
1+QMQK2i`B+b 6BM�H 1t�K

1*PL 93y Ĝ a�7M2`
6�HH kyR3 L�K2, ︸ ︷︷ ︸

A TH2/;2 i?�i A ?�p2 M2Bi?2` ;Bp2M MQ` `2+2Bp2/ mM�mi?Q`Bx2/ �B/ QM i?Bb 2t�K

SH2�b2 `2�/ �HH Q7 i?2 7QHHQrBM; BM7Q`K�iBQM �M/ r�Bi mMiBH �mi?Q`Bx2/ iQ bi�`i i?2 2t�K,

Ç uQm ?�p2 k ?Qm`b iQ +QKTH2i2 i?Bb 2t�KX
Ç h?Bb i2bi +QMbBbib Q7 N `2[mB`2/ [m2biBQMb rQ`i? Ryy TQBMib Uk8W Q7 }M�H +Qm`b2 ;`�/2V- �M/ mT iQ k

#QMmb [m2biBQMb- rQ`i? �//BiBQM�H TQBMibX
Ç SH2�b2 `2�/ �HH BMbi`m+iBQMb �M/ [m2biBQM T`QKTib +�`27mHHvX
Ç .2b+`B#BM; vQm` i?Qm;?i T`Q+2bb rBHH ;Bp2 vQm � #2ii2` +?�M+2 iQ 2�`M T�`iB�H +`2/Bi 7Q` r`QM; �Mbr2`bX
Ç uQm +�M �+2 i?Bb i2bi rBi?Qmi mb2 Q7 � +�H+mH�iQ`- #mi vQm +�M mb2 � +�H+mH�iQ`X .Q MQi mb2 vQm`

T?QM2X
Ç :QQ/ Hm+F5

R



RX (8 TQBMib) q?�i �`2 i?2 +QM/BiBQMb i?�i rQmH/ +�mb2 � `2;`2bbBQM iQ bmz2` 7`QK QKBii2/ p�`B�#H2 #B�b\

kX (8 TQBMib) amTTQb2 r2 rBb? iQ /2i2`KBM2 B7 KQpB2b i?�i K�F2 KQ`2 KQM2v �i i?2 "Qt P{+2 i2M/ iQ
#2 BHH2;�HHv /QrMHQ�/2/ KQ`2X AK�;BM2 r2 r2`2 �#H2 iQ i`�+F Ur22FHvV i?2 MmK#2` Q7 BHH2;�H /QrMHQ�/b
�M/ i?2 #Qt Q{+2 T2`7Q`K�M+2 Q7 �HH KQpB2b `2H2�b2/ BM kyR3- bm+? i?�i 2�+? BM/BpB/m�H Q#b2`p�iBQM
(mw) Bb KQpB2 m BM r22F wX q2 2biBK�i2 i?2 7QHHQrBM; irQ@r�v }t2/ 2z2+ib KQ/2H,

AHH2;�H /QrMHQ�/bmw = β0 + β1"Qt P{+2 S2`7Q`K�M+2mw + αm + θw + ϵmw

1tTH�BM UBV r?�i bQ`ib Q7 7�+iQ`b �`2 �#bQ`#2/ BM αm- UBBV r?�i bQ`ib Q7 7�+iQ`b �`2 �#bQ`#2/ BM θw- �M/
UBBBV B7 r2 r2`2 iQ BM+Hm/2 �MQi?2` Xmw p�`B�#H2 BM i?2 `2;`2bbBQM- r?�i Kmbi #2 i`m2 �#Qmi BiX

k



jX (8 TQBMib) q?v �`2 r2 �b 2+QMQK2i`B+B�Mb MQi M2+2bb�`BHv i`vBM; iQ K�tBKBx2 R2 UQ` 2p2M R̄2V 7Q` Qm`
`2;`2bbBQMb\

