&+!! 2(.-3,%"'(. >+&'+.2$:

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

K$ $?+,'.$ .$?" "#$ $J$2"- (= +))'.* '."$&$-"5&+"$ -#(2L-: K$ )( "#'- =(& "0( &$+-(.-: H'&-"<

1$2+3-$ M(3&)+2'$& $" +!: 7NO889 +.) )$ A&((" 7NO8P9 -#(0$) "#+" '."$&$-"5&+"$ -#(2L- %!+/ +.

',%(&"+." &(!$ '. "#$ 43+."'"+"'>$ %$&=(&,+.2$ (= "#$ 6QQ ,$"#()< +.) -$2(.) "( =+2'!'"+"$ 2(,5

%+&'-(.- (= "#$ $.)(0,$." ,()$! &$-3!"- 0'"# "#(-$ (= "#$ 6CM ,()$!< 0#'2# +!-( #+- '."$&$-"5&+"$

-#(2L-: @#$ *&(-- &$+! '."$&$-" &+"$ '- .(0 )$G.$) +-R Rt = ez
R
t R̄< 0#$&$ zRt '- + -#(2L 0'"#

$?%(.$."'+! -3%%(&" +.) R̄ '- "#$ ,$+. '."$&$-" &+"$:

@#$ "0( -#(2L- =(!!(0 + )'+*(.+! S 6 &$%&$-$."+"'(.R





zt

zRt



 =





ρz 0

0 ρzR



 ·





zt−1

zRt−1



+





εzt

εRt



 , Σ =





σ2εz σεz ,εR

σεz ,εR σ2
εR



 . 7889

0#$&$ Σ '- "#$ >+&'+.2$52(>+&'+.2$ ,+"&'? (= "#$ '..(>+"'(.-: T("$ "#+" '= "#$ >+&'+.2$ (= '."$&$-"5

&+"$ -#(2L- '- U$&(< "#$ $.)(0,$." -#(2L %&(2$-- '- ')$."'2+! "( "#$ (.$ 3-$) $+&!'$& '. "#'- Q$2"'(.:

@#$ >+!3$ (= ρz '- "#$ -+,$ O:VWX (= "#$ (&'*'.+! 2+!'1&+"'(.: K$ ,'.','U$ "#$ -'U$ (= "#$ -"+"$

-%+2$ '. "#$ ABC -(!3"'(. 1/ 3-'.* + D+&L(> 2#+'. =(& "0( -#(2L- )$G.$) 1/ "#$ Q',%!$ Y$&-'-"$.2$
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 !"#$ %&'(& ')*+,#, -&# ,.)# .!-+(+//#".-'+0 +0 1+-& ,&+(2,3 4#0(#$ %# ,#- ρzR = 0.5973 ! 5&#

6."!# +7 σ2εz ', ,#- .- 838889:$ ,+ -&.- ;'6#0 ρz %# +1-.'0 . ,-.0<./< <#6'.-'+0 +7 -&# #0<+%)#0-

'0(+)# +7 σz =
√

σ2εz/(1− ρ2z) = 0.0327$ %&'(& ', -&# 6."!# 7/+) -&# =#>'(.0 <.-. '0 -&# +/';'0."

(."'1/.-'+03 ?+/ -&# -#/), -&.- '06+"6# -&# '0-#/#,-@/.-# */+(#,,$ %# ,+"6# -&# )+<#" %'-& 6."!#, +7

σ2
εR
.0< σεz ,εR ,!(& -&.- σzR -.2#, 6."!#, /.0;'0; 7/+) 8 -+ A3B *#/(#0- .0< -&# (+//#".-'+0 1#-%##0

#0<+%)#0- '0(+)# .0< -&# '0-#/#,- /.-# ', ρz,zR = −0.669$ %&'(& ).-(&#, -&# (+//#".-'+0 +7 -&#

'0-#/#,- /.-# %'-& 5?C '0 =#0<+D. EA8F8G$ .0< ', .",+ -&# 6."!# %# !,# '0 -&# (."'1/.-'+0 +7 -&#

 HI )+<#" '0 -&# 0#>- J#(-'+03 5&# 6."!#, +7 σεz ,εR .0< σ
2
εR
(&.0;# ., %# (&.0;# σzR $ .0< -&#K

./# ;'6#0 1KL σεz ,εR = (1− ρzρzR)ρz,zRσzσzR .0< σ
2
εR

= σ2
zR
/(1− ρ2

zR
)3

5&# J')*"# C#/,',-#0(# =./2+6 (&.'0 ', <#M0#< 1K . ,#- +7 *.'/, +7 /#."'D.-'+0, +7 -&# ,&+(2,

(z, zR) .0< . ).-/'> π +7 -/.0,'-'+0 */+1.1'"'-'#, +7 )+6'0; 7/+) .0K /#."'D.-'+0 *.'/ -+ .0K +-&#/

*.'/ '0 +0# *#/'+<3 N.(& ,&+(2 &., -%+ /#."'D.-'+0, #O!." -+ *"!,P)'0!, +0#@,-.0<./< <#6'.-'+0 +7

#.(& ,&+(2 Ez1 = −z2 = 0.0327, zR1 = −zR2 = σzR $ %'-& σzR /.0;'0; 7/+) 8 -+ A3B *#/(#0-G3 5&#

J')*"# C#/,',-#0(# /!"# */+<!(#, . Q>Q ).-/'> π %'-& #"#)#0-, <#M0#< 1K . 7+/)!". ,!(& -&.- -&#

,-.0<./< <#6'.-'+0, +7 -&# ,&+(2, ).-(& -&# /#."'D.-'+0 6."!#,$ .0< -&# !0(+0<'-'+0." (+//#".-'+0

.0< .!-+(+//#".-'+0, +7 -&# ,&+(2, ).-(& -&# 6."!#, ,#- '0 -&# (."'1/.-'+03

R'-& '0-#/#,-@/.-# ,&+(2,$ . %#""@<#M0#< "')'-'0; <',-/'1!-'+0 +7 S?T /#O!'/#, βR̄ < 1$ +-&#/@

%',# βtΠtj=1Rj <'6#/;#, -+ '0M0'-K E,## I&.)1#/".'0 .0< R'",+0 EA888GG3 U0 .<<'-'+0$ -&#/# ./#

/#."'D.-'+0,$ .0< &#0(# &',-+/'#, +7 /#."'D.-'+0,$ %'-& Rt "+%#/ E&';&#/G -&.0 R̄ 7+/ ).0K *#/'+<,$

%&'(& ')*"K )!(& %#.2#/ E,-/+0;#/G */#(.!-'+0./K ,.6'0;, '0(#0-'6#, -&.0 %'-& . (+0,-.0- '0-#/#,-

/.-# ,#- .- R̄3 5&', ', #.,'#/ -+ ,## 7+/ &',-+/'#, +7 /#."'D.-'+0, %'-& βRt > 1$ 1#(.!,# -&#K */+<!(#

#O!'"'1/'!) ,!1,#O!#0(#, %&#/# bt+1 (.0 ;/+% 6#/K "./;#$ ,'0(# -&#/# ', 0+ */+@1+//+%'0; #V#(- <!#

