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*QMbmK2` S�MB+ BM i?2 *PoA.@RN S�M/2KB+
Michael Keane† and Timothy Neal†

†lMBp2`bBiv Q7 L2r aQmi? q�H2b � *1S�_- av/M2v- Laq kyyy
1@K�BH, KXF2�M2!mMbrX2/mX�m

1@K�BH, iBKQi?vXM2�H!mMbrX2/mX�m

amKK�`v q2 /2p2HQT �M 2+QMQK2i`B+ KQ/2H Q7 +QMbmK2` T�MB+ UQ` T�MB+ #mvBM;V
/m`BM; i?2 *PoA.@RN T�M/2KB+X lbBM; :QQ;H2 b2�`+? /�i� QM `2H2p�Mi F2vrQ`/b- r2
+QMbi`m+i � /�BHv BM/2t Q7 +QMbmK2` T�MB+ 7Q` 89 +QmMi`B2b 7`QK C�Mm�`v iQ H�i2 �T`BH
kykyX q2 �HbQ �bb2K#H2 /�i� QM ;Qp2`MK2Mi TQHB+v �MMQmM+2K2Mib �M/ /�BHv *PoA.@
RN +�b2b 7Q` �HH +QmMi`B2bX Pm` T�MB+ BM/2t `2p2�Hb rB/2bT`2�/ +QMbmK2` T�MB+ BM KQbi
+QmMi`B2b- T`BK�`BHv /m`BM; J�`+?- #mi rBi? bB;MB}+�Mi p�`B�iBQM BM i?2 iBKBM; �M/
b2p2`Biv Q7 T�MB+ #2ir22M +QmMi`B2bX Pm` KQ/2H BKTHB2b i?�i #Qi? /QK2biB+ �M/ rQ`H/
pB`mb i`�MbKBbbBQM +QMi`B#mi2 bB;MB}+�MiHv iQ +QMbmK2` T�MB+X "mi ;Qp2`MK2Mi TQHB+v
Bb �HbQ BKTQ`i�Mi, AMi2`M�H KQp2K2Mi `2bi`B+iBQMb @ r?2i?2` �MMQmM+2/ #v /QK2biB+
Q` 7Q`2B;M ;Qp2`MK2Mib @ ;2M2`�i2 bm#bi�MiB�H b?Q`i `mM T�MB+ i?�i H�`;2Hv p�MBb?2b BM
� r22F iQ i2M /�vbX AMi2`M�H KQp2K2Mi `2bi`B+iBQMb �MMQmM+2/ 2�`Hv BM i?2 T�M/2KB+
;2M2`�i2/ KQ`2 T�MB+ i?�M i?Qb2 �MMQmM+2/ H�i2`X AM +QMi`�bi- i`�p2H `2bi`B+iBQMb �M/
biBKmHmb �MMQmM+2K2Mib ?�/ HBiiH2 BKT�+i QM +QMbmK2` T�MB+X
C1G, *kj- *8R- .Rk- JjR
E2vrQ`/b, *Q`QM�pB`mb- >Q�`/BM;- *QMbmKTiBQM- S�M2H .�i�- *QMi�BMK2Mi SQHB+v

RX ALh_P.l*hAPL
AM i?Bb T�T2` r2 T`2b2Mi � KQ/2H Q7 +QMbmK2` T�MB+ /m`BM; i?2 *PoA.@RN T�M/2KB+X
S�MB+ #mvBM; Q7 biQ`�#H2 +QMbmK2` ;QQ/b Bb � +QKKQM T?2MQK2MQM /m`BM; M�im`�H /Bb�b@
i2`b �M/ K�M@K�/2 +`Bb2bX 1t�KTH2b BM+Hm/2 #Qi? qQ`H/ q�`b U>m;?2b RN33V- i?2 :`2�i
1�bi C�T�M 1�`i?[m�F2 BM kyRR-R �M/ i?2 `2+2Mi ?vT2`BM~�iBQM BM wBK#�#r2 UJmbp�M?B`B
kyRdVX S�MB+ K�v #2 T`QpQF2/ #v Km+? H2bb- bm+? �b BM i?2 lMBi2/ ai�i2b BM RNdj r?2M
CQ?MMv *�`bQM DQF2/ �#Qmi � b?Q`i�;2 Q7 iQBH2i T�T2` QM h?2 hQMB;?i a?Qr- +�mbBM;
i?2 :`2�i hQBH2i S�T2` a+�`2 i?�i H2/ iQ T�MB+ #mvBM; �M/ �+im�H b?Q`i�;2b UJ�H+QHK
RNd9VX h?mb- Bb MQi bm`T`BbBM; i?�i i?2 *PoA.@RN T�M/2KB+ ?�b +�mb2/ +QMbmK2`b BM
K�Mv +QmMi`B2b iQ 2M;�;2 BM T�MB+ #mvBM; Q7 biQ`�#H2 +QMbmK2` ;QQ/b HBF2 iQBH2i T�T2`-
`B+2 �M/ T�bi� @ b22 2X;X EMQHH UkykyV �M/ _B2/2` UkykyVX AM i?Bb T�T2` r2 /2p2HQT �
T`2/B+iBp2 KQ/2H Q7 ?Qr ;Qp2`MK2Mi TQHB+B2b bm+? �b bQ+B�H /Bbi�M+BM;- HQ+F/QrMb �M/
i`�p2H `2bi`B+iBQMb- �b r2HH �b ;`Qri? BM *PoA.@RN +�b2b- ;2M2`�i2 bm+? #2?�pBQ`X

hQ +H�`B7v i?2 /Bb+mbbBQM- Bi Bb M2+2bb�`v iQ /2}M2 r?�i r2 K2�M #v ǳT�MB+ #mvBM;XǴ
6B`bi- r2 M22/ iQ mM/2`bi�M/ r?v +QMbmK2`b ?QH/ BMp2MiQ`B2b Q7 biQ`�#H2 +QMbmK2` ;QQ/b
BM MQ`K�H iBK2bX 1`/2K- AK�B- �M/ E2�M2 UkyyjV @ ?2M+27Q`i? 1AE @ 2biBK�i2/ � bi`m+@
im`�H KQ/2H Q7 QTiBK�H +QMbmK2` /2K�M/ 7Q` biQ`�#H2 ;QQ/b BM � bi�iBQM�`v 2MpB`QMK2MiX
AM � bi�iBQM�`v 2MpB`QMK2Mi- +QMbmK2`b ?�p2 irQ KQiBp2b 7Q` #mBH/BM; mT BMp2MiQ`B2b Q7
biQ`�#H2 ;QQ/b BM 2t+2bb Q7 +m``2Mi +QMbmKTiBQM M22/b, UBV �b � #mz2` biQ+F iQ T`Qi2+i

Ra22 >Q`B �M/ Ar�KQiQ UkyR9V- Ab?B/� 2i �HX UkyRjV- �M/ Em`B?�`� 2i �HX UkyRkV 7Q` `2b2�`+? BMiQ i?2
+QMbmK2` `2�+iBQM iQ i?2 2�`i?[m�F2X



k E2�M2 � L2�H

�;�BMbi biQ+F Qmib ;Bp2M mM+2`i�BMiv �#Qmi 7mim`2 mb�;2 M22/b- �M/ UBBV #2+�mb2 Bi Bb QTiB@
K�H iQ biQ+F mT QM biQ`�#H2 ;QQ/b r?2M +QM7`QMi2/ rBi? � ǳ/2�HǴ UBX2X- �M BMbi�M+2 r?2M
i?2 ;QQ/ Bb Qz2`2/ #v `2i�BH2`b �i � `2H�iBp2Hv HQr T`B+2VX

AM i?2 2p2Mi Q7 M�im`�H /Bb�bi2`b Q` +`Bb2b- ?Qr2p2`- +QMbmK2`b �`2 +QKKQMHv Q#b2`p2/
iQ biQ+F mT QM +QMbmK2` ;QQ/b iQ �M 2ti2Mi i?�i ;`2�iHv 2t+22/b H2p2Hb Q#b2`p2/ BM
MQ`K�H iBK2bX .m`BM; i?2 *PoA.@RN T�M/2KB+- A_A UkykyV /Q+mK2Mi � b?�`T bTBF2 BM
;`Q+2`v bT2M/BM;- �M/ BM+`2�b2b BM biQ+FTBHBM;- BM b2p2`�H +QmMi`B2bX 6Q` 2t�KTH2- 7Q` i?2
r22F 2M/BM; J�`+? R8- bT2M/BM; QM T�T2` T`Q/m+ib UBM+Hm/BM; iQBH2i T�T2`V r�b mT 8yW
Uv2�`@QM@v2�`V BM Ai�Hv- Ry3W BM 6`�M+2- RyNW BM :2`K�Mv- Rj9W BM i?2 lE- �M/ kRdW
BM i?2 laX h?2`2 �`2 #Qi? Tbv+?QHQ;B+�H �M/ 2+QMQKB+ 2tTH�M�iBQMb 7Q` bm+? biQ+FTBHBM;
#2?�pBQ` BM � +`BbBbX 6Q` 2t�KTH2- � bi�M/�`/ Tbv+?QHQ;B+�H 2tTH�M�iBQM Bb i?�i biQ+FBM;
mT QM biQ`�#H2 ;QQ/b ?2HTb +QMbmK2`b ;�BM � b2Mb2 Q7 +QMi`QH Qp2` i?2 mM+2`i�BMf`BbFv
bBim�iBQM +`2�i2/ #v � +`BbBb U2X;X :`Q?QH kykyVX

PM i?2 Qi?2` ?�M/- �b MQi2/ #v >�MbK�M 2i �HX UkykyV- i?2`2 Bb MQi?BM; BMi`BMbB+�HHv
B``�iBQM�H Q` ǳT�MB+FvǴ �#Qmi biQ+FBM; mT QM biQ`�#H2 +QMbmK2` ;QQ/b BM � +`BbBbX h?2`2
�`2 irQ K�BM 2+QMQKB+ 2tTH�M�iBQMb 7Q` � DmKT BM QTiBK�H BMp2MiQ`v ?QH/BM;b BM � +`B@
bBb bBim�iBQMX 6B`bi- BM i?2 1AE BMp2MiQ`v KQ/2H- �Mv TQi2MiB�H bmTTHv /Bb`mTiBQM i?�i
BM+`2�b2b biQ+F Qmi `BbF- Q` �Mv `2bi`B+iBQM QM KQp2K2Mi i?�i BM+`2�b2b i?2 +Qbi Q7 biQ`2
pBbBib- rBHH ?�p2 i?2 2z2+i Q7 BM+`2�bBM; QTiBK�H BMp2MiQ`v ?QH/BM;bXk a2+QM/- �b 2KT?�@
bBx2/ #v >�MbK�M 2i �HX UkykyV- � +`BbBb Q7i2M H2�/b iQ ?B;?2` 2tT2+i2/ 7mim`2 T`B+2b-
K�FBM; i?2 +m``2Mi T`B+2 HQQF HBF2 � ǳ/2�HǴ i?�i +�HHb 7Q` biQ+FBM; mTXj �;�BM- i?Bb Bb
QTiBK�H #2?�pBQ` BM �M BMp2MiQ`v KQ/2HX

Pm` T`BK�`v ;Q�H BM i?Bb T�T2` Bb iQ /2p2HQT � T`2/B+iBp2 KQ/2H Q7 ?Qr ;Qp2`MK2Mi
TQHB+B2b BKT�+i QM T�MB+ #mvBM;- bQ r2 /Q MQi M22/ iQ i�F2 � bi�M/ QM i?2 2ti2Mi iQ
r?B+? i?2 T?2MQK2MQM Bb /`Bp2M #v Tbv+?QHQ;B+�H Q` 2+QMQKB+ 7�+iQ`bX _2;�`/H2bb Q7 i?2
mM/2`HvBM; +�mb2- i?2 T?2MQK2MQM Q7 T�MB+ #mvBM; Bb bQ+B�HHv +QbiHv 7Q` b2p2`�H `2�bQMbX
� bm//2M +`BbBb BM/m+2/ DmKT BM +QMbmK2` /2K�M/ �#Qp2 2tT2+i2/ ?BbiQ`B+�H H2p2Hb K�v
Q7i2M H2�/ iQ `2i�BH biQ`2 biQ+Fb Qmib BM i?2 b?Q`i `mMX h?Bb Bb 2bT2+B�HHv i`m2 BM i?2 +�b2
Q7 Dmbi@BM@iBK2 bmTTHv +?�BMb r?2`2 HBiiH2 BMp2MiQ`v Bb �p�BH�#H2 iQ ?�M/H2 bm//2M DmKTb
BM /2K�M/X .m`BM; i?2 *PoA.@RN T�M/2KB+- b2`BQmb biQ+F Qmi bBim�iBQMb ?�p2 #22M
Q#b2`p2/ BM K�Mv +QmMi`B2b 7Q` +QMbmK2` bi�TH2b HBF2 iQBH2i T�T2`- `B+2 �M/ T�bi�X am+?
`2i�BH biQ+Fb Qmib �`2 +QbiHv 7Q` +QMbmK2`b r?Q �`2 mM�#H2 iQ Q#i�BM 2MQm;? Q7 i?2 /2bB`2/
T`Q/m+i iQ K22i i?2B` mb�;2 M22/b- �M/ T�`iB+mH�`Hv +QbiHv 7Q` pmHM2`�#H2 ;`QmTb HBF2 i?2
2H/2`Hv �M/ i?2 /Bb�#H2/ 7Q` r?QK b?QTTBM; +�M #2 +?�HH2M;BM;X

a?Q`i�;2b +`2�i2/ #v T�MB+ #mvBM; �HbQ 7Q`+2 +QMbmK2`b iQ /2pQi2 2ti`� iBK2 �M/ 2zQ`i
iQ b?QTTBM;- /Bp2`iBM; iBK2 �r�v 7`QK r2H7�`2@BKT`QpBM; �+iBpBiB2b HBF2 rQ`F- H2Bbm`2- �M/
bH22T- �b r2HH �b ;2M2`�iBM; Tbv+?QHQ;B+�H +Qbib #v BM/m+BM; �MtB2iv �M/ bi`2bbX a?Q`i�;2b
K�v ?2B;?i2M �MtB2iv �#Qmi i?2 T�M/2KB+ @ �M/ i?2 ;Qp2`MK2MiǶb `2bTQMb2 @ �KQM;

kAM i?2 1AE BMp2MiQ`v KQ/2H i?2 +Qbi Q7 � biQ`2 pBbBi �M/ i?2 biQ+F@Qmi `BbF �`2 irQ F2v T�`�K2i2`b
i?�i /`Bp2 QTiBK�H BMp2MiQ`v ?QH/BM;b, PTiBK�H BMp2MiQ`v Bb BM+`2�bBM; BM i?2 +Qbi Q7 � biQ`2 pBbBi UBX2X-
B7 biQ`2 pBbBib r2`2 +QbiH2bb- QM2 +QmH/ #mv +QMbmK2` ;QQ/b QM � Dmbi@BM@iBK2 #�bBb- F22TBM; BMp2MiQ`B2b
M2�` x2`QVX h?2 *PoA.@RN T�M/2KB+ BM+`2�b2/ i?2 +Qbi Q7 � biQ`2 pBbBi BM i?`22 r�vb, UBV PM2 K�v rBb?
iQ �pQB/ biQ`2b iQ �pQB/ +QMi�+i rBi? TQi2MiB�HHv BM72+i2/ +mbiQK2`b- UBBV B7 � +QMbmK2` #2+QK2b BM72+i2/
i?2v Kmbi [m�`�MiBM2 �i ?QK2- K�FBM; biQ`2 pBbBib BKTQbbB#H2 7Q` � iBK2- UBBBV ;Qp2`MK2Mi TQHB+B2b HBF2
HQ+F/QrMb K�v K�F2 ;QBM; iQ i?2 biQ`2 KQ`2 /B{+mHiX PTiBK�H BMp2MiQ`v Bb �HbQ BM+`2�bBM; BM i?2 `BbF Q7
biQ+F QmibX A7 � +`BbBb `�Bb2b biQ+F@Qmi `BbF @ 2Bi?2` /m2 iQ bmTTHv /Bb`mTiBQMb Q` /m2 iQ � H�;;2/ `2bTQMb2
Q7 bmTTHv iQ i?2 +`BbBb@BM/m+2/ BM+`2�b2 BM /2K�M/ @ Bi �HbQ H2�/b iQ ?B;?2` QTiBK�H BMp2MiQ`vX
jh?2 2tT2+i�iBQM Q7 7mim`2 T`B+2 BM+`2�b2b K�v 2p2M H2�/ iQ bT2+mH�iBp2 #mvBM;- r?2`2 bQK2 T2QTH2

�ii2KTi iQ #mv mT BMp2MiQ`v 7Q` bm#b2[m2Mi `2b�H2 �i � ?B;?2` T`B+2X

Ü kyky



*QMbmK2` S�MB+ BM i?2 *PoA.@RN S�M/2KB+ j

i?2 ;2M2`�H TQTmH�iBQMX 6m`i?2`KQ`2- �b bi`2bb2/ #v >�MbK�M 2i �HX UkykyV- `2Tmi�#H2
`2i�BH2`b �pQB/ T`B+2 BM+`2�b2b /m`BM; +`Bb2b- #Qi? /m2 iQ H2;�H +QMbi`�BMib �M/ HQM; `mM
`2Tmi�iBQM�H +QM+2`MbX h?Bb +�M H2�/ iQ bT2+mH�iBp2 #mvBM; �M/ i?2 2K2`;2M+2 Q7 #H�+F
K�`F2ibX JQ`2Qp2`- +QMbmK2` T�MB+ K�v /B`2+iHv T`QKQi2 pB`mb i`�MbKBbbBQM- #v +�mbBM;
T2QTH2 iQ ~Q+F iQ i?2 bmT2`K�`F2i #27Q`2 i?2 QMb2i Q7 � HQ+F/QrMX

q2 /2p2HQT � K2�bm`2 Q7 +QMbmK2` T�MB+ 7Q` 89 +QmMi`B2b Qp2` i?2 }`bi 7Qm` KQMi?b
Q7 kyky mbBM; :QQ;H2 b2�`+? /�i�X h?2 K2�bm`2 b?Qrb i?�i +QMbmK2`b BM KQbi Q7 i?2
H�`;2 2+QMQKB2b Q7 i?2 rQ`H/ 2tT2`B2M+2/ T�MB+ BM `2bTQMb2 iQ i?2 *PoA.@RN T�M/2KB+X
Jm+? Q7 i?2 T�MB+ Q++m``BM; BM J�`+?- +QMbBbi2Mi rBi? A_A UkykyV /�i� b?QrBM; b?�`T
BM+`2�b2b BM J�`+? ;`Q+2`v b�H2bX q2 }M/ bi`QM; ?2i2`Q;2M2Biv BM i?2 iBKBM; �M/ b2p2`Biv
Q7 +QMbmK2` T�MB+ �+`Qbb +QmMi`B2b BM i?2 b�KTH2X aQK2 +QmMi`B2b 2tT2`B2M+2/ KQ`2 T�MB+
i?�M Qi?2`b Ubm+? �b �mbi`�HB� �M/ i?2 lMBi2/ ai�i2bV- �M/ bQK2 T�MB+F2/ 2�`HB2` r?BH2
Qi?2`b Km+? H�i2`X :2M2`�HHv bT2�FBM;- T�MB+ �TT2�`2/ 2�`HB2` BM i?2 �bB�M `2;BQM i?�M
i?2 `2bi Q7 i?2 rQ`H/- �M/ `B+?2` +QmMi`B2b i2M/2/ iQ T�MB+ KQ`2 i?�M TQQ`2` QM2bX

:Bp2M i?�i +QMbmK2` T�MB+ Bb � +QKKQM `2bTQMb2 iQ +`Bb2b �M/ bQ+B�HHv +QbiHv- Bi Bb mb2@
7mH iQ +QMbB/2` ?Qr ;Qp2`MK2Mi TQHB+v K�v +QMi`B#mi2 iQ @ Q` �HH2pB�i2 @ i?2 T?2MQK2MQMX
:Qp2`MK2Mi TQHB+v �b Bi `2H�i2b iQ *PoA.@RN ?�b 7Q+mb2/ QM 2Bi?2` i?2 +QMi�BMK2Mi Q7
pB`�H i`�MbKBbbBQM Q` 2zQ`ib iQ T`QT mT i?2 2+QMQKvX hQ i?�i 2M/- r2 +QMbi`m+i i?`22
/�BHv K2�bm`2b Q7 ;Qp2`MK2Mi TQHB+v /m`BM; i?2 T�M/2KB+, ǵBMi2`M�H `2bi`B+iBQMbǶ r?B+?
+m`i�BH i?2 7`22/QK Q7 KQp2K2Mi �M/ �bbQ+B�iBQM rBi?BM � +Biv Q` ;`2�i2` `2;BQM- ǵi`�p2H
`2bi`B+iBQMbǶ r?B+? HBKBi Q` T`2p2Mi T2QTH2 7`QK 2Mi2`BM; i?2 +QmMi`v- �M/ ǵbiBKmHmb �M@
MQmM+2K2MibǶ r?B+? �`2 �MMQmM+2K2Mib Q7 � bB;MB}+�Mi }b+�H Q` KQM2i�`v TQHB+v K2�@
bm`2bX h?2 K2�bm`2b b?Qr i?�i i?2 K�DQ`Biv Q7 TQHB+v +?�M;2 Q++m``2/ #2ir22M i?2 Rji?
�M/ k9i? Q7 J�`+?- r?B+? Bb �`QmM/ i?2 iBK2 i?�i K�Mv Q7 i?2 rQ`H/ ;Qp2`MK2Mib H2�`Mi
i?�i *PoA.@RN rQmH/ b2p2`2Hv �z2+i i?2B` +QmMi`vX

h?2`2 Bb bm#bi�MiB�H ?2i2`Q;2M2Biv �+`Qbb +QmMi`B2b BM i?2 iBKBM;- b2p2`Biv- �M/ BM@
+`2K2Mi�HBbK Q7 i?2 TQHB+v `2bTQMb2X aQK2 +QmMi`B2b- bm+? �b "`�xBH �M/ aQmi? EQ`2�-
/B/ MQi BKTQb2 b2p2`2 `2bi`B+iBQMb QM KQp2K2Mi- r?BH2 Qi?2`b bm+? �b aT�BM �M/ S2`m
BKTQb2/ bi`B+i HQ+F/QrMbX *QmMi`B2b bm+? �b Ai�Hv �M/ LQ`r�v BKTQb2/ BMi2`M�H `2bi`B+@
iBQMb ǵ2�`HvǶ U`2H�iBp2 iQ Qi?2` +QmMi`B2bV- r?BH2 Qi?2`b HBF2 aBM;�TQ`2- J2tB+Q �M/ AM/B�
BKTQb2/ `2bi`B+iBQMb [mBi2 H�i2X aQK2 +QmMi`B2b bm+? �b i?2 lMBi2/ ai�i2b �M/ *�M�/�
�HHQr2/ bi�i2bfT`QpBM+2b iQ ;`�/m�HHv BKTH2K2Mi `2bi`B+iBQMb UQ` MQiV- r?BH2 K�Mv Qi?2`b
bm+? �b 6`�M+2 �M/ �`;2MiBM� �MMQmM+2/ HQ+F/QrMb �i i?2 72/2`�H H2p2HX

lbBM; i?Bb /�i�- r2 BMp2biB;�i2 � MmK#2` Q7 BMi2`2biBM; [m2biBQMb `2H�i2/ iQ +QMbmK2`
T�MB+ /m`BM; i?2 *PoA.@RN T�M/2KB+X 6Q` BMbi�M+2- r?v /B/ bQK2 +QmMi`B2b T�MB+ KQ`2
i?�M Qi?2`b- �M/ r?v /B/ bQK2 +QmMi`B2b T�MB+ 2�`HB2` �M/ Qi?2`b H�i2`\ PM2 TQbbB#BHBiv
Bb i?�i /Bz2`2M+2b BM i?2 2ti2Mi �M/ iBKBM; Q7 i?2 bT`2�/ Q7 *PoA.@RN 2tTH�BM /Bz2`2M+2b
BM +QMbmK2` T�MB+X "mi ?2i2`Q;2M2Biv BM i?2 b2p2`Biv �M/ iBKBM; Q7 ;Qp2`MK2Mi TQHB+v
iQ +QMi�BM i?2 pB`mb K�v �HbQ TH�v � `QH2X qBi? K�Mv +QmMi`B2b 2tT2`B2M+BM; Qmi#`2�Fb
Q7 *PoA.@RN bBKmHi�M2QmbHv- Bi Bb rQ`i? +QMbB/2`BM; r?2i?2` T�MB+ Bb /`Bp2M T`BK�`BHv
#v TQHB+v +?�M;2 �M/ pB`mb i`�MbKBbbBQM �i i?2 /QK2biB+ H2p2H- Q` B7 +QMbmK2`b `2bTQM/
iQ 2p2Mib BM Qi?2` +QmMi`B2b �b r2HH\ US2`?�Tb #2+�mb2 i?2v b2`p2 �b � bB;M�H Q7 r?�i Bb
HBF2Hv iQ Q++m` BM i?2B` QrM +QmMi`vXV A7 i?2 �+iBpBiv Q7 Qi?2` +QmMi`B2b �HbQ /`Bp2 T�MB+-
/Q2b i?2 BKT�+i Q7 /QK2biB+ TQHB+v �MMQmM+2K2Mib /2T2M/ QM r?�i Qi?2` +QmMi`B2b ?�p2
/QM2\ @ BX2X /Q2b Bi K�ii2` 7Q` T�MB+ B7 ;Qp2`MK2Mib BKTH2K2Mi HQ+F/QrMb 2�`Hv Q` H�i2
`2H�iBp2 iQ Qi?2` +QmMi`B2b\

