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ABSTRACT

The largest and most important flow of scientific talent in the world is the migration of international

students to the doctoral programs offered by universities in industrialized countries. This paper uses

the opening of China in 1978 to estimate the causal effect of this flow on the productivity of their professors

in mathematics departments across the United States. Our identification strategy relies on both the

suddenness of the opening of China and on a key feature of scientific production: intra-ethnic collaboration.

The new Chinese students were more likely to be mentored by American professors with Chinese

heritage. The increased access that the Chinese-American advisors had to a new pool of considerable

talent led to a substantial increase in their productivity. Despite these sizable intra-ethnic knowledge

spillovers, the relatively fixed size of doctoral mathematics programs (and the resulting crowdout of

American students) implied that comparable non-Chinese advisors experienced a decline in the number

of students they mentored and a concurrent decline in their research productivity. In fact, the productivity

gains accruing to Chinese-American advisors were almost exactly offset by the losses suffered by

the non-Chinese advisors. Finally, it is unlikely that the gains from the supply shock will be more evident

in the next generation, as the Chinese students begin to contribute to mathematical knowledge. The

rate of publication and the quality of the output of the Chinese students is comparable to that of the

American students in their cohort.

George J. Borjas

Harvard Kennedy School

79 JFK Street

Cambridge, MA 02138

and NBER

gborjas@harvard.edu

Kirk B. Doran

438 Flanner Hall

University of Notre Dame

Notre Dame, IN 46556

kdoran@nd.edu

Ying Shen

Department of Economics

University of Notre Dame

Notre Dame, IN 46556

Ying.Shen.24@nd.edu



! O!

Ethnic Complementarities after the Opening of China: 
How Chinese Graduate Students Affected  

the Productivity of Their Advisors  
 

George J. Borjas, Kirk B. Doran, and Ying Shen* 
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+0/&%04!\7&,,&)]!1-!(-8!N6('1,(,19&!+&-+&;!

M1-(''8H!06)!(-('8+1+!&I(/1-&+!,%&!20++171'1,8!,%(,!,%&!&33151&-58!*(1-+!3)0/!,%&!

+622'8!+%05C!/1*%,!+%04!62!1-!+67+&N6&-,!8&()+H!(+!,%&!<%1-&+&!+,6.&-,+!7&50/&!2(),!03!

,%&!/(,%&/(,15+!2)03&++10-!(-.!,%&1)!)&+&()5%!06,26,!50-,)176,&+!,0!,%&!70.8!03!



! >!

/(,%&/(,15('!C-04'&.*&;!$%&)&!1+H!%04&9&)H!-0!&91.&-5&!,0!+6**&+,!,%(,!,%&!N6(-,1,8!0)!

N6('1,8!03!,%&!06,26,!&9&-,6(''8!2)0.65&.!78!,%&!<%1-&+&!+,6.&-,+!,%&/+&'9&+!1+!3()!

+62&)10)!,0!,%(,!2)0.65&.!78!,%&!50/2()(7'&!F/&)15(-!+,6.&-,+!3)0/!,%&1)!50%0),;1!

L-!+6/H!+67+,(-,1('!C-04'&.*&!+21''09&)+!4&)&!1-.&&.!*&-&)(,&.!78!(!+622'8!+%05C!

03!.05,0)('!+,6.&-,+!4%0!%(.!+,)0-*!1-5&-,19&+!,0!50''(70)(,&!41,%!,%&1)!&,%-15(''8!+1/1'()!

(.91+0)+;!F+!1+!03,&-!,%&!5(+&H!%04&9&)H!+65%!+622'8!+%05C+!%(9&!(..1,10-('!)(/1315(,10-+H!

2(),156'()'8!0-!,%&!2)&E&I1+,1-*!40)C&)+!4%0!()&!-0,!2(),!03!,%&!&,%-15!-&,40)C;!$%&+&!

(..1,10-('!)(/1315(,10-+!5(-!*)&(,'8!(,,&-6(,&!,%&!-&,!7&-&31,+!)&+6',1-*!3)0/!,%&!

C-04'&.*&!+21''09&)+;!

!

II. Historical Background 

P&,4&&-!"=W=!(-.!"=j=H!,%&!<%1-&+&!50//6-1+,!)&*1/&!4(+!31)/'8!50//1,,&.!,0!

,%&!A1-0EA091&,!(''1(-5&;!F+!2(),!03!,%1+!(''1(-5&H!,%&!<%1-&+&!*09&)-/&-,!1/2'&/&-,&.!,%&!

\'&(-1-*!,0!0-&!+1.&]!20'158H!(!20'158!,%(,!50//1,,&.!,%&!c&02'&S+!g&267'15!03!<%1-(!,0!

26)+6&!(5,10-+!,%(,!+8+,&/(,15(''8!3(90)&.!1-,&)(5,10-+!41,%!,%&!50//6-1+,!7'05;!L-!,%&!

%1*%&)!&.65(,10-!50-,&I,H!,%1+!20'158!1-+,1,6,&.!+,)15,!50-,)0'+!0-!,%&!+67+&,!03!506-,)1&+!

,%(,!<%1-&+&!+,6.&-,+!4&)&!(''04&.!,0!+,6.8!1-H!41,%!,%&!A091&,!@-10-!7&50/1-*!,%&!

.0/1-(-,!506-,)8!)&5&191-*!<%1-&+&!1-,&)-(,10-('!+,6.&-,+!J_&H!#RR?K;!P&,4&&-!"=W=!(-.!

"=jhH!30)!&I(/2'&H!?HW#W!<%1-&+&!+,6.&-,+H!0)!(706,!>?!2&)5&-,!03!(''!1-,&)-(,10-('!+,6.&-,+!

0)1*1-(,1-*!1-!<%1-(H!&-)0''&.!1-!A091&,!6-19&)+1,1&+H!(-.!/0+,!03!,%&+&!+,6.&-,+!&-)0''&.!1-!

+51&-5&!(-.!,&5%-0'0*8!2)0*)(/+;!b0,!+6)2)1+1-*'8H!,%&!@-1,&.!A,(,&+!)&5&19&.!(!,)191(''8!

+/(''!-6/7&)!03!<%1-&+&!+,6.&-,+!.6)1-*!,%&!2&)10.k0-'8!()06-.!#RR!<%1-&+&!+,6.&-,+!

&-)0''&.!1-!,%&!6-19&)+1,1&+!03!T&+,&)-!.&9&'02&.!506-,)1&+;!U0)&09&)H!/0+,!03!,%&!#RR!

<%1-&+&!+,6.&-,+!1-!T&+,&)-!506-,)1&+!+,6.1&.!30)&1*-!'(-*6(*&+H!41,%!0-'8!#"!03!,%&/!

&-)0''1-*!1-!2)0*)(/+!1-!,%&!-(,6)('!+51&-5&+!JU(,%6)H!#RR>K;!

$%&!+051('H!&50-0/15H!(-.!20'1,15('!62%&(9('!,%(,!7&*(-!1-!,%&!+2)1-*!03!"=jjH!4%15%!

1+!-04!50''&5,19&'8!C-04-!(+!,%&!<6',6)('!g&90'6,10-H!(-.!4%15%!'(+,&.!6-,1'!B5,07&)!"=>jH!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
1!L-!)&'(,&.!40)CH!A,6&-H!U07()(CH!(-.!U(+C6+!J#R"#K!31-.!,%(,!&I0*&-06+!1-5)&(+&+!1-!,%&!,0,('!

-6/7&)!03!*)(.6(,&!+,6.&-,+!&-)0''&.!1-!(!*19&-!31&'.!(,!(!*19&-!6-19&)+1,8!1-!(!*19&-!8&()!5(6+&!(-!1-5)&(+&!1-!

,%&!,0,('!-6/7&)!03!267'15(,10-+!2)0.65&.!J78!2)03&++0)+!(-.!+,6.&-,+!50/71-&.KH!(',%06*%!,%&!1/2(5,!03!(-!

(..1,10-('!30)&1*-!0)!.0/&+,15!*)(.6(,&!+,6.&-,+!+&&/+H!0-!(9&)(*&H!,0!7&!,%&!+(/&;!



! ?!

36),%&)!5&/&-,&.!,%&!*&0*)(2%15!(-.!1-,&''&5,6('!1+0'(,10-!03!<%1-&+&!+,6.&-,+;!$%&!%1*%&)!

&.65(,10-!+8+,&/!1-!<%1-(!4(+!&33&5,19&'8!.&+,)08&.!.6)1-*!,%0+&!8&()+!+0!,%(,!(!

)&/()C(7'8!%1*%!-6/7&)!03!806-*!2&02'&!'0+,!,%&1)!0220),6-1,1&+!,0!$.$#!26)+6&!(!%1*%&)!

&.65(,10-!JG&-*H!"==>K;!c)&/1&)!U(0!Y&.0-*!%1/+&'3!'(1.!06,!,%&!2()(/&,&)+!30)!%04!,%&!

<6',6)('!g&90'6,10-!406'.!7&!(22'1&.!1-!,%&!&.65(,10-!+&5,0)!78!(.91+1-*!+,6.&-,+!,0D#!

!

_0'.!%1*%!,%&!*)&(,!7(--&)!03!,%&!2)0'&,()1(-!56',6)('!)&90'6,10-H!,%0)06*%'8!

&I20+&!,%&!)&(5,10-()8!706)*&01+!+,(-.!03!,%0+&!+0E5(''&.!f(5(.&/15!

(6,%0)1,1&+f!4%0!0220+&!,%&!c(),8!(-.!+051('1+/H!,%0)06*%'8!5)1,151:&!(-.!