-+ βRt < 1 +V,#--'0; -&# */#(.!-'+0./K ,.6'0;, '0(#0-'6#3 " T- ,+)# *+'0-$ #.(& +7 -&#,# &',-+/'#,

,&'7-, -+ &',-+/'#, +7 '0-#/#,-@/.-# /#."'D.-'+0, %'-& ,!W('#0-"K "+% Rt -+ '0<!(# )#.0@/#6#/,'+0 '0

S?T3 S+-# .",+ -&.- -&# SXY ', 0+% (+)*!-#< %'-& -&# &';&#,- /#."'D.-'+0 +7 Rt − 1$ ,+ '- %'"" 1#

-';&-#/ -&.0 %&#0 (+)*!-#< %'-& R̄ − 13 5&#,# #V#(-, ./# .- %+/2 +0"K '0 -&# ZYH ,+"!-'+0$ 0+-

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

#(+0+)K 7./ 7/+) '-, "+0;@/!0 .6#/.;# .0< -&# <#-#/)'0',-'( ,-#.<K ,-.-#3

R&#0 !,'0; -&# XNU 7!0(-'+0$ -&# '0-#/#,- /.-# ', )+<'M#< ,+ -&.- '0-#/#,-@/.-# ,&+(2, &'- +0"K

 !

 !"# "# $%&#'(&)*% )%+&,#% "( -!% .%/"+&( 0&-& ρz &(0 ρzR &$% 12345 &(0 123567 $%#8%+-"9%*: ;#%% .%(0'<& ;61=1>>2
 "

?%0,+"(@ R̄ A%%8"(@ σzR +'(#-&(- &++%(-,&-%# -!%#% %B%+-#7 )%+&,#% !"#-'$"%# C"-! %9%( *&$@%$ @&8# )%-C%%( β
&(0 Rt &$% 8'##")*% &(0 C"-! !"@!%$ 8$')&)"*"-:2

AQ



 !" #$%&' () "%"* %+ " ,$-.$)") / )$  !" .%"-(0- '%(1") 23 * "+'3 * + " '"1(+ ($)* $4 bt+15

1 + rt = ez
r
t R̄+ ψ

[

eb
dss

−bt+1 − 1
]

6789

:+2&" ; *!$#* *$-" $4  !" <"3 -$-") * .%$'0,"' 23  !" '(="%") *$&0 ($) -" !$'* 0)'"%

2+*"&()" +)'  +%>" "' ,+&(2%+ ($)* +* σzR %(*"* 4%$- ?  $ 8@A ."%,") @ :!" 2+*"&()" +)'  +%>" "'

,+&(2%+ ($)* *!$#) () :+2&" B +%" &"4 0),!+)>"'@ C$%  !" DEF *$&0 ($)/ #" *!$# %"*0& * #( ! 2$ !

 !" ,+&(2%+ "' +'G!$, '"2 &(-( 6ϕ = −0.519 +)'  !" HIE/ #( !  !" +(- $4 ,$-.+%()>  !" %$&"*

 !+  !" +'G!$, '"2 &(-( +)' () "%"* G%+ " *!$,<* .&+3 () ()'0,()> !(>!"% -"+) HCJ $0 ,$-"*/

+)' #( !  !" *(-(&+% "=", $4 () "%"* G%+ " *!$,<* () &$,+& *$&0 ($)*@

K$-.+%()>  !" DEF *$&0 ($) #( !  !" *$&0 ($)* 0)'"%  !" 2+*"&()" ,+&(2%+ ($) 4$% .+% (+& LMM

+)' 8NJ/ #" O)'  !+ (),%"+*()> σzR 4%$- ?  $ 8@A ."%,") !+* + -0,! * %$)>"% "=", $) -"+)

HCJ ()  !" &$,+& *$&0 ($)*  !+) ()  !" DEF *$&0 ($)@ P)  !" 4$%-"%/ E(b/y) (),%"+*"* 23 7Q? 67?R9

."%,") +>" .$() * $4 DIS 4$%  !" .+% (+& LMM 68NJ9 *$&0 ($)/ +)' +, 0+&&3  0%)* 4%$- )">+ (1"  $

.$*( (1"/ #!(&" () DEF ( (),%"+*"* 23 T0* +2$0 B ."%,") +>" .$() * $4 DIS@ H$ (," +&*$  !+  !"

+2(&( 3 $4  !" .+% (+& LMM 1@  !" 8NJ *$&0 ($)*  $ >")"%+ " .%",+0 ($)+%3 *+1()>* ,!+)>"* +*  !"

1+%(+2(&( 3 $4  !" () "%"* %+ " %(*"*@ U( ! &$# $% )$ () "%"* G%+ " 1+%(+2(&( 3/ 8NJ >")"%+ "* *(>)(4G

(,+) &3 -$%" .%",+0 ($)+%3 *+1()>* 6E(b/y) = −0.285 1@ −0.4519/ 20 4$% () "%"* G%+ " 1+%(+2(&( 3

$4 8@A ."%,")  !" $..$*( " (*  %0" 6E(b/y) = 0.806 1@ 0.9429@ E+%>"% () "%"* G%+ " *!$,<* +&*$ +& "%

 !" %"*0&  !+  !" 2+*"&()" LMM +)' 8NJ *$&0 ($)* !+1" *(-(&+% *",$)'G +)' !(>!"%G$%'"% -$-") *@

:!" +2$1" O)'()>* *0>>"*  !+ () "%"* G%+ " *!$,<* ()  !" .+% (+& LMM *$&0 ($)* #( ! 2+*"&()" ψ

,$0&' 2" !"&.40& 4$% -+ ,!()> -"+) HCJ/ .&+3()>  !" %$&" $4 HIE ()  !" >&$2+& *$&0 ($) ,+&(2%+ ($)@

:!(* * %+ ">3 4+(&*/ !$#"1"%/ 2",+0*" ,$)*0-. ($) V0, 0+ "*  $$ -0,! () +&&  !" *,")+%($* 4$%

.+% (+& LMM +)' 8?J *$&0 ($)*@ J&&  !" &$,+& *$&0 ($)* *!$#) () :+2&" ; $1"%"* (-+ "  !" 1+%(+2(&( 3

$4 ,$)*0-. ($) ()  !" DEF *$&0 ($)* 23 %+ ($* %+)>()> 4%$- 7@?Q 64$% .+% (+& LMM #( !  +%>" "' ψ

+)' σzR = 0.5%9  $ Q@?7 64$% .+% (+& LMM #( ! 2+*"&()" ψ +)' σzR = 2.5%9@

K$-.+%()> )$# DEF *$&0 ($)* 1@ &$,+& *$&0 ($)* #( !  +%>" "' ,+&(2%+ ($)*/ #" O)'  !+  !"