A7 ;Qp2`MK2Mi TQHB+v ?�b �M BKT�+i QM +QMbmK2` T�MB+- �M/ B7 i?�i BKT�+i Bb +QMi2ti
/2T2M/2Mi- i?2M r2 M22/ iQ H2�`M i?2b2 H2bbQMb bQ i?�i Bi +�M 7�+iQ` BMiQ i?2 /2+BbBQM
Ü kyky
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K�FBM; Q7 TQHB+vK�F2`b /m`BM; i?2 M2ti T�M/2KB+f+`BbBb- Q` 2p2M /m`BM; bm#b2[m2Mi
r�p2b Q` bi`�BMb Q7 *PoA.@RNX hQ �//`2bb i?Bb Bbbm2- r2 /2p2HQT � /vM�KB+ KQ/2H Q7
T�MB+ �b � 7mM+iBQM Q7 TQHB+v +?�M;2 �M/ i?2 bT`2�/ Q7 *PoA.@RNX Ai 72�im`2b /QK2biB+
TQHB+v +?�M;2b- i?2 �p2`�;2 +?�M;2 Q7 TQHB+v BM Qi?2` +QmMi`B2b- � MQMHBM2�` bT2+B}+�iBQM
Q7 /QK2biB+ �M/ Qp2`b2�b *PoA.@RN +�b2 BM+`2�b2b- �M/ BMi2`�+iBQM i2`Kb i?�i �HHQr 7Q`
i?2 2z2+i Q7 /QK2biB+ TQHB+v +?�M;2b iQ p�`v #v i?2 �p2`�;2 bi�i2 Q7 TQHB+v Qp2`b2�bX

q2 }M/ 2pB/2M+2 7Q` b2p2`�H +QM+HmbBQMb �#Qmi i?2 bT`2�/ Q7 +QMbmK2` T�MB+ /m`BM;
i?2 *PoA.@RN T�M/2KB+, 6B`bi- i?2 �MMQmM+2K2Mi Q7 BMi2`M�H KQp2K2Mi `2bi`B+iBQMb
+H2�`Hv ;2M2`�i2b BM+`2�b2/ +QMbmK2` T�MB+- �M/ i?2 K�;MBim/2 Q7 i?2 2z2+i Bb H�`;2X
h?Bb Bb BM +QMi`�bi iQ i`�p2H `2bi`B+iBQMb �M/ biBKmHmb �MMQmM+2K2Mib- r?2`2 r2 }M/ MQ
2pB/2M+2 i?�i 2Bi?2` bvbi2K�iB+�HHv H2�/b iQ ?B;?2` +QMbmK2` T�MB+X a2+QM/- +QMbmK2`b
�`2 �HbQ b2MbBiBp2 iQ i?2 �MMQmM+2K2Mi Q7 BMi2`M�H `2bi`B+iBQMb Qp2`b2�b- r?B+? 2tTH�BMb
r?v T�MB+ bm`;2/ BM bQK2 +QmMi`B2b T`BQ` iQ /QK2biB+ TQHB+v +?�M;2X q2 �HbQ }M/ bi`QM;
2pB/2M+2 i?�i i?2 +QMi2ti Q7 TQHB+v �MMQmM+2K2Mi K�ii2`b, B7 i?2 TQHB+v Bb �MMQmM+2/
2�`Hv U`2H�iBp2 iQ Qi?2` +QmMi`B2bV Bi ?�b KQ`2 Q7 �M 2z2+i QM T�MB+ i?�M TQHB+v �MMQmM+2/
H�i2`X h?2 H�bi +QM+HmbBQM Q7 MQi2 Bb i?�i i?2 bT`2�/ Q7 i?2 pB`mb K�ii2`b bB;MB}+�MiHv
iQQ- �Hi?Qm;? QMHv B7 Bi Bb 2Mi2`2/ BM i?2 bT2+B}+�iBQM MQMHBM2�`HvX

PM2 TQHB+v BKTHB+�iBQM Q7 i?2b2 `2bmHib Bb i?�i BKTH2K2Mi�iBQM Q7 BMi2`M�H KQp2K2Mi
`2bi`B+iBQMb +�M #2 2tT2+i2/ iQ BM/m+2 T�MB+ #mvBM; BM i?2 b?Q`i@`mM- T�`iB+mH�`Hv B7 i?2
TQHB+v Bb �MMQmM+2/ #27Q`2 bBKBH�` K2�bm`2b BM Qi?2` +QmMi`B2bX h?2 /�i� bm;;2bib i?�i
i?2 T�MB+ `2bTQMb2 Bb bm//2M- bi`QM;- �M/ /BbbBT�i2b BM � r22F iQ i2M /�vbX �b i?2 K�BM
Q#D2+iBp2 Q7 BKTH2K2MiBM; BMi2`M�H KQp2K2Mi `2bi`B+iBQMb Bb iQ +QMi�BM pB`mb i`�MbKBbbBQM-
2�`Hv BKTH2K2Mi�iBQM Q7 bm+? � TQHB+v K�v biBHH #2 QTiBK�H /2bTBi2 M2;�iBp2 b?Q`i@`mM
+QMb2[m2M+2bX9 L2p2`i?2H2bb- i?2 bT22/ Q7 i?2 T�MB+ `2bTQMb2 bm;;2bib i?�i K2�bm`2b iQ
T`2p2Mi b?Q`i�;2b BM i?2 7�+2 Q7 +QMbmK2` T�MB+- bm+? �b `�iBQMBM; Q` T`BQ`Biv �++2bb 7Q`
pmHM2`�#H2 ;`QmTb iQ 2bb2MiB�H ;QQ/b- M22/ iQ #2 BKTH2K2Mi2/ T`BQ` iQ UQ` bBKmHi�M2QmbHv
rBi?V i?2 �MMQmM+2K2Mi Q7 TQHB+v +?�M;2 �M/ MQi �7i2` i?2 7�+iX

h?2 b2+QM/ TQHB+v BKTHB+�iBQM Bb i?�i i?2 �MMQmM+2K2Mi Q7 bi`QM; i`�p2H `2bi`B+iBQMb
�TT2�`b iQ ?�p2 p2`v HBiiH2 2z2+i QM +QMbmK2` T�MB+X h?mb- T`2bmKBM; i`�p2H `2bi`B+iBQMb
�`2 2z2+iBp2 BM bmTT`2bbBM; pB`mb i`�MbKBbbBQM- BKTH2K2MiBM; i?2K 2�`Hv rQmH/ �TT2�`
iQ ?�p2 #22M � p2`v ;QQ/ TQHB+v bi`�i2;v 7Q` ;Qp2`MK2Mib BM i?2 +m``2Mi T�M/2KB+X lM@
HBF2 BMi2`M�H `2bi`B+iBQMb- i?2`2 Bb �HbQ MQ #2M2}i BM r�BiBM; iQ BKTH2K2Mi i?2KX 6m`i?2`
`2b2�`+? Bb M22/2/ QM i?2 2z2+ib Q7 TQHB+v +?�M;2 QM mM2KTHQvK2Mi �M/ pB`mb i`�Mb@
KBbbBQM iQ /2i2`KBM2 i?2 QTiBK�H TQHB+v KBt i?�i #�H�M+2b i?2 /2bB`2 iQ bmTT`2bb pB`mb
i`�MbKBbbBQM rBi? KBMBKBxBM; 2+QMQKB+ /Bb`mTiBQM �M/ +QMbmK2` T�MB+X8

h?2 QmiHBM2 Q7 i?2 T�T2` Bb �b 7QHHQrbX a2+iBQM k /2b+`B#2b ?Qr r2 +QMbi`m+i K2�bm`2b Q7
T�MB+ �M/ ;Qp2`MK2Mi TQHB+v /m`BM; i?2 *PoA.@RN T�M/2KB+- �M/ /2b+`B#2b F2v 72�im`2b
Q7 i?2 /�i�X a2+iBQM j /2b+`B#2b i?2 2+QMQK2i`B+ K2i?Q/b r2 mb2 iQ KQ/2H +QMbmK2`
T�MB+X a2+iBQM 9 T`2b2Mib Qm` 2biBK�iBQM `2bmHib- BM+Hm/BM; BKTmHb2 `2bTQMb2 7mM+iBQMb
7Q` TQHB+v +?�M;2bX a2+iBQM 8 /`�rb +QM+HmbBQMb 7`QK i?2 �M�HvbBb- r?BH2 i?2 �TT2M/Bt
+QMi�BMb bmTTH2K2Mi�`v BM7Q`K�iBQM �M/ `2bmHibX

9aBM+2 pB`mb i`�MbKBbbBQM H2�/b iQ ?B;?2` +QMbmK2` T�MB+ �b r2HH- i?2 2�`Hv BKTH2K2Mi�iBQM Q7 i?2 TQHB+v
+QmH/ 2p2M #2 QTiBK�H BM `2;�`/b iQ i?2 KBMBKBx�iBQM Q7 +QMbmK2` T�MB+ Qp2` i?2 HQM; i2`KX
8*?BM�xxB 2i �HX UkykyV bim/v i?2 2z2+i Q7 i`�p2H `2bi`B+iBQMb QM pB`mb i`�MbKBbbBQM- r?BH2 6�M; 2i �HX

UkykyV bim/v i?2 2z2+i Q7 BMi2`M�H KQp2K2Mi `2bi`B+iBQMbX h?2 7Q`K2` T�T2` �`;m2b i?�i i`�p2H `2bi`B+@
iBQMb ?�p2 QMHv KQ/2bi 2z2+ib mMH2bb +QK#BM2/ rBi? i`�MbKBbbBQM@`2/m+iBQM BMi2`p2MiBQMb U2X;X- BMi2`M�H
KQp2K2Mi `2bi`B+iBQMbVX

Ü kyky
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kX J1�al_AL: S�LA* �L. SPGA*u .l_AL: h>1 *PoA.@RN S�L.1JA*
kXRX J2�bm`BM; *QMbmK2` S�MB+

� ;QQ/ K2�bm`2 Q7 +QMbmK2` T�MB+ Kmbi b�iBb7v b2p2`�H +`Bi2`B�X S�MB+ #v Bib p2`v M�im`2
Bb bm#D2+i iQ bm//2M /�BHv +?�M;2bX h?2 7�+iQ`b i?�i /`Bp2 T�MB+ @ ;Qp2`MK2Mi TQHB+v
�M/ pB`mb i`�MbKBbbBQM @ ?�p2 �HbQ #22M bm#D2+i iQ bm//2M +?�M;2b /m`BM; i?2 T�M/2KB+X
h?mb- iQ KQ/2H i?2 /vM�KB+b Q7 i?2 T�MB+ T`Q+2bb- r2 M22/ � /�BHv K2�bm`2 Q7 +QMbmK2`
T�MB+X h?2 *PoA.@RN T�M/2KB+ Bb � p2`v `2+2Mi 2p2Mi i?�i ?�b Dmbi `2�+?2/ Bib }7i?
KQMi?- bQ r2 �HbQ M22/ � K2�bm`2 Q7 T�MB+ i?�i Bb �p�BH�#H2 �b +HQb2 iQ i?2 T`2b2Mi /�v
�b TQbbB#H2X G�biHv- r2 `2[mB`2 � K2�bm`2 i?�i Bb �p�BH�#H2 7Q` K�Mv +QmMi`B2b- BM Q`/2`
iQ 2tTHQBi ?2i2`Q;2M2Biv BM pB`mb i`�MbKBbbBQM �M/ TQHB+v `2bTQMb2X q?BH2 bmT2`K�`F2i
b+�MM2` /�i� QM ;`Q+2`v b�H2b Bb �p�BH�#H2 QM � /�BHv #�bBb- Bi Bb MQi �p�BH�#H2 7Q` K�Mv Q7
i?2 +QmMi`B2b r2 rBb? iQ BM+Hm/2 BM i?2 �M�HvbBbX �++Q`/BM;Hv- BM i?Bb �`iB+H2 r2 +QMbi`m+i
� ?B;? 7`2[m2M+v K2�bm`2 Q7 +QMbmK2` T�MB+ mbBM; :QQ;H2 b2�`+? /�i�X

:QQ;H2 b2�`+? /�i� r�b b?QrM #v *?QB �M/ o�`B�M UkyRkV iQ #2 mb27mH BM ǳMQr@+�biBM;Ǵ
+m``2Mi p�Hm2b Q7 2+QMQKB+ BM/B+�iQ`b bm+? �b mM2KTHQvK2Mi +H�BKb �M/ +QMbmK2` +QM@
}/2M+2X .� 2i �HX UkyRRV mb2 :QQ;H2 b2�`+? /�i� iQ Q#i�BM � mb27mH K2�bm`2 Q7 BMp2biQ`
�ii2MiBQM i?�i T`2/B+ib /2K�M/ 7Q` biQ+Fb- r?BH2 :Q2H 2i �HX UkyRyV /2KQMbi`�i2 i?�i
T`2b2Mi b2�`+? �+iBpBiv QM :QQ;H2 +�M #2 mb27mH BM T`2/B+iBM; M2�`@7mim`2 +QMbmK2` #2@
?�pBQ`Xe lM/2`HvBM; �HH Q7 i?Bb `2b2�`+? Bb i?2 B/2� i?�i :QQ;H2 b2�`+? /�i� Bb � mb27mH
BM/B+�iQ` Q7 +QMbmK2` /2K�M/X lbBM; :QQ;H2 b2�`+? /�i� iQ K2�bm`2 i?2 /2;`22 Q7 +QM@
bmK2` T�MB+ BM �M 2+QMQKv Bb � bBKTH2 2ti2MbBQM Q7 i?Bb B/2�- �M/ Bi �HHQrb mb iQ +�Tim`2
bm//2M bm`;2b BM T�MB+ �b i?2v Q++m` �+`Qbb i?2 rQ`H/ BM `2�+iBQM iQ i?2 pB`mbX

h?2 :QQ;H2 >2�Hi? h`2M/b �SA T`QpB/2b /�i� QM i?2 T`QTQ`iBQM Q7 b2�`+?2b mM/2`i�F2M
QM i?2B` b2�`+? 2M;BM2 rBi?BM � Dm`Bb/B+iBQM �M/ iBK2 T2`BQ/ K�i+?BM; �Mv bT2+B}2/ rQ`/
Q` T?`�b2X 6Q` 2t�KTH2- 7Q` i?2 rQ`/ ǵT�MB+Ƕ- i?2 �SA rBHH `2im`M i?2 T`Q#�#BHBiv i?�i
� b?Q`i b2�`+?@b2bbBQM- r?B+? Bb /2}M2/ �b � 72r +QMb2+miBp2 b2�`+?2b #v � bBM;H2 mb2`-
BM+Hm/2b � b2�`+? 7Q` ǵT�MB+Ƕ rBi?BM � T�`iB+mH�` Dm`Bb/B+iBQM /m`BM; � /�vX h?2 /�i� Bb
T`QpB/2/ BM i?2 7Q`K Q7 � T`Q#�#BHBiv- i?mb �/DmbiBM; 7Q` /Bz2`2M+2b BM TQTmH�iBQM �M/
:QQ;H2 mb�;2 #2ir22M +QmMi`B2bX h?2 MmK#2`b �`2 Q#i�BM2/ 7`QK � mMB7Q`KHv /Bbi`B#mi2/
`�M/QK b�KTH2 Q7 :QQ;H2 r2# b2�`+?2b- �M/ �`2 �p�BH�#H2 7Q` /�BHv b2�`+? �+iBpBiv UmbBM;
i?2 lh* iBK2xQM2V BM KQbi +QmMi`B2b Q7 i?2 rQ`H/X

hQ +QMbi`m+i �M BM/2t Q7 T�MB+ /m`BM; i?2 *PoA.@RN T�M/2KB+- r2 mb2 � b2i Q7 F2v@
rQ`/b Q` T?`�b2b i?�i �ii2KTi iQ i`�+F � bm//2M T`Q+HBpBiv 7Q` �#MQ`K�H T�ii2`Mb Q7
+QMbmK2` #2?�pBQ` BM/B+�iBp2 Q7 ǵT�MB+ #mvBM;XǶ Ai Bb +`m+B�H iQ MQi QMHv }M/ rQ`/b i?�i
T2QTH2 BM 1M;HBb?@bT2�FBM; +QmMi`B2b �`2 HBF2Hv iQ b2�`+?- #mi �HbQ QM2b i?�i +�M #2 i`�Mb@
H�i2/ BMiQ K�Mv Qi?2` H�M;m�;2b �M/ `2+2Bp2 b2�`+? �+iBpBiv �+`Qbb i?2 ;HQ#2X q2 +QHH2+i2/
/�i� 7Q` i?2 7QHHQrBM; b2p2M rQ`/b Q` T?`�b2b, ǵiQBH2i T�T2`Ƕ- ǵT�MB+ #mvBM;Ƕ- ǵ?Q�`/BM;Ƕ-
ǵT�MB+Ƕ- ǵbmT2`K�`F2iǶ- ǵ`2+2bbBQMǶ- �M/ ǵmM2KTHQvK2MiǶ U�M/ i?2B` i`�MbH�iBQMbVXd

PMHv i?2 i2`K ǵiQBH2i T�T2`Ƕ `2H�i2b iQ � bT2+B}+ ;QQ/- r?BH2 i?2 `2K�BM/2` i`�+F
b2�`+? BMi2`2bi BM bT2+B}+ +QM+2TibX P7 +Qm`b2- i?2`2 �`2 Qi?2` T`Q/m+ib i?�i 2tT2`B2M+2/
� bm`;2 BM /2K�M/ 7QHHQrBM; i?2 QMb2i Q7 i?2 T�M/2KB+- BM+Hm/BM; 7�+2 K�bFb �M/ ?�M/

e:QQ;H2 b2�`+? /�i� ?�b �HbQ #22M mb2/ 2ti2MbBp2Hv BM Qi?2` b+B2M+2b- BM+Hm/BM; :BMb#2`; 2i �HX UkyyNV
r?Q mb2 Bi iQ T`2/B+i Qmi#`2�Fb Q7 BM~m2Mx�X �M/ KQbi `2+2MiHv- G�KTQb 2i �HX UkykyV mb2 Bi iQ 2biBK�i2
mM/2`HvBM; MmK#2`b Q7 *PoA.@RN +�b2b BM � +QmMi`vX
d6Q` T`Bp�+v `2�bQMb :QQ;H2 +2MbQ` i?2 T`Q#�#BHBiv Q7 � b2�`+? i2`K B7 Bi /B/ MQi ;2i 2MQm;? /BbiBM+i

b2�`+?2bX � +QmMi`v Kmbi ?�p2 2MQm;? :QQ;H2 b2�`+?2b 7Q` 2�+? F2vrQ`/ 7Q` Bib /�i� iQ #2 mb�#H2X

Ü kyky



e E2�M2 � L2�H

b�MBiBx2`X q2 +?QQb2 MQi iQ BM+Hm/2 i?2b2 T`Q/m+ib �b i?2B` miBHBiv �`;m�#Hv BM+`2�b2b
/`�K�iB+�HHv /m`BM; � T�M/2KB+- �M/ � bm`;2 BM /2K�M/ +QmH/ #2 b22M �b � T2`+2Bp2/
M22/ 7Q` BKK2/B�i2 mb2X hQBH2i T�T2`- QM i?2 Qi?2` ?�M/- /Q2b MQi T`QpB/2 KQ`2 miBHBiv
/m`BM; i?Bb T�M/2KB+ �b .B�``?Q2� Bb � p2`v `�`2 bvKTiQK Q7 *PoA.@RNX �Mv BM+`2�b2
BM /2K�M/ 7Q` iQBH2i T�T2` Bb i?2`27Q`2 /m2 iQ `2�bQMb Qi?2` i?�M BKK2/B�i2 mb2X

Pm` BM/2t 7Q` T�MB+ Bb i?2 bmK Q7 i?2 T`Q#�#BHBiB2b Q7 i?2 }`bi }p2 i2`Kb,
Pct = (ToiletPaperct +PanicBuyingct +Hoardingct +Panicct + Supermarketct) ∗ 100

r?2`2 ToiletPaperct Bb i?2 b2�`+? T`Q#�#BHBiv 7Q` i?�i F2vrQ`/ BM +QmMi`v c QM /�v t- �M/
HBF2rBb2 7Q` i?2 Qi?2` b2�`+? i2`KbX S`Q#�#BHBiB2b Q7 BM/BpB/m�H b2�`+? i2`Kb �`2 BM?2`2MiHv
bK�HH- bQ i?2 bmK Bb KmHiBTHB2/ #v Ryy iQ K�F2 Bi KQ`2 `2�/�#H2X q2 �HbQ +QMbB/2` �M
2ti2M/2/ p2`bBQM Q7 i?2 T�MB+ BM/2t i?�i BM+Q`TQ`�i2b � 72�` Q7 2+QMQKB+ BMb2+m`Biv #v
�//BM; i?2 i2`Kb ǵ`2+2bbBQMǶ �M/ ǵmM2KTHQvK2MiǶ iQ i?2 bmK Ub22 a2+iBQM 9X8VX

6Q` +QmMi`B2b i?�i �`2 MQi K�DQ`Biv 1M;HBb?@bT2�FBM;- r2 i`�MbH�i2/ i?2b2 i2`Kb BMiQ kj
H�M;m�;2b BM +QMbmHi�iBQM rBi? M�iBp2 bT2�FBM; +QHH2�;m2bX A7 � +QmMi`v ?�b � MQM@i`BpB�H
MmK#2` Q7 bT2�F2`b Q7 � +2`i�BM H�M;m�;2- r2 �// i?2 b2�`+? T`Q#�#BHBiB2b Q7 i?2 i`�MbH�i2/
i2`K iQ i?2 T`Q#�#BHBiv Q7 i?2 1M;HBb? i2`KX 6Q` BMbi�M+2- BM i?2 +�b2 Q7 arBix2`H�M/-
r2 �// i?2 :2`K�M- 6`2M+?- �M/ Ai�HB�M i`�MbH�iBQMb iQ i?2 1M;HBb? b2�`+? T`Q#�#BHBiB2bX
1t�KTH2 i`�MbH�iBQMb +�M #2 7QmM/ BM h�#H2 d BM i?2 �TT2M/BtX

h?2 `2bmHi Bb � #�H�M+2/ T�M2H /�i�b2i i?�i +QMi�BMb 89 +QmMi`B2b UN = 54V- BM+Hm/BM;
�HH Q7 i?2 K�DQ` 2+QMQKB2b BM i?2 rQ`H/ b�p2 7Q` J�BMH�M/ *?BM�-3 �M/ /�BHv K2�bm`2b Q7
T�MB+ 7`QK i?2 Rbi Q7 C�Mm�`v i?Bb v2�` iQ i?2 kdi? Q7 �T`BH UT = 118VXN

6B;m`2 R THQib i?2 T�MB+ BM/2t �;�BMbi ;HQ#�H *PoA.@RN +�b2b BM HQ; b+�H2X 6Q` i?2
Tm`TQb2 Q7 BHHmbi`�iBQM- r2 ;`QmT i?2 +QmMi`B2b BMiQ i?`22 `2;BQMb, 1m`QT2 �M/ LQ`i?
�K2`B+�- �bB� UBM+Hm/BM; P+2�MB�V- �M/ i?2 _2bi Q7 i?2 qQ`H/- r?B+? BM+Hm/2b aQmi?2`M
�M/ *2Mi`�H �K2`B+�- �7`B+�- �M/ i?2 JB//H2 1�biX h?2 }`bi T�MB+ Q++m``2/ BM aBM;�TQ`2
�M/ h�Br�M 7`QK 62#`m�`v ei? iQ Ryi?- r?B+? BM+`2�b2/ i?2 T�MB+ BM/2t 7Q` �bB� iQ /Qm#H2
Bib MQ`K�H H2p2H UBX2X- 7`QK �#Qmi Xy9 iQ �#Qmi Xy3VX .m`BM; i?Bb iBK2 *PoA.@RN +�b2b
BM *?BM� +HBK#2/ 7`QK ky-yyy iQ Qp2` 9y-yyy- �M/ +�b2b r2`2 bi�`iBM; iQ bT`2�/ BM Qi?2`
1�bi �bB�M +QmMi`B2bX S�MB+ [mB+FHv `2im`M2/ iQ MQ`K�H H2p2Hb BM �bB� mMiBH 62#`m�`v
k3i?- r?2M Bi bm`;2/ iQ �M �p2`�;2 Q7 yXR9 �M/ `2K�BM2/ ?B;? /m`BM; i?2 }`bi r22F Q7
J�`+?X "v i?Bb TQBMi *PoA.@RN +�b2b BM *?BM� ?�/ TH�i2�m2/ �#Qp2 3y-yyy- #mi +�b2b
QmibB/2 *?BM� r2`2 ;`QrBM; p2`v [mB+FHvX h?Bb r�b T�`iB+mH�`Hv i`m2 BM Ai�Hv- r?Q Qp2`
i?Bb T2`BQ/ ;`2r 7`QK e8y +QM}`K2/ +�b2b iQ e-yyyX

Ai r�bMǶi mMiBH i?2 RRi? Q7 J�`+? i?�i LQ`i? �K2`B+� �M/ 1m`QT2 #2;�M iQ 2tT2`B2M+2
?B;? H2p2Hb Q7 T�MB+- rBi? i?2 BM/2t BM+`2�bBM; 7`QK �#Qmi yXy8 iQ � T2�F Q7 �HKQbi i`BTH2
i?�i �KQmMi �i yXR9X *QMbBbi2Mi rBi? i?Bb- i?2 A_A UkykyV bmT2`K�`F2i b�H2b /�i� b?Qr �
K�bbBp2 bTBF2 BM /2K�M/ 7Q` T�T2` T`Q/m+ib BM i?2 r22F 2M/BM; J�`+? R8X Ai r�b BM i?2
}`bi r22F Q7 J�`+? i?�i K�Mv ;Qp2`MK2Mib �`QmM/ i?2 rQ`H/ #2;�M iQ �TT`2+B�i2 i?�i
*PoA.@RN rQmH/ b2p2`2Hv �z2+i i?2B` +QmMi`vX AM i?2 b2+QM/ �M/ i?B`/ r22Fb Q7 J�`+?-

3q2 +�MMQi BM+Hm/2 J�BMH�M/ *?BM� �b i?2 ;Qp2`MK2Mi `2bi`B+ib i?2 mb2 Q7 i?2 :QQ;H2 b2�`+? 2M;BM2X
Nh?2 +QKTH2i2 HBbi Q7 +QmMi`B2bfDm`Bb/B+iBQMb BM i?2 /�i�b2i �`2 �b 7QHHQrb, �`;2MiBM�- �mbi`�HB�- �mb@

i`B�- "2H;BmK- "QHBpB�- "`�xBH- *�M�/�- *?BH2- *QHQK#B�- .2MK�`F- i?2 .QKBMB+�M _2Tm#HB+- 1+m�/Q`-
1;vTi- 6BMH�M/- 6`�M+2- :2`K�Mv- :`22+2- :m�i2K�H�- >QM; EQM; a�_- AM/B�- A`�M- A`2H�M/- Ai�Hv-
C�T�M- E2Mv�- J�H�vbB�- J2tB+Q- JQ`Q++Q- i?2 L2i?2`H�M/b- L2r w2�H�M/- LQ`r�v- S�M�K�- S2`m- i?2
S?BHBTTBM2b- SQH�M/- SQ`im;�H- Z�i�`- _QK�MB�- _mbbB�- a�m/B �`�#B�- aBM;�TQ`2- aQmi? �7`B+�- aQmi?
EQ`2�- aT�BM- ar2/2M- arBix2`H�M/- h�Br�M- h?�BH�M/- hm`F2v- i?2 lMBi2/ �`�# 1KB`�i2b- i?2 lMBi2/
EBM;/QK- i?2 lMBi2/ ai�i2b- l`m;m�v- �M/ oB2iM�KX

Ü kyky



*QMbmK2` S�MB+ BM i?2 *PoA.@RN S�M/2KB+ d

6B;m`2 RX �p2`�;2 S�MB+ �M/ qQ`H/rB/2 *�b2b Q7 *PoA.@RN
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LQi2, h?Bb };m`2 THQib i?2 �p2`�;2 T�MB+ �+`Qbb LQ`i? �K2`B+� �M/ 1m`QT2�M *QmMi`B2b- �bB�M
+QmMi`B2b UBM+Hm/BM; P+2�MB�V- �M/ i?2 _2bi Q7 i?2 qQ`H/ r?B+? BM+Hm/2b aQmi?2`M �M/ *2Mi`�H
�K2`B+�- �7`B+�- �M/ i?2 JB//H2 1�biX �HbQ T`2b2Mi2/ BM HQ; b+�H2 Bb i?2 ;HQ#�H +QM}`K2/ +�b2b
Q7 *PoA.@RN QM i?2 b2+QM/�`v v@�tBbX