9X (8 TQBMib) q?2M rQmH/ r2 `mM �M F @i2bi\ >Qr /Q2b i?2 F @i2bi i2HH mb r?�i r2 r�Mi iQ FMQr\ LQ M22/
iQ r`Bi2 /QrM � 7Q`KmH�- #mi 2tTH�BM BMimBiBp2Hv r?�i 2t�+iHv F Bb K2�bm`BM;X

j



8X (Ry TQBMib) 6Q` 2�+? Q7 i?2 7QHHQrBM; b+2M�`BQb- mM/2` i?2 7QHHQrBM; KQ/2H

Ŷi = β0 + β1X1i + β2X2i + ϵi

2tTH�BM BM � b2Mi2M+2 r?�i ?�TT2Mb iQ,
BV i?2 mM#B�b2/M2bb Q7 PGa 2biBK�i2b �M/

BBV i?2 p�`B�M+2 UQ` bi�M/�`/ 2``Q`V Q7 PGa 2biBK�i2b,

�X (k TQBMib) � p�`B�#H2 Z Bb QKBii2/ i?�i Bb +Q``2H�i2/ rBi? #Qi? X1i- X2i- �M/ Yi

#X (k TQBMib) X1i �M/ X2i �`2 KmHiB+QHHBM2�` U#mi MQi T2`72+iHv bQV

+X (k TQBMib) q2 /`QT 8yW Qm` Q#b2`p�iBQMb

/X (k TQBMib) h?2`2 �`2 bB;MB}+�Mi QmiHB2`b Q7 X1i �M/ X2i

2X (k TQBMib) _2bB/m�Hb �`2 ?2i2`QbF2/�biB+X

9



eX (Ry TQBMib) amTTQb2 vQm r�Mi2/ iQ 2biBK�i2 i?2 BKT�+i Q7 H2;�HBxBM; K�`BDm�M� QM +`BK2 `�i2bX uQm
+QHH2+i T�M2H /�i� QM +`BK2 `�i2b BM *QHQ`�/Q �M/ M2B;?#Q`BM; L2#`�bF� 2�+? v2�` 7Q` i?2 kyRy@kyR3
T2`BQ/X aBM+2 kyR9- K�`BDm�M� Bb H2;�H BM *QHQ`�/Q �M/ `2K�BMb BHH2;�H L2#`�bF�X .2b+`B#2 ?Qr vQm
+QmH/ BbQH�i2 i?2 2z2+i Q7 H2;�HBxBM; K�`BDm�M� QM +`BK2 `�i2bX "2 bT2+B}+, 7mHHv /2b+`B#2 i?2 KQ/2H
2biBK�iBQM bi`�i2;v- BMimBiBQM- �M/ r`Bi2 Qmi i?2 PGa `2;`2bbBQM 2[m�iBQM iQ 2biBK�i2X

8



dX (ky TQBMib) � `2b2�`+?2` 7Q` � i`�p2H #HQ; r�Mib iQ 2biBK�i2 ?Qr i?2 /Bbi�M+2 Q7 � T�`iB+mH�` ~B;?i
`Qmi2 �z2+ib Bib T`B+2X a?2 +QHH2+ib /�i� QM R-R9N ~B;?ib- �M/ THQib � b+�ii2`THQi #2HQr b?QrBM; i?2
`2H�iBQMb?BT #2ir22M i?2 i?2 /Bbi�M+2 Q7 i?2 `Qmi2 UBM ?mM/`2/b Q7 KBH2bV �M/ i?2 �B`7�`2 UBM 0VX
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�X (9 TQBMib) �b � #�b2HBM2 `2;`2bbBQM- b?2 `mMb � `2;`2bbBQM Q7 �B`7�`2 7�`2 QM /Bbi�M+2 BM ?mM/`2/b Q7
KBH2b U/BbiXRyybVX