+'T0* -") G,$* G&(<" "=", $4 !(>!"% ψ 2%()>()> -"+) HCJ ,&$*"  $  !" '" "%-()(* (, * "+'3 * + "

* (&& '$-()+ "*@ :!" &$,+& *$&0 ($)* 3("&' *-+&& (),%"+*"* () E(b/y) $4 +2$0 7@W ."%,") +>" .$() *

6#( ! σzR < 1.5%  !"%" (* +&-$* )$ ,!+)>"9 +)' *",$)'G +)' !(>!"%G$%'"% -$-") * 4$% LMM +)'

8NJ +%" +>+() 1"%3 *(-(&+%@ X"),"/  !" %"*0&  !+ !(>!"% ψ 1+&0"* )"0 %+&(Y" .%",+0 ($)+%3 *+1()>*

+)' 3("&' 1"%3 *(-(&+% 7NJ/ 8NJ +)' LMM *$&0 ($)* (* %$20*  $ +''()> () "%"* G%+ " *!$,<*@

8A



 !"#$ % !#&' &(')& *(!* +,## !-. /!0*1!# 2"!&$#1-$3 455 &'#,*1'-& .' -'* 61$#. &171#!0 &$8'-.9 !-.

(1:($09'0.$0 7'7$-*& '-8$ 1-*$0$&*90!*$ &('8;& !0$ !..$.<  ($ +,## 455 &'#,*1'- :$-$0!*$& &(!0/#6

(1:($0 =!01!"1#1*6 1- 8'-&,7/*1'- !-. >?@A (1:($0 !,*'8'00$#!*1'-& 1- -$* $B/'0*&A !-. =$06 #')

=!#,$& '+ E(b/y)< C- +!8*A +,## 455 1& 8#'&$0 *' *($ DEF &'#,*1'- *(!* 0$/#!8$& *($ !.9('8 .$"* #171*

)1*( *($ >GE *(!- *' *($ "!&$#1-$ '0 *!0:$*$. /!0*1!# 455 &'#,*1'-&<  ($ +,## 455 &'#,*1'- !-. *($

DEF &'#,*1'- )1*( *($ >GE (!=$A (')$=$0A *($ 7!H'0 &('0*8'71-: *(!* *($6 /0'.,8$ ,-0$!&'-!"#6

#!0:$ -$* .$"* /'&1*1'-& '+ I *' JJ *17$& *($ 1-8'7$ '+ *($ $8'-'76K L'0$'=$0A +'0 -$* 1-*$0$&*

0!*$& H,&* ! -'*8( "$#') *($ 0!*$ '+ *17$ /0$+$0$-8$ 20.06383A *($ +,## 455 7$*('. !#)!6& :$-$0!*$&

7,8( #')$0 =!#,$& '+ E(b/y) *(!- *($ :#'"!# &'#,*1'-& )1*( $1*($0 !.9('8 '0 -!*,0!# .$"* #171*&<

@* #') 1-*$0$&* 0!*$&A *($ 455 &'#,*1'- =1'#!*$& *($ >GE =$06 '+*$- 2$<:<A +'0 R̄ = 1.01A >GE 1&

−68.44 )(1#$ *($  !"# $" >?@ '+ *($ +,## 455 &'#,*1'- 1& −69.623< M$-8$A +,## 455 /$0+'07& /''0#6

1- :$-$0!# !* !//0'B17!*1-: !88,0!*$#6 *($ #'-:90,- !=$0!:$ '+ >?@A $=$- 1+ )$ 0$7'=$ *($ !.9('8

.$"* #171* +0'7 *($ DEF &'#,*1'-<

5,771-: ,/A *($ $-.')7$-* 7'.$# !-!#6&1& 61$#.& +',0 ;$6 N-.1-:&O ?10&*A #'8!# &'#,*1'-& +'0

"!&$#1-$ 8!#1"0!*1'-& /$0+'07 /''0#6 1- &$=$0!# ;$6 .17$-&1'-&A &,8( !& *($ 7$!- '+ -$* +'0$1:-

!&&$*&A *($ 868#18!# 7'7$-*& '+ 8'-&,7/*1'- !-. -$* $B/'0*&A *($ 17/,#&$ 0$&/'-&$ +,-8*1'-& *'

1-8'7$ &('8;&A !-. *($ 8(!0!8*$01&*18& '+ &/$8*0!# .$-&1*6 +,-8*1'-&< 5$8'-.A *!0:$*$. 8!#1"0!*1'-&

/$0+'07 "$**$0A ",* *($6 !0$ &*1## ,-!"#$ *' 7!*8( &'7$ ;$6 +$!*,0$& '+ *($ :#'"!# &'#,*1'-&A !-.

1- '0.$0 *' 8'-&*0,8* *($7 '-$ -$$.& *($ $B!8* =!#,$ '+ ρb +0'7 *($ :#'"!# &'#,*1'- *' 8!#1"0!*$

ψ< L'0$'=$0A *($ 17/#1$. =!#,$& '+ ψ 2P<PQ%R +'0 "'*( *($ ST@ !-. 455 &'#,*1'-&3 !0$ 7,8(

(1:($0 *(!- *($ P<PPJ "!&$#1-$ =!#,$ ,&$. *' ;$$/ *($ GUC4 +,-8*1'- 1-$&&$-*1!# !-. 17/#6 7,8(

(1:($0 1-*$0$&*90!*$ $#!&*181*1$&<  ($&$ (1:( ψ =!#,$& !#&' 7!;$ 7'=1-: >?@ +0'7 1*& &*$!.6 &*!*$

*'' 8'&*#6A *($0$"6 8!,&1-: /0$8!,*1'-!06 &!=1-:& *' =!-1&(<  (10.A *($ *!0:$*$. 8!#1"0!*1'-& !#&'

,-.$0/$0+'07 &1:-1N8!-*#6 !* 8!/*,01-: *($ $V$8*& '+ /!0!7$*$0 =!01!*1'-&A /!0*18,#!0#6 *('&$ *(!*

!V$8* *($ /0$8!,*1'-!06 &!=1-:& 7'*1=$< C- '0.$0 *' ;$$/ *!0:$*$. 8!#1"0!*1'-& 8#'&$ *' *($ :#'"!#

&'#,*1'-&A ψ -$$.& *' "$ 0$8!#1"0!*$. *' 7!*8( *($ !,*'8'00$#!*1'- '+ >?@ '+ $!8( :#'"!# &'#,*1'-A

)(18( 7!;$& *!0:$*$. 8!#1"0!*1'-& 17/0!8*18!#< ?',0*(A !## *($ #'8!# 7$*('.& 2JT@A ST@ !-.

