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ABSTRACT:
How does European integration affect the welfare state? This paper argues that European inte-
gration has non-complementary consequences for the political economy of welfare spending: 
European economic integration increases popular demand for social spending, whereas Euro-
pean political integration decreases the supply of social spending. Thus, the conflicting impli-
cations of European integration essentially break the link between social policy preferences 
and social policy. Using statistical models that deal with the multilevel structure of the theore-
tical argument, we provide evidence for a positive relationship between economic integration 
and support for social policy. In the second part of the empirical analysis, we find that–based 
on dynamic model specifications at the country level–higher levels of political integration are 
associated with lower levels of social spending. Furthermore, we show that social policy res-
ponsiveness declines as political integration increases.
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AMi`Q/m+iBQM

SQHB+v@K�FBM; BM /2KQ+`�+B2b Bb 2tT2+i2/ iQ #2 `2bTQMbBp2 iQ i?2 +QM+2`Mb Q7 +BiBx2Mb BM

Q`/2` iQ #2 H2;BiBK�i2X 1�`HB2` `2b2�`+? b?Qr2/ i?�i TQHB+v@K�FBM; BM HB#2`�H /2KQ+`�+B2b

#`Q�/Hv 7QHHQrb i?2 /vM�KB+b Q7 Tm#HB+ QTBMBQM- �b TQHBiB+�H `2T`2b2Mi�iBp2b /2T2M/ QM

Tm#HB+ bmTTQ`i 7Q` `2@2H2+iBQM U1`BFbQM 2i �HX kyykc C2MMBM;b kyyNc S�;2 � a?�TB`Q RN3jc

aQ`QF� � qH2xB2M kyy9- kyy8c aiBKbQM 2i �HX RNN8c qH2xB2M RNNeVX aBM+2 +QM~B+ib �#Qmi

`2/Bbi`B#miBQM �M/ i?2 r2H7�`2 bi�i2 �`2 � TQHBiB+�HHv b�HB2Mi Bbbm2- 2KTB`B+�H bim/B2b bm;@

;2bi i?�i i?2 /2KQ+`�iB+ K2+?�MBbK Q7 QTBMBQM `2T`2b2Mi�iBQM rQ`Fb T�`iB+mH�`Hv r2HH BM

i?Bb TQHB+v �`2� U>Q#QHi � EH2KK2Mb2M kyy3c aQ`QF� � qH2xB2M kyRyc qH2xB2M RNN8VX

*QMb2[m2MiHv- /Bz2`2Mi bQ+B�H TQHB+v T`272`2M+2b �+`Qbb +QmMi`B2b �`2 7QmM/ iQ �++QmMi 7Q`

T2`bBbi2Mi +`Qbb@M�iBQM�H /Bz2`2M+2b BM r2H7�`2 bT2M/BM; U"`QQFb � J�Mx� kyye�-#- kyydc

_2?K kyRRVX

h?Bb 7�pQ`�#H2 �bb2bbK2Mi QM i?2 7mM+iBQMBM; Q7 /2KQ+`�+v ?�b #22M +?�HH2M;2/ #v

KQ`2 `2+2Mi `2b2�`+? i?�i B/2MiB}2b bB;MB}+�Mi #B�b2b BM i?2 `2bTQMbBp2M2bb Q7 TQHB+v@

K�F2`b iQ Tm#HB+ /2K�M/b U:BH2Mb kyy8- kyRkc :BH2Mb � S�;2 kyR9c >�+F2` � SB2`bQM

kyRyc S�;2 2i �HX kyRjVX �++Q`/BM; iQ i?Bb #Q/v Q7 HBi2`�im`2- #Qi? i?2 T`272`2M+2b Q7

i?2 `B+? �b r2HH �b i?2 /2K�M/b 7`QK TQr2`7mH BMi2`2bi ;`QmTb �`2 KQ`2 7mHHv `2~2+i2/ BM

TQHB+v@K�FBM; i?�M i?2 /2K�M/b 7`QK HQr@BM+QK2 +BiBx2MbX JQbi Q7 i?Bb rQ`F 7Q+mb2b QM

i?2 la�X S2i2`b �M/ 1MbBMF UkyR8V �TTHv i?2 �`;mK2Mi iQ i?2 1m`QT2�M +QMi2tiX h?2v-

iQQ- }M/ bB;MB}+�Mi /Bz2`2M+2b BM i?2 `2bTQMbBp2M2bb Q7 1m`QT2�M ;Qp2`MK2Mib iQ Tm#HB+

+QM+2`Mb Ub22 �HbQ "2`M�m2` 2i �HX kyR8c :B;2` 2i �HX kyRkVX

h?Bb T�T2` Bb BMbTB`2/ #v i?2b2 +QMi`B#miBQMb- #mi i�F2b � bQK2r?�i /Bz2`2Mi �TT`Q�+?X

h?2 `2bTQMbBp2 HBi2`�im`2 �M/ Bib +`BiB[m2b 7Q+mb QM i?2 TQHBiB+�H `2T`2b2Mi�iBQM Q7 Tm#@

HB+ QTBMBQM �M/ r?2i?2` TQHB+v@K�F2`b r2B;? i?2 /2K�M/b 7`QK /Bz2`2Mi +QMbiBim2M+B2b

mM2[m�HHvX >Qr2p2`- i?Bb T2`bT2+iBp2 M2;H2+ib i?2 TQbbB#BHBiv i?�i TQHB+v@K�F2`b +QmH/

#2 2ti2`M�HHv +QMbi`�BM2/ BM i?2B` �+iBQMbX AM Qi?2` rQ`/b- TQHBiB+B�Mbě2p2M B7 i?2v r2`2

rBHHBM;ěKB;?i #2 bBKTHv mM�#H2 iQ `2bTQM/ iQ Tm#HB+ /2K�M/b /m2 iQ 2ti2`M�H 7Q`+2b-
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r?B+? BM i?2 HQM; i2`K +QmH/ #2+QK2 � b2`BQmb i?`2�i iQ i?2 H2;BiBK�+v Q7 /2+BbBQM@K�FBM;

BM HB#2`�H /2KQ+`�+B2bX h?2 T`Q#H2K b?QmH/ #2 T�`iB+mH�`Hv b2p2`2 B7 i?2 b�K2 +QMbi`�BMib

ivBM; i?2 ?�M/b Q7 TQHB+v@K�F2`b 7m2H Tm#HB+ /2K�M/b 7Q` KQ`2 ;Qp2`MK2Mi�H �+iBQMX AM

i?Bb +�b2- i?2 �#BHBiv Q7 TQHB+v@K�F2`b iQ /2HBp2` ;2ib +QKT`QKBb2/ 2t�+iHv r?2M i?2 Tm#@

HB+ 2tT2+ib ;Qp2`MK2Mib iQ /Q KQ`2 iQ ?2HT i?2K +QT2 rBi? � +?�M;BM; bQ+BQ@2+QMQKB+

2MpB`QMK2MiX

aQK2 2tBbiBM; +QMi`B#miBQMb ?�p2 BKTHB+BiHv �TTHB2/ i?Bb HBM2 Q7 `2�bQMBM; #v i2bi@

BM; b2T�`�i2Hv i?2 /2K�M/ �M/ bmTTHv 2z2+i Q7 2+QMQKB+ ;HQ#�HBx�iBQM QM r2H7�`2 bi�i2

bT2M/BM;X "mBH/BM; QM i?2 HQ;B+ Q7 i?2 +H�bbB+�H +QKT2Mb�iBQM i?2bBb U*�K2`QM RNd3c

E�ix2Mbi2BM RN38V- `2b2�`+? #v q�Hi2` UkyRyV b?Qrb i?�i 2+QMQKB+ ;HQ#�HBx�iBQM 7m2Hb

Tm#HB+ /2K�M/ 7Q` +QKT2Mb�iBQM- BX2X- bmTTQ`i 7Q` ?B;?2` H2p2Hb Q7 `2/Bbi`B#miBQM �M/ �

H�`;2` r2H7�`2 bi�i2X PM i?2 K�+`Q H2p2H Q7 TQHB+v@K�FBM;- ?Qr2p2`- i?2`2 �`2 BM/B+�@

iBQMb i?�i 2+QMQKB+ ;HQ#�HBx�iBQM ?�b #2+QK2 � +QMbi`�BMBM; 7Q`+2 7Q` bQ+B�H �M/ Tm#HB+

bT2M/BM; U"mb2K2v2` 2i �HX kyyNc C�?M kyyeVX

q2 #2HB2p2 i?�i i?2 +QMi`�/B+iQ`v K2+?�MBbKb Q7 i?2 Tm#HB+ /2K�M/BM; KQ`2 bQ+B�H

bT2M/BM; 7`QK i?2 ;Qp2`MK2Mi �M/ TQHB+v@K�F2`b MQi #2BM; �#H2 iQ /2HBp2` b?QmH/ #2 2p2M

KQ`2 `2H2p�Mi BM i?2 +QMi2ti Q7 i?2 1m`QT2�M lMBQM U1lVX q2 �`;m2 i?�i i?2 HQ;B+ Q7

1m`QT2�M 2+QMQKB+ BMi2;`�iBQMěi?2 T`Q+2bb Q7 +`2�iBM; � +QKT`2?2MbBp2 aBM;H2 J�`F2i BM

i?2 1lěBM+`2�b2b Tm#HB+ /2K�M/ 7Q` +QKT2Mb�iQ`v bQ+B�H TQHB+B2b �b rQ`F2`b �`2 2tTQb2/

iQ KQ`2 mM+2`i�BMiv �M/ ?B;?2` H�#Q` K�`F2i `BbFb BM i?2 BMi2;`�i2/ 1m`QT2�M K�`F2iX

�i i?2 b�K2 iBK2- 1m`QT2�M TQHBiB+�H BMi2;`�iBQMěi?2 T�`�HH2H T`Q+2bb Q7 BM+`2�bBM;Hv

`2TH�+BM; M�iBQM�H rBi? 1l@H2p2H TQHB+B2bě?�b 2bi�#HBb?2/ }b+�H +QMbi`�BMib QM i?2 �#BHBiv

Q7 1l K2K#2` bi�i2b iQ `2bTQM/ iQ Tm#HB+ /2K�M/b 7Q` bQ+B�H +QKT2Mb�iBQM TQHB+B2b #v

Q#HB;BM; i?2K iQ K22i bi`B+i2` #m/;2i�`v `mH2bX Smi /Bz2`2MiHv- 1m`QT2�M BMi2;`�iBQM ?�b

BM+`2�b2/ Tm#HB+ /2K�M/b 7Q` bQ+B�H BMi2`p2MiBQM �i i?2 b�K2 iBK2 �b Bi ?�b K�/2 Bi ?�`/2`

7Q` TQHB+v@K�F2`b iQ `2bTQM/ iQ i?2b2 +QM+2`MbX h?2 `2bmHi Bb � bBim�iBQM i?�i K�v 7m`i?2`

+QMi`B#mi2 iQ i?2 H2;BiBK�+v +`BbBb Q7 i?2 1lX

hQ i2bi i?2 2KTB`B+�H BKTHB+�iBQMb Q7 i?2 i?2Q`2iB+�H KQ/2H r2 mb2 � irQ@bi2T �TT`Q�+?X
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6B`bi- r2 �TTHv � "�v2bB�M KBt2/@2z2+ib rBi?BM@#2ir22M KQ/2HBM; bi`�i2;v Q7 BM/BpB/m�H

T`272`2M+2b- 2KTHQvBM; }p2 r�p2b Q7 i?2 1m`QT2�M aQ+B�H am`p2v U1aaV 7Q` kk 1l K2K@

#2` bi�i2b Q#b2`p2/ 2p2`v irQ v2�`b #2ir22M kyy9 �M/ kyRkX q2 }M/ i?�i rBi?BM@+QmMi`v

+?�M;2b BM 2+QMQKB+ BMi2;`�iBQM �M/ +QKTHB�M+2 rBi? 2+QMQKB+�HHv `2H2p�Mi 1l H�r �`2

bvbi2K�iB+�HHv `2H�i2/ iQ KQ`2 bmTTQ`i 7Q` r2H7�`2 bT2M/BM;X a2+QM/- r2 2t�KBM2 i?2

/2i2`KBM�Mib Q7 TQHB+v QmiTmi QM i?2 K�+`Q H2p2H BM irQ@r�v }t2/@2z2+ib KQ/2Hb- r?B+?

+QMi`QH 7Q` �p2`�;2 bQ+B�H TQHB+v T`272`2M+2b Q7 i?2 ;2M2`�H Tm#HB+- i?2 `B+?- �M/ i?2 TQQ`X

q2 +�MMQi /2i2+i �Mv bi�iBbiB+�H `2H�iBQMb?BT Q7 Tm#HB+ T`272`2M+2b rBi? bQ+B�H bT2M/BM;-

BM/B+�iBM; � H�+F Q7 `2bTQMbBp2M2bb Q7 TQHB+v@K�FBM; iQ TQTmH�` /2K�M/b 7Q` bQ+B�H +QK@

T2Mb�iBQMX >Qr2p2`- r2 }M/ i?�i ?B;?2` H2p2Hb Q7 TQHBiB+�H BMi2;`�iBQM �`2 �bbQ+B�i2/

rBi? HQr2` H2p2Hb Q7 bQ+B�H bT2M/BM; �M/ i?�i TQHB+v `2bTQMbBp2M2bb /2+HBM2b �b TQHBiB+�H

T�`iB+BT�iBQM BM i?2 1l BMi2MbB}2bX q2 i?2`27Q`2 +QM+Hm/2 i?�iě}`biě+BiBx2Mb /Q BM 7�+i

`2bTQM/ iQ BMi2MbB}2/ 2+QMQKB+ +QKT2iBiBQM #v /2K�M/BM; KQ`2 +QKT2Mb�iBQM �b bm;@

;2bi2/ BM i?2 +H�bbB+�H +QKT2Mb�iBQM i?2bBb- #miěb2+QM/ěi?2`2 Bb MQ bvbi2K�iB+ 2pB/2M+2

i?�i TQHB+v@K�F2`b �+im�HHv `2bTQM/ iQ i?2b2 /2K�M/bX Pm` `2bmHib BM/B+�i2 i?�i i?Bb H�+F

Q7 `2bTQMbBp2M2bb Bb �i H2�bi T�`iHv � +QMb2[m2M+2 Q7 i?2 +m``2Mi BMbiBimiBQM�H b2i@mT Q7

i?2 1lX

h?2 T�T2` T`Q+22/b �b 7QHHQrbX h?2 M2ti b2+iBQM 2H�#Q`�i2b QM i?2 i?2Q`2iB+�H �`;m@

K2Mi BM /2i�BHX q2 i?2M /2b+`B#2 i?2 /�i�- K2i?Q/QHQ;v- �M/ bi�iBbiB+�H bT2+B}+�iBQMb

mb2/ BM i?2 �M�HvbBbX am#b2[m2MiHv- r2 T`2b2Mi 2KTB`B+�H }M/BM;b Q7 Qm` HQ;BbiB+ KBt2/@

2z2+ib �M/ iBK2@b2`B2b@+`Qbb@b2+iBQM Uha*aV KQ/2HbX 6BM�HHv- r2 +QM+Hm/2 #v bmKK�`BxBM;

i?2 K�BM +QMi`B#miBQMb �M/ /Bb+mbbBM; ?Qr i?2v HBMF iQ +m``2Mi TQHBiB+�H �M/ b+?QH�`Hv

/2#�i2bX

h?2 �`;mK2Mi

AM i?Bb b2+iBQM- r2 }`bi /Bb+mbb i?2 �bbQ+B�iBQM #2ir22M 2+QMQKB+ BMi2;`�iBQM �M/ bQ+B�H

TQHB+v /2K�M/ QM i?2 KB+`Q@H2p2H Q7 T`272`2M+2bX h?2M r2 im`M iQ i?2 K�+`Q@H2p2H HBMF
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#2ir22M TQHBiB+�H BMi2;`�iBQM- bQ+B�H TQHB+v QmiTmi- �M/ ;Qp2`MK2Mi `2bTQMbBp2M2bbX

1+QMQKB+ BMi2;`�iBQM �M/ /2K�M/ 7Q` bQ+B�H TQHB+v

"v MQr- i?2`2 Bb � H�`;2 HBi2`�im`2 QM i?2 /2i2`KBM�Mib Q7 BM/BpB/m�H@H2p2H TQHB+v T`272`@

2M+2b iQr�`/b i?2 r2H7�`2 bi�i2 U7Q` � 7�B`Hv `2+2Mi Qp2`pB2r- b22 ap�HH7Q`b kyRkVX q?BH2

� rB/2 `�M;2 Q7 BM/BpB/m�H �M/ +QMi2tim�H 2tTH�M�iQ`v 7�+iQ`b ?�b #22M B/2MiB}2/ #v i?Bb

HBi2`�im`2- 1m`QT2�M BMi2;`�iBQM Bb MQiQ`BQmbHv �#b2MiX q2 +�M /`�r- ?Qr2p2`- QM � #Q/v

Q7 rQ`F i?�i bim/B2b i?2 BKTHB+�iBQMb Q7 2+QMQKB+ ;HQ#�HBx�iBQM 7Q` Tm#HB+ QTBMBQM QM i?2

r2H7�`2 bi�i2X Jm+? Q7 i?Bb rQ`F Bb BMbTB`2/ #v i?2 ǵ+QKT2Mb�iBQM i?2bBbǶ i?�i ;Q2b #�+F

iQ i?2 rQ`F Q7 *�K2`QM URNd3V �M/ E�ix2Mbi2BM URN38VX h?2 #�bB+ T`2KBb2 Bb i?Bb, AM@

i2MbB}2/ 2+QMQKB+ BMi2;`�iBQM i`B;;2`b BM+`2�b2/ Tm#HB+ /2K�M/ 7Q` bQ+B�H BMbm`�M+2 �M/

`2/Bbi`B#miBp2 +QKT2Mb�iBQM 7`QK i?2 r2H7�`2 bi�i2X

_2+2Mi bim/B2b ?�p2 H�`;2Hv +QM}`K2/ i?2 p�HB/Biv Q7 i?2 +QKT2Mb�iBQM i?2bBb QM i?2

KB+`Q@H2p2H Q7 T`272`2M+2bX h?2b2 +QMi`B#miBQMb b?Qr i?�i ;HQ#�HBx�iBQM BM+`2�b2b rQ`F2`

BMb2+m`Biv BM �/p�M+2/ 2+QMQKB2b Ua+?2p2 � aH�m;?i2` kyy9V �M/ i?Bb BMb2+m`Biv- BM im`M-

T`QpQF2b ?B;?2` /2K�M/ 7Q` `2/Bbi`B#miBQM �M/ bQ+B�H BMbm`�M+2 pB� i?2 r2H7�`2 bi�i2

Uq�Hi2` kyRy- kyRdVX AM � bBKBH�` p2BM- >�vb 2i �HX Ukyy8V b?Qr i?�i +QKT2Mb�iQ`v r2H7�`2

bT2M/BM; +�M KBiB;�i2 i?2 QTTQbBiBQM Q7 �z2+i2/ rQ`F2`b �;�BMbi i`�/2 HB#2`�HBx�iBQMX �b �

+Q`QHH�`v- +QmMi`v@H2p2H `2b2�`+? ?�b 7QmM/ � TQbBiBp2 �bbQ+B�iBQM #2ir22M i`�/2 QT2MM2bb

�M/ r2H7�`2 bi�i2 ;2M2`QbBiv U_Q/`BF RNN3VX

q2 �`;m2 i?�i BM/BpB/m�H@H2p2H HQ;B+ Q7 i?2 +QKT2Mb�iBQM i?2bBb Bb T�`iB+mH�`Hv `2H2p�Mi

BM i?2 +QMi2ti Q7 i?2 1lX q2 ?B;?HB;?i irQ K�DQ` +?�MM2Hb i?`Qm;? r?B+? 1m`QT2�M

2+QMQKB+ BMi2;`�iBQM K�v +QMi`B#mi2 iQ KQ`2 2+QMQKB+ BMb2+m`Biv �KQM; rQ`F2`bX 6B`bi-

i?2 +`2�iBQM Q7 i?2 aBM;H2 J�`F2i ?�b BM+`2�b2/ 2+QMQKB+ +QKT2iBiBQM �M/ ?�b +`2�i2/

M2r 2tBi QTiBQMb 7Q` KQ#BH2 +�TBi�HX h?Bb 2t2`ib bB;MB}+�Mi /QrMr�`/ T`2bbm`2 QM r�;2b

�M/ 2KTHQvK2Mi +QM/BiBQMb 7Q` K�Mv rQ`F2`bX a2+QM/- +QKT�`2/ iQ i?2 M�iBQM�H TQHBiB+�H

�`2M�- Bi Bb Km+? KQ`2 /B{+mHi 7Q` H�#Q` mMBQMb iQ Q`;�MBx2 2z2+iBp2Hv QM i?2 1m`QT2�M

H2p2H- r?B+? 7m`i?2` 7m2Hb /2K�M/ 7Q` bi�i2 BMi2`p2MiBQMX
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*QKBM; #�+F iQ i?2 }`bi TQBMi- i?2`2 Bb bQHB/ 2pB/2M+2 i?�i 2+QMQKB+ BMi2;`�iBQM BM

i?2 7Q`K Q7 i?2 aBM;H2 J�`F2i ?�b /27`�;K2Mi2/ K�`F2ib �M/ ?�b BM+`2�b2/ +QKT2iBiBQM

U�HH2M 2i �HX RNN3VX "�/BM;2` UkyydV b?Qrb i?�i +QKT2iBiBQM BM i?2 aBM;H2 J�`F2i H2/

iQ � bB;MB}+�Mi `2/m+iBQM BM }`KbǶ K�`F@mTb Qp2` K�`;BM�H +Qbib #Qi? BM K�Mm7�+im`BM;

�M/ +QMbi`m+iBQM BM/mbi`B2bX >2M+2- i?2 `Bb2 BM T`Q/m+i K�`F2i +QKT2iBiBQM BKTHB2b i?�i

i?2`2 �`2 72r2` `2Mib iQ b?�`2 �M/ }`Kb T�v K�`F2i@/2i2`KBM2/ r�;2 `�i2bX �i i?2 b�K2

iBK2- i?2 aBM;H2 J�`F2i Q7 i?2 1l ?�b +`2�i2/ � ?m;2 H�#Q` TQQH �M/ ?�b QT2M2/ mT

M2r �p2Mm2b 7Q` BMp2biK2Mi BM Qi?2` 1m`QT2�M +QmMi`B2bX 6�+2/ rBi? r�;2 /2K�M/b

7`QK /QK2biB+ rQ`F2`b- #mbBM2bb +�M MQr KQ`2 +`2/B#Hv i?`2�i2M rBi? mbBM; i?2 2tBi

QTiBQM U"Q2`B 2i �HX kyyRVX h?Bb +�M #2 /QM2 2Bi?2` #v bm#biBimiBM; /QK2biB+ rQ`F2`b rBi?