OO
OO *�HH,
OO HKU7Q`KmH� 4 7�`2 � /BbiXRyyb- /�i� 4 7�`2bV
OO
OO _2bB/m�Hb,
OO JBM RZ J2/B�M jZ J�t
OO @RR9X3N @93Xkj @ReXe9 9kX3e kk8X8e
OO
OO *Q277B+B2Mib,
OO 1biBK�i2 ai/X 1``Q` i p�Hm2 S`U=%i%V
OO UAMi2`+2TiV RRjX89dj jX98jy jkX33 Ik2@Re    
OO /BbiXRyyb dX8k93 yXkNe3 k8Xje Ik2@Re    
OO @@@
OO aB;MB7X +Q/2b, y ^   ^ yXyyR ^  ^ yXyR ^ ^ yXy8 ^X^ yXR ^ ^ R
OO
OO _2bB/m�H bi�M/�`/ 2``Q`, eRX89 QM RR9d /2;`22b Q7 7`22/QK
OO JmHiBTH2 _@b[m�`2/, yXj8Nk- �/Dmbi2/ _@b[m�`2/, yXj83e
OO 6@bi�iBbiB+, e9kXN QM R �M/ RR9d .6- T@p�Hm2, I kXk2@Re

UBV AMi2`T`2i i?2 +Q2{+B2Mi QM /Bbi�M+2X UBBV >Qr Km+? rQmH/ r2 2tT2+i � iB+F2i 7Q` � ~B;?i ;QBM; R-yyy
KBH2b iQ +Qbi\

e



#X (j TQBMib) a?2 i?2M r�Mib iQ +?2+F B7 i?2`2 �`2 �Mv MQMHBM2�`BiB2b BM i?2 `2H�iBQMb?BTX a?2 ;2M2`�i2b
� p�`B�#H2 /BbiXb[ r?B+? Bb i?2 /Bbi�M+22- �M/ BM+Hm/2b Bi BM i?2 `2;`2bbBQM `2TQ`i2/ #2HQrX Ab i?2`2
2pB/2M+2 i?�i b?2 b?QmH/ BM+Hm/2 /BbiXb[\ q?v Q` r?v MQi\

OO
OO *�HH,
OO HKU7Q`KmH� 4 7�`2 � /BbiXRyyb Y /BbiXb[- /�i� 4 7�`2bV
OO
OO _2bB/m�Hb,
OO JBM RZ J2/B�M jZ J�t
OO @RkeXey @93X39 @ReXRN 9yX38 kkeX83
OO
OO *Q277B+B2Mib,
OO 1biBK�i2 ai/X 1``Q` i p�Hm2 S`U=%i%V
OO UAMi2`+2TiV Rk8X9jRyj eXRjeRk kyX99R I k2@Re    
OO /BbiXRyyb 9XNydy3 RXR8e3N 9Xk9k kX92@y8    
OO /BbiXb[ yXRyj8N yXy99ke kXj9R yXyRN9  
OO @@@
OO aB;MB7X +Q/2b, y ^   ^ yXyyR ^  ^ yXyR ^ ^ yXy8 ^X^ yXR ^ ^ R
OO
OO _2bB/m�H bi�M/�`/ 2``Q`, eRX9k QM RR9e /2;`22b Q7 7`22/QK
OO JmHiBTH2 _@b[m�`2/, yXjekk- �/Dmbi2/ _@b[m�`2/, yXjeRR
OO 6@bi�iBbiB+, jk8X8 QM k �M/ RR9e .6- T@p�Hm2, I kXk2@Re

d



+X (9 TQBMib) lb2 i?2 `2;`2bbBQM BM U#V iQ }M/ i?2 K�`;BM�H 2z2+i Q7 /Bbi�M+2 QM 7�`2X q?�i Bb i?2 K�`;BM�H
2z2+i 7Q` � /Bbi�M+2 Q7 8yy KBH2b\ 8y-yyy KBH2b\