/!0*1!# 4553 61$#. &171#!0 &'#,*1'-&A "$8!,&$ &$8'-.9'0.$0 *$07& '+ *($ .$81&1'- 0,#$&A '*($0 *(!-

*($ =!01!-8$ *$07A !0$ W,!-*1*!*1=$#6 &7!## !-. *($ .$*$071-1&*18 !-. 01&;6 &*$!.6 &*!*$& !0$ -'*

&,X81$-*#6 .1V$0$-*< ?'0 ψ = 0.001 '-#6 *($ N0&* 7'7$-*& .1V$0A )(1#$ +'0 ψ = 0.047 '0 (1:($0

$=$- *($ N0&* 7'7$-*& !0$ &171#!0<  ($&$ 0$&,#*& !0$ #!0:$#6 0'",&* *' *($ !..1*1'- '+ 1-*$0$&*90!*$

&('8;&A $B8$/* *(!* #'8!# &'#,*1'-& )1*( ψ = 0.001 8!- :$-$0!*$ &1Y!"#$ /0$8!,*1'-!06 &!=1-:& $V$8*&

S%



 ! "#$%&%!$'& $% ( &" )"*"$+ &"!%!, -.&%.(%&/ 0%  *!. 1.2#3 $4 $ 1.& $4% ) !%*"#% ψ ( *2% $4% 12**  #3

5 &$" * 677 !.*2$".#! +"%*3 !"8"* & !%9.#3'  #3 4":4%&'.&3%& 8.8%#$! 0"$4.2$ "#$%&%!$'& $% !4.9;!/

)2$ #.$ 04%# $4%!% !4.9;!  &% 5&%!%#$/  #3 $4% 12** 677  *0 +! +"%*3! %<9%!!"(%*+ * &:%  (%& :% #%$

3%)$'"#9.8% & $".! =* &:%& $4 # >?@ !.*2$".#! 9.#!$& "#%3 .#*+ )+ $4% # $2& * 3%)$ *"8"$A,

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

B% 9.85 &% #%<$ *.9 *  #3 :*.) * !.*2$".#! 1.&  0.&;4.&!% 6@C 8.3%* ) !%3 .# $4.!% 5&.5.!%3

)+ D%28%+%&  #3 E%&&" =FGGHA/ I&")%  #3 J2% =FGGKA  #3 -%#3.L =FGMGA,

 !" #$%&' ()*+,)+*& -.% &/+0'01*0+2

N! "# -%#3.L =FGMGA/ 0% 94 & 9$%&"L% $4% 8.3%*O! 9.85%$"$"(% %P2"*")&"28  ! $4% !.*2$".# $.  

&%5&%!%#$ $"(% Q&8'4.2!%4.*3 5&.)*%8 $4 $ "!  ;"# $.  5* ##%&O! 5&.)*%8/ %<9%5$ $4 $ $4% 0 :%

& $% wt %#$%&"#: "# $4% 9 *92* $".# .1 0.&;"#: 9 5"$ * "! $ ;%#  ! :"(%# )+ $4% &%5&%!%#$ $"(%  :%#$

 #3 !%$ $. ! $"!1+ $4% %P2"*")&"28 9.#3"$".# $4 $ %P2 $%! wt 0"$4 $4% 8 &:"# * 3"!2$"*"$+ .1 * ).&,

R4% %9.#.8+ 5&.329%! :&.!! .2$52$ 2!"#:  C.))'S.2:* ! $%94#.*.:+ $4 $ &%P2"&%! 9 5"$ */ kt/

* ).&/ Lt/  #3 "85.&$%3 "#52$!/ υtT

exp(εAt )F (kt, Lt, υt) = exp(εAt )k
γ
t L

α
t υ

η
t , 0 ≤ α, γ, η ≤ 1, α+ γ + η = 1, εAt > 0. =MUA

>&.!! .2$52$ "!  $& 3 )*% :..3 !.*3  $  0.&*3'3%$%&8"#%3 5&"9% 04"94 "! $4% #28%& "&%  #3 "!

 !!28%3 $. )% 9.#!$ #$  #3 %P2 * $. M, R4% 5&"9% .1 "85.&$%3 "#52$! "!  *!. 3%$%&8"#%3 "# 0.&*3

8 &;%$!/ 0"$4 $4% &%* $"(% 5&"9% .1 $4%!% "#52$! "# $%&8! .1 $& 3 )*% :..3! :"(%# )+ pt = p exp(εPt )/

04%&% p "! $4% 8% # 5&"9%  #3 εPt "!  $%&8!'.1'$& 3% !4.9;, R4%&%  &%  *!. RVE !4.9;!/ εAt /  #3

"#$%&%!$ & $% !4.9;! εRt ,

N !$ #3 &3 0.&;"#: 9 5"$ * 9.#!$& "#$ &%P2"&%!  1& 9$".# φ .1 $4% 9.!$ .1 Lt  #3 υt $. )% 5 "3 "#

 3( #9% .1 ! *%!, B.&;"#: 9 5"$ * *. #!  &% .)$ "#%3 1&.8 1.&%":# *%#3%&!  $ $4% )%:"##"#: .1 % 94

5%&".3  #3 &%5 "3  $ $4% %#3/ !. $4 $ $4% Q# #9"#: 9.!$ .1 $4%!% *. #! "! $4% #%$ "#$%&%!$ & $% Rt−1,

C 5"$ * "! 9.!$*+ $.  3W2!$/ 0"$4  3W2!$8%#$ 9.!$! 5%& 2#"$ .1 #%$ "#(%!$8%#$ =kt+1 − ktA 3%'

$%&8"#%3 )+ $4% 12#9$".# Ψ(kt+1−kt
kt

) = a
2

(

kt+1−kt
kt

)

/ 0"$4 a ≥ 0, R4"! 12#9$".# * 1.&8 ! $"!Q%!

X + !4"O! 9.#3"$".#! !. $4 $ $4%  (%& :%  #3 8 &:"# * ( *2%! .1 R.)"#O! Y  &% %P2 *  $ %P2"*")&"28,

FZ



 !" #"$#"%"&'(')*" +#,-!./%"!.01 2!..%"% [ct, Lt, it, υt, bt+1, kt+1]
∞

t=0 %. (% '. ,(3),)4"5

E0











∞
∑

t=0

βt

(

ct −
Lω
t

ω

)1−σ

1− σ











, 6789

%/:;"2' '. '!)% :/1<"' 2.&%'#()&'5

ct(1 + τ) + it = exp(εAt )F (kt, Lt, υt)− ptυt − φ(Rt − 1)(wtLt + ptυt)− qtbt+1 + bt, 67=9

>)'! wt %"' '. %(')%?@ '!" 0(:.# %/$$0@ 2.&1)').& wt = L̄ω−1
t A (&1 L̄t 1"&.')&< '!" (<<#"<('" 0(:.#

(00.2(').& '(B"& (% <)*"& :@ '!" (<"&'C  !" .&0@ +&(&2)(0 (%%"' (*()0(:0" )% ( &.&-%'('"-2.&')&<"&'

1)%2./&' :.&1 '#(1"1 )& >.#01 ,(#B"'% (' $#)2" qtC  !" 0"?'-!(&1-%)1" .? '!" #"%./#2" 2.&%'#()&'

)% '!" %/, .? 2.&%/,$').&A )&20/%)*" .? (& (1-*(0.#", '(3 τ >!)2! >)00 :" /%"1 '. 2(0):#('" '!"