)&26.1(,&!,%&!)&(5,10-()8!706)*&01+!1.&(+!1-!,%&!+2%&)&!03!(5(.&/15!40)CH!

&.65(,10-H!Z06)-('1+/H!'1,&)(,6)&!(-.!(),!(-.!267'1+%1-*H!(-.!+&1:&!,%&!

'&(.&)+%12!1-!,%&+&!56',6)('!+2%&)&+;!

!

b0,!+6)2)1+1-*'8H!,%&!6)*&-,!5(''!,0!(5,10-!%(.!.)(/(,15!(-.!910'&-,!50-+&N6&-5&+;!F+!

U(5M()N6%()!(-.!A5%0&-%('+!J#RRjH!2;!"#jK!.&+5)17&!1-!,%&1)!50/2)&%&-+19&!%1+,0)8!03!,%&!

<6',6)('!g&90'6,10-DO!

!

L-!P&1Z1-*S+!4&+,&)-!.1+,)15,!('0-&H!1-!,%&!506)+&!03!'1,,'&!/0)&!,%(-!,40!4&&C+H!

,%&!910'&-5&!'&3,!5'0+&!,0!0-&!%6-.)&.!,&(5%&)+H!+5%00'!033151('+H!(-.!

&.65(,10-('!5(.)&+!.&(.;!$%&!-6/7&)!03!,%0+&!1-Z6)&.!4(+H!(550).1-*!,0!0-&!

1-9&+,1*(,10-H!+1/2'8!\,00!'()*&!,0!7&!5('56'(,&.];!L-!&9&)8!0-&!03!&1*%,8E319&!

&'1,&!50''&*&+H!/1..'&!+5%00'+H!(-.!&'&/&-,()8!+5%00'+!,%)06*%06,!<%1-(!

1-9&+,1*(,&.!78!(!<%1-&+&!+5%0'()!(3,&)!,%&!<6',6)('!g&90'6,10-H!,&(5%&)+!4&)&!

,0),6)&.!78!+,6.&-,+;!F,!,4&'9&!03!,%&/H!(!,&(5%&)!4(+!7&(,&-!,0!.&(,%X!(,!0-&!

+5%00'H!,40!,&(5%&)+!4&)&!/6).&)&.;!

!

F+!2(),!03!,%&!1.&0'0*15('!5'&(-+1-*H!<%1-(!36),%&)!1/2'&/&-,&.!(!5'0+&.E.00)!20'158!

,%(,!'&.!,0!(!+&'3E1/20+&.!1-,&)-(,10-('!1+0'(,10-H!70,%!3)0/!506-,)1&+!1-!,%&!50//6-1+,!

(''1(-5&!(-.!3)0/!T&+,&)-!506-,)1&+;!$%1+!5'0+&.E.00)!20'158!&33&5,19&'8!+%6,!.04-!,%&!

0220),6-1,8!30)!(,/!<%1-&+&!+,6.&-,!,0!+,6.8!(7)0(.;!b0,!+6)2)1+1-*'8H!,%&!50/71-(,10-!03!

,%&!910'&-,!2&)+&56,10-!03!&.65(,0)+H!,%&!20'1,15('!62%&(9('!1-!&.65(,10-('!1-+,1,6,10-+H!(-.!

,%&!5'0+&.E.00)!20'158!+67+,(-,1(''8!+%)(-C!,%&!.0/(1-!03!,%&!C-04'&.*&!2)0.65,10-!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
#!<1)56'()!03!,%&!<&-,)('!<0//1,,&&!03!,%&!<%1-&+&!<0//6-1+,!c(),8H!U(8!"jH!"=jj;!A&&!

%,,2+D[[444;/()I1+,+;0)*[+67Z&5,[5%1-([.056/&-,+[525[55l*25);%,/;!

O!A&&!T(-*!J#RR"K!30)!(!.1+56++10-!03!,%&!1/2(5,!03!,%&!<6',6)('!g&90'6,10-!0-!,%&!&.65(,10-!+&5,0)H!

1-5'6.1-*!.&,(1'&.!.&+5)12,10-+!03!,%&!50-+&N6&-5&+!30)!+2&51315!6-19&)+1,1&+!(-.!3(56',8;!c)03&++0)!T(-*!('+0!

/(1-,(1-+!(!4&7+1,&!(,!,%&!@-19&)+1,8!03!<%15(*0!J%6/;65%15(*0;&.6[3(56',8[84(-*[%1+,0)8[K!,%(,!50-,(1-+!(!

*)&(,!.&('!03!1-30)/(,10-!0-!,%&!<6',6)('!g&90'6,10-!(-.!2)091.&+!710*)(2%1&+!03!/(-8!03!,%&!915,1/+;!



! =!

36-5,10-H!(-.!,%&!)&+6',1-*!0220),6-1,8!50+,!30)!<%1-(S+!&50-0/15!.&9&'02/&-,!4(+!

&-0)/06+;!L,!1+!50-+&)9(,19&'8!&+,1/(,&.!,%(,!7&5(6+&!03!,%&!<6',6)('!g&90'6,10-H!<%1-(!

+633&)&.!(!'0++!03!"RRHRRR!20,&-,1('!*)(.6(,&!.&*)&&!%0'.&)+!7&,4&&-!"=jh!(-.!"=>jH!('0-*!

41,%!(!'0++!03!0-&!/1''10-!N6('131&.!6-.&)*)(.6(,&+!(-.!,40!/1''10-!+2&51('1:&.!+&50-.()8!

*)(.6(,&+!JA0-*H!#RR=K;!!

L-!G&5&/7&)!"=>?H!,40!8&()+!(3,&)!U(0S+!.&(,%H!<%1-(!&-,&)&.!(!%1+,0)15('!,6)-1-*!

201-,!4%&-!V15&!c)&/1&)!G&-*!d1(021-*!2)020+&.!(!50/2)&%&-+19&!,)(-+30)/(,10-!03!

<%1-(S+!+051&,8!(-.!&50-0/8;W!$%1+!20'158!+%13,H!4%15%!4&-,!6-.&)!,%&!-(/&+!03!\<%1-&+&!

a50-0/15!g&30)/]!0)!\a50-0/15!g&30)/!(-.!B2&-!@2!c0'158H]!&33&5,19&'8!+2()C&.!,%&!

,)(-+30)/(,10-!03!<%1-(!,%(,!&9&-,6(''8!'&.!,%&!506-,)8!,0!7&50/&!0-&!03!,%&!40)'.S+!

'()*&+,!&50-0/1&+;!F!C&8!50/20-&-,!03!G&-*!d1(021-*S+!2)020+('H!C-04-!(+!,%&!M06)!

U0.&)-1:(,10-+H!4(+!,%&!'0-*E,&)/!*0('!03!/0.&)-1:1-*!<%1-(S+!(*)156',6)('H!1-.6+,)1('H!

+51&-,1315H!(-.!,&5%-0'0*15('!+&5,0)+;!

V15&!c)&/1&)!d1(021-*S+!2)020+&.!)&30)/+!%(.!(!2)0306-.!1/2(5,!0-!<%1-(S+!

&.65(,10-!+8+,&/;!L-!2(),156'()H!,%&!*09&)-/&-,!7&*(-!,0!&-506)(*&!,%&!7&+,!(-.!7)1*%,&+,!

<%1-&+&!+,6.&-,+!,0!+,6.8!(7)0(.H!(-.!2(),156'()'8!,0!&-)0''!1-!6-19&)+1,1&+!'05(,&.!1-!

T&+,&)-!1-.6+,)1('1:&.!506-,)1&+;!L-!m6-&!"=>?H!30)!&I(/2'&H!(,!(!50-3&)&-5&!/&&,1-*!41,%!

2)03&++0)+!3)0/!$+1-*%6(!@-19&)+1,8!,%(,!,00C!2'(5&!Z6+,!(!3&4!/0-,%+!7&30)&!,%&!30)/('!

1-,)0.65,10-!03!,%&!<%1-&+&!a50-0/15!g&30)/H!V15&!c)&/1&)!d1(021-*!&/2%(+1:&.!,%(,Dh!!

!

L!%1*%'8!+6220),!(-.!&-506)(*&!(!N615C!1-5)&(+&!1-!,%&!-6/7&)!03!09&)+&(+!

<%1-&+&!+,6.&-,+H!+1-5&!,%1+!41''!7&!0-&!03!,%&!/0+,!&++&-,1('!4(8+!,0!

(55&'&)(,&!,%&!.&9&'02/&-,!03!06)!06,.(,&.!,&5%-0'0*8;!!

!

F+!2(),!03!,%&!)&30)/+H!G&-*!d1(021-*!/(.&!(!+,)(,&*15!J(-.!%1+,0)15K!.&51+10-!,0!

+&-.!OHRRR!<%1-&+&!+,6.&-,+!(--6(''8!,0!+,6.8!1-!.133&)&-,!506-,)1&+H!1-5'6.1-*!,%&!@-1,&.!

A,(,&+;!P&+1.&+!.1)&5,'8!+&-.1-*!,%&+&!*09&)-/&-,E+20-+0)&.!(-.!*09&)-/&-,E36-.&.!

+,6.&-,+H!,%&!V15&!c)&/1&)!&-506)(*&.!06,+,(-.1-*!<%1-&+&!+,6.&-,+!,0!+,6.8!(7)0(.!78!

(22'81-*!30)!,&(5%1-*!(-.!)&+&()5%!(++1+,(-,+%12+!(9(1'(7'&!1-!30)&1*-!1-+,1,6,10-+;!G05,0)('!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
W!G&-*!d1(021-*!4(+!,%&!C&8!'&(.&)!1-!<%1-(!3)0/!,%&!'(,&!"=>R+!,0!,%&!&()'8!"==R+;!L//&.1(,&'8!