/X (j TQBMib) a?2 7m`i?2` ;2M2`�i2b � p�`B�#H2 /BbiX+m#2 r?B+? Bb i?2 /Bbi�M+23- �M/ BM+Hm/2b Bi BM i?2
`2;`2bbBQM `2TQ`i2/ #2HQrX Ab i?2`2 2pB/2M+2 i?�i b?2 b?QmH/ mb2 � +m#B+ KQ/2H\ q?v Q` r?v MQi\

OO
OO *�HH,
OO HKU7Q`KmH� 4 7�`2 � /BbiXRyyb Y /BbiXb[ Y /BbiX+m#2- /�i� 4 7�`2bV
OO
OO _2bB/m�Hb,
OO JBM RZ J2/B�M jZ J�t
OO @R98XRd @93Xje @R8Xyy 9yXRk kjyXd3
OO
OO *Q277B+B2Mib,
OO 1biBK�i2 ai/X 1``Q` i p�Hm2 S`U=%i%V
OO UAMi2`+2TiV RyjXR8jey3 RyXyNk8j3 RyXkkR I k2@Re    
OO /BbiXRyyb RjXyj8kdR jXR9d8NR 9XR9R jXdR2@y8    
OO /BbiXb[ @yXe8y833 yXkd8kNj @kXjej yXyR3j  
OO /BbiX+m#2 yXyRNkkR yXyyeNk8 kXdd8 yXyy8e   
OO @@@
OO aB;MB7X +Q/2b, y ^   ^ yXyyR ^  ^ yXyR ^ ^ yXy8 ^X^ yXR ^ ^ R
OO
OO _2bB/m�H bi�M/�`/ 2``Q`, eRXk9 QM RR98 /2;`22b Q7 7`22/QK
OO JmHiBTH2 _@b[m�`2/, yXjee8- �/Dmbi2/ _@b[m�`2/, yXje93
OO 6@bi�iBbiB+, kkyX3 QM j �M/ RR98 .6- T@p�Hm2, I kXk2@Re

3



2X (j TQBMib) a?2 i?2M `mMb �M F @i2bi QM /BbiXb[ �M/ /BbiX+m#2X q?�i /Q i?2 `2bmHib Q7 i?2 F @i2bi i2HH
mb\

OO GBM2�` ?vTQi?2bBb i2bi
OO
OO >vTQi?2bBb,
OO /BbiXb[ 4 y
OO /BbiX+m#2 4 y
OO
OO JQ/2H R, `2bi`B+i2/ KQ/2H
OO JQ/2H k, 7�`2 � /Bbi Y /BbiXb[ Y /BbiX+m#2
OO
OO _2bX.7 _aa .7 amK Q7 a[ 6 S`U=6V
OO R RR9d 9j9jde9
OO k RR98 9kN9kye k 9N883 eXeydR yXyyR9yj   
OO @@@
OO aB;MB7X +Q/2b, y ^   ^ yXyyR ^  ^ yXyR ^ ^ yXy8 ^X^ yXR ^ ^ R

7X (j TQBMib) a?2 i?2M i`B2b �MQi?2` bT2+B}+�iBQM- �M/ +QMp2`ib #Qi? 7�`2 �M/ /Bbi�M+2 BMiQ M�im`�H HQ;�@
`Bi?KbX AMi2`T`2i i?2 +Q2{+B2Mi QM HX/BbiX

OO
OO *�HH,
OO HKU7Q`KmH� 4 HX7�`2 � HX/Bbi- /�i� 4 7�`2bV
OO
OO _2bB/m�Hb,
OO JBM RZ J2/B�M jZ J�t
OO @yXdRd8e @yXke8yd @yXy9jj9 yXkej9N RXyjNe8
OO
OO *Q277B+B2Mib,
OO 1biBK�i2 ai/X 1``Q` i p�Hm2 S`U=%i%V
OO UAMi2`+2TiV kXe39e8 yXRyky3 keXjy Ik2@Re    
OO HX/Bbi yXje38e yXyR8Rd k9XkN Ik2@Re    
OO @@@
OO aB;MB7X +Q/2b, y ^   ^ yXyyR ^  ^ yXyR ^ ^ yXy8 ^X^ yXR ^ ^ R
OO
OO _2bB/m�H bi�M/�`/ 2``Q`, yXjjN QM RR9d /2;`22b Q7 7`22/QK
OO JmHiBTH2 _@b[m�`2/, yXjjNd- �/Dmbi2/ _@b[m�`2/, yXjjNR
OO 6@bi�iBbiB+, 8NyXk QM R �M/ RR9d .6- T@p�Hm2, I kXk2@Re