#('). .? <.*"#&,"&' "3$"&1)'/#"% '. DEFA $0/% <#.%% )&*"%',"&'A itA >!"#" it = δkt + (kt+1 −

kt)
[

1 + Ψ
(

kt+1−kt
kt

)]

(&1 δ 1"&.'"% '!" 1"$#"2)(').& #('" .? $!@%)2(0 2($)'(0C  !" #)<!'-!(&1-%)1"

"G/(0% '.'(0 %/$$0@A >!)2! 2.&%)%'% .? DEF 6<#.%% ./'$/' ,)&/% '!" 2.%' .? )&'"#,"1)('" <..1%A

exp(εAt F (kt, L − t, υt) − ptυt9 &"' .? ?.#")<& )&'"#"%' $(@,"&'% .& >.#B)&< 2($)'(0 0.(&% 6φ(Rt −

1)(wtLt+ ptυt)9 ,)&/% 6$0/%9 &"' #"%./#2"% 0"&' 6:.##.>"19 (:#.(1 6qtbt+1− bt9C  !" '#(1" :(0(&2"

)% '!"#"?.#" qtbt+1 − bt + φ(Rt − 1)(wtLt + ptυt) = GDPt − ct(1 + τ)− it

 !" 2.,$"')')*" "G/)0):#)/, )% 1"+&"1 :@ %'.2!(%')2 %"G/"&2"% .? (00.2(').&% [ct, Lt, kt+1, bt+1, υt, it]
∞

0

(&1 $#)2"% [wt]
∞

0 %/2! '!(' 6(9 '!" #"$#"%"&'(')*" +#,-!./%"!.01 %.0*"% )'% .$'),)4(').& $#.:0",

'(B)&< (% <)*"& '!" >(<" #('" (&1 '!" )&)')(0 2.&1)').&% (k0, b0)A 6:9 >(<"% %(')%?@ wt = L̄ω−1
t A (&1

629 '!" 0(:.# ,(#B"' 20"(#%5 L̄t = LtC

H" %.0*" '!)% ,.1"0 /%)&< '!" %(," ,"'!.1% (% )& '!" $#"*)./% I"2').&A "3'"&1"1 '. )&20/1"

'!" 2($)'(0 %'.2B (% ( %"2.&1 "&1.<"&./% %'('"C J.# '!" <0.:(0 %.0/').&A >" /%"  !"#$ >)'! ( %'('"

%$(2" 2.&%)%')&< .? <#)1% .? k (&1 b >)'! KL (&1 ML &.1"% #"%$"2')*"0@C  !" (0<.#)'!, )'"#('"%
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;$/)!)-$<IJ+##!2$/-$ $* !#F >?%% 5BC :DB @D5 5K=

;(4#+ !)- L$//+ >??M NOBC N = 2 PQO

P!/'+!I=+''( $* !#F >?%? 5BC :DB %D5 EBAC F??% G3HR>FSG$H

P$/*#$/ $* !#F >??T 8U=O :DB %D5 EBAC ?F???%G3H

P6+/()+ >??M 8AB N = 2 %D5 DQP

P6+/()+ !)- U$#+*< >??V W8B N = 2 %D5 5K=

K!*'6()-( !)- U!/*+)$< >??X 8AB :DB PQO

K$!*6'(*$ !)- L$//+ >??> 8UB N = 2 %D5 5K=
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N$,0$9$/ !)- L$//+ >??V 8UB :DB %D5 5K=

C!"!)!# !)-  ,$3*! >?%? 8BE= N = 2 %D5 5K=

C![( >??S 8AB N = 2 %D5 5K=

C$"$#( !)- J$46 %XXV CB: \E :DB %D5 5K=

:0$*3 !)- ](,*$/3 >??> 8UB :DB %D5 DQP

\/+"$ !)- 7,$ >??M 8AB :DB %D5 5K=

 !"#$ %&' (#)!"#* + *,+-- !.#) #/!)!,0 ,!(#-1 N = (#)!"#* + ,2-"3/!2)"40 ,!(#- 53"6 N /!2)"43#*1 7&89 :;8

+)( <&8 +4# "6# =4*">9 *#/!)(> +)( "634(>!4(#4 +..4!?3,+"3!) ,#"6!(* 4#*.#/"3@#-09 A%% 3* "6# 43*B0 *"#+(0 *"+"#

,#"6!(9 +)( CDE 3)(3/+"#* ,!(#-* *!-@#( 53"6 F-!G+- ,#"6!(* H3)/-2(3)F ,!(#-* 53"6 *"+)(+4( .4#I#4#)/#* +)(

βR < 19 #)(!F#)!2* (3*/!2)"3)F9 !4 !@#4-+..3)F F#)#4+"3!)*J1 K6# +..4!+/6#* 2*#( "! 3)(2/# *"+"3!)+43"0 56#)

2*3)F -!/+- ,#"6!(* +4# "6# (#G">#-+*"3/ 3)"#4#*" 4+"# HL'MAJ9 +**#" 6!-(3)F /!*"* H8NOJ9 #)(!F#)!2* (3*/!2)"3)F

H'LJ9 !@#4-+..3)F F#)#4+"3!)* H&DCJ +)( /!,.-#"# ,+4B#"* HOPJ1 Q!4 /+*#* 2*3)F L'MA9 H*J9 H/J +)( H#J (#)!"#

56#"6#4 "6# (#G">#-+*"3/3"0 .+4+,#"#4 ψ 5+* /6!*#) "! G# *,+--9 #*"3,+"#(9 !4 /+-3G4+"#( 4#*.#/"3@#-01

 !



 !"#$ %& '(#)*+(, -$*.(/0 10$/ +, 2(#+34 -(/$#0

5,0*+*)*+(, -(/$#  46$ (7 '(#)*+(, '*!*+(,!8+*4 ψ
,!9$ 9(/$# 9$*.(/ !00)96*+(,

:!,; (7 <!,!/! =>- N = 5 ?@A B>5C ,D/D

:!,; (7 >,E#!,/ <@-2A'' '@> ?@A >B

><: FAG- N = 2 !,/ '@> ?@A B>5C DH?I0J

>)8(6$!, <(99+00+(, K1>' '@> ?@A B>5C DH%I$J

L$/$8!# C$0$8M$ :(!8/ '5=-A N = 2 ?@A 2A<

5-L =5-L N ≥ 2 ?@A @N=

F(8E$0 :!,; F>-@ '@> ?@A B>5C ,D/D

C+;0"!,; CA-'>' '@> ?@A B>5C DH?I3J

 !"#$ %## &!"# "! '()*# + ,!- .#"(/*0 !& ())-#1/("/!&02 &2.2 .#&!"#0 "3(" "3#-# /0 &! 45)*/6 .!657#&" ./06*!0/&8 93("

1(*5# 9(0 50#.2

 !"#$ %& '!#(")!*(+, +- *.$ /,0+12$,* /3+,+24 5+0$#

6+*!*(+, 7!)!2$*$)89!)(!"#$ 9!#:$

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

σ '+$;3($,* +- )$#!*(<$ )(=> !<$)=(+, ?@A

y 5$!, $,0+12$,* (,3+2$ B@AA

A C"=+)D*(+, 3+,=*!,* A@?E

R F)+== 1+)#0 (,*$)$=* )!*$ B@AGH

σz I*!,0!)0 0$<(!*(+, +- (,3+2$ JD$)3$,*K %@?L

ρz C:*+3+))$#!*(+, +- (,3+2$ A@GHL

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

β M(=3+:,* -!3*+) A@HNA

ϕ C0O.+3 0$"* #(2(* −0.51
2! 3#4'. +#.0*1#% &'('$)*)(+

 !""!# $%&%"'('&)