BKTQ`i2/ +?2�T H�#Q` 7`QK Qi?2` 1l +QmMi`B2b Q` #v KQpBM; 2MiB`2 #mbBM2bb T`Q+2bb2b iQ

i?2b2 +QmMi`B2b U1;;2` � 1;;2` kyyjc :2Bb?2+F2` kyyec >�bb2H 2i �HX kyRec J�`BM kyyeVX

h?2b2 72�im`2b Q7 i?2 aBM;H2 J�`F2i ?�p2 7�`@`2�+?BM; BKTHB+�iBQMb 7Q` i?2 /2p2HQTK2Mi Q7

r�;2b- �b 2KTHQv2`b ?�p2 #2+QK2 KQ`2 HBF2Hv iQ #�b2 i?2B` ?B`BM; �M/ }`BM; /2+BbBQMb QM

+Qbi +QMbB/2`�iBQMbX *QMb2[m2MiHv- rQ`F2`b �`2 BM+`2�bBM;Hv +QM7`QMi2/ rBi? i?2 +?QB+2

#2ir22M HQr2` r�;2b Q` mM2KTHQvK2MiX

a2+QM/- 1m`QT2�M 2+QMQKB+ BMi2;`�iBQM ?�b /2+`2�b2/ i?2 #�`;�BMBM; TQr2` Q7 Q`;�@

MBx2/ rQ`F2`b �M/ �b � `2bmHi r2�F2M2/ i?2B` �#BHBiv iQ b?B2H/ rQ`F2`b 7`QK K�`F2i 7Q`+2bX

:`QrBM; }`K �M/ r�;2 +QKT2iBiBQM �+`Qbb #Q`/2`b r2�F2Mb i?2 TQr2` Q7 mMBQMb BM +QH@

H2+iBp2 r�;2 #�`;�BMBM; U"QQi? 2i �HX kyyyVX JQ`2Qp2`- +�TBi�H Bb KQ`2 KQ#BH2 i?�M H�#Q`

rBi?BM i?2 #Q`/2`b Q7 i?2 aBM;H2 J�`F2i Uai`22+F � a+?KBii2` RNNRV �M/ bQ mMBQMb �`2

7�+2/ rBi? i?2 �bvKK2i`B+ i?`2�i Q7 �M 2tBi QM i?2 T�`i Q7 2KTHQv2`bX 1p2M B7 MQi 2t2`@

+Bb2/- BM i?2 T`2b2M+2 Q7 i?Bb `BbF ǳmMBQMb }M/ i?2Kb2Hp2b +QKT2HH2/ iQ �++2Ti HQr2` r�;2b

Q` H2bb �ii`�+iBp2 2KTHQvK2Mi +QM/BiBQMb BM Q`/2` iQ b�p2 2tBbiBM; DQ#bǴ Ua+?�`T7 kyyk-

e9NVX ai`22+F �M/ a+?KBii2` URNNRV �H`2�/v �`;m2/ i?�i Q`;�MBx2/ rQ`F2`bǶ r2�FM2bb �i

i?2 M�iBQM�H H2p2H rBHH �HbQ MQi #2 +QKT2Mb�i2/ �i i?2 1m`QT2�M H2p2H- bBM+2 mMBQMb �`2

K�BMHv Q`;�MBx2/ M�iBQM�HHv �M/ +�TBi�H QTTQb2b �Mv FBM/ Q7 1l@+2Mi2`2/ `2/Bbi`B#miBp2

+QHH2+iBp2 #�`;�BMBM; BM Q`/2` MQi iQ HQb2 +QKT2iBiBp2 �/p�Mi�;2b Ub22 �HbQ a+?�`T7 RNNNc
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ai`22+F RNNeVX "v �M/ H�`;2- i?Bb �bb2bbK2Mi Bb biBHH i`m2 iQ/�v US2`MB+F� � :H�bbM2`

kyR9VX h?2 `2bmHiBM; /2+`2�b2 BM mMBQM TQr2` ?�b �HbQ bi`QM; /Bbi`B#miBQM�H BKTHB+�iBQMb,

hQ#2` UkyR3V b?Qrb i?�i i?2 BM2[m�HBiv@`2/m+BM; 2z2+i Q7 i`�/2 mMBQMb Bb bm#bi�MiB�HHv

HQr2` BM ?B;?Hv BMi2;`�i2/ +QmMi`B2b r?2M +QKT�`2/ iQ H2bb BMi2;`�i2/ K2K#2` bi�i2bX

AM T`BM+BTH2- i?2b2 K2+?�MBbKb #v r?B+? 2+QMQKB+ BMi2;`�iBQM �z2+ib H�#Q` K�`F2i

Qmi+QK2b �`2 p�HB/ #Qi? 7Q` i?2 T`Q+2bb Q7 1m`QT2�M BMi2;`�iBQM �b r2HH �b 2+QMQKB+

;HQ#�HBx�iBQM KQ`2 ;2M2`�HHvX >Qr2p2`- i?2 7Q`K2` /Bz2`b 7`QK i?2 H�ii2` MQi QMHv BM

i2`Kb Q7 HQ+�iBQM- #mi 7m`i?2`KQ`2 1m`QT2�M 2+QMQKB+ BMi2;`�iBQM `2/m+2b i`�Mb�+iBQM

+Qbib QMHv �KQM; K2K#2` bi�i2b �M/- #v BKTHB+�iBQM- `�Bb2b `2H�iBp2 i`�Mb�+iBQM +Qbib 7Q`

MQM@1l +QmMi`B2b UE`B2;2`@"Q/2M � aQHir2/2H kyRjVX �b � `2bmHi- i?2 `2H�iBp2 BKTQ`i�M+2

Q7 i`�Mb�+iBQMb rBi?BM i?2 aBM;H2 J�`F2i BM+`2�b2b �b QTTQb2/ iQ i`�/2 `2H�iBQMb QmibB/2

i?2 1l U*�TQ`�bQ RNdeVX JQ`2 BKTQ`i�MiHv- 2+QMQKB+ BMi2;`�iBQM rBi?BM i?2 1lǶb aBM;H2

J�`F2i Bb � Km+? KQ`2 BMi2MbB}2/ 7Q`K Q7 2+QMQKB+ BMi2;`�iBQM �b Bi Bb BMbiBimiBQM�HHv

�M/ H2;�HHv `2BM7Q`+2/ #v i?2 T`Q+2bb Q7 TQHBiB+�H BMi2;`�iBQM- r?B+? Bb ?2�pBHv ;2�`2/ iQ

T`QKQi2 i?2 `2KQp�H Q7 i`�/2 #�``B2`b �M/ i?2 +`2�iBQM Q7 ?�`KQMBx2/ K�`F2ib `�i?2`

i?�M K�`F2i@+Q``2+iBM; `mH2b Ua+?�`T7 RNNe- RNNN- kyRyVX

h�F2M iQ;2i?2`- i?2b2 +QMbB/2`�iBQMb bm;;2bi i?�i ?B;?2` H2p2Hb Q7 2+QMQKB+ BMi2;`�iBQM

b?QmH/ #2 �bbQ+B�i2/ rBi? KQ`2 /2K�M/ 7Q` +QKT2Mb�iBQM- BX2X- /2K�M/ 7Q` `2/Bbi`B#miBQM

Q` bQ+B�H BMbm`�M+2 U_2?K kyyNc _2?K 2i �HX kyRkVX h?mb- Qm` }`bi ?vTQi?2bBb UH1V QM

i?2 /2K�M/ 2z2+i Q7 1m`QT2�M BMi2;`�iBQM Bb,

>vTQi?2bBb R 1m`QT2�M 2+QMQKB+ BMi2;`�iBQM Bb TQbBiBp2Hv �bbQ+B�i2/ rBi? Tm#HB+ bmTTQ`i

7Q` bQ+B�H bT2M/BM;X

SQHBiB+�H BMi2;`�iBQM �M/ bmTTHv Q7 bQ+B�H TQHB+v

A7 TQHB+v@K�F2`b �`2 BM/22/ `2bTQMbBp2 iQ Tm#HB+ QTBMBQM U"`QQFb � J�Mx� kyye�-#- kyydc

_2?K kyRRc aQ`QF� � qH2xB2M kyy9- kyy8c aiBKbQM 2i �HX RNN8c qH2xB2M RNNeV- BM+`2�bBM;

Tm#HB+ /2K�M/ 7Q` +QKT2Mb�iBQM TQHB+B2b b?QmH/ ;Q �HQM; rBi? �M 2tT�MbBQM Q7 r2H7�`2

bi�i2b �i i?2 M�iBQM�H H2p2H Q` rBi? � bi`2M;i?2MBM; Q7 i?2 bQ+B�H /BK2MbBQM Q7 i?2 BMi2;`�@
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iBQM T`Q+2bb �i i?2 1l H2p2HX h?Bb rQmH/- BM i?2 HQM; i2`K- 2Mbm`2 i?2 H2;BiBK�+v Q7 i?2

1m`QT2�M BMi2;`�iBQM T`QD2+iX S`2pBQmb `2b2�`+? bm;;2bib i?�i i?2 QTTQbBi2 Bb Q++m``BM;X

PM i?2 H2p2H Q7 M�iBQM�H r2H7�`2 bi�i2b- `2i`2M+?K2Mi �M/ +QMbQHB/�iBQM �`2 KQ`2 +QKKQM

TQHB+v i`�D2+iQ`B2b i?�M r2H7�`2 bi�i2 2tT�MbBQM USB2`bQM kyyR- kyRRVX PM i?2 1l H2p2H-

i?2 bQ+B�H /BK2MbBQM `2K�BMb BMbiBimiBQM�HHv mM/2`/2p2HQT2/ +QKT�`2/ iQ i?2 2+QMQKB+

/BK2MbBQM Q7 1m`QT2�M BMi2;`�iBQM U62``2`� kyRdVX h?2 +`m+B�H [m2biBQM r2 �//`2bb BM

i?2 7QHHQrBM; Bb r?2i?2` i?2b2 /2p2HQTK2Mib bBKTHv `2~2+i rQ`b2MBM; bQ+BQ@2+QMQKB+ +QM@

/BiBQMb Q` r?2i?2` i?2v �HbQ BM/B+�i2 � ;2MmBM2 H�+F Q7 `2bTQMbBp2M2bb Q7 TQHB+v@K�F2`b iQ

Tm#HB+ /2K�M/b 7Q` +QKT2Mb�iBQMX

h?2 T`Q+2bb Q7 TQHBiB+�H BMi2;`�iBQMěBM T�`iB+mH�` �b Bi `2H�i2b iQ i?2 2m`Q �b i?2 +QK@

KQM +m``2M+věBMi`Q/m+2/ � b2i Q7 `mH2b 7Q` }b+�H TQHB+v@K�FBM; �i i?2 M�iBQM�H H2p2HX

qBi? i?2 bB;MBM; Q7 i?2 h`2�iv QM i?2 1m`QT2�M lMBQM U�HbQ FMQrM �b J��bi`B+?i h`2�ivV

BM RNNk- 1l K2K#2` bi�i2b Q#HB;2/ i?2Kb2Hp2b iQ K22i i?2 bQ@+�HH2/ J��bi`B+?i +QMp2`@

;2M+2 +`Bi2`B� #27Q`2 2Mi2`BM; i?2 1JlX h?2b2 +`Bi2`B� `2[mB`2 +QKTHB�M+2 rBi? bT2+B}+

BM~�iBQM i�`;2ib- �MMm�H ;Qp2`MK2Mi #m/;2i /2}+Bi �M/ /2#i@iQ@:.S U;`Qbb /QK2biB+

T`Q/m+iV HBKBib- 2t+?�M;2 `�i2 `mH2b- �M/ BMi2`2bi `�i2 H2p2HbX hQ 2Mbm`2 +QKTHB�M+2 MQi

QMHv �i i?2 iBK2 Q7 �/QTiBM; i?2 2m`Q #mi �HbQ BM i?2 7QHHQrBM; v2�`b- i?2 ai�#BHBiv �M/

:`Qri? S�+i Ua:SV 2Mi2`2/ BMiQ 7Q`+2 BM RNN3X AM kyRR- �;�BMbi i?2 #�+F/`QT Q7 i?2

1m`QT2�M bQp2`2B;M /2#i +`BbBb UG�M2 kyRkV- i?2 bQ@+�HH2/ aBtT�+F `27Q`K2/ i?2 a:S #v

iB;?i2MBM; Bib `2;mH�iBQMb 7m`i?2`XR h?2 aBtT�+F �HbQ BMi`Q/m+2/ ;`2�i2` K�+`Q2+QMQKB+

bm`p2BHH�M+2 #v i?2 1m`QT2�M *QKKBbbBQM �M/ i?2 *QmM+BH Q7 JBMBbi2`b UG2mz2M 2i �HX

kyRjVX JQ`2 `2+2MiHv- i?2 h`2�iv QM ai�#BHBiv- *QQ`/BM�iBQM �M/ :Qp2`M�M+2 BM i?2 1+Q@

MQKB+ �M/ JQM2i�`v lMBQMěBM7Q`K�HHv FMQrM �b 1m`QT2�M 6Bb+�H *QKT�+iěr�b bB;M2/

#v �HH #mi irQ U*x2+? _2Tm#HB+ �M/ i?2 lMBi2/ EBM;/QKV K2K#2` bi�i2b BM kyRkX h?2

`�iB7vBM; T�`iM2`b �;`22/ �KQM; Qi?2` i?BM;b i?�i � +QmMi`vǶb �MMm�H bi`m+im`�H /2}+Bi

K�v MQi 2t+22/ yX8 T2`+2Mi Q7 :.SXk 6m`i?2`KQ`2- B7 i?2v 7�BH iQ 2M�+i /QK2biB+ H�rb

R6Q` BMbi�M+2- i?2 �;`22K2Mi `2BM7Q`+2/ i?2 bQ@+�HH2/ 1t+2bbBp2 .2}+Bi S`Q+2/m`2- r?B+? /2}M2b i?2
bi2Tb 7Q` T2M�HBxBM; K2K#2` bi�i2b i?�i 7�BH iQ K22i 2Bi?2` i?2 /2}+Bi Q` i?2 /2#i +`Bi2`BQMX

kR T2`+2Mi Q7 :.S 7Q` K2K#2` bi�i2b rBi? � /2#i `�iBQ bB;MB}+�MiHv #2HQr ey T2`+2Mi Q7 :.SX
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2bi�#HBb?BM; �M BM/2T2M/2Mi }b+�H b2H7@+Q``2+iBM; K2+?�MBbK rBi?BM QM2 v2�` Q7 i?2 i`2�iv

2Mi2`BM; BMiQ 7Q`+2- i?2v rBHH 7�+2 �MMm�H }M2b Q7 mT iQ yXR T2`+2Mi Q7 :.SX

.2bTBi2 i?Bb iB;?i2MBM; Q7 1JlǶb }b+�H `mH2b- +`BiB+b ?�p2 [m2biBQM2/ #Qi? i?2B` 27@

72+iBp2M2bb �b r2HH �b i?2B` bm++2bb7mH BKTH2K2Mi�iBQM U2X;X- .2 :`�mr2 kyy3c >�HH2`#2`;

2i �HX kyyNVX S`BK� 7�+B2- ?BbiQ`v b22Kb iQ +Q``Q#Q`�i2 i?2B` TQBMi Q7 pB2rX �H`2�/v �i i?2

iBK2 Q7 i?2 bi�`i Q7 i?2 2m`Q- 2B;?i Q7 i?2 RR +QmMi`B2b 7�BH2/ iQ K22i i?2 /2#i +`Bi2`BQM

U�mbi`B�- "2H;BmK- :2`K�Mv- :`22+2- Ai�Hv- J�Hi�- i?2 L2i?2`H�M/b- �M/ aT�BMVX AM i?2

2�`Hv kyyyb- :2`K�Mv �M/ 6`�M+2 Q#i�BM2/ � i2KTQ`�`v bmbT2MbBQM Q7 i?2 +`Bi2`B� /m2 iQ

i?2B` #�/ }b+�H T2`7Q`K�M+2X AM i?2 `2+2Mi T�bi- i?2 2+QMQKB+ +`BbBb �M/ T�`iB+mH�`Hv i?2

bm#b2[m2Mi /2p2HQTK2Mib BM :`22+2- A`2H�M/- SQ`im;�H- �M/ aT�BM ?�p2 2p2M KQ`2 b?�F2M

+QM}/2M+2 BM i?2 7mM+iBQMBM; Q7 i?2 1JlǶb }b+�H BMbi`mK2MibX

1KTB`B+�H `2b2�`+?- ?Qr2p2`- +QMbBbi2MiHv b?Qrb i?�i i?2 1Jl BM/22/ ?�b ?�/ � +QM@

bB/2`�#H2 BKT�+i QM }b+�H TQHB+v BM K2K#2` bi�i2bX lbBM; � [m�bB@2tT2`BK2Mi�H /2bB;M

#�b2/ QM � bvMi?2iB+ +QMi`QH �TT`Q�+?- EQ2?H2` �M/ EƺMB; UkyR8V }M/ i?�i ǳi?2 �;;`2@

;�i2 H2p2H Q7 ;Qp2`MK2Mi /2#i BM i?2 2m`Q +QmMi`B2b iQ/�v rQmH/ #2 ?B;?2` rBi?Qmi i?2

BMi`Q/m+iBQM Q7 i?2 2m`QǴ UB#B/X- jjRVX h?2 �mi?Q`b 2biBK�i2 i?�i 1l +QmMi`B2b rQmH/

?�p2 BM+`2�b2/ i?2B` H2p2H Q7 /2#i #v je #BHHBQMe KQ`2 T2` v2�` B7 i?2v ?�/ MQi BMi`Q@

/m+2/ i?2 2m`QX h?2 +QK#BM2/ /2#i BM kyRy rQmH/ ?�p2 #22M �TT`QtBK�i2Hv jNd #BHHBQMe

?B;?2`X q?BH2 i?2b2 `2bmHib �`2 K�BMHv /`Bp2M #v +Q`2 K2K#2` bi�i2b- � bBKBH�` 2z2+i +�M

#2 /2i2+i2/ 7Q` A`2H�M/ �M/ aT�BM #mi MQi 7Q` :`22+2- Ai�Hv- �M/ SQ`im;�HX Pi?2` bim/B2b

?�p2 7QmM/ bBKBH�` 2pB/2M+2 7Q` � M2;�iBp2 2z2+i Q7 TQHBiB+�H BMi2;`�iBQM QM Tm#HB+ �M/

bQ+B�H bT2M/BM; U"2`iQH� kyRyc "mb2K2v2` kyyNc "mb2K2v2` � hQ#2` kyR8c >2`r�`ix �

h?2BH2M kyR9VX

h�F2M iQ;2i?2`- r2 TQbBi i?�i i?2 +QMbi`�BMib Q7 TQHBiB+�H BMi2;`�iBQM b2p2`2Hv �z2+i

i?2 }b+�H �#BHBiv Q7 TQHB+v@K�F2`b iQ `2bTQM/ iQ Tm#HB+ /2K�M/b 7Q` KQ`2 ;2M2`Qmb r2H7�`2

bi�i2 TQHB+B2bX h?2`2 KB;?i #2 bQK2 `QQK 7Q` }b+�H bT2M/BM; BM `2bTQMb2 iQ rQ`b2MBM;

bQ+BQ@2+QMQKB+ +QM/BiBQMbě2bT2+B�HHv `BbBM; mM2KTHQvK2Miě/m2 iQ �miQK�iB+ bi�#BHBx@

2`b #mBHi BMiQ i?2 7�#`B+ Q7 1m`QT2�M r2H7�`2 bi�i2b- #mi i?2`2 Bb HBiiH2 H22r�v 7Q` }b+�H
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2tT�MbBQM #2vQM/ i?�iXj h?2b2 +QMbi`�BMib ?2HT iQ 2tTH�BM r?v i?2`2 Bb MQ bvbi2K�iB+

�bbQ+B�iBQM #2ir22M Tm#HB+ bmTTQ`i 7Q` bQ+B�H TQHB+v +QKT2Mb�iBQM QM i?2 QM2 ?�M/ �M/

�+im�H TQHB+v QmiTmi BM i2`Kb Q7 bQ+B�H bT2M/BM; QM i?2 Qi?2` ?�M/X

�//BiBQM�HHv- �b bm;;2bi2/ #v :BH2Mb Ukyy8c kyRkc kyR9V �M/ Qi?2`b- i?2 `2bTQMbBp2M2bb

Q7 TQHB+v@K�F2`b KB;?i #2 #B�b2/ BM 7�pQ` Q7 i?2 T`272`2M+2b Q7 i?2 `B+?X �b Bb r2HH@FMQrM

7`QK i?2 HBi2`�im`2 QM r2H7�`2 bi�i2 �iiBim/2b +Bi2/ �#Qp2- i?2 `B+? �`2 KQ`2 HBF2Hv iQ

QTTQb2 �//BiBQM�H bT2M/BM; QM i?2 r2H7�`2 bi�i2X >2M+2- i?2 �TT�`2Mi MQM@`2bTQMbBp2M2bb

Q7 TQHB+v@K�F2`b iQ Tm#HB+ /2K�M/b +QmH/ �HbQ `2~2+i i?2B` T�`iB+mH�` `2bTQMbBp2M2bb iQ

i?2 +QM+2`Mb Q7 i?2 `B+?X AM Qm` 2KTB`B+�H �M�HvbBb #2HQr- r2 i`v iQ �++QmMi 7Q` i?Bb

�//BiBQM�H 2tTH�M�iBQM iQQX

AM bmK- i?2 b2+QM/ ?vTQi?2bBb UH2V QM i?2 bmTTHv 2z2+i Q7 1m`QT2�M BMi2;`�iBQM Bb,

>vTQi?2bBb k 1m`QT2�M TQHBiB+�H BMi2;`�iBQM Bb M2;�iBp2Hv �bbQ+B�i2/ rBi? bQ+B�H bT2M/BM;X

h?2 }b+�HHv +QMbi`�BMBM; BM~m2M+2 Q7 TQHBiB+�H BMi2;`�iBQM ?2HTb iQ 2tTH�BM r?v TQHB+v@

K�F2`b �`2 MQi `2bTQMbBp2 iQ BM+`2�bBM; Tm#HB+ /2K�M/b 7Q` bQ+B�H TQHB+v- BM T�`iB+mH�` BM

K2K#2` bi�i2b r?B+? 2t?B#Bi ?B;? H2p2Hb Q7 BMbiBimiBQM�H T�`iB+BT�iBQMX

amKK�`v

6B;m`2 R Bb � ;`�T?B+�H /2TB+iBQM Q7 Qm` �`;mK2MiX AM i?2 }`bi bi2T- 1m`QT2�M 2+QMQKB+

BMi2;`�iBQM Bb ?vTQi?2bBx2/ iQ 7m2H 2+QMQKB+ BMb2+m`BivX h?Bb Bb K�BMHv 2tTH�BM2/ #v i?2

`BbBM; 2H�biB+Biv Q7 H�#Q` /2K�M/ iQ r�;2 ~m+im�iBQMb �M/ i?2 /2+HBMBM; K�`F2i TQr2` Q7

Q`;�MBx2/ rQ`F2`bX :`QrBM; BMb2+m`Biv- BM im`M- T`QpQF2b ?B;?2` /2K�M/ 7Q` KQ`2 bQ+B�H

bT2M/BM;- bBM+2 rQ`F2`b r�Mi iQ #2 +QKT2Mb�i2/ 7Q` i?2 `BbFb i?2v 7�+2 BM i?2 aBM;H2

J�`F2i UH1VX

�i i?2 b�K2 iBK2- 1m`QT2�M TQHBiB+�H BMi2;`�iBQM Bb 2tT2+i2/ iQ 2t2`i � /2T`2bbBM;