30''041-*!,%&!1-,)0.65,10-!03!,%&!)&30)/+H!<%1-&+&E@;A;!.12'0/(,15!)&'(,10-+!4&)&!30)/(''8!&+,(7'1+%&.!1-!

m(-6()8!"=>=H!02&-1-*!62!(!-&4!5%(2,&)!1-!A1-0EF/&)15(-!)&'(,10-+;!

h!<%&-!J#RR>KH!2;!OR;!



! "R!

2)0*)(/+!1-!,%&!@-1,&.!A,(,&+!N615C'8!7&*(-!,0!)&5&19&!/(-8!+65%!(22'15(,10-+!30)!

(./1++10-H!(-.!,%&+&!2)0*)(/+!7&5(/&!(/0-*!,%&!/0+,!*&-&)06+!1-!(./1,,1-*!(-.!

4&'50/1-*!+65%!+,6.&-,+;!$%&!&I0*&-06+!+622'8!+%05C!+2()C&.!78!,%&!G&-*!d1(021-*!

)&30)/+!4(+!.)(/(,15;!<%1-(!%(.!+&-,!-&()'8!:&)0!+,6.&-,+!,0!+,6.8!1-!F/&)15(-!

6-19&)+1,1&+!7&,4&&-!,%&!"=hR+!(-.!,%&!'(,&!"=>R+;!P8!,%&!'(,&!"=?R+H!%04&9&)H!<%1-(!%(.!

7&50/&!,%&!'&(.1-*!+&-.&)!03!1-,&)-(,10-('!+,6.&-,+!,0!,%&!@-1,&.!A,(,&+;j!L-!,%&!"=?=E

"==R!(5(.&/15!8&()H!30)!&I(/2'&H!<%1-(!(5506-,&.!30)!OOHRRR!J0)!?;j!2&)5&-,K!03!,%&!

O?>HRRR!1-,&)-(,10-('!+,6.&-,+!1-!,%&!506-,)8;!

$%1+!2(2&)!&I(/1-&+!,%&!1/2(5,!03!,%&!+622'8!+%05C!03!<%1-&+&!*)(.6(,&!+,6.&-,+!1-!

(!+2&51315!31&'.H!/(,%&/(,15+H!0-!(!+2&51315!506-,)8H!,%&!@-1,&.!A,(,&+H!4%&)&!,%&!(9(1'(7'&!

.(,(!(''04!6+!,0!50/2)&%&-+19&'8!.&+5)17&!,%&!1/2(5,!03!,%&!+%05C!0-!C-04'&.*&!

2)0.65,10-!1-!,%&!31&'.;!M1*6)&!"!1''6+,)(,&+!,%&!-6/7&)!03!<%1-&+&!.05,0)('!+,6.&-,+!1-!

/(,%&/(,15+!*)(.6(,1-*!3)0/!F/&)15(-!1-+,1,6,10-+!7&,4&&-!"=jR!(-.!#RRW;!L,!1+!&91.&-,!

,%(,!,%&)&!4(+!(!.)(/(,15!1-5)&(+&!1-!,%&!-6/7&)!03!<%1-&+&!.05,0)('!)&5121&-,+!+0/&,1/&!

1-!,%&!'(,&!"=?R+H!(+!,%&!1/2(5,!03!,%&!)&30)/+!1-1,1(,&.!78!G&-*!d1(021-*!,00C!%0'.;!L-!3(5,H!

,%&!-6/7&)!03!.05,0)('!.&*)&&+!(4().&.!,0!<%1-&+&!+,6.&-,+!1-5)&(+&.!('/0+,!+1IE30'.H!

3)0/!jh!,0!O?"H!7&,4&&-!"=?R!(-.!"==R;7!

L,!1+!079106+'8!.133156',!,0!21-201-,!(!+2&51315!.(,&!4%&-!,%&!+622'8!+%05C!7&*(-!,0!7&!

36''8!3&',!1-!,%&!2)0.65,10-!212&'1-&!30)!/(,%&/(,15+!.05,0)(,&+!1-!F/&)15(-!6-19&)+1,1&+;!

F3,&)!(''H!1,!2)07(7'8!,00C!(,!'&(+,!(!8&()!0)!,40!30)!,%&!)&30)/+!1-1,1(,&.!78!G&-*!d1(021-*!

,0!\31',&)!.04-]!(-.!1-3'6&-5&!+,6.&-,!7&%(910)!1-!,%&!9(+,!506-,)8!03!<%1-(;!L,!406'.!('+0!

,(C&!(-0,%&)!8&()!0)!,40!30)!,%&+&!+,6.&-,+!,0!&+,(7'1+%!,%&!5)&.&-,1('+H!40)C!,%)06*%!,%&!

(22'15(,10-!2)05&++H!(-.!7&!(55&2,&.!78!F/&)15(-!6-19&)+1,1&+;!F-.!1,!406'.!,(C&!(-0,%&)!j!

8&()+!0)!+0!30)!,%&!(55&2,&.!+,6.&-,+!,0!(5,6(''8!50/2'&,&!,%&1)!506)+&!40)CH!,0!4)1,&!,%&1)!

.1++&),(,10-H!(-.!,0!)&5&19&!,%&1)!.05,0)('!.&*)&&;!i19&-!,%&+&!079106+!(-.!1-&91,(7'&!,1/&!

'(*+H!1,!1+!-0,!+6)2)1+1-*!,%(,!,%&!J%1*%&)K!-6/7&)!03!<%1-&+&!/(,%&/(,151(-+!*)(.6(,1-*!

3)0/!F/&)15(-!6-19&)+1,1&+!.1.!-0,!+,(71'1:&!6-,1'!()06-.!"=?=H!,04().+!,%&!&-.!03!,%&!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
j!L-+,1,6,&!03!L-,&)-(,10-('!a.65(,10-!J#R"OK!(-.!L-+,1,6,&!03!L-,&)-(,10-('!a.65(,10-!J#RR=K;!

7!T&!.&+5)17&!,%&!/&,%0.0'0*8!30)!1.&-,1381-*!,%&!+(/2'&!03!<%1-&+&!.05,0)('!)&5121&-,+!1-!,%&!-&I,!

+&5,10-;!L,!)&'1&+!0-!(!/(,5%!7&,4&&-!,%&!+6)-(/&!03!,%&!)&5121&-,!(-.!(!50/2)&%&-+19&!'1+,!03!<%1-&+&!

+6)-(/&+;!



! ""!

.&5(.&;!$%&!.(,(!1''6+,)(,&.!1-!M1*6)&!"!+,)0-*'8!50-31)/!,%&!&I1+,&-5&!03!(-!&I0*&-06+!

+622'8!+%05C!J41,%!(!'(*K!)&+6',1-*!3)0/!,%&!G&-*!d1(021-*E1-1,1(,&.!)&30)/+;!

!

III. Data 

! T&!&/2'08!.(,(!.)(4-!3)0/!,%)&&!.1+,1-5,!+06)5&+!,0!1.&-,138!,%&!&,%-15!

7(5C*)06-.!(-.!,)(5C!,%&!2)03&++10-('!5()&&)+!03!/(,%&/(,151(-+!1-!,%&!@-1,&.!A,(,&+;!M1)+,H!

4&!%(9&!(55&++!,0!(!.(,(7(+&!'1+,1-*!(''!2(2&)+!267'1+%&.!1-!/(,%&/(,15+!(-.!)&'(,&.!31&'.+;!

$%1+!&I%(6+,19&!'1+,1-*!03!/(,%&/(,15+!267'15(,10-+!1+!50/21'&.!(-.!/(1-,(1-&.!78!,%&!

F/&)15(-!U(,%&/(,15('!A051&,8!JFUAK!(,!'(&)*%"+$&H!(-.!1+!(9(1'(7'&!30)!,%&!2&)10.!

7&,4&&-!"=O=!(-.!,%&!2)&+&-,;!A&50-.H!4&!%(9&!(55&++!,0!.(,(!50''&5,&.!78!,%&!

U(,%&/(,15+!i&-&('0*8!c)0Z&5,!JUicKH!(!.(,(7(+&!,%(,!/(,5%&+!(.91+0)+!(-.!(.91+&&+!1-!

/(,%&/(,15+!.05,0)('!2)0*)(/+!+1-5&!,%&!"ORR+;!M1-(''8H!4&!6+&!(!.(,(7(+&!03!&,%-15!-(/&+!

,%(,!(''04+!6+!,0!1.&-,138!,%&!<%1-&+&!%&)1,(*&!03!,%&!/(,%&/(,151(-+!1-!06)!+(/2'&;!

! L-!(..1,10-!,0!2)091.1-*!50/2)&%&-+19&!509&)(*&!03!,%&!6-19&)+&!03!(5(.&/15!

2(2&)+!267'1+%&.!78!/(,%&/(,151(-+!40)'.41.&H!,%&!FUA!.(,(!%(+!0-&!3&(,6)&!,%(,!/(C&+!

1,!2(),156'()'8!6+&36'!1-!,%&!2)&+&-,!50-,&I,D!$%&!2)03&++10-('!+,(33!(,!,%&!FUA!(++1*-+!&(5%!

267'1+%&.!/(,%&/(,151(-!(!6-1N6&!(6,%0)!1.&-,131&)!,%(,!30''04+!(!2(),156'()!2&)+0-!

