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WZ^�9!_avQ[lVevQ[5i0/evQ[�AX^�9�wgfO[�[\wgT�W�/efgwOfO[tsH_Z`ªWa^.[\f±c�fgVXWD[lfO_8^�VÁT�Y�h\T�[l_'>8T�^eT�YlWZ[\T}h\fn>a^efoAÁc�Wa^.[
_ave[\VevQ[?V,T�Ynh\fgh�[lWa^Xc�ThU

. ^Jve]�/ÁT�YK_a`Xht[lv�9QfgT�h$T�]�Vewg_Ds.fg^?>?qDWaY\fg_avXhK]�T�c=;XWa^efgh\]>hZ;XWµq8TdWZw±h\_Uh�vÁc�c�T5h\h�` vewgwOs�T`_�@
Vew±WZfg^eTY9)Wah\V,T�c2[nh#_Z`"_avQ[lVevQ[69QsJ^XWZ]�f±c�h�ieWZ^�9�Öµ_aYk[�;eT�]�W�>a^efoAÁc�WD[\fg_a^)WZ^�9pVeYl_aVXW�>8WZ[\fg_a^
_Z`�hD;X_JcnmQhYU . ^�9Q_8wr`ïWZ[�[l_Ä1 �YÓhÓ�× 7©WZ^�9 � T�Y<�t1 �YÓ�Ó ��7�i4` _aY>T`_eWZ]�VewgTaidT�]�VewO_Ds wgW�/Á_8veYD@
]>WZYlmaT�[�h\T�WaYlc=;!U^m�T�Y\wgf4WZ^�9t}QWamaT�wOw±WZYlfgh\1 �YÓ�Óh� 7�T,_eWa]Pfg^eTP[<;XT>Y\_8wOT�_Z`8;Jve]>WZ^ c�WaVefO[lWZw
` _aYl]>WD[lfO_8^ZU#��fgw±c=;eY\f±h�[kWZ^�9%l fOwgwgfgWa]Ø1½xZy8yay�7�W�9Q_8VQ[kW©h�V,T�c�f{A,c	[FXk_�@�h�T5c2[\_8Y4[lT�c=;e^e_8wO_h>as8i
Wah�9e_�jk_8wn9QYlfg^§ih5�;eYlfgh�[\f±WZ^e_ÁiaWZ^�9�]"f±hD;eT�Y61½xayay � 7
U"jªvXY\^Xh\f�9QT	WZ^�9©b4f±c=;eT�^c/XWave]Ù1 �GÓ�Óh× 72i
WZ^�9�Ò�fg^?>�WZ^�9^3	T`/,T�wg_%1 �GÓ�Ó�� 7§h�[\v�9es�`ïWac�[\_aY#;e_.WZY=9Qfg^?>�Wa^�9©qµWaY\f±W�/XwOT#c�WaVXWac�fr[ts�vQ[lfOwgfo�5WR@
[\fg_a^KiJWa^�9 . W�9Qw±WZ^�9j1½xayay � 7�T,_QVewg_aYlT�h4[\T�]PV,_aYnWZw:W�>h>aYlT`>.WD[\fg_a^!U#��veY�Xª_8Y\m�c�_8^.[\Ylfo/eve[\T�h
[\_�[<;ef±h�wOfO[\T�YlWZ[\veYlT-/Js|9QYlWvX	fg^?>¨WZ[�[\T�^.[\fg_a^![l_¨[<;XT©h�[\v�9QsH_a`dWZ^.[\f±c�fgVXWD[lfO_8^�Wah�WZ^�fg^.[\v:@
fO[\fgqaT�]�T�c=;XWa^efgh\] [<;ÁWD[�fgh�fg^?;eT�Y\T�^.[�[l_ÚKRyqy�9es.^ÁWZ]�fgcP_8VQ[\fg]�fo�5WD[\fg_a^ ` YnWZ]�T`Xk_aYlmQhUWZ^�9
c�Wa^psJfgT�w�9¨[�;eT�h\T�fg]PVXY\_Dq8T�]�T�^.[lh�X	fO[<;HYlT�w±WD[\fgqaT�VXWaYlh\fO]�_8^.shU

�



e�^�[�;eT�^eT,_J[�h�T5c2[\fg_a^ _Z`4[�;eTPVXWZV,T�YaXkT}_ave[\wgfO^eT�W)h�fg]�VewOT^/XW8h�T`@Àc�Wah\Tk3?j65 ]�_:9QT�w
WZ^�9\/eY\fgT,[Ás^9Qf±hlc�vXhlh�_avXYªh\fO]©vewgWZ[\fg_a^>WZVXVeY\_.Wac=;ZU#}JT�c�[\fg_a^2Û�c�_a]�VXWaY\T5h�/XWah\f±c#]P_8]�T�^.[lh
T�h�[\fg]>WD[lTY9p` Y\_8] [<;XT�]�_c9eT�wKWa^�9¨` Yl_a] _aveY69XWD[lW>hlWZ]�VewgT�U�e�^�}JT5c2[lfO_8^)�%XkT�c�_8]PVÁWZYlT
T�h�[\fg]>WD[lTY9AfO]�Vevew±h\T,@ÀY\T5h�V,_a^Xh\Tp` ve^Xc2[lfO_8^Xh>_h/Q[lWafO^eTG9 ` Yl_a] [<;eTH]�_:9QT�wUWa^�9 ` Y\_8] [<;eT
9eWZ[lW?U#e�^|}JT�c�[\fg_a^~�kXkTa9Qfghlc�vÁh\hª[<;XT�h\T�^Áh�fO[\fgqJfr[ts¨_a`K_avXYkYlT�h\vewO[lhk[l_©]�_:9QT�w»VÁWZYnWZ]�T�[lT�Y<@
fn��WD[lfO_8^)Wa^�9�[\_¨h\T�qaT�YlWaw,Wawr[lT�Yl^XWD[lfOq8T�h�V,T�c�f{AÁc�WD[lfO_8^Xh`U*}JT5c2[lfO_8^ × c�_8^Xc�wgv�9QT5h`U

Ü ÝÐÞ'ß�àâá-ã!ß�ä0ågá-ãÔßçæè"%$)ßCé

i$_p`ïW8c�fgwOfO[lWZ[\T>w±WD[lT�Y�c�_8]�VXWZYlfgh\_a^Áh�i»_8veY�ht[lv�9Qs
ht[nWZY\[lhaX	fO[<; WHht[nWZ^�9eWaY�9
h\fO^?>8wOT`@Àh\T�c�[\_8Y
3?j65
]�_:9QT�weh\fg]Pfgw±WZY$[\_�]>WZ^Js�` _ave^�9©fg^}[�;eT#wOfO[\T�YlWZ[\veYlTd1½h�T�TaiD` _8Y"T`_eWZ]�VewgTaih5�;eYlfgh�[\f±WZ^X_
WZ^�9Eb4f±c=;eT�^�/ÁWZve]ê1N5ªb�7�i �YÓhÓ x?ë!m4YlT�hlc�_a[�[�i �YÓh��× 7,U2i8;eT�YlT>WZYlT�^e_�W�9vÕtvÁht[l]PT�^.[}c�_8h�[lh
_aY	w±W�>.h`U . h	fO^�5ªb?iX[<;eT�]�_:9QT�wKfghC9QYlfgqaT�^)/Js¨[lT�c=;e^e_8wO_h>as¨Wa^�9f>8_DqaT�Y\^e]�T�^8[#T,_QV,T�^�9ef{@
[\vXY\T�hD;X_JcnmQhYU�i8;eT�YlT�f±h	W�/XWZw±WZ^Xc�TY9c@�>aYl_RX#[<;>VÁWD[<;W1ïjC��m�7kTG�.vefOwgfn/eY\fgve]�c=;XWaYlW8c2[lT�Ylfo��TY9
/Js}h�[lWD[lfO_8^XWZYls�V,T�Y<@Àc�WZVefO[lWd;e_8veYlh�Wa^�9\9Qfob,T�Y\T�^Xc�T`@Àh�[lWZ[\fg_a^XWaY\s�V,T�Y<@Àc�WZVefO[lW�_ave[\VevQ[5i.c�_a^:@
h\ve]�VQ[\fg_a^§ieWa^�9)c�WZVXfr[nWZw§h�[\_QcnmQh`U�i8;eT�wg_a^?>�@<Ylve^�YnWD[lT�_a`Ô>8Y\_RX#[�;�f±hC9QT�[lT�Yl]Pfg^eTG9f/Js�Wa^
T,_Q_h>aT�^X_avXhªYlWZ[\T�_Z`�fg^Xc�YlT�W8h�T�fO^)[l_Z[lWaw:`ïWac�[\_aY	VXY\_:9QvXc�[\fgqJfr[tshU

ì8íDî ïñð�ò�ó�ô!õ�ð�öD÷dótø�ù�÷ûú�ù6ü=ð*ý�þÿø����Fð�ù����:ý�ò��	�:ò�ý?ô
i8;eT�Y\T�f±h)W h�fg^?>8wOT Y\T�VeY\T5h�T�^.[lWD[lfOq8T~;e_avXh\T`;X_aw�9�XC;ef±c=; ]�W�_QfO]�fn��T�hpT,_QV,T�c�[\TY9«vQ[\fgwOfO[ts
Wac�c�_8Y�9Qfg^?>}[\_Xi

U = E{

∞∑

t=1

βtu(Ct, (1 − lt)) | Ωt+τ}.
1 � 7

Ct

f±h�VÁT�Y\fg_:9c@<[dc�_a^Áh�ve]�VQ[lfO_8^§iaWa^�9
lt
f±h�wgW�/Á_8veY4h�vXVeVewgfOTG9}` Yl_a] W�ve^efO[dT�^�9e_RX	]PT�^.[

_Z`"[\fg]�T�VÁT�Y?V,T�YlfO_:90U
β < 1

f±h#[<;eT®;X_avXh\T`;e_8wn9Zp h	h\v?/:ÕtT5c2[\fgqaT�YnWD[lT�_Z`"[\fg]PT}VeY\T�` T�YlT�^Xc�T�U
i8;eT!V,T�YlfO_:9 vQ[lfOwgfO[ts ` ve^Xc�[\fg_a^ f±h¨f±h�_JT�wgW8ht[lfgc)_DqaT�Y¨c�_8^Xh�vX]PVe[\fg_a^ WZ^�9 wgT�f±h�vXY\T�Wa^�9 fgh
VXWaYlWa]PT�[\T�Y\fn��TG9�Wah �

�



u(Ct, lt) =
1

1 − σ
(Cε

t (1 − lt)
(1−ε))(1−σ) ε ∈ (0, 1), 0 ≤ σ 6= 1

1½xh7

u(Ct, lt) = ln(Cε
t (1 − lt)

(1−ε)), σ = 1.

Ωt+τ

i
τ ≥ 0

9eT�^e_a[\T�h"[�;eT8;e_avÁh�TY;e_aw�90p hK[lfO]�T`@½[4fg^Q` _aYl]>WD[lfO_8^©h\T�[YU	eÀ`
τ = 0

XkT�;XWµqaT
[<;XTHh�[lWa^�9eWaY�9Ú3UjC5�h�T�[\veV�XC;eT�Y\Tp[<;eT~;e_8vXh\T`;e_8wn9t;ÁWahPVÁT�Y�` T5c2[>fg^Q` _aYl]>WD[\fg_a^ W�/,_avQ[
[<;XT)h�[lWZ[\T)_Z`?[�;eTpT5c�_8^e_a]©s
vXV [\_ WZ^�9 fg^Xc�wgv�9Qfg^?> [<;eT!c�vXY\YlT�^.[©V,T�Ylfg_c9§i*/evQ[�` vQ[lveY\T
T�c�_a^e_8]�fgc�c�_a^�9efr[lfO_8^Xh�WaY\TEh\v?/:ÕtT5c2[¨[l_ ve^Ác�T�Y\[lWafO^.[tshUâ}Jfg^Xc�T![�;ef±hph\fr[lvXWD[lfO_8^«fg]PVXwOfgT�h
[<;ÁWD[�id` _aYPT,_eWZ]�VewgTaidqµWaY\f±WD[lfO_8^Xh©fO^A[\T5c=;e^e_awg_�>8fOT5h}WaY\Tp^eT�q8T�Y�Y\T5WZwgfo��TY9 fg^ W�9QqDWZ^Ác�T�_a`
[<;XTPc�veY\YlT�^.[a9QT�c�fgh\fO_8^�]>WZmJfg^?>�V,T�YlfO_:9»i0XkT}YlT�` T�YU[l_�[�;ef±h�W8h?[�;eT)H:J�KRJ�L4MPO`M Q�KRL�S�T|O=KRx,S`U
. wO[\T�Y\^ÁWD[\fgqaT�wOs8iafO`

τ > 0
ia[<;eT�^>[<;XT�;e_8vXh�TY;e_aw�90p h4fg^Q` _aYl]>WD[lfO_8^�h\T�[kfO^Ác�wgv�9QT�hdmJ^e_RX	wOTG9:>aT

_Z`Q[�;eTªh�[lWZ[\T4_a`Q[<;eTªT�c�_a^e_8]}s
τ
VÁT�Y\fg_:9ehZ/,T�s8_a^�9�[<;eTkc�veYlY\T�^.[Ô9QT�c�fgh\fg_a^�]>WZmJfg^?>?V,T�YlfO_:9»i

WZ^�9fXkT�Y\T�` T�Y#[\_�[�;ef±h	Wahk[<;XT
τ 
 Q?S`w
MPrYT~K�J�LNMPO,M Q�KRL�S=T'O=Kvx`S��

i8;eT%;e_8vXh�TY;e_aw�90p h�w±W�/,_aveY�h\veVeVewgsET5WZYl^Xh�W!c�_8]�VÁT�[\fO[\fgqaT%X#W�>aT�YnWD[lTai
wt

U'�U_avXh\T,@
;e_8wn9eh}WZw±h�_�hlWµqaT29QfgYlT�c2[lwOs fO^Ac�WZVXfr[nWZw*XC;ef±c=; f±h�YlT�^.[\TG9 _avQ[}T5Wac=; V,T�YlfO_:9
` _aY©W�c�_8]�@
V,T�[\fO[\fgqaT>YnWD[lT©_a`kYlT�[lveYl^

rt

i"WZ^�9jXC;ef±c=;
` _awgwO_RX?h�[<;XT>vXh�vÁWZw�w±WvX _Z`k]�_Z[\fg_a^Ki
Kt+1 =

(1− δ)Kt + It

i:XC;eT�Y\T
δ ∈ (0, 1)

>afgqaT5h4[�;eT�YlWZ[\T�_Z`$c�WZVefO[lWaw�9eT�VeYlT�c�fgWZ[\fg_a^ZU�
KW8ht[lwOs8iJfO^
T�W8c=;�VÁT�Y\fg_:9�;X_avXh\T`;e_8wn9Xh4WZYlT	h�v?/?ÕtT�c2[d[\_�W�wgve]�V:@�h�ve] [lW�_

Tt

XC;Xfgc=;>f±h*9Qf±h\c�vXhlh�TG9}` vXYD@
[<;XT�Y�/,T�wg_RX®U6i8;eT©Y\T5h�vewO[\fg^?>2;X_avXh\T`;e_8wn9Hfg^Xc�_a]�T�f±hUWZwgwg_Jc�WD[lTY9~/,T�[FXkT�T�^�c�_a^Xh\ve]�VQ[lfO_8^
>a_J_:9eh#WZ^�9�c�WaVefO[lWZw»fg^JqaT5ht[l]PT�^.[lhkfO]�VewgsJfO^�>©[�;eT�` _awgwO_RX	fg^?>©[\fg]�T,@<[8/Xv�9:>aT�[?c�_a^Áht[lYlWafO^.[�i

Ct ≤ wtlt + rtKt − It − Tt.
1PÛh7

ì8í4ì ���Fý�þÿóWø�ùd÷��Iý?ðC÷dò��	���Fð�ù��^ô���õdù6ð�öDð����Dô!ó
i8;eT�VXY\_:9QvXc�[\fg_a^ _a`�_8vQ[\VXvQ[�i

Yt

i	fgh�ve^�9QT�Y�[nWZm8T�^Ä/Js W YlT�VXY\T5h�T�^8[nWD[lfOq8T'AÁY\]êXC;ef±c=;
T�]�Vewg_DsQh#wgW�/Á_8veY?WZ^�9pYlT�^.[nh	c�WZVXfr[nWZw»[l_>]�W�_QfO]�fn��T�V,T�YlfO_:9c@�/Jsh@ÀV,T�YlfO_:9¨VXY\_�Ae[lh	vX^�9QT�Y?W
c�_8^Xh�[lWZ^.[	YlT�[\vXY\^Xhª[l_¨h\c�WZwgT�VXY\_:9QvXc�[\fg_a^p[\T5c=;e^e_awg_�>8sai

×



Yt = AStK
α
t l1−α

t ,
1���7

XC;eT�Y\T8i
A > 0

i8WZ^�9
α ∈ (0, 1)

WZYlTkh�[lWa^�9eWZY=9�VXY\_:9QvXc�[\fg_a^}` ve^Xc2[lfO_8^>c�_JT��¨c�fgT�^.[nh`U
St >

0
fgh}WZ^
T,_Q_�>8T�^e_8vXh�VeY\_:9QvÁc2[\fgqJfr[tsE`ïWac�[\_aY�_8Y6B�[lT�c=;e^e_8wO_h>as�h<;e_QcnmhEPVeYl_Qc�T�hlha9QT�hlc�Ylfn/ÁTG9

` veY\[<;eT�Y	fO^�}JT5c2[lfO_8^!x?U �^/,T�wg_RX®U

ì8í�� ��ð���ô!ý�ù�þÿô!ù��
. h�fg^t5ªb WZ^�9W5ª_h>awgT�s!WZ^�9sVUW8h�_8^ 1 �GÓ�Ó ��7?[<;eT\>a_Dq8T�Yl^e]�T�^.[�h\T�c�[\_aY�f±h�]P_:9QT�wOwgTY9
Wah
W VeveYlT)YlT�h\_avXYlc�T'9QYnWZfg^ _8^ [<;XT)T5c�_8^e_a]©stX	fr[�;A^e_t9Qf±h�[\_aY\[\fg_a^ÁWZYls c�_a^Xh\ve]�VQ[lfO_8^ _aY
fg^.q8T�h�[\]�T�^.[}T`b,T5c2[nh`U bdWac=; V,T�YlfO_:9 [�;eTf/Xv�9:>aT�[©f±hk/ÁWZw±WZ^Xc�TY9 vXh\fO^�>![<;eT)h�fg^?>8wOTp^e_a^:@
9Qf±ht[l_aY\[\fg^?>�wOvX]PV?@Àh\ve] [nWR_0U*i8;JvXh�i

Gt = Tt,

XC;eT�Y\T
Gt

f±h}[�;eTHwOT�qaT�wk_a`d>8_DqaT�Yl^e]�T�^.[}T`_QVÁT�^�9QfO[\veYlT�U . wg_a^?> W jC��mÿ>a_Dq8T�Yl^e]�T�^.[
T,_QV,T�^�9efr[lveY\T}fgh?W8h\h\ve]�TY9p[l_2/ÁT©W>c�_a^Áht[nWZ^.[?VeYl_aV,_aY\[\fg_a^)_Z`4W�>h>aYlT`>8WZ[\T�_avQ[lVevQ[5i

Gt =

γYt

U¸�U[<;eT�Y<X	f±h�T�[<;eT!T�qa_8wOvQ[lfO_8^ _a`�>a_Dq8T�Yl^e]�T�^.[©T`_JV,T�^�9Qfr[lveYlT)f±h%9QT�[\T�Yl]�fO^XTY9 /.s W
h�[\_Qc=;XWah�[\f±c�VeY\_Qc�T�hlh	WZw±h�_\9QT�hlc�Ylfn/ÁTG9¨` veY\[<;XT�Y?fg^�}JT�c�[\fg_a^!x:U �^/,T�wg_RX®U

ì8í! "jø�ö#�#$�ý?ø����Fð�ù ø�ù�÷%�&�DþÐòdöFø����Fð�ù
')(+*,(.- /)021)354�6�72028.3:9<;=1)3?>@727�>@7
i8;eT	T`_J_h>aT�^e_avXh"VeYl_:9QvXc�[\fgq.fO[ts�`ïW8c2[\_8Y�i

St

iaf±h4Wahlh�vX]PTG9�[l_�` _awgwO_RX W�YlWa^�9Q_8]ÐXkWawOmkX	fr[�;
9QYlfr`�[5i

ln(St) = ln(St−1) + µ + ξSt, ξSt ∼ i.i.d. N(0, σ2
S),

14��7

z



WZ^�9�>a_Dq8T�Yl^e]�T�^.[UT`_JV,T�^�9Qfr[lveYlT©f±h�]P_:9QT�wOTG9EW8h�WpVÁT�Ylh\f±ht[lT�^.[ . 3-1 � 7?VXY\_Qc�T5h\h�WZYl_avX^�9
[<;XT�ht[l_Jc=;ÁWah�[\f±c?[lT�c=;e^e_8wO_h>as�[lY\T�^�9)fO]�VewgfOTG9)/.s�b��.vXWD[lfO_8^|�ei

ln(Gt) = (1 − ρ)G + ρln(Gt−1) + (1 − ρ) 1
(1−α) ln(St−1) + ξGt,

ξGt ∼ i.i.d. N(0, σ2
G)

1 × 7

XC;eT�Y\T

G = ln(γ) + ln(Y0) −
1

(1 − α)
ln(S0).