β M(=3+:,* -!3*+) A@HNN

b̄ M$*$)2(,(=*(3 =*$!04 =*!*$ <!#:$ +- 6PC −0.51

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

ψ Q,$==$,*(!# M/QR 3+$;3($,* A@AAB

/%&0'('1 -%+,.&%(,!#

ψ M/QR 3+$;3$(,* -+) ?SC A@ANTH

ψ M/QR 3+$;3($,* -+) RII A@ANTH

 !"#$ :;< (&. =%% .#&!"# "3# 0#6!&.>!-.#- (&. -/0?@>0"#(.@ 0"("# 0!*5"/!&0A -#04#6"/1#*@2

OP



 !"#$ %& '()*+*,,$#!)-*./ *0 1$) 234*,)/5 16'5 !.7 8.+*9$& 2.7*:9$.) 2+*.*9; <*7$#

ρǫ

  !"  !#  !$  !%  !&  !'  !(  !)

 ! "#$

ρNFA  !)#(  !)''  !)**  !*#'  !*%(  !*'%  !*((  !*)(  !**$

ρNX + ! ))  ! "  !""  !#"$  !$#"  !%$#  !&%(  !''"  !(')

  ! $%&'( )' * )'&&')+ %( ψ!

#,-

ρNFA  !**&  !**'  !**'  !**(  !**)  !**)  !***  !***  !***

ρNX  !#$)  !$%)  !%&&  !&&'  !'&#  !(%"  !)#"  !)*  !*%'

.//

ρNFA  !**&  !**'  !**(  !**(  !**)  !**)  !***  !*** "!   

ρNX  !#$*  !$&  !%&(  !&&*  !'&&  !(%&  !)#'  !)*'  !*&#

   ! ,%-.'+'/ *0%( 1-%+'/ ψ +2 3%+04 1%&'( )' "#$ ρb!
#,-

ρNFA  !*"#  !*#)  !*%"  !*&#  !*'"  !*(  !*((  !*)%  !** 

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

.//

ρNFA  !*"#  !*#)  !*%"  !*&#  !*'"  !*(  !*((  !*)%  !**

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

 5! ,%-.'+'/ 62- %(( ρǫ *0%( 1-%+'/ ψ +2 3%+04 '%04 "#$ ρb!
#,-

ψ  !")&  !"&)  !"$  !" '  ! )$  ! '%  ! %'  ! $%  ! #(

ρNFA  !)#(  !)''  !)**  !*#'  !*%(  !*'%  !*((  !*)(  !**$

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

.//

ψ  !")&  !"&)  !"$  !" '  ! )$  ! '%  ! %'  ! $%  ! #(

ρNFA  !)#(  !)''  !)**  !*#'  !*%(  !*'%  !*((  !*)(  !**$

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

 !"#$ %&'( )*+ ,-. /00 .#-!"# "1# 23!4,3( 5#6!-.7!8.#8 ,-. 895:;75"#,.; 5","# 5!3<"9!-5( 8#5=#6"9>#3;?

&&



 !"#$ %& '()*+,-) .(/$)01& 2)3(4/$)0 25()(/6 .(3$#

7!1$#8)$ 9!#8",!08()  !,*$0$3 9!#8",!08()

:'7 ;<= >?? ;<= >??

@2A> βR < 1 @2A> @2A> @2A>

ψ =  ! BCBBD  ! BCBBD BCBEFG BCBEFG

"#$%!&$'

E(c) BCFGE BCHBD BCBGI BCFG; BCFJG BCFJG

E(nx/y) BCB;; BCBD% BCF;% BCB;% BCB;J BCB;J

E(b/y) +BCEDI +BC;J; +DDC;DB +BCE%D +BC%B; +BC%BF

(!%)!*)+),- %$+!,)#$ ,. #!%)!*)+),- ./ ) 0.1$

σ(c)/σ(y) BCGG; DC%GE DCDFD DCFDH DCBBD BCGGH

σ(nx)/σ(y) BCFFB DCI;H DC;B; DCIEF BCHIB BCHIB

σ(nx/y)/σ(y) BCFEI DCIDD DCDFD DCIID BCHBG BCHBG

σ(b)/σ(y) HCEFD F;CI;H DCHBF EBCBHJ FCFEH FC%HF

σ(b/y)/σ(y) HCHI% FDCGJG DCJG; EBC;DI HCDHE HCDDJ

2 0.1$ 0.%%$+!,). '

ρ(y, c) BCH%% BC;B; BCDJJ BCDGH BCFJE BCFJE

ρ(y, nx) BCH;G BC%H; BCID; BC%FH BCHB% BCHBJ

ρ(y, nx/y) BCHBE BC%H; BCBBF BC%FH BCHB% BCHBJ

ρ(y, b) BCEEG BCD;J BCBHB BCD;E BCEJG BCEJJ

ρ(y, b/y) BC%EG BCD%F BCEE% BCDEG %C%GI BC%G;

3)%',4.%5$% !6,.0.%%$+!,). '

ρ(c) BCJEB BCGG% BCGGF BCGG% BCG;G BCG;G

ρ(nx) BC%EI BCJDG BCGIE BCJ;I BC%JI BC%J;

ρ(nx/y) BC%%D BCJ;F BCGG% BCJIB BC%GD BC%GB

ρ(b) BCGHH BCGGG BCGGG BCGGG BCGHH BCGHH

ρ(b/y) BCGFD BCGGJ BCG%I BCGGJ BCG%J BCG%G

7$%/.%1! 0$ 1$,%)0'

2K$5-08() 08/$ L1$51CM I%CG JC% )C!C GCG JC% GCJ

,!08( ,$#C 0( :'7 DCB BC;IH )C!C BC;HF BC;IH BC;HI

.!KC ="1C 2-#$, $NC $,,(,1 GCFB2+B% DCDB2+BI ECE%2+BI DCBB2+BI ;CFB2+BI ;C%B2+BI

@$5818() ,-#$ 38O b BCD;B LBC;EJM )C!C BCBGG LBCIHJM BCBJF LBCD;HM BCBH% LBCD;IM

@$5818() ,-#$ 38O c BCB;% LBCBEGM )C!C BCB;J LBCB%%M BCBDG LBCBIHM BCB;B LBCBIGM

 !"#$ %&'( )*+ ,-. /00 1#2#1 "! "3# 45!6,5( 7#8!-.9!1.#1 ,-. 1:7;<97"#,.< 7","# 7!5=":!-7( 1#7>#8":?#5<@ σ(·)  !"#$!%

$&! '#!(')!"$ #* +,-),$)#" *#- +,-),./!% )" /!+!/% ," $&! %$," ,-  !+),$)#" *#- +,-),./!% )" -,$)#% 0nx/y1 b/y ," 