,%)06*%06,!%1+!0)!%&)!5()&&);!$%&!(9(1'(71'1,8!03!,%&+&!J5()&36''8!(++1*-&.K!6-1N6&!

1.&-,131&)+!+0'9&+!,%&!2)07'&/!03!.1+,1-*61+%1-*!,%&!)&+&()5%!2)031'&+!03!(6,%0)+!4%0!%(9&!

+1/1'()!-(/&+!0)!1-1,1('+;!T&!%(9&!(55&++!,0!(!9&)+10-!03!,%&!FUA!.(,(7(+&!(**)&*(,&.!(,!

,%&!(6,%0)H!8&()!03!267'15(,10-H!(-.!31&'.!03!)&+&()5%!'&9&';!M0)!&(5%!(6,%0)E8&()E31&'.!5&''H!

,%&!.(,(7(+&!)&20),+!,%&!-6/7&)!03!2(2&)+!267'1+%&.H!(+!4&''!(+!,%&!-6/7&)!03!51,(,10-+!

,%(,!,%0+&!2(2&)+!&9&-,6(''8!&()-&.!3)0/!,02!Z06)-('+!1-!/(,%&/(,15+!(3,&)!,%&!8&()!#RRR;!

B6)!9&)+10-!03!,%&!FUA!.(,(7(+&!509&)+!(''!2(2&)+!267'1+%&.!7&,4&&-!"=O=!(-.!,%&!31)+,!

%('3!03!#R"RH!(-.!4(+!31)+,!6+&.!1-!P0)Z(+!(-.!G0)(-!J#R"#K;!

! $%&!Uic!.(,(!)&20),+!,%&!-(/&!03!&(5%!.05,0)('!.&*)&&!%0'.&)!1-!/(,%&/(,15+H!,%&!

-(/&!03!,%&!(.91+0)H!,%&!8&()!,%&!.&*)&&!4(+!&()-&.H!,%&!1-+,1,6,10-!,%(,!*)(-,&.!,%&!.&*)&&H!

(-.!,%&!506-,)8!4%&)&!,%(,!1-+,1,6,10-!1+!'05(,&.;?!<)651(''8H!1,!('+0!50-,(1-+!(-!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
?!$%&!Uic!1+!(!40)'.41.&!.(,(7(+&;!$%&!.&*)&&!1-!N6&+,10-!/(8!,%&-!.&2&-.!0-!,%&!56',6)('!0)!

&.65(,10-('!50-,&I,;!L-!/0+,!5(+&+H!,%&!.&*)&&!1+!(!G05,0)!03!c%1'0+02%8H!76,!1,!/(8!('+0!7&!(!G05,0)!03!A51&-5&H!



! "#!

(./1-1+,)(,19&!/(,5%!7&,4&&-!,%&!(.91+0)+!(-.!(.91+&&+!(-.!,%&!6-1N6&!(6,%0)!1.&-,131&)+!

1-!,%&!FUA!.(,(7(+&;!L-!0,%&)!40).+H!78!6+1-*!,%&!6-1N6&!(6,%0)!1.&-,131&)!4&!%(9&!(55&++!

,0!,%&!%1+,0)8!03!267'1+%&.!06,26,!2)0.65&.!78!,%&!(.91+0)+!(-.!(.91+&&+!1.&-,131&.!1-!,%&!

Uic!.(,(;!

$0!.&,&)/1-&!,%&!+502&!03!,%&!509&)(*&!03!,%&!Uic!(.91+0)E(.91+&&!/(,5%&+!(-.!,%&!

,%0)06*%-&++!03!,%&!/(,5%!41,%!,%&!FUA!.(,(H!4&!50/2()&.!,%&!.&*)&&+!)&20),&.!1-!,%&!

Uic!31'&!,0!,%&!.&*)&&+!'1+,&.!1-!,%&!(--6('!5&-+6+!03!-&4!/(,%&/(,15+!.05,0)('!.&*)&&+!

(4().&.!78!b0),%!F/&)15(-!6-19&)+1,1&+!(-.!267'1+%&.!(--6(''8!78!,%&!F/&)15(-!

U(,%&/(,15('!A051&,8;!@+1-*!,%&!267'1+%&.!5&-+6+!(+!,%&!\6-19&)+&]!03!.05,0)('!.&*)&&+!1-!

/(,%&/(,15+H!4&!)(-.0/'8!5%0+&!#R!+,6.&-,+!3)0/!&(5%!03!,%&!30''041-*!*)(.6(,10-!8&()+D!

"=?RH!"=?hH!"==RH!"==WH!#RRRH!#RRhH!(-.!#RR=;!T&!306-.!,%(,!,%&!Uic!31'&!50-,(1-&.!,%&!

)&'&9(-,!J(-.!50))&5,K!1-30)/(,10-!30)!7&,4&&-!?h!(-.!"RR!2&)5&-,!03!,%&!.&*)&&+!(4().&.!

1-!(-8!*19&-!8&()H!41,%!(-!09&)(''!509&)(*&!)(,&!03!=O!2&)5&-,;!M6),%&)/0)&H!4&!306-.!,%(,!

0-'8!#!2&)5&-,!03!/(,%&/(,15+!.05,0)('!)&5121&-,+!+%06'.!%(9&!7&&-!/(,5%&.!,0!,%&!FUA!

6-1N6&!(6,%0)!1.&-,131&)+!J7&5(6+&!,%&!(6,%0)!1-!N6&+,10-!267'1+%&.!(!2(2&)!7&,4&&-!"=O=!

(-.!#R"RKH!76,!4&)&!-0,;!$%1+!)076+,-&++!5%&5C!03!,%&!6-.&)'81-*!.(,(H!,%&)&30)&H!/(C&+!6+!

50-31.&-,!,%(,!06)!/(,5%&.!UicEFUA!.(,(!%(+!('/0+,!50/2'&,&!509&)(*&!03!,%&!6-19&)+&!03!

/(,%&/(,151(-+!&1,%&)!(.91+1-*!+,6.&-,+!(-.[0)!(4().&.!(!.05,0)('!.&*)&&!(,!,%&!,1/&!03!

,%&!<%1-&+&!+622'8!+%05C;!

! M1-(''8H!4&!1.&-,138!,%&!<%1-&+&!%&)1,(*&!03!,%&!/(,%&/(,151(-+!1-!06)!+(/2'&!78!

/(,5%1-*!,%&1)!+6)-(/&+!41,%!(!'1+,!03!<%1-&+&!+6)-(/&+;!$%&!+06)5&!03!<%1-&+&!+6)-(/&+!

6+&.!1-!,%1+!2(2&)!1+!50/21'&.!1-!,%&!*&-&('0*8!+&5,10-!03!0(1"2/3!4%(&"-,5%-1H!,%&!0'.&+,!

(-.!/0+,!91+1,&.!4&7+1,&!033&)1-*!2()&-,('!(.915&;!L-!,%&!50-,&I,!03!,%1+!2(2&)H!,%1+!4&7+1,&!

1+!2(),156'()'8!6+&36'!7&5(6+&!1,!2)091.&+!(!50/2)&%&-+19&!'1+,!03!,%&!/0+,!50//0-!<%1-&+&!

+6)-(/&+;=!U(-8!(',&)-(,19&!'1+,+!03!<%1-&+&!+6)-(/&+H!30)!&I(/2'&H!0-'8!2)091.&!,%&!,02!

"RR!+6)-(/&+X!,%&!'1+,!(9(1'(7'&!(,!0(1"2/63!4%(&"0-!1+!3()!/0)&!,%0)06*%H!'1+,1-*!/0)&!,%(-!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
(!<(-.1.(,&e+!G&*)&&H!&,5;!T&!41''!0-'8!7&!'00C1-*!(,!.&*)&&+!(4().&.!1-!,%&!@-1,&.!A,(,&+H!4%&)&!,%&!)&'&9(-,!

.&*)&&!1+!,%&!G05,0)!03!c%1'0+02%8;!

=!%,,2D[[*&-&('0*8;3(/1'8&.65(,10-;50/[7)04+&[0)1*1-[5%1-&+&;!



! "O!

WRR!<%1-&+&!+6)-(/&+;10!L-!(..1,10-H!,%&!0(1"2/63!4%(&"-,!.(,(7(+&!-0,!0-'8!2)091.&+!(!

2%0-&,15!+8+,&/!30)!,)(-+5)171-*!,%&!U(-.()1-!2)0-6-51(,10-+!03!<%1-&+&!+6)-(/&+!1-,0!

,%&!Q(,1-!('2%(7&,!J7",/",KH!76,!('+0!2)091.&+!,%&!2%0-&,15!+8+,&/!30)!,)(-+5)171-*!,%&!

<(-,0-&+&!2)0-6-51(,10-+!03!<%1-&+&!+6)-(/&+!1-,0!,%&!Q(,1-!('2%(7&,!J8/4&9",:K;!P&5(6+&!

,%&!<(-,0-&+&!/(C&!62!,%&!'()*&+,!*)062!03!<%1-&+&!1//1*)(-,+!,0!,%&!@-1,&.!A,(,&+H!,%&!

1-5'6+10-!03!<(-,0-&+&!8/4&9",:!,)(-+'(,10-+!1+!2(),156'()'8!1/20),(-,!,0!&-+6)&!,%(,!06)!

1.&-,1315(,10-!03!<%1-&+&!/(,%&/(,151(-+!/1++&+!3&4!07+&)9(,10-+;!

T&!5'(++138!(!/(,%&/(,151(-!(+!%(91-*!\<%1-&+&!%&)1,(*&]!J0)H!/0)&!50-9&-1&-,'8H!