}J_awgqJfO^�> [�;eT ]P_:9QT�w4p h)Y\T5h�V,_a^Áh�T5h¨[l_ Wa^8[lfgc�fOVÁWD[\TG9�c=;XWa^?>aT5h�YlTY�.vefgYlT�hpT�qDWZwgvXWD[lfO_8^
_Z`k[<;XT¨T,_QV,T�c2[lTY9
qDWZwgveT�h�_Z`k[<;eT5h�T¨VXY\_Qc�T5h\h\T�h%O=rRJ�TRMqLNMPrRJ�KRy	_a^ mJ^e_RX	wgTY9:>8T�_Z`	h�V,T�c�f{AÁc
_ave[lc�_8]�T�hª` _aYk[<;XT�^XT�WZYk` vQ[lveYlT�U*i8;eT�` _awgwg_RX	fO^?>Pc�_8^�9QfO[\fg_a^XWaw»]P_8]�T�^.[lh#WZVXVewOs�` _8Y#[<;eT
h\VÁT5c�foAÁc�WZ[\fg_a^Xh8>8fOq8T�^pW�/Á_Dq8Tai

E[ln(St+N ) | St, Gt] = ln(St) + Nµ,
1Àz�7

E[ln(Gt+N ) | St, Gt] = ρN ln(Gt)+
Nµ

(1 − α)
+

(1 − ρ)

(1 − α)
(G+ln(St))

N∑

i=1

ρi−1,
1 � 7

V ar[ln(St+N ) | St, Gt] = Nσ2
S ,

1 Ó 7

V ar[ln(Gt+N ) | St, Gt] = Nσ2
s/(1 − α)2 + σ2

G

N∑

i=1

ρ2(i−1).
1 � yh7

')(+*,(A' BC6�7�>ED�FG6�72>HFG6�I�8!J�;=6K028�1ML
i#fg]PT#V,T�YlfO_:9eh�fg^P[<;eT	]�_:9QT�weWZYlT#W8h\h\ve]�TY9}[\_�c�_aYlY\T5h�V,_a^�9�[\_®�.vXWZY\[\T�Y\wgs�_�/Áh�T�Y\qDWD[lfO_8^XhYU
l�;eT�Y\TPVÁ_.h\h\fn/ewOT©[<;XTPc�WZwgfo/eYnWD[lfO_8^�f±hdXk_aYlmaTG9�h\_¨[<;ÁWD[�[<;eTP]�_:9QT�wNp ha/ÁWZw±WZ^Xc�TY9c@�>aYl_RX#[<;
h\_awgvQ[\fg_a^ YlT�Vewgf±c�WD[lT�h©wO_8^?>�@ÀYlve^ WµqaT�YlW�>aT�h�` _8Y©okU }�U�9eWZ[lW�UsVU_Z[\T�[<;XWZ[©_8veY©VXY\T�` T�YlT�^Xc�T

�



h\VÁT5c�foAÁc�WZ[\fg_a^!fg]PVXwOfgT�h�WZ^�fg^.[\T�Y�[lT�]�VÁ_8YlWawKT�wgW8ht[lfgc�fr[ts)_Z`dh\v?/Xh�[\fO[\vQ[lfO_8^§i
IES = 1/(1 −

ε(1 − σ))
UÚe�^Ac�WZwgfn/eYlWZ[\fg^?>�[�;eTHht[l_Jc=;ÁWah�[\f±c>[\T5c=;e^e_8wO_h>af±c�WZwdVeY\_Qc�T�hlhkXkTpc=;e_J_.h�T

µ
[\_

>aT�^eT�YnWD[lT	W®�8vÁWZY\[\T�Ylwgs-/XWZw±WZ^Ác�TY9:@N>8Y\_RX#[�;©YnWD[lTk_a`»_avQ[lVevQ[
(g)

_a`»y�U �Jx � c�_aYlY\T5h�V,_a^�9QfO^�>
[\_�[<;eT^>aYl_RX#[<;HYnWD[lT}_Z`dokU }0U0��Sdm�V,T�YaXk_aYlmaT�Y?fO^E_aveY�h\Wa]�VewOT�NRU . h�fO^W5ª_�>awgT�sHWZ^�9
VUW8h�_8^�1 �GÓ�Ó �h7#XkT?T�]�Vewg_Ds}[�;eT�T�h�[\fg]�WZ[\T5h4_Z`	5ªbAfO^ph�T�[�[\fg^?>

γ = 0.177
i8Wa^�9

ρ = 0.96

` _aYP[�;eT~>a_DqaT�Y\^X]PT�^.[©T,_QV,T�^�9efr[lveY\THVeYl_Qc�T5h\h�i*/evQ[%XkT!h�T�[©[�;eT!fO^X^e_DqDWD[\fg_a^AqDWZYlfgWa^Xc�T5h
h\_�Wah�[l_!Y\T�VewOf±c�WZ[\T�[�;eT�hlWZ]�VewgT¨qDWZYlfgWa^Xc�T�_Z`	V,T�Y}c�WZVefO[lW���SdmÐ>8Y\_RX#[�;�1½y?U yay Ó ��7�iKfg^
_avXY�/,T�^Xc=;X]�WaY\m|H:J�KRJ�L4MPO`M Q?K�L�S=TsO=Kvx`S�i:XC;XfOwgT�]�WafO^.[nWZfg^efO^�>�[<;XT�YlT�w±WD[lfOq8T�q8_aw±WD[lfOwgfr[lfOT5hd_a`
[<;XT¨[FXk_EhD;X_JcnmQhPO�Uji"W�/XwOT � VeYl_Dq.f�9QT5h}W�h\ve]�]>WZYls _a`	[<;eTpVXWZYnWZ]�T�[lT�YPh�T�[�[\fg^?>.h}WZ^�9
c�_8Y\YlT�h\V,_a^�9Qfg^?>�/XWZw±WZ^Xc�TY9c@�>aYl_RX#[<;�qµWaY\f±W�/XwOT�qDWZwgveT�hk` _8Y	_aveYC/ÁWah\T,@�c�Wah\T�c�WZwgfo/XYlWZ[\fg_a^ZU

i"W�/ewgT ��� m�WZYnWZ]�T�[lT�Ynh#WZ^�9)j#WZw±WZ^Xc�TY9c@F��Y\_RX#[�;RQ4WaY\f±W�/ewgT�h � jkW8h�T`@F5kW8h�T-5kWZwgfn/eYlWZ[\fg_a^ZU
S 1�T,>@I�9�6K;=6�UV>W02>W;=7

A = 1.0
i
α = 0.35

i
δ = 0.024

β = 0.987
i
ε = 0.1783

i
σ = 4.0

i
IES = 0.6515

µ = 0.0027
i
σS = 0.0077

i
γ = 0.177

i
ρ = 0.96

i
σG = 0.0138BC6�I.6XL,3?>WT�DZY[;=1@\]024_^<6�;58�6KJ`I.>:^a6�I�b,>@7

g = 0.0042
i
l = 0.191

G/Y = 0.177
i
Kinv/Y = 0.226

i
r − δ = 0.0197

')(+*,(dc /�8.Ueb,I�6K028�L,fg024�> S 1)T,>@I�\�8.024ihRLj028�3E8.k�6K0�>@Tmln>@3�4�L�1MI�1Mf	8.3?6�InFG4�6�L,f	>
l
T�h\fg]}vew±WD[lT�[�;eT�]�_c9eT�w0/Js>[<;XTa9eT�[\T�Y\]�fg^ef±ht[lfgc�T`_.[lT�^�9eTY9pVXWD[�;p]�T�[�;e_:9~9QveT�[\_%]XWafOY
WZ^�9fi"Wµs.wg_aY�1 �GÓ�� �c7
U���W�>8^e_a^I1 �YÓhÓ yh74WZ^�9'i$WµsJwg_aYªWa^�9�o�;ewgfo>~1 �GÓ�Ó y�7�9Qf±h\c�vXhlhd[�;eT�vXh�T
_Z`,[<;Xfghd]PT�[<;e_:9>fg^¨h\_awgq.fg^?>�^e_8^:@<wgfg^eT�WaYdht[l_Qc=;XWah�[\f±c�>aYl_RX#[<;�]�_c9eT�w±h`U#i8;eT�s�AX^�9>Wa;Xfo>h;
9QTY>aYlT�T>_Z`?W8c�c�vXYlW8c�s�X	fO[<; [�;efghPWZVXVeY\_.Wac=;
Y\T�wgWZ[\fgqaT�[l_|>aYlfn9 ]�T�[�;e_:9ehYU . VeV,T�^�9Qfo_ 5
_ave[\wgfO^eT5h�[<;ef±h�]PT�[<;e_:9 fO^E` veY\[<;eT�Ya9eT�[lWafOw#X	fO[<;efg^ [<;eT�c�_8^8[lT,_J[�_Z`4[�;eT>c�veYlY\T�^.[�]�_:9QT�w
WZ^�9�VeYl_DqJfn9eT�hk_Z[�;eT�Y?h\VÁT5c�foAÁc�h?Y\TY>8WZY=9Qfg^?>}_8veY?h\fO]©vewgWZ[\fg_a^XhYU
o Ö©×,ãµé ÷5é ã5×���ô�Ø½Ùµ×»ß�Ú=�Zá2ÞµèQçOá2è½ët×:Ùµ×tèï×»è<ÚlØ½Ùµ×tèeØ<ÙDÚnÛªêZá2êµÞµß�ÚlØ½é á2ÛªØ½á$çgÚnëtØ½á2èeá2Þ5ØXé Ûµëtè½×�Únå½×�åXé Û4á2Þ5Ø½êµÞ5ØêZ×tèP��ë�Únêµé Ø<Ú#ãµÞµ×�Ø½ákØ½Ùµ×4å<é î2Ûµé pµë\ÚnÛ�ØKé Ûµëtè½×�Únå½×�å$é Û�êDÚnè Ø½é ë�é êµÚlØ<é á2Û�è½ÚlØ½×�å$á\÷�×tè§Ø<Ùµ×�å<Únâ	êµß ×2ìq
σS/σG(1 − α) = 0.86

ùeé å�Ø½Ùµ×?Únêµêµèïá2êµèïé�ÚlØ<×rpDî2Þµèï×#çgá2è4ëtá2â	êDÚnèïé å<á2Û�õKé Ø<Ù�ó»á2î2ß ×�ô©ÚnÛµãPæ"Únå<á2Ûs �D�
�
��t�ì

Ó



u àâá-ãÔß�ä?(�á-ãÔßwv%+yx�&)é,áa�Ô+`"-�{z ßCã!&)é=�Ôã

i"W�/ewgTHxEVeYlT�h\T�^.[lhPc�_8]�]P_8^ 3?j65 h�[lWZ[\f±ht[lfgc�h>c�Wawgc�vewgWZ[\TG9 ` Y\_8] [<;eT!okU }�U*9XWD[lWXidWZ^�9
` Yl_a]&h\fg]}vew±WD[lfO_8^Xh�_Z`#_aveYk/XWah\T,@�c�W8h�TP]�_c9eT�wdvX^�9QT�Y�[<;eYlT�T¨Wawr[lT�Yl^XWD[lfOq8T�W8h\h\ve]�VQ[lfO_8^Xh`U
i8;eT~AXYnh�[�h�fg]}vew±WD[lfO_8^ Wahlh�ve]�T5hP[<;XWZ[>[\T�c=;X^e_awg_�>8fgc�WZw?WZ^�9 >8_DqaT�Y\^e]�T�^8[�T,_QV,T�^�9efr[lveY\T
c=;XWa^?>aT5h�WZYlT>ve^XWZ^.[lfgc�fOVXWZ[\TG9»i"Wa^�9 VeYl_DqJfn9QT5h�_aveYk/ÁT�^Xc=;e]>WZYlm c�Wah\T2|RU~e�^ [<;XT�h�T5c�_8^�9
WZ^�9�[<;XfOY=9©h\fg]}vew±WD[lfO_8^Xh!XkTkfO^Xh�[\T5W�9©Wahlh�ve]�Tª[<;XWZ[�[<;eT5h�T#c=;XWZ^�>aT�h"WZYlTª` vewOwgs}Wa^8[lfgc�fOVÁWD[\TG9
� �.vXWZY\[\T�Y#Wa^�9~Û\�8vÁWZY\[\T�YnhkY\T�VÁT5c2[lfOq8T�wgs¨fO^HW�9eqµWa^Xc�T�_a`$[�;eT�fgY?Wac�[\vXWaw§WZYlY\fgqDWZw±hP}RU

i"W�/ewgT�x � Q�_aw±WD[\fgwgfr[lfOT5h}WZ^�9 5ªY\_.h\hD@F5ª_8Y\YlT�w±WD[lfO_8^Xh � okU }�U�S�WD[lWXi"jkT�^Xc=;e]>WZYlmEo?^ÁWZ^.[\f±c
@
fgVXWD[lTY9»i � @��8vÁWZY\[\T�Y5i4WZ^�9 Û�@��.vXWaY�[lT�Y . ^.[\f±c�fgVXWD[lTY9 j#Wah\T,@D5kWah\T¨]�_c9eT�w±h`U~
§_h>�>aTG9 WZ^�9
�?_:9QYlf±cnmh@�m4YlT�hlc�_a[�[C]$fgwO[\T�YlTY9)S�WD[lW�U

okU }�UÁS�WZ[lW oU^XWZ^.[\f±c�fgVXWZ[\TY9 � @��a[lY . ^.[\f±c�fgVXWD[lTY9 Û�@��8[lY . ^.[\f±c�fgVXWD[lTY9
σgY

y�U y8y Ó � y�U y8y Ó � y�U y � x � y�U y � x.z
σY

y�U y �Y× x y?U y � x y�U y � Û�� y�U y � � Ó
σC/σY

y�U �8x�Û y?U ×�× z y?U��axR� y�U Û × Û
σI/σY

x:U �8y � U�z � x x:U × � Û�U x8xR�
σl/σY

y�U z � Û y?U Û���� y?U���Û � y�U × ���
σl/σw

� U � ×�� y�U �Qz ×h� y?U Ó y × � U �c��Û
σG/σY

� U �GÓ�� � U Ó Ûh� � U�zv��� � U �h� Ó
ρ(C, Y )

y�U z � z y�U Ó � � y�U � y�Û y�U ×h�?�
ρ(I, Y )

y�U Ó xR� y�U Ó � × y�U �hÓ � y�U Ó x��
ρ(l, Y )

y�U � z � y�U �h× � y�U �h�?� y�U Ó �hÛ
ρ(l, w)

y�U � z × y�U zaxax y�U � Ó � y�U ×h×��
ρ1(gY )

y�U ÛhÛ8x y�U y8y.z × @Ày�U x8x�Û @Ày�U y8y �
ρ1(gC)

y�U x�� × y�U yhÛh� � y?U � Ó�× y�U y8y Ó
æ$ánØ<ÚlØ½é á2Û��

σx

î2é ÷�×�å?Ø½Ùµ×©åïØÀÚnÛ5ãDÚnè½ã!ã5×t÷�é�ÚlØ½é á2ÛHánç4÷2Únèïé�Ú=�µß ×
x
ì

ρ(x, y)
î2é ÷�×�åUØ<Ù5×}ëtá2èïè½×tß�ÚlØ½é á2Û!ánç÷2Únèïé�Ú=�µß ×tå

x
ÚnÛµã

y
ì
ρ1(x)

î2é ÷�×tåJØ½Ùµ×	pDèïå½ØP��á2èïãµ×tèÁÚnÞ�Ø<á�ëtá2è½èï×tß�ÚlØ<é á2Û#ánç�÷2Únèïé�Ú=�µß ×
x
ì
Y
ãµ×tÛµánØ½×�åXÚnî2î2èï×tî�ÚlØ<×á2Þ5Ø½êµÞ5Ø�ùJÚnÛ5ã

gY

é Ø½å�î2è½á�õ§Ø<Ù�è½ÚlØ<×2ì
C
ãµ×tÛµánØ½×tådëtá2Ûµå½Þµâ	ê5Ø½é á2Û.ù8ÚnÛµã

gC

é Ø<å$î2è½á�õKØ½Ù}è<ÚlØ½×2ì
I
ãµ×tÛµánØ<×tåë�Únêµé Ø<ÚnßÁé Û�÷�×tå½Ø½â	×�Û�Ø�ù

l
Ø<ánØ<Únß,Ù5á2Þµè½å�ì

w
ãµ×tÛµánØ½×tådÚ�÷�×tè<Únî2×kß�Ú=�aá2Þ5è�êµèïá�ãµÞ5ëtØ½é ÷�é Ø�ô}õKÙµé ë<Ù�õ»×kë�Únß ëtÞµß�ÚlØ½×Únå

Y/l
ì

. ^.[\f±c�fgVXWZ[\fg_a^EYnWZf±h\T�h	[�;eTPqµWaY\f±WZ^Ác�T�_a`4_avQ[lVevQ[
(σY )

WZ^�9![<;eTPqDWZYlfgWa^Xc�T�_a`d_ave[\VevQ[
>aYl_RX#[<;

(σgY
)
` _aY\>afgqaT�^Ah<;e_Qcnm VeYl_Jc�T�hlh�T5h`U i8;efgh�]>W�>a^efoAÁc�WZ[\fg_a^A_Z`�h<;e_QcnmQhPfO^A[<;eT

�lþ"ß ßaå<é âkÞ5ß�ÚlØ<×tã	Ø<é â	×���å½×tè½é ×tå»ëtá2Û�Ø<Úné Û^�D���ªá
�5å<×tèï÷nÚlØ<é á2Û5å"ëtá2è½èï×tå<êZá2Ûµãµé Û5î#Ø<á#á2Þ5èKå<Únâ	êµß ×"êZ×tèïé á�ã�ánç
�D�
���v����Ø½á	ÿ





G� �5ìÁþ"ß ß.â	á�ãµ×tß.×tåïØ<é â?ÚlØ½×tåKèï×têZá2èïØ½×tã�Únè½×dÚ�÷�×tè½Únî2×tå�á\÷�×tè

R = 1000
è½×têµß é ë�ÚlØ½é á2Ûµå\ì�2û:×\ÚnÞ5ãµèïô!ÚnÛµã!ÝQá2èïØ½é ×tè s ÿ





�t�×tå½Ø½é â?ÚlØ<×©ÚnÛ�Ø½é ëté êDÚlØ½é á2Û!êa×tèïé á�ã!ß ×tÛµînØ½Ùµå�ánç��Z×�Ø�õ»×t×�ÛEÿ¨ÚnÛµã:�

� ÞDÚnèïØ½×tè½å"Þµå<é ÛµîkÚkå<é âªÞµß�ÚlØ½×�ãUâ	×�Ø<Ù5á�ã�ánçeâ	á2â	×�Û�Ø½å\ì

� y



]�_:9QT�w§fg]�VewgfOT5h?W�wOT5h\h\_aY	YlT�wgf±WZ^Xc�T�_8^HT,_Q_�>8T�^e_8vXhkqa_aw±WD[lfOwgfO[ts>[\_¨c�WZVQ[lveY\T�[�;eTk9eWZ[lW�WZ^�9
[<;JvXh	Wh9?9QYlT�hlh�T5h#WZ^HfO]�V,_aY\[lWa^8[?c�Y\fO[\f±c�f±h�] _Z`�3?j65 [<;XT�_aYls�U

i8;eT�W�9�9QTY9 qa_8wgWZ[\fgwOfO[ts f±h29QveT�[\_ [<;XT�h�T�VXWZYnWD[lfO_8^A_a`�fg^Xc�_8]�T�WZ^�9 h\v?/Xh�[\fO[\vQ[lfO_8^
T,b:T�c�[lh4W8c�Yl_8hlh$[\fg]PT#[�;XWD[4f±h4WawOwg_RXªTG9�` _8Y�/Js©WZ^.[lfgc�fOVXWZ[\fg_a^ZU . h�fgwgwOvXh�[\YnWD[lTY9Pfg^\]"fn>aveYlT � i
fg^Xc�_8]PTkT,b:T�c�[lh�WZYlf±h�T�AXYlh�[ÔX	fO[<;©[<;XTªYlT�q8T�w±WD[\fg_a^}_Z`X^eTYX fg^Q` _aYl]>WD[\fg_a^©W�/,_avQ[�c=;XWZ^�>aT�h$fg^
` vQ[lveY\TkT�c�_a^e_8]�fgcªc�_a^�9Qfr[lfO_8^XhYUÔ]e_8Y$T`_eWZ]�VewgTaiZWZ^.[lfgc�fOVXWZ[\TG9®;efn>�;eT�YK` vQ[lveYlTªVeYl_:9QvXc�[\fgq.fO[ts
YnWZf±h�T5h"W�>aT�^8[Gp h�T`_QVÁT5c2[\TG9�fO^Ác�_a]�T5h�WZ^�9PwgT�W�9Xh�[\_�fg^Xc�YlT�W8h�TG9©c�veY\YlT�^.[dc�_a^Xh\ve]�VQ[\fg_a^�WZ^�9
wgT�f±h�veYlT�Ua}Jv?/Xh�[\fO[\ve[\fg_a^�T`b,T5c2[lha9Q_p^e_Z[�_Qc�c�vXYUve^.[\fgw"[<;eTPc=;XWZ^�>aT�h�Wac�[\vXWawOwgs�[nWZm8T}Vew±Wac�T
Wah�i:` _aY�T`_eWZ]�VewgTaiZXC;eT�^E[�;eT>Wac�[\vXWaw�fO]�VewgT�]�T�^.[nWD[\fg_a^
_Z`k^eT`X [\T5c=;e^e_awg_�>8fOT5h�wOT5W�9eh�[\_
fg^Xc�YlT�W8h�TG9WXkW�>aT�hPWZ^�9t;e_avXYlh�Xª_8Y\m8TY90Use�^Ac�_a^.[\YnWah�[�i�fO`�W
c=;XWZ^�>aT¨f±h)H:J,Wa^8[lfgc�fOVÁWD[\TG9
/,_Z[<;pT,b:T�c�[lh#WZYlfgh\T�h\fg]}vewO[lWa^eT�_8vXh�wgs�WZ^�9»icXk_aYlmJfO^?>©fO^p_aVeV,_8h\fO[\Td9efOYlT�c�[\fg_a^Xh�i.[<;eT�s�[\T�^�9
[\_>c�WZ^Xc�T�w»_ave[?Y\T5h�vewO[\fg^?>�fg^Hh\]>WZwgwOT�Y#Y\T5h�V,_a^Xh\T�hk_Dq8T�YnWZwgw4U


§fgmaTYX	fgh\TaidWa^.[\f±c�fgVXWD[lfO_8^AWZw±h\_ YnWZf±h�T5h�[�;eTHY\T�wgWZ[\fgqaTpqa_aw±WD[lfOwgfO[ts _Z`d;X_aveYnhF@<[\_�@<_8vQ[\VXvQ[

(σl/σY )
/XY\fg^?>afg^?> [<;eTE]P_:9QT�w4p h�VeYlTY9Qf±c2[lfO_8^Xh>c�wg_8h\T�Y>fg^ wOfg^eT|X	fO[<; W
` T�WZ[\veYlTH_Z`�[<;eT

9eWZ[lW�[�;XWD[�;ÁWah4VXY\_Dq8T�^%9Qf+�>c�vewO[d[\_}]�WZ[lc=;>fg^�h\fO]�VewgT�3?j65 ` YlWa]�T`Xk_aYlmJhYUÔi8;XT�h\TUh\Wa]�T
WZ^.[lfgc�fOVXWZ[\fg_a^ T`b,T5c2[lhP_8^ wgW�/Á_8veY©h\veVeVXwOfgT�hPYnWZf±h�T>[�;eT�YlT�w±WD[lfOq8T¨qa_8wgWZ[\fgwOfO[ts _Z`6;e_8veYnh�[\_
WµqaT�YlW�>aT�VXY\_:9QvXc�[\fgqJfr[ts

(σl/σw)
W�>8WZfg^I/XY\fg^?>afg^?>)[<;XT>]P_:9QT�wdc�wg_8h\T�Y�fg^ wOfg^eT%X	fO[<;
[<;eT

9eWZ[lW?U)]e_8Y->a_Dq8T�Yl^e]�T�^.[�h�V,T�^�9efO^?> hD;e_QcnmQh%1ïh\T�T']$fn>avXY\T Ó i$fg^ . VeV,T�^�9Qf{_ . 7�iÔXC;XT�YlT
c=;XWa^?>aT5h#fO^|;e_8veYnh?WZYlT�[<;eT�_8^ewgs)9QfgYlT�c2[?fg^:[XvXT�^Xc�T�_a^H_ave[\VevQ[5iX[�;eT�h\T�T`b,T5c2[lhd9QT�c�Y\T5Wah\T
[<;XT�Y\T�wgWZ[\fgqaT�qa_aw±WD[lfOwgfO[ts>_Z`#>a_DqaT�Y\^X]PT�^.[#h\VÁT�^�9Qfg^?>�@<[\_�@<_8vQ[\VXvQ[

(σG/σY )
U

. ^.[\f±c�fgVXWZ[\fg_a^�T�^?;XWa^Xc�T5hªc�_a^Xh\ve]�VQ[\fg_a^)h�]�_J_Z[�;efg^?>}YlTY9QvÁc�fg^?>�[�;eT�YlT�w±WD[lfOq8T?qa_8wgWZ[\fgw{@
fO[tsE_Z`?c�_a^Xh\ve]�VQ[\fg_a^
[l_�_avQ[lVevQ[

(σC/σY )
U~i8;ef±h�Y\TG�.vefOYlT�h}W!hD;efO`�[\fg^?>�_a`kqDWaY\f±W�/efgwgfr[ts

_a^.[l_?fO^Jq8T�h�[\]�T�^.[�WZ^�9�[�;eTkY\T�wgWZ[\fgqaT4q8_aw±WD[\fgwgfr[ts�_Z`efg^JqaT5ht[l]PT�^.[D@<[\_�@À_ave[\VevQ[
(σI/σY )

Ylfgh\T�h
ve^�9eT�Y?WZ^.[lfgc�fOVXWZ[\fg_a^Hh�_>W8hk[\_�]�_aYlT�c�wO_.h�T�wOs�]�WZ[lc=;p[<;eT-9XWD[lW�U

i8;eT ^eTY>8WD[lfOq8T
c�_�@À]�_DqaT�]�T�^8[nh�_a`Pc�_a^Xh\ve]�VQ[\fg_a^ Wa^�9�_8vQ[\VXvQ[�fO^M[<;XT WZ^.[\f±c�fgVXWR@
[\fg_a^!V,T�Ylfg_c9H_�b:h\T�[U[<;eT�V,_8h\fO[\fgqaT�c�_�@<]�_Dq8T�]�T�^.[lh#_a`�[<;eT5h�T�qDWaY\f±W�/ewgT�h	[<;XWZ[�WZYlfgh\T®XC;eT�^
c=;XWa^?>aT5h�Wac�[\vXWawOwgs�[nWZmaT�T,b:T�c2[GUIi8;JvXh�i$[�;eT�^XT�WZY}VÁT�Y�` T5c2[Pc�_aYlY\T�wgWZ[\fg_a^s/ÁT�[FXªT�T�^ c�_a^:@

���



h\ve]�VQ[\fg_a^ WZ^�9E_8vQ[\Veve[
(ρ(C, Y ))

XC;ef±c=; c=;XWZYnWac�[\T�Ylfn��T�h�]>WZ^JsI3?j65�]�_c9eT�w±h�fgh�h\fn>�@
^efoAÁc�Wa^.[\wgs¨Y\TG9QvXc�TY9¨vX^�9QT�Y�WZ^.[\f±c�fgVXWD[lfO_8^§iQWZ^�9�[<;XT�]P_:9QT�w»VeYlTY9Qf±c2[lfO_8^)c�_a^Q` _8Y\]>hk]�_aYlT
c�wg_8h\T�wgs�X	fr[�;«[<;XT T�]PVXfOYlfgc�WZw�qµWawOvXT�U i8;eT c�_aYlY\T�wgWZ[\fg_a^ _Z`©fO^JqaT5ht[l]�T�^.[pWZ^�9«_ave[\VevQ[

(ρ(I, Y ))
f±hUWawgh\_>Y\TG9QvXc�TY9)fO^�[<;eT}Wa^.[\f±c�fgVXWD[lTY9!c�W8h�T�c�_a]�fg^?>¨c�wg_8h\T�Y	[l_Xi�/evQ[�^X_RX wgT�hlh

[<;ÁWZ^§iª[<;eT�9XWD[lW fg^A[�;eT � @��.vXWZY\[\T�YPc�Wah\T!WZ^�9AVeYlT�c�f±h\T�wgs ]�WZ[lc=;efg^?>
[<;XT�9eWD[nW fg^ [<;eT
ÛR@��.vXWZY\[\T�Ykc�Wah\T�U

��fOq8T�^![�;eTPfO^Xc�Y\T5Wah\TY9Hfg^Xc�f�9QT�^Xc�TP_Z`*;e_8veYnh?qDWZYlfgWZ[\fg_a^Xhd9QYlfOqJfg^?>�_8vQ[\Veve[�qDWZYlf±WD[\fg_a^Áh
ve^�9eT�Y#WZ^.[\f±c�fgVXWD[lfO_8^§iafO[#fghª^e_Z[#h�vXY\VeYlf±h�fg^?>�[<;ÁWD[d[�;eT�]P_:9QT�wÁVXY\TG9Qfgc�[lhkW®;efn>�;eT�Yªc�_aYlY\T�wgW�@
[\fg_a^P_Z`�;e_8veYlh�Wa^�9©_avQ[lVevQ[

(ρ(l, Y ))
fO^©[<;eT?Wa^.[\f±c�fgVXWD[lTY9�c�W8h�T5h`U	i8;eT#]P_:9QT�wXc�_8^.[\fg^.vXT�h

[\_-Ae[ª[�;eTd9XWD[lW-XªT�wOw,fO^¨[<;ef±hdYlT`>.WZY=9©` _aY4[�;eT � @��.vXWaY�[lT�Ydc�Wah\T6/evQ[�/ÁT5c�_8]PT5h*Xk_aYnh�T�X	fr[�;
[<;XT�wO_8^?>aT�YkV,T�Ylfg_c9p_Z`�WZ^.[lfgc�fOVXWZ[\fg_a^ZU

e�^�>aT�^eT�YnWZw:[�;eT©WavQ[\_Qc�_aYlY\T�wgWZ[\fg_a^Xh#_a`�_8vQ[\VXvQ[�Wa^�9!c�_8^Xh�vX]PVe[\fg_a^~>aYl_RX#[<;!WZYlT}h\T�^:@
h\fr[lfOq8T¨[\_E[<;eTpwOT�^?>Z[�; _Z`�WZ^.[\f±c�fgVXWD[lfO_8^ VÁT�Y\fg_:9 Wahlh\ve]�TY90Us3	T�` T�Y\fg^?>�[l_�[�;eTpT`_eWZ]�VewgT
_Z`6]"fn>aveYlT � i	XC;eT�^AWZ^.[\f±c�fgVXWD[lfO_8^ _Jc�c�veYnh�_8^ewOs � V,T�YlfO_:9�1P�.vXWaY�[lT�Y
7�W�;XT�W�9§i§[<;XT¨[FXk_
V,T�WZmQhp_Z`}c�_a^Xh\ve]�VQ[\fg_a^ñ>aYl_RX#[<;«Wa^�9 [<;XTE[lY\_8v?>�; ` _8wOwg_RXkTY9Ä/Js«W V,T�Wam _a`}_ave[\VevQ[
>aYl_RX#[<;Ki,WaY\f±h�T©fO^
W�9vÕ�W8c�T�^8[�[\fg]�TPV,T�Ylfg_c9Xh`U®i8;ef±h�Y\T5h�vewO[lh�fg^ h�[\Yl_a^?>fAXYlh�[D@À_aY=9QT�Y�WZve[\_�@
c�_8Y\YlT�w±WD[lfO_8^Xh�iXV,_8h\fr[lfOq8T}` _8Y�c�_a^Xh\ve]�VQ[\fg_a^j>aYl_RX#[<;�Wa^�9ÚJ�S���KRLNMquRSP` _aY�_avQ[lVevQ[a>aYl_RX#[<;ZU
l�;eT�^)Wa^8[lfgc�fOVÁWD[\fg_a^p_Qc�c�vXYlhª]�_aYlTU[�;XWZ^)_a^eT�V,T�YlfO_:9�W�;eT�Wh9>[�;eT�h\Ta>aYl_RX#[<;¨YnWD[lT�V,T�WamJh
1 _8Yd[lY\_8v?>�;¨Wa^�9>V,T�Wam:7ªWZYlT	[lT�]�VÁ_8YlWawOwgs>h�T�VXWZYnWD[lTY9»i.WZ^�9%AXYlh�[D@À_aY=9QT�YªWZve[\_Qc�_8Y\YlT�w±WD[lfO_8^Xh
WZYlT�Y\T�VewgW8c�TG9f/Js2;efn>�;XT�Y	_aY=9QT�Ylh#c�_8]�]PT�^Xh\veYlWZ[\T�X	fr[�;)[<;eT�^Jve]�/ÁT�Y?_Z`"VÁT�Y\fg_:9eh#_Z`�WZ^:@
[\f±c�fgVXWZ[\fg_a^HWahlh�ve]�TG90U

i8;ef±hªf±hª` veY\[<;eT�YkfgwgwOvXh�[\YnWD[lTY9�fO^)]$fn>avXY\T5hkxR@��-XC;efgc=;pVewg_Z[#T�h�[\fg]�WZ[\TG9�c�_8^Xh\ve]�VQ[\fg_a^:@
>aYl_RX#[<;!Wa^�9!_ave[\VevQ[<@N>8Y\_RX#[�;�WZvQ[l_Qc�_aYlYlT�w±WD[\fg_a^)` ve^Ác2[\fg_a^Áh?` Yl_a] [<;eTP]�_:9QT�w"ve^�9QT�Y�Waw{@
[\T�Y\^ÁWD[\fgqaT#V,T�YlfO_:9eh4_Z`,Wa^.[\f±c�fgVXWD[lfO_8^§i8Wa^�9©` Y\_8]�_aveY*9XWD[lW�T5ht[lfO]>WZ[\T�hYU#V?_Z[lTC;e_RXAh�[\Yl_a^�>
AXYnht[<@<_8Y�9eT�Y>WZvQ[l_Qc�_aYlYlT�w±WD[\fg_a^Áh�fO^ [�;eT � @��.vXWZY\[\T�Y>WZ^.[\f±c�fgVXWD[lTY9 c�Wah\T�WZYlT!Y\T�VewgW8c�TG9 /Js
h�[\Yl_a^?>�[�;efOY=9c@À_aY=9QT�YªWZvQ[l_Jc�_aYlY\T�wgWZ[\fg_a^Xh�fg^>[�;eTdÛ�@��.vXWaY�[lT�YdWa^8[lfgc�fOVÁWD[\TG9>c�W8h�ThU	i8;eT5h�T�WZv:@
[\_Qc�_aYlY\T�wgWZ[\fg_a^}VXY\_8VÁT�Y�[lfOT5h�_Z`,[<;eTU]P_:9QT�wÁWaY\T?WaY�[lfr`ïW8c2[lh�_a`:[<;eTUh\fg]PVXwOfO` sJfO^?>©Wahlh�ve]�VQ[lfO_8^

� x



[<;ÁWD[dWZ^.[lfgc�fOVXWZ[\fg_a^�V,T�YlfO_:9eh4WaY\T	_a`,vX^efr` _8Y\](wOT�^?>Z[�;�` _aYdWawOwXT�qaT�^.[lhYUÔeÀ[4f±h4fg^.[\vefO[\fgqaT8i8WZ^�9
WZVXVXWZYlT�^.[U` Yl_a] _8veY�Y\T5h�vXwr[nh�i,[<;ÁWD[�qDWZYlfgW�/ewOT©VÁT�Y\fg_:9eh�_Z`#WZ^.[\f±c�fgVXWD[lfO_8^Ec�_8vew�9Efg]�VeY\_Dq8T
[<;XTU]�_:9QT�wNp hdVeYlTY9Qf±c2[lfO_8^Xh`U#]e_8YdT`_QWa]�VewOT8i8]�fo_QfO^?>}[<;eT�WZ^.[\f±c�fgVXWZ[\fg_a^�T,b:T�c�[lhªfO^f]"fn>aveYlT�h
xpWZ^�9jÛ�` _8Y�[<;eT>WZve[\_Qc�_8Y\YlT�w±WD[lfO_8^!_Z`kc�_a^Xh\ve]�VQ[lfO_8^I>aYl_RX#[<; c�_avXwn9 VeYl_c9evXc�T�WµqaT�YlW�>aT
YlT�h\vewr[nh�]�_aYlTHc�wO_.h�T�wOs WaVeVeYl_v_QfO]>WD[lfO^�>E[�;eT�9eWD[nW?U�
§fgmaTYX	fgh\Taiª[<;XT�c=;XWZ^?>8fO^�>
h\fo>8^A_a`
VeYlTY9Qf±c2[lfO_8^>T�YlY\_8Ylhdh�T�T�^¨fg^fi"W�/ewgT�x®/,T�[FXkT�T�^>[<;XT�/,T�^Xc=;e]>WaY\mPve^XWa^8[lfgc�fOVÁWD[\TG9¨WZ^�9¨WZ^:@
[\f±c�fgVXWZ[\TY9©c�W8h�T5h$h\v?>�>8T�h�[lhK[<;XWZ[�W�]�f{_J[lveY\Tk_Z`Áve^XWZ^.[lfgc�fOVXWZ[\TG9}WZ^�9}WZ^.[lfgc�fOVXWZ[\TG9}c=;XWa^?>aT5h
WZYlTPY\T`[XT�c�[\TY9
fg^
[<;eT29eWZ[lW�U%l T�[lveY\^ ^eT`_J[�[\_)[<;eT>T5ht[lfO]>WZ[\fg_a^ _Z`#h�_8]PT>Wawr[lT�Yl^XWD[lfOq8T
]�T�W8h�veYlT�hk_a`K[<;Xfgh	]�_:9QT�w4p h69QsJ^XWa]Pf±c�VeYl_aV,T�Y\[\fgT�hYU

]"fo>8veYlT x � bdh�[\fg]>WD[\TG9��*rRJ�x
HK�6Q�L4MPr�J 
Z� w<r=��L!� . vQ[l_Qc�_aYlYlT�w±WD[\fg_a^�]Xve^Xc2[lfO_8^XhYë�S�WD[nWei/,T�^Xc=;e]>WaY\m¨vX^XWZ^.[\f±c�fgVXWZ[\TY9§ieWZ^�9 -ED���b,6�;�0�>W;C6�Lj0�8.3?8!k`6K02>@T /XW8h�T`@Àc�Wah\T�]�_:9QT�wghYU
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ACF for Consumption Growth (Data vs Simulation)

� o-U�}�U�9XWD[lWXi
�
oU^XWZ^.[\f±c�fgVXWZ[\TY9§i ◦ � @��8[\Y . ^8[lfgc�fOVÁWD[\TG9