N



3X (ky TQBMib) .Q2b i�FBM; 2+QMQK2i`B+b ?2HT vQm` +�`22` T`QbT2+ib\ "2HQr Bb � `2;`2bbBQM i�#H2 7`QK �
b�KTH2 Q7 8y bim/2Mib �M/ � /2b+`BTiBQM Q7 i?2 p�`B�#H2b BM+Hm/2/ BM i?2 p�`BQmb `2;`2bbBQMbX

o�`B�#H2 .2b+`BTiBQM
a�H�`v �MMm�H bi�`iBM; b�H�`v �i }`bi DQ# UBM 0V
HMUb�H�`vV h?2 M�im`�H HQ;�`Bi?K Q7 a�H�`v
J2i`B+b .mKKv p�`B�#H2 U4R B7 bim/2Mi iQQF 2+QMQK2i`B+b- 4y B7 bim/2Mi /B/ MQiV
:S� :`�/2 TQBMi �p2`�;2 U9Xy b+�H2V
62K�H2 .mKKv p�`B�#H2 U4R B7 bim/2Mi Bb 72K�H2- 4y B7 K�H2V

URV UkV UjV U9V
a�H�`v a�H�`v a�H�`v HMUa�H�`vV

J2i`B+b 9-dje   8-yjj   8-yk9   yXRek   
U9eeXjV U9RjX8V U9R9X3V UyXyRjkV

:S� R-e9j   R-e83   yXy88j   
Uje9X3V Uje3XRV UyXyRkRV

62K�H2 @ky9X3 @yXyye9N
U9yyX9V UyXyRj9V

*QMbi�Mi kN-Ry8   k9-kyy   k9-k9k   RyXRR   
Ujy3XeV UR-yk9V UR-ykdV UyXyj9RV

n 8y 8y 8y 8y
R2 yXeR8 yXdjd yXdj3 yXdk3

_Q#mbi bi�M/�`/ 2``Q`b BM T�`2Mi?2b2b
   T<yXyR-   T<yXy8-  T<yXR

�X (j TQBMib) AMi2`T`2i i?2 2biBK�i2 QM J2i`B+b 7Q` i?2 #�b2HBM2 URbiV `2;`2bbBQMX

#X (j TQBMib) 6Q` `2;`2bbBQM UkV- i?2 2biBK�i2 QM J2i`B+b ?�b +?�M;2/X .Q vQm i?BMF :S� i?2 �#b2M+2
Q7 :S� +�mb2/ bB;MB}+�Mi QKBii2/ p�`B�#H2 #B�b BM `2;`2bbBQM URV\ LQi2 i?�i i?2 +Q``2H�iBQM #2ir22M
J2i`B+b �M/ :S� Bb −0.1395X

Ry



+X (j TQBMib) 6Q` `2;`2bbBQM UjV- BMi2`T`2i i?2 +Q2{+B2Mi QM 62K�H2X Ab i?Bb bi�iBbiB+�HHv bB;MB}+�Mi\

/X (k TQBMib) lbBM; `2;`2bbBQM UjV- r?�i Bb i?2 T`2/B+i2/ bi�`iBM; b�H�`v 7Q` � 72K�H2 rBi? � :S� Q7 jX8
r?Q ?�b i�F2M 2+QMQK2i`B+b\