2z2+i QM i?2 bmTTHv Q7 bQ+B�H TQHB+vX h?2 1Jl �M/ Bib #m/;2i�`v `mH2b +QMbi`�BM i?2

H22r�v Q7 TQHB+v@K�F2`b �i i?2 K2K#2`@bi�i2 H2p2H- 7Q`+BM; i?2K iQ +m`i�BH bQ+B�H bT2M/BM;X
jh?Bb Bb 2p2M KQ`2 i`m2 �b 1m`QT2�M BMi2;`�iBQM �HbQ 7m2Hb i�t +QKT2iBiBQMě�BK2/ �i �ii`�+iBM;

KQ#BH2 +�TBi�Hě#2ir22M K2K#2` bi�i2b U_2/Q�MQ kyR9V �M/ �b � `2bmHi BM/m+2b HQr2` 2z2+iBp2 +Q`TQ`�i2
i�t2b Uai`2B7 kyR8VX

N



6B;m`2 R, 1m`QT2�M BMi2;`�iBQM �M/ i?2 TQHBiB+�H 2+QMQKv Q7 r2H7�`2 bT2M/BM;X

1m`QT2�M
BMi2;`�iBQM

2+QMQKB+
BMb2+m`Biv

/2K�M/ 7Q`
+QKT2Mb�iBQM

bQ+B�H
bT2M/BM;

+H1

+

H1

−
H2

MQ
2z

2+
i

H2

*QMb2[m2MiB�HHv- i?2 }b+�H BKTHB+�iBQMb Q7 1Jl K2K#2`b?BT 2z2+iBp2Hv BM?B#Bi TQHB+v

`2bTQMbBp2M2bb Q7 ;Qp2`MK2Mib- r?B+? 2tTH�BMb r?v i?2`2 Bb MQ bvbi2K�iB+ �bbQ+B�iBQM

#2ir22M Tm#HB+ /2K�M/b 7Q` KQ`2 bQ+B�H bT2M/BM; �M/ �+im�H TQHB+v QmiTmi UH2VX

AM b?Q`i- 1m`QT2�M BMi2;`�iBQM �z2+ib bQ+B�H TQHB+v /2K�M/ �M/ bmTTHv bBKmHi�M2QmbHv

#mi BM +QMi`�/B+iQ`v r�vbX PM i?2 QM2 ?�M/- 2+QMQKB+ BMi2;`�iBQM 7m2Hb Tm#HB+ /2K�M/ 7Q`

+QKT2Mb�iBQMc QM i?2 Qi?2` ?�M/- TQHBiB+�H BMi2;`�iBQM /2HBKBib i?2 }b+�H TQbbB#BHBiB2b Q7

M�iBQM�H@H2p2H TQHB+v@K�F2`b iQ `2bTQM/ iQ i?2b2 /2K�M/bX 1m`QT2�M BMi2;`�iBQM i?2`27Q`2

T`QpQF2b � KBbK�i+? #2ir22M bmTTHv �M/ /2K�M/- 2bb2MiB�HHv #`2�FBM; i?2 QTBMBQM@TQHB+v

HBMFX

1KTB`B+�H ai`�i2;v

q2 i2bi i?2 F2v BKTHB+�iBQMb Q7 i?2 i?2Q`2iB+�H KQ/2H BM irQ bi2TbX 6B`bi- iQ 2biBK�i2

?Qr BM/BpB/m�H /2K�M/ 7Q` +QKT2Mb�iBQM `2bTQM/b iQ +QmMi`v@H2p2H p�`B�iBQM BM 2+QMQKB+

�M/ TQHBiB+�H BMi2;`�iBQM- r2 �TTHv � "�v2bB�M KBt2/@2z2+ib rBi?BM@#2ir22M KQ/2HBM;

bi`�i2;vX h?2 KBt2/@2z2+ib KQ/2Hb /`�r QM }p2 r�p2b Q7 i?2 1m`QT2�M aQ+B�H am`p2v

U1aaV �M/ +Qp2` mT iQ R8jXRky BM/BpB/m�Hb BM kk K2K#2` bi�i2b 7Q` i?2 iBK2 T2`BQ/ 7`QK

kyy9 mMiBH kyRkX h?2 mHiBK�i2 bBx2 Q7 i?2 b�KTH2 Bb /2HBKBi2/ #v i?2 �p�BH�#BHBiv Q7 /�i�

7Q` i?2 BM/2t QM 1m`QT2�M BMi2;`�iBQM Ub22 M2ti b2+iBQMVX

a2+QM/- iQ �bb2bb i?2 K�+`Q@H2p2H BKT�+i Q7 TQHBiB+�H BMi2;`�iBQM QM #Qi? r2H7�`2

Ry



bT2M/BM; �b r2HH �b i?2 TQHB+v `2bTQMbBp2M2bb Q7 ;Qp2`MK2Mib- r2 2KTHQv iBK2@b2`B2b

+`Qbb@b2+iBQM�H Uha*aV irQ@r�v }t2/@2z2+ib KQ/2HbX h?2 ha*a �M�HvbBb Bb #�b2/ QM k9

+QmMi`B2b �MMm�HHv Q#b2`p2/ 7Q` i?Qb2 N v2�`b- 7Q` r?B+? i?2 1m`QT2�M BMi2;`�iBQM BM/2t

Bb �p�BH�#H2X h?mb- r2 2M/ mT rBi? � K�tBKmK Q7 kRe Q#b2`p�iBQMb Ucountries× yearsVX

J2�bm`2K2Mi

AM r?�i 7QHHQrb- r2 /Bb+mbb i?2 K2�bm`2K2Mi Q7 F2v /2T2M/2Mi �M/ BM/2T2M/2Mi p�`B�#H2b

mb2/ BM i?2 �M�HvbBbX9

1m`QT2�M BMi2;`�iBQMX .Bz2`2Mi �ii2KTib ?�p2 #22M K�/2 iQ K2�bm`2 i?2 2ti2Mi

Q7 1m`QT2�M BMi2;`�iBQM U2X;X- G2mz2M 2i �HX kyRjV- #mi 72r �`2 bT2+B}+�HHv +QM+2`M2/

rBi? K2�bm`BM; /Bz2`2M+2b BM i?2 2ti2Mi Q7 BMi2;`�iBQM �+`Qbb K2K#2` bi�i2bX _2+2MiHv-

?Qr2p2`- � M2r BM/2t r�b `2H2�b2/ i?�i +�Tim`2b 2+QMQKB+ �M/ TQHBiB+�H BM/B+�iQ`b Q7 1m@

`QT2�M BMi2;`�iBQM UEƺMB; � P?` kyRjVX h?2 BM/2t +QMbBbib Q7 k8 Bi2Kb ;`QmT2/ BMiQ 7Qm`

/BK2MbBQMb- r?B+? +QMi`B#mi2 rBi? /Bz2`2Mi r2B;?ib iQ i?2 Qp2`�HH BM/2tX hrQ Q7 i?2b2

7Qm` /BK2MbBQMb �`2 Q7 T�`iB+mH�` BMi2`2bi 7Q` i?Bb bim/vX h?2 ǵaBM;H2 J�`F2i /BK2MbBQMǶ

+�M #2 `2;�`/2/ �b �M BM/B+�iQ` Q7 2+QMQKB+ BMi2;`�iBQM- r?2`2�b i?2 ǵ*QM7Q`KBiv /BK2M@

bBQMǶ +�Tim`2b TQHBiB+�H BMi2;`�iBQMX JQ`2 bT2+B}+�HHv- i?2 }`bi /BK2MbBQMěi?2 /2;`22 Q7

K�`F2i `2H�iBQMb BM i?2 aBM;H2 J�`F2iěBb K2�bm`2/ #v i?2 bmK Q7 � +QmMi`vǶb BMi`�@1l

BKTQ`ib �M/ 2tTQ`ib �b � T2`+2Mi�;2 Q7 :.S UQT2MM2bb iQ 1l i`�/2V �M/ �b � T2`+2Mi@

�;2 Q7 Bib iQi�H bmK Q7 BKTQ`ib �M/ 2tTQ`ib UBKTQ`i�M+2 Q7 1l i`�/2 +QKT�`2/ iQ i`�/2

`2H�iBQMb QmibB/2 i?2 1lVX h?2 BM/B+�iQ` Q7 TQHBiB+�H BMi2;`�iBQM +QK#BM2b BM7Q`K�iBQM QM

BMbiBimiBQM�H T�`iB+BT�iBQM BM i?2 a+?2M;2M �`2� �M/ K2K#2`b?BT BM i?2 1Jl U~Q�iBM;

2t+?�M;2 `�i2bc BM 1t+?�M;2 _�i2 J2+?�MBbK U1_JV AAc BM 2m`QxQM2V rBi? /�i� QM K2K@

#2` bi�i2bǶ +QKTHB�M+2 rBi? 1l H�r U+QmMiBM; BM7`BM;2K2Mi T`Q+22/BM;b Q7 i?2 1m`QT2�M

*QKKBbbBQM �M/ 1m`QT2�M *Qm`i Q7 CmbiB+2 p2`/B+ibVX h?2 +QKTQM2Mi Q7 BMbiBimiBQM�H

T�`iB+BT�iBQM Bb T�`iB+mH�`Hv `2H2p�Mi 7Q` Qm` �`;mK2Mi QM i?2 bT2M/BM;@/2T`2bbBM; 2z2+i

9a22 i?2 �TT2M/Bt 7Q` /2i�BH2/ /2b+`BTiBp2 bi�iBbiB+b QM �HH p�`B�#H2bX

RR



Q7 1m`QT2�M TQHBiB+�H BMi2;`�iBQM UH2V- �b Bi +�Tim`2b #Qi? BKTQ`i�Mi 2t�KTH2b Q7 i?2

BMbiBimiBQM�H K�MB72bi�iBQM Q7 M2;�iBp2 BMi2;`�iBQM Ua+?2M;2M- 1_JV �b r2HH �b i?2 2z2+i

Q7 i?2 1Jl KQ`2 /B`2+iHvX 6Q` 2�b2 Q7 +QKT�`�#BHBiv- i?2 /�i� �`2 MQ`K�HBx2/ iQ � b+�H2

`�M;BM; 7`QK y iQ Ryy- r?2`2 Ryy `2T`2b2Mib K�tBKmK BMi2;`�iBQMX h?2 BM/B+�iQ`b �`2

r2B;?i2/ QM i?2 #�bBb Q7 � T`BM+BT�H +QKTQM2Mi �M�HvbBb U7Q` KQ`2 BM7Q`K�iBQM QM i?2

BM/2t- b22 EƺMB; � P?` kyRjVX q?BH2 i?2 }`bi p2`bBQM Q7 i?Bb BM/2t +QMi�BM2/ QMHv R9

+QmMi`B2b- r2 K�F2 mb2 Q7 �M mT/�i2/ p2`bBQM i?�i BM+Hm/2b k9 K2K#2` bi�i2b �MMm�HHv

Q#b2`p2/ #2ir22M kyy9 UBX2X- i?2 iBK2 Q7 i?2 1l 1�bi2`M 2MH�`;2K2MiV �M/ kyRkX

aQ+B�H TQHB+v T`272`2M+2bX 6`QK � i?2Q`2iB+�H T2`bT2+iBp2- r2 �`2 BMi2`2bi2/ BM K2�@

bm`BM; BM/BpB/m�H@H2p2H /2K�M/ 7Q` +QKT2Mb�iBQM TQHB+B2bX h?Bb 2Mi�BHb #Qi? �bT2+ib Q7

`2/Bbi`B#miBQM �b r2HH �b bQ+B�H BMbm`�M+2X lM7Q`imM�i2Hv- i?2 #�bB+ KQ/mH2 BM+Hm/2/ BM �HH

1aa r�p2b QMHv +QMi�BMb � ;2M2`�H [m2biBQM �#Qmi /2K�M/ 7Q` `2/Bbi`B#miBQMX _2bTQM@

/2Mib �`2 ;Bp2M i?Bb bi�i2K2Mi, :Qp2`MK2Mi b?QmH/ `2/m+2 /Bz2`2M+2b BM BM+QK2 H2p2HbX

AM/BpB/m�Hb �`2 i?2M �bF2/ r?2i?2` i?2v URV /Bb�;`22 bi`QM;Hv- UkV /Bb�;`22- UjV M2Bi?2`

�;`22 MQ` /Bb�;`22- U9V �;`22- Q` U8V �;`22 bi`QM;HvX

�b _2?K UkyyN- 3ejV TQBMib Qmi- i?Bb bm`p2v Bi2K ?�b b2p2`�H r2�FM2bb2b, ǳi?2 [m2b@

iBQM /Q2b MQi BM+Hm/2 � #m/;2i +QMbi`�BMic i?2 [m2biBQM /Q2b MQi `2KBM/ T2QTH2 Q7 ?B;?2`

i�t2b BM +�b2 i?2v QTi 7Q` `2/Bbi`B#miBQMc i?2`2 Bb MQ K2MiBQM Q7 bT2+B}+ TQHB+v BMbi`mK2Mib

mb2/ iQ �+?B2p2 `2/Bbi`B#miBQMXǴ q2 H�`;2Hv �;`22 rBi? _2?KǶb �bb2bbK2Mi �M/ i?2`27Q`2

�`;m2 i?�iě/m2 iQ Bib #`Q�/ +?�`�+i2`ěi?Bb [m2biBQM �`;m�#Hv K2�bm`2b bmTTQ`i 7Q` r2H@

7�`2 TQHB+v KQ`2 ;2M2`�HHv `�i?2` i?�M bT2+B}+ �`2�b Q7 bT2M/BM;X q2 im`M i?Bb K2�bm`2

BMiQ � /B+?QiQKQmb p�`B�#H2 i?�i i�F2b QM � p�Hm2 Q7 R BM +�b2 Q7 bi`QM; �;`22K2Mi �M/

y Qi?2`rBb2X q2 �TTHv i?Bb bi`�i2;v #2+�mb2 i?2 r2�FM2bb Q7 i?2 bm`p2v Bi2K b22Kb iQ

?�p2 BM+2MiBpBx2/ `2bTQM/2Mib iQ �HKQbi M2p2` QTTQb2 i?2 bi�i2K2Mi �M/ BMbi2�/ /BbT`Q@

TQ`iBQM�i2Hv 7`2[m2MiHv b2iiH2 QM ;2M2`�H �;`22K2Mi U+�i2;Q`v 9V- `2bmHiBM; BM � bmbTB+BQmb

+`Qbb@+QmMi`v bBKBH�`Biv BM i?2 /2MbBiv /Bbi`B#miBQM Q7 i?Bb �Mbr2` +�i2;Q`v Ub22 6B;m`2 �d

7Q` /2i�BHVX "v 7Q+mbBM; QMHv QM2 i?Qb2 r?Q bi`QM;Hv �;`22 rBi? i?2 bi�i2K2Mi- r2 ?QT2

Rk



iQ mM+Qp2` i`m2 +`Qbb@M�iBQM�H /Bz2`2M+2b �M/ KBiB;�i2 �;�BMbi i?2 ;2M2`�H r2�FM2bb Q7

i?2 bm`p2v Bi2KX

aQ+B�H TQHB+v T`272`2M+2b rBHH �HbQ 2Mi2` i?2 /vM�KB+ K�+`Q@H2p2H �M�HvbBb 2t�KBMBM;

r?2i?2` �p2`�;2 bmTTQ`i 7Q` bQ+B�H TQHB+v bvbi2K�iB+�HHv �z2+ib H2p2Hb Q7 bQ+B�H bT2M/BM;X

6Q` i?�i Tm`TQb2- r2 bBKTHv i�F2 i?2 �`Bi?K2iB+ K2�M Q7 `2bTQM/2MibǶ T`272`2M+2b UQM

i?2 Q`B;BM�H b+�H2V Q7 � ;Bp2M +QmMi`v BM � ;Bp2M v2�`X q2 �HbQ BM+Hm/2 �p2`�;2 H2p2Hb Q7

bmTTQ`i 7Q` /Bz2`2Mi BM+QK2 +H�bb2bX

aQ+B�H TQHB+vX hQ +�Tim`2 ;Qp2`MK2Mi bQ+B�H TQHB+v 2zQ`ib r2 2KTHQv bQ+B�H bT2M/BM;

/�i� T`QpB/2/ #v 1m`Qbi�i- r?B+? K2�bm`2 iQi�H 2tT2M/Bim`2 QM bQ+B�H T`Qi2+iBQM �b �

T2`+2Mi�;2 Q7 :.SX h?2 mb2 Q7 bQ+B�H bT2M/BM; �b �M BM/B+�iQ` Q7 r2H7�`2 bi�i2 2zQ`i Bb

+QKKQM T`�+iB+2 BM 2tBbiBM; TQHBiB+�H 2+QMQKv `2b2�`+? U2X;X- >BMM2`B+? � S2ii2`bbQM@

GB/#QK kyR9c Ap2`b2M � aQbFB+2 kyR8VX �Hi?Qm;? i?Bb T`�+iB+2 ?�b �HbQ #2+QK2 bm#D2+i

Q7 +`BiB+BbK U7Q` BMbi�M+2- *H�b2M � aB2;2H kyydc a+`m;;b kyyeV- r2 MQM2i?2H2bb `2Hv QM Bi

7Q` irQ `2�bQMbX 6B`bi- +QKT�`2/ iQ �Hi2`M�iBp2b- BM7Q`K�iBQM QM ;Qp2`MK2Mi 2tT2M/Bim`2

Bb `B+?Hv �p�BH�#H2ě#Qi? rBi? `2;�`/ iQ iBK2 �M/ bT�+2X S�`iB+mH�`Hv bK�HH +QmMi`B2b HBF2

J�Hi� �M/ K2K#2` bi�i2b Q7 1�bi2`M 1m`QT2 �`2 mbm�HHv MQi Q` QMHv bT�`b2Hv BM+Hm/2/ BM

�Hi2`M�iBp2 K2�bm`2b Q7 r2H7�`2 2MiBiH2K2Mib bm+? �b i?2 +QKKQMHv mb2/ ;2M2`QbBiv BM/B+2bX

a2+QM/- ;Bp2M i?�i 1m`Qbi�i /�i� QM Tm#HB+ bT2M/BM; Bb ?�`KQMBx2/ �+`Qbb K2K#2` bi�i2b-

/�i� [m�HBiv Bb HBF2Hv iQ #2 p2`v ?B;?X

*QMi`QHbX h?2 KBt2/@2z2+ib �M/ ha*a bT2+B}+�iBQMb mb2 /Bz2`2Mi b2ib Q7 +QMi`QH p�`B@

�#H2bX AM i?2 KBt2/@2z2+ib KQ/2Hb- r2 BM+Hm/2 � MmK#2` Q7 KB+`Q@H2p2H +QMi`QH p�`B�#H2b

BM Q`/2` iQ +�Tim`2 bvbi2K�iB+ /Bz2`2M+2b #2ir22M BM/BpB/m�HbX h?2b2 +QMi`QHb �`2 �;2 UBM

v2�`bV- � ;2M/2` p�`B�#H2- 2/m+�iBQM UBM v2�`bV- #BM�`v BM7Q`K�iBQM QM i?2 `2bTQM/2MiǶb

Q++mT�iBQM UBM 2/m+�iBQM- BM T�B/ rQ`F- mM2KTHQv2/V- mMBQM K2K#2`b?BT- � K2�bm`2 Q7

bm#D2+iBp2 `2HB;BQbBiv- b2H7@TH�+2K2Mi QM � TQHBiB+�H H27i@`B;?i b+�H2- �M/ bm#D2+iBp2 BM+QK28X
81aa K�BM BM+QK2 p�`B�#H2 H�+Fb +QKT�`�#BHBiv Qp2` iBK2 �b Bib +Q/BM; r�b +?�M;2/ �7i2` r�p2 i?`22X

h?2`27Q`2- r2 mb2 � bm#D2+iBp2 K2�bm`2 Q7 BM+QK2 i?�i r�b BM+Hm/2/ BM �HH r�p2b Ub22 p�`B�#H2 ǳ?BM+72HǴVX
� p�Hm2 Q7 R BM/B+�i2b i?�i `2bTQM/2Mib �`2 HBpBM; +QK7Q`i�#Hv Q` +QTBM; QM i?2B` T`2b2Mi BM+QK2 �M/ y

Rj



PM i?2 +QmMi`v H2p2H- r2 +QMi`QH 7Q` bQ+B�H bT2M/BM; �M/ BM+QK2 BM2[m�HBiv #27Q`2 i�t2b

�M/ i`�Mb72`b UT`2@}b+ :BMB BM/2tV 7`QK 1m`Qbi�iX �//BiBQM�HHv- r2 BM+Hm/2 :.S T2`

+�TBi� +�H+mH�i2/ 7`QK i?2 S2MM qQ`H/ h�#H2 U622Mbi`� 2i �HX kyR8VX

AM i?2 ha*a KQ/2Hb- r2 2tT2+i i?�iě#2bB/2b 1m`QT2�M BMi2;`�iBQMěi?2 7QHHQrBM;

7�+iQ`b KB;?i BM~m2M+2 r2H7�`2 bT2M/BM;, :.S ;`Qri?- mM2KTHQvK2Mi- Tm#HB+ /2#i-

T`2@}b+ BM2[m�HBiv U�HH 7`QK 1m`Qbi�iV �M/ � K2�bm`2 Q7 T�`iBb�M +QMi`QH Q7 ;Qp2`MK2Mi

Ur?2`2 ?B;?2` p�Hm2b BM/B+�i2 � ?B;?2` T2`+2Mi�;2 Q7 H27i@rBM; +�#BM2i TQbib- b22 p�`B�#H2

ǳ;QpnT�`ivǴ BM �`KBM;2QM 2i �HX kyR9VX �b i?2b2 +QMi`QH p�`B�#H2b �`2 T`2iiv bi�M/�`/-

r2 rBHH MQi /Bb+mbb i?2K BM KQ`2 /2i�BHX

ai�iBbiB+�H bT2+B}+�iBQMb �M/ K2i?Q/b

JBt2/@2z2+ib KQ/2HbX hQ 2KTB`B+�HHv i2bi i?2 �`;mK2Mi i?�i 2+QMQKB+ �M/ TQHBiB+�H

BMi2;`�iBQM �z2+ib bmTTQ`i 7Q` bQ+B�H TQHB+v UH1V- r2 2KTHQv � "�v2bB�M HQ;BbiB+ KBt2/@

2z2+ib rBi?BM@#2ir22M KQ/2HBM; bi`�i2;vX

q2 /2MQi2 #v S`272`2M+2bict i?2 #BM�`v `2bTQMb2ěbmTTQ`i 7Q` bQ+B�H TQHB+věQ7 BM/B@

pB/m�H i Ui = 1, . . . , NcV HBpBM; BM +QmMi`v c Uc = 1, . . . , 22V BM v2�` t Ut 4 kyy9- kyye- kyy3-

kyRy- kyRkVX xict Bb � p2+iQ` Q7 BM/BpB/m�H@H2p2H +QMi`QHbX h?2 +QmMi`v@ �M/ iBK2@bT2+B}+

+QMbi�Mib �`2 /2MQi2/ #v αctX >2M+2- i?2 BM/BpB/m�H@H2p2H KBt2/@2z2+ib HQ;BbiB+ `2;`2bbBQM