� Û



]"fo>8veYlTIÛ � bdh�[\fg]>WD[\TG9��*rRJ�x
HK�6Q�L4MPr�J 
Z� w<r=��L!� . vQ[l_Qc�_aYlYlT�w±WD[\fg_a^�]Xve^Xc2[lfO_8^XhYë�S�WD[nWei/,T�^Xc=;e]>WaY\m¨vX^XWZ^.[\f±c�fgVXWZ[\TY9§ieWZ^�9 cKD���b,6�;�0�>W;[6�Lj0�8.3E8.k�6�02>@T /XW8h�T`@Àc�Wah\T�]�_:9QT�w±hYU
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ACF for Consumption Growth (Data vs Simulation)
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]"fo>8veYlT%� � bªht[lfO]>WD[lTY9��8H:L{Q�H:L 
Z� w�r=��L!� . vQ[l_Qc�_aYlYlT�w±WD[\fg_a^W]evX^Xc2[lfO_8^Xh`ë4S�WD[nWei	/ÁT�^Xc=;:@]>WZYlm>ve^XWa^8[lfgc�fOVÁWD[\TG9»iXWa^�9 -?D���b�6K;502>W;�6�Lj028�3E8!k`6K0�>WT /XWah\T,@�c�W8h�T�]�_c9eT�w±h`U
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ACF for Output Growth (Data vs Simulation)

� o-U�}�U�9XWD[lWXi
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]"fo>8veYlTf� � bªht[lfO]>WD[lTY9��8H:L{Q�H:L 
Z� w�r=��L!� . vQ[l_Qc�_aYlYlT�w±WD[\fg_a^W]evX^Xc2[lfO_8^Xh`ë4S�WD[nWei	/ÁT�^Xc=;:@]>WZYlm>ve^XWa^8[lfgc�fOVÁWD[\TG9»iXWa^�9 c�D���b�6K;502>W;�6�Lj028�3E8!k`6K0�>WT /XWah\T,@�c�W8h�T�]�_c9eT�w±h`U
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ACF for Output Growth (Data vs Simulation)

� o-U�}�U�9XWD[lWXi
�
oU^XWZ^.[\f±c�fgVXWZ[\TY9§i ◦ ÛR@��8[\Y . ^8[lfgc�fOVÁWD[\TG9

�Y×



� ��x��~&'é,ãÔß�äXz ßCã��j"-�)ã!ß��f&)�'(��Ô+,"-�)ã

]e_8wOwg_RX	fg^?>\5ª_h>awgT�s>WZ^�9'VUW8h�_8^I1 �GÓ�Ó �h7�XkT�vÁh�T�[<;eT�]�T�[�;e_:9�_a`$jkwgWa^Xc=;XWZY=9¨Wa^�9���vXW�;
1 �GÓ��hÓ 7"_a^�_aveYkh�fg]}vew±WD[lTY9%9eWZ[lW�[l_}T5ht[lfO]>WD[lT	[<;XT�]�_:9QT�wNp h4fg]PVXvewgh\T,@ÀYlT�h\Ve^Xh\T	` ve^Xc�[\fg_a^Xh
` _aY�_ave[\VevQ[�WZ^�9I;e_avXYlhYUd]"fn>aveYlT�h × WZ^�9 z�Vewg_Z[�[<;XT}fg]PVXvewgh\TPY\T5h�V,_a^Xh\T�` ve^Ác2[\fg_a^Áh�T5hF@
[\fg]>WD[lTY9 fO^ [<;eT � @��.vXWaY�[lT�Y�Wa^�9sÛR@��8vÁWZY\[\T�Y�WZ^.[\f±c�fgVXWZ[\TY9
c�W8h�T5hUYlT�h\V,T�c2[lfOq8T�wgsH[\_h>aT�[�;eT�Y
X	fO[<;![�;e_8h\T�_�/e[lWZfg^eTG9H` Y\_8] [�;eT^/ÁT�^Xc=;e]>WZYlmpvX^XWZ^.[\f±c�fgVXWZ[\TY9!c�Wah\T}WZ^�9|X	fr[�;![<;XT}T�]^@
VefgY\f±c�Waw»T�h�[\fg]>WD[\T5h`U

. h�f±haXkT�wgw�m.^X_RX	^ 1ïh\T�T8i»` _aY�T`_eWZ]�VewgTaiKjkw±WZ^Xc=;XWaY�9EWZ^�9���vXW�;Ä1 �GÓ��hÓ 7D7?[<;XT29eWD[nW
` _aY�/,_Z[<;t��Sdm Wa^�9�;X_aveYnh�h<;e_RX�h\fo>8^efoAÁc�Wa^8[�[\YnWZ^Áh�fO[\_8Y\sHWZ^�9 V,T�Yl]�Wa^eT�^.[�Y\T5h�V,_a^Xh\T�h
[<;ÁWD[�WZYlT!c=;XWZYnWac�[\T�Y\f±ht[lfgc�WZwgwOs�BD;Jve]�V:@Àh<;XWaVÁTG9�E=U¸}.[nWZ^�9XWZY=9�3UjC5 ]�_c9eT�w±h�i	Wah�fg^ _aveY
H:J:WZ^.[\f±c�fgVXWD[lTY9Ac�Wah\TaiªhD;e_RX�h\]>WZwgw#Y\T5h�V,_a^Xh\T�hPw±WacnmJfg^?> Wa^.s h\fn>a^efoAÁc�Wa^.[P]�T�Wa^ YlT�q8T�Y<@
h\fO_8^j1N5ª_h>awgT�s>WZ^�9fVUW8h�_8^j1 �YÓ�Ó ��7<7
U	e�^)c�_a^.[\YnWah�[�iJWZwgwO_RX	fg^?> � @��8vÁWZY\[\T�Yª_Z`�WZ^.[\f±c�fgVXWD[lfO_8^
W�9�9ehUw±WZY�>aT}fO^efO[\f±WZw�YlT�h\VÁ_8^Xh\T�h	[l_�T5Wac=;�_a`4[<;eTPT�h�[\fg]>WD[lTY9H` ve^Ác2[\fg_a^Áh`U®i8;ef±h�Y\T5h�vewO[lh�fg^
W VÁT5WZmaTG9 _8YP^X_a^:@À]�_a^e_a[\_a^Xfgcpc=;XWZYnWac�[\T�Y©_Z`�[<;eTHYlT�h\VÁ_8^Xh�T5h}fg^�9Qf±c�WZ[\fg^?> h�_8]PT)]�T�Wa^
YlT�qaT�Ylh\fg_a^§i8T,_ec�T�VQ[ª` _8Yk[<;eT�c�W8h�T�_Z`§[�;eT�[\YnWZ^Xh\fr[l_aYls©YlT�h\V,_a^Xh\TU_a`	��S�m#U . wgh\_©_a`K^e_a[\T�fgh
[<;XT}fg^efr[lfgWaw$^XT`>8WZ[\fgqaT�YlT�h\V,_a^Xh\T->aT�^eT�YnWD[lTY9Hfg^![<;XT}V,T�Yl]�Wa^eT�^.[�;e_aveYnh	` vX^Xc2[lfO_8^�XC;ef±c=;
c�wg_8h\T�wgs Y\T5h�T�]k/ewgT�h}[<;XT)9eWZ[lW�U 5ªwOT5WZYlwOs
[<;X_av?>h; [<;XTp]�_:9QT�w	c�_a^.[\fg^JveT�h©[\_ `ïWZwgw	hD;X_aY\[
_Z`kT,_QVew±WZfg^efg^?>�[�;eT29eWZ[lWeiKVXWZY\[\f±c�vew±WZYlwgs|X	fr[�;E[�;eT�`ïWZfgwOvXY\TP[\_~>8T�^eT�YlWZ[\T�h�fn>a^efoAÁc�WZ^.[�YlT,@
h\VÁ_8^Xh�T5h	WD[	wg_a^?>8T�Y#wgW�>8hYU

. wgwO_RX	fg^?>tÛR@��.vXWZY\[\T�Ylh}_Z`�WZ^.[\f±c�fgVXWD[lfO_8^§idfg^.[\Yl_:9QvXc�T5hPwgWaY<>8T�Y�WZ^�9A]�_aYlT)h\vXh�[lWZfg^eTG9
[\YnWZ^Áh�fO[\_8Y\s�YlT�h\VÁ_8^Xh\T�h"` _aY�/Á_a[<;�_avQ[lVevQ[ªWa^�9^;e_avXYlhYU!m�T�Yl]>WZ^eT�^.[4Y\T5h�V,_a^Xh\T�h�iaWawr[�;e_av?>h;
h\]�WawOwUY\T�wgWZ[\fgqaTH[\_ [<;eT ve^XWZ^.[lfgc�fOVXWZ[\TG9 c�Wah\Tai	WaY\T�9Qf±h�[\fg^Xc2[lwOs�;Jve]�V:@Àh<;XWaVÁTG90U i8;.vÁh�i
WZ^.[lfgc�fOVXWZ[\fg_a^Pc�WZ^PW�9?9©h�fn��W�/ewgTaiDVeYl_awg_a^?>8TY9»iDWa^�9}^X_a^:@À]�_a^e_a[\_a^Xfgc4` T�WD[lveYlT�h$[\_�fO]�VevXwgh\T,@
YlT�h\VÁ_8^Xh�T�` ve^Xc�[\fg_a^Xh?T�h�[\fg]�WZ[\TG9�` Yl_a]�[<;eT�]�_:9QT�wNU

�?_RXkT�q8T�Y5i2[lW�/ewOT�Û#Y\T�VÁ_8Y�[nh,[\T�h�[$h�[lWZ[\f±ht[lfgc�h»VeYl_Dq.f�9Qfg^?>	W8�8vÁWZ^.[\fO[lWZ[\fgqaT�[\T5ht[$_Z`cXC;eT�[�;eT�Y
Wa>afgqaT�^�` ve^Xc�[\fg_a^>T�h�[\fg]>WD[lTY9P` Yl_a]([<;eTUh\fg]}vew±WD[lfO_8^Xh61ïWaVeVeYl_v_QfO]>WD[lTY9^/Js©fO[lh*AXYnht[4T�fo>h;8[
w±W�>8h=7Kfgh�W�YlT�Wah\_a^ÁW�/ewgTªWaVeVeYl_v_Jfg]>WD[lfO_8^}_Z`Á[<;eT?c�_aYlY\T5h�V,_a^�9QfO^�>?` ve^Xc�[\fg_a^�_�/e[lWZfg^eTG9�` Yl_a]

� z
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[<;XT�9eWZ[lW?U!e�^}WZwgw.c�Wah\T�h:[�;eTd]�_:9QT�w8f±hKh�[\Yl_a^?>8wOs�Y\TDÕtT�c�[\TY9ZU	i8;JvXh�i5[<;eTªT�qJfn9eT�^Xc�T4fO^�`ïWµqa_avXY
_Z`#WZ^.[\f±c�fgVXWZ[\fg_a^ W8h�WZ^
fO^.[\T�Y\^ÁWZw�VeYl_aVXW�>8WD[lfO_8^�]�T�c=;XWa^ef±h�]�YlT�]>WafO^Xh�w±WZY�>aT�wOs|�.vXWZwgfO[lWR@
[\fgqaThU

i"W�/XwOT®Û � i$T�h�[d}.[lWZ[\f±h�fO[\f±c�hk` _8Y?j#Wah\T,@D5kWah\T � _:9QT�w0e�]�Vevew±h�T`@�3	T5h�V,_a^Áh�T®]evX^Xc2[lfO_8^Xh`U
}J[lWD[lfgh�[\f±c oU^XWZ^.[lfgc�fOVXWZ[\TG9 � @��a[lY . ^.[\f±c�fgVXWD[lTY9 Û�@��8[lY . ^.[\f±c�fgVXWD[lTY9

QY t

xax:U � � �ax:U x�� x8zcU ×
1ïy�U y8y�Û × 7 1ïy?U yh7 1ïy�U y8yay × 7

QY p

× �:U Û × �Y� U�� � �Zy?U Ó
1½y?U yh7 1½y?U y � z�7 1½y?U yh7

Qlt

×?� x?U y �Y×�×hÓ U y × y?U�z
1½y?U yh7 1ïy?U yh7 1½y?U yh7

Qlp

zZx��?U × Ó y�U Û � x�Û�U Û
1½y?U yh7 1ïy?U yh7 1½y?U yh7

þ"ß ß5å½Ø<ÚlØ<é åïØ<é ëtå§Únèï×
χ2(8)

ù5å½×t×"ÚnêµêZ×tÛµãµé �	öpçgá2èÁãµ×�ØÀÚné ß å�ìÁÝ��±÷nÚnß Þµ×tå,é Û	êDÚnèï×tÛ�Ø½Ùµ×tå<×tå\ì
Y t
ÚnÛ5ã

lt
èï×tçO×tè,Ø½áØ½Ùµ×KØ½è½ÚnÛµå<é Ø½á2èïô#ë�á2â	êZá2Ûµ×tÛ�Ø<å,ánç.á2Þ5Ø½êµÞ5Ø»ÚnÛµã	Ùµá2Þµèïå:èï×�å½êZ×�ë�Ø½é ÷�×tß ô�ù

Y p
ÚnÛ5ã

lp
èï×�çg×tè,Ø½á�Ø<Ùµ×KêZ×tè½â?ÚnÛµ×tÛ�Øëtá2â	êZá2Ûµ×tÛ�Ø½å\ì

� v%ßC�)ã!+=�Ô+��\+
�M�a�

 8íDî úhù��:ôZýK�:ô!þ¢¡®ð*ý�ø#ö¤£|öFø�ó?�K�P���¥�§¦ ð*üg�8òr$�ó?�K�¨�?ò��Fð�ù%©YúE£ª��«:í
i8;ef±h¨h\T�c2[lfO_8^ W�9Q_8VQ[lhP[�;eTEc�WawOfn/eYnWD[lfO_8^AT�]PVXwO_Ds8TY9 /.s�5ªb XC;ef±c=;Ä9ef{b:T�Ynh>]>WZfg^ewgs fg^
Wahlh\ve]�fO^?>

IES = 1.0
qaT�Ynh\vXh

IES = 0.6515
fO^ _avXY%/XWah\T,@�c�W8h�ThU i$W�/ewgT)�s/,T�wg_RX

h\ve]�]�WaY\fn��T5hª[<;eT�VXWaYlWa]�T�[\T�Y	WZ^�9)/XWawgWa^Xc�TG9c@N>8Y\_RX#[�;¨qDWZwgveT�h#vX^�9QT�Y#[�;ef±h?c�WawOfn/eYnWD[\fg_a^!U

i"W�/XwOTa� � m�WZYnWZ]�T�[\T�Ynh#WZ^�9)j#WZw±WZ^Xc�TY9c@F��Yl_RX#[<;RQ4WaY\f±W�/XwOT5h � 5ªbñ5kWZwgfo/XYlWZ[\fg_a^ZU
� _:9QT�wZm�WaYlWa]PT�[\T�YlhYU

A = 1.0
i
α = 0.344

i
δ = 0.021

β = 0.9926
i
ε = 0.2032

i
σ = 1.0

i
IES = 1.0

µ = 0.0026
i
σS = 0.0068

i
γ = 0.177

i
ρ = 0.96

i
σG = 0.0121j#WZw±WZ^Xc�TY9c@F��Yl_RX#[<;¬Q4WaY\f±W�/ewgT<Q4WZwgveT�h

g = 0.0040
i
l = 0.2307 (315.85/1369)

G/Y = 0.177
i
Kinv/Y = 0.265

i
r − δ = 0.0114

i$W�/ewgT���VeYlT�h\T�^.[nh�[<;XT�YlT�h\vewO[lh�` Yl_a]([<;XT�h\T�h\fO]©vewgWZ[\fg_a^Xh�XC;ef±c=;�hD;X_RXÄ�.vXWawOfO[lWZ[\fgqaT�wOs

xZy



f�9QT�^.[\f±c�Waw8T`b,T5c2[nhK[l_?[�;e_8h\TdVeYlT�h\T�^.[lTY9�` _8YK[�;eT�/ÁWah\T,@�c�Wah\T4]�_:9QT�wNU`��vÁWZ^.[\fO[lWZ[\fgqaT�wgsaiv;e_RX8@
T�q8T�Y5iµ[<;eT#T`b,T5c2[lh�_a`,Wa^8[lfgc�fOVÁWD[\fg_a^©_a^P_avQ[lVevQ[�qa_8wgWZ[\fgwOfO[ts�WZ^�9}_8vQ[\Veve[D@�>aYl_RX#[<;�q8_aw±WD[\fgwgfr[ts
WZYlTfynKRw���S,wfX	fr[�;�[<;XT^;Xfo>h;eT�Y�e�b�}�UZi8;ef±h�Y\T`[XT�c�[lh�WZ^ T�^?;ÁWZ^Xc�TY9EW�/efgwOfO[ts)[\_Hh�v?/Áht[lfr[lvQ[\T
Wac�Y\_.h\h	[\fg]PT�fg^ Wa^8[lfgc�fOVÁWD[\fg_a^E_Z`�` vQ[lveY\T>c=;XWa^?>aT5h`U�i8;ef±h�T`b,T5c2[�WZw±h�_)hD;X_RX?hUveV fO^E[<;eT
;efn>�;eT�YdYlT�w±WD[lfOq8T	qa_aw±WD[lfOwgfO[\fgT�h4_a`0;e_aveYnh*Xk_aYlmaTG9»i8Wa^�9�ve^�9eT�YlwOfgT�hdY\TG9QvXc�TG9¨c�_8^Xh\ve]�VQ[\fg_a^:@
_ave[\VevQ[�c�_8Y\YlT�w±WD[lfO_8^Xh`U'e�^Ú>aT�^eT�YnWZw4Wa^.[\f±c�fgVXWD[lfO_8^ VeY\_DqJf�9QT�h�wOT5h\h}fO]�VeYl_DqaT�]PT�^.[�_a`	[<;eT
]�_:9QT�w»VeYlTY9efgc�fr[lfO_8^Xh#ve^�9QT�Y	[<;Xfgh?c�WZwgfo/XYlWZ[\fg_a^

i"W�/ewgT\� � Q�_8wgWZ[\fgwOfO[\fgT�h�Wa^�9W5ªYl_8hlhD@F5ª_8Y\YlT�w±WD[lfO_8^Xh � o-U�}�UKS�WD[nWei§jkT�^Ác=;e]>WZYlmHoU^XWZ^.[lfgc�f{@
VXWZ[\TY9§i � @��8vÁWZY\[\T�Y5iJWZ^�9)ÛR@��.vXWZY\[\T�Y . ^8[lfgc�fOVÁWD[\TG9pc�Wah\T�hYU�5ªb c�WZwgfo/eYnWD[lfO_8^ZU�
§_h>�>aTG9¨WZ^�9
�?_:9QYlf±cnmh@�m4YlT�hlc�_a[�[C]$fgwO[\T�YlTY9)S�WD[lW�U

okU }�UÁS�WZ[lW oU^XWZ^.[\f±c�fgVXWZ[\TY9 � @��a[lY . ^.[\f±c�fgVXWD[lTY9 Û�@��8[lY . ^.[\f±c�fgVXWD[lTY9
σgY

y�U y8y Ó � y�U y8y Ó � y�U y � Û × y�U y � Û��
σY

y�U y �Y× x y�U y � x � y�U y � Û � y�U y � � �
σC/σY

y�U �8x�Û y?U � � � y?U Û ×�Ó y�U xh��Û
σI/σY

x:U �8y x:U y.z � x:U � � Û?U Û �
σl/σY

y�U z � Û y?U � ×�� y?U ×�× y�U z8z ×
σl/σw

� U � ×�� y?U � y � U �Jz Ó x:U � Ó
σG/σY

� U �GÓ�� � U ×�Ó � U � � � U x Ó
ρ(C, Y )

y�U z � z y�U �hÓ x y�U �8x8z y�U y � �
ρ(I, Y )

y�U Ó xR� y�U Óh� y�U Ó ��� y�U Óh×?�
ρ(l, Y )

y�U � z � y�U Ó Û�Û y�U Ó Û8x y�U Óh×�Ó
ρ(l, w)

y�U � z × y�U z Ó x y�U � Ó � y�U ×����
ρ1(gY )

y�U ÛhÛ8x y�U y8y�Û�� @�y?U x�� @Ày�U y8y Ó �
ρ1(gC)

y�U x�� × y?U y.z Ó y?U ��� y�U y.x ×
æ$ánØ<ÚlØ½é á2Û��

σx

î2é ÷�×tå�Ø½Ùµ×}å½Ø<ÚnÛµãDÚnèïãEã5×t÷�é�ÚlØ½é á2Û!ánçd÷nÚnè½é�Ú=�5ß ×k�aì
ρ(x, y)