`2TQ`i2/ *PoA.@RN +�b2b r2`2 ;`QrBM; 2tTQM2MiB�HHv BM K�Mv +QmMi`B2b Q7 i?2 rQ`H/-
�M/ mMT`2+2/2Mi2/ H2;BbH�iBQM r�b #2BM; �MMQmM+2/ BM �ii2KTib iQ +QMi�BM i?2 bT`2�/
Q7 i?2 pB`mbX h?2 `2K�BM/2` Q7 i?2 +QmMi`B2b BM i?2 b�KTH2- r?B+? BM+Hm/2 *2Mi`�H �M/
aQmi? �K2`B+�- �7`B+�- �M/ i?2 JB//H2 1�bi- �HbQ 2tT2`B2M+2/ � bm`;2 BM T�MB+ BM i?2
KB//H2 Q7 J�`+?X "v �T`BH- i?2 T�MB+ BM/2t bm#bB/2/ �b T2QTH2 �/�Ti2/ iQ � M2r MQ`K�H
�M/ 72�`b Q7 BKKBM2Mi 7QQ/ b?Q`i�;2b bm#bB/2/ BM KQbi �/p�M+2/ 2+QMQKB2bX

6B;m`2 R b?Qrb bB;MB}+�Mi ?2i2`Q;2M2Biv #2ir22M `2;BQMb BM i?2 iBKBM; �M/ b2p2`Biv
Q7 i?2 T�MB+ Qp2` i?2 T�bi 7Qm` KQMi?bX h?2`2 r�b �HbQ bB;MB}+�Mi ?2i2`Q;2M2Biv �+`Qbb
+QmMi`B2b rBi?BM `2;BQMbXRy h?Bb H2�/b iQ i?2 [m2biBQM Q7 r?v bQK2 +QmMi`B2b T�MB+F2/
Km+? KQ`2 i?�M Qi?2` +QmMi`B2b- �M/ r?v bQK2 +QmMi`B2b T�MB+F2/ 2�`HB2` �M/ Qi?2`b
H�i2`X h?2 /Bz2`2MiB�H bT`2�/ Q7 *PoA.@RN �+`Qbb +QmMi`B2b- �M/ i?2B` /Bp2`b2 `�M;2 Q7
TQHB+v `2bTQMb2b- T`QpB/2 �M 2t+2HH2Mi QTTQ`imMBiv iQ bim/v ?Qr /Bz2`2Mi 7�+iQ`b /`Bp2
i?2 bT`2�/ Q7 +QMbmK2` T�MB+X

h�#H2 R T`2b2Mib /2b+`BTiBp2 bi�iBbiB+b Q7 i?2 BM/BpB/m�H b2�`+? i2`Kb �M/ i?2 Qp2`�HH
T�MB+ BM/2tX �KQM; i?2 }p2 b2�`+? i2`Kb T`2b2Mi BM i?2 T�MB+ BM/2t Pct- ǵamT2`K�`F2iǶ
Bb i?2 KQbi Q7i2M b2�`+?2/ i2`K- 7QHHQr2/ #v ǵT�MB+Ƕ �M/ i?2M ǵiQBH2i T�T2`XǶ GQQFBM; �i
i?2 +Q2{+B2Mi Q7 p�`B�iBQM- ǵiQBH2i T�T2`Ƕ ?�b i?2 KQbi p�`B�#BHBiv Q7 �HH i?2 b2�`+? i2`Kb-
/m2 iQ Bib p2`v bK�HH T`Q#�#BHBiv Q7 #2BM; b2�`+?2/ BM MQ`K�H iBK2b �M/ p2`v H�`;2 bTBF2b
/m`BM; i?2 *PoA.@RN T�M/2KB+X Ai Bb 7QHHQr2/ #v ǵmM2KTHQvK2MiǶ r?B+? rBHH #2 BM+Hm/2/
BM Qm` �Hi2`M�iBp2 2ti2M/2/ T�MB+ BM/2tX

Ry�M �TT2M/Bt rBi? ;`�T?b Q7 i?2 T�MB+ BM/2t 7Q` 2p2`v +QmMi`v Bb �p�BH�#H2 QM `2[m2biX

Ü kyky



3 E2�M2 � L2�H

h�#H2 RX .2b+`BTiBp2 ai�iBbiB+b Q7 :QQ;H2 h`2M/b E2vrQ`/b �M/ S�MB+ AM/2t

J2�M J2/B�M ai/X .2pX *o

E2vrQ`/ a2�`+?2b,
hQBH2i S�T2` yXyy3 yXyyj yXykd jXjky
S�MB+ yXyRy yXyyd yXyRR RXR8y
S�MB+ "mvBM; yXyyk yXyyy yXyy8 kX8NR
>Q�`/BM; yXyyk yXyyR yXyyj RX8dj
amT2`K�`F2i yXykd yXyR3 yXyk3 RXyRk
_2+2bbBQM yXyy8 yXyyk yXyRk kXjjN
lM2KTHQvK2Mi yXyR9 yXyye yXy98 jXRN9

S�MB+ AM/2t yXy9N yXyjN yXy99 yX3N9

LQi2, *o `272`b iQ i?2 *Q2{+B2Mi Q7 o�`B�iBQMX

kXkX J2�bm`BM; :Qp2`MK2Mi SQHB+v

� `2K�`F�#H2 2z2+i Q7 i?2 T�M/2KB+ ?�b #22M i?2 /`�K�iB+ `2bTQMb2 7`QK ;Qp2`MK2Mib,
.`�biB+ +?�M;2b iQ i?2 7mM+iBQMBM; Q7 bQ+B2iv ?�p2 Q7i2M #22M 7Q`KmH�i2/ BM mM/2` �
r22F �M/ �MMQmM+2/ QMHv QM2 Q` � 72r /�vb #27Q`2 BKTH2K2Mi�iBQMX :Qp2`MK2Mi TQHB+v
?�b 7Q+mb2/ QM +QMi�BMK2Mi Q7 pB`�H i`�MbKBbbBQM- �HQM; rBi? }b+�H �M/ KQM2i�`v TQHB+v
/2pBb2/ iQ T`QT mT i?2 2+QMQKv r?BH2 +QMi�BMK2Mi K2�bm`2b �`2 ;Bp2M iBK2 iQ rQ`FX
�b Qm` Qmi+QK2 Q7 BMi2`2bi Bb T�MB+- r?B+? �b r2 ?�p2 b22M Bb bm#D2+i iQ ?B;? 7`2[m2M+v
+?�M;2b- Bi Bb BKTQ`i�Mi iQ i`�+F i?2 2pQHmiBQM Q7 ;Qp2`MK2Mi TQHB+v BM � T`2+Bb2 K�MM2`
i?�i +�Tim`2b i?2 iBKBM; Q7 �Mv bm//2M +?�M;2bX "2+�mb2 Q7 i?Bb r2 K2�bm`2 TQHB+v
+?�M;2b �i i?2B` �MMQmM+2K2Mi `�i?2` i?�M �i i?2B` BKTH2K2Mi�iBQMX

q2 +�i2;Q`Bx2 TQHB+v �MMQmM+2K2Mib BMiQ i?`22 #`Q�/ ivT2b, URV ǵBMi2`M�H `2bi`B+iBQMbǶ
r?B+? +m`i�BH 7`22/QK Q7 KQp2K2Mi �M/ �bbQ+B�iBQM rBi?BM � +Biv Q` ;`2�i2` `2;BQM- UkV
ǵi`�p2H `2bi`B+iBQMbǶ r?B+? HBKBi Q` T`2p2Mi T2QTH2 7`QK 2Mi2`BM; i?2 +QmMi`v- �M/ UjV
ǵbiBKmHmb �MMQmM+2K2MibǶ r?B+? �`2 +?�M;2b BM }b+�H Q` KQM2i�`v TQHB+vX q2 MQr /Bb+mbb
?Qr r2 +Q/2 i?2 TQHB+v �MMQmM+2K2Mi p�`B�#H2b- `2+Q;MBxBM; i?�i i?Bb Kmbi BMpQHp2 bQK2
/2;`22 Q7 bm#D2+iBpBiv,

h?2 BM/2t 7Q` ǵBMi2`M�H `2bi`B+iBQMbǶ Bb /2}M2/ �b 7QHHQrb,
Internalct = Schoolsct +Gatheringsct +Movementct UkXRV

r?2`2 Schoolsct = 1 B7 i?2`2 Bb � 72/2`�H +HQbm`2 Q7 T`BK�`v �M/ b2+QM/�`v b+?QQHb BM +QmM@
i`v c QM /�v t- �M/ y Qi?2`rBb2X Gatheringsct = 1 B7 i?2`2 Bb � #�M QM p2`v H�`;2 ;�i?2`BM;b
UKQ`2 i?�M 8yy iQ kyyy T2QTH2V- 2 B7 i?2`2 Bb �HbQ � #�M QM bK�HH2` ;�i?2`BM;b UKQ`2 i?�M
8y iQ kyy T2QTH2V- �M/ y Qi?2`rBb2X Movementct = 1 B7 i?2 ;Qp2`MK2Mi bi`QM;Hv 2M+Qm`@
�;2b rQ`F 7`QK ?QK2 r?2`2 72�bB#H2- i?2`2 �`2 ?2�pv `2bi`B+iBQMb QM i?2 mb2 Q7 Tm#HB+
bT�+2b- �M/ KQbi `2i�BH �M/ 2Mi2`i�BMK2Mi #mbBM2bb2b �`2 +HQb2/X Movementct = 2 B7- BM
�//BiBQM iQ i?2 �#Qp2- K�Mv MQM@2bb2MiB�H BM/mbi`B2b �`2 b?mi /QrM �M/ � K�DQ`Biv Q7 BM@
/BpB/m�Hb �`2 T`2p2Mi2/ 7`QK rQ`FBM;- �M/ y Qi?2`rBb2X P++�bBQM�HHv � ?�H7 TQBMi rBHH #2
�bbB;M2/ iQ � TQHB+v TQbBiBQM r?2M Bi Bb /B{+mHi iQ +�i2;Q`Bx2 Ubm+? �b ai�i2 ;Qp2`MK2Mib
�/QTiBM; � TQHB+v #mi MQi i?2 72/2`�H ;Qp2`MK2MiVX Internalct +�M `�M;2 7`QK y iQ 8X

Ü kyky



*QMbmK2` S�MB+ BM i?2 *PoA.@RN S�M/2KB+ N

h?2 BM/2t 7Q` ǵi`�p2H `2bi`B+iBQMbǶ Bb /2}M2/ �b 7QHHQrb,
Travelct =(ChinaBanct + IranBanct + ItalyBanct + SouthKoreaBanct)/2

+Noncitizensct + Citizensct
UkXkV

r?2`2 ChinaBanct = 1 B7 �HH i`�p2HH2`b �``BpBM; 7`QK *?BM� Kmbi b2H7@BbQH�i2 7Q` R9 /�vb-
2 B7 �HH i`�p2HH2`b 7`QK *?BM� �`2 #�MM2/ 7`QK 2Mi2`BM; i?2 +QmMi`v- �M/ y Qi?2`rBb2X
GBF2rBb2 7Q` IranBanct- ItalyBanct- �M/ SouthKoreaBanct- r?B+? r2`2 +?Qb2M �HQM;
rBi? *?BM� �b i?2v r2`2 i?2 7Qm` +QmMi`B2b iQ #2 KQbi �z2+i2/ 7`QK *PoA.@RN 2�`Hv BM
i?2 S�M/2KB+X Noncitizensct = 1 B7 MQM@+BiBx2Mb �``BpBM; BM i?2 +QmMi`v Kmbi b2H7@BbQH�i2
7Q` R9 /�vb- 2 B7 MQM@+BiBx2Mb �`2 #�MM2/ 7`QK 2Mi2`BM; i?2 +QmMi`v- �M/ y Qi?2`rBb2X
GBF2rBb2- Citizensct = 1 B7 �HH +BiBx2M 2Mi`�Mib Kmbi b2H7@BbQH�i2 7Q` R9 /�vb- 2 B7 +BiBx2Mb
�`2 2z2+iBp2Hv T`2p2Mi2/ 7`QK 2Mi2`BM; i?2 +QmMi`v- �M/ y Qi?2`rBb2XRR

G�biHv- i?2 p�`B�#H2 7Q` biBKmHmb �MMQmM+2K2Mib Stimulusct Bb i?2 bmK Q7 �HH ;Qp2`M@
K2Mi TQHB+v �MMQmM+2K2Mib i?�i bB;M�H bB;MB}+�Mi +?�M;2b BM }b+�H Q` KQM2i�`v TQHB+vX
q2 +QHH2+i2/ i?2b2 7`QK �M �``�v Q7 K2/B� r2#bBi2bX

6B;m`2 kX �p2`�;2 SQHB+v �M/ *PoA.RN *�b2b #v _2;BQM
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LQi2, h?Bb };m`2 THQib i?2 �p2`�;2 p�Hm2 Q7 i?2 i?`22 TQHB+v p�`B�#H2b +QMbi`m+i2/ BM i?Bb �`iB+H2
�M/ HQ; Q7 *PoA.@RN +�b2b �+`Qbb i?`22 `2;BQMb BM i?2 b�KTH2 Q7 89 +QmMi`B2bX

RR�b 7�` �b r2 FMQr- MQ +QmMi`B2b BM i?2 b�KTH2 Q{+B�HHv bi�i2/ i?�i Bib QrM +BiBx2Mb r2`2 MQi �HHQr2/ iQ
`2@2Mi2` i?2 +QmMi`v- #mi i?2`2 r2`2 b2p2`�H BMbi�M+2b r?2M #Q`/2`b r2`2 bQ iB;?iHv +HQb2/ Bi r�b pB`im�HHv
BKTQbbB#H2 7Q` +BiBx2Mb iQ Q#i�BM i`�MbTQ`i #�+F BMiQ i?2 +QmMi`vX

Ü kyky



Ry E2�M2 � L2�H

6B;m`2 k /2b+`B#2b i?2 2pQHmiBQM Q7 Qm` i?`22 TQHB+v K2�bm`2b Qp2` i?2 b�KTH2 T2`BQ/
�M/ �+`Qbb 89 +QmMi`B2b- K2�bm`2/ �b � bBKTH2 �p2`�;2 �+`Qbb i?2 i?`22 `2;BQMb /2}M2/
�#Qp2X GQQFBM; �i BMi2`M�H `2bi`B+iBQMb BM i?2 iQT@H27i T�M2H- Bi Bb +H2�` i?�i KQbi TQHB+v
+?�M;2 Q++m`b #2ir22M i?2 Rji? �M/ k9i? Q7 J�`+?- r?2M i?2 �p2`�;2 BM/2t BM+`2�b2/
7`QK QM2 iQ Qp2` i?`22X 1m`QT2 �M/ LQ`i? �K2`B+� #2?�p2 bBKBH�`Hv iQ i?2 `2bi Q7 i?2
rQ`H/- r?BH2 i?2 �bB�M +QmMi`B2b BKTQb2/ bQK2 BMi2`M�H `2bi`B+iBQMb Km+? 2�`HB2` #mi
b2iiH2/ �i � HQr2` �p2`�;2 H2p2HX h`�p2H _2bi`B+iBQMb #2?�p2 bBKBH�`Hv- rBi? K�Mv +QmM@
i`B2b BM i?2 b�KTH2 +QKTH2i2Hv +HQbBM; i?2B` #Q`/2`b �`QmM/ KB/@J�`+?- �M/ �bB�M �M/
P+2�MB+ +QmMi`B2b �;�BM BKTH2K2MiBM; TQHB+v +?�M;2 bQQM2` i?�M i?2 Qi?2` `2;BQMbX h?2
�bB�M `2;BQM �/QTi2/ �M BM+`2K2Mi�HBbi �TT`Q�+? iQ aiBKmHmb �MMQmM+2K2Mib Q7 7`2[m2Mi
�MMQmM+2K2Mib Q7 bK�HH TQHB+v +?�M;2b- r?BH2 i?2 Qi?2` `2;BQMb i2M/2/ iQ �MMQmM+2 H�`;2
biBKmHmb T�+F�;2b BM JB/@J�`+?X

6B;m`2 jX h?2 hBKBM; Q7 SQHB+v �MMQmM+2K2Mib
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LQi2, h?Bb };m`2 ;`�T?b i?2 /Bbi`B#miBQM Q7 M2r TQHB+v �MMQmM+2K2Mib #v /�i2 �+`Qbb i?2 i?`22
+�i2;Q`B2bX

h?2 �#Qp2 /Bb+mbbBQM K�bFb bB;MB}+�Mi ?2i2`Q;2M2Biv BM TQHB+v rBi?BM `2;BQMbX 6B;m`2
j THQib i?2 MmK#2` Q7 TQHB+v �MMQmM+2K2Mib K�/2 BM 2�+? +�i2;Q`v #2ir22M 62#`m�`v
�M/ J�vX h?2 T2�F Q7 i?2 /Bbi`B#miBQM bBib }`KHv rBi?BM 2�`Hv@iQ@KB/ J�`+?- 7Q` BMi2`M�H
`2bi`B+iBQMb- �M/ i?2 KB//H2 Q7 J�`+? 7Q` i`�p2H `2bi`B+iBQMbX L2p2`i?2H2bb- KQ`2 i?�M �
72r BMi2`M�H `2bi`B+iBQM �MMQmM+2K2Mib r2`2 K�/2 BM 2�`Hv �M/ H�i2 J�`+? UrBi? bQK2
2p2M BM 2�`Hv �T`BH �M/ 62#`m�`vVX �M/ 7Q` i`�p2H `2bi`B+iBQMb i?2`2 r2`2 � MmK#2` Q7
+QmMi`B2b bm+? �b �mbi`�HB� �M/ L2r w2�H�M/ r?Q r2`2 ;`�/m�HHv `�KTBM; mT 2Mi`�Mi
`2bi`B+iBQMb i?`Qm;?Qmi i?2 2M/ Q7 C�Mm�`v iQ 2�`Hv J�`+?X

Ai Bb rQ`i? +QMbB/2`BM; r?2i?2` +QmMi`B2b i?�i �MMQmM+2/ bi`QM; +QMi�BMK2Mi TQHB+B2b
2�`HB2` i?�M KQbi Qi?2`b- r?B+? r2ǶHH +�HH i?2 ǵ2�`Hv +QmMi`B2b-Ƕ ?�/ /Bz2`2Mi +QMbmK2`
T�MB+ T�ii2`Mb i?�M i?Qb2 r?Q �MMQmM+2/ i?2B` TQHB+B2b H�i2- r?B+? r2ǶHH +�HH i?2 ǵH�i2
+QmMi`B2bXǶ 6B;m`2 9 +QMbB/2`b �p2`�;2 BMi2`M�H `2bi`B+iBQMb �M/ �p2`�;2 T�MB+ �+`Qbb b2p2M
MQi�#Hv 2�`Hv +QmMi`B2b �M/ b2p2M MQi�#Hv H�i2 +QmMi`B2bX h?2 2�`Hv +QmMi`B2b ?�/ KQp2/
iQ iB;?i BMi2`M�H `2bi`B+iBQMb #v 2�`Hv J�`+?- �M/ �p2`�;2 T�MB+ b22Kb iQ i`�+F i?2 TQHB+v
BM/2t p2`v +HQb2Hv 7Q` i?2b2 +QmMi`B2b mMiBH i?2 T�MB+ /2+�vb BM H�i2 J�`+? �M/ �T`BHX
h?2 H�i2 +QmMi`B2b ?�/ � p2`v /Bz2`2Mi 2tT2`B2M+2- r?2`2 iB;?i `2bi`B+iBQMb QM KQp2K2Mi
/B/ MQi Q++m` mMiBH H�i2 BM J�`+?X AM i?2 H�i2 +QmMi`B2b T�MB+ T2�Fb r2HH T`BQ` iQ i?2

Ü kyky



*QMbmK2` S�MB+ BM i?2 *PoA.@RN S�M/2KB+ RR

6B;m`2 9X �p2`�;2 S�MB+ �M/ AMi2`M�H _2bi`B+iBQMb #v :`QmT
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LQi2, ǵ1�`Hv *QmMi`B2bǶ BM+Hm/2 �mbi`B�- "2H;BmK- A`2H�M/- Ai�Hv- >QM; EQM;- LQ`r�v- �M/
_QK�MB�X ǵG�i2 *QmMi`B2bǶ BM+Hm/2 AM/B�- J2tB+Q- Z�i�`- aBM;�TQ`2- ar2/2M- i?2 lMBi2/ �`�#
1KB`�i2b- �M/ oB2iM�KX

BKTH2K2Mi�iBQM Q7 iB;?i TQHB+v K2�bm`2b- �M/ T�MB+ �HbQ /BbbBT�i2b Km+? KQ`2 bHQrHvX
h?Bb bm;;2bib irQ ?vTQi?2b2b �#Qmi i?2 `2H�iBQMb?BT #2ir22M BMi2`M�H `2bi`B+iBQMb �M/
T�MB+, 6B`bi- i?�i BM/BpB/m�Hb BM � +QmMi`v MQi QMHv `2�+i iQ /QK2biB+ TQHB+v +?�M;2 #mi
�HbQ Qp2`b2�b TQHB+v +?�M;2X a2+QM/- i?�i i?2 2z2+i Q7 �MMQmM+BM; BMi2`M�H `2bi`B+iBQMb
QM T�MB+ K�v /2T2M/ +`m+B�HHv QM i?2 BMi2`M�iBQM�H +QMi2ti BM r?B+? Bi Bb �MMQmM+2/-
rBi? H�i2 BKTH2K2Mi�iBQM H2�/BM; iQ H2bb +QMbmK2` T�MB+ BM i?2 b?Q`i@`mMX

6BM�HHv- 6B;m`2 8 T`2b2Mib i?2 2tT2`B2M+2 Q7 7Qm` +QmMi`B2b BM /2i�BH, Ai�Hv- i?2 lMBi2/
EBM;/QK- 6`�M+2- �M/ �mbi`�HB�X h?2 bm#;`�T?b 7Q` 2�+? +QmMi`v 72�im`2 i?2 T�MB+
BM/2t 7`QK 62#`m�`v iQ J�v- i?2 /�BHv BM+`2�b2 BM *PoA.@RN +�b2b UBM i?Qmb�M/bV- �M/
�MMQmM+2K2Mib Q7 BMi2`M�H �M/ i`�p2H `2bi`B+iBQMb r?B+? �`2 b?�/2/ BM irQ +QHQ`bX

AM Ai�Hv i?2`2 r�b � #`B27 bTBF2 BM T�MB+ QM 62#X kj@k9- �`QmM/ i?2 iBK2 i?�i Qmi#`2�Fb
r2`2 `2TQ`i2/ BM MQ`i?2`M Ai�Hv �M/ b2p2`�H ;Qp2`MQ`b BKTQb2/ BMi2`bi�i2 i`�p2H `2bi`B+@
iBQMbX h?2 `2�H bm`;2 BM T�MB+ #2;�M BM i?2 b2+QM/ r22F Q7 J�`+?- �M/ Bi +QMiBMm2/ iQ
+HBK# mMiBH J�`+? kk- r?2M Qm` T�MB+ BM/2t T2�F2/ �i i?`22 iBK2b Bib MQ`K�H H2p2HX AM
2�`Hv J�`+? i?2 ;Qp2`MK2Mi #2;�M BKTH2K2MiBM; `2bi`B+iBQMb QM K2/BmK �M/ H�`;2 bBx2/
;�i?2`BM;b- BM+Hm/BM; `2bi`B+iBQMb QM KQp2K2Mi BM i?2 rQ`bi �z2+i2/ T�`ib Q7 i?2 +QmMi`vX
PM J�`+? ky � M�iBQMrB/2 HQ+F/QrM r�b �MMQmM+2/- �M/ bQQM �7i2` i?�i T�MB+ `2�+?2/
Bib T2�F Q7 yXR8X aBM+2 i?2M- T�MB+ ?�b i`2M/2/ /QrM BM � r�v 2MiB`2Hv +QMbBbi2Mi rBi?
/2+HBM2b BM i?2 MmK#2` Q7 M2r +�b2b T2` /�v 7`QK �#Qmi e-yyy iQ �#Qmi k-yyyX

6`�M+2 Qz2`b �M BMi2`2biBM; +QKT�`BbQM �b i?2 T�MB+ bm`;2b �M/ bm#bB/2b Km+? [mB+F2`
i?�M BM Ai�Hv- �FBM iQ i?2 `�TB/ bT22/ BM r?B+? +QMi�BMK2Mi TQHB+v 2b+�H�i2bX � M�iBQMrB/2
HQ+F/QrM r�b �MMQmM+2/ BM 6`�M+2 QM i?2 Rei? Q7 J�`+?- r?B+? Bb i?2 b�K2 /�v i?�i
T�MB+ `2�+?2b Bib T2�F Q7 yXy3jX *QKT�`BM; i?2 i`2M/b BM /�BHv *PoA.@RN +�b2b- BiǶb �HbQ
+H2�` 6`�M+2 BKTH2K2Mi2/ Bib HQ+F/QrM bQQM2` BM i?2 HB72 Q7 pB`�H i`�MbKBbbBQMX

AM i?2 lMBi2/ EBM;/QK T�MB+ T2�Fb `Qm;?Hv i?2 b�K2 iBK2 �b BM Ai�Hv 2p2M i?Qm;? i?2
pB`mb bi�`i2/ bT`2�/BM; Km+? H�i2`X h?2 T2�F Q7 T�MB+ Q++m`b bBKmHi�M2QmbHv rBi? i?2
�MMQmM+2K2Mi Q7 BMi2`M�H `2bi`B+iBQMb- rBi? � b+?QQH +HQbBM; �MMQmM+2K2Mi QM i?2 R3i?
Q7 J�`+? �M/ `2bi`B+iBQMb QM ;�i?2`BM;b �M/ KQp2K2Mi #2BM; �MMQmM+2/ QM i?2 kyi? �M/