2[m�iBQM Bb ;Bp2M #v,

S`(S`272`2M+2b∗ict = 1) = HQ;Bi−1
(
xictβ + αct + ϵict

)
, URV

r?2`2 ϵict Bb i?2 2``Q` i2`KX

h`2�iBM; i?2 p�`vBM; BMi2`+2Tib �b � 7mM+iBQM Q7 i?2 +QmMi`v@H2p2H 7�+iQ`b- i?2 +QmMi`v@

H2p2H 2[m�iBQM Bb,

αct = ψα + λBz̄c + λW (zct − z̄c) + ηc + δt + ξct, UkV

Qi?2`rBb2X

R9



r?2`2 ψα Bb i?2 ;`�M/ K2�M Q7 �HH BM/BpB/m�H bQ+B�H TQHB+v T`272`2M+2b �+`Qbb +QmMi`B2b

�M/ v2�`bX zct Bb � p2+iQ` Q7 +QmMi`v@H2p2H p�`B�#H2b- BM T�`iB+mH�` 2+QMQKB+ �M/ TQHBiB+�H

BMi2;`�iBQMX q2 mb2 � rBi?BM@#2ir22M KQ/2H bT2+B}+�iBQM i?�i �HHQrb mb iQ 2biBK�i2

rBi?BM@ �M/ #2ir22M@+QmMi`v 2z2+ib bBKmHi�M2QmbHv U"2HH 2i �HX kyR3c 6�B`#`Qi?2` kyR9VX

h?2 #2ir22M@+QmMi`v 2z2+i λB Bb +�H+mH�i2/ �b i?2 +`Qbb@iBK2 K2�M Q7 2�+? +QmMi`v@H2p2H

p�`B�#H2- z̄cX am#i`�+iBM; i?Bb i2`K 7`QK i?2 Q`B;BM�H p2+iQ` zct ;Bp2b i?2 rBi?BM@+QmMi`v

2z2+i λW X hQ i�F2 �++QmMi Q7 i?2 +`Qbb@+H�bbB}2/ UMQM@M2bi2/V bi`m+im`2 mM/2`HvBM; Qm`

HQM;Bim/BM�H /�i�- r2 BM+Hm/2 p�`B�M+2 +QKTQM2Mib �i �HH `2H2p�Mi H2p2Hb, +QmMi`v UηcV-

v2�` UδtV- �M/ +QmMi`v@v2�` UξctV U_�b#�b? � "`QrM2 kyy3VX

J�tBKmK HBF2HB?QQ/ 2biBK�iBQM Q7 KBt2/@2z2+ib KQ/2Hb +�M T`Q/m+2 b2p2`2Hv #B�b2/

+Q2{+B2Mib �M/ +QM}/2M+2 BMi2`p�Hb r?2M i?2 MmK#2` Q7 +QmMi`B2b Bb bK�HHX h?2 T`Q#H2K

Bb T�`iB+mH�`Hv b2`BQmb 7Q` +QmMi`v@H2p2H 2biBK�i2b �M/ MQM@HBM2�` KQ/2Hb U"`v�M � C2MFBMb

kyReVX AM +QMi`�bi- "�v2bB�M 2biBK�iBQM vB2H/b Km+? KQ`2 `Q#mbi �M/ +QMb2`p�iBp2 `2bmHib

Uai2;Km2HH2` kyRjVX h?mb- r2 2biBK�i2 Qm` KQ/2Hb BM � "�v2bB�M 7`�K2rQ`F mbBM; i?2 _

T�+F�;2 #`Kb U"Ƀ`FM2` kyR3VX :Bp2M i?�i i?2 MmK#2` Q7 ;`QmTb Bb `2H�iBp2Hv bK�HH- r2

�bbB;M r2�FHv BM7Q`K�iBp2 ?�H7@t T`BQ`b QM i?2 p�`B�M+2 +QKTQM2Mib U:2HK�M kyyeVXe 6m`@

i?2`KQ`2- r2 +2Mi2` �HH +QMiBMmQmb p�`B�#H2b �M/ b+�H2 i?2K #v irQ iBK2b i?2B` bi�M/�`/

/2pB�iBQM bQ i?�i i?2 `2bmHiBM; +Q2{+B2Mib +�M #2 `Qm;?Hv BMi2`T`2i2/ BM i?2 b�K2 r�v �b

i?2 mMb+�H2/ #BM�`v BM/B+�iQ`b U:2HK�M kyy3VX

ha*a KQ/2HbX q2 2t�KBM2 i?2 �`;mK2Mi i?�i 1m`QT2�M TQHBiB+�H BMi2;`�iBQM bmT@

T`2bb2b i?2 bmTTHv Q7 bQ+B�H TQHB+v �M/ i?mb T`2p2Mib �;;`2;�i2/ bQ+B�H TQHB+v T`272`2M+2b

7`QK #2BM; i`�MbH�i2/ BMiQ TQHB+v UH2V #v mbBM; � ha*a �TT`Q�+?X

:Bp2M i?�i Qm` /2T2M/2Mi p�`B�#H2ěbQ+B�H bT2M/BM;ěBb � M�im`�HHv i`2M/@`B//2M BM@

/B+�iQ`- r2 2KTHQv � S`�Bb@qBMbi2M 2biBK�iQ` r?2`2 i?2 b2`B�HHv +Q``2H�i2/ `2bB/m�Hb �`2

KQ/2H2/ �b � }`bi@Q`/2` �miQ`2;`2bbBQM Q` �_R T`Q+2bbX AM Q`/2` iQ +QMi`QH 7Q` ;`QmTrBb2

?2i2`QbF2/�biB+Biv �M/ +QMi2KTQ`�M2Qmb +Q``2H�iBQM Q7 2``Q`b- r2 �TTHv T�M2H@+Q``2+i2/

eq2 b2i �HH TQTmH�iBQM T�`�K2i2`b iQ #2 � T`BQ`B MQ`K�HHv /Bbi`B#mi2/ rBi? K2�M x2`Q �M/ � bi�M/�`/
/2pB�iBQM Q7 RX 6Q` i?2 p�`B�M+2b BM i?2 KQ/2H r2 mb2 ?�H7@t T`BQ`b- t(4, 0, 1)X
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bi�M/�`/ 2``Q`b U"2+F � E�ix RNN8- RNNeVX �//BiBQM�HHv r2 BM+Hm/2 +QmMi`v@ �M/ iBK2@

}t2/ 2z2+ib UirQ@r�v }t2/@2z2+ib bT2+B}+�iBQMV- r?B+? �++QmMi 7Q` #Qi? mMQ#b2`p2/

+QmMi`v U2X;X- i?2 ?BbiQ`B+�H bi`2M;i? Q7 i?2 H27i KB;?i �z2+i #Qi? 1m`QT2�M BMi2;`�@

iBQM �M/ bQ+B�H bT2M/BM;V �M/ iBK2 2z2+ib U2X;X- i?2 2+QMQKB+ �M/ }b+�H +`BbBbVX h?Bb Bb

� [mBi2 `B;Q`Qmb i2bi Q7 i?2 �`;mK2Mi �b Km+? Q7 i?2 p�`B�iBQM BM i?2 /2T2M/2Mi p�`B�#H2

rBHH #2 �++QmMi2/ 7Q` #v i?2 }t2/ 2z2+ibX h?2 #�bB+ ha*a `2;`2bbBQM 2[m�iBQM Bb ;Bp2M

#v,

aQ+B�HaT2M/BM;∗ct = γ1SQHBiB+�HAMi2;`�iBQMct + γ2S`272`2M+2bct−1 + zctβ + α0 + ϵct. UjV

6BM�HHv- iQ i2bi i?2 �`;mK2Mi i?�i TQHBiB+�H T�`iB+BT�iBQM BM i?2 1Jl `2/m+2b bQ+B�H TQHB+v

`2bTQMbBp2M2bb- r2 2biBK�i2 7QHHQrBM; BMi2`�+iBQM KQ/2H,

aQ+B�HaT2M/BM;∗ct = γ1S�`iB+BT�iBQMct + γ2S`272`2M+2bct−1

+ γ3S�`iB+BT�iBQMct · S`272`2M+2bct−1

+ zctβ + α0 + ϵct.

U9V

JQ/2H _2bmHib

q2 �`;m2 �#Qp2 i?�i 1m`QT2�M BMi2;`�iBQM BM+`2�b2b +BiBx2MbǶ /2K�M/ 7Q` bQ+B�H +QKT2M@

b�iBQM �M/ �i i?2 b�K2 /2HBKBib i?2 H22r�v Q7 TQHB+v@K�F2`b iQ `2bTQM/ iQ i?2b2 Tm#HB+

+QM+2`MbX AM i?Bb b2+iBQM- r2 T`2b2Mi 2KTB`B+�H 2pB/2M+2 7Q` Qm` i?2Q`2iB+�H +H�BKbX

.2K�M/ 7Q` bQ+B�H TQHB+v

h�#H2 R T`2b2Mib bi�M/�`/Bx2/ +Q2{+B2Mib UTQbi2`BQ` K2�MbV �M/ bi�M/�`/ 2``Q`b UTQb@

i2`BQ` bi�M/�`/ /2pB�iBQMbV 7`QK "�v2bB�M HQ;BbiB+ KBt2/@2z2+ib KQ/2HbX hQ b�p2 bT�+2-

r2 QMHv T`2b2Mi �M/ /Bb+mbb i?2 2biBK�i2b Q7 Qm` K2�bm`2b Q7 1m`QT2�M BMi2;`�iBQM Ub22

h�#H2 �9 BM i?2 �TT2M/Bt 7Q` +QKTH2i2 `2bmHib Q7 �HH +QMi`QHbVX

h?2 `2bmHib BM JQ/2Hb R@9 b?Qr i?�i #Qi? rBi?BM@+QmMi`v 2+QMQKB+ �M/ TQHBiB+�H BMi2@

Re



h�#H2 R, "�v2bB�M HQ;BbiB+ KBt2/@2z2+ib 2biBK�iBQM Q7 i?2 BKT�+i Q7 2+QMQKB+ BMi2;`�iBQM
QM /2K�M/ 7Q` bQ+B�H TQHB+vX

JQ/2H R JQ/2H k JQ/2H j JQ/2H 9 JQ/2H 8
1+QMQKB+ BMi2;`�iBQM U"V −0.28 −0.36 −0.31 −0.33

(0.24) (0.24) (0.24) (0.26)

1+QMQKB+ BMi2;`�iBQM UqV 0.11∗ 0.12∗ 0.11∗ 0.11∗

(0.04) (0.05) (0.05) (0.05)

PT2MM2bb U"V −0.23
(0.33)

PT2MM2bb UqV 0.14∗

(0.05)

AKTQ`i�M+2 U"V −0.04
(0.31)

AKTQ`i�M+2 UqV 0.00
(0.04)

SQHBiB+�H BMi2;`�iBQM U"V 0.04 0.06 0.11 −0.02
(0.26) (0.24) (0.25) (0.27)

SQHBiB+�H BMi2;`�iBQM UqV 0.14∗ 0.14∗ 0.14∗ 0.13∗

(0.05) (0.05) (0.05) (0.05)

S�`iB+BT�iBQM U"V 0.07
(0.31)

S�`iB+BT�iBQM UqV 0.06
(0.04)

*QKTHB�M+2 U"V −0.10
(0.28)

*QKTHB�M+2 UqV 0.15∗

(0.06)

aQ+B�H bT2M/BM; U"YqV !
:.S T2` +�TBi� U"YqV !
J�`F2i BM2[m�HBiv U"YqV !
AM/BpB/m�H@H2p2H +QMi`QHb ! ! ! ! !
ai�M/�`/ /2pB�iBQMb
*QmMi`v 0.55 0.53 0.54 0.52 0.57
u2�` 0.10 0.11 0.10 0.07 0.08
*QmMi`v@u2�` 0.18 0.18 0.18 0.18 0.18
∗ w2`Q QmibB/2 i?2 +`2/B#H2 BMi2`p�HX 1biBK�i2b UTQbi2`BQ` K2�MbV rBi? bi�M/�`/ 2``Q`b UTQbi2`BQ`
bi�M/�`/ /2pB�iBQMbV BM T�`2Mi?2b2bX "�b2/ QM irQ +?�BMb `mM 7Q` jyyy Bi2`�iBQMb �7i2` � #m`M@BM
Q7 RyyyX U"V BM/B+�i2b i?2 #2ir22M@+QmMi`v 2z2+i �M/ UqV i?2 rBi?BM@+QmMi`v 2z2+i Q7 � p�`B�#H2X
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;`�iBQM ?�p2 � TQbBiBp2 BKT�+i QM /2K�M/ 7Q` bQ+B�H TQHB+v �M/ �`2 bi�iBbiB+�HHv /Bz2`2Mi

7`QK x2`QX AM Qi?2` rQ`/b- rBi?BM@+QmMi`v BM+`2�b2b BM 1m`QT2�M BMi2;`�iBQM �`2 bvbi2K�i@

B+�HHv �bbQ+B�i2/ rBi? bi`QM;2` TQTmH�` /2K�M/ 7Q` bQ+B�H bT2M/BM;X h?2 #2ir22M@+QmMi`v

2z2+ib �`2 MQi bi�iBbiB+�HHv bB;MB}+�MiX h?Bb bm;;2bib i?�i i?2 `2H�iBQMb?BT #2ir22M 1m@

`QT2�M BMi2;`�iBQM �M/ /2K�M/ 7Q` bQ+B�H TQHB+v `mMb i?`Qm;? +?�M;2b rBi?BM +QmMi`B2b

`�i?2` i?�M +`Qbb@M�iBQM�H /Bz2`2M+2b #2ir22M +QmMi`B2bX LQM2 Q7 i?2 Qi?2` K�+`Q@H2p2H

p�`B�#H2b `2�+? bi�iBbiB+�H bB;MB}+�M+2 Ub22 h�#H2 �9VX h?2b2 }M/BM;b �`2 MQi b2MbBiBp2 iQ

Qm` bT2+B}+ T`BQ` +?QB+2X 6m`i?2`KQ`2- i?2v �`2 `Q#mbi iQ �M Q`/2`2/ HQ;Bi bT2+B}+�iBQM

Ub22 h�#H2 �8 7Q` i?2b2 b2MbBiBpBiv i2bibVX

AM JQ/2H 8- r2 BM+Hm/2 2�+? BM/B+�iQ` Q7 i?2 2+QMQKB+ �M/ TQHBiB+�H BMi2;`�iBQM BM/B+2b

b2T�`�i2HvX q2 }M/ i?�i i?2 2z2+i Q7 2+QMQKB+ BMi2;`�iBQM /2T2M/b QM ?Qr QT2M � +QmMi`v

Bb iQ 1l i`�/2 �M/ MQi QM ?Qr BKTQ`i�Mi i?�i FBM/ Q7 i`�/2 Bb iQ i`�/2 rBi? i?2 `2bi

Q7 i?2 rQ`H/ Ui?2 H�ii2` rQmH/ ?�p2 +QMi`�/B+i2/ i?2 ;HQ#�HBx�iBQM HBi2`�im`2VX �b 7Q`

TQHBiB+�H BMi2;`�iBQM- i?2 2z2+i QM /2K�M/ 7Q` bQ+B�H TQHB+v Bb /`Bp2M #v i?2 K2�bm`2 Q7

H2;�H +QKTHB�M+2X h?2 TBpQi�H 2H2K2Mi Q7 i?Bb K2�bm`2 Ub22 h�#H2 �j 7Q` /2i�BHbV �`2

1m`QT2�M *Qm`i Q7 CmbiB+2 p2`/B+ib T2`i�BMBM; iQ i?2 aBM;H2 J�`F2iX h?Bb K2�Mb i?�i i?2

KQ`2 � +QmMi`v +QKTHB2b rBi? i?2 H�rb Q7 i?2 aBM;H2 J�`F2i- i?2 ?B;?2` Bb i?2 /2K�M/

7Q` +QKT2Mb�iBQM �KQM; Bib +BiBx2MbX AM b?Q`i- r2 }M/ bi`QM; 2pB/2M+2 7Q` Qm` }`bi

?vTQi?2bBb, 1m`QT2�M 2+QMQKB+ BMi2;`�iBQM 2t?B#Bib � TQbBiBp2 �bbQ+B�iBQM rBi? Tm#HB+

bmTTQ`i 7Q` bQ+B�H bT2M/BM;X 6m`i?2`KQ`2- r2 �`2 �#H2 iQ b?Qr i?�i i?2 HQ;B+ Q7 i?2

+QKT2Mb�iBQM i?2bBb Bb T�`iB+mH�`Hv `2H2p�Mi BM i?2 +QMi2ti Q7 i?2 1l /m2 iQ i?2 H2;�H

7`�K2rQ`F T`QpB/2/ #v 1m`QT2�M TQHBiB+�H BMi2;`�iBQMX

AM Q`/2` iQ K�F2 i?2b2 2z2+ib KQ`2 i�M;B#H2- r2 +�H+mH�i2 �p2`�;2 K�`;BM�H T`2/B+i2/

T`Q#�#BHBiB2b #�b2/ QM JQ/2H R BM 6B;m`2 k U>�MK2` � E�HF�M kyRjVX q2 i�F2 i?2 `�M;2

Q7 2+QMQKB+ �M/ TQHBiB+�H BMi2;`�iBQM `2bT2+iBp2Hv- �M/ /`�r Ry 2p2MHv bT�+2/ p�Hm2b

7`QK i?�i `�M;2X h?2M r2 ?QH/ 2�+? Q7 i?2b2 p�Hm2b +QMbi�Mi- r?BH2 �HHQrBM; �HH Qi?2`

p�`B�#H2b �M/ p�`B�M+2 +QKTQM2Mib iQ i�F2 QM �HH Q#b2`p2/ p�Hm2b BM i?2 /�i�X h�FBM; i?2

K2�M Q7 i?2 `2bmHiBM; T`2/B+iBQMb H2�p2b mb rBi? �p2`�;2 K�`;BM�H T`2/B+i2/ T`Q#�#BHBiB2bX
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6B;m`2 k, �p2`�;2 K�`;BM�H T`2/B+i2/ T`Q#�#BHBiv Q7 /2K�M/ 7Q` bQ+B�H TQHB+v #v rBi?BM@
+QmMi`v 2+QMQKB+ �M/ TQHBiB+�H BMi2;`�iBQM rBi? N8W +`2/B#H2 BMi2`p�HbX
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h?2b2 �p2`�;2 T`Q#�#BHBiB2b +�M i?2M #2 THQii2/ �;�BMbi i?2 p�Hm2 2+QMQKB+ �M/ TQHBiB+�H

BMi2;`�iBQM r�b ?2H/ �iX �//BiBQM�HHv- r2 T`2b2Mi N8W +`2/B#H2 BMi2`p�HbX aBKmH�iBM;

+?�M;2b BM rBi?BM@+QmMi`v BMi2;`�iBQM 7`QK i?2 HQr2bi iQ i?2 ?B;?2bi Q#b2`p2/ p�Hm2d

BM+`2�b2b i?2 T`Q#�#BHBiv Q7 /2K�M/BM; KQ`2 +QKT2Mb�iBQM #v 2B;?i T2`+2Mi�;2 TQBMib

7Q` 2+QMQKB+ BMi2;`�iBQM U�V �M/ b2p2M T2`+2Mi�;2 TQBMib 7Q` TQHBiB+�H BMi2;`�iBQM U"VX

AM #Qi? +�b2b- � QM2 bi�M/�`/ /2pB�iBQM BM+`2�b2 Bb �bbQ+B�i2/ rBi? �M BM+`2�b2 BM i?2

T`2/B+i2/ T`Q#�#BHBiv #v �#Qmi QM2 T2`+2Mi�;2 TQBMiX

amTTHv Q7 bQ+B�H TQHB+v

hQ ;2i � }`bi BKT`2bbBQM Q7 i?2 `QH2 Q7 bQ+B�H TQHB+v T`272`2M+2b BM b?�TBM; Tm#HB+ TQHB+v

BM `2+2Mi v2�`b- 6B;m`2 j THQib +?�M;2b UiQ T`2pBQmb Q#b2`p�iBQM BM i?2 /Bz2`2Mi r�p2b Q7

i?2 1aaV BM �;;`2;�i2/ bQ+B�H TQHB+v T`272`2M+2b QM +?�M;2b UiQ T`2pBQmb v2�`V BM bQ+B�H

bT2M/BM; �M/ Tm#HB+ bT2M/BM;- `2bT2+iBp2HvX h?2 TQHB+v `2bTQMbBp2M2bb HBi2`�im`2 +Bi2/

�#Qp2 +H�BKb i?�i i?2 bmTTHv Q7 r2H7�`2 TQHB+B2b Bb /`Bp2M #v Q` �i H2�bi `2H�i2/ iQ i?2
d6Q` 2+QMQKB+ BMi2;`�iBQM- i?Bb Bb A`2H�M/ BM kyy9 UHQr2biV �M/ "2H;BmK BM kyy3 U?B;?2biVX 6Q` TQHBiB+�H

BMi2;`�iBQM- i?Bb Bb aT�BM BM kyy3 UHQr2biV �M/ 1biQMB� BM kyRk U?B;?2biVX

RN



6B;m`2 j, _2bTQMbBp2M2bb iQ �p2`�;2 bQ+B�H TQHB+v T`272`2M+2b- kyye@kyRkX
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`2bT2+iBp2 Tm#HB+ /2K�M/X >2M+2- r2 b?QmH/ Q#b2`p2 � TQbBiBp2 `2H�iBQMb?BT #2ir22M

bmTTQ`i 7Q` r2H7�`2 bT2M/BM; �M/ bQ+B�H ;Qp2`MK2Mi 2tT2M/Bim`2X S�M2H � Q7 6B;m`2 j

bm;;2bib i?�i i?Bb Bb MQi i?2 +�b2X h?2 HQ2bb +m`p2 Bb 2bb2MiB�HHv ~�i rBi? �M 2p2M bHB;?iHv

M2;�iBp2 i`2M/- +H2�`Hv BM/B+�iBM; i?�i i?2`2 Bb MQ TQbBiBp2 �bbQ+B�iBQM #2ir22M +?�M;2b

BM TQTmH�` /2K�M/ 7Q` bQ+B�H TQHB+B2b �M/ +?�M;2b BM r2H7�`2 bT2M/BM; BM i?2 b�KTH2 Q7

1m`QT2�M +QmMi`B2b r2 Q#b2`p2X S�M2H " +Q``Q#Q`�i2b i?Bb }M/BM; 7Q` +?�M;2b BM Tm#HB+

bT2M/BM;X3

q2 �`;m2 �#Qp2 i?�i QM2 `2�bQM 7Q` i?Bb H�+F Q7 bQ+B�H TQHB+v `2bTQMbBp2M2bb Bb 1m`QT2�M

BMi2;`�iBQM �M/ i?2 +QMi`�/B+iQ`v r�vb BM r?B+? Bi �z2+ib #Qi? bQ+B�H TQHB+v /2K�M/ �M/

bmTTHvX q2 MQr HQQF �i i?2 b2+QM/ bi2T Q7 i?2 �M�HvbBb- 2KTHQvBM; � b2`B2b Q7 ha*a KQ/2Hb

iQ B/2MiB7v i?2 /2i2`KBM�Mib Q7 TQHB+v QmiTmi QM i?2 K�+`Q H2p2HX q2 }`bi 2t�KBM2 i?2