î2é ÷�×tå�Ø½Ùµ×}ë�á2èïèï×�ß�ÚlØ½é á2Û�ánç÷2Únèïé�Ú=�µß ×tå
x
ÚnÛµã

y
ì
ρ1(x)

î2é ÷�×tåJØ½Ùµ×	pDèïå½ØP��á2èïãµ×tèÁÚnÞ�Ø<á�ëtá2è½èï×tß�ÚlØ<é á2Û#ánç�÷2Únèïé�Ú=�µß ×
x
ì
Y
ãµ×tÛµánØ½×�åXÚnî2î2èï×tî�ÚlØ<×á2Þ5Ø½êµÞ5Ø�ùJÚnÛ5ã

gY

é Ø½å�î2è½á�õ§Ø<Ù�è½ÚlØ<×2ì
C
ãµ×tÛµánØ½×tådëtá2Ûµå½Þµâ	ê5Ø½é á2Û.ù8ÚnÛµã

gC

é Ø<å$î2è½á�õKØ½Ù}è<ÚlØ½×2ì
I
ãµ×tÛµánØ<×tåë�Únêµé Ø<ÚnßÁé Û�÷�×tå½Ø½â	×�Û�Ø�ù

l
Ø<ánØ<Únß,Ù5á2Þµè½å�ì

w
ãµ×tÛµánØ½×tådÚ�÷�×tè<Únî2×kß�Ú=�aá2Þ5è�êµèïá�ãµÞ5ëtØ½é ÷�é Ø�ô}õKÙµé ë<Ù�õ»×kë�Únß ëtÞµß�ÚlØ½×Únå

Y/l
ì

eÀ[df±h4c�wgT�WaY�[<;XWZ[4[<;eT�c�WZwgfn/eYlWZ[\fg_a^�XC;efgc=;%/,T�h�[dc�WaVQ[\vXY\T5h�[<;eT69XWD[lWXi8Wa^�9PwOfgmaTYX	fgh\T#[<;eT
T�]�VefgYlfgc�WZw�T�qJf�9QT�^Xc�TPh\veVeV,_aY\[\fg^?>HW)VXWZY\[\f±c�vew±WZY�c�WawOfn/eYnWD[lfO_8^§i»WZYlT©^e_a[�fO^�9eT�V,T�^�9QT�^.[�_a`
[<;XT�Wa^.[\f±c�fgVXWD[lfO_8^)W8h\h\ve]�VQ[\fg_a^Áhª]>WafO^.[lWafO^XTY9¨fg^)[<;eT�]�_:9QT�wNU*i8;ef±h#fO]�VewgfgT�h	h\_a]�T®9Qf­�\@
c�vXwr[ts�fg^�fg^8[lT�YlVeYlT�[\fg^?>©T�]�VefgY\f±c�Waw�Xk_aYlm}[�;XWD[kfn9eT�^.[\foAXT�hkVXWaY�[lfgc�vew±WZYd]�_:9QT�w,VÁWZYnWZ]�T�[lT�Ynh
X	fO[<;e_8vQ[�Wac�c�_8ve^.[\fg^?>>` _aY�WZ^.[\f±c�fgVXWD[lfO_8^!T,b:T�c�[lhYU6i8;eT}Vefg_a^XT�T�Ylfg^?>%Xª_8Y\mp_Z`�5�;eYlfgh�[\f±WZ^X_

x �



WZ^�9¨b4f±c=;eT�^c/XWave]Ø1 �GÓ�Ó x�7�YlT�VXY\T5h�T�^8[nhZÕtvÁht[	_a^XT�T`_QWa]�VewOT�_Z`	XC;eT�YlT�[<;ef±h#c�_a^Ác�T�Yl^�]>Wµs
WZVXVewOshU � _aYlT6>aT�^eT�YnWZwgwOs8iD[<;XTUf�9QT�^.[\foAÁc�WD[\fg_a^¨Wa^�9>]�T�W8h�vXY\T�]PT�^.[4_Z`0[XvXc�[\vXWZ[\fg_a^XhdfO^¨[\_�@
[lWaw§`ïW8c2[\_8Y?VeYl_:9QvXc2[lfOqJfO[tsp]>WµspY\T�wOsp_a^!f�9QT�^.[\foAÁc�WD[\fg_a^!_a`4WZ^.[\f±c�fgVXWD[lfO_8^HT,b:T�c2[nh`UCi8;eT5h�T
f±h\h\veT�h�`ïWZwgw#_avQ[nh�f�9QT�_a`	[<;eTHhlc�_aV,T�_a`	[<;ef±hPVXWZV,T�Y5i�;e_RXkT�q8T�Y5i"Wa^�9 YlT�]>WZfg^ ` _aY©` vQ[lveY\T
YlT�h\T�WZYnc=;ZU

 8í4ì �8õ�ð&��®¯�~ôZý�óW�<ó?�cø�ù���ô*í
�?T�Y\T\XkT�T,_eWZ]�fg^eTP[<;eT>fg]�VewOf±c�WZ[\fg_a^Xh�_a`d[�;eT29QT`>8Y\T�T©_a`kV,T�Ynh\fgh�[\T�^Xc�T�fg^ VeYl_:9QvXc�[\fgq.fO[ts
h<;e_QcnmJh?` _aY�_aveY�YlT�h\vewr[nh`Ua]e_8Yd/XY\T�q.fO[tsaiÁ[<;Xfgh�h\T�c2[lfO_8^I9Qf±h\c�vXhlh�T5hU_8^ewOs)[�;eT©]>WafO^�V,_afg^.[lh
` Yl_a] [<;eTC9QT�[lWafOwgTY9}VeY\T5h�T�^.[lWD[lfO_8^�fg^}_avXYÔXk_aYlmJfO^?>�VXWZV,T�Y81.
$WZ]>WZYnc=;eTkWZ^�9G
§_DqaT8iZxZyay���7,U

i8;eT?VeYl_:9QvXc�[\fg_a^P` ve^Xc�[\fg_a^¨h\VÁT5c�foAÁc�WZ[\fg_a^�fO^�[�;eT?]�_:9QT�wÁfgh4]P_:9QfoAXTG9P[\_�[<;XT	` _awgwO_RX8@
fg^?>Xi

Zt = AtStK
α
t l1−α

t , where, At = (1 + µ)At−1 + ξt.
1 ��� 7

. hC/,T�` _8Y\T
St

fgh	W�YnWZ^�9Q_a] VeYl_:9QvXc�[\fgq.fO[ts�h<;e_Qcnm2/evQ[?f±h	^e_RX h�V,T�c�f{AÁTY9)Wah�i

lnSt = zt − σ2
ξ/2(1 − ν2), zt = νzt−1 + ξt,

and, ξt ∼ i.i.d. N(0, σ2
ξ ) ∀t.

1 � x�7

i8;eT�h\T�Wahlh�ve]�VQ[lfO_8^Xh�fO]�VewgsH[<;XWZ[
E[St] = 1

WZ^�9�[<;eTP]�_c9eT�w#;XWah�WfXªT�wOw�9QT`AX^eTY9
jC��m�°�U�]eveY\[<;XT�Y5ia` _8Ydh�]>WawOw

µ
Wa^�9�fO^�[�;eT?wgfO]�fO[ªWah

ν → 1
[<;ef±h4]�_:9QT�wÁfghdTY�.vefgqDWZwgT�^.[�[\_

[<;ÁWD[	VeYlT�h\T�^.[\TG9>fO^|}JT5c2[\fg_a^!x©W�/,_DqaT�XC;XT�YlTdXkT�W8h\h\ve]�TY9pW}YnWZ^�9Q_a] X#WZwgm%X	fr[�;)9eY\fO`�[YU
i8;eTk]P_:9QT�w:XkW8h$h\fg]}vew±WD[lTY9�` _8Y�Wawr[lT�Yl^XWD[lfOq8Tªc=;e_8fgc�T�h$_Z`e[�;eTkVÁT�Ylh\fgh�[\T�^Xc�TkVXWaYlWa]PT�[\T�Y

X	fO[<; c�_8Y\YlT�h\V,_a^�9Qfg^?>HW�9vÕtvÁht[l]PT�^.[lh�[l_
σξ

h\_�Wah�[l_!]>WZfg^8[nWZfg^
σgy

= 0.0095
U%e�^ WZwgw

_Z[�;eT�Y	YlT`>.WZY=9ehd[<;eT�c�WZwgfo/eYnWD[lfO_8^�YlT�]>WZfg^eTG9¨[�;eT�h\Wa]�T�W8hk` _aY	_8veYC/XWah\T,@�c�W8h�T�]�_c9eT�wNU
i8;eT!]�_:9QT�w	YlT�h\vewO[lh\X	fO[<;

ν = 0.99
WZYlTpf�9QT�^.[lfgc�WZw	[l_ [�;e_8h\T)` _aY�[�;eT|/XWah\T,@�c�W8h�T

YnWZ^�9Q_8]ÐX#WZwgm}]�_:9QT�wNU . h�[�;eT?wgT�qaT�we_Z`»V,T�Ynh�f±h�[\T�^Ác�T	fg^�[<;eTUh<;e_Qcnm}VXY\_Qc�T5h\h�9efO]�fg^efgh<;eT5h�i
±�²KÙ5é åKå½êZ×�ëté pDë�ÚlØ½é á2Û�çOá2è§Ø½Ùµ×�å½Ùµá�ë<Ü�êµèïá�ë�×tå½å$é åKÚnãµá2ê5Ø½×tã�çgèïá2âAä�á2Û5×�å�ù§³�ÚnÛ�Þµ×tß ß é±ùDÚnÛµã�ð�é Þ s ÿ





�tÀì

xax



;e_RXkT�q8T�Y5id[�;eTj9Qfob:T�YlT�^Xc�T�h2/,T�[FXkT�T�^ [<;eTj/ÁT�^Xc=;e]>WZYlm ve^XWZ^.[lfgc�fOVXWZ[\TG9 c�Wah\T�WZ^�9 [<;eT
WZ^.[lfgc�fOVXWZ[\TG9 c�Wah\T�h�^XWZYlYl_RX?h`U^i8;efgh�T,b:T�c2[�f±h�c�_8^Xh\fgh�[\T�^8[�W8c�Yl_8hlh�WawOw4YlT�h\vewO[lh�Wa^�9 c�_a^:@
[\fg^JveT�h#vX^8[lfOw<iQ` _8Y#[<;eT

ν = 0.0
c�W8h�T8iJ[<;eT�Y\T�f±h#^e_29Qfob,T�Y\T�^Xc�Ta/,T�[FXkT�T�^p[<;XT®/ÁT�^Xc=;e]>WZYlm

ve^XWa^.[\f±c�fgVXWD[lTY9)WZ^�9HWZ^.[lfgc�fOVXWZ[\TG9pc�Wah\T�hYU
e�^.[\vefO[\fgqaT�wOs8iÁ[�;eTPfO^Xc�_a]�T�_8YdXkT�Wawr[�;!T,b:T�c2[nh�` Y\_8] Wf>afgqaT�^�c=;ÁWZ^?>8T}WZYlT}w±WZY�>aT�Y	[<;eT

wg_a^?>8T�YkwgW8ht[lfO^?>©[<;XT�T`b,T5c2[nh#_Z`K[�;e_8h\T�c=;XWZ^?>8T�hYU	]X_aY?h<;e_aY\[D@ÀwgfOq8TY9¨c=;XWa^?>aT5h4[�;eT�^)fg^Xc�_8]PT
T,b:T�c�[lh�WZYlT�h�]>WZwgw$Wa^�9Hwgfr[\[\wgTk/,T�^eT`Ae[�f±hUWµqDWZfgw±W�/ewgT�` Y\_8] [�;eT}fg^.[\T�Y�[lT�]�VÁ_8YlWawKh\v?/Xh�[\fO[\v:@
[\fg_a^©VÁ_.h\h\fn/efOwgfO[\fgT�h�WZwgwO_RXkTY9�` _aY#9QveYlfO^?>�W�VÁT�Y\fg_:9�_Z`,WZ^.[\f±c�fgVXWD[lfO_8^ZUKbªh\h\T�^.[\f±WZwgwgs�[<;eT#_a^XwOs
9Qfob,T�Y\T�^Xc�TC/,T�[FXkT�T�^�[<;eT�WZ^.[\f±c�fgVXWD[lTY9�WZ^�9�ve^XWZ^.[lfgc�fOVXWZ[\TG9Pc�Wah\T�h�XC;XT�^

ν = 0.0
f±h4h�fg]^@

Vewgs�[<;XT#[\fg]Pfg^?>�_Z`Á[<;eT	VXY\_:9QvXc�[\fgqJfr[ts�c=;XWa^?>aT8iZWZ^�9}[<;JvXh4_Z`,Wa^Js�_�/Xh\T�YlqaTG9}h\v?/Xh�[\fO[\vQ[lfO_8^
T,b:T�c�[lh�iXh\_}[�;XWD[	[�;eT�h\T�[FXª_>c�Wah\T�h�/ÁT5c�_8]PT�fg^�9Qf±h�[\fg^?>avef±h<;XW�/ewgT�ht[nWD[lfgh�[\f±c�WawOwgs�U

 8í�� ´�ù�£|ù�÷6ð��*ô!ù6ð�ò�ó~��ý?ð,µV�?õ·¶�ðC÷6ô!ög©2£ª��¶¸«
i8;eT©]P_:9QT�wgh�T,_eWa]Pfg^eTG9�h�_�`ïWZY�h�V,T�c�fr` s!wg_a^�>�@ÀY\ve^|>8Y\_RX#[�;�Wah�WZ^�T`_Q_�>aT�^e_avÁh	VeYl_Jc�T�hlh`U
u8_a^eT5h�S,L!K�yZ1½xayayay�7,VeYl_Dq.f�9QT4W69eT�[lWafOwgTY9�c�_a]�VXWaY\f±h�_8^�_Z`J[<;eT�/evXh\fO^XT�hlhKc�sQc�wOT4VXY\TG9Qfgc�[\fg_a^Xh
_Z`�T,_Q_h>aT�^X_avXh8>8Y\_RX#[�;~3UjC5«]�_:9QT�w±h6X	fO[<;�W�[FXk_�@�h\T�c2[l_aY#T�^�9Q_�>8T�^e_8vXhC>aYl_RX#[<;)]�_:9QT�w
1 b�� � 7
U�i8;eT�ss;Xfo>h;ewOfn>�;.[©[<;eTpb�� � p h©V,T�Ynh\fgh�[\T�^Xc�T¨VXY\_8VÁT�Y�[lfOT5h`U . wgh\_Xi4WawOwg_RX	fg^?>!` _aY
fg^8[lT�Ynh�T5c2[l_aYnWZw§h\v?/Xh�[\fO[\vQ[lfO_8^!]�Wµs'/ÁT}fO]�V,_aY\[lWZ^.[?` _8Y	[<;XT�T,b:T�c�[lh?_a`4WZ^.[\f±c�fgVXWD[lfO_8^ZU8]e_aY
/eYlT�qJfO[tsaiGXªTdW�>8WafO^�]>WZm8T4Y\T�` T�YlT�^Xc�T�[\_�_aveYZXk_aYlmJfO^�>	VXWZV,T�YK` _aY$W�9QT�[nWZfgwOTG9�VeY\T5h�T�^.[lWD[lfO_8^
WZ^�9'9Qf±hlc�vXhlh8;eT�YlT�_a^ewgs>[�;eT�]>WZfg^)V,_afg^.[lhYU

¹)(dc�(.- S 1�T,>@In/)k�>@3E8.º�3?6K028�1ML
. h©fg^»
§vXc�Wah'1 �YÓh��� 7�[<;eT�Y\T)WZYlT�[FXª_Eh\T�c�[\_8Ylh}fO^ [�;eT�T5c�_8^e_a]©s � [<;XTf;Jve]>WZ^:@�c�WaVefO[lWZw
h\T�c2[l_aYkWZ^�9�[�;eTdAX^XWZwo@�>a_J_:9eh4h\T�c2[l_aY�¼RU�l
T�Wahlh\ve]�T?[<;XT�hlWZ]�TUvQ[lfOwgfO[ts¨WZ^�9>fg^Q` _8Y\]>WD[lfO_8^
h�[\YlvXc2[lveY\T�` _aY©[<;eT)YlT�VeYlT�h\T�^.[lWZ[\fgqaT2;X_avXh\T`;e_8wn9 WahPfO^Ä}JT�c�[\fg_a^Ax?U � W�/,_DqaThU . qDWZfgwgW�/ewgT
[\fg]�TE[�;e_av�>�;�f±h)WZwgwO_Qc�WZ[\TG9¸/,T�[FXkT�T�^�wOT�fgh\veYlTai�;X_aveYnhph\veVeVXwOfgTY9«` _aY)T�]�Vewg_Ds.]�T�^8[Hfg^
½�²KÙ5é åJëtß�Únå<åJánçDâ	á�ãµ×tß åJÙDÚnå:�Z×t×tÛ4å½Ø½Þµãµé ×tãª×���Ø<×tÛµå½é ÷�×tß ô4é Û�Ø<Ùµ×,î2è½á�õKØ½Ùdß é Ø<×tè½ÚlØ<Þµèï×2ì,ð�×t×,çgá2è.×F�5Únâ	êµß ×2ùò§×D�Z×tß ß á s �D�
�G�PtÀùQÚnÛ5ãG¾�é Û5î�ÚnÛ5ã�òK×F�Z×tß ß á s �D�
�

�t�ìªà"á2â	â	× s �D�
�
��t"×��µÚnâ	é Ûµ×tã�Ú	â	á2Ûµ×�Ø<Únèïô�÷�×tèïå<é á2ÛánçQØ½Ùµé å$â	á�ãµ×tßaé Û�ÚkòKû§ó)ëtá2Û�Ø½×���Ø�ì

x�Û



[<;XTfAX^ÁWZwo@N>8_._:9ehPh\T�c2[l_aY
(lKt)

idWZ^�9 ;e_8veYlh©T�]�Vewg_DsaTG9 fg^ ;Jve]>WZ^?@Àc�WZVefO[lWawd` _8Y\]>WD[lfO_8^

(lHt)
Ud�?ve]>WZ^ c�WZVXfr[nWZw

(Ht)
f±hUT�]k/,_c9efOTG9|X	fr[�;efg^�fO^�9QfOqJf�9QvXWawghU[\_¨VXY\_DqJf�9QT}W¨h\veVeVewgs

_Z`ÔB�T,b:T�c�[\fgqaT,E�w±W�/,_avXY
(Ht(lKt + lHt))

U�bdW8c=;Eh\T�c2[l_aY�T�]�Vewg_DsJh?[<;ef±h�T,b:T�c2[lfOq8T}w±W�/,_aveY
WZ^�9�V?;JsQh\fgc�WZw§c�WaVefO[lWZw»vX^�9QT�Y?c�_a^Xh�[lWa^.[#YlT�[lveYl^Xhk[\_>hlc�WZwgT�Wac�c�_aY=9Qfg^?>©[\_Xi

Yt = AKSKt(θtKt)
α(lKtHt)

1−α,
1 � Ûh7

Xt = AHSHt((1 − θt)Kt)
γ(lHtHt)

1−γ .
1 � ��7

Yt

f±hCAX^ÁWZwo@N>8_._:9eh?VeY\_:9QvÁc2[\fg_a^Ki
Xt

f±h6;Jve]>Wa^:@Àc�WZVefO[lWaw§VeYl_:9QvXc2[lfO_8^§i
θt

fgh?[<;eT©VeYl_aV,_aY<@
[\fg_a^E_Z`�[<;XT}V?;JsQh�f±c�Waw{@�c�WaVefO[lWZw$ht[l_JcnmHWZwgwg_Jc�WD[lTY9)[\_fAX^XWaw{@�>a_J_:9eh	VeYl_:9QvXc�[\fg_a^§i

AK > 0
i

AH > 0
i
α ∈ (0, 1)

iJWZ^�9
γ ∈ (0, 1)

WZYlT?ht[nWZ^�9XWZY=9�VeY\_:9QvÁc2[\fg_a^�` vX^Xc2[lfO_8^�c�_JT��¨c�fOT�^8[nh�i
WZ^�9

SKt > 0
WZ^�9

SHt > 0
WaY\T�T,_Q_h>aT�^X_avXh�VeYl_:9QvXc�[\fgq.fO[ts h<;e_QcnmQh`U2]X_aY}h\fg]PVXwOf±c�fO[ts