7&1-*!\<%1-&+&]K!13!,%&!/(,%&/(,151(-S+!+6)-(/&!/(,5%&+!0-&!03!,%&!+6)-(/&+!1-!,%&!

0(1"2/63!4%(&"-,!'1+,;!T&!/&)*&!,%&!'1+,!03!<%1-&+&!+6)-(/&+!(9(1'(7'&!1-!0(1"2/63!4%(&"-,!

41,%!,%&!Uic!.(,(7(+&!,0!1.&-,138!4%15%!(.91+0)+!(-.!(.91+&&+!%(.!<%1-&+&!(-5&+,)8;""!

F!20,&-,1('!2)07'&/!41,%!06)!(22)0(5%!,0!1.&-,1381-*!,%&!<%1-&+&!%&)1,(*&!03!

.05,0)('!)&5121&-,+!1+!,%(,!1,!('+0!\5(,5%&+]!@;A;E70)-!2&)+0-+!03!<%1-&+&!(-5&+,)8!(+!4&''!(+!

30)&1*-!+,6.&-,+!70)-!1-!$(14(-;!$%&)&!4&)&!-0!+6..&-!5%(-*&+!1-!,%&!71),%)(,&+!03!

<%1-&+&EF/&)15(-+!,4&-,8E,40!8&()+!7&30)&!,%&!+%05C!,00C!2'(5&H!/(C1-*!1,!6-'1C&'8!,%(,!

,%&!+622'8!1-5)&(+&!+%04-!1-!M1*6)&!"!506'.!7&!&I2'(1-&.!78!(!+6..&-!)1+&!1-!,%&!-6/7&)!03!

<%1-&+&EF/&)15(-!+,6.&-,+!+&&C1-*!,0!7&50/&!2)03&++10-('!/(,%&/(,151(-+;!A1/1'()'8H!

(**)&*(,&!506-,+!3)0/!,%&!bAM!5&-+6+!03!.05,0)(,&+!1-.15(,&+!,%(,!()06-.!OR!,0!WR!.05,0)('!

.&*)&&+!1-!/(,%&/(,15+!4&)&!(4().&.!(--6(''8!,0!+,6.&-,+!70)-!1-!$(14(-!70,%!7&30)&!

(,!!(3,&)!,%&!02&-1-*!03!<%1-(H!4%1'&!,%&!-6/7&)!03!.&*)&&+!(4().&.!,0!2&)+0-+!70)-!1-!

,%&!c&02'&S+!g&267'15!03!<%1-(!)0+&!3)0/!-&()!:&)0!1-!,%&!&()'8!"=?R+!,0!()06-.!#RR!1-!,%&!

&()'8!"==R+;!L-!+%0),H!,%&!)(21.!1-5)&(+&!1-!,%&!-6/7&)!03!.&*)&&+!(4().&.!,0!<%1-&+&!

+,6.&-,+!.056/&-,&.!1-!M1*6)&!"!4(+!(!.1)&5,!)&+6',!03!,%&!+622'8!1-5)&(+&!1-.65&.!78!,%&!

G&-*!d1(021-*!)&30)/+;!

! $(7'&!"!6+&+!06)!/&)*&.!FUAEUic!.(,(!,0!5('56'(,&!+6//()8!+,(,1+,15+!0-!,%&!

-6/7&)!03!.05,0)('!.&*)&&+!(4().&.!1-!/(,%&/(,15+!78!F/&)15(-!6-19&)+1,1&+!7&,4&&-!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
10!$%&!,02!"RR!<%1-&+&!+6)-(/&+!(5506-,!30)!?h!2&)5&-,!03!<%1-(e+!2026'(,10-H!+0!,%(,!(!'1+,!03!WRR!

+6)-(/&+!1+!N61,&!50/2)&%&-+19&!JQ(3)(-1&)&H!#RR=K;!

""!F',%06*%!6+1-*!+6)-(/&+!,0!50-+,)65,!,%&!+(/2'&!03!/(,%&/(,151(-+!41,%!<%1-&+&!%&)1,(*&!1+!-0,!

1.&('H!4&!)(-.0/'8!+(/2'&.!#RR!03!,%&!1.&-,131&.!<%1-&+&!(.91+0)+!(-.!<%1-&+&!(.91+&&+!(-.!/(-6(''8!

5%&5C&.!,%&1)!2)031'&+!1-!'(&)*%"+$&;!U0)&!,%(-!=h!2&)5&-,!03!,%&!/(,%&/(,151(-+!1-!,%1+!)(-.0/!+(/2'&!

4&)&!1-.&&.!<%1-&+&!J0)!<%1-&+&EF/&)15(-K;!



! "W!

"=>h!(-.!#RRW;!$%&!.(,(!5'&()'8!+%04!(!+1:(7'&!1-5)&(+&!1-!,%&!)(,&!(,!4%15%!,%&+&!.&*)&&+!

4&)&!2)0.65&.!7&,4&&-!,%&!31)+,!%('3!(-.!,%&!'(+,!%('3!03!,%1+!2&)10.H!41,%!(!

.1+2)020),10-(,&'8!*)&(,&)!)1+&!1-!,%&!-6/7&)!03!.&*)&&+!(4().&.!,0!<%1-&+&!+,6.&-,+;!$%&!

-6/7&)!03!.&*)&&+!(4().&.!(--6(''8!,0!<%1-&+&!+,6.&-,+!)0+&!78!09&)!ORR!2&)5&-,!

7&,4&&-!,%&!2)&E!(-.!20+,E"=?=!2&)10.+;!_04&9&)H!,%&!-6/7&)!03!.&*)&&+!(4().&.!,0!

F/&)15(-!J1;&;H!-0-E<%1-&+&K!+,6.&-,+!)0+&!78!0-'8!h=!2&)5&-,;!aN6(''8!1/20),(-,H!,%&!

<%1-&+&!+,6.&-,+!*)(91,(,&.!%&(91'8!,04().+!<%1-&+&!(.91+0)+!,%)06*%06,!,%&!&-,1)&!2&)10.;!

F!<%1-&+&!+,6.&-,!%(.!(!"O;#!2&)5&-,!2)07(71'1,8!03!7&1-*!/&-,0)&.!78!(!<%1-&+&EF/&)15(-!

(.91+0)H!(+!50/2()&.!,0!0-'8!(!O;W!2&)5&-,!2)07(71'1,8!30)!,%&!,8215('!F/&)15(-!+,6.&-,;!

$(7'&!#!)&20),+!+6//()8!+,(,1+,15+!30)!,%&!+(/2'&!03!(.91+0)+!,%(,!4&!41''!6+&!1-!,%&!

&/21)15('!(-('8+1+!)&20),&.!7&'04;!$%&!50-+,)65,10-!03!,%&!+(/2'&!)&N61)&+!,%(,!,%&+&!

(.91+0)+!/&-,0)&.!(,!'&(+,!0-&!.05,0)('!+,6.&-,!1-!,%&!@-1,&.!A,(,&+!7&,4&&-!"=>h!(-.!

#RRW;12!L-!(..1,10-H!4&!)&+,)15,!,%&!(-('8+1+!,0!,%&!\2)&E&I1+,1-*]!+,05C!03!2)03&++10-('!

/(,%&/(,151(-+H!+0!,%(,!,%&!(.91+0)+!1-!06)!+(/2'&!/6+,!%(9&!267'1+%&.!(,!'&(+,!0-&!2(2&)!

7&30)&!"=?j;13!

$%&!,(7'&!)&20),+!+,(,1+,15+!30)!,40!.1+,1-5,!*)062+D!,%&!(.91+0)+!4%0!%(9&!<%1-&+&!

%&)1,(*&!(-.!,%&!)&+1.6('!+(/2'&!03!(.91+0)+!4%0!.1.!-0,!%(9&!<%1-&+&!%&)1,(*&;!M0)!

&I20+1,10-('!50-9&-1&-5&H!4&!41''!)&3&)!,0!,%&!(.91+0)+!1-!,%&!'(,,&)!*)062!(+!\F/&)15(-!

(.91+0)+H]!(',%06*%!1,!1+!079106+!,%(,!,%1+!+(/2'&!1-5'6.&+!(.91+0)+!03!9()106+!&,%-151,1&+H!

(-.!+0/&!4&)&!70)-!06,+1.&!,%&!@-1,&.!A,(,&+;14!b0,&!,%(,!78!)&+,)15,1-*!,%&!+(/2'&!,0!

\2)&E&I1+,1-*]!(.91+0)+H!4&!41''!7&!3056+1-*!0-!%04!,%&!1-3'6I!03!<%1-&+&!*)(.6(,&!+,6.&-,+!

(33&5,&.!,%&!2)0.65,191,8!03!/(,%&/(,151(-+!4%0!%(.!&+,(7'1+%&.!2)03&++10-('!5()&&)+!2)10)!

,0!,%&!+622'8!+%05C;!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
12!T&!.&31-&!/&-,0)1-*!(!+,6.&-,!(,!(-!F/&)15(-!1-+,1,6,10-!(+!,%&!6-10-!03D!J(K!7&1-*!'1+,&.!(+!,%&!

c%;G;!(.91+0)!30)!(!36''8!/(,5%&.!)&5121&-,!03!(!c%;G;!.&*)&&!J1;&;!(!2&)+0-!,%(,!4(+!(./1-1+,)(,19&'8!/(,5%&.!

1-!70,%!,%&!Uic!(-.!FUA!.(,(KX!(-.!J7K!,%&!Uic!1-30)/(,10-!30)!,%(,!.&*)&&!)&20),+!,%(,!1,!4(+!*)(-,&.!78!(-!