2X (k TQBMib) lbBM; `2;`2bbBQM UjV- BMi2`T`2i β̂0 BM i?2 +QMi2ti Q7 � T�`iB+mH�` bim/2MiǶb bi�`iBM; b�H�`vX

RR



7X (k TQBMib) _2;`2bbBQM U9V Bb � HQ;@HBM2�` KQ/2HX AMi2`T`2i i?2 2biBK�i2 QM J2i`B+b- �M/ i?2 2biBK�i2 QM
:S�X

;X (j TQBMib) q?v MQi BM+Hm/2 �MQi?2` /mKKv p�`B�#H2-ǳLQ J2i`B+bǴ =
{

1 B7 bim/2Mi i ?�b LPh i�F2M 2+QMQK2i`B+b
0 B7 T2`bQM i ?�b i�F2M 2+QMQK2i`B+b

BMiQ i?2 `2;`2bbBQM\

Rk



NX (ky TQBMib) h?2 `2bmHib Q7 � `2;`2bbBQM Q7 >�TTBM2bbi Ub2H7@`2TQ`i2/ QM � b+�H2 Q7 R UH2�bi ?�TTvV iQ Ry

UKQbi ?�TTvV QM a�H�`v UBM 0Ry-yyybV �M/ J�``B2/i =
{

1 B7 T2`bQM i Bb K�``B2/
0 B7 T2`bQM i Bb mMK�``B2/

bm`p2vBM; 8yy

`�M/QK BM/BpB/m�Hb �`2 `2TQ`i2/ �b 7QHHQrb,

̂>�TTBM2bbi = RX8y Y 0.50 a�H�`viY 2.00 J�``B2/i+ 1.00
(
a�H�`vi ∗ J�``B2/i

)

UyXkyV UyXRyV UyX8yV UyXkyV

�X (9 TQBMib) 1tTH�BM r?�i 2�+? +Q2{+B2Mi UBX2X β̂0, β̂1, β̂2, �M/ β̂3) K2�Mb BM i?2 +QMi2ti Q7 i?Bb `2;`2bbBQMX

#X (k TQBMib) q`Bi2 Qmi U�M/ bBKTHB7v B7 �TTHB+�#H2V i?2 2biBK�i2/ `2;`2bbBQM 2[m�iBQM 7Q` mMK�``B2/ BM/B@
pB/m�HbX

+X (k TQBMib) q`Bi2 Qmi U�M/ bBKTHB7v B7 �TTHB+�#H2V i?2 2biBK�i2/ `2;`2bbBQM 2[m�iBQM 7Q` K�``B2/ BM/BpB/@
m�HbX

Rj



/X (e TQBMib) .Q i?2b2 irQ `2;`2bbBQMb 7`QK T�`ib U+V �M/ U/V ?�p2 i?2 b�K2 BMi2`+2Tib\ .Q i?2v ?�p2 i?2
b�K2 bHQT2b\ h2bi i?2 �Mbr2` iQ 2�+? Q7 i?2b2 [m2biBQMb bi�iBbiB+�HHvX

2X (e TQBMib) _Qm;?Hv bF2i+? i?2 irQ `2;`2bbBQM HBM2b 7`QK U+V �M/ U/V QM i?2 b�K2 ;`�T? #2HQrX G�#2H
bHQT2b- BMi2`+2Tib- �M/ 2[m�iBQMb Q7 2�+? HBM2 #v mbBM; i?2 +Q2{+B2Mib 7`QK T�`i U�VX uQm +�M mb2 Dmbi
i?2 �#bi`�+i ǳ#2i�bǴ `�i?2` i?�M i?2 2t�+i MmK#2`b 7Q` H�#2Hb- �M/ i?2 HBM2b M22/ MQi #2 7mHHv �++m`�i2
Q` /`�rM iQ b+�H2X

a�H�`v

>�TTBM2bb

R9


	Bonus