Ü kyky
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6B;m`2 8X S�MB+- *PoA.@RN- �M/ :Qp2`MK2Mi SQHB+v BM a2H2+i *QmMi`B2b
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i?2 kj`/ Q7 J�`+?X lMHBF2 Ai�Hv �M/ 6`�M+2- i?2 MmK#2` Q7 M2r *PoA.@RN +�b2b ?�b MQi
/2+HBM2/ #v i?2 2M/ Q7 i?2 b�KTH2 T2`BQ/X

h?2 2tT2`B2M+2 Q7 �mbi`�HB� Bb MQi�#H2 7Q` i?2 BM+`2/B#H2 bT22/ �M/ b+�H2 rBi? r?B+?
T�MB+ iQQF ?QH/ BM 2�`Hv J�`+?X PM J�`+? kM/ i?2 T�MB+ BM/2t r�b �i yXy3- �H`2�/v
/Qm#H2 Bib ivTB+�H H2p2HX hrQ /�vb H�i2` Bi BM+`2�b2/ iQ yXdN- r?B+? Bb 2t+22/2/ QMHv #v �
p�Hm2 Q7 RXyj BM C�T�M QM 62#X k3i?X lMHBF2 BM Qi?2` +QmMi`B2b- i?2 2b+�H�iBQM BM T�MB+
/Q2b MQi �TT2�` iQ +Q``2bTQM/ rBi? �Mv bB;MB}+�Mi BM+`2�b2 BM /QK2biB+ *PoA.@RN +�b2bX
AM/22/- Bi Bb BKTQ`i�Mi iQ MQi2 i?�i �t2b BM 6B;m`2 8 �`2 b+�H2/ /Bz2`2MiHv 7Q` �mbi`�HB�,
Ai ?�b �M Q`/2` Q7 K�;MBim/2 ?B;?2` T2�F T�MB+ BM/2t �M/ HQr2` T2�F +�b2HQ�/ i?�M i?2
Qi?2` i?`22 +QmMi`B2b5 LQ` /Q2b �Mv BKTQ`i�Mi TQHB+v �MMQmM+2K2Mi b22K iQ 2tTH�BM i?2
T�MB+, q?BH2 � i`�p2H #�M 7`QK A`�M r�b �MMQmM+2/ QM i?2 Rbi Q7 J�`+?- Bi b22Kb mMHBF2Hv
i?�i i?Bb r�b BKTQ`i�Mi 2MQm;? iQ #2 i?2 /B`2+i +�mb2X _2bi`B+iBQMb QM ;�i?2`BM;b r2`2
�MMQmM+2/ QM J�`+? Rji?- �HQM; rBi? � b2`B2b Q7 2b+�H�iBM; i`�p2H `2bi`B+iBQMb- r?B+?
+QBM+B/2b rBi? � b2+QM/�`v KBMQ` T2�F BM i?2 KB//H2 Q7 J�`+?X

GQQFBM; �i i?2b2 7Qm` 2t�KTH2b- r2 b22 � ;`2�i /2�H Q7 ?2i2`Q;2M2Biv BM i?2 iBKBM; �M/
b2p2`Biv Q7 +QMbmK2` T�MB+- i?2 iBKBM; Q7 *PoA.@RN i`�MbKBbbBQM �+`Qbb +QmMi`B2b- �M/
}M�HHv i?2 iBKBM; �M/ b2p2`Biv Q7 +QMi�BMK2Mi TQHB+vX Ai rQmH/ #2 2t+22/BM;Hv /B{+mHi iQ
K�F2 +QM+HmbBQMb QM i?2 HBF2Hv +�mb2b Q7 T�MB+ bm`;2b rBi?Qmi � KmHiBp�`B�i2 bi�iBbiB+�H
KQ/2H Q7 T�MB+- iQ r?B+? r2 MQr im`MX

Ü kyky



*QMbmK2` S�MB+ BM i?2 *PoA.@RN S�M/2KB+ Rj

jX J1h>P.PGP:u
jXRX *QM+2Tim�H 6`�K2rQ`F

Ai Bb mb27mH iQ }`bi T`2b2Mi � bBKTH2 +QM+2Tim�H 7`�K2rQ`F iQ KQiBp�i2 Qm` 2KTB`B+�H
bT2+B}+�iBQMX hQ b2i B/2�b- H2i Pct /2MQi2 i?2 H2p2H Q7 +QMbmK2` T�MB+ 7Q` � ivTB+�H
+QMbmK2` BM +QmMi`v c QM /�v t Q7 i?2 T�M/2KB+X G2i Sct /2MQi2 i?2 b2p2`Biv Q7 i?2
T�M/2KB+- �M/ H2i Rct /2MQi2 i?2 TQHB+v `2;BK2 BM TH�+2 BM +QmMi`v c QM /�v tX h?2M r2
K�v r`Bi2,

Pct = F (E(Sct|Ict), E(Sct+1, ...|Ict), Rit, E(Rct+1, ...|Ict), µc) UjXjV
>2`2 E(Sct|Ict) /2MQi2b i?2 T2`+2Bp2/ b2p2`Biv Q7 i?2 T�M/2KB+ QM /�v t- +QM/BiBQM�H QM
i?2 �p�BH�#H2 BM7Q`K�iBQM b2i IctX aBKBH�`Hv- E(Sct+1, ...|Ict) /2MQi2b i?2 2tT2+i2/ b2p2`Biv
Q7 i?2 T�M/2KB+ BM 7mim`2 T2`BQ/bX µc Bb � `�M;2 Q7 +QmMi`v@bT2+B}+ 7�+iQ`b i?�i �z2+i
i?2 T`QT2MbBiv iQ T�MB+ U2X;X- +mHim`�H 7�+iQ`b- bi`2M;i? Q7 i?2 bQ+B�H b�72iv M2iVX

h?2 BM7Q`K�iBQM b2i ?�b i?2 7Q`K,
Ict = (Cct, Cc,t−1, ..., Cft, Cf,t−1, ..., Rct, Rc,t−1, ..., Rft, Rf,t−1) UjX9V

r?2`2 Cct /2MQi2b i?2 *PoA.@RN +�b2HQ�/ BM +QmMi`v + QM /�v t- �M/ Cft /2MQi2b � p2+iQ`
Q7 +�b2HQ�/b BM 7Q`2B;M +QmMi`B2bX aBKBH�`Hv- Rct /2MQi2b i?2 TQHB+v `2;BK2 BM +QmMi`v +
QM /�v t- �M/ Rft /2MQi2b � p2+iQ` Q7 TQHB+v `2;BK2b BM 7Q`2B;M +QmMi`B2bX h?mb- i?2
BM7Q`K�iBQM b2i BM+Hm/2b +m``2Mi �M/ H�;;2/ +�b2HQ�/b #Qi? /QK2biB+ �M/ 7Q`2B;M- �b r2HH
�b +m``2Mi �M/ H�;;2/ TQHB+B2b- #Qi? /QK2biB+ �M/ 7Q`2B;MX

AM r`BiBM; UjXjV@UjX9V r2 �bbmK2 i?�i +QMbmK2`b ?�p2 BM+QKTH2i2 BM7Q`K�iBQM �#Qmi
i?2 b2p2`Biv Q7 i?2 +`BbBb- r?B+? b22Kb Q#pBQmb ;Bp2M i?�i 2p2M 2TB/2KBQHQ;Bbib ?�p2 ;`2�i
mM+2`i�BMiv QM i?2 pB`mH2M+2 �M/ i`�MbKBbbB#BHBiv Q7 *PoA.@RN �i i?Bb bi�;2 Q7 i?2 T�M@
/2KB+X q2 �bbmK2 +QMbmK2`b mb2 *PoA.@RN +�b2HQ�/b- #Qi? /QK2biB+ �M/ 7Q`2B;M- iQ
BM72` i?2 b2p2`Biv Q7 i?2 T�M/2KB+X *QMbmK2`b �HbQ mb2 ;Qp2`MK2Mi TQHB+v �b � bB;M�H Q7
i?2 b2p2`Biv Q7 i?2 T�M/2KB+- mM/2` i?2 `2�bQM�#H2 �bbmKTiBQM i?�i ;Qp2`MK2Mib �M/ i?2
2tT2`ib i?2v +QMbmHi ?�p2 BM7Q`K�iBQM �#Qmi i?2 T�M/2KB+ 2t+22/BM; i?�i Q7 i?2 ivTB+�H
+QMbmK2`XRk

q2 K�v +QMbB/2` 2[m�iBQM UjXjV i?2 ǳbi`m+im`�HǴ 2[m�iBQM 7Q` +QMbmK2` T�MB+X h?2
ǳ`2/m+2/ 7Q`KǴ 2[m�iBQM 7Q` +QMbmK2` T�MB+ Bb Q#i�BM2/ #v bm#biBimiBM; Qmi 7Q` i?2
mMQ#b2`p2/ 2tT2+i�iBQM i2`Kb BM UjXjV mbBM; i?2 BM7Q`K�iBQM b2i BM UjX9V iQ Q#i�BM,

Pct = f (Cct, Cc,t−1, ..., Cft, Cf,t−1, ..., Rct, Rc,t−1, ..., Rft, Rf,t−1, ..., µc) UjX8V
AM i?Bb 7`�K2rQ`F i?2 TQHB+v `2;BK2 Rct �z2+ib +QMbmK2` T�MB+ i?`Qm;? 7Qm` +?�MM2HbX

6B`bi- i?2`2 Bb i?2 /B`2+i 2z2+i Q7 i?2 TQHB+vX a2+QM/- i?2`2 Bb i?2 2z2+i Q7 i?2 TQHB+v QM
2tT2+i2/ 7mim`2 TQHB+vX h?B`/- i?2`2 Bb i?2 2z2+i QT2`�iBM; i?`Qm;? i?2 BKT�+i Q7 TQHB+v
QM i?2 T2`+2Bp2/ +m``2Mi b2p2`Biv Q7 i?2 T�M/2KB+ E(Sct|Ict)X 6Qm`i?- i?2`2 Bb i?2 BKT�+i
Q7 TQHB+v QM i?2 2tT2+i2/ b2p2`Biv Q7 i?2 T�M/2KB+ BM i?2 7mim`2 E(Sct+1, ...|Ict)X

�b � bBKTH2 2t�KTH2- +QMbB/2` �M BMi2`M�H KQp2K2Mi `2bi`B+iBQM i?�i K�F2b Bi KQ`2
/B{+mHi 7Q` +QMbmK2`b iQ H2�p2 ?QK2 �M/ pBbBi i?2 biQ`2X 6B`bi- �b /Bb+mbb2/ BM i?2 BM@
i`Q/m+iBQM- �Mvi?BM; i?�i `�Bb2b i?2 +Qbi Q7 biQ`2 pBbBib rBHH +�mb2 +QMbmK2`b iQ /2bB`2

Rka22 �p2`v 2i �HX UkykyV 7Q` � /Bb+mbbBQM Q7 �Hi2`M�iBp2 2TB/2KBQHQ;B+�H KQ/2Hb- �b r2HH i?2 mM+2`i�BMiv
�#Qmi i?2 BMTmib iQ i?Qb2 KQ/2HbX h?2B` T�T2` /Bb+mbb2b ?Qr i?2 +�b2HQ�/ T`QD2+iBQMb Q7 i?2 AKT2`B�H
*QHH2;2 KQ/2H BM 62`;mbQM 2i �HX UkykyV bB;MB}+�MiHv BM~m2M+2/ b2p2`�H H2�/BM; +QmMi`B2b- bm+? �b i?2 la
�M/ lE- iQ BKTQb2 bi`B+i bQ+B�H /Bbi�M+BM; `mH2b �7i2` �M BMBiB�H `2bTQMb2 i?�i r�b KQ`2 KQ/2`�i2X

Ü kyky



R9 E2�M2 � L2�H

?B;?2` BMp2MiQ`B2bX h?mb- � M2r BMi2`M�H `2bi`B+iBQM K�v ;2M2`�i2 ǳT�MB+Ǵ #mvBM; UBX2X-
?2�pv biQ+FTBHBM;V BM i?2 b?Q`i `mMX a2+QM/- B7 i?2 TQHB+v H2�/b +QMbmK2`b iQ 2tT2+i
2p2M iB;?i2` `2bi`B+iBQMb BM i?2 7mim`2- Bi rBHH 2M+Qm`�;2 2p2M KQ`2 /2K�M/ iQ/�vX h?B`/-
B7 +QMbmK2`b ?�p2 BM+QKTH2i2 BM7Q`K�iBQM �#Qmi i?2 b2p2`Biv Q7 i?2 +`BbBb �M/ mb2 ;Qp@
2`MK2Mi TQHB+v �b � bB;M�H- Bi Bb TH�mbB#H2 i?�i � M2r BMi2`M�H KQp2K2Mi `2bi`B+iBQM K�v
+�mb2 T�MB+ #v +�mbBM; +QMbmK2`b iQ BM72` i?�i i?2 +`BbBb Bb rQ`b2 i?�M T`2pBQmbHv i?Qm;?iX
6Qm`i?- bi`QM;2` ;Qp2`MK2Mi �+iBQM K�v BM+`2�b2 +QM}/2M+2 �#Qmi i?2 7mim`2 +Qm`b2 Q7
i?2 T�M/2KB+- `2/m+BM; 72�`b Q7 7mim`2 b?Q`i�;2bX h?`Qm;? i?Bb +?�MM2H- � M2r BMi2`M�H
KQp2K2Mi `2bi`B+iBQM K�v `2/m+2 +QMbmK2` T�MB+XRj

h?2 Qp2`�HH BKT�+i Q7 �Mv TQHB+v KQp2 QM +QMbmK2` T�MB+ rBHH /2T2M/ QM i?2 #�H�M+2
Q7 i?2b2 7Qm` 7Q`+2bX h?2 }`bi F2v TQBMi r2 rBb? iQ K�F2 Bb i?�i i?Bb #�H�M+2 Bb HBF2Hv
iQ /2T2M/ QM i?2 +QMbmK2` BM7Q`K�iBQM b2i- �M/ BM T�`iB+mH�` i?2 iBK2 bBM+2 i?2 bi�`i
Q7 i?2 +`BbBbX 1�`Hv BM i?2 T�M/2KB+- r?2M i?2`2 Bb � ;`2�i /2�H Q7 mM+2`i�BMiv �#Qmi
Bib b2p2`Biv- i?2 i?B`/ +?�MM2H Bb HBF2Hv iQ #2 p2`v bi`QM;- bQ r2 rQmH/ MQi #2 bm`T`Bb2/
B7 bi`QM; TQHB+v �+iBQM BM/m+2b +QMbmK2` T�MB+X G�i2` BM i?2 +`BbBb- r?2M +QMbmK2`b
?�p2 #2ii2` BM7Q`K�iBQM- r2 ?vTQi?2bBx2 i?�i i?Bb i?B`/ +?�MM2H Bb r2�F2`- bQ i?�i TQHB+v
�+iBQMb rBHH #2 H2bb HBF2Hv iQ BM/m+2 T�MB+X

h?2 MmK#2` Q7 *PoA.@RN +�b2b `2TQ`i2/ BM 7Q`2B;M +QmMi`B2b T`QpB/2 bB;M�Hb �#Qmi i?2
+m``2Mi �M/ HBF2Hv 7mim`2 b2p2`Biv Q7 i?2 T�M/2KB+ BM QM2Ƕb QrM +QmMi`vX SQHB+v �+iBQMb
Q7 7Q`2B;M ;Qp2`MK2Mib �`2 �HbQ HBF2Hv iQ #2 � F2v bQm`+2 Q7 +QMbmK2` BM7Q`K�iBQM �#Qmi
i?2 TQi2MiB�H b2p2`Biv Q7 i?2 T�M/2KB+ BM i?2B` ?QK2 +QmMi`vX h?2v K�v �HbQ T`QpB/2
bB;M�Hb �#Qmi i?2 HBF2Hv 7mim`2 TQHB+B2b QM2Ƕb QrM ;Qp2`MK2Mi rBHH �/QTiX h?mb- 7Q`2B;M
;Qp2`MK2Mi TQHB+B2b Rft �M/ 7Q`2B;M +�b2HQ�/b Cft K�v �HbQ �z2+i /QK2biB+ T�MB+ i?`Qm;?
+?�MM2Hb irQ i?`Qm;? 7Qm` /2b+`B#2/ �#Qp2X

� F2v Bbbm2 r2 rBb? iQ �//`2bb Bb r?2i?2` i?2 H2p2H Q7 T�MB+ BM/m+2/ #v /QK2biB+ TQHB+v
�+iBQM /2T2M/b QM i?2 iBKBM; Q7 i?�i �+iBQM `2H�iBp2 iQ Qi?2` +QmMi`B2bX q2 ?vTQi?2bBx2
i?�i B7 � +QmMi`v �+ib 2�`Hv i?2 b2+QM/ +?�MM2H UBX2X- TQHB+v �+iBQM bB;M�Hb � KQ`2 b2p2`2
+`BbBbV Bb HBF2Hv iQ /QKBM�i2- bQ i?�i 2�`Hv bi`QM; TQHB+v �+iBQMb rBHH BM/m+2 b?Q`i `mM
T�MB+X q2 �HbQ ?vTQi?2bBx2 i?�i B7 � +QmMi`v �+ib `2H�iBp2Hv H�i2- i?2M i?2 b2p2`Biv Q7 i?2
T�M/2KB+ rBHH �H`2�/v #2 7�B`Hv r2HH mM/2`biQQ/- bQ i?Bb bB;M�HHBM; K2+?�MBbK rBHH #2 H2bb
bi`QM;X h?mb- r2 2tT2+i H�i2` �+iBQM iQ BM/m+2 H2bb +QMbmK2` T�MB+X hQ +�Tim`2 i?2b2
ivT2 Q7 2z2+ib- Bi Bb BKTQ`i�Mi i?�i r?2M r2 bT2+B7v i?2 `2/m+2/ 7Q`K KQ/2H BM UjX8V r2
�HHQr i?2 TQHB+v `2;BK2 BM 7Q`2B;M +QmMi`B2b iQ KQ/2`�i2 i?2 BKT�+i Q7 /QK2biB+ TQHB+vX

jXkX _2/m+2/ 6Q`K JQ/2H Q7 *QMbmK2` S�MB+

:mB/2/ #v i?2 �#Qp2 +QM+2Tim�H 7`�K2rQ`F- r2 T`Q+22/ iQ bT2+B7v � `2/m+2/ 7Q`K KQ/2H
Q7 +QMbmK2` T�MB+X � T`BQ`B- r2 /2+B/2/ iQ KQ/2H +QMbmK2` T�MB+ �b � /vM�KB+ T`Q+2bb
BM r?B+? i?2 H2p2H Q7 T�MB+ BM +QmMi`v c QM /�v t /2T2M/b QM BiǶb QrM H�;;2/ H2p2H- �b r2HH
�b +?�M;2b BM i?2 7Q`+BM; p�`B�#H2b UBX2X- /QK2biB+ �M/ 7Q`2B;M TQHB+v `2;BK2b- /QK2biB+
�M/ 7Q`2B;M +�b2bV 7`QK /�v t−1 iQ /�v tX h?Bb r�b #2+�mb2 r2 2tT2+i2/ i?�i +?�M;2b BM
TQHB+v �M/ *PoA.@RN +�b2b rQmH/ ?�p2 bi`QM; b?Q`i@`mM 2z2+ib QM T�MB+- #mi i?�i i?2b2

Rjh?2 b2p2`Biv Q7 i?2 T�M/2KB+ �i iBK2 t rBHH #2 bQK2 7mM+iBQM Q7 T�bi b2p2`Biv �M/ T�bi +QMi�BMK2Mi
TQHB+v Sct = g (Sct−1, Rct−1)X AM a2+iBQM kXk r2 /2}M2/ i?2 BMi2`M�H `2bi`B+iBQM TQHB+v K2�bm`2 Rct bQ
H�`;2` p�Hm2b BKTHv bi`B+i2` +QMbi`�BMib QM KQp2K2MiX aQ Bi Bb `2�bQM�#H2 iQ �bbmK2 i?�i ∂Sct/∂Rct−1 <
0X � bBKBH�` �bbmKTiBQM K�F2b b2Mb2 7Q` i`�p2H `2bi`B+iBQMbX "mi BM i?2 +�b2 Q7 biBKmHmb �MMQmM+2K2Mib Bi
Bb MQi +H2�` r?v i?2v rQmH/ �z2+i pB`mb i`�MbKBbbBQM- � TQBMi r2 `2im`M iQ r?2M BMi2`T`2iBM; i?2 `2bmHibX

Ü kyky



*QMbmK2` S�MB+ BM i?2 *PoA.@RN S�M/2KB+ R8

2z2+ib rQmH/ /B2 Qz `�i?2` [mB+FHvX �7i2` bQK2 2tT2`BK2Mi�iBQM rBi? 7mM+iBQM�H 7Q`K-
r2 �``Bp2/ �i i?2 7QHHQrBM; KQ/2H �b Qm` K�BM bT2+B}+�iBQM,

lnPct = µc +
1∑

ℓ=0

(βℓ∆_c,t−ℓ + γℓ∆ �_f,t−ℓ + λℓ(∆_c,t−ℓ ∗ �_f,t−ℓ))

+ θ1∆lnCct + θ2∆Cct + θ3(∆lnCct ·∆Cct) + θ4∆lnC∗
ct + θ5∆C∗

ct

+ θ6∆lnCft + θ7∆Cft + θ8∆CCN,t + θ9CCN,t · Ic∈Asia

+
2∑

ℓ=1

ρℓlnPc,t−ℓ +ψ/�vt + ect

UjXeV

>2`2 lnPct Bb i?2 HQ; Q7 i?2 T�MB+ BM/2t 7Q` +QmMi`v c QM /�v t- �M/ i?2 KQ/2H BM+Hm/2b
irQ H�;b Q7 i?2 /2T2M/2Mi p�`B�#H2X _ct = [Internalct, T ravelct, Stimulusct] Bb � p2+iQ`
Q7 Qm` i?`22 TQHB+v p�`B�#H2b, AMi2`M�H _2bi`B+iBQMb- h`�p2H _2bi`B+iBQMb- �M/ aiBKmHmb
�MMQmM+2K2MibX h?2b2 2Mi2` i?2 KQ/2H BM }`bi /Bz2`2M+2 7Q`K U∆_ctV �M/ r2 BM+Hm/2
#Qi? i?2 +m``2Mi �M/ }`bi H�;;2/ /�BHv /Bz2`2M+2X _ft Bb � p2+iQ` Q7 i?2 b�K2 i?`22 TQHB+v
p�`B�#H2b 7Q` 7Q`2B;M +QmMi`B2b- K2�bm`2/ �b i?2 bBKTH2 �p2`�;2 �+`Qbb +QmMi`B2b QmibB/2
Q7 +QmMi`v cXR9 q2 �HbQ 2Mi2` i?Bb p�`B�#H2 BM }`bi@/Bz2`2M+2/ 7Q`K- BM+Hm/BM; QM2 H�;X

h?2 i2`K λℓ(∆_c,t−ℓ ∗ _f,t−ℓ) �HHQrb i?2 2z2+i Q7 /QK2biB+ TQHB+v +?�M;2b iQ p�`v
/2T2M/BM; QM i?2 BMi2`M�iBQM�H +QMi2ti BM r?B+? i?2v �`2 �MMQmM+2/- r?2`2 i?2 BMi2`M�@
iBQM�H +QMi2ti Bb +�Tim`2/ #v _ft- i?2 �p2`�;2 H2p2H Q7 i?2 TQHB+v p�`B�#H2b BM +QmMi`B2b
QmibB/2 Q7 cX A7 λpℓ < 0 i?2M i?2 2z2+i Q7 �MMQmM+2/ +?�M;2b BM TQHB+v ∆_c,t−ℓ QM T�MB+
Bb `2/m+2/ i?2 KQ`2 ;Qp2`MK2Mib Qp2`b2�b ?�p2 �H`2�/v �MMQmM+2/ i?�i +?�M;2 BM TQHB+vX
q2 ?vTQi?2bBx2 i?�i λpℓ < 0 #�b2/ QM i?2 /Bb+mbbBQM BM a2+iBQM jXRX

q2 H2i +?�M;2b BM i?2 MmK#2` Q7 +QM}`K2/ *PoA.@RN +�b2b 2Mi2` i?2 KQ/2H BM b2p2`�H
/Bz2`2Mi r�vbX 6B`bi- r2 2Mi2` i?2 /�BHv T2`+2Mi�;2 +?�M;2 BM /QK2biB+ +�b2b- ∆lnCct- i?2
/�BHv �#bQHmi2 +?�M;2 BM /QK2biB+ +�b2b- ∆Cct- �M/ i?2 T`Q/m+i Q7 i?2b2 irQ i2`KbX 1�`Hv
BM i?2 T�M/2KB+- r?2M +�b2HQ�/b �`2 HQr- H�`;2 /�BHv T2`+2Mi�;2 BM+`2�b2b �`2 bQK2iBK2b
Q#b2`p2/X G�i2` BM i?2 T�M/2KB+- r?2M +�b2HQ�/b �`2 ?B;?2`- i?2 /�BHv T2`+2Mi�;2 +?�M;2b
�`2 ivTB+�HHv bK�HH- #mi i?2 �#bQHmi2 +?�M;2b +�M #2 H�`;2X q2 BM+Hm/2/ #Qi? T2`+2Mi�;2
�M/ �#bQHmi2 +?�M;2b- �b r2HH �b i?2B` BMi2`�+iBQM- �b i?Bb �HHQrb i?2 KQ/2H iQ #2 [mBi2
~2tB#H2 BM i2`Kb Q7 ?Qr +�b2HQ�/b �z2+i +QMbmK2` T�MB+X

a2+QM/- r2 r2`2 BMi2`2bi2/ iQ b22 B7 bm`T`Bb2 +?�M;2b BM +�b2HQ�/b ?�/ H�`;2` 2z2+ib
i?�M T`2/B+i�#H2 +?�M;2bX hQ i2bi i?Bb- r2 #mBHi T`2/B+iBp2 KQ/2Hb 7Q` #Qi? T2`+2Mi�;2
�M/ �#bQHmi2 +?�M;2b BM +�b2HQ�/b- `2TQ`i2/ BM �TT2M/Bt �X q2 /2}M2/ i?2 bm`T`Bb2
+?�M;2b BM +�b2HQ�/b �b i?2 `2bB/m�Hb 7`QK i?2b2 KQ/2HbX h?2b2 �`2 /2MQi2/ #v ∆lnC∗

ct

�M/ ∆C∗
ct BM 2[m�iBQM UjXeVX h?B`/- r2 �HbQ �HHQr 7Q`2B;M `2TQ`i2/ +�b2b iQ BM~m2M+2

/QK2biB+ T�MB+X q2 BM+Hm/2 #Qi? i?2 /�BHv T2`+2Mi�;2 +?�M;2 BM 7Q`2B;M +�b2b- ∆lnCft-
�M/ i?2 /�BHv �#bQHmi2 +?�M;2 BM 7Q`2B;M +�b2b- ∆CftX

6Qm`i?- r2 +�MMQi BM+Hm/2 K�BMH�M/ *?BM� /B`2+iHv BM Qm` KQ/2H �b Bi `2bi`B+ib �++2bb
iQ :QQ;H2X >Qr2p2`- �b i?2 T�M/2KB+ Q`B;BM�i2/ BM *?BM�- r2 BM+Hm/2 i?2 MmK#2` Q7
+QM}`K2/ +?�M;2b BM K�BMH�M/ *?BM� �b � /`Bp2` Q7 +QMbmK2` T�MB+ BM Qi?2` +QmMi`B2b
CCN,tX q2 �HbQ BM+Hm/2/ �M BMi2`�+iBQM #2ir22M i?2 MmK#2` Q7 *?BM2b2 +�b2b �M/ �M/