1-+,1,6,10-!'05(,&.!1-!,%&!@-1,&.!A,(,&+;!

13!P8!6+1-*!"=?j!(+!,%&!8&()!,%(,!.&31-&+!,%&!2)&E&I1+,1-*!*)062!03!/(,%&/(,151(-+H!4&!(901.!,%&!

20++171'1,8!,%(,!,%&!*)062!03!\<%1-&+&EF/&)15(-]!(.91+0)+!506'.!1-5'6.&!/(-8!03!,%&!<%1-&+&!30)&1*-E70)-!

+,6.&-,+!4%0!4&)&!,%&/+&'9&+!2(),!03!,%&!+622'8!+%05CH!76,!4%0!5%0+&!,0!)&/(1-!1-!,%&!@-1,&.!A,(,&+!(3,&)!

*&,,1-*!,%&1)!.&*)&&!)(,%&)!,%(-!)&,6)-!,0!,%&!c&02'&S+!g&267'15!03!<%1-(;!

14!$%&!-6/7&)!03!30)&1*-E70)-!(.91+0)+!1-!06)!+(/2'&!1+!'1C&'8!,0!7&!)&'(,19&'8!+/('';!$%&!bAM!5&-+6+!

03!.05,0)(,&+!)&20),+!,%(,!0-'8!()06-.!#R!2&)5&-,!03!.05,0)('!.&*)&&+!1-!/(,%&/(,15+!(4().&.!2)10)!,0!"=?j!

4&)&!*)(-,&.!,0!30)&1*-E70)-!2&)+0-+;!



! "h!

!$%&!+,(,1+,15+!)&20),&.!1-!$(7'&!#!+%04!,%(,!,%&!2)&E&I1+,1-*!<%1-&+&!(-.!F/&)15(-!

(.91+0)+!267'1+%&.!)06*%'8!,%&!+(/&!-6/7&)!03!2(2&)+!(-.!/&-,0)&.!)06*%'8!,%&!+(/&!

-6/7&)!03!+,6.&-,+!2)10)!,0!"=?=;!A2&51315(''8H!,%&!(.91+0)+!03!<%1-&+&!%&)1,(*&!267'1+%&.!

";h!2(2&)+!2&)!8&()H!/&-,0)&.!R;">!+,6.&-,+!2&)!8&()H!(-.!&(5%!267'1+%&.!2(2&)!)&5&19&.!

(-!(9&)(*&!03!h;>!51,(,10-+;!A1/1'()'8H!,%&!F/&)15(-!(.91+0)+!267'1+%&.!";W!2(2&)+!2&)!8&()H!

/&-,0)&.!R;"?!+,6.&-,+H!(-.!)&5&19&.!j;"!51,(,10-+;!

$%&!2)03&++10-('!&I2&)1&-5&!03!,%&!,40!*)062+H!%04&9&)H!5%(-*&.!-0,15&(7'8!(3,&)!

,%&!+622'8!+%05C;!$%&!267'15(,10-!)(,&!03!,%&!<%1-&+&!(.91+0)+!1-5)&(+&.!,0!";>!2(2&)+!2&)!

8&()H!4%1'&!,%(,!03!,%&!F/&)15(-!(.91+0)+!.&5'1-&.!+'1*%,'8!,0!";O!2(2&)+;!$%&)&!4(+!('+0!(!

5%(-*&!1-!,%&!2)0.65,10-!03!+,6.&-,+D!,%&!<%1-&+&EF/&)15(-!(.91+0)+H!0-!(9&)(*&H!7&*(-!,0!

/&-,0)!(!3&4!/0)&!+,6.&-,+!/0)&!2&)!8&()!,%(-!,%&!F/&)15(-!(.91+0)+!JR;#j!+,6.&-,+!

9&)+6+!R;#O!+,6.&-,+KH!(-.!+0/&!03!,%1+!1-5)&(+&!1+!079106+'8!(,,)176,(7'&!,0!(!+6)*&!1-!,%&!

-6/7&)!03!<%1-&+&!+,6.&-,+!/&-,0)&.;!$%&!.133&)&-,!&I2&)1&-5&+!03!,%&!,40!*)062+!03!

(.91+0)+!(3,&)!,%&!+622'8!+%05C!2)&+(*&!,%&!2)0.65,191,8!&33&5,+!,%(,!()&!)&20),&.!(-.!

&I(/1-&.!1-!,%&!)&/(1-.&)!03!,%1+!2(2&);!

!

IV. The Productivity of Advisors 

T&!6+&!(!.133&)&-5&E1-E.133&)&-5&+!+,)(,&*8!,0!.056/&-,!,%&!1/2(5,!03!,%&!+622'8!

+%05C!03!<%1-&+&!*)(.6(,&!+,6.&-,+!0-!,%&!2)0.65,191,8!03!/(,%&/(,15+!(.91+0)+!1-!

F/&)15(-!6-19&)+1,1&+;!A2&51315(''8H!4&!50/2()&!,%&!5%(-*&!1-!2)0.65,191,8H!%04&9&)!

.&31-&.H!7&,4&&-!,%&!(.91+0)+!/0+,!(33&5,&.!78!,%&!+%05C!(-.!,%&!(.91+0)+!'&(+,!(33&5,&.!78!

,%&!+%05CH!7&30)&!(-.!(3,&)!,%&!+%05C;!

L,!1+!1-+,)65,19&!,0!7&*1-!41,%!,%&!+1/2'&+,!+2&51315(,10-;!L,!1+!20++17'&!,%(,!&,%-15!

50/2'&/&-,()1,1&+!7&,4&&-!<%1-&+&EF/&)15(-!(.91+0)+!(-.!<%1-&+&!*)(.6(,&!+,6.&-,+!

506'.!&(+1'8!*&-&)(,&!C-04'&.*&!+21''09&)!&33&5,+!30)!,%1+!200'!03!/(,%&/(,15+!(.91+0)+H!(-.!

,%(,!,%&!2)0.65,191,8!50-+&N6&-5&+!406'.!'1C&'8!7&!.133&)&-,!30)!,%&!(.91+0)+!,%(,!.1.!-0,!

%(9&!<%1-&+&!%&)1,(*&;!M0)!&I(/2'&H!13!1,!4&)&!&(+1&)!30)!<%1-&+&!(.91+0)+!,0!1-,&)(5,!(-.!

50//6-15(,&!41,%!<%1-&+&!*)(.6(,&!+,6.&-,+!7&5(6+&!03!'1-*61+,15!0)!56',6)('!)&(+0-+!J(-.!

915&!9&)+(KH!,%&!<%1-&+&EF/&)15(-!(.91+0)+!406'.!7&!1-!*)&(,&)!.&/(-.!30)!/&-,0)1-*!

+&)915&+!(3,&)!,%&!+622'8!+%05C;!$%&!1-5)&(+&.!+1:&!03!,%&!(.91+&&!200'!506'.H!1-!,6)-H!(33&5,!



! "j!

70,%!,%&!N6(-,1,8!(-.!N6('1,8!03!,%&!267'1+%&.!06,26,!03!<%1-&+&!(.91+0)+H!&1,%&)!,%)06*%!(-!

1-5)&(+&!1-!,%&!-6/7&)!03!50''(70)(,10-+!0)!,%)06*%!C-04'&.*&!+21''09&)+!0-!,%&1)!04-!

)&+&()5%!2)0*)(/;!

B6)!.(,(!50-+1+,+!03!(!2(-&'!50-+,)65,&.!(,!,%&!(.91+0)E8&()!'&9&';!$%&!.(,(H!

,%&)&30)&H!,)(5C+!,%&!2)0.65,191,8!03!(!2(),156'()!(.91+0)!09&)!,1/&H!(-.!,%&!2(-&'!(''04+!6+!

,0!)&'(,&!,%&!5%(-*&!1-!2)0.65,191,8!,0!,%&!+622'8!+%05C!03!<%1-&+&!*)(.6(,&!+,6.&-,+;!$%&!

.(,(!50-+1+,+!03!,%&!#"=!<%1-&+&EF/&)15(-!(.91+0)+!(-.!hH#>>!F/&)15(-!(.91+0)+!31)+,!

1-,)0.65&.!1-!$(7'&!#;!g&5(''!,%(,!(''!03!,%&+&!/(,%&/(,151(-+!267'1+%&.!,%&1)!31)+,!2(2&)!

2)10)!,0!"=?jH!+0!,%(,!,%&!+(/2'&!)&2)&+&-,+!,%&!2)&E&I1+,1-*!+,05C!03!20,&-,1('!

/(,%&/(,15+!(.91+0)+!1-!F/&)15(-!6-19&)+1,1&+;!$%&!2(-&'!,)(5C+!,%&!2)0.65,191,8!03!,%&+&!

(.91+0)+!1-!&(5%!8&()!09&)!,%&!"=>hE#RRW!2&)10.;!

$0!(++&++!4%&,%&)!,%&!+622'8!+%05C!%(.!(-8!)&'(,19&!2)0.65,191,8!&33&5,+H!4&!31)+,!

&+,1/(,&!,%&!)&*)&++10-!/0.&'D!

!

J"K! ! /"&!n!α ;"&!o!p"!o!p&!o!γ!J<"!×!=K!o!εH!

!

4%&)&!/"&!/&(+6)&+!,%&!2)0.65,191,8!03!(.91+0)!"!(,!,1/&!&X!φ"!)&2)&+&-,+!(!9&5,0)!03!(.91+0)!

31I&.!&33&5,+X!φ&!)&2)&+&-,+!(!9&5,0)!03!8&()!31I&.!&33&5,+X!;"&!1+!(!9&5,0)!03!+,(-.().1:1-*!