XkT�W8h\h\ve]�T�h�sJ]�]�T�[lY\f±c�hD;e_QcnmQhkfO^HT5Wac=;�V,T�Ylfg_c9Hh\_}[�;XWD[
SKt = SHt = St ∀t

iÁWZ^�9
St

` _awgwg_RX?hd[�;eT�VeYl_Qc�T�hlh8>afgqaT�^f/Js�b��8vÁWD[\fg_a^ � x©fg^�}JT�c�[\fg_a^|�:U x©W�/Á_Dq8T2¿RU
. >h>aYlT`>8WZ[\T�T�c�_a^e_8]Pf±c�_avQ[lVevQ[	` Yl_a]�[�;eT�]�_:9QT�w»f±h?c�Wawgc�vew±WD[\TG9pW8h�i

Zt = Yt + qtXt,
1 � ��7

XC;eT�Y\T
qt

>afgqaT�h$[�;eT#Y\T�wgWZ[\fgqaTkVeY\f±c�T#_a`�;Jve]>WZ^:@�c�WaVefO[lWZwJfg^}[lT�Yl]>h�_Z`�AÁ^XWZwo@N>8_J_c9Xh$_8vQ[\VXvQ[YU

¹)(dc�(A' /)À)UVUV>W0y;=8�3�/�>W3E021M;=7E(
. hlh\ve]�fO^?>>h\sJ]P]�T�[\Yls%/ÁT�[FXªT�T�^HVeYl_c9evXc2[lfO_8^ph\T�c2[l_aYnha1 fNU ThU

AK = AH

i
α = γ = 0.35

i

δK = δH = 0.024
7	Wa]�_ave^.[lh?[\_)Wahlh�ve]�fg^?>�W¨h\fg^?>awgT,@�h�T5c2[l_aY?]�_:9QT�w"_Z`*;X_a]�_�>8T�^eT�_avXh

_ave[\VevQ[
(qt = 1)

WZ^�9 [�;eT�YlT�` _8Y\T�9ef{b:T�Ynh�` Yl_a] [�;eT�]�_:9QT�w�_Z`k}JT5c2[\fg_a^¸�?U x
_8^ewOsAfO^
YlT`>8WaY�9Xhd[l_�[<;eT�T�^�9Q_h>aT�^X_avXh#q8T�Ynh�vXhkT`_J_h>aT�^e_avXh�>8Y\_RX#[�;)W8h\h\ve]�VQ[\fg_a^!U4b4^�9Q_h>aT�^efo��fO^�>
[<;XT%>aYl_RX#[<;
VeY\_Qc�T�hlh�fg^ fr[nh�T�wr`C;XW8h�wOfO[�[lwOT�fO]�VXW8c2[�_a^ [<;XT¨T,b:T�c�[lh�_a`kWZ^.[lfgc�fOVXWZ[\fg_a^
` _aY
Ánþ"å,á2ê5êaá2å½×tãUØ½á�Ø<Ùµ×$â	á�ã5×�ßZánçJð�×të�Ø<é á2Ûd�5ì ÿ5ù�Ùµá\õ»×�÷�×tètù5Ø½Ùµ×tå<×"å½Ùµá�ëÀÜ�å»é â	ê5ß ôªêZ×tèïâ?ÚnÛµ×tÛ�Ø§×¥Âa×tëtØ½å»é ÛØ½Ùµ×4ú:à`³Pì

xR�



[<;XT-/evXh\fO^XT�hlhUc�sQc�wOT�VeYlTY9efgc�[\fg_a^XhU_Z`�[<;ef±hUc�wgW8h\h?_Z`�]�_c9eT�w±h`UCi8;eT�YlT�h\vewO[lh�WZYlT�VÁT�Y�` T5c2[\wgs
WZ^ÁWZwg_�>a_8vXh}[\_ [<;X_8h\TH` _aY�[<;XT�]�_c9eT�w?_a`®}JT5c2[lfO_8^��?U x?U i8;eT!T`b,T5c2[lh¨_Z`�WZ^.[\f±c�fgVXWD[lfO_8^
c�_8^.[\fg^.vXT�[l_%9QfO]�fg^ef±hD;~X	fO[<;)[<;eT-9eT`>aYlT�T�_a`$V,T�Ynh�f±ht[lT�^Xc�T�fO^)[<;XT�hD;e_Qcnm¨VXY\_Qc�T5h\hYU

¹)(dc�(dc h[7yÀ)UVU»>?02;=8.3�/�>@3§0�1X;=7
e�^�[<;XTdV,T�Y\` T�c2[lwOs�h\s.]�]�T�[lY\f±c�b�� � [<;eTkc�Ylfr[lfgc�WZwaYnWD[lfO_	_a`:;.vX]�Wa^:@<[\_�@ÀV?;JsQh�f±c�WawZc�WaVefr[nWZw8fgh
W?c�_a^Xh�[lWa^8[KWa^�9�[lYlWa^Xh�fO[\fg_a^ÁWZw�9QsJ^XWa]�fgc�YlT�h\V,_a^Xh\T�h:[l_Uc=;XWa^?>aT5h»fO^}T�c�_8^e_a]�f±c4c�_8^�9QfO[\fg_a^Xh
[\YnWZ^Áh�VefgYlTkfg^>W�h�fg^?>8wOT	V,T�YlfO_:90U#i8;eT�Y\T	f±h�^e_�fg^.[\T�Ynh\T�c2[l_aYnWZweh<;efO`�[\fg^?>�_Z`:Y\T5h�_8veYnc�T�h�YlvewgfO^�>
_ave[�[<;ef±h}Wµq8T�^JveTP` _aY�[<;eTpT,b:T�c2[nh�_a`	Wa^.[\f±c�fgVXWD[lfO_8^ZU)i$_�W�9�9QY\T5h\h�[<;ef±h-XkT>Y\TG9QvXc�T>[<;eT
h<;XWZYlT!_Z`�V?;JsQh\fgc�WZwo@Àc�WZVefO[lWaw?fO^«[<;eTj;.vX]�Wa^:@�c�WZVXfr[nWZw�h\T�c�[\_8Yj1

γ = 0.34
7\/Js W h\]>WZwgw

]>WZY�>afg^ h�vÁc=; [<;XWZ[©[�;eTpc�WZVefO[lWaw{@Àfg^Xc�_8]PTphD;XWaY\T�Y\T�]�WafO^Áh©WaVeVeYl_v_Jfg]>WD[lT�wgs y?U Ûh�?UIe�^ W
h\T�c�_8^�9�Wawr[lT�Yl^XWD[lfOq8T�XkT�YlTY9evXc�T�[<;eT�YnWD[\T�_Z`#9QT�VXY\T5c�f±WD[\fg_a^�_a^f;Jve]>Wa^pc�WaVefO[lWZw:YlT�w±WD[lfOq8T
[\_}[<;eT�YnWD[lTU_a^�V?;JsJh\f±c�WZw:c�WaVefO[lWZw#1

δK = 0.024
i
δH = 0.018

7,UÔe�^'/Á_a[<;p_Z`»[<;XT�h\T�c�Wah\T�h
XkTdA�_�[<;XT�V,T�Ynh\fgh�[\T�^Xc�T�_a`"h<;e_QcnmJh

ν = 0.95
U

]e_8Y�;e_8veYlh�iJc�_a^Áh�ve]�VQ[lfO_8^§iJWZ^�9�_8vQ[\Veve[�i.[\YnWZ^Xh\fO[\fg_a^>VXWZ[<;Xhdve^�9QT�YkWa^8[lfgc�fOVÁWD[\fg_a^>YlT,@
]>WZfg^-�.vXWZwgfr[nWD[lfOq8T�wgsUf�9QT�^.[\f±c�WawZ[l_	[<;e_.h�TdfO^�[�;eT*/XW8h�T`@Àc�Wah\T�_a^eT`@Àh\T�c�[\_8Y»]P_:9QT�w4U	�?_RXkT�q8T�Y5i
h\fO^Xc�T�[<;eTªYlWZ[\fg_#_Z`:;Jve]>WZ^:@<[\_�@<V?;JsQh\fgc�WZwZc�WaVefO[lWZwafghK^e_RX qDWaY\f±W�/ewgTai�[<;XT4fO^Jq8T�h�[\]�T�^.[§VXWZ[<;Xh
` _aY®;Jve]>Wa^ Wa^�9
V?;JsQh�f±c�Waw{@�c�WaVefr[nWZw4h<;e_RX ]>WaY\m8TY9QwgsI9Qfob,T�Y\T�^.[-/ÁTY;XWµqJfO_8veYlhYU2]"fo>8veYlT �
9Qf±h�VXwgWµsQhP[<;XT!VÁT�Ylc�T�^.[lW�>aT|9QT�qJf±WD[lfO_8^Xh�_Z`�V?;JsQh�f±c�Waw?WZ^�9�;Jve]>WZ^:@�c�WaVefO[lWZw	fg^JqaT5ht[l]PT�^.[
` Yl_a] W\9QT�[\T�Y\]�fg^efgh�[\f±c�jC��m fO^|/,_Z[�;)[<;eT�vX^XWZ^.[\f±c�fgVXWZ[\TY9HWa^�9~ÛR@��8vÁWZY\[\T�Y	Wa^8[lfgc�fOVÁWD[\TG9
c�W8h�T5h#_Z`�[<;XT}Wah\sJ]P]�T�[\Ylfgc�b�� � ]�_:9QT�w!>afgqaT�^!W�VÁ_.h�fO[\fgqaT � ÖZx©V,T�Ync�T�^.[?VeYl_:9QvXc�[\fgq.fO[ts
h<;e_Qcnm�Ut�Uve]>WZ^:@�c�WaVefr[nWZwkfgh�;eT5Wµq.fgwgssXkT�fn>�;.[lTY9 fg^AVXY\_:9QvXc�[\fg_a^ YlT�w±WD[lfOq8T¨[l_EV?;JsQh�f±c�Waw{@
c�WaVefO[lWZw"WZ^�9§iÁfg^EWZ^.[lfgc�fOVXWZ[\fg_a^!_a`"` ve[\veYlT©fg^Xc�Y\T5Wah\T�h	fg^![\_a[lWaw§`ïWac�[\_8YUVeYl_:9QvXc2[lfOqJfO[tsaiÁ[<;eT
wgT�Wah�[pc�_8h�[fXkWµs [\_ YnWZf±h\TEc�veYlYlT�^.[�c�_8^Xh�vX]PVe[\fg_a^ f±h¨[l_ 9QT�` T�Y';Jve]>Wa^:@Àc�WZVefO[lWawUWac�c�v:@
]}vXwgWZ[\fg_a^ fg^ [<;eT)c�veYlY\T�^.[}Y\T�wgWZ[\fgqaT�wOs wO_RX VeYl_c9evXc2[lfOqJfO[ts
V,T�Ylfg_c9 vX^8[lfOwª[<;XT¨fO]�VeYl_DqaTG9
[\T5c=;e^e_8wO_h>as¨WZYlYlfOq8T�hYU	i8;JvXh�iefg^p[�;eT�WZ^.[lfgc�fOVXWZ[\TG9pc�Wah\T�V�;.sQh\fgc�WZwo@Àc�WZVefO[lWaw:fO^JqaT5ht[l]�T�^.[	fgh
wg_RX�_a^E[<;eT¨WaY\YlfOqDWaw	9eWZ[\T|1ïh�[lWaY�[�_Z`8�.vXWZY\[\T�Yd�c7�XC;XfOwgT\;.vX]�Wa^:@�c�WZVXfr[nWZw�fO^Jq8T�h�[\]�T�^.[�fgh
;efn>�;ZU#i8;ef±h4YlT�h\vewO[lh�fg^¨W�wg_RXAVeYlTY9efgc�[\fg_a^P` _aYd[<;eTUc�_aYlY\T�wgWZ[\fg_a^P_Z`:_avQ[lVevQ[#WZ^�9PV?;JsQh�f±c�Waw{@
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Wah�VeYlT�qJfg_avXh\wgs�U . wgh\_Xi»T5ht[lfO]>WZ[\TY9 fg]PVXvewgh\T,@ÀYlT�h\VÁ_8^Xh�T�WZ^�9EWZve[\_Qc�_8Y\YlT�w±WD[lfO_8^!` ve^Xc�[\fg_a^Xh
` _aY?[<;eT5h�T}W8h�sJ]�]�T�[lY\f±c�c�W8h�T5h?h<;e_RX WawO]�_.ht[?^e_�qµWaY\f±WD[lfO_8^HY\T�wgWZ[\fgqaT�[\_¨[<;eT}h\sJ]�]PT�[\Ylfgc
h\T�c2[l_aY	]�_:9QT�wNU . wgwO_RX	fg^?>�` _8Y	[<;eT©fO^.[lT�Ynh�T5c2[\_8YlWaw:Y\T5WZwgwO_Qc�WZ[\fg_a^Xh#_a`�Y\T5h�_8veYlc�T�hC9Q_JT5h	^e_Z[
WZwO[\T�Y#[<;eT�YlT�w±WD[lfOq8T�T`b,T5c2[nh	_Z`�WZ^.[\f±c�fgVXWD[lfO_8^pfg^)[<;eT5h�T�YlT`>.WZY=9eh`U

¹)(dc�(+* h[I!02>W;=L�6K028.ÃM> S >W6X72b,;=>WU»>WLj0�7¤1	Ä&024�>gÅ:b�UV6�L�FG6Kk�8.026�Ir/�>@3§021M;
��veY�Xª_8Y\mJfg^?>�VXWaVÁT�Y#Wawgh\_�T`_.[lT�^Xh\fgqaT�wgs�]�_c9ef{AXT5hd_8veY�/XWah\T,@�c�W8h�TUWa^�9¨W8h�sJ]�]�T�[\Ylf±cUh\T�c
@
[\_8Ylh?b�� � ]�_c9eT�w±h	[\_pW�9?9QYlT�hlhk[<;XT}]�fgh\]�T�W8h�veYlT�]�T�^8[k1ï_aY?^X_a^:@À]�T�Wah\veYl]�T�^.[=7k_a`	;Jv:@
]>WZ^Hc�WaVefr[nWZw»WahC9efghlc�vXhlh\TY9¨fg^!ua_8^eT�h®S`L�K�y+��1<xZy8yayh7,UÔe�^p[<;XT�Wah\s.]�]�T�[lY\f±c
@�h\T�c2[l_aYkc�Wah\T�h
qDWZYlfgWZ[\fg_a^Xh#_8^HVeY\T�qJfO_8vXh	YlT�h\vewr[nh?WZYlT�_�/Xh\T�YlqaTG90U � _8h�[Uh�fn>a^efoAÁc�WZ^.[\wgsaiQ[�;eT}W8h�sJ]�]�T�[\Ylf±c
c�W8h�T5h�hD;X_RX h\v?/Xh�[lWa^8[lfgWaw4V,_8h\fr[lfOq8T¨WZvQ[l_Jc�_aYlY\T�wgWZ[\fg_a^ _Z`	_avQ[lVevQ[k>8Y\_RX#[�; vX^�9QT�YPWZ^.[\f±c
@
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[\f±c�fgVXWZ[\fg_a^!T,b:T�c�[lh�h�fn>a^efoAÁc�WZ^.[\wgs�fg]�VeY\_Dq8T�VeY\TG9Qf±c2[\fg_a^ÁhCX	fr[�;�YlT�h\VÁT5c2[	[\_¨[<;eTk9es.^ÁWZ]�fgc
VeYl_aV,T�Y\[\fgT�hk_Z`$_avQ[lVevQ[UWZ^�9f;e_8veYnh`U . wgWaY<>8TU[lYlWa^Xh�fO[\_8Y\s>c�_a]�VÁ_8^eT�^.[	fg^�[�;eT�T�h�[\fg]�WZ[\TG9
YlT�h\VÁ_8^Xh�Td` ve^Xc�[\fg_a^Xh4WaY\f±h\T�h$ve^�9QT�Y4WZ^.[\f±c�fgVXWD[lfO_8^kXC;eT�Y\Tkwgfr[\[\wgT	fgh"VeYlT�h\T�^.[�XC;eT�^�c=;XWa^?>aT5h
WZYlYlfOq8T®X	fr[�;e_avQ[®X#WZYl^efg^?>�U . 9?9QfO[\fg_a^XWawOwgsai,[<;XT©YlT�h\VÁ_8^Xh\T�` ve^Xc�[\fg_a^Xh�_a`�[\T�^s9Qf±h�Vew±Wµs)[<;eT
[tsJVef±c�WZw0;Jve]�V:@�h<;XWZV,T�` _ave^�9)fg^)[<;eT-9eWZ[lW�U
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T�WaY<>8veT?[�;XWD[?c=;XWa^?>aT5h4fg^pT5c�_a^X_a]�fgc�c�_8^�9QfO[\fg_a^Xh#WZYlTU_a`�[\T�^fXkT�wgw:Wa^.[\f±c�fgVXWD[lTY9¨YnWD[�;eT�Y
[<;ÁWZ^�/,T�fg^?>p` vewOwgs!ve^XWa^.[\f±c�fgVXWD[lTY9�W8hUfg]�VewOf±c�fO[\wgs�Wahlh\ve]�TY9Hfg^ h�[lWZ^�9eWZY=9|3?j65M[<;XT�_aYls�U
]evXY�[�;eT�Y5i5[<;eT*/,T`;ÁWµq.fg_avXY§_Z`XW�>�>aYlT`>.WD[lT"c�_a^Xh\ve]�VQ[\fg_a^Ki5_8vQ[\VXvQ[�iµfg^.q8T�h�[\]�T�^.[5iµWa^�9a;e_8veYlh
WZYlT?h<;e_RX	^P[\_-/,T�c�_a^Xh\fgh�[\T�^.[*X	fr[�;�WZ^.[\f±c�fgVXWZ[\fg_a^�T,b:T�c�[lhdW8h4VeYlTY9efgc�[\TY9\/Js�W�VeYl_Z[\_a[tsJVef{@
c�Waw�3?j65 ]�_:9QT�w4U�b4]�Vewg_DsJfO^?>©W}h\fO]�VewgTU]�T�[�;e_:9Q_awg_�>8s}[l_}YlT�VeYlT�h\T�^.[4[�;eT�WZ^.[\f±c�fgVXWD[lfO_8^
_Z`�` vQ[lveYlTET�q8T�^.[lh2XªT�T`_QVewO_8Y\TH[�;eTEfg]�Vewgfgc�WD[\fg_a^Áh>_Z`�` vewgwgs Wa^8[lfgc�fOVÁWD[\TG9Ä>a_Dq8T�Yl^e]�T�^.[
T,_QV,T�^�9efr[lveY\T�Wa^�9p[\T�c=;X^e_awg_�>8fgc�WZw»c=;XWZ^�>aT�hª` _8Y#[<;eT�VeYlTY9efgc�fr[l_a^Xh#_a`	3?j65«]P_:9QT�wghYU