R9q2 2tT2`BK2Mi2/ rBi? r2B;?i2/ �p2`�;2b #�b2/ QM +`Bi2`B� bm+? �b /Bbi�M+2- :.S- TQTmH�iBQM- �M/
i?2 BM+`2K2Mi�H R2 r?2M T�MB+ BM +QmMi`v c Bb `2;`2bb2/ QM K2�bm`2b 7Q` 2�+? 7Q`2B;M +QmMi`v b2T�`�i2HvX
"mi i?2b2 `2}M2K2Mib ?�/ HBiiH2 BKT�+i QM i?2 `2bmHibX

Ü kyky



Re E2�M2 � L2�H

BM/B+�iQ` 7Q` r?2i?2` +QmMi`v c Bb BM 1�bi Q` aQmi?2�bi �bB�- iQ �HHQr 7Q` i?2 TQbbB#BHBiv
i?�i *?BM2b2 +�b2b ?�p2 � H�`;2` 2z2+i QM +QMbmK2`b BM M2�`#v +QmMi`B2bX 6BM�HHv- /�vt

Bb � p2+iQ` Q7 /�v@Q7@i?2 r22F /mKKB2b iQ +�Tim`2 /�BHv /Bz2`2M+2b BM b2�`+? �+iBpBivX
h?2 i2`K µc Bb � +QmMi`v bT2+B}+ }t2/ 2z2+i K2�Mi iQ +�Tim`2 /Bz2`2M+2b �+`Qbb +QmM@

i`B2b BM i?2 #�b2HBM2 H2p2H Q7 :QQ;H2 b2�`+? �+iBpBiv 7Q` T�MB+ `2H�i2/ i2`KbX q2 2biBK�i2
i?2 KQ/2H #v }t2/ 2z2+ib- `2HvBM; QM i?2 7�+i i?�i r2 ?�p2 � HQM; T�M2H Uh4RReV bQ i?�i
i?2 bQ@+�HH2/ LB+F2HH URN3RV #B�b i?�i �`Bb2b 7`QK �TTHvBM; � }t2/ 2z2+ib 2biBK�iQ` iQ �
H�;;2/ /2T2M/2Mi p�`B�#H2 KQ/2H BM � T�M2H rBi? bK�HH h Bb `2M/2`2/ M2;HB;B#H2X

q2 �bbmK2 i?2 2``Q` eit b�iBb}2b mbm�H �bbmKTiBQMb, b2`B�HHv mM+Q``2H�i2/- ?QKQbF2/�b@
iB+- BM/2T2M/2Mi BM i?2 +`Qbb@b2+iBQM �M/ BM/2T2M/2Mi 7`QK i?2 `2;`2bbQ`bX q2 7QmM/ 2p@
B/2M+2 Q7 +QM/BiBQM�H ?2i2`QbF2/�biB+Biv- �M/ �TTHB2/ � r2B;?i2/ H2�bi b[m�`2b T`Q+2/m`2
/2b+`B#2/ #2HQrX :Bp2M i?Bb- r2 b?Qr BM a2+iBQM 9 i?�i i?2 KQ/2H T�bb2b � bi`BM;2Mi b2i
Q7 bT2+B}+�iBQM i2bib- bQ i?2 i2bi�#H2 �bbmKTiBQMb QM i?2 2``Q`b �`2 MQi `2D2+i2/X

"27Q`2 im`MBM; iQ i?2 `2bmHib- i?2`2 �`2 irQ �//BiBQM�H /2i�BHb Q7 i?2 bT2+B}+�iBQMX 6B`bi-
iQ �pQB/ ?�pBM; i?2 HQ; Q7 i?2 T�MB+ BM/2t #2 iQQ b2MbBiBp2 iQ /�vb rBi? 2t+2TiBQM�HHv
HQr H2p2Hb Q7 b2�`+? �+iBpBiv- r2 �// XyR iQ i?2 BM/2t #27Q`2 i�FBM; i?2 HQ;- bQ i?�i r2
�+im�HHv rQ`F rBi? ln(Pct + .01)X h?2 p�Hm2 XyR +Q``2bTQM/b iQ `Qm;?Hv i?2 }`bi /2+BH2 Q7
i?2 /Bbi`B#miBQM Q7 Pct �+`Qbb �HH +QmMi`B2b �M/ /�vb BM i?2 b�KTH2 U_2+�HH 7`QK h�#H2 R
i?�i Pct ?�b � K2�M Q7 Xy9NVX a2+QM/- iQ KBiB;�i2 2ti`2K2Hv H�`;2 T2`+2Mi�;2 BM+`2�b2b BM
MmK#2` Q7 +�b2b bi�`iBM; 7`QK p2`v HQr H2p2Hb- r2 �//2/ 8y iQ i?2 MmK#2` Q7 +�b2b #27Q`2
i�FBM; i?2 HQ;- bQ r2 �+im�HHv rQ`F rBi? ∆log(Cct + 50)X h?2 p�Hm2 Q7 8y r�b Q#i�BM2/
�7i2` � ;`B/ b2�`+? iQ /2i2`KBM2 r?B+? p�Hm2 ;�p2 i?2 #2bi }i iQ i?2 /�i�X

9X _1alGha
>2`2 r2 T`2b2Mi 2KTB`B+�H `2bmHib 7`QK 2biBK�iBM; i?2 +QMbmK2` T�MB+ KQ/2H Q7 2[m�iBQM
UjXeV QM i?2 T�M2H /�i� b2i /2b+`B#2/ BM a2+iBQM kX 6B`bi r2 T`2b2Mi `2bmHib 7`QK �
bBKTHB}2/ KQ/2H i?�i BM+Hm/2b QMHv /QK2biB+ TQHB+v �M/ *PoA.@RN +�b2 /�i�X h?2M r2
T`2b2Mi `2bmHib 7`QK Qm` 7mHH KQ/2H i?�i �HbQ BM+Hm/2b BMi2`M�iBQM�H p�`B�#H2bX 6BM�HHv r2
T`2b2Mi `2bmHib 7`QK p�`B�Mib Q7 i?2 KQ/2H i?�i UBV mb2 � #`Q�/2` T�MB+ K2�bm`2 Q` UBBV
�HHQr 7Q` ǳH2�/2`Ǵ +QmMi`B2b UBM � b2Mb2 /2}M2/ H�i2`VX

9XRX .QK2biB+ JQ/2H

h?2 }`bi irQ +QHmKMb Q7 h�#H2 k- H�#2HH2/ ǳJQ/2H R-Ǵ `2TQ`i `2bmHib 7`QK � `2bi`B+i2/
KQ/2H i?�i BM+Hm/2b QMHv /QK2biB+ *PoA.@RN +�b2b �M/ /QK2biB+ TQHB+v p�`B�#H2b- QKBi@
iBM; i?2 7Q`2B;M p�`B�#H2b 7`QK 2[m�iBQM UjXeVX AM i?Bb KQ/2H #Qi? i?2 +m``2Mi �M/ H�;;2/
+?�M;2 BM BMi2`M�H `2bi`B+iBQMb �`2 ?B;?Hv bB;MB}+�MiX h?2 TQBMi 2biBK�i2b BKTHv i?�i B7
� ;Qp2`MK2Mi BM+`2�b2b BMi2`M�H `2bi`B+iBQMb #v R QM � y@8 b+�H2 U2X;X +HQbBM; b+?QQHb Q`
`2bi`B+iBM; ;�i?2`BM;bV i?Bb +�mb2b i?2 T�MB+ BM/2t iQ BM+`2�b2 #v �TT`QtBK�i2Hv 3XjW QM
i?2 b�K2 /�vX Uam#b2[m2Mi +?�M;2b �`2 KQ`2 /B{+mHi iQ BMi2`T`2i �b i?2 KQ/2H +QMi�BMb
i?2 H�;;2/ TQHB+v +?�M;2 �M/ irQ H�;b Q7 i?2 T�MB+ BM/2t- bQ r2 T`2b2Mi BKTmHb2 `2bTQMb2
7mM+iBQMb H�i2`XV h?2 +m``2Mi T2`BQ/ biBKmHmb Bb �HbQ bB;MB}+�Mi- #mi rBi? � bK�HH2` 2z2+i
bBx2- r?BH2 i`�p2H `2bi`B+iBQMb �`2 BMbB;MB}+�MiX

"Qi? i?2 T2`+2Mi�;2 �M/ �#bQHmi2 +?�M;2b BM *PoA.@RN +�b2b �`2 bB;MB}+�Mi /2i2`KB@
M�Mib Q7 T�MB+- #mi i?2B` BMi2`�+iBQM Bb MQi bB;MB}+�MiX h?2 TQBMi 2biBK�i2b BKTHv i?�i �
RyW BM+`2�b2 BM +QM}`K2/ *PoA.@RN +�b2b BM+`2�b2b i?2 T�MB+ BM/2t #v 3X8W- r?B+? Bb
bBKBH�` iQ i?2 2z2+i Q7 i?2 QM2 mMBi BM+`2�b2 BM Qm` BMi2`M�H `2bi`B+iBQM K2�bm`2X

Ü kyky



*QMbmK2` S�MB+ BM i?2 *PoA.@RN S�M/2KB+ Rd

h�#H2 kX _2;`2bbBQM JQ/2Hb Q7 S�MB+ /m`BM; i?2 *PoA.@RN S�M/2KB+

JQ/2Hb Q7 ln(panicct), JQ/2H R JQ/2H k
β aX1X β aX1X

AMi2`M�H _2bi`B+iBQMb,
∆Internalct yXy3j yXyRe yXRkj yXykd
∆Internalct−1 yXyeN yXyRe yXR99 yXyjR
∆Internalft yXkNk yXy3d
∆Internalft−1 yXkj9 yXRRy
∆Internalct ∗ Internalft @yXyjk yXyRj
∆Internalct−1 ∗ Internalft−1 @yXy9e yXyR9

aiBKmHmb �MMQmM+2K2Mib,
∆Stimulusct yXy8k yXykk yXRyk yXy99
∆Stimulusct−1 yXyky yXyk9 yXy9R yXy9d
∆Stimulusft yXye3 yXRj3
∆Stimulusft−1 yXRj9 yXRjk
∆Stimulusct ∗ Stimulusft @yXy3k yXyj8
∆Stimulusct−1 ∗ Stimulusft−1 @yXyj3 yXyjd

h`�p2H _2bi`B+iBQMb,
∆Travelct yXyRy yXyy3 yXyk9 yXyRd
∆Travelct−1 yXyy3 yXyy3 yXyR8 yXyRN
∆Travelft @yXye3 yXy9N
∆Travelft−1 @yXye9 yXy9k
∆Travelct ∗ Travelft @yXyyd yXyy9
∆Travelct−1 ∗ Travelft−1 @yXyy9 yXyy8

.QK2biB+ *PoA.@RN *�b2b,
∆ln(Cct) yX393 yXyek yXj8e yXydR
∆Cct yXyy9 yXyyk yXyy9 yXyyk
∆Cct ∗∆ln(Cct) yXykk yXykj yXyjk yXyRd
∆ln(C∗

ct) @yX9ek yXy3d @yXR9k yXy3e
∆C∗

ct @yXyy9 yXyy8 @yXyye yXyy9

AMi2`M�iBQM�H *PoA.@RN *�b2b,
∆ln(Cft) yXe3N yXRje
∆Cft yXyRj yXyyd
∆CCN,t @yXyyR yXyyj
∆CCN,t ∗Asiai yXyR3 yXyyN

�miQ`2;`2bbBp2 h2`Kb,
ln(panicct−1) yX99d yXyRk yXjNk yXyRk
ln(panicct−2) yXk8R yXyRk yXkj8 yXyRk

.B�;MQbiB+b,
�_R h2`K Q7 êct @yXyR9 yXyRj yXykR yXyRj
*. h2bi T@p�Hm2 yXyyy yXR8k
aBKb h2bi T@p�Hm2 yXyyy yXRk3
R2 Ĝ qBi?BM mMBib yXek8 yXeje

LQi2, 1biBK�iBQM Bb T2`7Q`K2/ #v qGaX "Qi? KQ/2Hb ?�p2 6, 264 Q#b2`p�iBQMb- rBi?
N = 54 �M/ T = 116X h?2 `2bmHib 7Q` �//BiBQM�H i2`Kb �`2 �p�BH�#H2 BM i?2 �TT2M/BtX
h?2 *. h2bi `272`b iQ i?2 S2b�`�M UkyR8V i2bi rBi? � MmHH Q7 r2�F +`Qbb@b2+iBQM�H
/2T2M/2M+2X h?2 aBKb LQM@*�mb�HBiv h2bi `272`b iQ � 6@i2bi QM i?2 bB;MB}+�M+2 Q7
i?`22 H2�/b Q7 �HH i?2 `2;`2bbQ`b �b bm;;2bi2/ #v aBKb URNdkVXÜ kyky



R3 E2�M2 � L2�H

h?2 `2bmHib 7`QK i?Bb bBKTHB}2/ KQ/2H �`2 bmbT2+i ?Qr2p2`- �b i?2 bT2+B}+�iBQM i2bib
TQBMi iQ � MmK#2` Q7 b2p2`2 T`Q#H2KbX PM i?2 THmb bB/2- r2 /Q MQi }M/ 2pB/2M+2 Q7
b2`B�H +Q``2H�iBQM BM i?2 `2bB/m�Hb- bm;;2biBM; Qm` H�; bi`m+im`2 Bb �/2[m�i2X �//BiBQM�H
H�;b Q7 i?2 /2T2M/2Mi �M/ BM/2T2M/2Mi p�`B�#H2b r2`2 MQi bB;MB}+�Mi BM i?Bb KQ/2H Q`
BM i?2 bT2+B}+�iBQMb /Bb+mbb2/ #2HQrX >Qr2p2`- i?2 S2b�`�M UkyR8V i2bi Qp2`r?2HKBM;Hv
`2D2+ib i?2 MmHH ?vTQi?2bBb Q7 ǳr2�FǴ +`Qbb b2+iBQM�H /2T2M/2M+2X h?2 BKTHB+�iBQM Bb
i?�i i?2 `2bB/m�Hb +QMi�BM BKTQ`i�Mi b?Q+Fb i?�i �`2 +Q``2H�i2/ �+`Qbb +QmMi`B2bX �M/ �
aBKb URNdkV MQM@+�mb�HBiv i2bi }M/b i?�i H2�/b Q7 i?2 TQHB+v p�`B�#H2b �`2 ?B;?Hv bB;MB7@
B+�Mi BM i?2 T�MB+ 2[m�iBQM- i?mb `2D2+iBM; i?2 ?vTQi?2bBb i?�i i?2 TQHB+v p�`B�#H2b �`2
T`2/2i2`KBM2/ rBi? `2bT2+i iQ +QMbmK2` T�MB+X

9XkX J�BM aT2+B}+�iBQM

q2 `2TQ`i `2bmHib 7`QK i?2 7mHH KQ/2H Q7 UjXeV BM i?2 `B;?i irQ +QHmKMb Q7 h�#H2 k- H�#2HH2/
ǳJQ/2H kXǴ h?Bb KQ/2H �//b BMi2`M�iBQM�H *PoA.@RN +�b2b �M/ TQHB+v p�`B�#H2bX Pm`
7mHH KQ/2H 2�bBHv T�bb2b i?2 S2b�`�M *. h2bi �M/ aBKǶb MQM@+�mb�HBiv i2bi- BKTHvBM; i?�i
i?2 BMi2`M�iBQM�H +�b2HQ�/ �M/ TQHB+v p�`B�#H2b �++QmMi 7Q` i?2 MQM@r2�F +`Qbb@b2+iBQM�H
/2T2M/2M+2 7QmM/ BM JQ/2H R- �b r2HH �b i?2 2``Q` +QKTQM2Mi i?�i T`2/B+ib 7mim`2 TQHB+vX

h?2b2 `2bmHib �`2 BMimBiBp2 BM i?2 T�M/2KB+ +QMi2ti 7Q` irQ `2�bQMb, 6B`bi- Bi b22Kb +H2�`
i?�i 7Q`2B;M +�b2HQ�/ �M/ TQHB+v +?�M;2b BM~m2M+2 /QK2biB+ +QMbmK2` T�MB+X AM/22/-
[mBi2 � 72r +QmMi`B2b 2tT2`B2M+2 bTBF2b BM i?2 T�MB+ BM/2t T`BQ` iQ ?�pBM; bm#bi�MiB�H
MmK#2`b Q7 +QM}`K2/ /QK2biB+ +�b2bX >2M+2- +QMi`QHHBM; 7Q` i?2 BMi2`M�iBQM�H p�`B�#H2b
Tm`;2b i?2 `2bB/m�Hb Q7 i?2 +QKTQM2Mi i?�i BM/m+2b +`Qbb@b2+iBQM�H /2T2M/2M+2X "Qi?
7Q`2B;M +�b2HQ�/ �M/ TQHB+v +?�M;2b +H2�`Hv ?�p2 bi`QM; BM~m2M+2b QM 7mim`2 /QK2biB+
TQHB+v /2+BbBQMbX >2M+2- +QMi`QHHBM; 7Q` i?2 BMi2`M�iBQM�H p�`B�#H2b Tm`;2b i?2 `2bB/m�Hb
Q7 i?2 +QKTQM2Mi i?�i T`2/B+ib 7mim`2 /QK2biB+ TQHB+vX

A7 r2 2biBK�i2 i?2 7mHH KQ/2H Q7 2[m�iBQM UjXeV #v �TTHvBM; � rBi?BM i`�Mb7Q`K�iBQM �M/
`mMMBM; PGa Ui?mb Q#i�BMBM; i?2 }t2/ 2z2+ib 2biBK�iQ` pB� i?2 6`Bb+?@q�m;? i?2Q`2KV
i?2`2 Bb 2pB/2M+2 Q7 +QM/BiBQM�H ?2i2`QbF2/�biB+BivX q2 KQ/2H i?Bb ?2i2`QbF2/�biB+Biv �b
b?QrM BM h�#H2 e Q7 �TT2M/Bt " �M/ i?2M �TTHv r2B;?i2/ H2�bi b[m�`2bX h?2 p�`B�M+2
2[m�iBQM Bb Q7 BMi2`2bi BM Bib2H7, Ai b?Qrb i?2 p�`B�#BHBiv Q7 +QMbmK2` T�MB+ Bb ;`2�i2` r?2M
H�;;2/ T�MB+ Bb ?B;?2`- r?2M /QK2biB+ *PoA.@RN +�b2b ;`Qr KQ`2 BM T2`+2Mi�;2 i2`Kb-
r?2M BMi2`M�iBQM�H +�b2b ;`Qr H2bb BM T2`+2Mi�;2 i2`Kb- B7 /QK2biB+ i`�p2H `2bi`B+iBQMb �`2
iB;?i2M2/ UrBi? � QM2 /�v H�;V- �M/ B7 7Q`2B;M i`�p2H `2bi`B+iBQMb �`2 `2H�t2/X

AM i?2 7mHH KQ/2H #Qi? i?2 +m``2Mi �M/ H�;;2/ +?�M;2 BM BMi2`M�H `2bi`B+iBQMb �`2 �;�BM
?B;?Hv bB;MB}+�MiX �b r2 b22 BM h�#H2 k- i?2 �p2`�;2 H2p2H Q7 BMi2`M�H `2bi`B+iBQMb BM 7Q`2B;M
+QmMi`B2b Bb �HbQ � bB;MB}+�Mi TQbBiBp2 /2i2`KBM�Mi Q7 /QK2biB+ +QMbmK2` T�MB+- bm;;2biBM;
i?�i /QK2biB+ +QMbmK2`b mb2 7Q`2B;M ;Qp2`MK2Mi TQHB+v �b � bB;M�H Q7 i?2 b2p2`Biv Q7 i?2
T�M/2KB+ �M/fQ` iQ T`2/B+i i?2B` QrM ;Qp2`MK2MiǶb 7mim`2 TQHB+vX h?2 K�;MBim/2 Q7 i?2
+Q2{+B2Mib QM i?2 7Q`2B;M �p2`�;2b Bb `Qm;?Hv /Qm#H2 i?Qb2 QM /QK2biB+ `2bi`B+iBQMb- #mi
MQi2 i?�i +?�M;2b BM i?2 BMi2`M�iBQM�H �p2`�;2b i2M/ iQ #2 bK�HH2` 7`QK /�v iQ /�vX

6m`i?2`KQ`2- i?2 BMi2`�+iBQMb #2ir22M /QK2biB+ BMi2`M�H `2bi`B+iBQMb �M/ i?2 �p2`�;2
H2p2H Q7 `2bi`B+iBQMb BM 7Q`2B;M +QmMi`B2b �`2 M2;�iBp2 �M/ bB;MB}+�MiX h?Bb bmTTQ`ib Qm`
F2v ?vTQi?2bBb i?�i BMi2`M�H `2bi`B+iBQMb i2M/ iQ +�mb2 H2bb /QK2biB+ +QMbmK2` T�MB+ B7
i?2v �`2 BMi`Q/m+2/ `2H�iBp2Hv H�i2 BM i?2 T�M/2KB+ +QKT�`2/ iQ Qi?2` +QmMi`B2bX

6B;m`2 e b?Qrb BKTmHb2 `2bTQMb2 7mM+iBQMb 7Q` /QK2biB+ BMi2`M�H KQp2K2Mi `2bi`B+iBQMb-
2p�Hm�i2/ �i i?2 �p2`�;2 BMi2`M�iBQM�H H2p2H Q7 BMi2`M�H `2bi`B+iBQMb QM i?`22 /Bz2`2Mi
/�i2b, 62# kR U2�`HvV- J�`+? Rj UKB//H2V �M/ �T`BH R UH�i2VX A7 � ;Qp2`MK2Mi BM+`2�b2b

Ü kyky



*QMbmK2` S�MB+ BM i?2 *PoA.@RN S�M/2KB+ RN

BMi2`M�H `2bi`B+iBQMb #v QM2 mMBi U2X;X +HQbBM; b+?QQHb Q` `2bi`B+iBM; ;�i?2`BM;bV QM 62#
kR Bi +�mb2b i?2 T�MB+ BM/2t iQ BM+`2�b2 #v �TT`QtBK�i2Hv RkW QM i?2 b�K2 /�vX h?2
2z2+i T2�Fb �i �#Qmi R3W QM /�v k- �M/ i?2M ;`�/m�HHv p�MBb?2b �7i2` �#Qmi � r22F iQ
i2M /�vbX "mi B7 � ;Qp2`MK2Mi /2H�vb mMiBH J�`+? Rj i?2 T2�F Bb QMHv �#Qmi RjW QM
/�v k- �M/ B7 i?2 ;Qp2`MK2Mi /2H�vb mMiBH �T`BH Rbi i?2 BKTmHb2 `2bTQMb2 7mM+iBQM b?Qrb
MQ bB;MB}+�Mi 2z2+ib U�Hi?Qm;? i?2 b?Q`i@`mM BKT�+i Bb BKT`2+Bb2Hv 2biBK�i2/ �M/ i?2
+QM}/2M+2 BMi2`p�H +Qp2`b � `�M;2 Q7 �#Qmi YRyW iQ @RyW QM i?2 }`bi �M/ b2+QM/ /�vVX

6B;m`2 eX AKTmHb2 _2bTQMb2 6mM+iBQMb 6Q` SQHB+v *?�M;2
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ky E2�M2 � L2�H

Pm` TQBMi 2biBK�i2b BKTHv i?�i biBKmHmb �MMQmM+2K2Mib �HbQ ?�p2 � TQbBiBp2 b?Q`i@`mM
2z2+i QM +QMbmK2` T�MB+X �;�BM- i?2 BMi2`�+iBQM rBi? i?2 BMi2`M�iBQM�H �p2`�;2 Q7 biBKm@
Hmb �MMQmM+2K2Mib Bb �HbQ bB;MB}+�Mi- BKTHvBM; i?2 2z2+i Bb H2bb2M2/ B7 i?2 �MMQmM+2K2Mi
+QK2b ǳH�i2Ǵ `2H�iBp2 iQ Qi?2` +QmMi`B2bX "mi i?2 BKTmHb2 `2bTQMb2 7mM+iBQMb QM i?2 `B;?i
bB/2 Q7 6B;m`2 e b?Qr i?2 2z2+ib Q7 biBKmHmb �MMQmM+2K2Mib �`2 #Qi? r2�F2` �M/ H2bb
T`2+Bb2Hv 2biBK�i2/ i?�M i?Qb2 Q7 BMi2`M�H KQp2K2Mi `2bi`B+iBQMbX �b r�b i?2 +�b2 rBi?
BMi2`M�H `2bi`B+iBQMb- r2 }M/ i?2 2z2+i Q7 biBKmHmb �MMQmM+2K2Mib QM T�MB+ /BKBMBb?2b
B7 i?2v +QK2 H�i2` BM i?2 T�M/2KB+X q2 }M/ MQ bi�iBbiB+�HHv Q` [m�MiBi�iBp2Hv bB;MB}+�Mi
2z2+ib Q7 i`�p2H `2bi`B+iBQMb UBKTmHb2 `2bTQMb2 MQi b?QrMVX

6BM�HHv- r2 +QMbB/2` i?2 `QH2 Q7 *PoA.@RN +�b2HQ�/bX "Qi? T2`+2Mi�;2 �M/ �#bQHmi2
+?�M;2b BM /QK2biB+ *PoA.@RN +�b2b �`2 bB;MB}+�Mi �M/ TQbBiBp2 /`Bp2`b Q7 T�MB+- �b Bb
i?2 BMi2`�+iBQM #2ir22M i?2 irQX :Bp2M Qm` ~2tB#H2 bT2+B}+�iBQM- i?2 Qp2`�HH 2z2+i Q7 �
;Bp2M BM+`2�b2 BM +�b2b /2T2M/b QM #Qi? i?2 T2`+2Mi�;2 �M/ �#bQHmi2 +?�M;2X h?2 BKTmHb2
`2bTQMb2 7mM+iBQMb BM i?2 H27i T�M2H Q7 6B;m`2 d b?Qr i?2 2z2+ib Q7 �p2`�;2 BM+`2�b2b Q7
*PoA.@RN +�b2b BM 62#`m�`v- J�`+? �M/ �T`BHX h?2 �p2`�;2 U�+`Qbb �HH +QmMi`B2bV Q7 i?2
/�BHv BM+`2�b2b r2`2 RW QM � #�b2 Q7 R8 +�b2b BM 62#`m�`v- RRW QM k-Nyy +�b2b BM J�`+?-
�M/ dXjW QM R3-eyy +�b2b BM �T`BHX h?mb- #Qi? T2`+2Mi�;2 �M/ �#bQHmi2 +?�M;2b i2M/
iQ #2 bK�HH BM 62#`m�`vX h?2 H�`;2bi T2`+2Mi�;2 BM+`2�b2b i2M/ iQ #2 BM J�`+?- �M/ i?2
H�`;2bi �#bQHmi2 BM+`2�b2b i2M/ iQ #2 BM �T`BHX