2pB/2M+2 7Q` � /B`2+i `2H�iBQMb?BT #2ir22M TQHBiB+�H BMi2;`�iBQM �M/ bQ+B�H bT2M/BM;- i?2M

i?2 HBMF #2ir22M TQHBiB+�H BMi2;`�iBQM- Tm#HB+ /2K�M/- �M/ bQ+B�H bT2M/BM;X

3h?2 QmiHB2` �i i?2 iQT Q7 2�+? T�M2H `2~2+ib A`2H�M/ BM kyy3 U�V �M/ kyRy U"VX h?2 b?�`T BM+`2�b2 BM
bQ+B�H �M/ Tm#HB+ bT2M/BM; r�b +�mb2/ #v � bi22T /2+HBM2 BM :.S `�i?2` i?�M �+im�H +?�M;2b BM bT2M/BM;X

ky



SQHBiB+�H BMi2;`�iBQMX h�#H2 k T`2b2Mib mMbi�M/�`/Bx2/ +Q2{+B2Mib �M/ T�M2H@+Q``2+i2/

bi�M/�`/ 2``Q`b 7`QK ha*a irQ@r�v }t2/@2z2+ib KQ/2HbX h?2 /2T2M/2Mi p�`B�#H2 Bb bQ+B�H

bT2M/BM;X AM � T`2pBQmbHv }ii2/ i`�BMBM; KQ/2H Ub22 h�#H2 �e BM i?2 �TT2M/BtV- Tm#HB+

/2#i �M/ K�`F2i BM2[m�HBiv r2`2 MQi bvbi2K�iB+�HHv `2H�i2/ iQ bQ+B�H bT2M/BM;X h?mb- r2

2t+Hm/2 i?2b2 p�`B�#H2b 7`QK i?2 bm#b2[m2Mi �M�HvbBbX

GQQFBM; �i JQ/2H R- r2 }M/ i?�i i?2 2biBK�i2/ +Q2{+B2Mi Q7 TQHBiB+�H BMi2;`�iBQM Bb

M2;�iBp2 �M/ i?2 +QM}/2M+2 BMi2`p�H /Q2b MQi BM+Hm/2 x2`QX aBKmH�iBM; �M BM+`2�b2 Q7

TQHBiB+�H BMi2;`�iBQM 7`QK i?2 HQr2bi Q#b2`p2/ p�Hm2ělMBi2/ EBM;/QK BM kyyeěiQ i?2

?B;?2biě1biQMB� BM kyRkěBb �bbQ+B�i2/ rBi? � /2+`2�b2 BM bQ+B�H bT2M/BM; �b � T2`+2Mi�;2

Q7 :.S #v �#Qmi RXk T2`+2Mi�;2 TQBMib 7`QK keXj iQ k8XRX h?Bb /Bz2`2M+2 KB;?i bQmM/

KQ/2bi- #mi BM `2�H p�Hm2 i2`Kb Bi Bb bB;MB}+�MiX 6Q` BMbi�M+2- i�FBM; i?2 :.S Q7 i?2

lMBi2/ EBM;/QK BM i?2 H�bi [m�`i2` Q7 kyye- � /2+`2�b2 Q7 RXk T2`+2Mi�;2 TQBMib �KQmMib

iQ Ƞ4.327.492.195X �M BM+`2�b2 Q7 QM2 bi�M/�`/ /2pB�iBQM 7`QK i?2 K2�M p�Hm2 Q7 TQHBiB+�H

BMi2;`�iBQMě`Qm;?Hv bBKBH�` iQ �M BM+`2�b2 7`QK i?2 H2p2H Q7 SQ`im;�H BM kyyd iQ i?2 H2p2H

Q7 SQ`im;�H BM kyRkěBb �++QKT�MB2/ #v � /2+`2�b2 Q7 �TT`QtBK�i2Hv yXke T2`+2Mi�;2

TQBMib BM bQ+B�H bT2M/BM;X h�FBM; i?2 +�b2 Q7 SQ`im;m2b2 :.S BM i?2 H�bi [m�`i2` Q7 kyRk-

i?Bb Bb 2[mBp�H2Mi iQ 112.866.452eX

JQ/2H k /2+QKTQb2b Qm` K2�bm`2 Q7 TQHBiB+�H BMi2;`�iBQM BM Bib irQ bm#+�i2;Q`B2b-

BX2X- +QKTHB�M+2 rBi? 1l H�r �M/ T�`iB+BT�iBQM BM bi2Tb Q7 BMbiBimiBQM�H BMi2;`�iBQMX h?2

`2bmHib bm;;2bi i?�i #Qi? /BK2MbBQMb Q7 TQHBiB+�H BMi2;`�iBQM +QMi`B#mi2 iQ Bib �;;`2;�i2

2z2+iX >Qr2p2`- i?2 2biBK�i2/ mTT2` #QM/ Q7 i?2 +QM}/2M+2 BMi2`p�H Q7 i?2 +QKTHB�M+2

p�`B�#H2 ;2ib p2`v +HQb2 iQ x2`Q �M/ Bib 2biBK�i2/ +Q2{+B2Mi Bb bK�HH2` BM +QKT�`BbQMX h?Bb

bm;;2bib i?�i BMbiBimiBQM�H T�`iB+BT�iBQMě2bT2+B�HHv 1Jl K2K#2`b?BTěBb i?2 KQ`2 BK@

TQ`i�Mi /`Bp2` Q7 i?2 M2;�iBp2 `2H�iBQMb?BT #2ir22M TQHBiB+�H BMi2;`�iBQM �M/ bQ+B�H bT2M/@

BM;XN 1+QMQKB+ BMi2;`�iBQM 2t?B#Bib MQ bi�iBbiB+�HHv bB;MB}+�Mi �bbQ+B�iBQM rBi? bQ+B�H
NPm` K2�bm`2 Q7 TQHBiB+�H T�`iB+BT�iBQM /Q2b MQi 2t?B#Bi rBi?BM@+QmMi`v +?�M;2b 7Q` 2p2`v +QmMi`v

BM i?2 b�KTH2X q2 Q#b2`p2 +?�M;2b 7Q` *vT`mb- *x2+? _2Tm#HB+- 1biQMB�- >mM;�`v- G�ipB�- GBi?m�MB�-
J�Hi�- SQH�M/- aHQp�FB�- �M/ aHQp2MB� Ub22 6B;m`2 �8VX >Qr2p2`- r2 /Qi MQi #2HB2p2 i?�i Qm` `2bmHib �`2
� bi�iBbiB+�H �`iB7�+i Q7 �M mM`2T`2b2Mi�iBp2 ;`QmT- bBM+2 i?2v �HB;M +HQb2Hv rBi? T`2pBQmb `2b2�`+? i?�i ?�b
+Q``Q#Q`�i2/ i?2 b�K2 }M/BM; 7Q` 2�`HB2` iBK2 T2`BQ/b �M/ HQM;bi�M/BM; 1l K2K#2` +QmMi`B2b U"2`iQH�
kyRyc "mb2K2v2` � hQ#2` kyR8c >2`r�`ix � h?2BH2M kyR9VX

kR



h�#H2 k, ha*a irQ@r�v }t2/@2z2+ib 2biBK�iBQM Q7 BKT�+i Q7 TQHBiB+�H BMi2;`�iBQM QM
bmTTHv Q7 bQ+B�H TQHB+vX

JQ/2H R JQ/2H k JQ/2H j JQ/2H 9
SQHBiB+�H BMi2;`�iBQM −0.02∗

(0.01)

S�`iB+BT�iBQM −0.02∗ −0.03∗ −0.03∗

(0.00) (0.01) (0.01)

*QKTHB�M+2 −0.01∗ −0.02 −0.02
(0.01) (0.02) (0.02)

1+QMQKB+ BMi2;`�iBQM 0.01 0.01 0.02 0.02
(0.04) (0.04) (0.08) (0.08)

:.S ;`Qri? −0.14∗ −0.14∗ −0.16∗ −0.16∗

(0.02) (0.02) (0.04) (0.04)

lM2KTHQvK2Mi 0.21∗ 0.19∗ 0.17∗ 0.16∗

(0.02) (0.02) (0.05) (0.05)

G27i ;Qp2`MK2Mi 0.10∗ 0.11∗ 0.31 0.33
(0.04) (0.04) (0.17) (0.18)

SQTmH�` bmTTQ`i 7Q` bQ+B�H TQHB+vt−1 −0.39
(1.66)

amTTQ`i- HQr2` BM+QK2 ;`QmTbt−1 −1.58
(1.72)

amTTQ`i- ?B;?2` BM+QK2 ;`QmTbt−1 1.17
(2.06)

*QMbi�Mi 27.33∗ 27.41∗ 30.05∗ 30.99∗

(1.96) (1.99) (7.42) (7.70)

P#b2`p�iBQMb 213 213 77 76
*QmMi`B2b 24 24 22 22
∗ w2`Q QmibB/2 i?2 +QM}/2M+2 BMi2`p�HX JQ/2Hb j �M/ 9 mb2 `Q#mbi bi�M/�`/ 2``Q`bX aBM+2 Bi Bb
MQi +H2�` r?�i i?2 R2 �+im�HHv K2�bm`2b BM i?2 +QMi2ti Q7 � S`�Bb@qBMbi2M i`�Mb7Q`K�iBQM- r2
�#bi�BM 7`QK `2TQ`iBM; Bi UqQQH/`B/;2 kyR8- j39VX

kk



bT2M/BM; BM 2Bi?2` Q7 i?2b2 irQ KQ/2Hb UMQ` /Q Bib irQ mM/2`HvBM; bm#+�i2;Q`B2bc MQi

b?QrMVX h?2 BMi2`T`2i�iBQM Q7 i?Bb }M/BM; Bb bi`�B;?i7Q`r�`/X �Hi?Qm;? #Qi? /BK2MbBQMb

Q7 1m`QT2�M BMi2;`�iBQM �`2 bvbi2K�iB+�HHv `2H�i2/ iQ /2K�M/ 7Q` bQ+B�H TQHB+v- QMHv TQHBi@

B+�H BMi2;`�iBQM �M/ BM T�`iB+mH�` i?2 #m/;2i�`v +QMbi`�BMib Q7 i?2 a:S �z2+i ;Qp2`MK2Mi

bT2M/BM;X h?mb- i?Bb }M/BM; mM/2`b+Q`2b i?�i 2+QMQKB+ �M/ TQHBiB+�H BMi2;`�iBQM �`2 irQ

BMi2`irBM2/ #mi BM/2T2M/2Mi 2KTB`B+�H T?2MQK2M�X

SQHB+v `2bTQMbBp2M2bbX 6B;m`2 j �#Qp2 T`QpB/2b BM/B+�iBp2 2pB/2M+2 i?�i bQ+B�H TQHB+v

T`272`2M+2b K�v TH�v �M BMbB;MB}+�Mi `QH2 BM /2i2`KBMBM; H2p2Hb Q7 bQ+B�H bT2M/BM;X q2

+QM}`K i?Bb }M/BM; BM KQ`2 bQT?BbiB+�i2/ bi�iBbiB+�H KQ/2HbX q?2M r2 BM+Hm/2 i?2 �;;`2@

;�i2/ bQ+B�H TQHB+v T`272`2M+2bRy Ub22 JQ/2Hb j �M/ 9V- 2biBK�i2b �`2 MQi /BbiBM;mBb?�#H2

7`QK x2`QX h?Bb `2bmHi ?QH/b `2;�`/H2bb Q7 r?2i?2` r2 HQQF �i �HH `2bTQM/2Mib Q` BM/BpB/m�H

BM+QK2 ;`QmTbX

6m`i?2`KQ`2- Qm` b2+QM/ ?vTQi?2bBb �HbQ T`2/B+ib i?�i i?Bb H�+F Q7 `2bTQMbBp2M2bb Bb

/m2 iQ TQHBiB+�H T�`iB+BT�iBQM �M/- BM T�`iB+mH�`- 7QHHQrb 7`QK 1Jl K2K#2`b?BT �M/ i?2

}b+�H +QMbi`�BMib Q7 i?2 a:SX h�#H2 j i2bib i?Bb �`;mK2Mi 2tTHB+BiHvX "2bB/2 i?2 �p2`�;2

T`272`2M+2b Q7 �HH `2bTQM/2Mib- r2 �HbQ HQQF �i bmTTQ`i 7Q` `2/Bbi`B#miBp2 TQHB+B2b �KQM;

HQr2` Up�Hm2 Q7 y QM Qm` BM+QK2 T2`+2TiBQM p�`B�#H2V- ?B;?2` Up�Hm2 Q7 R QM Qm` BM+QK2

T2`+2TiBQM p�`B�#H2V- �M/ iQT BM+QK2 ;`QmTb Ui?Qb2 `2bTQM/2Mib r?Q +H�BK iQ HBp2 ǳr2HHǴ

QM i?2B` +m``2Mi BM+QK2VX �//BiBQM�HHv- r2 BM+Hm/2 i?2 b�K2 b2i Q7 +QMi`QH p�`B�#H2b �b BM

i?2 T`2pBQmb �M�HvbBbX

h?2 i�#H2 T`Q/m+2b irQ `2K�`F�#H2 `2bmHibX 6B`bi- Bi b?Qrb i?2 +QMbi`�BMBM; 2z2+i Q7

TQHBiB+�H T�`iB+BT�iBQM BM i?2 1l QM TQHB+v `2bTQMbBp2M2bbX h?2 BMi2`�+iBQM i2`K #2ir22M

i?2 T�`iB+BT�iBQM BM/2t �M/ Tm#HB+ T`272`2M+2b BM 2�+? KQ/2H Bb M2;�iBp2 �M/ bi�iBbiB+�HHv

bB;MB}+�MiHv /Bz2`2Mi 7`QK x2`QX h?Bb bm;;2bib i?�iě7Q` +QmMi`B2b rBi? ?B;?2` H2p2Hb

Q7 BMi2;`�iBQMě�M BM+`2�b2 BM /2K�M/ 7Q` bQ+B�H TQHB+v Bb �bbQ+B�i2/ rBi? HQr2` H2p2Hb Q7

bQ+B�H bT2M/BM; +QKT�`2/ iQ r?�i bQ+B�H bT2M/BM; rQmH/ ?�p2 #22M BM `2bTQMb2 iQ +?�M;2b

Ryh?2 �;;`2;�i2/ bQ+B�H TQHB+v T`272`2M+2b 2Mi2` i?2 KQ/2Hb H�;;2/ #v QM2 v2�`- �++QmMiBM; 7Q` i?2
7�+i i?�i T`272`2M+2b b?QmH/ MQi im`M BKK2/B�i2Hv BMiQ TQHB+vX

kj



h�#H2 j, SQHBiB+�H T�`iB+BT�iBQM �M/ TQHB+v `2bTQMbBp2M2bbX

JQ/2H 8 JQ/2H e JQ/2H d JQ/2H 3
S�`iB+BT�iBQM 0.25∗ 0.28∗ 0.18∗ 0.05

(0.11) (0.12) (0.09) (0.03)

SQTmH�` bmTTQ`i 7Q` bQ+B�H TQHB+vt−1 5.25
(2.65)

AMi2`�+iBQM U�HHV −0.07∗

(0.03)

amTTQ`i- HQr2` BM+QK2 ;`QmTbt−1 4.26
(2.67)

AMi2`�+iBQM UHQr2`V −0.07∗

(0.03)

amTTQ`i- ?B;?2` BM+QK2 ;`QmTbt−1 4.19
(2.19)

AMi2`�+iBQM U?B;?2`V −0.05∗

(0.02)

amTTQ`i- iQT BM+QK2 ;`QmTbt−1 2.74
(1.39)

AMi2`�+iBQM UiQTV −0.03∗

(0.01)

*QMbi�Mi 6.71 10.25 11.56 20.98∗

(10.77) (11.36) (8.60) (3.86)

*QMi`QHb ! ! ! !
P#b2`p�iBQMb 77 76 76 76
*QmMi`B2b 22 22 22 22
∗ w2`Q QmibB/2 i?2 +QM}/2M+2 BMi2`p�HX

BM T`272`2M+2b rBi?Qmi BMbiBimiBQM�H BMi2;`�iBQMX a2+QM/- r2 }M/ i?�i i?Bb `2H�iBQMb?BT

Bb MQi 2[m�HHv /Bbi`B#mi2/ �+`Qbb BM+QK2 ;`QmTbX �b BM+QK2 BM+`2�b2b- i?2 2biBK�i2/

+Q2{+B2Mib Q7 i?2 BMi2`�+iBQM i2`Kb #2+QK2 bK�HH2`X h?mb- r?BH2 Bi �TT2�`b iQ #2 i?2 +�b2

i?�i BMbiBimiBQM�H BMi2;`�iBQM `2/m+2b TQHB+v `2bTQMbBp2M2bb iQr�`/b �HH BM+QK2 ;`QmTb- Bi

b22Kb iQ /Q H2bb bQ rBi? `2;�`/ iQ i?2 r2�Hi?B2` bi`�i� Q7 i?2 TQTmH�iBQMX

h?2 ;2M2`�H #B�b BM 7�pQ` Q7 ?B;?@BM+QK2 ;`QmTb Bb �HbQ `2~2+i2/ #v i?2 +QMbiBimiBp2

i2`K Q7 i?2 T`272`2M+2 p�`B�#H2 BM 2�+? KQ/2HX :2M2`�HHv bT2�FBM;- i?2b2 2biBK�i2b i2HH

mb ?Qr i?2 `2H�iBQMb?BT #2ir22M bmTTQ`i 7Q` bQ+B�H TQHB+v �M/ bQ+B�H bT2M/BM; rQmH/

k9



HQQF HBF2 B7 i?2`2 r�b MQ BMbiBimiBQM�H BMi2;`�iBQM U2[mBp�H2Mi iQ i?2 lMBi2/ EBM;/QK

�M/ >mM;�`v BM i?2 2�`Hv v2�`b Q7 i?2 Q#b2`p�iBQM T2`BQ/VX �Hi?Qm;? �HH Q7 i?2 2biBK�i2/

+QM}/2M+2 BMi2`p�Hb BM+Hm/2 x2`Q- i?2 TQbBiBp2 �bbQ+B�iBQM Q7 /2K�M/ 7Q` bQ+B�H TQHB+v rBi?

bQ+B�H bT2M/BM; b22Kb iQ #2+QK2 KQ`2 +H2�`@+mi �b BM+QK2 BM+`2�b2b UpbmTTQ`i-HQr2` = 0.117-

pbmTTQ`i-?B;?2` = 0.062- pbmTTQ`i-iQT = 0.056VX

q2 �+FMQrH2/;2 i?�i BM+Hm/BM; i?2 �;;`2;�i2/ T`272`2M+2b BMiQ Qm` KQ/2Hb H2�/b

iQ � bB;MB}+�Mi /2+`2�b2 BM i?2 MmK#2` Q7 Q#b2`p�iBQMbX u2i- r2 i�F2 i?2 7�+i i?�iě

T�`iB+mH�`Hv BM i?2 +QMi2ti Q7 +QmMi`v@ �M/ iBK2@}t2/ 2z2+iběi?2 `2K�BMBM; p�`B�iBQM BM

i?2 /�i� biBHH #2�`b Qmi i?2 i?2Q`Bx2/ `2H�iBQMb?BT #2ir22M TQHBiB+�H BMi2;`�iBQM �M/ TQH@

B+v `2bTQMbBp2M2bb �b bi`QM; bm;;2biBp2 2pB/2M+2 7Q` Qm` �`;mK2MiX AM i?2 �TT2M/Bt- r2

2biBK�i2 i?2 b�K2 BMi2`�+iBQM KQ/2Hb mbBM; i?2 iQi�H TQHBiB+�H BMi2;`�iBQM BM/B+�iQ` �M/

i?2 +QKTHB�M+2 BM/B+�iQ` BMbi2�/ Q7 i?2 T�`iB+BT�iBQM p�`B�#H2 Ub22 h�#H2 �dVX qBi? i?2b2

KQ/B}+�iBQMb i?2 `2bmHib Q7 h�#H2 j +�MMQi #2 `2THB+�i2/- r?B+? bm;;2bib i?�i BMbiBim@

iBQM�H T�`iB+BT�iBQM Bb i?2 K�BM /`Bp2` #2?BM/ i?2 /2+`2�b2 BM ;Qp2`MK2Mi `2bTQMbBp2M2bbX

6m`i?2`KQ`2- BM Q`/2` iQ bBM;H2 Qmi i?2 BKT�+i Q7 1Jl KQ`2 /B`2+iHv- r2 `2T2�i i?2 b�K2

bi�iBbiB+�H 2t2`+Bb2 rBi? � /mKKv 7Q` 1Jl K2K#2`b?BT BMbi2�/ Q7 Qm` K2�bm`2 Q7 TQHBiB+�H

T�`iB+BT�iBQM Ub22 h�#H2 �3VX 6BM�HHv- r2 2KTHQv � ~2tB#H2 E2`M2H bKQQi?BM; 2biBK�iQ`

Ub22 6B;m`2 �RyVX Pm` }M/BM;b `2K�BM p�HB/ mM/2` #Qi? �Hi2`M�iBp2 bT2+B}+�iBQMbX

AM b?Q`i, AMbiBimiBQM�H T�`iB+BT�iBQMě2bT2+B�HHv K2K#2`b?BT Q7 i?2 1JlěBb M2;@

�iBp2Hv �bbQ+B�i2/ rBi? bQ+B�H TQHB+v QmiTmi BM i2`Kb Q7 bQ+B�H bT2M/BM;X h?Bb `2bmHi

+Q``Q#Q`�i2b i?2 +QM}MBM; 2z2+i Q7 1m`QT2�M TQHBiB+�H BMi2;`�iBQM QM i?2 }b+�H H22r�v Q7

K2K#2` bi�i2bX 6m`i?2`KQ`2- i?2`2 Bb MQ bvbi2K�iB+ �bbQ+B�iBQM #2ir22M Tm#HB+ T`272`@

2M+2b �M/ TQHB+v QmiTmiX Pm` �M�HvbBb bm;;2bib i?�i i?2 +QMbi`�BMib �i i?2 1l H2p2H �`2

`2H�i2/ iQ i?Bb H�+F Q7 ;Qp2`MK2Mi `2bTQMbBp2M2bb iQ Tm#HB+ /2K�M/b 7Q` KQ`2 +QKT2M@

b�iQ`v TQHB+B2bX
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*QM+HmbBQM

AM i?Bb T�T2`- r2 ?�p2 �M�Hvx2/ i?2 +QMi`�/B+iQ`v BKTHB+�iBQMb Q7 i?2 T`Q+2bb Q7 1m`QT2�M

BMi2;`�iBQM 7Q` r2H7�`2 bi�i2b �M/ i?2 H2;BiBK�+v Q7 /2KQ+`�iB+ /2+BbBQM@K�FBM; BM i?2

1m`QT2�M lMBQMX "�b2/ QM H�`;2@b+�H2 �M�HvbBb Q7 bm`p2v �M/ �;;`2;�i2@H2p2H /�i�- r2

7QmM/ i?�i 1m`QT2�M 2+QMQKB+ BMi2;`�iBQMě`2BM7Q`+2/ #v i?2 H2;�H 7`�K2rQ`F Q7 TQHBiB+�H

BMi2;`�iBQMěBb TQbBiBp2Hv �bbQ+B�i2/ rBi? BM+`2�b2/ /2K�M/ 7Q` +QKT2Mb�iBQM pB� bQ+B�H

TQHB+B2bX >Qr2p2`- Qm` �M�HvbBb �HbQ b?Qrb i?�i 1m`QT2�M TQHBiB+�H BMi2;`�iBQM +QM}M2b

i?2 }b+�H H22r�v Q7 K2K#2` bi�i2b �M/ i?2`27Q`2 i?2 /2;`22 Q7 `2bTQMbBp2M2bb iQ Tm#HB+