$&! /!+!-,2! -,$)# lev/rat.34 5&! -!%6/$% 7!-! #.$,)"! 6%)"2 8,$/,. 9:;<, )" , =)"6> '/6%$!- 7)$& ;9?2. #* @A81

$7# ;:B'#-! C"$!/0@3 D!#"0@3 EFG HIB9<J: +9 K L4::MNO P-#'!%%#-%1 ," , Q,R%6"2 QQS ?T: I;9MU &,-  -)+!4

V! 6%! $&! %,R! %#*$7,-! ," &,- 7,-! *#- ,// $&! '#RP6$,$)#"% -!P#-$! )" $&! P,P!-4 H>!'6$)#" $)R!% ,-! "#$

-!P#-$! *#- $&! @QQ %#/6$)#" 7)$& βR < 1 .!',6%! 7! 6%! ,",/W$)' %#/6$)#"%4 5&! H6/!- !X6,$)#" !--#-% ,"  !')%)#"

-6/!  )Y!-!"'!% ,-! '#RP6$! *#- ,// (b, z) P,)-% )" $&! %$,$! %P,'! #* $&! M=U %#/6$)#"4 5&!  !')%)#" -6/!  )Y!-!"'!%

*#- $&! /#',/ %#/6$)#"% )" $&! /,%$ $7# -#7% ,-!  )Y!-!"'!% .!$7!!" $&! /#',/ ," M=U %#/6$)#"% )" P!-'!"$ #* $&!

/,$$!-4 V! -!P#-$ $&! R!," ," R,>)R6R 0$&! R,>)R6R )" .-,'Z!$%3  )Y!-!"'!% '#" )$)#",/ #" .#" +,/6!% $&,$

&,+! P#%)$)+! P-#.,.)/)$W )" $&! !-2# )'  )%$-).6$)#" #* $&! M=U %#/6$)#"4

 !



 !"#$ %& '()*+,$(- '.*(*,/ 0*)$# +1-2 3(.*,$ !() 3(-$4$5-67!-$ 82*.95

8-) :$; *< 3(- 7!-$ =>$4.$(-?

@A@ @AB CA@ CAB DA@ DAB

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

E(b/y) 6@AECF 6@AECC 6@AE@G 6@AE@F 6@AFH% 6@AFGE

σ(c)/σ(y) @AHHD @AHII CA@@H CA@BG CACD% CADCE

σ(b)/σ(y) IAE%C IAC%H IAE%B GA@@H GAGIE C@AFCC

ρ(y, nx) @AIDH @A%GC @A%CI @ABDI @AECB @ADHG

ρ(nx) @ABEF @ABE@ @ABED @ABE% @ABBC @ABBH

ρ(b) @AHII @AHIF @AHIB @AHI% @AHIG @AHGC

 !"#$! +&(, -./

E(b/y) 6C@AIIG 6HADEH 6IAEEB 6BAHHC 6EAGIB 6FAHB%

σ(c)/σ(y) HAIEI IAFIB %AH%D %ACGH BAB%F EAH@%

σ(b)/σ(y) CA%GD DAECG EADFD BAIIC IACHE GAFIE

ρ(y, nx) @A%GE @AEBI @AFEF @AF@G @ADHI @AF@C

ρ(nx) @AGBG @AGG@ @AHDE @AHFC @AHDI @AHCE

ρ(b) @AHHH @AHHG @AHHG @AHHG @AHHG @AHHI

01!! 233 +4 βR̄ < 1
E(b/y) 6CCADC 6HA@HG 6IACGD 6BABII 6EADD% 6FA@IB

σ(c)/σ(y) CDAEGE CCACIC HA%ID GAD@H %AIEB BAFDD

σ(b)/σ(y) CHA@%I FGAFHE EHAH%I BFAHBD BDA@FG EBA%@@

ρ(y, nx) @AFCB @A@II @A@CC 6@A@DC 6@A@EE 6@A@%%

ρ(nx) @AHFF @AHGI @AHHF @AHHE @AHHD @AHG%

ρ(b) @AHHH @AHHH @AHHH @AHHH @AHHH @AHHH

5$'(&$! 233 +4 #$6)!&7) ψ
E(b/y) 6@AEBC 6@AED% 6@ADIH 6@A@CG @AFGC @AHED

σ(c)/σ(y) CA%CI CA%EB CAIIF DA@GB DAGHE EAH%H

σ(b)/σ(y) E@A@IG EFA@ID ICAEG% CFDIAG@I HEAB%D ICADDG

ρ(y, nx) @AB%I @AB%@ @ABFC @AE%H @AFBI @ADCI

ρ(nx) @AGDF @AGDF @AGF@ @AGB% @AHC@ @AH%B

ρ(b) @AHHH @AHHH @AHHH @AHHH @AHHH @AHHH

89: +4 #$6)!&7) ψ
E(b/y) 6@ADGB 6@AFCH 6@ACIH @A@B% @AFGE @AG@%

σ(c)/σ(y) CABHE CA%CD CA%%E CAIEI CAGBI CAHH@

σ(b)/σ(y) %DAFDI BBABGF C@@AEG@ FCFADGD EIAEDC DFAC@C

ρ(y, nx) @ABID @AB%G @ABBB @ABF% @ABCD @AEGB

ρ(nx) @AGCH @AGC% @AG@H @AIHG @AIGB @AIIC

ρ(b) @AHHH @AHHH @AHHH @AHHH @AHHH @AHHH

5$'(&$! 233 +4 ($';)()* ψ
E(b/y) 6@AB@% 6@AB@I 6@AB@B 6@AB@C 6@AEHB 6@AEGI

σ(c)/σ(y) @AHHI CA@C% CA@%G CACB@ CADBE CAFIB

σ(b)/σ(y) %ABI% %ABIC %A%BI %AG@B IA@DD IAFCB

ρ(y, nx) @AI@G @A%HB @A%%F @A%CH @ABIC @ABDF

ρ(nx) @ABGD @ABG@ @ABI% @ABI@ @AB%E @ABBH

ρ(b) @AHII @AHII @AHII @AHII @AHII @AHII

89: +4 ($';)()* ψ
E(b/y) 6@AB@D 6@AB@B 6@AB@D 6@AEHG 6@AEHD 6@AEGE

σ(c)/σ(y) CA@@C CA@D@ CA@IF CACBI CAD%E CAFHC

σ(b)/σ(y) %A%EI %A%CD %A%HE %AGFF IA@F@ IADGI

ρ(y, nx) @AI@B @A%HF @A%%@ @A%CB @AB%E @ABCE

ρ(nx) @ABGF @ABGC @ABII @ABID @AB%% @AB%C

ρ(b) @AHII @AHII @AHII @AHII @AHII @AHII

 !"#$ %&# '()*(+*,*"- (./ 0#)1*1"#.2# !3 #./!45#." 1&!261 ()# 6#0" (1 *. %(+,# 78 %&# 2!))#,("*!. +#"4##. #./!45#."