Pm` KQ/2H BKTHB2b i?2 ivTB+�H J�`+? /�BHv BM+`2�b2 BM +�b2HQ�/b rQmH/ ?�p2 BM+`2�b2/
i?2 T�MB+ BM/2t #v �#Qmi 9W BKK2/B�i2Hv- rBi? �M 2z2+i i?�i /B2b Qz Qp2` iBK2- #2+QKBM;
M2;HB;B#H2 �7i2` �#Qmi � r22FX 1z2+ib Q7 ivTB+�H �T`BH +?�M;2b BM +�b2HQ�/b �`2 �#Qmi k8W
bK�HH2`X h?Bb +QK#BM2/ rBi? i?2 7�+i i?�i KQbi TQHB+v �MMQmM+2K2Mib r2`2 +QM+2Mi`�i2/
BM J�`+? Ub22 6B;m`2 jV Bb +QMbBbi2Mi rBi? i?2 7�+i i?�i KQbi +QmMi`B2b b�r p2`v HQr H2p2Hb
Q7 i?2 T�MB+ BM/2t BM 62#`m�`v- 7QHHQrBM; #v T2�Fb Q7 i?2 T�MB+ BM/2t /m`BM; J�`+?- rBi?
i?2 BM/2t /2+HBMBM; i?`Qm;? �T`BH Ub22 6B;m`2b R- 9- 8VX

AMi2`2biBM;Hv- r2 }M/ i?�i bm`T`Bb2 +?�M;2b BM /QK2biB+ +�b2b ?�p2 MQ ;`2�i2` 2z2+i QM
T�MB+ i?�i �#bQHmi2 +?�M;2bX h?mb- Bi b22Kb i?�i +QMbmK2`b `2�+i iQ i?2 iQi�H +?�M;2b
BM +�b2b- `�i?2` i?�M `2�+iBM; iQ i?2 bm`T`Bb2 +QKTQM2Mi T2` b2X

AMi2`M�iBQM�H *PoA.@RN +�b2b �`2 p2`v bB;MB}+�Mi /2i2`KBM�Mib Q7 /QK2biB+ T�MB+- #Qi?
bi�iBbiB+�HHv �M/ [m�MiBi�iBp2HvX AKTmHb2 `2bTQMb2 7mM+iBQMb BM i?2 `B;?i T�M2H Q7 6B;m`2 d
b?Qr 2z2+ib Q7 �p2`�;2 BM+`2�b2b BM rQ`H/rB/2 *PoA.@RN +�b2b BM 62#`m�`v- J�`+? �M/
�T`BHXR8 Pm` KQ/2H BKTHB2b i?2 ivTB+�H J�`+? /�BHv BM+`2�b2 BM +�b2HQ�/b BM+`2�b2/ i?2
T�MB+ BM/2t #v �#Qmi RRW BKK2/B�i2Hv- rBi? �M 2z2+i i?�i /B2b Qz Qp2` iBK2- #2+QKBM;
M2;HB;B#H2 �7i2` �#Qmi � r22FX 1z2+ib Q7 ivTB+�H �T`BH +?�M;2b BM +�b2HQ�/b �`2 bBKBH�`X
*QKT�`BM; i?2b2 BKTmHb2 `2bTQMb2 7mM+iBQMb iQ i?Qb2 7Q` /QK2biB+ +�b2b BM i?2 H27i T�M2H
Q7 6B;m`2 d- r2 b22 i?�i BMi2`M�iBQM�H +�b2b ?�p2 bm#bi�MiB�HHv H�`;2` 2z2+ib QM /QK2biB+
T�MB+ i?�i /QK2biB+ +�b2bX h?Bb K�F2b b2Mb2- ;Bp2 i?�i H�`;2 +�b2HQ�/b r2`2 +QM+2Mi`�i2/
BM � `2H�iBp2Hv 72r +QmMi`B2b- r?BH2 T�MB+ r�b rB/2bT`2�/ �+`Qbb K�Mv +QmMi`B2bX

6BM�HHv- r2 }M/ i?�i +�b2b BM *?BM� �`2 � bB;MB}+�Mi /2i2`KBM�Mi Q7 T�MB+ BM 1�bi
�M/ aQmi?2�bi �bB�M +QmMi`B2b- #mi MQi 2Hb2r?2`2X Pp2`�HH- r2 ?�p2 7QmM/ i?�i #Qi?
BMi2`M�iBQM�H TQHB+v `2;BK2b �M/ BMi2`M�iBQM�H +�b2b �`2 BKTQ`i�Mi /`Bp2`b Q7 /QK2biB+
T�MB+- bm;;2biBM; i?�i +QMbmK2`b /Q T�v �ii2MiBQM iQ BMi2`M�iBQM�H +QM/BiBQMbX

R8�b r2 MQi2/ 2�`HB2`- i?2 �p2`�;2 U�+`Qbb �HH +QmMi`B2bV Q7 i?2 /�BHv BM+`2�b2b �`2 RW QM � #�b2 Q7 R8 +�b2b
BM 62#`m�`v- RRW QM k-Nyy +�b2b BM J�`+?- �M/ dXjW QM R3-eyy +�b2b BM �T`BHX h?2 BMi2`M�iBQM�H �p2`�;2
+�b2HQ�/ +?�M;2b mb2/ iQ +QMbi`m+i i?2 `B;?i T�M2H Q7 6B;m`2 d �`2 i?2 b�K2 �b i?2 �p2`�;2 /QK2biB+
+?�M;2b mb2 iQ +QMbi`m+i i?2 H27i T�M2HX

Ü kyky



*QMbmK2` S�MB+ BM i?2 *PoA.@RN S�M/2KB+ kR

6B;m`2 dX AKTmHb2 _2bTQMb2 6mM+iBQMb 6Q` *PoA.@RN *�b2 AM+`2�b2b
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LQi2, h?2 �p2`�;2 /�BHv BM+`2�b2 BM 62#`m�`v Bb � T2`+2Mi�;2 BM+`2�b2 Q7 RW �M/ �#bQHmi2 BM+`2�b2
Q7 k- BM J�`+? Bi Bb � T2`+2Mi�;2 BM+`2�b2 Q7 RRW �M/ �#bQHmi2 BM+`2�b2 Q7 jR9- �M/ BM �T`BH Bi Bb
� T2`+2Mi�;2 BM+`2�b2 Q7 8X8W �M/ �#bQHmi2 BM+`2�b2 Q7 R-8e9X

9XjX JQ/2H 6Bi

6B;m`2 3 BHHmbi`�i2b ?Qr i?2 KQ/2H }ib i?2 iBK2 b2`B2b Q7 i?2 T�MB+ BM/2t /�i� 7Q` b2H2+i2/
+QmMi`B2bX h?2 };m`2 T`2b2Mib }ii2/ p�Hm2b Q7 i?2 /�BHv T�MB+ BM/2t #�b2/ QM +m``2Mi �M/
H�;;2/ p�Hm2b Q7 i?2 7Q`+BM; p�`B�#H2b UBX2X- TQHB+v p�`B�#H2b �M/ *PoA.@RN +�b2bVX q2
T`2b2Mi #Qi? +QM/BiBQM�H T`2/B+iBQMb- r?2`2 i?2 irQ H�;b Q7 i?2 T�MB+ BM/2t BM 2[m�iBQM
UjXeV �`2 �Hr�vb b2i �i i?2B` i`m2 p�Hm2b- �M/ mM+QM/BiBQM�H T`2/B+iBQMb- r?2`2 r2 THm;

Ü kyky
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BM i?2 irQ T`2pBQmb /�vǶb T`2/B+i2/ T�MB+ BM/B+2b 7`QK i?2 KQ/2HX Ai�Hv �M/ 6`�M+2 �`2
2t�KTH2b Q7 +QmMi`B2b r?2`2 i?2 KQ/2H T`QpB/2b p2`v ;QQ/ T`2/B+iBQMb Q7 i?2 T�i? Q7 i?2
T�MB+ BM/2t #�b2/ QM i?2 7Q`+BM; p�`B�#H2bX

Pm` KQ/2H }ib i?2 lE bQK2r?�i H2bb r2HH- �b i?2 +QM/BiBQM�H T`2/B+iBQMb QMHv ;2M2`�i2
�#Qmi ?�H7 iQ irQ@i?B`/b Q7 i?2 BM+`2�b2 BM T�MB+X h?Bb Bb H�`;2Hv /m2 iQ i?2 7�+i i?�i lE
T�MB+ BM/2t `Bb2b iQ bm#bi�MiB�HHv ?B;?2` H2p2Hb i?�M i?Qb2 Q7 Ai�Hv �M/ 6`�M+2- �M/ i?2
H�`;2 lE BM+`2�b2 Bb MQi 2�bv iQ 2tTH�BM #�b2/ QM i?2 7Q`+BM; p�`B�#H2bX �HbQ- `272``BM;
#�+F iQ 6B;m`2 8- QM2 +�M b22 i?�i BM Ai�Hv �M/ 6`�M+2 /QK2biB+ +�b2b #2;�M iQ `Bb2 �M/
BMi2`M�H `2bi`B+iBQMb r2`2 �MMQmM+2/ T`BQ` iQ i?2 H�`;2 bTBF2 BM T�MB+ BM 2�`Hv iQ KB/@
J�`+?X "mi BM i?2 lE T�MB+ BM+`2�b2/ bm#bi�MiB�HHv T`BQ` iQ i?2 2K2`;2M+2 Q7 bm#bi�MiB�H
/QK2biB+ +�b2b Q` BMi2`M�H `2bi`B+iBQMbX aQ i?2 BM+`2�b2 BM T�MB+ BM i?2 lE BM 2�`Hv J�`+?
Bb /`Bp2M H�`;2Hv #v BMi2`M�iBQM�H +�b2b �M/ TQHB+B2bX

�mbi`�HB� Bb �M 2t�KTH2 Q7 � +QmMi`v r?2`2 i?2 T�MB+ BM/2t ?�/ � K�bbBp2 bTBF2 QM �
T�`iB+mH�` /�v UJ�`+? kV �M/ i?2 KQ/2H Bb MQi �#H2 iQ 2tTH�BM r?v i?Bb Q++m``2/X �b r2
MQi2/ BM a2+iBQM k- i?2 BM+`2�b2 BM i?2 T�MB+ BM/2t BM �mbi`�HB� r�b �M Q`/2` Q7 K�;MBim/2
;`2�i2` i?�M r2 Q#b2`p2 BM �HKQbi �Mv Qi?2` +QmMi`v- bQ Bi Bb MQi �i �HH bm`T`BbBM; i?�i
Qm` KQ/2H +�MMQi 2tTH�BM BiX h?2 Qi?2` +QmMi`B2b rBi? bBKBH�` ?�`/ iQ 2tTH�BM K�bbBp2
bTBF2b �`2 C�T�M- h�Br�M �M/ aBM;�TQ`2XRe Ai Bb Q7 +Qm`b2 MQi bm`T`BbBM; i?�i � p�`B�#H2
HBF2 ǳT�MB+Ǵ Bb bQK2iBK2b ?�`/ iQ T`2/B+i #�b2/ QMHv QM Q#b2`p2/ 7Q`+BM; p�`B�#H2b- bQ r2
rQmH/ �`;m2 i?�i @ rBi? i?2 2t+2TiBQM Q7 i?Bb b2i Q7 +QmMi`B2b @ i?2 KQ/2H ;2M2`�HHv }ib
[mBi2 r2HHX U�M �TT2M/Bt b?QrBM; i?2 }i 7Q` �HH 89 +QmMi`B2b Bb �p�BH�#H2 QM `2[m2biVX

9X9X .Bb+mbbBQM

�b r2 /Bb+mbb2/ BM a2+iBQM jXR- i?2`2 �`2 7Qm` +?�MM2Hb i?`Qm;? r?B+? BMi2`M�H `2bi`B+iBQMb
K�v TH�mbB#Hv �z2+i +QMbmK2` T�MB+- �M/ i?2 Qp2`�HH 2z2+i /2T2M/b QM i?2 #�H�M+2 Q7
i?2b2 7Qm`X _2+�HH i?�i BMi2`M�H `2bi`B+iBQMb, UBV BM+`2�b2 i?2 +Qbi Q7 biQ`2 pBbBib- r?B+?
BM+`2�b2b /2bB`2/ BMp2MiQ`B2b- H2�/BM; iQ � b?Q`i@`mM bTBF2 BM /2K�M/- UBBV BM+`2�b2 2t@
T2+i2/ 7mim`2 +Qbib Q7 biQ`2 pBbBib- rBi? � bBKBH�` 2z2+i- UBBBV BM+`2�b2 T2`+2Bp2/ b2p2`Biv
Q7 i?2 T�M/2KB+- r?B+? K�v BM+`2�b2 +QMbmK2` T�MB+- �M/ UBpV `2/m+2 2tT2+i2/ 7mim`2
b2p2`Biv Q7 i?2 T�M/2KB+- r?B+? K�v `2/m+2 +QMbmK2` T�MB+X 1biBK�i2b 7`QK � `2/m+2/
7Q`K KQ/2H +�MMQi /Bb2Mi�M;H2 i?2b2 /Bz2`2Mi +?�MM2Hb- #mi Qm` KQ/2H BKTHB2b i?�i i?2
i?`22 T�MB+ BM+`2�bBM; 2z2+ib /QKBM�i2 mMiBH p2`v H�i2 J�`+? �M/ 2�`Hv �T`BHX

Pm` KQ/2H �HbQ BKTHB2b i?�i biBKmHmb �MMQmM+2K2Mib ?�p2 � bB;MB}+�Mi TQbBiBp2 2z2+i
QM +QMbmK2` T�MB+ BM i?2 b?Q`i@`mM- #mi i?2 TQBMi 2biBK�i2b BKTHv i?Bb Bb Km+? r2�F2`
i?�M i?2 2z2+i Q7 BMi2`M�H `2bi`B+iBQMbX � r2�F2` 2z2+i b22Kb TH�mbB#H2- �b biBKmHmb
�MMQmM+2K2Mib /Q MQi ?�p2 �Mv TH�mbB#H2 2z2+ib QM i?2 +Qbi Q7 biQ`2 pBbBib- bQ +?�MM2Hb
UBV@UBBV �`2 MQi QT2`�iBp2X h?2B` QMHv TQbBiBp2 2z2+i QM +QMbmK2` T�MB+ rQmH/ b22K iQ
QT2`�i2 i?`Qm;? +?�MM2H UBBBV- �b i?2v K�v bB;M�H ;`2�i2` b2p2`Biv Q7 i?2 T�M/2KB+X

Pm` KQ/2H BKTHB2b i?�i i`�p2H `2bi`B+iBQMb ?�p2 MQ bB;MB}+�Mi 2z2+i QM +QMbmK2` T�MB+X
�;�BM- i`�p2H `2bi`B+iBQMb ?�p2 MQ TH�mbB#H2 2z2+ib QM +Qbib Q7 biQ`2 pBbBib- bQ +?�MM2Hb
UBV@UBBV �`2 MQi QT2`�iBp2X Pm` `2bmHib bm;;2bi i?�i i?2 bB;M�HHBM; 2z2+i Q7 i`�p2H `2bi`B+@
iBQMb- QT2`�iBM; i?`Qm;? +?�MM2H UBBBV- Bb 7mHHv +QmMi2`@#�H�M+2/ #v +?�MM2H UBpV- r?2`2#v

ReAM �//BiBQM- i?2 KQ/2H mM/2`@T`2/B+ib i?2 K�;MBim/2 Q7 2�`Hv T�MB+ bTBF2b BM i?2 la- *�M�/�- J2tB+Q
�M/ :2`K�MvX "mi- mMHBF2 �mbi`�HB�- C�T�M- h�Br�M �M/ aBM;�TQ`2- Bi mM/2`2biBK�i2b i?2 K�;MBim/2 Q7
i?2 bTBF2b `�i?2` i?�M KBbbBM; i?2K �HiQ;2i?2` UbBKBH�` iQ i?2 +�b2 Q7 i?2 lEVX

Ü kyky
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6B;m`2 3X *QM/BiBQM�H �M/ lM+QM/BiBQM�H S`2/B+iBQMb Q7 GQ; S�MB+ 7`QK JQ/2H k
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7UXH�9DOXHV &RQGLWLRQDO�3UHGLFWLRQV 8QFRQGLWLRQDO�3UHGLFWLRQV

+QMbmK2`b 2tT2+i i?�i i`�p2H `2bi`B+iBQMb rBHH ?2HT KBiB;�i2 i?2 b2p2`Biv Q7 i?2 T�M/2KB+
BM i?2 7mim`2- i?mb `2/m+BM; T�MB+X

�MQi?2` F2v }M/BM; Bb i?�i #Qi? 7Q`2B;M +�b2b �M/ i?2 TQHB+v /2+BbBQMb Q7 7Q`2B;M ;Qp@
2`MK2Mib +QMi`B#mi2 iQ /QK2biB+ T�MB+X � KQ/2H i?�i 7�BHb iQ �++QmMi 7Q` i?Bb r�b 7QmM/
iQ #2 b2`BQmbHv KBbbT2+B}2/- �b Bi bmz2`2/ 7`QK K2�MBM;7mH +`Qbb@b2+iBQM�H /2T2M/2M+2
�M/ � 7�BHm`2 Q7 i?2 T`2/2i2`KBM�iBQM �bbmKTiBQM 7Q` i?2 /QK2biB+ TQHB+v p�`B�#H2bX h?Bb
Bb #2+�mb2 i?2 7Q`2B;M +�b2HQ�/ �M/ TQHB+v p�`B�#H2b +QMi`B#mi2 MQi QMHv iQ /QK2biB+
+QMbmK2` T�MB+ BM i?2 b?Q`i `mM- #mi �HbQ iQ 7mim`2 /QK2biB+ TQHB+v /2+BbBQMbX

9X8X �Hi2`M�iBp2 aT2+B}+�iBQMb

>2`2 r2 +QMbB/2` irQ �Hi2`M�iBp2 bT2+B}+�iBQMb Q7 i?2 #�b2HBM2 KQ/2HX 6B`bi- r2 +QMbB/2` �
#`Q�/2` /2}MBiBQM Q7 i?2 T�MB+ BM/2t i?�i BM+Q`TQ`�i2b 72�` Q7 7mim`2 2+QMQKB+ BMb2+m`Biv
#v �//BM; i?2 b2�`+? i2`Kb ǳ`2+2bbBQMǴ �M/ ǳmM2KTHQvK2MiǴ iQ i?2 BM/2tX AM KQbi
+QmMi`B2b i?2 2ti2M/2/ T�MB+ BM/2t #2?�p2b bBKBH�`Hv iQ Qm` Q`B;BM�H BM/2t- #mi i?2 MQi�#H2
2t+2TiBQMb �`2 i?2 lMBi2/ ai�i2b- 6`�M+2- J2tB+Q- �M/ aQmi? �7`B+�X 6B;m`2 N +QKT�`2b
i?2 bi�M/�`/ T�MB+ BM/2t iQ i?2 2ti2M/2/ BM/2t 7Q` i?2 lMBi2/ ai�i2bX .m2 iQ 7`2[m2Mi

Ü kyky
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b2�`+?2b 7Q` ǵmM2KTHQvK2MiǶ BM H�i2@J�`+? �M/ �T`BH- i?2 2ti2M/2/ T�MB+ BM/2t /Q2b
MQi /2+HBM2 �7i2` i?2 bm`;2 BM 2�`Hv iQ KB/@J�`+?X h?Bb bm;;2bib i?�i BM bQK2 +QmMi`B2b
2+QMQKB+ 72�`b �M/ BMb2+m`Biv /Q MQi /Bb�TT2�` �b [mB+FHv �b /Q2b 72�` Q7 b?Q`i�;2bXRd

6B;m`2 NX S�MB+ AM/2t2b �M/ JQ/2H S`2/B+iBQMb 7Q` i?2 lMBi2/ ai�i2b
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7UXH�9DOXHV &RQGLWLRQDO�3UHGLFWLRQV 8QFRQGLWLRQDO�3UHGLFWLRQV

h?2 H27i irQ +QHmKMb Q7 h�#H2 j- H�#2HH2/ ǵJQ/2H j-Ƕ T`2b2Mi Qm` `2bmHib 7Q` i?2 2t@
i2M/2/ T�MB+ BM/2tX h?2v �`2 p2`v bBKBH�` iQ i?Qb2 7Q` JQ/2H kX h?2 BMi2`�+iBQM #2ir22M
i?2 +?�M;2 BM BMi2`M�H `2bi`B+iBQMb �M/ i?2 �p2`�;2 H2p2H Q7 `2bi`B+iBQMb Bb MQr bK�HH2` BM
K�;MBim/2 �M/ QMHv bB;MB}+�Mi �i i?2 RyW H2p2HX "mi i?2 QM2 /�v H�; Q7 i?Bb BMi2`�+@
iBQM Bb H�`;2` �M/ KQ`2 bB;MB}+�MiX >2M+2- Qm` F2v ?vTQi?2bBb i?�i BMi2`M�H `2bi`B+iBQMb
i2M/ iQ +�mb2 H2bb /QK2biB+ +QMbmK2` T�MB+ B7 i?2v �`2 BMi`Q/m+2/ `2H�iBp2Hv H�i2 BM i?2
T�M/2KB+ +QKT�`2/ iQ Qi?2` +QmMi`B2b Bb biBHH bmTTQ`i2/X h?2 +Q2{+B2Mib QM �p2`�;2 BM@
i2`M�H `2bi`B+iBQMb �`2 bK�HH2`- T�`iB+mH�`Hv i?2 H�; r?B+? Bb MQ HQM;2` bB;MB}+�Mi- #mi i?2
+Q2{+B2Mi QM i?2 T`2b2Mi i2`K `2K�BMb bBx�#H2 �M/ bB;MB}+�MiX h?2 �miQ`2;`2bbBp2 i2`K
7Q` i?2 }`bi H�; bHB;?iHv BM+`2�b2b- `2~2+iBM; KQ`2 T2`bBbi2M+2 BM i?2 p2`bBQM Q7 i?2 BM/2t
i?�i BM+Q`TQ`�i2b 2+QMQKB+ 72�`b Ur?B+? K�v bm#bB/2 bHQr2` i?�M � 72�` Q7 b?Q`i�;2bVX

q?BH2 i?2 �_R i2`K Q7 êct Bb p2`v bK�HH 7Q` JQ/2H j- i?2 *. h2bi `2D2+ib i?2 MmHH
?vTQi?2bBb Q7 r2�F +`Qbb@b2+iBQM�H /2T2M/2M+2- rBi? � T@p�Hm2 Q7 y �M/ � i2bi bi�iBbiB+
Q7 9X9j U/Bbi`B#mi2/ LUy-RVVX h?Bb Bb BM +QMi`�bi iQ JQ/2H k- r?2`2 i?2 MmHH r�b MQi
`2D2+i2/X Ai Bb T2`?�Tb MQi bm`T`BbBM; i?�i HQM;2` i2`K +QM/BiBQMb HBF2 mM2KTHQvK2Mi �`2
KQ`2 +Q``2H�i2/ �+`Qbb HBMF2/ 2+QMQKB2b i?�M �`2 +QMbmK2` ;QQ/b b?Q`i�;2bX

Ai Bb BKTQ`i�Mi iQ MQi2 i?�i `2D2+iBM; i?2 MmHH Q7 r2�F +`Qbb@b2+iBQM�H /2T2M/2M+2 /Q2b
MQi M2+2bb�`BHv BKTHv BM+QMbBbi2M+v BM i?2 2biBK�i2bX 6m`i?2`KQ`2- �b S2b�`�M UkyR8V
MQi2b i?2 i2bi rBHH Qp2`@`2D2+i r?2M T Bb H�`;2 `2H�iBp2 iQ N X GQQFBM; �i i?2 K�i`Bt
Q7 +`Qbb@b2+iBQM�H +Q``2H�iBQMb Q7 `2bB/m�Hb #2ir22M T�B`b Q7 +QmMi`B2b- QMHv yXdW Q7 i?2
T�B`b ?�p2 � +Q``2H�iBQM �#Qp2 yXk8- rBi? i?2 K�tBKmK +Q``2H�iBQM #2BM; yXjeX Pp2`
3eW Q7 i?2 T�B`b ?�p2 � +Q``2H�iBQM #2HQr yXR- r?B+? H2�/b mb iQ /Qm#i i?�i +`Qbb@b2+iBQM
/2T2M/2M+2 Bb +�mbBM; bB;MB}+�Mi #B�b BM i?Bb +�b2X :Bp2M i?�i i?2 i2bi Qp2`@`2D2+ib rBi?
i?2 /BK2MbBQMb Q7 Qm` T�M2H /�i�- Bi Bb �+im�HHv [mBi2 BKT`2bbBp2 i?�i JQ/2H k T�bb2b i?2
*. i2bi rBi? � T@p�Hm2 �#Qp2 yXRX
Rd6B;m`2 N �HbQ b?Qrb T`2/B+i2/ p�Hm2b Q7 i?2 T�MB+ BM/2t 7`QK Qm` KQ/2HbX Ai Bi rQ`i? `2+�HHBM; i?�i
i?2 la Bb QM2 Q7 i?2 +QmMi`B2b r?2`2 Qm` T�MB+ BM/2t bTBF2b KQbi b?�`THv �M/ Qm` KQ/2H }i Bb rQ`biX

Ü kyky



*QMbmK2` S�MB+ BM i?2 *PoA.@RN S�M/2KB+ k8

h�#H2 jX _2;`2bbBQM JQ/2Hb Q7 S�MB+ /m`BM; i?2 *PoA.@RN S�M/2KB+

JQ/2Hb Q7 ln(panicct), JQ/2H j JQ/2H 9
β aX1X β aX1X

AMi2`M�H _2bi`B+iBQMb,
∆Internalct yXyNk yXyjy yXRRy yXyjj
∆Internalct−1 yXR8k yXyje yXR9j yXyje
∆Internalft yXkdN yXy3d yXk8k yXyNy
∆Internalft−1 yXRje yXRy3 yXky3 yXRRR
∆Internalct ∗ Internalft @yXyR3 yXyRj @yXykj yXyR9
∆Internalct−1 ∗ Internalft−1 @yXy8j yXyR9 @yXy9d yXyR8

aiBKmHmb �MMQmM+2K2Mib,
∆Stimulusct yXyd3 yXy93 yXRk8 yXy8R
∆Stimulusct−1 @yXyRj yXy99 yXy8e yXy9e
∆Stimulusft yXydj yXRj3 yXyeN yXRjN
∆Stimulusft−1 yXy93 yXRjR yXRjN yXRj9
∆Stimulusct ∗ Stimulusft @yXyk8 yXyjN @yXyNe yXy9y
∆Stimulusct−1 ∗ Stimulusft−1 yXyk9 yXyje @yXy8j yXyj3

h`�p2H _2bi`B+iBQMb,
∆Travelct yXyR8 yXyRd yXyk8 yXyRd
∆Travelct−1 yXyyN yXyRd yXyRk yXyR3
∆Travelft @yXyj3 yXy93 @yXy8R yXy9N
∆Travelft−1 @yXy9k yXyj3 @yXyey yXy9y
∆Travelct ∗ Travelft @yXyy8 yXyy9 @yXyyd yXyy9
∆Travelct−1 ∗ Travelft−1 @yXyyj yXyy9 @yXyyk yXyy9