9()1(7'&+X!=!1+!(!.6//8!9()1(7'&!1-.15(,1-*!13!,%&!07+&)9(,10-!1+!07+&)9&.!1-!,%&!20+,E+%05C!

2&)10.!J.&31-&.!(+!"=?=!0)!7&80-.KX!(-.!<"!1+!(!.6//8!9()1(7'&!1-.15(,1-*!13!(.91+0)!"!1+!

<%1-&+&EF/&)15(-;"h!$%&!9()1(7'&+!1-5'6.&.!1-!;!50-,)0'!30)!,%&!(.91+0)S+!8&()+!03!40)C!

&I2&)1&-5&!J.&31-&.!(+!(!9&5,0)!03!31I&.!&33&5,+!*191-*!,%&!-6/7&)!03!8&()+!&'(2+&.!+1-5&!,%&!

(.91+0)S+!31)+,!267'15(,10-!1-!hE8&()!7(-.+K;!

b0,&!,%(,!,%&!)&*)&++10-!(.Z6+,+!30)!1-.191.6('E+2&51315!31I&.!&33&5,+!1-!2)0.65,191,8H!

(+!4&''!(+!30)!(-8!5('&-.()!8&()!31I&.!&33&5,+!,%(,!(33&5,!,%&!2)0.65,191,8!03!(''!(.91+0)+!

&N6(''8;!T&!&+,1/(,&!&N6(,10-!J"K!6+1-*!9()106+!(',&)-(,19&!/&(+6)&+!03!(.91+0)!

2)0.65,191,8;!F''!+,(-.().!&))0)+!()&!5'6+,&)&.!(,!,%&!(.91+0)!'&9&';!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
"h!T&!&+,1/(,&.!,%&!)&*)&++10-!/0.&'+!6+1-*!(',&)-(,19&!9('6&+!30)!,%&!+2&51315!8&()!03!,%&!+622'8!

+%05C!J&;*;H!"=?jH!"=?>H!0)!"=??K;!$%&!N6('1,(,19&!-(,6)&!03!06)!&91.&-5&!1+!)076+,!,0!,%&!5%015&!03!(!2(),156'()!

.(,&;!



! ">!

c(-&'!F!03!$(7'&!O!)&20),+!,%&!)&*)&++10-!50&33151&-,!γ!3)0/!,%&!7(+15!)&*)&++10-!

+2&51315(,10-!1-!&N6(,10-!J"K;!$%1+!50&33151&-,!/&(+6)&+!,%&!.133&)&-5&E1-E.133&)&-5&+!

&+,1/(,&!03!,%&!1/2(5,!03!,%&!+622'8!+%05C!0-!,%&!2)0.65,191,8!03!<%1-&+&!(.91+0)+!)&'(,19&!

,0!F/&)15(-!(.91+0)+;!L,!1+!+'1*%,'8!20+1,19&!(-.!1-+1*-1315(-,!4%&-!,%&!.&2&-.&-,!9()1(7'&!1+!

,%&!,0,('!-6/7&)!03!+,6.&-,+!/&-,0)&.;!_04&9&)H!,%1+!4&(C'8!20+1,19&!201-,!&+,1/(,&!

/(+C+!(!+67+,(-,1('!5%(-*&!1-!,%&!&,%-15!50/20+1,10-!03!,%&!(.91+&&+!03!<%1-&+&EF/&)15(-!

(.91+0)+;!$%&!-6/7&)!03!<%1-&+&!+,6.&-,+!/&-,0)&.!78!,%&!<%1-&+&EF/&)15(-!(.91+0)+!

)0+&!78!R;R>h!J41,%!(!+,(-.().!&))0)!03!R;R"jKH!4%1'&!,%&!-6/7&)!03!F/&)15(-!+,6.&-,+!

/&-,0)&.!3&''!78!R;RW>!JR;R"hK;!L,!+&&/+H!,%&)&30)&H!,%(,!4%1'&!,%&!+622'8!+%05C!0-'8!

+'1*%,'8!1-5)&(+&.!,%&!-6/7&)!03!(.91+&&+!/&-,0)&.!78!,%&!,8215('!<%1-&+&EF/&)15(-!

(.91+0)H!1,!5&),(1-'8!1-5)&(+&.!,%&!2)07(71'1,8!,%(,!,%0+&!+,6.&-,+!4&)&!<%1-&+&;!

$%&!+1/2'&!+2&51315(,10-!1-!&N6(,10-!J"KH!%04&9&)H!1*-0)&+!,%&!20++171'1,8!,%(,!,%&)&!

1+!(-!1/20),(-,!%&,&)0*&-&1,8!1-!,%&!7(+&'1-&!*)062!03!F/&)15(-!(.91+0)+;!F3,&)!(''H!+0/&!03!

,%0+&!(.91+0)+!40)C&.!1-!.&2(),/&-,+!,%(,!)&5&19&.!'()*&!-6/7&)+!03!<%1-&+&!+,6.&-,+H!

4%1'&!+0/&!40)C&.!1-!.&2(),/&-,+!,%(,!4&)&!-0,!%&(91'8!(33&5,&.!78!,%&!1-3'6I;!b0,!

+6)2)1+1-*'8H!,%&)&!1+!0-&!9()1(7'&!,%(,!%&'2+!,0!&I2'(1-!/65%!03!,%&!.&2(),/&-,('!9()1(,10-!

1-!,%&!-6/7&)!03!<%1-&+&!+,6.&-,+!,%(,!&-)0''&.!(3,&)!,%&!+622'8!+%05CD!<%1-&+&!+,6.&-,+!

*)(91,(,&.!,04().+!.&2(),/&-,+!,%(,!(')&(.8!%(.!<%1-&+&EF/&)15(-!(.91+0)+!1-!,%&1)!

&/2'08;!

A6220+&!4&!5'(++138!/(,%&/(,15+!.&2(),/&-,+!1-,0!,40!,82&+D!\/1I&.]!(-.!\-0-E

/1I&.;]!$0!1''6+,)(,&!06)!50-+,)65,10-!03!,%&+&!,40!,82&+!03!.&2(),/&-,+H!50-+1.&)!1-1,1(''8!

,%&!+1/2'&+,!20++17'&!(22)0(5%;!T&!.&31-&!(!/1I&.!.&2(),/&-,!(+!0-&!4%&)&!(!<%1-&+&E

F/&)15(-!(.91+0)!+62&)91+&.!(,!'&(+,!0-&!.05,0)('!,%&+1+!1-!,%&!"=?"E"=?h!2&)10.;16!b0,&!

,%(,!7&5(6+&!03!,%&!'(*!1-!,%&!2)0.65,10-!03!(!.1++&),(,10-H!,%1+!.&31-1,10-!&++&-,1(''8!1/2'1&+!

,%(,!(!/1I&.!.&2(),/&-,!&/2'08&.!(-!(5,19&!<%1-&+&EF/&)15(-!/(,%&/(,151(-!+0/&,1/&!

7&,4&&-!,%&!/1.E"=>R+!,0!,%&!&()'8!"=?R+;!$%&!)&+1.6('!*)062!03!.&2(),/&-,+!,%(,!.1.!-0,!

&/2'08!(-8!(5,19&!<%1-&+&EF/&)15(-!/(,%&/(,151(-+!406'.!,%&-!*19&!,%&!-0-E/1I&.!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
16!T&!)&2'15(,&.!,%&!&/21)15('!(-('8+1+!)&20),&.!7&'04!6+1-*!(',&)-(,19&!.&31-1,10-+!03!(!/1I&.!

.&2(),/&-,!78!9()81-*!,%&!2&)10.!1-!4%15%!4&!-&&.!,0!07+&)9&!(!<%1-&+&EF/&)15(-!/(,%&/(,151(-!(5,19&'8!

/&-,0)1-*!(!+,6.&-,H!1-5'6.1-*!"=>jE"=?h!(-.!"=>"E"=?R;!$%&!)&+6',+!2)&+&-,&.!7&'04!()&!)&2)&+&-,(,19&!03!

,%&!&91.&-5&!)&+6',1-*!3)0/!,%&+&!0,%&)!+2&51315(,10-+;!



! "?!

.&2(),/&-,+;!F)06-.!#R!2&)5&-,!03!/(,%&/(,15+!.&2(),/&-,+!1-!,%&!@-1,&.!A,(,&+!4&)&!

/1I&.!.&2(),/&-,+!(550).1-*!,0!,%1+!5'(++1315(,10-;!

F!/0)&!+,)1-*&-,!.&31-1,10-!406'.!7&!0-&!,%(,!)&N61)&+!(!%1*%&)!'&9&'!03!+62&)91+1-*!

(5,191,8!78!<%1-&+&EF/&)15(-!(.91+0)+;!T&!.&31-&!(-!(',&)-(,19&!.&31-1,10-!03!(!/1I&.!

.&2(),/&-,!(+!0-&!4%&)&!<%1-&+&EF/&)15(-!(.91+0)+!+62&)91+&.!(,!'&(+,!O!.05,0)('!

.1++&),(,10-+!1-!,%&!"=?"E"=?h!2&)10.;!$%1+!.&31-1,10-!1/2'1&+!,%(,!j!2&)5&-,!03!

/(,%&/(,15+!.&2(),/&-,+!4&)&!/1I&.!.&2(),/&-,+;!

M1*6)&!#!6+&+!,%1+!/0)&!+,)1-*&-,!.&31-1,10-!03!(!/1I&.!.&2(),/&-,!(-.!+%04+!,%(,!