(./ *."#)#1"9)("# 1&!261 *1 1#" "!−0.669: 3!) (,, 2!,;5.1 4*"& "&# #<2#0"*!. !3 "&# =)1" 2!,;5. 3!) 4&*2& "&# 2!))#,("*!.

*1 1#" "! >8 ?@A: B>C (./ DEE )#3#) "! "&# F,!+(,: 1#2!./9!)/#) (./ )*16-91"#(/- 1"("# 1!,;"*!.1: )#10#2"*'#,-8

 !



 !"#$ %& '!#(")!*(+, +- *.$ /0' 1 2344$, 2*+56 7+4$#6

8+*!*(+, 9!)!:$*$);<!)(!"#$ <!#3$

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

σ '+$=>($,* +- )$#!*(?$ )(6@ !?$)6(+, ABC

R D)+66 E+)#4 (,*$)$6* )!*$ FBCGH%

α I!"+) 6.!)$ (, J)+66 +3*53* 0.592
γ '!5(*!# 6.!)$ (, J)+66 +3*53* 0.306
η K:5+)*$4 (,53*6 6.!)$ (, J)+66 +3*53* 0.102
δ L$5)$>(!*(+, )!*$ +- >!5(*!# 0.088
ω I!"+) $M5+,$,* (, *.$ 3*(#(*N -3,>*(+, 1.846
φ O+)@(,J >!5(*!# >+,6*)!(,* >+$=>($,* 0.2579
a K,?$6*:$,* !4P36*:$,* >+6* 5!)!:$*$) 2.75
τ '+,63:5*(+, *!M 0.168
κ '+##!*$)!# >+,6*)!(,* >+$=>($,* 0.20
ydss DL9 !* *.$ 4$*$):(,(6*(> 6*$!4N 6*!*$ 396

,! -." /0#1'0 +#02*3#% &'('$)*)(+

β L(6>+3,* -!>*+) CBQAC

ϕ R4S.+> 4$"* #(:(* !6 ! 6.!)$ +- ydss −0.758

4! -." 0#5'0 +#02*3#% &'('$)*)(+

 !""!# $%&%"'('&)

β L(6>+3,* -!>*+) CBQAFF

bdss/ydss 8TR;DL9 !* *.$ 4$*$):(,(6*(> 6*$!4N 6*!*$ −0.758

*%)'+,#'  %+,-&%(,!#

ψ K,$66$,*(!# LUK/ >+$=>($,* CBCCF

.%&/'('0  %+,-&%(,!#

ψ LUK/ >+$=>($,* -+) AVR CBCFCQ

ψ LUK/ >+$=>($,* -+) /22 CBCCG

6! 7288)% 7*#&+ /0#1'0 +#02*3#% &'('$)*)(+

β L(6>+3,* -!>*+) CBQAC

ϕ R4S.+> 4$"* #(:(* !6 ! 6.!)$ +- ydss −0.505
bdss/ydss 8TR;DL9 !* *.$ 4$*$):(,(6*(> 6*$!4N 6*!*$ −0.192

9! 7288)% 7*#&+ 0#5'0 +#02*3#% &'('$)*)(+

12#%&'3* 4,(5 βR < 1
β L(6>+3,* -!>*+) CBQAC

bdss/ydss 8TR;DL9 !* *.$ 4$*$):(,(6*(> 6*$!4N 6*!*$ −0.192

12#%&'3* 4,(5 1678

β L(6>+3,* -!>*+) CBQAFF

ψ K,$66$,*(!# LUK/ >+$=>($,* CBCCF

bdss/ydss 8TR;DL9 !* *.$ 4$*$):(,(6*(> 6*$!4N 6*!*$ 0.015

 !"#$ %&' ()* +,, *#)!"# "-# .#/!)*0!1*#1 ()* 12.340."#(*4 ."("# .!56"2!).7 1#.8#/"29#54: ;!1 "-# ,6**#) ,"!8.

<!*#57 "-# =>? .!56"2!) -(. "@! /1#*2" /!)."1(2)".7 )(<#54 ϕ ()* "-# /!55("#1(5 /!)."1(2)": A1#*2" 2. /!)."1(2)#* ("

"-# *#"#1<2)2."2/ ."#(*4 ."("#7 .2)/# βR < 17 B6" ϕ 2. .#" 5!@ #)!6C- .! "-(" "-# /!55("#1(5 /!)."1(2)" B2)*. D1.":

 !



 !"#$ %& '()*+,-) .(/$)01& 234 /(5$#

3!1$#6)$ 4!#6",!06()  !,*$0$5 4!#6",!06()

7'3 89: 2;; 89: 2;;

ψ = )! <=<<> <=<<> <=<><? <=<<%

 !"#$%"&

E(y) @?@=%AB @?C=??< @?C=>?< @?B=<D< @?B=8><

E(c) 8CA=<8> 8?A=?<< @A8=%D< 8D?=>%< 8CD=A8<

E(I) CB=D@ C%=<<% CB=BAB C%=<@D C%=<C@

E(nx/y) <=<AD +<=<A8 +<=>%D <=<CD <=<AC

E(b/y) +<=@B8 <=B@8 8=DD? +<=C8< +<=@?B

E(lev.rat.) +<=8%C +<=8@B +>=><< <=A<< <=8?D

E(υ) A8=CA? A8=?@% A8=%D8 A8=?AC A8=?BD

E(L) >%=A@@ >%=D>? >%=A?? >%=D8> >%=D8%

'$#($)(*(+, #"*$+(!" +- !$#($)(*(+, -. /01

σ(y) <=<A< <=<@? <=<@? <=<A> <=<A<

σ(c)/σ(y) >=8?> >=?>< >=A>8 >=8C% >=8>8

σ(I)/σ(y) @=@%C @=ACB @=A?@ @=@8< @=@%%

σ(nx/y)/σ(y) <=%%D >=8?@ >=8>8 <=B>8 <=B@>

σ(b/y)/σ(y) B=D%? >@=%8A >8=?<? @=BD% A=8C?

σ(lev.rat.)/σ(y) @=C>A C=DA? C=<%A >=%A? 8=<D@

σ(υ)/σ(y) >=A%> >=A?C >=D<A >=AC@ >=A%8

σ(L)/σ(y) <=D?C <=C<< <=C<< <=D?C <=D?%

2-##"*$+(-3& 4(+5 /01

ρ(y, c) <=BB@ <=C@> <=D<? <=?8? <=?<A

ρ(y, I) <=CA< <=C@8 <=C8% <=CC> <=CA%

ρ(y, nx/y) +<=88B +<=8B% <=<8C +<=ABC +<=@%>

ρ(y, b/y) <=<?< <=8<< +<=>C< <=D>> <=@A@

ρ(y, lev.rat.) <=>>8 +<=8<C <=>D< +<=D@8 +<=@CC

ρ(y, υ) <=%@A <=%@> <=%@< <=%@? <=%@D

ρ(y, L) <=??D <=??D <=??D <=??D <=??D

6(#&+7-#8"# $9+-:-##"*$+(-3&

ρ(y) <=%@< <=%8A <=%8< <=%A> <=%D@
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