��veY}h\fO]©vew±WD[\fg_a^ YlT�h\vewO[lh}h<;e_RXgAXYlh�[�[�;XWD[©Wa^.[\f±c�fgVXWD[lfO_8^ c�WZ^ fg]PVXY\_Dq8T�WawO]�_.ht[}WawOw
_Z`�[�;eT}]�_:9QT�wghYpÁVXY\TG9Qfgc�[\fg_a^Xh?` _aYU[<;eT\9eWD[nW>]�_a]�T�^.[nhUh�[\v�9QfgTY9ZUa}JT5c�_8^�9»i:WZ^.[\f±c�fgVXWD[lfO_8^
]>W�>8^ef{AÁT�h�[<;eT�T`b,T5c2[lh�_a`kW'>afgqaT�^
hD;X_Jcnm�WawOwg_RX	fg^?>¨[�;eT�]P_:9QT�wgh�[l_)c�_aYlY\T5c2[lwOsHVeYlTY9Qf±c2[
[<;XT}qa_8wgWZ[\fgwOfO[ts)_Z`4_ave[\VevQ[�>aYl_RX#[<;|X	fO[<;Eh\fn>a^efoAÁc�Wa^.[\wgspwgT�hlh?q8_aw±WD[\fgwgfr[tsHWahlh�vX]PTG9!fg^![<;eT
T,_Q_h>aT�^X_avXh�h<;e_QcnmEVXY\_Qc�T5h\h\T�hYU�i8;efgY�9§i	XkT%AX^�9 fO]�VeYl_DqaT�]�T�^.[lh�fg^ [�;eT�]�_:9QT�w±hYp$VeYlT,@
9Qf±c2[lfO_8^Xh?` _8Y�T5ht[lfO]>WZ[\TY9�fO]�Vevew±h\T,@ÀY\T5h�V,_a^Xh\T�` ve^Ác2[\fg_a^Áh�_a`4_avQ[lVevQ[<@N>8Y\_RX#[�;�WZ^�9|;X_aveYnh`U
e�^EVÁWZY\[\f±c�vew±WZY5iX[lYlWa^Xh\fr[l_aYlspYlT�h\VÁ_8^Xh\T�h	[l_)WphD;X_Jcnm!WaY\TPh�fn>a^efoAÁc�WZ^.[\wgsHfO^Xc�Y\T5Wah\TY9Hve^�9QT�Y
WZ^.[lfgc�fOVXWZ[\fg_a^
WZ^�9j;Jve]�V:@Àh<;XWaVÁTG9EYlT�h\VÁ_8^Xh\T�h�h�fg]�fOw±WZY�[l_p[�;e_8h\T�fO^ [<;XT¨o-U�}�UZ9eWD[nWHWZYlT
c�_8]�]P_8^ZU8i8;efgh�h�v�>�>aT5ht[nh#[<;ÁWD[�Wa^8[lfgc�fOVÁWD[\fg_a^HT`b,T5c2[lh�c�Wa^|>a_¨h\_a]�T-X#Wµs¨fO^EVeY\_DqJf�9Qfg^?>
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YlT�WZwgf±ht[lfgc�fg^.[\T�Yl^XWaw4VeYl_aVXW�>8WD[lfO_8^ ]�T5c=;XWZ^ef±h\]�hkX	fr[�;efg^ [<;eT�_aYlT�[lfgc�WZw4T5c�_a^X_a]�fgc�]�_:9QT�wgh
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]�_:9QT�wKh\V,T�c�foAÁc�WD[\fg_a^KiJ[<;eT�c�WZwgfo/eYnWD[lfO_8^'XC;Xfgc=;~/,T�h�[CAe[lh#[�;eT-9eWZ[lW�f±h#^e_Z[?fg^�9QT�VÁT�^�9QT�^.[
_Z`$[<;eT�Wa^8[lfgc�fOVÁWD[\fg_a^)Wahlh�vX]PVe[\fg_a^Xhk]>WZfg^.[lWZfg^eTG90U�
§fgmaT`X	f±h\Tai.[<;eT�T�]�VefOYlf±c�WZw:fg]�VewOT�]�T�^:@
[lWZ[\fg_a^�_Z`»VXWaY�[lfgc�vew±WZY4]�_:9QT�w±h�i8WZ^�9P[<;eT?f�9QT�^8[lf{A,c�WD[lfO_8^>_Z`:[\_a[lWawQ`ïWac�[\_aYdVeY\_:9QvÁc2[\fgqJfr[tsPfg^
>aT�^eT�YnWZw<i�X	fOwgw0/ÁT�h\T�^Xh\fO[\fgqaT�[\_>WZ^.[\f±c�fgVXWZ[\fg_a^pW8h\h\ve]�VQ[lfO_8^Xh`U�b4]�VefgYlfgc�WZw:]�T�[<;X_c9e_awg_�>afgT�h
^eT�TY9�[\_%/,T-9QT�q8T�wg_aV,TY9�[\_>Wac�c�_avX^8[#` _8Y?WZ^.[\f±c�fgVXWD[lfO_8^pT`b,T5c2[nh`U

}JT�c�_a^�9§i�XªT)Wahlh�ve]�T>[�;XWD[�WZ^.[\f±c�fgVXWZ[\fg_a^ V,T�YlfO_:9ehPWZYlT¨_Z`?vX^efr` _8Y\] wgT�^?>a[<; ` _8Y©WawOw
T�q8T�^.[lhYU i8;Xfgh>WaY�[lf{AÁc�fgWaw	ht[lY\vXc�[\veYlTHVXWZY\[\f±c�vXwgWaY\wgs hD;e_RX?hPveV fg^A_:9?9AVeYlTY9Qf±c2[lfO_8^XhP` _aY
WZve[\_Qc�_8Y\YlT�w±WD[lfO_8^>` ve^Xc�[\fg_a^XhYU�e�^.[\vefO[\fgqaT�wOs8ieWac2[lvXWZw»T5c�_8^e_a]�fgT�h#WZYlT�wgfgmaT�wgs�c=;XWaYlW8c2[lT�Ylfo��TY9
/Js c�_8]k/efg^XWD[lfO_8^Xh©_Z`�/,_Z[�; Wa^8[lfgc�fOVÁWD[\TG9 Wa^�9 ve^ÁWZ^.[\f±c�fgVXWD[lTY9Ac=;XWZ^?>8T�hYUtl T!h\T�Tp[<;eT
h�[\v�9Qs _Z`�Ylfgc=;XT�Y¨h�[\YlvXc2[lveY\T5h�i8X	fO[<; [�;eT�T`_.[lT�^.[�_a`�Wa^.[\f±c�fgVXWD[lfO_8^Ä9eT�V,T�^�9Qfg^?> _8^ [<;eT
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VeYl_aVXW�>8WZ[\fg_a^
_Z`Uh<;e_QcnmJh�fO^ [�;eT�]�_:9QT�wgh©T�]�Vewg_DsaTG9j;XT�YlTai�W!w±WZY�>aTf�.vXWa^8[lfr[nWD[lfOq8T�`ïWZfgw{@
veYlTHY\T�]�WafO^Áh`U i$T�h�[�h�[lWD[lfgh�[\f±c�h�c�_a^Áh�f±ht[lT�^.[\wgs YlTFÕtT5c2[¨fg]PVXvewgh\T,@ÀYlT�V,_a^Xh\T)` ve^Xc2[lfO_8^Xh¨T5hF@
[\fg]>WD[lTY9
` Yl_a] _8veY}h\fO]©vew±WD[\TG9W9eWD[nWei	X	fr[�; _aY-X	fO[<;e_8vQ[©Wa^8[lfgc�fOVÁWD[\fg_a^ T`b,T5c2[lhYU~i8;.vÁh�i
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5ªsQc�wgT�hFEni)Ê:r�H:w
J�KRy	r¨ËÑÌIrRJ�S,L�KRw
zCÍ6O�r�J�r§��MPO,x2i�� � 1 × 72i ���G� Û�@ � x �Y× U

È � É jkwgWa^Xc=;XWaY�9»i���U u�UkWZ^�9 S�UÒ��vÁW�;§i �GÓ���Ó i#B<i8;eTI9es.^ÁWZ]�fgc�T,b:T�c2[nh�_a`�W�>�>8Y\TY>8WZ[\T
9QT�]�Wa^�9 Wa^�9 h\veVeVewgsÚ9Qf±ht[lveY�/XWZ^Xc�T�hFEni�Ï��%S`w
MPO�K�J»ÍCO=rRJ�r§��MPORÐ�S`uYMPSy�`Î�z Ó i × ���R@
× z�Û?U

È � É jk_aw�9QYlfO^§i � Ugi�5�;eYlfgh�[\f±WZ^X_XiX
�U u�UXWZ^�9!u�U SkU � U�]$f±h<;eT�Y5i,xayay � i�BD��W�/efO[UV,T�Ynh�f±h�[\T�^Ác�Tai
Wahlh\T�[pYlT�[lveYl^Xh�i�WZ^�9 [�;eTs/evXh\fO^eT5h\h)c�sQc�wOT,EniÑÏ��%S`w
MPO�K�JÓÍCO=rRJ�r§��MPO:ÐdS,uGMPSy�`Î Ó?� i
� � Ó @ �Y×h× U

È ×=É jkveYl^Xh�f�9QT8i�5dUZWZ^�9 � UZbdfgc=;eT�^c/XWZve]Hi �GÓ�Óh× i,BD]ÁWac�[\_aY<@�;e_8WaY�9Qfg^?>UWa^�9}[<;eT	VeYl_aVÁW�>8W�@
[\fg_a^H_a`	/evÁh�fg^eT�hlhD@Àc�sJc�wOT�h<;e_QcnmJhFE2i�Ï��%S`w
MPO�K�JÔÍCO=r�J�r=�^MPO<Ð�S`uYMPSy�`Î ��× i �h� ����@ ��� zR��U

È z É 5ª_�>8wOT�sai®iaU?WZ^�9Mu�U � U�VUW8h�_8^§i �GÓ�Ó ÛeiCBFe�]�Vevew±h\TW9es.^ÁWZ]�fgc�h!WZ^�9MVeYl_aVXW�>8WZ[\fg_a^
]�T�c=;XWa^ef±h�]>h#fg^HWPYlT�Waw0/evXh\fO^eT5h\h	c�sQc�wgT�]�_:9QT�w E2i	ÍCO=rRJ�r=�^MPO
x�ÕÔS,LNL�S,w=x�Î��hÛeiÁz8zG@ �?� U

È �=É 5ª_�>8wOT�sai?iaUeWa^�9pu�U � U?VUW8h�_8^§i �YÓhÓ �QiRB=��vQ[\Veve[�9QsJ^XWZ]�f±c�hkfO^HYlT�Waw{@�/evXh\fO^XT�hlhF@�c�sQc�wgT
]�_:9QT�w±h�E2i	Ï��%S,w
MPO=K�J�ÍCO=rRJ�r=�^MPOÑÐdS,uGMPSy�`Î � �Qi:� Ó xv@F� �h� U

È Ó=É 5�;eYlfgh�[\f±WZ^X_Xir
*U u�UªWZ^�9 � Ukb4fgc=;XT�^c/XWZvX])i �GÓ�Ó xQi*B�5ªvXY\YlT�^.[�YlT�Waw{@�/evXh\fO^XT�hlhF@�c�sQc�wgT
[<;XT�_aYlfgT�h�WZ^�9}W�>h>aYlT`>.WD[\TªwgW�/Á_8YD@À]>WZYlmaT�[Z[XvXc�[\vXWZ[\fg_a^XhFEni@Ï��\S`w
MPO=KRJ]Í6O�r�J�r§��MPOÒÐ�S 

uGMPS��`Î � xei:�hÛ8yR@F�Zy?U

x Ó



È � y É ]XWafOY5i�3®U�5dUXWZ^�9Hu�U j�U?i"WµsJwO_8Y�i �GÓ�� ÛXi�B<}J_8wOve[\fg_a^HWZ^�9)]>WR_Qfg]}ve] wOfgmaT�wOfn;e_J_:9�T5ht[lf{@
]>WD[lfO_8^¨_Z`Ô9es.^ÁWZ]�fgcU^e_a^XwOfg^eT�WaYdYnWD[lfO_8^XWZwÁT,_QVÁT5c2[nWD[\fg_a^Áh4]�_:9QT�w±h�E2iXÍCO=rRJ�r=�%S,LNw
MPO=KDi
� � i ���G×�Ó @ ���G� �?U

È ����É ��W�>8^e_a^KiJu�U b6UOi �GÓ�Ó yeiRB<}J_8wOqJfg^?>�[�;eT�ht[l_Jc=;ÁWah�[\f±c�>8Y\_RX#[�;¨]�_c9eT�w�/Js29QT�[lT�Yl]Pfg^ef±ht[lfgc
T,_J[lT�^�9QTG9)VXWD[�;cEni,Êcr�H:w
J�K�y!r¨Ë�Ö6Hcx
MqJ�S,x�x¤×�ÍCO=rRJ�r=�^MPOÙØ�L�K�L4M�x
LNMPO
x�Î � i?Û��v@�Û × U

È � x É ��fgwgc=;eYlf±ht[5i�}�UeWZ^�9)u�U�5dUcl fgwOwgfgWa]>h�iXxayayayXi�BFm4ve[�[ts�@Àc�wgWµs>Wa^�9�fg^JqaT5ht[l]PT�^.[ � . /evXh\f{@
^eT5h\h?c�sQc�wgT�Wa^XWZwgsQh�f±hFEni�Ê:rRH:w
J�KRy!r¨ËÑÚCrRy MqLNMPO=KRy�ÍCO=rRJ�r§��zDi � y � i Ó x � @ Ó�× y�U

È � Û É ��_a]�]�Taihm#UOi �YÓ�Ó Ûei,B � _a^eT�s}WZ^�9k>8Y\_RX#[�;}YlT�qJfgh\fO[\TY9cEni�Ê:rRH:w
J�KRy�r#ËÒÌIrRJ�S,L�KRw
zÑÍ6O�r 

J�r§��MPO,x�ÎZÛ8xQi�� � @�zaz:U

È � � É ��YlT`>a_8Y\s8i . U l UJWZ^�92�^U l U�}J]�fO[<;§i �GÓ�Ó?� iYB=5kWZwgfo/eYnWD[lfO_8^PW8h�[\T5ht[lfO^�> � e�^Q` T�YlT�^Xc�T?fg^
h\fO]©vewgWZ[\TG9�]>Wac�Yl_JT�c�_a^e_8]Pf±c�]�_:9QT�w±hFEniKÊ:rRH:w
J�KRy?r¨Ë�Ö6Hcx=MqJ�S
x=xr×VÍCO=rRJ�r=�^MPO&Ø�L�K�L4M�x 

LNMPO
x�Î Ó iXx Ó zG@�ÛayhÛ?U

È � � É u8_a^eT5h�ir
�U b6Ugi � Wa^JveT�wgwOf<i63®U b6U#WZ^�9¸�kU b�U8}JfgvZUgi�xZy8yayXi�B���Yl_RX#[<; WZ^�9Ä/XvXh�fg^eT5h\h
c�sQc�wOT5h�E2i?VUjkb�3 l
_aYlm.fg^?>\m�WZV,T�Y�ÛklMz × Û�Û�U

È �Y×=É Ò�fg^?>Xi*3®U��^U�WZ^�9 }�U iaU�3	TY/ÁT�wO_Ái �YÓhÓ yeiZBDm4v?/ewgf±c¨V,_awgfgc�s WZ^�9 T5c�_8^e_a]�f±c%>aYl_RX#[<; �
S�T�qaT�wO_8Vefg^?> ^eT�_Jc�wgW8h\h\f±c�WZw	fg]�Vewgfgc�WD[\fg_a^Áh�E2iÙÊ:rRH:w
J�K�ydr¨ËÔÚCrRy{MqL4MPO=KRyrÍCO=rRJ�r=�^z5Î Ó�� i
} � x × @F} � �Zy?U

È � z É Ò�fg^?>Xi�3®U �^U.WZ^�9%}�U iaUh3?T`/,T�wg_Xi.xayay8yei`B<3	T�h\vXhlc�f±WD[lWZ[\fg^?>�Y\T5WZw:/evÁh�fg^eT�hlh4c�sJc�wOT5h�E2iafg^ �
u�U#i"WµsJwO_8Y}WZ^�9 � U#l
_._:9J` _8Y�9§i�TY9ehYUOi*��WZ^�9?/Á_J_amp_Z` � Wac�Y\_JT�c�_a^e_8]�fgc�h 1PVU_aY\[<;:@
�?_8wOw±WZ^�9»i . ]>h�[\T�Y�9eWa]27 Ó x8zv@ � yay.z:U

È �Y�=É Ò�s:9Qw±WZ^�9»i:]�UJWZ^�9�b6U�5dUcm4YlT�hlc�_a[�[5i �GÓ�� xeiGB<i#fO]�T�[\_�/evefgwn9pWZ^�9¨W�>�>8Y\TY>8WD[lT8[XvXc�[\v:@
WD[lfO_8^XhFEniMÍCO=r�J�r=�%S`L4w
MPO=K5Î!�ayei � �QzG@ �Y× �:U

È �YÓ=É 
KWa]>WZYnc=;eTai�u�@�] WZ^�9 SkU 3®U ]�U�
§_DqaT8i4xZyay��Xi . ^.[\f±c�fgVXWZ[\TY9 [\T5c=;e^e_awg_�>8fgc�WZwdc=;ÁWZ^?>8T
WZ^�9!Y\T5WZwÔ/evXh\fO^eT5h\h�c�sQc�wgT�h�i:jªYl_QcnmpoU^efOq8T�Ynh�fO[ts)l _8Y\mJfg^?>%m�WZV,T�YÙÛ©xayay.xv@ � ieWµqDWZfgw{@
W�/XwOT�WZ[8;.[\[\V � Ö�ÖZh�VXWaY�[nWZ^ZU Wac�U /XY\_QcnmJvZU c�W�ÖKÜewg_DqaTY9�ÖµVXWDV,T�Ynh
Ö . ^.[D@Àq:Û?U

Ûay



È xZy É 
§vÁc�Wah�iZ3®U b6Ugi �YÓh��� i:B=��^�[<;XT©]�T�c=;ÁWZ^ef±c�h�_Z`ªT�c�_8^e_a]�f±ck9QT�qaT�wO_8Ve]�T�^.[FE2i�Êcr�H:w
J�K�y
r¨ËaÌ�r�J�S`L�K�w
zCÍCO=rRJ�r=�^MPO
x�ÎKxaxei?ÛR@��.xM�

È x ��É®� T�Y<�8i � UOi �GÓ�Ó �Qi?B<}QT�WZYnc=;!fg^E[�;eT�wgW�/Á_8Y�]>WZYlmaT�[�Wa^�9![�;eT�Y\T5WZw	/evXh\fO^eT5h\h�c�sJc�wOT,Eni
Ê:rRH:w
J�KRyÔr#ËÑÌ�r�J�S`L�K�w
zCÍCO=rRJ�r=�^MPO
x�ÎZÛ × iXx ×hÓ @�Ûayay�U

È xax É m�T�YlwOf<i#3®UKWZ^�9jm#U#}QWZm8T�wgwgWaY\f±h�i �GÓ�Óh� i�B<�?ve]>Wa^ c�WZVefO[lWaw�` _aYl]>WD[\fg_a^ Wa^�9I/XvXh�fg^eT5h\h
c�sQc�wOT�V,T�Ynh�f±h�[\T�^Ác�T
E2i�Ê:rRH:w
J�K�yÔr¨ËÑÌIr�J�S`L�K�w
zCÍCO=rRJ�r=�^MPO
x�Î0�.xei × zG@ Ó x?U

È x�Û É m4YlT�hlc�_a[�[�i!b�U�5dUgi �YÓh��× i%B<i8;eT�_8Y\s W�;eT5W�9 _a`I/evXh\fg^eT�hlhAc�sQc�wgT�]�T�W8h�veYlT�]�T�^8[DEni
5kWZYl^eTY>afgT,@�3	_Qc=;eT�h�[\T�YC5ª_8^Q` T�YlT�^Xc�T-}JT�YlfOT5h#_a^)m4v?/ewgf±cam"_8wOf±c�s)x��Qi �h� @�����U

È xR� É 3	TY/ÁT�wO_ÁiR}0U iaUgi �YÓ�Ó�� i=B#
K_a^?>�@<Ylve^�VÁ_8wOf±c�s�WZ^ÁWZwgsJh\f±h»WZ^�9�wg_a^?>�@<Ylve^a>aYl_RX#[<;:EniWÊcr�H:w
J�K�y
r¨ËÑÚCrRy MqLNMPO=KRy)ÍCO=rRJ�r=�^z5Î ÓhÓ i?�Zy8yR@F�ax � U

È x�� É i"Wµs.wg_aY5iau�U j�UaWa^�9%�-U8o6;ewgfo>Ái �GÓ�Ó yei`B�}J_awgqJfO^?>�^X_a^ewgfO^XT�WZY4h�[\_Qc=;XW8ht[lfgc8>8Y\_RX#[�;©]�_:9c@
T�w±h � . c�_a]�VXWaY\f±h�_8^>_Z`�WZwO[\T�Yl^XWZ[\fgqaT�h\_awgvQ[lfO_8^�]�T�[�;e_:9eh�E2i)Ê:rRH:w
J�KRy!r¨ËrÖ6Hcx
MqJ�S,x�x¤×
ÍCO=rRJ�r=�^MPO¤Ø�L�KRLNM�x=LNMPO,x�Î � i � @ � zcU