.QK2biB+ *PoA.@RN *�b2b,
∆ln(Cct) yXj9d yXydk yXj8j yXyd9
∆Cct yXyRd yXyyk yXyyk yXyyk
∆Cct ∗∆ln(Cct) yXyk8 yXyky yXy98 yXyRN
∆ln(C∗

ct) @yXRR9 yXy3d @yXRj8 yXy3N
∆C∗

ct @yXyR3 yXyye @yXyy8 yXyy9

AMi2`M�iBQM�H *PoA.@RN *�b2b,
∆ln(Cft) yXdR8 yXRj9 yXeRN yXRjd
∆Cft yXyjR yXyyd yXyR8 yXyyd
∆CChina,t @yXyyy yXyyj @yXyyy yXyyj
∆CChina,t ∗Asiai yXyRN yXyyN yXyky yXyyN

G2�/2` S�MB+,
*QMi2KTQ`�M2Qmb h2`K yXjj3 yXy9k
6B`bi G�; @yXR98 yXy8e
a2+QM/ G�; @yXRkd yXy9y

�miQ`2;`2bbBp2 h2`Kb,
ln(panicct−1) yX9j8 yXyRk yX9yj yXyRk
ln(panicct−2) yXk9R yXyRk yXkj8 yXyRk

.B�;MQbiB+b,
�_R h2`K Q7 êct @yXyy3 yXyRj yXykR yXyRj
*. h2bi T@p�Hm2 yXyyy yX3Rk
aBKb h2bi T@p�Hm2 yXy88 yXk8e
R2 Ĝ qBi?BM mMBib yXdkk yXe9y

LQi2, JQ/2H j mb2b � /2}MBiBQM Q7 S�MB+ i?�i BM+Hm/2b #Qi? `2+2bbBQM �M/ mM2K@
THQvK2Mi- �M/ Bb 2biBK�i2/ #v qGaX JQ/2H 9 �//b i?2 G2�/2` S�MB+ p�`B�#H2 i?�i
�//`2bb2b i?2 Q++�bBQM�HHv bB;MB}+�Mi +`Qbb@b2+iBQM�H +Q``2H�iBQMb i?�i �`2 Q#b2`p2/
BM i?2 `2bB/m�Hb iQ JQ/2H kX h?2 `2bmHib 7Q` �//BiBQM�H i2`Kb �`2 �p�BH�#H2 BM i?2
�TT2M/BtXÜ kyky



ke E2�M2 � L2�H

1t�KBMBM; i?2 +`Qbb@b2+iBQM�H +Q``2H�iBQM K�i`Bt Q7 JQ/2H kǶb `2bB/m�Hb- KQbi Q7 i?2
T�B`b rBi? MQM@i`BpB�H +Q``2H�iBQMb K�F2 BMimBiBp2 b2Mb2X 6Q` BMbi�M+2- i?2 2``Q`b 7Q`
*�M�/� �M/ i?2 lMBi2/ ai�i2b �`2 TQbBiBp2Hv +Q``2H�i2/- bm;;2biBM; i?�i T�MB+ BM *�M�/�
Bb bi`QM;Hv `2H�i2/ iQ T�MB+ BM Bib Km+? H�`;2` M2B;?#Q`X A7 i?2 irQ +QmMi`B2b T2�F BM
T�MB+ �`QmM/ i?2 b�K2 iBK2 �M/ i?2 KQ/2H mM/2`@2biBK�i2b i?�i T2�F- i?2M i?2 2``Q`b
�`2 ;QBM; iQ #2 +Q``2H�i2/X Pi?2` 2t�KTH2b Q7 i?2 2``Q`b Q7 bK�HH +QmMi`B2b #2BM; ?B;?Hv
+Q``2H�i2/ rBi? i?2B` H�`;2 M2B;?#Q`b BM+Hm/2 "2H;BmK �M/ i?2 L2i?2`H�M/b rBi? 6`�M+2-
l`m;m�v rBi? "`�xBH- �M/ i?2 l�1 rBi? a�m/B �`�#B�X h?Bb bm;;2bib i?�i Bi Bb TQbbB#H2
iQ 2tTmM;2 JQ/2H k Q7 Bib r2�F +`Qbb@b2+iBQM /2T2M/2M+2 #v �HHQrBM; i?2 T�MB+ Q7 i?2b2
bK�HH +QmMi`B2b iQ `2�+i iQ i?2 T`2b2Mi p�Hm2 �M/ i?2 H�;b Q7 i?2 H�`;2` M2B;?#Q`Ƕb T�MB+X
q2 /Q i?Bb #v +`2�iBM; � ǵG2�/2` S�MB+Ƕ p�`B�#H2- r?B+? 7Q` i?2 bK�HH M2B;?#Q` i�F2b i?2
p�Hm2 Q7 i?2 H�`;2` M2B;?#Q`Ƕb T�MB+XR3

h?2 `2bmHib +�M #2 b22M BM i?2 `B;?i irQ +QHmKMb Q7 h�#H2 j HBbi2/ mM/2` JQ/2H 9X h?2
+Q2{+B2Mib 7Q` i?2 ǵG2�/2` S�MB+Ƕ p�`B�#H2 �`2 �HH bB;MB}+�MiX h?2 +QMi2KTQ`�M2Qmb +Q27@
}+B2Mi Bb bi`QM;Hv TQbBiBp2- r?B+? BM/B+�i2b i?�i +QMbmK2` T�MB+ BM i?2b2 bK�HH2` +QmMi`B2b
Bb ?B;?Hv +Q``2H�i2/ rBi? T�MB+ BM i?2B` H�`;2` M2B;?#Q`b- Q` H2�/2`- 2p2M �7i2` +QMi`QHHBM;
7Q` Bib QrM H�; �M/ �HH Q7 i?2 TQHB+v �M/ *PoA.@RN +�b2 p�`B�#H2bX �7i2` BM+Hm/BM; i?2
ǵH2�/2`Ƕ p�`B�#H2 i?2 T@p�Hm2 Q7 i?2 *. i2bi BM+`2�b2b 7`QK yXR8 iQ yX3R BM/B+�iBM; 2p2M
H2bb +`Qbb@b2+iBQM /2T2M/2M+2 BM i?2 2``Q` i2`K i?�M BM JQ/2H kX h?2 `2K�BM/2` Q7 i?2
+Q2{+B2Mib �`2 bBKBH�` 2MQm;? iQ bmTTQ`i �HH Q7 i?2 +QM+HmbBQMb 7`QK Qm` BMi2`T`2i�iBQM
Q7 i?2 `2bmHib Q7 JQ/2H k- +QM}`KBM; i?�i i?2 r2�F +`Qbb@b2+iBQM /2T2M/2M+2 7QmM/ BM
JQ/2H k /Q2b MQi +�bi �Mv /Qm#i QM i?2 p�HB/Biv Q7 i?2 +QM+HmbBQMbX

8X *PL*GlaAPL
S�MB+ #mvBM; Q7 biQ`�#H2 +QMbmK2` ;QQ/b Bb � +QKKQM T?2MQK2MQM /m`BM; M�im`�H /Bb@
�bi2`b �M/ K�M@K�/2 +`Bb2bX "mi +QMbmK2` T�MB+ ?�b #22M HBiiH2 bim/B2/ 7`QK �M 2+QMQ@
K2i`B+ TQBMi Q7 pB2r U� MQi�#H2 2t+2TiBQM #2BM; >�MbK�M 2i �HX kykyVX h?Bb Bb #2+�mb2 Q7
i?2 /B{+mHiv Q7 Q#i�BMBM; bmBi�#H2 /�i�- �M/ i?2 H�+F Q7 p�`B�iBQM BM i?2 /2i2`KBM�Mib Q7
T�MB+X hvTB+�H T�MB+b �`2 QM2@Qz 2p2Mib r?2`2 +QMbmK2`b BM � T�`iB+mH�` HQ+�iBQM `2�+i iQ
M2rb Q7 � +`BbBb U2X;X- �M �TT`Q�+?BM; ?m``B+�M2V #v biQ+FTBHBM; +QMbmK2` ;QQ/bX h?2 M�@
im`2 Q7 bm+? � T�MB+ K�F2b Bi /B{+mHi iQ bim/v mbBM; +QMp2MiBQM�H 2+QMQK2i`B+ K2i?Q/b,
6B`bi- `2H2p�Mi ?B;? 7`2[m2M+v /�i� QM +QMbmK2` `2bTQMb2 Bb /B{+mHi iQ Q#i�BM #2+�mb2 Q7
i?2 p2`v bm//2MM2bb Q7 i?2 2p2MiX a2+QM/- T�MB+ 2p2Mib UHBF2 � ?m``B+�M2V ivTB+�HHv �z2+i
� T�`iB+mH�` ;`QmT T7 +QMbmK2`b BM � T�`iB+mH�` HQ+�iBQM �i �#Qmi i?2 b�K2 iBK2X h?mb
Bi Bb ?�`/ iQ }M/ p�`B�iBQM BM i?2 7Q`+BM; p�`B�#H2b i?�i /`Bp2 i?2 � T�MB+X

h?2 *PoA.@RN T�M/2KB+ T`QpB/2b � mMB[m2 QTTQ`imMBiv iQ bim/v +QMbmK2` T�MB+ 7Q`
irQ `2�bQMb, 6B`bi- i?2 T�MB+ ?�b �z2+i2/ M2�`Hv 2p2`v +QmMi`v QM 2�`i?- #mi �i /Bz2`2Mi
iBK2b �M/ iQ /Bz2`2Mi /2;`22bX h?mb- i?2`2 Bb � ;`2�i /2�H Q7 p�`B�iBQM �+`Qbb HQ+�iBQMb
BM i?2 iBKBM; �M/ b2p2`Biv Q7 i?2 T�MB+@BM/m+BM; 2p2MiX 6m`i?2`KQ`2- ;Qp2`MK2Mib ?�p2
`2bTQM/2/ iQ i?2 T�M/2KB+ rBi? � p�`B2iv Q7 /Bz2`2Mi TQHB+B2b BKTH2K2Mi2/ �i /Bz2`2Mi
iBK2b �M/ rBi? /Bz2`BM; bi`B+iM2bb- ;2M2`�iBM; p�`B�iBQM BM i?2 TQHB+v /`Bp2`b Q7 T�MB+X

h?2 }`bi +QMi`B#miBQM Q7 i?Bb �`iB+H2 Bb iQ +QMbi`m+i � /�BHv BM/2t Q7 +QMbmK2` T�MB+

R3h?2 +QKTH2i2 HBbi Q7 �bbB;MK2Mib �`2 �b 7QHHQrb, h?2 la H2�/b J2tB+Q �M/ *�M�/�- 6`�M+2 H2�/b
"2H;BmK �M/ i?2 L2i?2`H�M/b- "`�xBH H2�/b l`m;m�v �M/ �`;2MiBM�- a�m/B �`�#B� H2�/b i?2 l�1- Ai�Hv
H2�/b aT�BM- �M/ �mbi`�HB� H2�/b i?2 lEX _2;�`/BM; i?2 }M�H irQ �bbB;MK2Mib- i?2 +QmMi`vǶb `QH2b +QmH/
#2 brBi+?2/ iQ i?2 b�K2 2z2+iX h?2 lE �M/ �mbi`�HB� K�v ?�p2 � bi`QM; +Q``2H�iBQM BM T�MB+ bBKTHv
/m2 iQ ?BbiQ`B+�H �M/ +mHim`�H #QM/bX

Ü kyky



*QMbmK2` S�MB+ BM i?2 *PoA.@RN S�M/2KB+ kd

7Q` 89 +QmMi`B2b- +Qp2`BM; i?2 F2v T2`BQ/ 7`QK C�Mm�`v Rbi iQ H�i2 �T`BH kykyX aTBF2b BM
i?2 BM/2t �HB;M r2HH rBi? i?2 iBKBM; Q7 biQ+FTBHBM; �b K2�bm`2/ BM i?2 A_A UkykyV /�i�
7Q` i?2 bm#b2i Q7 +QmMi`B2b r?2`2 A_A /�i� Bb �p�BH�#H2X q2 �HbQ +QMbi`m+i /�BHv /�i�
QM ;Qp2`MK2Mi TQHB+v �MMQmM+2K2Mib BM `2bTQMb2 iQ i?2 T�M/2KB+- BM+Hm/BM; BMi2`M�H
KQp2K2Mi `2bi`B+iBQMb- i`�p2H `2bi`B+iBQMb �M/ 2+QMQKB+ biBKmHmbX �M/ r2 +QHH2+i /�BHv
/�i� QM *PoA.@RN +�b2b 7Q` �HH 89 +QmMi`B2bX

h?2 `2bmHi Bb � ?B;?@7`2[m2M+v T�M2H /�i�b2i QM +QMbmK2` T�MB+- ;Qp2`MK2Mi TQHB+v
�M/ *PoA.@RN +�b2b i?�i +Qp2`b K�Mv +QmMi`B2b Qp2` � F2v 7Qm` KQMi? T2`BQ/ Q7 i?2
T�M/2KB+X "v 2tTHQBiBM; i?2 ?2i2`Q;2M2Biv BM i?2 iBKBM; �M/ b2p2`Biv Q7 T�MB+- �HQM; rBi?
i?2 ?2i2`Q;2M2Biv BM ;Qp2`MK2Mi�H TQHB+v `2bTQMb2 �M/ pB`mb i`�MbKBbbBQM- � T�M2H /�i�
KQ/2H Bb #2ii2` TH�+2/ iQ Qp2`+QK2 Bbbm2b Q7 bTm`BQmb `2;`2bbBQM i?�i rQmH/ BM2pBi�#Hv
�`Bb2 7`QK � iBK2 b2`B2b Q` +`Qbb@b2+iBQM�H bim/v Q7 i?2 b�K2 T`Q#H2KX

h?2 b2+QM/ +QMi`B#miBQM Q7 i?Bb �`iB+H2 Bb iQ #mBH/ � /vM�KB+ KQ/2H i?�i �HHQrb 7Q` T�MB+
iQ `2bTQM/ iQ /QK2biB+ �M/ BMi2`M�iBQM�H TQHB+v +?�M;2- �M/ /QK2biB+ �M/ BMi2`M�iBQM�H
pB`mb i`�MbKBbbBQMX AKTQ`i�MiHv- Qm` KQ/2H �HHQrb i?2 2z2+i Q7 /QK2biB+ TQHB+v iQ /2T2M/
QM i?2 BMi2`M�iBQM�H +QMi2tiX q2 b?Qr i?�i � KQ/2H i?�i �ii2KTib iQ T`2/B+i T�MB+ #�b2/
QMHv QM /QK2biB+ 2p2Mib Bb b2`BQmbHv KBbbT2+B}2/- #mi i?�i � KQ/2H i?�i BM+Q`TQ`�i2b i?2
BMi2`M�iBQM�H +QMi2ti T�bb2b � bi`BM;2Mi b2i Q7 bT2+B}+�iBQM i2bibX

Pm` `2bmHib b?Qr i?�i i?2 �MMQmM+2K2Mi Q7 BMi2`M�H KQp2K2Mi `2bi`B+iBQMb ;2M2`�i2b
+QMbB/2`�#H2 +QMbmK2` T�MB+ BM i?2 b?Q`i@`mM- #mi i?2 2z2+i H�`;2Hv p�MBb?2b �7i2` � r22F
iQ i2M /�vbX *QMbmK2` T�MB+ �HbQ `2bTQM/b iQ �MMQmM+2K2Mib Q7 BMi2`M�H KQp2K2Mi
`2bi`B+iBQMb BM 7Q`2B;M +QmMi`B2b- bm;;2biBM; i?�i +QMbmK2`b i�F2 i?2b2 �b � bB;M�H Q7 i?2
b2p2`Biv Q7 i?2 T�M/2KB+ �M/fQ` HBF2Hv 7mim`2 TQHB+v BM i?2B` ?QK2 +QmMi`vX 6m`i?2`KQ`2-
BMi2`M�H KQp2K2Mi `2bi`B+iBQMb ;2M2`�i2 H2bb T�MB+ B7 i?2v �`2 BKTH2K2Mi2/ `2H�iBp2Hv H�i2
+QKT�`2/ iQ Qi?2` +QmMi`B2bX h?2 Qi?2` irQ TQHB+B2b r2 +QMbB/2`- i`�p2H `2bi`B+iBQMb �M/
biBKmHmb �MMQmM+2K2Mib- /Q MQi �TT2�` iQ ;2M2`�i2 bB;MB}+�Mi +QMbmK2` T�MB+X

*QMbmK2` T�MB+ Bb �HbQ b2MbBiBp2 iQ #Qi? /QK2biB+ �M/ rQ`H/rB/2 *PoA.@RN +�b2bX q2
}M/ i?�i +QMbmK2`b �`2 KQbi b2MbBiBp2 iQ +?�M;2b BM *PoA.@RN +�b2b i?�i �`2 H�`;2 BM #Qi?
T2`+2Mi�;2 �M/ �#bQHmi2 i2`KbX h?2v �`2 H2bb `2bTQMbBp2 iQ H�`;2 T2`+2Mi�;2 BM+`2�b2b
7`QK � bK�HH #�b2- Q` H�`;2 �#bQHmi2 +?�M;2b 7`QK � H�`;2 #�b2X h?Bb 2KT?�bBb2b i?2
KB/r�v TQBMi Q7 i?2 +m`p2 Q7 M2r *PoA.@RN +�b2bX

Ai Bb BKTQ`i�Mi 7Q` ;Qp2`MK2Mib iQ #2ii2` mM/2`bi�M/ ?Qr iQ KBMBKBx2 +QMbmK2` T�MB+
r?BH2 Tm`bmBM; i?2B` TQHB+v ;Q�Hb BM � T�M/2KB+ 2MpB`QMK2MiX 6Q` 2t�KTH2- QM2 TQbbB#H2
H2bbQM 7Q` ;Qp2`MK2Mi Bb i?�i- BM i?2 2�`Hv bi�;2b Q7 � T�M/2KB+- r?2M BMi2`M�H `2bi`B+iBQMb
�`2 }`bi #2BM; +QMi2KTH�i2/- H�`;2 `2i�BH2`b +QmH/ #2 �/pBb2/ iQ +�``v 2ti`� biQ+F Q7 F2v
+QMbmK2` ;QQ/bX :Bp2M i?�i i?2 T�MB+ BM/m+2/ #v BMi2`M�H `2bi`B+iBQMb Bb bm//2M #mi
b?Q`i HBp2/- ?�pBM; 2ti`� biQ+F iQ ?�M/H2 �M/ �M BMBiB�H bm`;2 BM /2K�M/ +QmH/ T`2p2Mi
b?Q`i�;2b �M/ ?2M+2 T`2p2Mi +QMbmK2` T�MB+ 7`QK i�FBM; ?QH/ BM i?2 }`bi TH�+2X

Ai Bb T�`iB+mH�`Hv BKTQ`i�Mi iQ H2�`M H2bbQMb 7`QK i?2 *PoA.@RN T�M/2KB+ ;Bp2M i?�i
7mim`2 T�M/2KB+b �`2 2bb2MiB�HHv BM2pBi�#H2- r?2i?2` BM i?2 M2�` i2`K 7`QK � b2+QM/ r�p2
Q` M2r bi`�BM Q7 *PoA.@RN- Q` HQM;2` i2`K �b M2r pB`mb bi`�BMb 2K2`;2X h?Bb �`iB+H2 Bb i?2
}`bi �ii2KTi iQ KQ/2H i?2 /2i2`KBM�Mib Q7 +QMbmK2` T�MB+ BM � T�M/2KB+ 2MpB`QMK2Mi-
#mi i?2`2 Bb bB;MB}+�Mi b+QT2 7Q` i?Bb iQ #2 �M �`2� Q7 �+iBp2 7mim`2 `2b2�`+?X

Ü kyky



k3 E2�M2 � L2�H

�+FMQrH2/;2K2Mib, h?Bb `2b2�`+? r�b bmTTQ`i2/ #v �mbi`�HB�M _2b2�`+? *QmM+BH
;`�Mib 6GRRyRyyk9d �M/ *1RdyRyyyy8X h?2 �mi?Q`b �+FMQrH2/;2 um�Mvm�M .2M;- AMF�
1#2`?�`/i- E�iD� >�M2r�H/- >2HQBb2 >�`/v- a?�?BM EB�2B- :2Q`;2 Em`/M�- a2QD2QM; G22-
a?BFQ J�`mv�K�- S2vK�M 6B`QmxB L�2BK- JB;m2H PHBpQ@oBHH�#`BHH2- h?�M? S?�M- PH2M�
ai�p`mMQp�- �M/ L�/� q�bB 7Q` �bbBbi�M+2 rBi? i`�MbH�iBQMbX

_272`2M+2b
�p2`v- *X- qX "Qbb2`i- �X *H�`F- :X 1HHBbQM- �M/ aX 6X 1HHBbQM UkykyVX SQHB+v BKTHB+�iBQMb

Q7 KQ/2Hb Q7 i?2 bT`2�/ Q7 *Q`QM�pB`mb, S2`bT2+iBp2b �M/ QTTQ`imMBiB2b 7Q` 2+QMQKBbibX
L"1_ qQ`FBM; S�T2` LQX kdyyd X

*?BM�xxB- JX- CX hX .�pBb- JX �D2HHB- *X :BQ�MMBMB- JX GBipBMQp�- aX J2`H2`- �X SX v SB@
QMiiB- EX Jm- GX _QbbB- EX amM- 2i �HX UkykyVX h?2 2z2+i Q7 i`�p2H `2bi`B+iBQMb QM
i?2 bT`2�/ Q7 i?2 kyRN MQp2H +Q`QM�pB`mb U*PoA.@RNV Qmi#`2�FX a+B2M+2 je3Ue93NV-
jN8Ĝ9yyX

*?QB- >X �M/ >X o�`B�M UkyRkVX S`2/B+iBM; i?2 T`2b2Mi rBi? :QQ;H2 i`2M/bX 1+QMQKB+
`2+Q`/ 33- kĜNX

.�- wX- CX 1M;2H#2`;- �M/ SX :�Q UkyRRVX AM b2�`+? Q7 �ii2MiBQMX h?2 CQm`M�H Q7 6B@
M�M+2 eeU8V- R9eRĜR9NNX

1`/2K- hX- aX AK�B- �M/ JX SX E2�M2 UkyyjVX "`�M/ �M/ [m�MiBiv +?QB+2 /vM�KB+b mM/2`
T`B+2 mM+2`i�BMivX Zm�MiBi�iBp2 J�`F2iBM; �M/ 2+QMQKB+b RURV- 8Ĝe9X

6�M;- >X- GX q�M;- �M/ uX u�M; UkykyVX >mK�M KQ#BHBiv `2bi`B+iBQMb �M/ i?2 bT`2�/ Q7
i?2 MQp2H +Q`QM�pB`mb UkyRN@M+QpV BM *?BM�X L"1_ qQ`FBM; S�T2` LQX keNyeX

62`;mbQM- LX- .X G�v/QM- :X L2/D�iB :BH�MB- LX AK�B- EX �BMbHB2- JX "�;m2HBM- aX "?�iB�-
�X "QQMv�bB`B- wX *m+mMm#� S2`2x- :X *mQKQ@.�MM2M#m`;- 2i �HX UkykyVX _2TQ`i N,
AKT�+i Q7 MQM@T?�`K�+2miB+�H BMi2`p2MiBQMb ULSAbV iQ `2/m+2 *PoA.RN KQ`i�HBiv �M/
?2�Hi?+�`2 /2K�M/X AKT2`B�H *QHH2;2 GQM/QMX

:BMb#2`;- CX- JX >X JQ?2##B- _X aX S�i2H- GX "`�KK2`- JX aX aKQHBMbFB- �M/ GX "`BH@
HB�Mi UkyyNVX .2i2+iBM; BM~m2Mx� 2TB/2KB+b mbBM; b2�`+? 2M;BM2 [m2`v /�i�X L�@
im`2 98dUdkjkV- RyRkĜRyR9X

:Q2H- aX- CX JX >Q7K�M- aX G�?�B2- .X JX S2MMQ+F- �M/ .X CX q�iib UkyRyVX S`2@
/B+iBM; +QMbmK2` #2?�pBQ` rBi? r2# b2�`+?X S`Q+22/BM;b Q7 i?2 L�iBQM�H �+�/2Kv Q7
b+B2M+2b RydU9RV- Rd93eĜRd9NyX

:`Q?QH- CX UkykyVX S�MB+ #mvBM;, h?2 Tbv+?QHQ;v Q7 ?Q�`/BM; iQBH2i T�T2`- #2�Mb
�M/ bQmTX Sbv+?*2Mi`�HX �p�BH�#H2 QMHBM2, ?iiTb,ffTbv+?+2Mi`�HX+QKf#HQ;f
T�MB+@#mvBM;@i?2@Tbv+?QHQ;v@Q7@?Q�`/BM;@iQBH2i@T�T2`@#2�Mb@bQmTfX

>�MbK�M- *X- >X >QM;- �X /2 S�mH�- �M/ oX aBM;? UkykyVX � biB+Fv@T`B+2 pB2r Q7 ?Q�`/BM;X
L"1_ qQ`FBM; S�T2` LQX kdy8RX

>Q`B- JX �M/ EX Ar�KQiQ UkyR9VX h?2 `mM QM /�BHv 7QQ/b �M/ ;QQ/b �7i2` i?2 kyRR
hQ?QFm 2�`i?[m�F2, � 7�+i }M/BM; �M�HvbBb #�b2/ QM ?QK2b+�M /�i�X h?2 C�T�M2b2
SQHBiB+�H 1+QMQKv 9yURV- eNĜRRjX

>m;?2b- qX hX URN33VX � i`B#mi2 iQ iQBH2i T�T2`X _2pB2rb Q7 BM72+iBQmb /Bb2�b2b RyURV-
kR3ĜkkkX

A_A UkykyVX *QpB/@RN BKT�+i, *QMbmK2` bT2M/BM; i`�+F2` 7Q` K2�bm`2/ +?�MM2HbX AM@
7Q`K�iBQM _2bQm`+2b AM+X �p�BH�#H2 QMHBM2 �i, ?iiTb,ffrrrXB`BrQ`H/rB/2X+QKfA_Af
K2/B�fGB#`�`vfkyky@y9@jy@A_A@"*:@*PoA.@:HQ#�H@*QMbmK2`@aT2M/@h`�+F2`X
T/7X

Ab?B/�- hX- �X J�`mv�K�- �M/ aX Em`B?�`� UkyRjVX *QMbmK2` `2�+iBQM iQ i?2 :`2�i 1�bi
C�T�M 1�`i?[m�F2X CQm`M�H Q7 GB72 a+B2M+2b dU3V- 33jX

Ü kyky

https://psychcentral.com/blog/panic-buying-the-psychology-of-hoarding-toilet-paper-beans-soup/
https://psychcentral.com/blog/panic-buying-the-psychology-of-hoarding-toilet-paper-beans-soup/
https://www.iriworldwide.com/IRI/media/Library/2020-04-30-IRI-BCG-COVID-Global-Consumer-Spend-Tracker.pdf
https://www.iriworldwide.com/IRI/media/Library/2020-04-30-IRI-BCG-COVID-Global-Consumer-Spend-Tracker.pdf
https://www.iriworldwide.com/IRI/media/Library/2020-04-30-IRI-BCG-COVID-Global-Consumer-Spend-Tracker.pdf