/2K�M/b 7Q` +QKT2Mb�iBQMX

h?Bb T�T2` ;Q2b #2vQM/ 2tBbiBM; rQ`F BM i?`22 `2bT2+ibX 6B`bi- r?BH2 KQ/2Hb QM i?2 TQ@

HBiB+�H 2+QMQKv Q7 r2H7�`2 bT2M/BM; �`2 MmK2`Qmb- 1m`QT2�M BMi2;`�iBQM ?�b MQi `2+2Bp2/

Km+? �ii2MiBQMX hQ Qm` FMQrH2/;2- i?2 2tTH�M�iQ`v �TT`Q�+? BM i?Bb bim/v Bb i?2 }`bi

i?�i 2tTHB+BiHv �++QmMib 7Q` i?2 KmHiB/BK2MbBQM�H BKTHB+�iBQMb Q7 1m`QT2�M BMi2;`�iBQM QM

bQ+B�H TQHB+v bmTTHv �M/ /2K�M/X A7 �i �HH- 2tBbiBM; `2b2�`+? ?�b K�BMHv mb2/ bBKTH2 #B@

M�`v BM/B+�iQ`b �b +QMi`QH p�`B�#H2b rBi?Qmi +H2�`Hv bT2+B7vBM; i?2 mM/2`HvBM; i?2Q`2iB+�H

K2+?�MBbKb Q` 2p2M +QMbB/2`BM; i?2 KmHiB/BK2MbBQM�HBiv Q7 1m`QT2�M BMi2;`�iBQM U2X;X-

"mb2K2v2` kyyNc a+?KBii � ai�`F2 kyRRVX

a2+QM/- i?Bb T�T2` T`QpB/2b b2p2`�H M2r T2`bT2+iBp2b 7Q` i?2 HBi2`�im`2 QM TQHB+v `2@

bTQMbBp2M2bbX h?Bb HBi2`�im`2 ?�b bQ 7�` HQQF2/ �i `2bTQMbBp2M2bb Q7 /QK2biB+ TQHB+v@K�F2`b

iQ M�iBQM�H �m/B2M+2b- M2;H2+iBM; i?2 TQi2MiB�H BKT�+i Q7 2ti2`M�H +QMbi`�BMBM; 7Q`+2b QM

i?2 �#BHBiv Q7 TQHB+v@K�F2`b iQ +QKTHv rBi? Tm#HB+ /2K�M/bX AM +QMi`�bi iQ i?2 ǵTHm`�HBbi

T2`bT2+iBp2Ƕ U"`QQFb � J�Mx� kyye�-#- kyydV- r2 /Q MQi }M/ bmTTQ`i 7Q` �M �bbQ+B�iBQM

#2ir22M bQ+B�H TQHB+v T`272`2M+2b �M/ TQHB+v QmiTmiX >Qr2p2`- BM bQK2 b2Mb2 ;QBM; #2@

vQM/ :BH2Mb Ukyy8c kyRkV- r2 /Q MQi 2p2M }M/ +QM+HmbBp2 2pB/2M+2 i?�i TQHB+v@K�F2`b �`2

`2bTQMbBp2 iQ i?2 +QM+2`Mb Q7 i?2 `B+?X AMbi2�/- BM i?2 +QMi2ti Q7 i?2 1l- i?2 �+iBQMb Q7

TQHB+v@K�F2`b b22K iQ #2 /Bb+QMM2+i2/ 7`QK Tm#HB+ QTBMBQM iQ � bB;MB}+�Mi 2ti2MiX

h?B`/- r?BH2 i?2`2 �`2 bQK2 bim/B2b QM i?2 +QMb2[m2M+2b Q7 2+QMQKB+ ;HQ#�HBx�iBQM 7Q`

ke



BM/BpB/m�H@H2p2H /2K�M/ 7Q` bQ+B�H TQHB+v U7Q` BMbi�M+2 q�Hi2` kyRy- kyRdV- i?Bb T2`bT2+iBp2

?�b MQi #22M �TTHB2/ iQ 1m`QT2�M BMi2;`�iBQM v2iX 6m`i?2`KQ`2- Qm` �TT`Q�+? Bb KQ`2

+QKT`2?2MbBp2 +QKT�`2/ iQ Qi?2`b �b r2 ?�p2 �HbQ BMp2biB;�i2/ i?2 HBMF�;2 #2ir22M Tm#HB+

T`272`2M+2b �M/ �+im�H TQHB+v QmiTmiX

6BM�HHv- i?Bb bim/v ?�b BKTQ`i�Mi BKTHB+�iBQMb 7Q` +m``2Mi TQHBiB+�H /2#�i2bX AM i?2

r�F2 Q7 i?2 1m`QT2�M bQp2`2B;M /2#i +`BbBb- p�`BQmb �mbi2`Biv K2�bm`2b ?�p2 #22M i�F2M

�BK2/ �i `2/m+BM; ;Qp2`MK2Mi #m/;2i /2}+BibX h?2b2 K2�bm`2b +�M #2 mM/2`biQQ/ �b �

bi`B+i2` +QMiBMm�iBQM Q7 i?2 }b+�H `mH2b Q7 i?2 1JlX �i i?2 b�K2 iBK2- i?2 2+QMQKB+ +`BbBb

Q7 kyy3 �M/ 7QHHQrBM; v2�`b iQ;2i?2` rBi? � +QMiBMmQmb H�+F Q7 2+QMQKB+ ;`Qri? ?�p2

H2/ iQ 2b+�H�iBM; H2p2Hb Q7 mM2KTHQvK2Mi �M/ � bB;MB}+�Mi `2/m+iBQM BM r�;2b BM bQK2 Q7

i?2 K2K#2` bi�i2b Ua+?�`T7 kyR9VX h?2b2 /2p2HQTK2Mib bm;;2bi i?�i i?2 +QMi`�/B+iQ`v

BKTHB+�iBQMb Q7 1m`QT2�M BMi2;`�iBQM rBHH T2`bBbi �M/ TQi2MiB�HHv BMi2MbB7v BM i?2 7mim`2-

`2bmHiBM; BM �M 2p2M H�`;2` /Bp2`;2M+2 #2ir22M bQ+B�H TQHB+v /2K�M/ �M/ bmTTHvX h?Bb

KBbK�i+? K�v +QMi`B#mi2 iQ HQr H2p2Hb Q7 i`mbi #2ir22M 1m`QT2Ƕb +BiBx2Mb �M/ i?2 T`QD2+i

Q7 1m`QT2�M BMi2;`�iBQM- BM T�`iB+mH�` B7 i?2 bQ+B�H /BK2MbBQM Q7 i?2 1m`QT2�M BMi2;`�iBQM

T`Q+2bb +QMiBMm2b iQ #2 M2;H2+i2/X
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_272`2M+2b
�HH2M- *X- :�bBQ`2F- JX � aKBi?- �X URNN3V- ǵ1m`QT2�M aBM;H2 J�`F2i, >Qr i?2 S`Q@
;`�KK2 ?�b 6Qbi2`2/ *QKT2iBiBQMǶ- 1+QMQKB+ SQHB+v RjUkdV- 9jNĜ93eX

�`KBM;2QM- EX- q2Bbbi�MM2`- .X- 1M;H2`- aX � :2`#2`- JX UkyR9V- *QKT�`�iBp2 SQHBiB+�H
.�i� a2i AAA RNNy@kyRk- lMBp2`bBiv Q7 "2`M- "2`M, AMbiBimi2 Q7 SQHBiB+�H a+B2M+2X

"�/BM;2`- >X UkyydV- ǵ>�b i?2 1lǶb aBM;H2 J�`F2i S`Q;`�KK2 6Qbi2`2/ *QKT2iBiBQM\
h2biBM; 7Q` � .2+`2�b2 BM J�`F@mT _�iBQb BM 1l AM/mbi`B2b Ƕ- Pt7Q`/ "mHH2iBM Q7 1+Q@
MQKB+b �M/ ai�iBbiB+b eNU9V- 9NdĜ8RNX

"2+F- LX � E�ix- CX LX URNN8V- ǵq?�i iQ /Q U�M/ MQi iQ /QV rBi? hBK2@a2`B2b *`Qbb@
a2+iBQM .�i�Ƕ- �K2`B+�M SQHBiB+�H a+B2M+2 _2pB2r 3NUjV- ej9Ĝe9dX

"2+F- LX � E�ix- CX LX URNNeV- ǵLmBb�M+2 pbX am#bi�M+2, aT2+B7vBM; �M/ 1biBK�iBM;
hBK2@a2`B2b@*`Qbb@a2+iBQM JQ/2HbǶ- SQHBiB+�H �M�HvbBb eURV- RĜjeX

"2HH- �X- 6�B`#`Qi?2`- JX � CQM2b- EX UkyR3V- ǵ6Bt2/ �M/ `�M/QK 2z2+ib KQ/2Hb, K�FBM;
�M BM7Q`K2/ +?QB+2Ƕ- Zm�HBiv � Zm�MiBiv X

"2`M�m2`- CX- :B;2`- LX � _Qbb2i- CX UkyR8V- ǵJBM/ i?2 ;�T, .Q T`QTQ`iBQM�H 2H2+iQ`�H
bvbi2Kb 7Qbi2` � KQ`2 2[m�H `2T`2b2Mi�iBQM Q7 rQK2M �M/ K2M- TQQ` �M/ `B+?\Ƕ- AMi2`@
M�iBQM�H SQHBiB+�H a+B2M+2 _2pB2r jeURV- d3ĜN3X

"2`iQH�- :X UkyRyV- ǵAM2[m�HBiv- BMi2;`�iBQM- �M/ TQHB+v, Bbbm2b �M/ 2pB/2M+2 7`QK 1JlǶ-
CQm`M�H Q7 1+QMQKB+ AM2[m�HBiv 3UjV- j98Ĝje8X

"Q2`B- hX- "`m;B�pBMB- �X- *�HK7Q`b- GX- "QQi?- �X- "m`/�- JX- *?2++?B- .X- 1##BM;?�mb-
"X- 6`22K�M- _X- :�`B#�H/B- SX- >QHKHmM/- "X- L�vHQ`- _X- a+?Hm/B- JX- o2`/B2`- hX
� oBbb2`- CX UkyyRV- q�;2 "�`;�BMBM;- lMBQM SQr2`- �M/ 1+QMQKB+ AMi2;`�iBQM- BM
ǵh?2 _QH2 Q7 lMBQMb BM i?2 hr2Miv@}`bi *2Mim`vǶ- Pt7Q`/ lMBp2`bBiv S`2bb- Pt7Q`/-
TTX 9dĜeyX

"QQi?- �X- "m`/�- JX- *�HK7Q`b- GX- *?2++?B- .X- L�vHQ`- _X � oBbb2`- CX UkyyyV- q?�i /Q
lMBQMb /Q BM 1m`QT2\ S`QbT2+ib �M/ +?�HH2M;2b 7Q` mMBQM T`2b2M+2 �M/ mMBQM BM~m2M+2-
AA 1m`QT2�M *QM72`2M+2 _2TQ`i R- 6QM/�xBQM2 _Q/QH7Q .2#2M2/2iiB- L�TH2bX

"`QQFb- *X � J�Mx�- CX Ukyye�V- ǵaQ+B�H SQHB+v _2bTQMbBp2M2bb BM .2p2HQT2/ .2KQ+`�@
+B2bǶ- �K2`B+�M aQ+BQHQ;B+�H _2pB2r dRUjV- 9d9Ĝ9N9X

"`QQFb- *X � J�Mx�- CX Ukyye#V- ǵq?v .Q q2H7�`2 ai�i2b S2`bBbi\Ƕ- CQm`M�H Q7 SQHBiB+b
e3U9V- 3ReĜ3kdX

"`QQFb- *X � J�Mx�- CX UkyydV- q?v q2H7�`2 ai�i2b S2`bBbi, h?2 AKTQ`i�M+2 Q7 Sm#HB+
PTBMBQM BM .2KQ+`�+B2b- lMBp2`bBiv Q7 *?B+�;Q S`2bb- *?B+�;QX

"`v�M- JX GX � C2MFBMb- aX SX UkyReV- ǵJmHiBH2p2H JQ/2HHBM; Q7 *QmMi`v 1z2+ib, � *�m@
iBQM�`v h�H2Ƕ- 1m`QT2�M aQ+BQHQ;B+�H _2pB2r jkURV- jĜkkX
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"mb2K2v2`- JX _X UkyyNV- ǵ6`QK Kvi? iQ `2�HBiv, :HQ#�HBb�iBQM �M/ Tm#HB+ bT2M/BM; BM
P1*. +QmMi`B2b `2pBbBi2/Ƕ- 1m`QT2�M CQm`M�H Q7 SQHBiB+�H _2b2�`+? 93U9V- 988Ĝ93kX

"mb2K2v2`- JX _X- :Q2``2b- �X � q2b+?H2- aX UkyyNV- ǵ�iiBim/2b iQr�`/b `2/Bbi`B#miBp2
bT2M/BM; BM �M 2`� Q7 /2KQ;`�T?B+ �;2BM;, i?2 `Bp�H T`2bbm`2b 7`QK �;2 �M/ BM+QK2 BM
R9 P1*. +QmMi`B2bǶ- CQm`M�H Q7 1m`QT2�M aQ+B�H SQHB+v RNUjV- RN8ĜkRkX

"mb2K2v2`- JX _X � hQ#2`- hX UkyR8V- ǵ1m`QT2�M AMi2;`�iBQM �M/ i?2 SQHBiB+�H 1+QMQKv
Q7 AM2[m�HBivǶ- 1m`QT2�M lMBQM SQHBiB+b ReU9V- 8jeĜ88dX

"Ƀ`FM2`- SX@*X UkyR3V- ǵ�/p�M+2/ "�v2bB�M JmHiBH2p2H JQ/2HBM; rBi? i?2 _ S�+F�;2
#`KbǶ- h?2 _ CQm`M�H RyURV- jN8Ĝ9RRX

*�K2`QM- .X _X URNd3V- ǵh?2 1tT�MbBQM Q7 i?2 Sm#HB+ 1+QMQKv, � *QKT�`�iBp2 �M�Hv@
bBbǶ- �K2`B+�M SQHBiB+�H a+B2M+2 _2pB2r dkU9V- Rk9jĜRkeRX

*�TQ`�bQ- CX �X URNdeV- ǵh?2 1ti2`M�H *QMb2[m2M+2b Q7 _2;BQM�H AMi2;`�iBQM 7Q` S�M@
1m`QT2�M _2H�iBQMb, AM2[m�HBiv- .2T2M/2M+2- SQH�`Bx�iBQM- �M/ avKK2i`vǶ- AMi2`M�@
iBQM�H aim/B2b Zm�`i2`Hv kyUjV- j9RĜjNkX

*H�b2M- CX � aB2;2H- LX �X UkyydV- AMp2biB;�iBM; r2H7�`2 bi�i2 +?�M;2, i?2 ǵ/2T2M/2Mi
p�`B�#H2 T`Q#H2KǶ BM +QKT�`�iBp2 �M�HvbBb- 1/r�`/ 1H;�` Sm#HBb?BM;- *?2Hi2M?�KX

.2 :`�mr2- SX Ukyy3V- ǵPM i?2 L22/ iQ _2MQp�i2 i?2 1m`QxQM2Ƕ- AMi2`M�iBQM�H 6BM�M+2
RRUjV- jkdĜjjjX

1;;2`- >X � 1;;2`- SX UkyyjV- ǵPmibQm`+BM; �M/ bFBHHɢbT2+B}+ 2KTHQvK2Mi BM � bK�HH 2+QM@
QKv, �mbi`B� �7i2` i?2 7�HH Q7 i?2 A`QM *m`i�BMǶ- Pt7Q`/ 1+QMQKB+ S�T2`b 88U9V- ek8Ĝ
e9jX

1`BFbQM- _X aX- J�+Fm2M- JX "X � aiBKbQM- CX �X UkyykV- h?2 J�+`Q SQHBiv- *�K#`B/;2
lMBp2`bBiv S`2bb- *�K#`B/;2X

6�B`#`Qi?2`- JX UkyR9V- ǵhrQ JmHiBH2p2H JQ/2HBM; h2+?MB[m2b 7Q` �M�HvxBM; *QKT�`�iBp2
GQM;Bim/BM�H am`p2v .�i�b2ib Ƕ- SQHBiB+�H a+B2M+2 _2b2�`+? �M/ J2i?Q/b kURV- RRNĜR9yX

622Mbi`�- _X *X- AMFH��`- _X � hBKK2`- JX SX UkyR8V- ǵh?2 L2ti :2M2`�iBQM Q7 i?2 S2MM
qQ`H/ h�#H2Ƕ- �K2`B+�M 1+QMQKB+ _2pB2r Ry8URyV- jR8yĜjR3kX

62``2`�- JX UkyRdV- ǵh?2 ai2BM _QFF�M G2+im`2 kyRe JBbbBQM BKTQbbB#H2\ _2+QM+BHBM;
2+QMQKB+ �M/ bQ+B�H 1m`QT2 �7i2` i?2 2m`Q +`BbBb �M/ "`2tBiǶ- 1m`QT2�M CQm`M�H Q7
SQHBiB+�H _2b2�`+? 8eURV- jĜkkX

:2Bb?2+F2`- AX UkyyeV- ǵ.Q2b PmibQm`+BM; iQ *2Mi`�H �M/ 1�bi2`M 1m`QT2 _2�HHv h?`2�i2M
J�Mm�H qQ`F2`bǶ CQ#b BM :2`K�Mv\Ƕ- h?2 qQ`H/ 1+QMQKv kNU8V- 88NĜ83jX

:2HK�M- �X UkyyeV- ǵS`BQ` /Bbi`B#miBQMb 7Q` p�`B�M+2 T�`�K2i2`b BM ?B2`�`+?B+�H KQ/2Hb
U+QKK2Mi QM �`iB+H2 #v "`QrM2 �M/ .`�T2`VǶ- "�v2bB�M �M�HvbBb RUjV- 8R8Ĝ8j9X

:2HK�M- �X Ukyy3V- ǵa+�HBM; `2;`2bbBQM BMTmib #v /BpB/BM; #v irQ bi�M/�`/ /2pB�iBQMbǶ-
ai�iBbiB+b BM J2/B+BM2 kdUR8V- k3e8Ĝk3djX
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:B;2`- LX- _Qbb2i- CX � "2`M�m2`- CX UkyRkV- ǵh?2 SQQ` SQHBiB+�H _2T`2b2Mi�iBQM Q7 i?2
SQQ` BM � *QKT�`�iBp2 S2`bT2+iBp2Ƕ- _2T`2b2Mi�iBQM 93URV- 9dĜeRX

:BH2Mb- JX Ukyy8V- ǵAM2[m�HBiv �M/ /2KQ+`�iB+ `2bTQMbBp2M2bbǶ- Sm#HB+ PTBMBQM Zm�`i2`Hv
eNU8V- dd3ĜdNeX

:BH2Mb- JX UkyRkV- �|m2M+2 �M/ AM~m2M+2, 1+QMQKB+ AM2[m�HBiv �M/ SQHBiB+�H SQr2` BM
�K2`B+�- S`BM+2iQM lMBp2`bBiv S`2bb- S`BM+2iQMX

:BH2Mb- JX � S�;2- "X AX UkyR9V- ǵh2biBM; i?2Q`B2b Q7 �K2`B+�M TQHBiB+b, 1HBi2b- BMi2`2bi
;`QmTb- �M/ �p2`�;2 +BiBx2MbǶ- S2`bT2+iBp2b QM SQHBiB+b RkUjV- 8e9Ĝ83RX

>�+F2`- CX aX � SB2`bQM- SX UkyRyV- ǵqBMM2`@h�F2@�HH SQHBiB+b, Sm#HB+ SQHB+v- SQHBiB+�H
P`;�MBx�iBQM- �M/ i?2 S`2+BTBiQmb _Bb2 Q7 hQT AM+QK2b BM i?2 lMBi2/ ai�i2bǶ- SQHBiB+b
� aQ+B2iv j3UkV- R8kĜky9X

>�HH2`#2`;- JX- ai`�m+?- _X _X � >�;2M- CX pX UkyyNV- 6Bb+�H :Qp2`M�M+2 BM 1m`QT2-
*�K#`B/;2 lMBp2`bBiv S`2bb- *�K#`B/;2fL2r uQ`FX

>�MK2`- JX CX � E�HF�M- EX PX UkyRjV- ǵ"2?BM/ i?2 *m`p2, *H�`B7vBM; i?2 "2bi �TT`Q�+?
iQ *�H+mH�iBM; S`2/B+i2/ S`Q#�#BHBiB2b �M/ J�`;BM�H 1z2+ib 7`QK GBKBi2/ .2T2M/2Mi
o�`B�#H2 JQ/2HbǶ- �K2`B+�M CQm`M�H Q7 SQHBiB+�H a+B2M+2 8dURV- kejĜkddX

>�bb2H- �X- EMm/b2M- CX aX � q�;M2`- "X UkyReV- ǵqBMMBM; i?2 #�iiH2 Q` HQbBM; i?2 r�`,
i?2 BKT�+i Q7 1m`QT2�M BMi2;`�iBQM QM H�#Qm` K�`F2i BMbiBimiBQMb BM :2`K�Mv �M/
.2MK�`FǶ- CQm`M�H Q7 1m`QT2�M Sm#HB+ SQHB+v kjU3V- RkR3ĜRkjNX

>�vb- CX *X- 1?`HB+?- aX .X � S2BM?�`/i- *X Ukyy8V- ǵ:Qp2`MK2Mi aT2M/BM; �M/ Sm#@
HB+ amTTQ`i 7Q` h`�/2 BM i?2 P1*., �M 1KTB`B+�H h2bi Q7 i?2 1K#2//2/ GB#2`�HBbK
h?2bBbǶ- AMi2`M�iBQM�H P`;�MBx�iBQM 8NUkV- 9djĜ9N9X

>2`r�`ix- >X � h?2BH2M- "X UkyR9V- ǵS�`iBb�M BM~m2M+2 QM bQ+B�H bT2M/BM; mM/2` K�`F2i
BMi2;`�iBQM- }b+�H T`2bbm`2 �M/ BMbiBimiBQM�H +?�M;2Ƕ- 1m`QT2�M CQm`M�H Q7 SQHBiB+�H
1+QMQKv j9- 9yNĜ9k9X

>BMM2`B+?- "X hX � S2ii2`bbQM@GB/#QK- SX UkyR9V- ǵ.2KQ+`�+v- _2/Bbi`B#miBQM- �M/ SQHBi@
B+�H S�`iB+BT�iBQM, 1pB/2M+2 6`QK ar2/2M RNRNĜRNj3Ƕ- 1+QMQK2i`B+� 3kUjV- NeRĜNNjX

>Q#QHi- aX "X � EH2KK2Mb2M- _X Ukyy3V- ǵ:Qp2`MK2Mi _2bTQMbBp2M2bb �M/ SQHBiB+�H *QK@
T2iBiBQM BM *QKT�`�iBp2 S2`bT2+iBp2Ƕ- *QKT�`�iBp2 SQHBiB+�H aim/B2b 9RUjV- jyNĜjjdX