Û �
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]$fn>avXY\T Ó?�*� _c9eT�w!��Yl_RX#[<;~3?WD[lT�h8X	fO[<; . ^.[\f±c�fgVXWZ[\TY9|��_Dq�p [#b*_JV,T�^�9Qfr[lveYlTk3	f±h�ThUà"èïá\õ§Ø<Ù�è<ÚlØ½×4ãµ×�÷5é�ÚlØ½é á2Ûµå§çgèïá2â��DÚnß�ÚnÛ5ë�×tãG�±î2è½á�õKØ½Ù�êDÚlØ½Ù.ùDÛµá2èïâ?Únß é��t×tã���ô�åïØÀÚnÛ5ãDÚnè½ã�ã5×t÷�é�ÚlØ½é á2Ûµå\ì

á?â



]$fn>avXY\T � y � o-U�}�UXS�WD[lWXi���Yl_RX#[<;~3?WD[lT�h�i �YÓ ����@ �YÓh×�× Uíeé èïå½ØP��ãµé Âa×tè½×tÛµët×tå"ánçeß á2î2î2×tã�ÚnÛµã�ñ"Ý?�ApDß Ø½×�èï×tã�ãDÚlØ<Ú5ùDÛµá2èïâ?Únß é��t×�ã���ô�å<Únâ	êµß ×�åïØÀÚnÛµãµÚnè½ã�ã5×t÷�é�ÚlØ½é á2Ûµå\ì

Û�Û



]"fo>8veYlT �h��� o-U�}�UXS�WD[nWei���Yl_RX#[<;~3?WD[lT�h�i �YÓh×�× @ �YÓ z Óíeé èïå½ØP��ãµé Âa×tè½×tÛµët×tå"ánçeß á2î2î2×tã�ÚnÛµã�ñ"Ý?�ApDß Ø½×�èï×tã�ãDÚlØ<Ú5ùDÛµá2èïâ?Únß é��t×�ã���ô�å<Únâ	êµß ×�åïØÀÚnÛµãµÚnè½ã�ã5×t÷�é�ÚlØ½é á2Ûµå\ì

Ë	�o§h�?¥��^¼v¿Kã�ä-°æå�°Xç��R¢=�?ÁXè�¥�£R­8¢<¯~µ6�R¢��Y�YÁ0¼Y½Kév½RÃ=¼Y½h½Eêë�ìæí.î�ï.ðòñ5ì óEô¨í�ô¨õ5ö¨ô¨î�÷�ø�ùæ÷ZúZúZô¨ñaû�õ5ñÑü�ý�ðAþ=ù ï�ô#í.ô¨ñ<ñ=û�ï�û�ÿ=õ5÷Zí��rû�ùæì��¨ô#ñ�����î�û��
	5ùæô`î.ï û�õ5ñ5û�í�ñ<ñ�ô��2ì û�ï�ìæ÷Zõ5î�
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]$fn>avXY\T � Û � okU }0UÁS�WD[lWXi���Y\_RX#[�;)3UWD[\T5h�i �GÓ�Ó yR@txZyay8y � xíeé èïå½ØP��ãµé Âa×tè½×tÛµët×tå"ánçeß á2î2î2×tã�ÚnÛµã�ñ"Ý?�ApDß Ø½×�èï×tã�ãDÚlØ<Ú5ùDÛµá2èïâ?Únß é��t×�ã���ô�å<Únâ	êµß ×�åïØÀÚnÛµãµÚnè½ã�ã5×t÷�é�ÚlØ½é á2Ûµå\ì
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´~¡�¡®ô!ùd÷��¨Ý��Äí<ß�ø��cø
o-U�}�U��.vXWaY�[lT�YlwOs 9eWD[nW h�T�Y\fgT�h�T�]PVXwO_Ds8TY9 c�_DqaT�Y\TG9 [�;eT!V,T�YlfO_:9 �YÓ �R� �n� [\_ xZy8yay � Û�U

}JT�Y\fgT�h®9QT�^e_Z[lTY9
fg^ fr[nWZwgfgc�h®XC;eT�YlT>_�/e[lWZfg^eTG9�` Yl_a] [<;eTfV�WD[lfO_8^XWZw*e�^Ác�_a]�T>WZ^�9jmdY\_:9c@
vXc�[ . c�c�_ave^.[lh�9eWD[nW�]�WZ[\Ylf{_~1����PÚ�Ï���7*9Q_RX	^ewg_8W�9eTY9}` Y\_8]�[<;XTUbdc�_a^XS�WD[nWaXªTY/:@Àh\fO[\T?WD[
[<;XT©o?^XfOq8T�Ynh�fO[tsp_a` � WZYlsJwgWa^�90Ud}QT�YlfOT5h�9QT�^e_Z[lTY9!fg^�^e_8ve^:@�ht[tsJwgT�[tsJVÁT�XC;eT�YlT�_�/e[lWZfg^eTG9
` Yl_a] [�;eT�]eTG9QT�YnWZw?3?T�h\T�YlqaT#bdc�_8^e_a]�f±c#S�WZ[lW�/ÁWah\Ta1����! #"%$dWa^�9^XªT�Y\T	W�>h>aYlT`>.WD[\TG9�` Yl_a]
]�_a^.[<;XwOs�[\_f�.vXWaY�[lT�YlwOshU�l�;eT�Y\T�WaVeVewgfgc�W�/ewgT�WZwgw$h\T�YlfOT5h8XªT�Y\T-9eT,[ÁWZ[\TY9~/Js�[<;eT�fg]�Vewgfgc�fr[
VeYlfgc�Td9QT`[ÁWD[l_aYa1<T�&('(&*)	7�iÁWa^�92XkT�YlTd9QfgqJfn9eTY92/Js�[�;eT�c�fOqJfgwOf±WZ^p^e_a^?@<fg^Xh�[\fO[\vQ[lfO_8^XWZw,VÁ_8Vev:@
w±WD[\fg_a^ �Y× s8T�WZYnhª_Z`�W�>aT�WZ^�9p_8wn9eT�Y-1�+-,/.10(2#3-45$k[\_�_h/Q[lWafO^HV,T�Y<@Àc�WZVefO[lW©qDWZwgveT�hYU

��vQ[\VXvQ[®A�>avXY\T5h�WZYlT�>8Y\_.h\h�9Q_a]�T5ht[lfgc�VeYl_:9QvXc�[%1DJ-&�'(&('�7
U~5ª_a^Xh\ve]�VQ[\fg_a^
f±h�]�T�WR@
h\veY\TG9�WahK[<;eTkh�vX] _Z`eV,T�Ynh�_8^XWZw.c�_a^Áh�ve]�VQ[lfO_8^�T,_QV,T�^�9efr[lveY\T5hK_8^�^e_8^:@�9eveYlW�/ewgT�h*1�O6&�78& × 7
WZ^�9Ah\T�YlqJfgc�T�h|1<O9&:7�'�;�<vU ��_DqaT�Y\^e]�T�^8[�T,_QV,T�^�9efr[lveY\T|X#Wah�]�T5Wah\veY\TG9 W8hP[<;eT�h\ve] _a`
]eTG9QT�YnWZw®>8_DqaT�Y\^e]�T�^8[|9QT�` T�^Xh\T T,_QV,T�^�9QfO[\vXY\T5hÚ1��8&>=?&�)#72i�]XTY9QT�YlWaw->a_Dq8T�Yl^e]�T�^.[H^e_a^:@
9QT�` T�^Xh\THT,_QVÁT�^�9QfO[\veYlT�h|1���&#=9'�@�7�i?WZ^�9Ä}.[lWZ[\T!WZ^�9m
K_Jc�WZw8>a_Dq8T�Yl^e]�T�^.[©T`_QVÁT�^�9QfO[\veYlT�h
1��8&>=67�A�7
U�5kWZVXfr[nWZw§fg^JqaT�h�[\]�T�^8[CX#Wah#]�T�W8h�vXY\TG9f/Js¨[�;eT}h\ve] _a`tieVeYlfOqDWZ[\TaA?_QTY9)fg^JqaT�h�[D@
]�T�^.[�1Du?&*)B&�'�7�i�]eTG9QT�YnWZw�>a_Dq8T�Yl^e]�T�^.[*9QT�` T�^Xh�T�fg^.q8T�h�[\]�T�^.[d1���&#=9'�'�7�i�]eTG9QT�YnWZw�>a_Dq8T�Yl^:@
]�T�^.[?^e_8^:@�9eT�` T�^Áh�T�fg^JqaT�h�[\]�T�^8[k1���&#=*79)	7�i!}.[lWZ[\T�WZ^�9:
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Wah�fO[�T�^�9eh�WD[�[<;XTPw±Wah�[�]P_8^.[<;E_a` �YÓhÓ Û�Uai8;JvXh�XkTPc�_a^:@
h�[\YlvXc2[lTY9»i

hours = avg.hrs. × employment rate × participation rate
i4[�;XWD[>f±h�i

hours = avg.hrs. × employment ÷ population
i	XC;eT�Y\T)Wµq�>�U ;XYlhYU|XkW8h->8fOq8T�^t/Jsai

WµqaT�YlW�>aT6XkT�T�mJwOs2;X_aveYnhk_Z`$VXY\_:9QvXc�[\fg_a^)Xª_8Y\m8T�Ynhd1½jÒ
Ô}p^XWD[lfO_8^XWZw:T�]PVXwO_DsJ]�T�^.[�i:;X_aveYnh�i
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WZVXVeY\_.Wac=;sX	fr[�; h�V,T�c�f{A,c>Y\T�` T�YlT�^Xc�T�[\_H[�;eT¨]�_:9QT�wª_Z`�}JT�c�[\fg_a^ x?U . [�[�;eT2/,T`>8fO^e^XfO^?>
_Z`"WZ^Js�[\fg]�T�V,T�Ylfg_c9¨[�iJ[�;eT�T�c�_8^e_a]©s�p hªfO^Xfr[lfgWaw§c�_a^�9Qfr[lfO_8^Xh#WZYlTUVeYlTY9eT�[\T�Y\]�fg^eTY9'/Js�[<;eT
c�vXY\YlT�^.[?qDWZwgveT�_a`�[<;eT}h�[lWZ[\T�qDWaY\f±W�/ewgT
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U . w±h\_�WD[�[<;eT-/,T`>8fO^X^efO^�>¨_Z`�[�;efghUVÁT�Y\fg_:9~XªT
Wahlh\ve]�T�[<;ÁWD[�W�>aT�^.[Yp h?YlT�WZwgfn��T�[�;eT©[\fg]PT

t + τ
_8vQ[lc�_a]�T}_a`4[<;eT�h�[\_Qc=;XWah�[\f±c�VXY\_Qc�T5h\h\T�h

{St, Gt}
i	` _aY)h�_8]�T

τ ≥ 0
U b��.vefgqDWZwgT�^.[\wgsaiUWZ[pT5Wac=;«V,_afg^.[pfg^ [\fg]�TjXkT�;XWµq8TEWZ^

Wahlh\ve]�VQ[\fg_a^P_Z`:VÁT�Y�` T5c2[4` _8Y\T5h�fn>�;.[�` _aY�[�;eT	` vQ[lveYlT	VÁT�Y\fg_:9
{t, ..., t+τ}

i8Wa^�9©[<;eT?` vQ[\veYlT
h\TY�.veT�^Ác�T4_a`e[\T5c=;e^e_awg_�>8s�Wa^�9®>a_Dq8T�Yl^e]�T�^.[§T,_QV,T�^�9efr[lveY\TkqDWZYlfgW�/ewgT�h§f±hK[<;eT�Y\T�` _aYlT4mJ^e_RX	^
` _aYp[<;Xfgh!h\v?/:@ÀVÁT�Y\fg_:90U ]e_8Y\T5c�W8ht[nh>` _aY)[�;eT qDWawOveT5h)_Z`�[lT�c=;e^e_8wO_h>as WZ^�9 >a_Dq8T�Yl^e]�T�^.[
T,_QV,T�^�9efr[lveY\T�` _8Yª[lfO]�T�V,T�YlfO_:9eh

{t + τ + 1, ..., T}
WaY\T�[<;eT�^)c�_a^Xh�[\YlvXc�[\TY9)c�_8^�9QfO[\fg_a^XWaw

_a^�[<;ef±h#fg^Q` _aYl]>WD[\fg_a^KiJWa^�9)Wac�c�_aY=9Qfg^?>�[l_PW�>aT�^.[nh`pJmJ^e_RX	wgTY9:>8TU_Z`$[<;eT�T�qa_awgvQ[lfO_8^�_Z`$[<;eT
h�[\_Qc=;XWah�[\f±ckVeYl_Jc�T�hlh�T5h

{St, Gt}
Wah#>8fOq8T�^^/.s©TY�.vXWZ[\fg_a^Xh*�U[\_ � y?U
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fg^:AX^efO[\TPwOT�^?>Z[�;�_Z`kW�>aT�^.[lhYpe` _aYlT�c�Wah�[�;e_8Y\fn��_8^ZU . YlWZ[\fg_a^XWawKT`_JV,T�c�[lWZ[\fg_a^XhU` _aYlT�c�Wah�[U` _aY
[<;XT�T�^.[\fgY\T�` ve[\veYlT}h\TY�.veT�^Ác�T�_Z`"[\T5c=;e^e_awg_�>8s�WZ^�9'>8_DqaT�Y\^e]�T�^8[#T,_QV,T�^�9efr[lveY\T�qDWaY\f±W�/ewgT�h
f±hP[<;JvXh>]>W�9eTHWa^�9 W h�_8wOvQ[lfO_8^ ` _8Y�[<;eT!T5c�_8^e_a]©s�p hP_aVQ[lfO]>Waw#[\YnWZ^Xh\fr[lfO_8^XWZw#YlT�h\VÁ_8^Xh\T
fg^
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i8;ef±h4T`_JV,T�c�[\TG9�[\YnWZ^Xh\fO[\fg_a^>VXWZ[<;¨sJfgT�w�9eh4_h/Xh�T�Y\qDWZ[\fg_a^Xh�` _8Y4[�;eT?[lfO]�T?[#c=;e_af±c�T	qDWaY\f±W�/ewgT�h
_Z`d[<;eTP]�_c9eT�w#XC;ef±c=;j9QT�[\T�Yl]�fO^XT}[�;eT}[lfO]�T©[ � � ht[nWD[lT}qDWZYlfgW�/ewgT}qDWZwgveT�hYU-i8;eT5h�TPht[nWD[\T
qDWZYlfgW�/ewgT�h"fO^�[lveYl^PYlT�VXY\T5h�T�^8["[<;XT	[\fg]�T#[ � � fg^efr[lfgWawXc�_8^�9QfO[\fg_a^Xh"` _8Y�[<;XT	T�c�_8^e_a]©s-XC;eT�^
WP^eT`XM_avQ[nc�_8]PT�_Z`$[<;eT�h�[\_Qc=;XW8ht[lfgc�VeYl_Qc�T�hlh

{St, Gt}
f±h#Y\T5WZwgfo��TY9�Wa^�9�[<;JvXhk[<;XT®/XWah\fgh
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` _aY?W�h\_awgvQ[\fg_a^)_Z`$[<;eT�[lfO]�T�[ � � T,_QVÁT5c2[lTY9�[\YnWZ^Xh\fr[lfO_8^pVÁWD[<;Hf±h#T�h�[lW�/ewOf±h<;eTY90U
eÀ[\T�YlWZ[\fg_a^�_8^![<;eTPW�/,_DqaT�VXY\_Qc�T5h\h<� [\fg]�T�h�s.fgT�w�9eh�W���@ÀVÁT�Y\fg_:9�WZY\[\foAÁc�fgWaw§[\fg]�TPh\T,@

YlfOT5h�` _aY�_8veY4]�_:9QT�wÁT�c�_8^e_a]©s�` Yl_a]gXC;Xfgc=;�T�h�[\fg]>WD[lT�h�_a`,[�;eT?]�_a]�T�^8[nh�_Z`,[<;XT?]�_c9eT�wNp h
qDWZYlfgW�/ewgT�h?c�WZ^�/,T}_h/Q[lWafO^eTG90Ud]X_awgwO_RX	fg^?>¨Wpht[nWZ^�9eWaY�9|3UjC5 WaVeVeYl_8W8c=;W1ïT`>�U6m4YlT�hlc�_Z[\[�i
�YÓh��× 72i�XªT�Y\T�Vewgfgc�WD[\T�[<;Xfgh#T�^8[lfOYlT�VeY\_Qc�T�hlh

R = 1000
[lfO]�T�hk[l_�>8T�^eT�YlWZ[\T�W}w±WZY�>aT�^Jve]^@

/,T�Y�_Z`ªh\vXc=;EWaY�[lf{A,c�f±WZw"[\fg]�TPh\T�YlfOT5h�Wa^�9EWpw±WZY�>aT}hlWZ]�VewgT©_a`dT�h�[\fg]>WD[lTY9�]�_8]PT�^.[lh�[<;eT
WµqaT�YlW�>aT5h4_Z`#XC;ef±c=;)WaY\T�[�;eT�^!c�_8]�VXWZYlTY9¨[\_>YlT�WZw:T5c�_a^X_a]�fgca9eWZ[lW�U

e�^�VeYnWac�[\f±c�T®XkT}h�T�[
T = 200

` _aYU[<;eTPh�_8wOvQ[lfO_8^H_Z`4T�W8c=;)[\YnWZ^Xh\fr[lfO_8^!VXWD[�;ZU6i8;ef±h?f±h
W�9eTY�.vXWD[lTP[\_HT�^Xh\veYlT�[<;XWZ[�[<;eT>]�_:9QT�wdc�_8^.q8T�Y�>aT5h?[l_!fr[nh�wO_8^?>HY\vX^j/XWawgWa^Xc�TG9I>8Y\_RX#[�;
VXWZ[<;�X	fO[<;
W2;efn>�;I9eT`>aYlT�T}_Z`4^Jve]�T�Ylfgc�WZw"Wac�c�veYnWac�s RlR U�l TPh�T�[Ù�RQ�xayay\/evQ[�[\Ylve^Xc�WD[\T
[<;XTfAXYnh�[©_�/Áh�T�Y\qDWD[lfO_8^Xh�[l_ T�wOfg]�fO^ÁWD[\THWZ^JsW9QT�V,T�^�9QT�^Xc�TH_Z`	[<;XT)h\fO]©vew±WD[\TG9 h\T�YlfOT5h�_8^
[<;XT

τ
h�[lWaY�[lfO^?>PqDWZwgveT�hYU�i8;ef±h	sJfOT�wn9ehk[lfO]�T`@Àh\T�YlfOT5hk_Z`�TY�.vXWZw»wgT�^�>Z[<;p[\_�_8veY?Wac�[\vXWawZ9eWD[nW

hlWZ]�VewgT\1 �Y� z�_h/Xh�T�Y\qDWZ[\fg_a^Xh=7 R �RU�l
T�VÁT�Y�` _8Y\]Ù3SQ � yay8y�YlT�Vewgf±c�WD[lfO_8^Xh#fg^)WawOwKc�Wah\T�hYU
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Q = (ĉ − c)′V̂ −1(ĉ − c)

XC;eT�YlT
ĉ
Wa^�9

c
WZYlT

8 × 1
qaT�c�[\_8Ylh¨c�_a^.[lWafO^XfO^?> [�;eTEYlT�wgT�qDWa^8[)WZvQ[l_Jc�_aYlY\T�wgWZ[\fg_a^Xh

_aYpfO]�VevXwgh\T,@ÀY\T5h�V,_a^Áh�TE` ve^Xc2[lfO_8^Mc�_.Ty�¨c�fgT�^.[lh�` _aYp[<;eT hlWZ]�VewgT WZ^�9 [<;eT h\fO]©vewgWZ[\fg_a^Xh
YlT�h\VÁT5c2[\fgqaT�wOshU�i8;eT�]Pf�9?9QwgT�[\T�Y\] fgh	W>c�_DqDWZYlfgWa^Xc�T�]�WZ[\Ylf{_)c�WZw±c�vXwgWZ[\TY9)Wah�i

V̂ = {
1

R
}

R∑

i

(ci − c)(ci − c)′, c = {
1

R
}

R∑

i=1

ci.

XC;eT�YlT
ci

f±h»[�;eT�YlT�wgT�qDWZ^.[KWZve[\_Qc�_8Y\YlT�w±WD[lfO_8^U_aYKfO]�Vevew±h\T�Y\T5h�V,_a^Xh\T"` ve^Xc�[\fg_a^�_�/e[lWZfg^eTG9
` Yl_a]�YlT�Vewgf±c�WD[lfO_8^
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U
Q
f±h69Qf±h�[\Ylfo/eve[\TY9HW8h	W
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