*QMbmK2` S�MB+ BM i?2 *PoA.@RN S�M/2KB+ kN

EMQHH- *X UkykyVX S�MB+F2/ b?QTT2`b 2KTiv b?2Hp2b �b +Q`QM�pB`mb �MtB2iv `Bb2bX h?2 L2r
uQ`F hBK2bX �p�BH�#H2 QMHBM2, ?iiTb,ffrrrXMviBK2bX+QKfkykyfyjfRjfMv`2;BQMf
+Q`QM�pB`mb@T�MB+@#mvBM;X?iKHX

Em`B?�`�- aX- �X J�`mv�K�- �M/ �X GmHQz UkyRkVX �M�HvbBb Q7 +QMbmK2` #2?�pBQ` BM
i?2 hQFvQ K2i`QTQHBi�M �`2� �7i2` i?2 :`2�i 1�bi C�T�M 1�`i?[m�F2X CQm`M�H Q7 6QQ/
avbi2K _2b2�`+? R3U9V- 9R8Ĝ9keX

G�KTQb- oX- aX JQm`�- 1X uQK@hQp- AX CX *Qt- _X J+E2M/`v- �M/ JX 1/2Hbi2BM UkykyVX
h`�+FBM; *PoA.@RN mbBM; QMHBM2 b2�`+?X �`sBp T`2T`BMi �`sBp,kyyjXy3y3eX

J�H+QHK- �X URNd9VX h?2 ǵb?Q`i�;2Ƕ Q7 #�i?`QQK iBbbm2, *H�bbB+ bim/v BM `mKQ`X h?2 L2r
uQ`F hBK2bX �p�BH�#H2 QMHBM2, ?iiTb,ffrrrXMviBK2bX+QKfRNd9fykfyjf�`+?Bp2bf
i?2@b?Q`i�;2@Q7@#�i?`QQK@iBbbm2@�@+H�bbB+@bim/v@BM@`mKQ`@b?Q`i�;2X
?iKHX

Jmbp�M?B`B- SX UkyRdVX wBK#�#r2�Mb biQ+F mT QM 2bb2MiB�Hb �KB/ 72�`b Q7 ?v@
T2`BM~�iBQMX .2mib+?2 q2HH2bX �p�BH�#H2 QMHBM2, ?iiTb,ffrrrX/rX+QKf2Mf
xBK#�#r2�Mb@biQ+F@mT@QM@2bb2MiB�Hb@�KB/@72�`b@Q7@?vT2`BM7H�iBQMf
�@9ydk98kNX

LB+F2HH- aX URN3RVX "B�b2b BM /vM�KB+ KQ/2Hb rBi? }t2/ 2z2+ibX 1+QMQK2i`B+�, CQm`M�H
Q7 i?2 1+QMQK2i`B+ aQ+B2iv- R9RdĜR9keX

S2b�`�M- JX >X UkyR8VX h2biBM; r2�F +`Qbb@b2+iBQM�H /2T2M/2M+2 BM H�`;2 T�M2HbX 1+QMQ@
K2i`B+ _2pB2rb j9Ue@RyV- Ry3NĜRRRdX

_B2/2`- EX UkykyVX q?�i r2 K�v H2�`M 7`QK ?BbiQ`B+�H }M�M+B�H +`Bb2b iQ mM/2`bi�M/
�M/ KBiB;�i2 *PoA.@RN T�MB+ #mvBM;X oPs2mX ?iiTb,ffpQt2mXQ`;f�`iB+H2f
KBiB;�iBM;@+QpB/@RN@T�MB+@#mvBM;@H2bbQMb@?BbiQ`B+�H@7BM�M+B�H@+`Bb2bX

aBKb- *X �X URNdkVX JQM2v- BM+QK2- �M/ +�mb�HBivX h?2 �K2`B+�M 2+QMQKB+ `2pB2r ekU9V-
89yĜ88kX

Ü kyky

https://www.nytimes.com/2020/03/13/nyregion/coronavirus-panic-buying.html
https://www.nytimes.com/2020/03/13/nyregion/coronavirus-panic-buying.html
https://www.nytimes.com/1974/02/03/archives/the-shortage-of-bathroom-tissue-a-classic-study-in-rumor-shortage.html
https://www.nytimes.com/1974/02/03/archives/the-shortage-of-bathroom-tissue-a-classic-study-in-rumor-shortage.html
https://www.nytimes.com/1974/02/03/archives/the-shortage-of-bathroom-tissue-a-classic-study-in-rumor-shortage.html
https://www.dw.com/en/zimbabweans-stock-up-on-essentials-amid-fears-of-hyperinflation/a-40724529
https://www.dw.com/en/zimbabweans-stock-up-on-essentials-amid-fears-of-hyperinflation/a-40724529
https://www.dw.com/en/zimbabweans-stock-up-on-essentials-amid-fears-of-hyperinflation/a-40724529
https://voxeu.org/article/mitigating-covid-19-panic-buying-lessons-historical-financial-crises
https://voxeu.org/article/mitigating-covid-19-panic-buying-lessons-historical-financial-crises
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�SS1L.As �, S_1.A*hAL: *PoA.@RN *�a1a
_2+�HH i?�i Qm` KQ/2H �HHQrb bm`T`Bb2 +?�M;2b BM *PoA.@RN +�b2b iQ ?�p2 � /Bz2`2MiB�H
2z2+i QM +QMbmK2` T�MB+X >2`2 r2 T`2b2Mi i?2 KQ/2H r2 mb2 iQ T`2/B+i /�BHv ;`Qri? BM
*PoA.@RN +�b2bX q2 BMi2`T`2i i?2 `2bB/m�Hb 7`QK i?Bb KQ/2H �b i?2 +QKTQM2Mi Q7 ;`Qri?
i?�i +QmH/ #2 pB2r2/ �b mM2tT2+i2/ Q` � ǵbm`T`Bb2Ƕ- �M/ i?�i r2 i?2M 2Mi2` BM UjXeVX

q2 mb2 � p2`v bBKTH2 �_UkV KQ/2H i?�i +QMi�BMb � +m#B+ BM MmK#2` Q7 /�vb bBM+2
i?2 }`bi +QM}`K2/ +�b2- �HQM; rBi? i?2 K2�bm`2b Q7 i?2 BMi2`M�H `2bi`B+iBQM �M/ i`�p2H
`2bi`B+iBQM TQHB+v p�`B�#H2b,

f(Cct) =
2∑

ℓ=1

ρℓf(Cct−ℓ) + γ0 + γ1firstct + γ2first
2
ct + γ3first

3
ct

+ γ4Ĩct + γ5T̃ct + uct

UyXdV

r?2`2 f() Bb 2Bi?2` ∆log(Cct +50) Q` ∆Cct /2T2M/BM; QM r?2i?2` r2 �`2 7Q`2+�biBM; i?2
+?�M;2 BM HQ; Q` �#bQHmi2 +�b2bX h?2 p�`B�#H2 firstct Bb i?2 MmK#2` Q7 /�vb bBM+2 i?2 }`bi
+�b2 r�b /2i2+i2/ BM i?2 +QmMi`vX AM 2biBK�iBQM r2 2t+Hm/2 �HH Q#b2`p�iBQMb r?2`2 i?2
pB`mb Bb MQi v2i T`2b2Mi BM � +QmMi`v- BX2X- firstct = 0- bQ r2 mb2 �M mM#�H�M+2/ T�M2HX

q2 �bbmK2 i?�i BMi2`M�H `2bi`B+iBQMb �M/ i`�p2H `2bi`B+iBQMb �z2+i i?2 ;`Qri? Q7 +�b2b
rBi? � HQM; H�;X hQ +�Tim`2 i?Bb- r2 /2}M2 KQpBM; �p2`�;2b Q7 T�bi TQHB+vX 6Q` BMi2`M�H
`2bi`B+iBQMb r2 /2}M2 Ĩct = 0.9 ∗ Ĩct−1 +0.1 ∗ Internalct- r?2`2 Internalct Bb i?2 BMi2`M�H
`2bi`B+iBQM TQHB+v p�`B�#H2 /2}M2/ BM i?2 i2ti- �M/ HBF2rBb2 7Q` T̃ctX

h?2 2``Q` i2`K uct +�Tim`2b mM2tT2+i2/ +?�M;2b BM +�b2bX q2 +QHH2+i ûct 7`QK i?2b2
KQ/2Hb �M/ mb2 Bi �b i?2 bm`T`Bb2 i2`Kb ∆lnC∗

ct �M/ ∆C∗
ct BM UjXeVX

h�#H2 9X _2;`2bbBQM JQ/2Hb Q7 *QM}`K2/ *�b2b

.2T2M/2Mi o�`B�#H2,
∆ln(casesi,t + 50) ∆casesi,t

β aX1X β aX1X

hBK2 aBM+2 6B`bi *�b2 U÷ RyyyV,
G2p2H yXkjee yX9k39 yXye9e 9Xykyk
a[m�`2 @yXyyRj yXyRyR yXyeNk yXRyyj
*m#2 @yXyyyy yXyyyR @yXyyy3 yXyyyd

JQpBM; �p2`�;2 SQHB+v o�`B�#H2b,
AMi2`M�H _2bi`B+iBQMb @yXyyjk yXyyRy @yXyjR8 yXyRR3
h`�p2H _2bi`B+iBQMb yXyyye yXyyye yXyRky yXyydy

�miQ`2;`2bbBp2 h2`Kb,
6B`bi G�; yX9jeR yXyR88 yXj3dy yXyR8k
a2+QM/ G�; yXjjNk yXyR88 yXejy8 yXyR8N

*QMbi�Mi h2`K yXyR3e yXyy9N @yXyyRj yXy9k9

N jdkk j339
R2 yX8R3 yXNj8

h?2 `2bmHib Q7 2biBK�iBM; i?2 irQ KQ/2Hb �`2 T`2b2Mi2/ BM h�#H2 9X h?2 }`bi �M/
Ü kyky



*QMbmK2` S�MB+ BM i?2 *PoA.@RN S�M/2KB+ jR

b2+QM/ H�;b Q7 i?2 /2T2M/2Mi p�`B�#H2 �`2 ?B;?Hv bB;MB}+�Mi BM #Qi? KQ/2Hb- rBi? i?2
+Q2{+B2Mib bm;;2biBM; KQ/2`�i2 H2p2Hb Q7 bi�i2@/2T2M/2M+2 7Q` i?2 +?�M;2 BM HQ; +�b2b
�M/ bi`QM;2` /2T2M/2M+2 7Q` i?2 �#bQHmi2 +?�M;2 BM +�b2bX AMi2`2biBM;Hv- i?2 iBK2 bBM+2
}`bi +�b2 Bb BMbB;MB}+�Mi BM #Qi? KQ/2HbX h?2 KQpBM; �p2`�;2 Q7 BMi2`M�H `2bi`B+iBQMb
Bb 7QmM/ iQ M2;�iBp2Hv �z2+i i?2 ;`Qri? Q7 i?2 pB`mb BM #Qi? KQ/2Hb iQ � bi�iBbiB+�HHv
bB;MB}+�Mi /2;`22X h`�p2H `2bi`B+iBQMb- BM +QMi`�bi- �`2 MQi 7QmM/ iQ #2 bB;MB}+�MiX

� KQ`2 bQT?BbiB+�i2/ 2KTB`B+�H KQ/2H Q7 *PoA.@RN +�b2b rQmH/ �HbQ BM+Hm/2 7�+iQ`b
bm+? �b TQTmH�iBQM /2MbBiv- i�F2@mT Q7 `2bi`B+iBQM K2�bm`2b- +HBK�i2- �M/ i?2 �KQmMi Q7
`2bQm`+2b /2pQi2/ iQ i2biBM; �M/ +QMi�+i i`�+BM;X L2p2`i?2H2bb- i?2 KQ/2Hb T`2b2Mi2/
?2`2 T`QpB/2 � bBKTH2 BM/B+�iBQM Q7 r?2i?2` i?2 /�BHv ;`Qri? Q7 +�b2b BM �Mv T�`iB+mH�`
+QmMi`v Bb KQ`2 Q` H2bb i?�M r?�i Bb `2�bQM�#H2 iQ 2tT2+i- ;Bp2M Bib QrM T`BQ` ?BbiQ`v �M/
i?2 2tT2`B2M+2 Q7 Qi?2` +QmMi`B2b BM i?2 b�KTH2X

Ü kyky
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�SS1L.As ", JAa*1GG�L1Pla S�_�J1h1_a AL h>1 _1:_1aaAPL
JP.1Ga

>2`2 r2 T`2b2Mi i?2 /�v Q7 i?2 r22F 2z2+ib �M/ +QMbi�Mi i2`Kb 7Q` i?2 KQ/2Hb BM h�#H2b
k �M/ jX h�#H2 8 T`2b2Mib i?2 2biBK�i2b Q7 i?2b2 T�`�K2i2`b 7Q` JQ/2Hb R iQ 9X �HH
2biBK�i2b �`2 `2H�iBp2 iQ amM/�v r?B+? Bb QKBii2/X

JQ/2Hb R- k �M/ 9 2t?B#Bi � bi`QM; TQbBiBp2 a�im`/�v 2z2+i i?�i Bb M2�`Hv �b H�`;2 �b
i?2 K2�M Q7 i?2 +QMbmK2` T�MB+ BM/2tX h?Bb BKTHB2b +QMbmK2`b �`2 KQ`2 BMi2`2bi2/ BM
b?QTTBM; �+iBpBiv QM a�im`/�vX *QMp2`b2Hv- i?2 /�v Q7 i?2 r22F 2z2+ib �`2 M2;�iBp2 �M/
bB;MB}+�Mi 7Q` JQM/�v �M/ hm2b/�vX Ai Bb BKTQ`i�Mi iQ MQi2 i?�i i?2b2 �`2 i?2 �p2`�;2
2z2+ib �+`Qbb i?2 89 +QmMi`B2b BM i?2 b�KTH2X aQK2 +QmMi`B2b ?�p2 KQ`2 T`QMQmM+2/ /�v
Q7 i?2 r22F 2z2+ib- �b +�M #2 Q#b2`p2/ 7Q` 2t�KTH2 BM 6B;m`2 8 7Q` 6`�M+2X

h?2 2ti2M/2/ T�MB+ BM/2t BM JQ/2H j #2?�p2b [mBi2 /Bz2`2MiHv- rBi? TQbBiBp2 2z2+ib 7Q`
�HH r22F/�vb `2H�iBp2 iQ i?2 r22F2M/X h?2 BKTHB+�iBQM Bb i?�i rQ`F2`b i?BMF KQ`2 �#Qmi
mM2KTHQvK2Mi /m`BM; i?2 rQ`Fr22FX

h�#H2 8X �//BiBQM�H h2`Kb 7Q` JQ/2Hb Q7 *PoA.@RN S�MB+

JQ/2Hb Q7 ln(panicct) , JQ/2H R JQ/2H k JQ/2H j JQ/2H 9

.�v Q7 i?2 q22F 1z2+i,
JQM/�v @yXykj @yXykR yXy88 @yXyRe

UyXyRRV UyXyRyV UyXyRRV UyXyRRV
hm2b/�v @yXyke @yXyk8 yXykN @yXykj

UyXyRRV UyXyRRV UyXyRRV UyXyRRV
q2/M2b/�v @yXyR3 @yXykR yXyRd @yXyR3

UyXyRyV UyXyRRV UyXyRyV UyXyRRV
h?m`b/�v yXykR yXyRy yXy9d yXyRk

UyXyRRV UyXyRRV UyXyRyV UyXyRRV
6`B/�v yXyjy yXyR8 yXyk3 yXyRd

UyXyRRV UyXyRRV UyXyRyV UyXyRyV
a�im`/�v yXy9R yXyjk @yXyyR yXyjk

UyXyRRV UyXyRRV UyXyRyV UyXyRyV

*QMbi�Mi @yX3yd @RXyRk @yX3de @yX39e
UyXyjeV UyXy9yV UyXyjdV UyXy9eV

LQi2, h?Bb i�#H2 +QMi�BMb i?2 `2bmHib 7Q` bmTTH2K2Mi�`v i2`Kb i?�i r2`2 2t+Hm/2/ 7`QK
h�#H2 k �M/ h�#H2 j 7Q` #`2pBivX ai�M/�`/ 2``Q`b �`2 BM T�`2Mi?2bBbX

6BM�HHv- h�#H2 e T`2b2Mib 2biBK�i2b Q7 i?2 KQ/2Hb Q7 i?2 HQ; 2``Q` p�`B�M+2 BM JQ/2Hb
R �M/ kX h?2b2 �`2 Q#i�BM2/ #v `2;`2bbBM; i?2 HQ; b[m�`2/ `2bB/m�Hb 7`QK }`bi bi�;2
KQ/2Hb ln(ê2ct) QM i?2 +QKTH2i2 p2+iQ` Q7 `2;`2bbQ`bX h?2 `2bmHib �`2 /Bb+mbb2/ BM a2+iBQM
9XkX lbBM; i?2b2 `2bmHib- JQ/2Hb R �M/ k �`2 2biBK�i2/ #v r2B;?i2/ H2�bi b[m�`2b UqGaVX
h?2 T`Q+2/m`2 2Mi�BHb, 2ti`�+iBM; êct 7`QK � }`bi bi�;2 }t2/@2z2+ib `2;`2bbBQM- `2;`2bbBM;
ln(ê2ct) QM i?2 BM/2T2M/2Mi p�`B�#H2b- Q#i�BMBM; i?2 }ii2/ p�Hm2b ûct- �M/ i?2M mbBM;
1/
√
eûct �b i?2 r2B;?ib BM i?2 qGa `2;`2bbBQMX JQ/2Hb j �M/ 9 �`2 2biBK�i2/ BM i?2 b�K2

r�v- #mi r2 /Q MQi T`2b2Mi i?2 p�`B�M+2 `2;`2bbBQM 7Q` i?2b2 KQ/2HbX

Ü kyky



*QMbmK2` S�MB+ BM i?2 *PoA.@RN S�M/2KB+ jj

h�#H2 eX _2;`2bbBQM JQ/2Hb 7Q` i?2 1``Q` o�`B�M+2

JQ/2Hb Q7 ln(ê2ct),
JQ/2H R JQ/2H k

β aX1X β aX1X

AMi2`M�H _2bi`B+iBQMb,
∆Internalct yXkkk yXRkN @yXj9j yXk83
∆Internalct−1 yXk3j yXRjy yXR8y yXkey
∆Internalft @yXyy3 yXkje yXRjR yX3Rj
∆Internalft−1 RXRe9 yXNN3
∆Internalct ∗ Internalft yXR89 yXRR3
∆Internalct−1 ∗ Internalft−1 @yXy3e yXRRN

aiBKmHmb �MMQmM+2K2Mib,
∆Stimulusct @yXjee yXkk3 yXy9R yX9Re
∆Stimulusct−1 yXRRy yXkkN yXk8N yX9Re
∆Stimulusft RXdjj RXkd8
∆Stimulusft−1 @yXdey RXkjk
∆Stimulusct ∗ Stimulusft @yX9R8 yXj8j
∆Stimulusct−1 ∗ Stimulusft−1 @yXjNR yXj8j

h`�p2H _2bi`B+iBQMb,
∆Travelct yXydd yXyee yXye8 yXR93
∆Travelct−1 yXyd8 yXyee yXjj9 yXR93
∆Travelft @yXNRk yX99N
∆Travelft−1 @yXy88 yXjdN
∆Travelct ∗ Travelft yXyyk yXyjd
∆Travelct−1 ∗ Travelft−1 @yXy8j yXyjd

.QK2biB+ *PoA.@RN *�b2b,
∆ln(Cct) kXRj9 yX8N3 RX983 yXej3
∆Cct @yXykk yXykj @yXyk8 yXykR
∆Cct ∗∆ln(Cct) @yXRk8 yXkyN
∆ln(C∗

ct) RXyNk yX3kd @yXjd9 yXdd3
∆C∗

ct @yXyjN yXyey @yXyde yXy8j

AMi2`M�iBQM�H *PoA.@RN *�b2b,
∆ln(Cft) @jXdNR RXkee
∆Cft @yXy93 yXyek
∆CChina,t @yXyy9 yXyjy
∆CChina,t ∗Asiai yXyNd yXyde

�miQ`2;`2bbBp2 h2`Kb,
ln(panici,t−1) yXRRe yXRk8 yX8yj yXRRk
ln(panici,t−2) @yXyNj yXRk9 yXRRN yXRRR

.B�;MQbiB+b,
R2 yXyR9 yXyRd

LQi2, h?Bb i�#H2 T`2b2Mib i?2 }t2/ 2z2+ib KQ/2Hb Q7 ln(ê2ct) mb2/ iQ r2B;?i i?2 qGa
`2;`2bbBQMb BM h�#H2 kX h?2 /�v Q7 r22F 2z2+ib �`2 2t+Hm/2/ 7`QK i?2 i�#H2 7Q` i?2
b�F2 Q7 #`2pBivX

Ü kyky



j9 E2�M2 � L2�H

�SS1L.As *, h_�LaG�hAL: h>1 1L:GAa> a1�_*> h1_Ja
h�#H2 d +QMi�BMb �M 2ti2MbBp2 HBbi Q7 i`�MbH�iBQMb Q7 i?2 1M;HBb? F2vrQ`/b i?�i r2 mb2/
iQ /2`Bp2 i?2 T�MB+ BM/2tX h?2 T`BQ`Biv r�b iQ Q#i�BM i`�MbH�iBQMb i?�i r2`2 #2BM; �+@
iBp2Hv b2�`+?2/ BM i?2 `2H2p�Mi +QmMi`B2b Qp2` i?2 H�bi 7Qm` KQMi?bX A7 � HBi2`�H Q` bi`B+i
i`�MbH�iBQM /B/ MQi vB2H/ bm{+B2Mi ;QQ;H2 b2�`+? �+iBpBiv- � HQQb2 i`�MbH�iBQM Q` 2p2M �
i`�MbH�iBQM Q7 � `2H�i2/ +QM+2Ti i?�i ?�/ KQ`2 �+iBpBiv rQmH/ #2 +?Qb2M BMbi2�/ U2X;X �
i`�MbH�iBQM Q7 ǵbiQ+FTBHBM;Ƕ BMbi2�/ Q7 ǵ?Q�`/BM;ǶVX AM Qm` �+FMQrH2/;2K2Mib r2 K2MiBQM
i?2 M�iBp2 bT2�F2`b i?�i ?2HT2/ mb #v HQQFBM; �i i?2 i`�MbH�iBQMb �M/ bm;;2biBM; TQbbB#H2
�Hi2`M�iBp2bX h`�MbH�iBQMb 7Q` i?2 `2K�BMBM; H�M;m�;2b- r?B+? �`2 _mbbB�M- oB2iM�K2b2-
�`�#B+- S2`bB�M- hm`FBb?- >BM/B- :`22F- �M/ h?�B +�M #2 7QmM/ BM i?2 }H2b Q7 i?2 QMHBM2
`2THB+�iBQM T�+F�;2 `2H2�b2/ �HQM;bB/2 i?Bb �`iB+H2X
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*QMbmK2` S�MB+ BM i?2 *PoA.@RN S�M/2KB+ j8

h�#H2 dX 1t�KTH2 h`�MbH�iBQMb Q7 i?2 1M;HBb? :QQ;H2 a2�`+? h2`Kb

1M;HBb? E2vrQ`/b, hQBH2i
S�T2` S�MB+ S�MB+

"mvBM; >Q�`/BM; amT2`K�`@
F2i _2+2bbBQM lM2KTHQv@

K2Mi

6`2M+? T�TB2`
iQBH2ii2 T�MB[m2 TûMm`B2 T�HBbb�/2 bmT2`@

K�`+?û `û+2bbBQM +?ƬK�;2

:2`K�M iQBH2ii2M@
T�TB2` T�MBF ?�K@

bi2`F m72 oQ``�i bmT2`@
K�`Fi `2x2bbBQM �`#2Bi@

bHQbB;F2Bi

aT�MBb? T�T2H
?B;BûMB+Q

T�MB+Q Y
BM+2`@

iB/mK#`2

/2b�#�bi2+@
BKB2MiQ Y

+QKT`�b /2
T�MB+Q

�+QTBQ bmT2`K2`@
+�/Q `2+2bBƦM /2b2KTH2Q

SQ`im;m2b2 T�T2H
?B;B2MB+Q ?Bbi2`B� 2b+�bb2x �;HQK2`@

�Ï½Q
bmT2`K2`@

+�/Q `2+2bb½Q /2b2K@
T`2;Q

Ai�HB�M +�`i�
B;B2MB+� T�MB+Q

+Q`QM@
�pB`mb

bmT2`K2`@
+�iQ

b+Q`i� bmT2`K2`@
+�iQ `2+2bbBQM2 /BbQ++m@

T�xBQM2

.mi+? iQBH2iT�@
TB2` T�MB2F ?�Kbi2`2M pQQ``��/ bmT2`@

K�`Fi `2+2bbB2 r2`F@
HQQb?2B/

SQHBb? T�TB2`
iQ�H2iQrv T�MBF� bFƈ�/@

Qr�MB2 bF�`# `2+2bD� #2x`Q#Q+B2

.�MBb? iQBH2iT�TB` T�MBF H�;2` ?�Kbi`BM; bmT2`@
K�`F2/

�`#2D/@
bHǠb?2/

6BMMBb? p2bb�T�@
T2`B T�MBBFFB ?�Kbi`�mb �Bi� H�K� ivƺiiƺKvvb

ar2/Bb? iQ�H2iiT�T@
T2` T�MBF ?�Kbi`� ?�Kbi`BM; K�i�z ` H´;FQM@

DmMFim`
�`#2i@
bHƺb?2i

LQ`r2;B�M iQ�H2iiT�@
TB` T�MBFF ?�Kbi`2 b�KH2` /�;HB;p�`2@

#miBFF `2b2bDQM �`#2B/@
bH2/B;?2i

C�T�M2b2
٭ق٭ًعشٝؕع ؠشؼق 鬼ַ״ד 鬼ַ״ד عشآ٭ُ٭ق٭ت ┯岞 㝤噺

EQ`2�M �� 빻 툲�뾶 쿊� 쭎 빃뾶 푪흋
*?BM2b2 銕气筥 䚑䡦 䶈鮫 ㎔ 鱪筧䉗㖪 籮戀賆唄 㝤噺

LQi2, h?Bb i�#H2 QmiHBM2b bQK2 Q7 i?2 i`�MbH�iBQMb Q7 i?2 1M;HBb? F2vrQ`/b i?�i r2 mb2/ 7Q`
Qi?2` H�M;m�;2bX h?2 i`�MbH�iBQMb 7Q` i?2 `2K�BMBM; H�M;m�;2b- r?B+? �`2 _mbbB�M- oB2iM�K2b2-
�`�#B+- S2`bB�M- hm`FBb?- >BM/B- :`22F- �M/ h?�B +�M #2 7QmM/ BM i?2 QMHBM2 `2THB+�iBQM T�+F�;2
`2H2�b2/ �HQM;bB/2 i?Bb �`iB+H2X
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