Ap2`b2M- hX � aQbFB+2- .X UkyR8V- ǵ.2KQ+`�iB+ GBKBib iQ _2/Bbi`B#miBQM, AM+HmbBQM�`v
p2`bmb 1t+HmbBQM�`v *Q�HBiBQMb BM i?2 EMQrH2/;2 1+QMQKvǶ- qQ`H/ SQHBiB+b edUkV- R38Ĝ
kk8X

C�?M- .X UkyyeV- ǵ:HQ#�HBx�iBQM �b ǵ:�HiQMǶb T`Q#H2KǶ, h?2 JBbbBM; GBMF BM i?2 �M�H@
vbBb Q7 .BzmbBQM S�ii2`Mb BM q2H7�`2 ai�i2 .2p2HQTK2MiǶ- AMi2`M�iBQM�H P`;�MBx�iBQM
eyUykV- 9yRĜ9jRX
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C2MMBM;b- qX UkyyNV- ǵh?2 Sm#HB+ h?2`KQbi�i- SQHBiB+�H _2bTQMbBp2M2bb �M/ 1``Q`@
*Q``2+iBQM, "Q`/2` *QMi`QH �M/ �bvHmK BM "`Bi�BM- RNN9ĜkyydǶ- "`BiBb? CQm`M�H Q7
SQHBiB+�H a+B2M+2 jNU9V- 39dĜ3dyX

E�ix2Mbi2BM- SX CX URN38V- aK�HH ai�i2b BM qQ`H/ J�`F2ib, AM/mbi`B�H SQHB+v BM 1m`QT2-
*Q`M2HH lMBp2`bBiv S`2bb- L2r uQ`FX

EQ2?H2`- aX � EƺMB;- hX UkyR8V- ǵ6Bb+�H :Qp2`M�M+2 BM i?2 1m`QxQM2, >Qr 1z2+iBp2Hv
.Q2b i?2 ai�#BHBiv �M/ :`Qri? S�+i GBKBi :Qp2`MK2Mi�H .2#i BM i?2 1m`Q *QmMi`B2b\Ƕ-
SQHBiB+�H a+B2M+2 _2b2�`+? �M/ J2i?Q/b jUkV- jkNĜj8RX

E`B2;2`@"Q/2M- *X � aQHir2/2H- _X UkyRjV- ǵA/2MiB7vBM; 1m`QT2�M 1+QMQKB+ AMi2;`�iBQM
�M/ :HQ#�HBx�iBQM, � _2pB2r Q7 *QM+2Tib �M/ J2�bm`2bǶ- _2;BQM�H aim/B2b 9dUNV- R9k8Ĝ
R99kX

EƺMB;- CX � P?`- _X UkyRjV- ǵ.Bz2`2Mi 1zQ`ib BM 1m`QT2�M 1+QMQKB+ AMi2;`�iBQM, AKTHB@
+�iBQMb Q7 i?2 1l@AM/2tǶ- CQm`M�H Q7 *QKKQM J�`F2i aim/B2b 8RUeV- Ryd9ĜRyNyX

G�M2- SX _X UkyRkV- ǵh?2 1m`QT2�M aQp2`2B;M .2#i *`BbBbǶ- CQm`M�H Q7 1+QMQKB+ S2`bT2+@
iBp2b keUjV- 9NĜedX

G2mz2M- .X- _Bii#2`;2`- "X � a+?BKK2H72MMB;- 6X UkyRjV- .Bz2`2MiB�i2/ AMi2;`�iBQM, 1t@
TH�BMBM; o�`B�iBQM BM i?2 1m`QT2�M lMBQM- S�H;`�p2 J�+KBHH�M- "�bBM;biQF2X

J�`BM- .X UkyyeV- ǵ� L2r AMi2`M�iBQM�H .BpBbBQM Q7 G�#Q` BM 1m`QT2, PmibQm`+BM; �M/
Pzb?Q`BM; iQ 1�bi2`M 1m`QT2Ƕ- CQm`M�H Q7 i?2 1m`QT2�M 1+QMQKB+ �bbQ+B�iBQM 9Uk@
jV- eRkĜekkX

S�;2- "X AX- "�`i2Hb- GX JX � a2�r`B;?i- CX UkyRjV- ǵ.2KQ+`�+v �M/ i?2 TQHB+v T`272`2M+2b
Q7 r2�Hi?v �K2`B+�MbǶ- S2`bT2+iBp2b QM SQHBiB+b RRURV- 8RĜdjX

S�;2- "X AX � a?�TB`Q- _X uX URN3jV- ǵ1z2+ib Q7 Sm#HB+ PTBMBQM QM SQHB+vǶ- �K2`B+�M
SQHBiB+�H a+B2M+2 _2pB2r ddURV- Rd8ĜRNyX

S2`MB+F�- aX � :H�bbM2`- oX UkyR9V- ǵh`�MbM�iBQM�H i`�/2 mMBQM bi`�i2;B2b iQr�`/b 1m@
`QT2�M r�;2 TQHB+v, � M2Q@BMbiBimiBQM�H 7`�K2rQ`FǶ- 1m`QT2�M CQm`M�H Q7 AM/mbi`B�H
_2H�iBQMb kyU9V- jRdĜjj9X

S2i2`b- uX � 1MbBMF- aX CX UkyR8V- ǵ.Bz2`2MiB�H _2bTQMbBp2M2bb BM 1m`QT2, h?2 1z2+ib Q7
S`272`2M+2 .Bz2`2M+2 �M/ 1H2+iQ`�H S�`iB+BT�iBQMǶ- q2bi 1m`QT2�M SQHBiB+b j3UjV- 8ddĜ
eyyX

SB2`bQM- SX UkyyRV- *QTBM; rBi? S2`K�M2Mi �mbi2`Biv, q2H7�`2 ai�i2 _2bi`m+im`BM; BM
�|m2Mi .2KQ+`�+B2b- BM SX SB2`bQM- 2/X- ǵh?2 L2r SQHBiB+b Q7 i?2 q2H7�`2 ai�i2Ƕ-
Pt7Q`/ lMBp2`bBiv S`2bb- Pt7Q`/- TTX 9RyĜ98eX

SB2`bQM- SX UkyRRV- h?2 r2H7�`2 bi�i2 Qp2` i?2 p2`v HQM; `mM- qQ`FBM; S�T2` ykfkyRR-
w2a@�`#2BibT�TB2`X
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_�b#�b?- CX � "`QrM2- qX CX Ukyy3V- LQM@>B2`�`+?B+�H JmHiBH2p2H JQ/2Hb- BM CX /X G22mr
� 1X J2BD2`- 2/b- ǵ>�M/#QQF Q7 JmHiBH2p2H �M�HvbBbǶ- aT`BM;2` L2r uQ`F- L2r uQ`F-
Lu- TTX jyRĜjj9X

_2/Q�MQ- JX UkyR9V- ǵh�t +QKT2iBiBQM �KQM; 1m`QT2�M +QmMi`B2bX .Q2b i?2 1l K�ii2`\Ƕ-
1m`QT2�M CQm`M�H Q7 SQHBiB+�H 1+QMQKv j9UamTTH2K2Mi *V- j8jĜjdRX

_2?K- SX UkyyNV- ǵ_BbFb �M/ _2/Bbi`B#miBQM, �M AM/BpB/m�H@G2p2H �M�HvbBbǶ- *QKT�`�iBp2
SQHBiB+�H aim/B2b 9kUdV- 388Ĝ33RX

_2?K- SX UkyRRV- ǵaQ+B�H SQHB+v #v SQTmH�` .2K�M/Ƕ- qQ`H/ SQHBiB+b ejUkV- kdRĜkNNX

_2?K- SX- >�+F2`- CX aX � a+?H2bBM;2`- JX UkyRkV- ǵAMb2+m`2 �HHB�M+2b, _BbF- AM2[m�HBiv-
�M/ amTTQ`i 7Q` i?2 q2H7�`2 ai�i2Ƕ- �K2`B+�M SQHBiB+�H a+B2M+2 _2pB2r RyeUkV- j3eĜ9yeX

_Q/`BF- .X URNN3V- ǵq?v /Q KQ`2 QT2M 2+QMQKB2b ?�p2 #B;;2` ;Qp2`MK2Mib\Ƕ- CQm`M�H Q7
SQHBiB+�H 1+QMQKv RyeU8V- NNdĜRyjkX

a+?�`T7- 6X qX URNNeV- L2;�iBp2 �M/ SQbBiBp2 AMi2;`�iBQM BM i?2 SQHBiB+�H 1+QMQKv Q7
1m`QT2�M q2H7�`2 ai�i2- BM :X J�`Fb- 6X qX a+?�`T7- SX *X a+?KBii2` � qX ai`22+F-
2/b- ǵ:Qp2`M�M+2 BM i?2 1m`QT2�M lMBQMǶ- a�:1 Sm#HB+�iBQMb- GQM/QM- TTX R8ĜjNX

a+?�`T7- 6X qX URNNNV- :Qp2`MBM; AM 1m`QT2, 1z2+iBp2 �M/ .2KQ+`�iB+\- Pt7Q`/ lMBp2`@
bBiv S`2bb- Pt7Q`/X

a+?�`T7- 6X qX UkyykV- ǵh?2 1m`QT2�M aQ+B�H JQ/2H, *QTBM; rBi? i?2 *?�HH2M;2b Q7
.Bp2`bBivǶ- CQm`M�H Q7 *QKKQM J�`F2i aim/B2b 9yU9V- e98ĜedyX

a+?�`T7- 6X qX UkyRyV- ǵh?2 �bvKK2i`v Q7 1m`QT2�M BMi2;`�iBQM- Q` r?v i?2 1l +�MMQi
#2 � ǵbQ+B�H K�`F2i 2+QMQKvǶǶ- aQ+BQ@1+QMQKB+ _2pB2r 3UkV- kRRĜk8yX

a+?�`T7- 6X qX UkyR9V- ǵ�7i2` i?2 *`�b?, � S2`bT2+iBp2 QM JmHiBH2p2H 1m`QT2�M .2KQ+@
`�+vǶ- JSA7: .Bb+mbbBQM S�T2` R9UkRV- RĜkkX

a+?2p2- EX � aH�m;?i2`- JX CX Ukyy9V- ǵ1+QMQKB+ AMb2+m`Biv �M/ i?2 :HQ#�HBx�iBQM Q7
S`Q/m+iBQMǶ- �K2`B+�M CQm`M�H Q7 SQHBiB+�H a+B2M+2 93U9V- eekĜed9X

a+?KBii- *X � ai�`F2- SX UkyRRV- ǵ1tTH�BMBM; +QMp2`;2M+2 Q7 P1*. r2H7�`2 bi�i2b, �
+QM/BiBQM�H �TT`Q�+?Ƕ- CQm`M�H Q7 1m`QT2�M aQ+B�H SQHB+v kRUkV- RkyĜRj8X

a+`m;;b- GX UkyyeV- ǵh?2 :2M2`QbBiv Q7 aQ+B�H AMbm`�M+2- RNdRĜkyykǶ- Pt7Q`/ _2pB2r Q7
1+QMQKB+ SQHB+v kkUjV- j9NĜje9X

aQ`QF�- aX LX � qH2xB2M- *X Ukyy9V- ǵPTBMBQM _2T`2b2Mi�iBQM �M/ SQHB+v 622/#�+F,
*�M�/� BM *QKT�`�iBp2 S2`bT2+iBp2Ƕ- *�M�/B�M CQm`M�H Q7 SQHBiB+�H a+B2M+2f_2pm2
+�M�/B2MM2 /2 b+B2M+2 TQHBiB[m2 jdUjV- 8jRĜ88NX

aQ`QF�- aX LX � qH2xB2M- *X Ukyy8V- ǵPTBMBQMĜSQHB+v .vM�KB+b, Sm#HB+ S`272`2M+2b
�M/ Sm#HB+ 1tT2M/Bim`2 BM i?2 lMBi2/ EBM;/QKǶ- "`BiBb? CQm`M�H Q7 SQHBiB+�H a+B2M+2
j8U9V- ee8Ĝe3NX

jk



aQ`QF�- aX LX � qH2xB2M- *X UkyRyV- .2;`22b Q7 .2KQ+`�+v, SQHBiB+b- Sm#HB+ PTBMBQM- �M/
SQHB+v- *�K#`B/;2 lMBp2`bBiv S`2bb- *�K#`B/;2X

ai2;Km2HH2`- .X UkyRjV- ǵ>Qr J�Mv *QmMi`B2b 7Q` JmHiBH2p2H JQ/2HBM;\ � *QKT�`B@
bQM Q7 6`2[m2MiBbi �M/ "�v2bB�M �TT`Q�+?2bǶ- �K2`B+�M CQm`M�H Q7 SQHBiB+�H a+B2M+2
8dUjV- d93ĜdeRX

aiBKbQM- CX �X- J�+Fm2M- JX "X � 1`BFbQM- _X aX URNN8V- ǵ.vM�KB+ _2T`2b2Mi�iBQMǶ-
�K2`B+�M SQHBiB+�H a+B2M+2 _2pB2r 3NUjV- 89jX

ai`22+F- qX URNNeV- L2Q@oQHmMi�`BbKmb, � L2r 1m`QT2�M aQ+B�H SQHB+v _2;BK2- BM
:X J�`Fb- 6X qX a+?�`T7- SX *X a+?KBii2` � qX ai`22+F- 2/b- ǵ:Qp2`M�M+2 BM i?2
1m`QT2�M lMBQMǶ- a�:1 Sm#HB+�iBQMb- GQM/QM- TTX e9ĜN9X

ai`22+F- qX � a+?KBii2`- SX *X URNNRV- ǵ6`QK L�iBQM�H *Q`TQ`�iBbK iQ h`�MbM�iBQM�H
SHm`�HBbK, P`;�MBx2/ AMi2`2bib BM i?2 aBM;H2 1m`QT2�M J�`F2iǶ- SQHBiB+b � aQ+B2iv
RNUkV- RjjĜRe9X

ai`2B7- 6X UkyR8V- h�t *QKT2iBiBQM BM 1m`QT2 @ 1m`QT2 BM *QKT2iBiBQM rBi? Pi?2`
qQ`H/ _2;BQMb\- aa_L a+?QH�`Hv S�T2` A. kdRyedd- aQ+B�H a+B2M+2 _2b2�`+? L2irQ`F-
_Q+?2bi2`- LuX

ap�HH7Q`b- aX UkyRkV- *QMi2bi2/ q2H7�`2 ai�i2b, q2H7�`2 �iiBim/2b BM 1m`QT2 �M/ "2vQM/-
ai�M7Q`/ lMBp2`bBiv S`2bb- ai�M7Q`/X

hQ#2`- hX UkyR3V- 1m`QT2�M AMbiBimiBQM�H AMi2;`�iBQM- h`�/2 lMBQMb- �M/ AM+QK2 AM2[m�H@
BivX

q�Hi2`- aX UkyRyV- ǵ:HQ#�HBx�iBQM �M/ i?2 q2H7�`2 ai�i2, h2biBM; i?2 JB+`Q7QmM/�iBQMb Q7
i?2 *QKT2Mb�iBQM >vTQi?2bBbǶ- AMi2`M�iBQM�H aim/B2b Zm�`i2`Hv 89UkV- 9yjĜ9keX

q�Hi2`- aX UkyRdV- ǵ:HQ#�HBx�iBQM �M/ i?2 .2K�M/@aB/2 Q7 SQHBiB+b, >Qr :HQ#�HBx�iBQM
a?�T2b G�#Q` J�`F2i _BbF S2`+2TiBQMb �M/ SQHB+v S`272`2M+2bǶ- SQHBiB+�H a+B2M+2 _2@
b2�`+? �M/ J2i?Q/b 8URV- 88Ĝ3yX

qH2xB2M- *X URNN8V- ǵh?2 Sm#HB+ �b h?2`KQbi�i, .vM�KB+b Q7 S`272`2M+2b 7Q` aT2M/BM;Ƕ-
�K2`B+�M CQm`M�H Q7 SQHBiB+�H a+B2M+2 jNU9V- N3RĜRyyyX

qH2xB2M- *X URNNeV- ǵ.vM�KB+b Q7 _2T`2b2Mi�iBQM, h?2 *�b2 Q7 la aT2M/BM; QM .272M+2Ƕ-
"`BiBb? CQm`M�H Q7 SQHBiB+�H a+B2M+2 keURV- 3RĜRyjX

qQQH/`B/;2- CX JX UkyR8V- AMi`Q/m+iQ`v 1+QMQK2i`B+b, � JQ/2`M �TT`Q�+?- *2M;�;2
G2�`MBM;X

jj



PMHBM2 �TT2M/Bt
hQ#B�b hQ#2` � J�`Bmb _X "mb2K2v2`Þ

.2+2K#2` Ry- kyR3

h?Bb QMHBM2 �TT2M/Bt T`QpB/2b bmTTQ`iBM; BM7Q`K�iBQM 7Q` i?2 T�T2` ǳ"`2�FBM; i?2 GBMF\
>Qr 1m`QT2�M AMi2;`�iBQM a?�T2b aQ+B�H SQHB+v .2K�M/ �M/ amTTHvǴX

R .2b+`BTiBp2 bi�iBbiB+b
h?Bb b2+iBQM T`QpB/2b KQ`2 /2i�BHb QM i?2 /�i�X h�#H2b �R �M/ �k `2TQ`i bmKK�`v
bi�iBbiB+b 7Q` i?2 bi�M/�`/Bx2/ /�i� mb2/ BM i?2 KBt2/@2z2+ib KQ/2Hb U�RV �M/ i?2 mM@
bi�M/�`/Bx2/ /�i� mb2/ BM i?2 iBK2@b2`B2b +`Qbb@b2+iBQM Uh*a*V KQ/2Hb U�kVX h�#H2 �j
bmKK�`Bx2b i?2 BM/B+�iQ`b �M/ r2B;?ib mb2/ iQ +QMbi`m+i i?2 BM/2t Q7 1m`QT2�M BMi2;`�@
iBQMX 6B;m`2b �R@�N b?Qr i`2M/b 7Q` i?2 i?2Q`2iB+�HHv KQbi `2H2p�Mi p�`B�#H2b #Qi? �+`Qbb
iBK2 �M/ bT�+2X

h�#H2 �R, ai�M/�`/Bx2/ /�i� BM KBt2/@2z2+ib KQ/2HbX

o�`B�#H2 JBMBKmK J2/B�M J2�M J�tBKmK a.
amTTQ`i 7Q` bQ+B�H TQHB+v UR4bi`QM; bmTTQ`iV y y yXkN R yX98
1+QMQKB+ BMi2;`�iBQM UqV −2.08 −0.05 y RXdN yX8y
1+QMQKB+ BMi2;`�iBQM U"V −0.86 −0.19 y RXdN yX8y
SQHBiB+�H BMi2;`�iBQM UqV −1.27 0.04 y RX93 yX8y
SQHBiB+�H BMi2;`�iBQM U"V −1.23 0.06 y yXeN yX8y
�;2 −0.94 −0.01 y kXye yX8y
:2M/2` y R yX8k R yX8y
u2�`b BM 2/m+�iBQM −1.53 −0.06 y 8Xjj yX8y
AM 2/m+�iBQM 0 0 yXyN R yXkN
AM T�B/ rQ`F 0 1 yX8j R yX8y
lM2KTHQv2/ 0 0 yXye R yXk9
_2HB;BQbBiv −0.78 0.06 y yX3N yX8y
lMBQM K2K#2`b?BT 0 0 yX99 R yX8y
G27i@_B;?i b+�H2 −1.18 −0.02 y RXRj yX8y
AM+QK2 0 1 yXde R yX9j
aQ+B�H aT2M/BM; UqV −1.36 −0.04 y yXNe yX8y
aQ+B�H aT2M/BM; U"V −1.02 0.27 y yXe3 yX8y
:.S T2` +�TBi� UqV −3.74 0.01 y j yX8y
:.S T2` +�TBi� U"V −0.17 −0.15 y kXjy yX8y
J�`F2i BM2[m�HBiv UqV −1.34 0.01 y RXRe yX8y
J�`F2i BM2[m�HBiv U"V −1.26 0.02 y yX3d yX8y

 lMBp2`bBiv Q7 :2M2p�- iQ#B�bXiQ#2`!mMB;2X+?
ÞlMBp2`bBiv Q7 EQMbi�Mx- K�`BmbX#mb2K2v2`!mMB@FQMbi�MxX/2
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h�#H2 �k, lMbi�M/�`/Bx2/ /�i� BM ha*a KQ/2HbX

o�`B�#H2 JBMBKmK J2/B�M J2�M J�tBKmK a.
aQ+B�H bT2M/BM; RyXjy kkX9y kkX98 jRXdy 8XkR
SQHBiB+�H BMi2;`�iBQM 9eXdN ddXek ddXkd NdXNe RRX88
*QKTHB�M+2 kjX8R 3eXj9 3RX98 N3X93 R9Xde
S�`iB+BT�iBQM y e3Xkk e3Xdd Ryy j8XRk
1+QMQKB+ BMi2;`�iBQM kRXe3 j3Xyk 9RXRy d8X3N RyX9k
:.S ;`Qri? −14.80 kXk8 RXdk RRXey 9XRk
lM2KTHQvK2Mi jXRy dX3y 3Xe8 k9X3y jXN8
G27i ;Qp2`MK2Mi R k kX98 8 RX9k
.2#i jXdy 8jX98 8dXe9 RdkXRy jyXk8
J�`F2i BM2[m�HBiv kdXjy j9Xe8 j8Xk3 9eX3y jXdk
S`272`2M+2b U�HHV kXNN jXNj jX33 9X9j yXjj
S`272`2M+2b UHQr2`V jXR9 9XRe 9XRR 9X89 yXke
S`272`2M+2b U?B;?2`V kXN3 jX3d jX3k 9X9k yXjj
S`272`2M+2b UiQTV kXdd jXej jXek 9Xj3 yXj3

h�#H2 �j, AM/2t Q7 1m`QT2�M BMi2;`�iBQM UEƺMB; �M/ P?` kyRjV, q2B;?ib Q7 BM/B+2b �M/
BM/B+�iQ`bX

AM/B+2b AM/B+�iQ`b q2B;?ib BM i?2
BM/B+2b UWV

1+QMQKB+ AMi2;`�iBQM
PT2MM2bb U8eV

:QQ/b UjjV
a2`pB+2b UReV
*�TBi�H UkdV
G�#Q` Uk8V

AKTQ`i�M+2 U99V
:QQ/b UkNV
a2`pB+2b UjRV
*�TBi�H URRV
G�#Q` Uk3V

SQHBiB+�H AMi2;`�iBQM
S�`iB+BT�iBQM UjjV

1Jl K2K#2`b?BT Ue9V
a+?2M;2M T�`iB+BT�iBQM UjeV

*QKTHB�M+2 UedV
AM7`BM;2K2Mi T`Q+22/BM;b UkyV
1*C p2`/B+i, aBM;H2 J�`F2i Uj3V
1*C p2`/B+i, 1MpB`QMK2Mi �M/ +QMbmK2` URNV
1*C p2`/B+i, Pi?2` b2+iQ`b UkjV
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6B;m`2 �R, 1+QMQKB+ BMi2;`�iBQM �+`Qbb +QmMi`B2b �M/ iBK2X
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6B;m`2 �k, SQHBiB+�H BMi2;`�iBQM �+`Qbb +QmMi`B2b �M/ iBK2X
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6B;m`2 �j, PT2MM2bb iQ 1l i`�/2 �+`Qbb +QmMi`B2b �M/ iBK2X
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6B;m`2 �8, SQHBiB+�H T�`iB+BT�iBQM �+`Qbb +QmMi`B2b �M/ iBK2X
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6B;m`2 �d, .2MbBiv Q7 bQ+B�H TQHB+v T`272`2M+2b �+`Qbb +QmMi`B2bX
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6B;m`2 �N, aQ+B�H bT2M/BM; �+`Qbb +QmMi`B2b �M/ iBK2X
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k 6mHH JQ/2H _2bmHib- .B�;MQbiB+b- �M/ a2MbBiBpBiv

kXR JBt2/@2z2+ib KQ/2Hb
6mHH KQ/2H `2bmHib Q7 h�#H2 R BM i?2 K�BM i2tiX AM Q`/2` iQ b�p2 bT�+2- h�#H2 R
BM i?2 K�BM i2ti /Q2b MQi T`2b2Mi BMi2`+2Tib �M/ +QMi`QH p�`B�#H2bX h�#H2 �9 +QMi�BMb
BM7Q`K�iBQM QM i?2b2 2biBK�i2b 7Q` 2�+? Q7 i?2 7Qm` KQ/2H bT2+B}+�iBQMbX
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h�#H2 �9, "�v2bB�M HQ;BbiB+ KBt2/@2z2+ib 2biBK�iBQM Q7 i?2 BKT�+i Q7 1m`QT2�M BMi2@
;`�iBQM QM /2K�M/ 7Q` bQ+B�H TQHB+vX AMi2`+2Tib �M/ BM/BpB/m�H@H2p2H +QMi`QH p�`B�#H2bX

JQ/2H R JQ/2H k JQ/2H j JQ/2H 9 JQ/2H 8
*QMbi�Mi −0.63∗ −0.67∗ −0.65∗ −0.67∗ −0.64∗

(0.13) (0.13) (0.13) (0.14) (0.14)

�;2 0.16∗ 0.16∗ 0.16∗ 0.16∗ 0.16∗

(0.02) (0.02) (0.02) (0.02) (0.02)

:2M/2` 0.09∗ 0.09∗ 0.09∗ 0.10∗ 0.09∗

(0.01) (0.01) (0.01) (0.01) (0.01)

u2�`b BM 2/m+�iBQM −0.22∗ −0.22∗ −0.22∗ −0.21∗ −0.22∗

(0.01) (0.01) (0.01) (0.02) (0.01)

AM 2/m+�iBQM −0.36∗ −0.36∗ −0.36∗ −0.34∗ −0.36∗

(0.03) (0.03) (0.03) (0.03) (0.03)

AM T�B/ rQ`F −0.07∗ −0.07∗ −0.07∗ −0.06∗ −0.07∗

(0.02) (0.02) (0.02) (0.02) (0.02)

lM2KTHQv2/ 0.17∗ 0.17∗ 0.17∗ 0.18∗ 0.18∗

(0.03) (0.03) (0.03) (0.03) (0.03)

_2HB;BQbBiv −0.04∗ −0.05∗ −0.04∗ −0.05∗ −0.05∗

(0.01) (0.01) (0.01) (0.01) (0.01)

lMBQM K2K#2`b?BT 0.23∗ 0.23∗ 0.23∗ 0.23∗ 0.23∗

(0.01) (0.01) (0.01) (0.01) (0.01)

G27i@`B;?i b+�H2 −0.57∗ −0.57∗ −0.57∗ −0.58∗ −0.57∗

(0.01) (0.01) (0.01) (0.01) (0.01)

am#D2+iBp2 BM+QK2 −0.49∗ −0.49∗ −0.49∗ −0.49∗ −0.49∗

(0.01) (0.01) (0.01) (0.01) (0.01)

aQ+B�H bT2M/BM; U"V −0.35
(0.22)

aQ+B�H bT2M/BM; UqV −0.01
(0.06)

:.S T2` +�TBi� U"V 0.30
(0.23)

:.S T2` +�TBi� UqV 0.00
(0.04)

J�`F2i BM2[m�HBiv U"V −0.15
(0.24)

J�`F2i BM2[m�HBiv UqV 0.05
(0.04)

∗ w2`Q QmibB/2 i?2 +`2/B#H2 BMi2`p�HX 1biBK�i2b UTQbi2`BQ` K2�MbV rBi? bi�M/�`/ 2``Q`b UTQb@
i2`BQ` bi�M/�`/ /2pB�iBQMbV BM T�`2Mi?2b2bX "�b2/ QM irQ +?�BMb `mM 7Q` jyyy Bi2`�iBQMb �7i2`
� #m`M@BM Q7 RyyyX
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h�#H2 �8, "�v2bB�M HQ;BbiB+ KBt2/@2z2+ib 2biBK�iBQM Q7 i?2 BKT�+i Q7 1m`QT2�M BMi2@
;`�iBQM QM /2K�M/ 7Q` bQ+B�H TQHB+vX a2MbBiBpBiv i2bibX

t@T`BQ`b QM #2i�b Q`/2`2/ HQ;Bi
1+QMQKB+ BMi2;`�iBQM U"V −0.28 −0.32

(0.24) (0.25)

1+QMQKB+ BMi2;`�iBQM UqV 0.11∗ 0.08∗

(0.04) (0.04)

SQHBiB+�H BMi2;`�iBQM U"V 0.04 0.02
(0.26) (0.27)

SQHBiB+�H BMi2;`�iBQM UqV 0.14∗ 0.12∗

(0.05) (0.05)

*QMi`QHb ! !
∗ w2`Q QmibB/2 i?2 +`2/B#H2 BMi2`p�HX 1biBK�i2b UTQbi2`BQ` K2�MbV
rBi? bi�M/�`/ 2``Q`b UTQbi2`BQ` bi�M/�`/ /2pB�iBQMbV BM T�`2Mi?2@
b2bX "�b2/ QM irQ +?�BMb `mM 7Q` jyyy Bi2`�iBQMb �7i2` � #m`M@BM
Q7 RyyyX

_2bmHib �`2 MQi b2MbBiBp2 iQ T`BQ` +?QB+2 �M/ +Q/BM; Q7 /2T2M/2Mi p�`B�#H2X
h�#H2 �8 T2`7Q`Kb irQ b2MbBiBpBiv i2bibX 6B`bi- :2HK�M 2i �HX Ukyy3V bm;;2bi iQ Tmi
BM/2T2M/2Mi t@T`BQ`b QM i?2 +Q2{+B2Mib Q7 HQ;BbiB+ `2;`2bbBQMb BM Q`/2` iQ T`2p2Mi TQi2MiB�H
T`Q#H2Kb �bbQ+B�i2/ rBi? +QKTH2i2 b2T�`�iBQMRX >2M+2- r2 TH�+2 t@T`BQ` /Bbi`B#miBQMb-
t(4, 0, 1)- QM i?2 `2;`2bbBQM@ivT2 T�`�K2i2`b Ub22 i?2 }`bi +QHmKM Q7 h�#H2 �8VX h?2
`2bmHiBM; +Q2{+B2Mib /Q MQi /Bz2` 7`QK i?2 2biBK�i2b BM i?2 K�BM i2tiX

a2+QM/- r2 i2bi r?2i?2` i?2 K�BM }M/BM;b /2T2M/ QM Qm` +Q/BM; Q7 i?2 /2T2M/2Mi
p�`B�#H2 #v 2biBK�iBM; � "�v2bB�M KBt2/@2z2+ib Q`/2`2/ HQ;Bi KQ/2H rBi? ~2tB#H2 i?`2b?@
QH/b Ub22 i?2 b2+QM/ +QHmKM Q7 h�#H2 �8VX h?2 }M/BM;b `2K�BM bm#bi�MiB�HHv mM+?�M;2/X
h?2 rBi?BM 2z2+ib Q7 #Qi? 2+QMQKB+ �M/ TQHBiB+�H BMi2;`�iBQM +QMiBMm2 iQ #2 TQbBiBp2 �M/
bi�iBbiB+�HHv /Bz2`2Mi 7`QK x2`QX

Rq2 bT2�F Q7 +QKTH2i2 b2T�`�iBQM r?2M i?2 /2T2M/2Mi p�`B�#H2 b2T�`�i2b �M 2tTH�M�iQ`v p�`B�#H2 Q`
� +QK#BM�iBQM Q7 2tTH�M�iQ`v p�`B�#H2b +QKTH2i2HvX

� Ĝ N



kXk hBK2@b2`B2b +`Qbb@b2+iBQM KQ/2Hb
h`�BMBM; KQ/2HX �b #`B2~v K2MiBQM2/ BM i?2 �`iB+H2- i?2 ha*a �M�HvbBb Ub22 h�#H2b R
�M/ k BM i?2 T�T2`V r�b T`2+2/2/ #v i?2 2biBK�iBQM Q7 � i`�BMBM; KQ/2H- r?B+? +QMi�BMb
� MmK#2` Q7 TQi2MiB�HHv `2H2p�Mi 2tTH�M�iQ`v 7�+iQ`bX h�#H2 �e b?Qrb i?2 `2bmHib Q7 i?Bb
i`�BMBM; KQ/2HX aBM+2 i?2 H2p2Hb Q7 /2#i �M/ K�`F2i BM2[m�HBiv b22K MQi iQ 2t?B#Bi �
bi�iBbiB+�HHv /2i2+i�#H2 `2H�iBQMb?BT rBi? bQ+B�H bT2M/BM;- i?2b2 p�`B�#H2b r2`2 2t+Hm/2/
7`QK i?2 bm#b2[m2Mi �M�HvbBbX

h�#H2 �e, ha*a i`�BMBM; KQ/2HX

aQ+B�H bT2M/BM;
SQHBiB+�H BMi2;`�iBQM −0.02∗

(0.01)

1+QMQKB+ BMi2;`�iBQM −0.03
(0.04)

:.S ;`Qri? −0.14∗

(0.02)

lM2KTHQvK2Mi 0.16∗

(0.02)

G27i ;Qp2`MK2Mi 0.11∗

(0.04)

.2#i 0.02
(0.01)

J�`F2i BM2[m�HBiv 0.05
(0.05)

*QMbi�Mi 26.06∗

(2.46)

hrQ@r�v 61b !
P#b2`p�iBQMb 202
*QmMi`B2b 24
∗ w2`Q QmibB/2 i?2 +QM}/2M+2 BMi2`p�H

SQHBiB+�H BMi2;`�iBQM �M/ TQHB+v `2bTQMbBp2M2bbX h�#H2 k Q7 i?2 �`iB+H2 T`QpB/2b
2pB/2M+2 7Q` � `2bTQMbBp2M2bb@/2T`2bbBM; 2z2+i Q7 TQHBiB+�H T�`iB+BT�iBQMX h�#H2 �d `2T2�ib
i?2 b�K2 bi�iBbiB+�H 2t2`+Bb2 7Q` Qm` Qp2`�HH K2�bm`2 Q7 TQHBiB+�H BMi2;`�iBQM �b r2HH �b i?2
i?2 +QKTHB�M+2 /BK2MbBQM Q7 TQHBiB+�H BMi2;`�iBQMX AM #Qi? +�b2b i?2 BMi2`�+iBQM +Q2{@
+B2Mib �`2 BM/BbiBM;mBb?�#H2 7`QK x2`QX h?Bb +Q``Q#Q`�i2b Qm` �`;mK2Mi i?�i BMbiBimiBQM�H
BMi2;`�iBQM Bb i?2 K�BM `2�bQM 7Q` i?2 H�+F Q7 TQHB+v `2bTQMbBp2M2bb �M/ MQi Qi?2` �bT2+ib
Q7 i?2 BMi2;`�iBQM T`Q+2bbX
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h�#H2 �d, SQHBiB+�H BMi2;`�iBQM- +QKTHB�M+2- �M/ TQHB+v `2bTQMbBp2M2bbX

SQHBiB+�H BMi2;`�iBQM *QKTHB�M+2
�HHt−1 2.19 −1.96

(4.69) (2.96)

SQHBiB+�H BMi2;`�iBQM 0.10
(0.24)

�HHt−1×SQHBiB+�H BMi2;`�iBQM −0.04
(0.06)

*QKTHB�M+2 −0.15
(0.16)

�HHt−1×*QKTHB�M+2 0.04
(0.04)

*QMbi�Mi 20.70 33.87∗

(19.25) (12.38)

hrQ@r�v 61b ! !
*QMi`QHb ! !
P#b2`p�iBQMb 77 77
*QmMi`B2b 22 22
∗ w2`Q QmibB/2 i?2 +QM}/2M+2 BMi2`p�H

L2;�iBp2 �bbQ+B�iBQM #2ir22M TQHBiB+�H T�`iB+BT�iBQM �M/ TQHB+v `2bTQMbBp2M2bb
`Q#mbi iQ �Hi2`M�iBp2 BM/B+�iQ`X h?2 �`iB+H2Ƕb K2�bm`2 Q7 TQHBiB+�H T�`iB+BT�iBQM /Q2b
MQi QMHv +�Tim`2 K2K#2`b?BT Q7 i?2 1Jl- #mi �HbQ +QmMib r?2i?2` � +QmMi`v Bb BM i?2
a+?2M;2M �`2� Q` 2Mi2`b i?2 1m`QT2�M 1t+?�M;2 _�i2 J2+?�MBbK U1_JVX q2 +QMbB/2`
i?Bb 72�im`2 mb27mH #2+�mb2 Bi `2~2+ib Qi?2` BMbiBimiBQM�H K�MB72bi�iBQMb Q7 M2;�iBp2 BM@
i2;`�iBQM #2bB/2b 1Jl K2K#2`b?BT- r?B+?ě�b r2 �`;m2 BM i?2 T�T2`ěK�v �HbQ �z2+i
bQ+B�H bT2M/BM;X L2p2`i?2H2bb- Qm` K�BM �`;mK2Mi +2Mi2`b QM i?2 /2T`2bbBM; 2z2+i Q7
1Jl QM bQ+B�H TQHB+vX h?mb- h�#H2 �3 mb2b � bBKTH2 /mKKv BM/B+�iQ` 7Q` 1Jl K2K#2`@
b?BT BMbi2�/ BM Q`/2` iQ bBM;H2 Qmi i?2 }b+�H BKTHB+�iBQMb Q7 1Jl �b r2HH �b iQ +?2+F i?2
`Q#mbiM2bb Q7 i?2 BMBiB�H `2bmHibX aBM+2 i?Bb BM/B+�iQ` Bb MQi HBKBi2/ �+`Qbb iBK2 U�b +QK@
T�`2/ iQ i?2 Q`B;BM�H K2�bm`2 Q7 TQHBiB+�H T�`iB+BT�iBQMV- Bi �HHQrb mb iQ i�F2 �/p�Mi�;2
Q7 i?2 7mHH `�M;2 Q7 bQ+B�H TQHB+v T`272`2M+2běBM+Hm/BM; i?2 kyyk 1aa r�p2X 6QHHQrBM;
i?2 T`�+iB+2 7Q` bHQr KQpBM; Q` iBK2@BMp�`B�Mi BMbiBimiBQM�H +Qp�`B�i2b BM BMi2`�+iBQMb TBQ@
M22`2/ #v "H�M+?�`/ �M/ qQH72`b UkyyyV- r2 QKBi i?2 +QMbiBimiBp2 i2`K Q7 1Jl 7`QK i?2
`B;?i ?�M/ bB/2 Q7 i?2 `2;`2bbBQM 2[m�iBQM- �b i?2 2z2+i Q7 i?Bb i2`K Bb �H`2�/v +�Tim`2/
#v i?2 }t2/ 2z2+ibX

h?2 `2bmHib +Q``Q#Q`�i2 Qm` T`2pBQmb }M/BM;bX h?2 BMi2`�+iBQM i2`K Bb +QMbBbi2MiHv
M2;�iBp2 �M/ bi�iBbiB+�HHv bB;MB}+�MiHv /Bz2`2Mi 7`QK x2`QX .Bz2`2Mi 7`QK i?2 BMBiB�H `2bmHib

� Ĝ RR



h�#H2 �3, 1Jl K2K#2`b?BT �M/ TQHB+v `2bTQMbBp2M2bbX

�HH GQr2` >B;?2` hQT
�HHt−1 0.48

(1.55)

�HHt−1×1Jl −0.42∗

(0.16)

GQr2`t−1 −0.44
(0.96)

GQr2`t−1×1Jl −0.32∗

(0.10)

>B;?2`t−1 0.54
(1.20)

>B;?2`t−1×1Jl −0.35∗

(0.10)

hQTt−1 1.16
(0.93)

hQTt−1×1Jl −0.40∗

(0.12)

*QMbi�Mi 27.00∗ 28.03∗ 25.16∗ 23.68∗

(4.29) (3.08) (3.41) (2.47)

hrQ@r�v 61b ! ! ! !
*QMi`QHb ! ! ! !
P#b2`p�iBQMb 115 113 113 113
*QmMi`B2b 22 22 22 22
∗ w2`Q QmibB/2 i?2 +QM}/2M+2 BMi2`p�HX

BM i?2 �`iB+H2- r2 /Q MQi }M/ MQiB+2�#H2 /Bz2`2M+2b #2ir22M BM+QK2 ;`QmTbX h?Bb +QmH/
bm;;2bi i?�i- r?BH2 Qi?2` bi2Tb Q7 BMbiBimiBQM�H BMi2;`�iBQM K�BMHv HBKBi TQHB+v `2bTQMbBp2@
M2bb iQr�`/b HQr2` BM+QK2 ;`QmTb- K2K#2`b?BT Q7 1Jl ?�KT2`b TQHB+v `2bTQMbBp2M2bb
�+`Qbb i?2 #Q�`/X

E2`M2H bKQQi?BM; 2biBK�iQ` +Q``Q#Q`�i2b K2/B�iBM; 2z2+i Q7 TQHBiB+�H T�`iB+@
BT�iBQMX 6BM�HHv- r2 2KTHQv � F2`M2H bKQQi?BM; 2biBK�iQ` i?�i 2biBK�i2b � b2`B2b Q7
HQ+�H 2z2+ib rBi? � F2`M2H `2r2B;?BM; b+?2K2X h?Bb 2biBK�iBQM bi`�i2;v �HHQrb iQ ~2tB#Hv
2biBK�i2 i?2 7mM+iBQM�H 7Q`K Q7 i?2 K�`;BM�H 2z2+i Q7 /2K�M/ 7Q` bQ+B�H TQHB+v QM bQ+B�H
bT2M/BM; �+`Qbb i?2 `�M;2 Q7 TQHBiB+�H T�`iB+BT�iBQMX h?mb- #v miBHBxBM; � KQ`2 ~2tB#H2 2b@
iBK�iQ`- i?2 K�`;BM�H 2z2+i +�M #2 +HQb2Hv �TT`QtBK�i2/ `2;�`/H2bb Q7 TQi2MiB�H pBQH�iBQMb
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6B;m`2 �Ry, E2`M2H bKQQi?BM; 2biBK�iQ`, SQHBiB+�H T�`iB+BT�iBQM �M/ TQHB+v `2bTQMbBp2@
M2bbX
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A All Respondents
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B Lower Income Groups

Q7 i?2 HBM2�` BMi2`�+iBQM 2z2+i �bbmKTiBQM Ub22 >�BMKm2HH2`- JmKKQHQ- �M/ sm kyR3VX
6B;m`2 �Ry T`2b2Mib `2bmHib 7`QK � F2`M2H bKQQi?BM; 2biBK�iQ` rBi? +QMi`QHb �M/ irQ@
r�v }t2/ 2z2+ib #Qi? 7Q` T`272`2M+2b Q7 �HH `2bTQM/2Mib US�M2H �V �b r2HH �b HQr2` BM+QK2
;`QmTb US�M2H "VX � +QmTH2 Q7 BMi2`2biBM; }M/BM;b 2K2`;2X 6B`bi Q7 �HH- i?2 K�`;BM�H 2z2+i
Q7 /2K�M/ 7Q` bQ+B�H TQHB+v QM bQ+B�H bT2M/BM; HBM2�`Hv /2+HBM2b rBi? BM+`2�bBM; TQHBiB+�H
T�`iB+BT�iBQMX h?Bb MQi QMHv +Q``Q#Q`�i2b i?2 K2/B�iBM; 2z2+i Q7 TQHBiB+�H T�`iB+BT�iBQM-
#mi �HbQ b?Qrb i?�i � HBM2�` BMi2`�+iBQM KQ/2H Bb � `2�bQM�#H2 bT2+B}+�iBQM ;Bp2M i?2 /�i�X
a2+QM/- �b BM Qi?2` bT2+B}+�iBQMb- i?2 K�`;BM�H 2z2+i Bib2H7 M2p2` #2+QK2b bi�iBbiB+�HHv
bB;MB}+�MiX >Qr2p2`- r?2M TQHBiB+�H T�`iB+BT�iBQM Bb HQr- i?2 TQBMi 2biBK�i2b �`2 +H2�`Hv
TQbBiBp2 �M/ i?2 N8W +QM}/2M+2 BMi2`p�Hb M�``QrHv BM+Hm/2 x2`QX lM/2` 1Jl K2K#2`@
b?BT UTQHBiB+�H T�`iB+BT�iBQM 4 RyyV- QM i?2 Qi?2` ?�M/- i?2 TQBMi 2biBK�i2b �`2 M2;�iBp2
�M/- 2bT2+B�HHv BM i?2 +�b2 Q7 HQr2` BM+QK2 ;`QmTb- �HKQbi `2�+? bi�iBbiB+�H bB;MB}+�M+2X
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_272`2M+2b
"H�M+?�`/- PHBpB2`- �M/ CmbiBM qQH72`bX kyyyX ǳh?2 _QH2 Q7 a?Q+Fb �M/ AMbiBimiBQMb BM
i?2 _Bb2 Q7 1m`QT2�M lM2KTHQvK2Mi, i?2 �;;`2;�i2 1pB/2M+2XǴ h?2 1+QMQKB+ CQm`M�H
RRyU9ekV, RĜjjX

:2HK�M- �M/`2r- �H2Fb C�FmHBM- J�`B� :`�xB� SBii�m- �M/ um@amM; amX kyy3X ǳ� r2�FHv
BM7Q`K�iBp2 /27�mHi T`BQ` /Bbi`B#miBQM 7Q` HQ;BbiB+ �M/ Qi?2` `2;`2bbBQM KQ/2HbXǴ h?2
�MM�Hb Q7 �TTHB2/ ai�iBbiB+b kU9V, RjeyĜRj3jX

>�BMKm2HH2`- C2Mb- CQM�i?�M JmKKQHQ- �M/ uB[BM; smX kyR3X ǳ>Qr Jm+? a?QmH/ q2
h`mbi 1biBK�i2b 7`QK JmHiBTHB+�iBp2 AMi2`�+iBQM JQ/2Hb\ aBKTH2 hQQHb iQ AKT`Qp2
1KTB`B+�H S`�+iB+2XǴ SQHBiB+�H �M�HvbBb - 7Q`i?+QKBM;X

EƺMB;- CQ2`;- �M/ _2M�i2 P?`X kyRjX ǳ.Bz2`2Mi 1zQ`ib BM 1m`QT2�M 1+QMQKB+ AMi2;`�@
iBQM, AKTHB+�iBQMb Q7 i?2 1l@AM/2tXǴ CQm`M�H Q7 *QKKQM J�`F2i aim/B2b 8RUeV, Ryd9Ĝ
RyNyX
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