,%&!+622'8!+%05C!03!<%1-&+&!*)(.6(,&!+,6.&-,+!4(+!/65%!'()*&)!1-!,%&!.&2(),/&-,+!,%(,!

%(.!(!%1+,0)8!03!\3)&N6&-,]!(.91+1-*!78!<%1-&+&EF/&)15(-!/(,%&/(,151(-+;!$%&!J2&)E

+5%00'K!(--6('!-6/7&)!03!.&*)&&+!(4().&.!,0!<%1-&+&!+,6.&-,+!78!,%&!-0-E/1I&.!

.&2(),/&-,+!1-5)&(+&.!78!0-'8!(706,!R;j!+,6.&-,+!2&)!8&()!7&,4&&-!,%&!"=?R+!(-.!,%&!

"==R+H!(+!50/2()&.!,0!(-!1-5)&(+&!03!()06-.!j!+,6.&-,+!2&)!8&()!30)!,%&!.&2(),/&-,+!,%(,!

%(.!(!3)&N6&-,!<%1-&+&!2)&+&-5&;!

$%1+!.133&)&-,1(,10-!7&,4&&-!.&2(),/&-,+!1/2'1&+!,%(,!4&!5(-!-04!,%1-C!03!,%)&&!

.1+,1-5,!*)062+!03!(.91+0)+D!<%1-&+&EF/&)15(-!(.91+0)+X!F/&)15(-!(.91+0)+!4%0!4&)&!

(331'1(,&.!41,%!(!/1I&.!.&2(),/&-,!(+!03!"=??!JZ6+,!2)10)!,0!,%&!,1/&!,%(,!,%&!9()1(7'&!

1-.15(,1-*!,%&!+622'8!+%05C!\,6)-+!0-]KX!(-.!F/&)15(-!(.91+0)+!(331'1(,&.!41,%!(!-0-E/1I&.!

.&2(),/&-,!(+!03!"=??;17!G&2&-.1-*!0-!4%&,%&)!4&!6+&!,%&!/0)&!0)!'&++!+,)1-*&-,!

.&31-1,10-!03!(!/1I&.!.&2(),/&-,H!&1,%&)!"h;O!0)!O>;?!2&)5&-,!03!F/&)15(-!(.91+0)+!4&)&!

(331'1(,&.!41,%!(!/1I&.!.&2(),/&-,!(+!03!"=??;!F+!M1*6)&!#!/(C&+!5'&()H!F/&)15(-!(.91+0)+!

1-!,%&!/1I&.!.&2(),/&-,+!4&)&!3()!/0)&!'1C&'8!,0!7&!(33&5,&.!78!,%&!+622'8!+%05C!,%(-!

F/&)15(-!(.91+0)+!1-!,%&!-0-E/1I&.!.&2(),/&-,+;!

$%&!&I2(-.&.!)&*)&++10-!/0.&'!5(-!,%&-!7&!4)1,,&-!(+D!

!

J#K! ! /"&!n!α ;"&!o!p"!o!p&!o!γ<!J<"!×!=K!o!γ'6JAi
M ×!=K!o!εH!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
17!U0)&!2)&51+&'8H!4&!6+&!,%&!(331'1(,10-!03!,%&!'(+,!.1++&),(,10-!+62&)91+&.!(+!03!"=??!,0!.&,&)/1-&!13!

(-!F/&)15(-!/(,%&/(,151(-!1+!&/2'08&.!78!(!/1I&.!0)!(!-0-E/1I&.!.&2(),/&-,;!L-!,%&!+/(''!-6/7&)!03!5(+&+!

4%&)&!(!/(,%&/(,151(-!%(.!-0,!8&,!+62&)91+&.!(!,%&+1+!(+!03!,%(,!.(,&H!4&!7(5C.(,&!,%&!(331'1(,10-!03!,%&!31)+,!

20+,E"=??!,%&+1+;!



! "=!

4%&)& A
i

M
!1+!(!.6//8!9()1(7'&!1-.15(,1-*!13!(.91+0)!"!1+!(-!F/&)15(-!(.91+0)!&/2'08&.!1-!(!

/1I&.!.&2(),/&-,!1-!"=??;"?!$%&!0/1,,&.!*)062!1-!&N6(,10-!J#KH!03!506)+&H!1+!,%&!*)062!03!

F/&)15(-!(.91+0)+!&/2'08&.!1-!-0-E/1I&.!.&2(),/&-,+;!$%&!50&33151&-,!γ<!1-!&N6(,10-!J#K!

-04!*19&+!,%&!.133&)&-5&E1-E.133&)&-5&+!&+,1/(,&!03!,%&!1/2(5,!03!,%&!+622'8!+%05C!0-!,%&!

2)0.65,191,8!03!<%1-&+&!(.91+0)+!J)&'(,19&!,0!F/&)15(-!(.91+0)+!1-!-0-E/1I&.!.&2(),/&-,+KH!

4%1'&!,%&!50&33151&-,!γ'!/&(+6)&+!,%&!50))&+20-.1-*!1/2(5,!0-!,%&!2)0.65,191,8!03!

F/&)15(-!(.91+0)+!1-!/1I&.!.&2(),/&-,+;!!

F+!41,%!,%&!+1/2'&)!+2&51315(,10-!1-!&N6(,10-!J"KH!4&!406'.!&I2&5,!&,%-15!

50/2'&/&-,()1,1&+!1-!C-04'&.*&!2)0.65,10-!,0!1-5)&(+&!,%&!2)0.65,191,8!03!<%1-&+&!

(.91+0)+H!+0!,%(,!γ<!406'.!7&!20+1,19&;!_04&9&)H!,%&!20,&-,1('!1/2(5,!0-!,%&!2)0.65,191,8!03!

,%&!F/&)15(-!(.91+0)+!&/2'08&.!78!,%&!/1I&.!.&2(),/&-,+!1+!'&++!5'&()E56,;!$%&+&!

(.91+0)+!506'.!2&)%(2+!7&-&31,!3)0/!,%&!2)&+&-5&!03!(..1,10-('!<%1-&+&!+,6.&-,+H!(',%06*%!

1,!+&&/+!)&(+0-(7'&!,0!+6+2&5,!,%(,!,%&!+21''09&)+!406'.!7&!4&(C&)!,%(-!,%0+&!(33&5,1-*!,%&!

<%1-&+&!(.91+0)+!1-!,%0+&!+(/&!.&2(),/&-,+;!A65%!(!.133&)&-,1('!+21''09&)!&33&5,!506'.!()1+&H!

30)!&I(/2'&H!13!<%1-&+&!(.91+&&+!()&!/0)&!'1C&'8!,0!50(6,%0)!41,%!<%1-&+&!(.91+0)+!,%(-!

41,%!F/&)15(-!(.91+0)+;!$%&!1-3'6I!03!<%1-&+&!+,6.&-,+!506'.!('+0!(33&5,!,%&!+1:&!03!,%&!

20,&-,1('!(.91+&&!200'!30)!F/&)15(-!(.91+0)+!1-!(-!1-.1)&5,!4(8;!M0)!&I(/2'&H!13!,%&!

(./1++10-!03!<%1-&+&!*)(.6(,&!+,6.&-,+!5)04.+!06,!F/&)15(-!*)(.6(,&!+,6.&-,+H!,%&!

+622'8!+%05C!/1*%,!+%)1-C!,%&!-6/7&)!03!+,6.&-,+!,%(,!F/&)15(-!(.91+0)+!506'.!/&-,0)!

(-.!50''(70)(,&!41,%;!

M1-(''8H!,%&)&!1+!'1,,'&!)&(+0-!30)!,%&!+622'8!+%05C!,0!%(9&!/65%!03!(-!1/2(5,!0-!,%&!

2)0.65,191,8!03!F/&)15(-!(.91+0)+!40)C1-*!1-!,%&!-0-E/1I&.!.&2(),/&-,+H!4%15%!+&)9&+!(+!

,%&!50-,)0'!*)062!1-!,%&!)&*)&++10-!/0.&';!F+!M1*6)&!#!1-.15(,&+H!,%1+!*)062!03!(.91+0)+!4(+!

-0,!2(),156'()'8!(33&5,&.!78!,%&!+622'8!+%05C!7&5(6+&!,%&!-0-E/1I&.!.&2(),/&-,+!(,,)(5,&.!

)&'(,19&'8!3&4!<%1-&+&!*)(.6(,&!+,6.&-,+!(3,&)!,%&!02&-1-*!62!03!<%1-(;!$%&!1/2(5,!0-!,%&!

2)0.65,191,8!03!F/&)15(-!(.91+0)+!&/2'08&.!78!+65%!.&2(),/&-,+!406'.!/0+,!'1C&'8!7&!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
"?!b0,&!,%(,!,%&!9()1(7'&! A

i

M

!1+!-0,!1-.&I&.!78!&H!+0!,%(,!,%&!)&*)&++10-!5(2,6)&+!,%&!)&.65&.E30)/!

&33&5,!03!7&1-*!1-1,1(''8!&/2'08&.!1-!(!-0-E/1I&.!.&2(),/&-,H!)&*().'&++!03!4%&,%&)!,%&!/(,%&/(,151(-!

)&/(1-&.!1-!,%(,!.&2(),/&-,!0)!/09&.!&'+&4%&)&!(,!+0/&!201-,!(3,&)!,%&!+622'8!+%05C;!



! #R!

50/20+&.!03!+&50-.E0).&)!&33&5,+H!)&+6',1-*!3)0/!3&&.7(5C!/&5%(-1+/+!1-!,%&!(5(.&/15!

/()C&,2'(5&;!

c(-&'+!P!(-.!<!03!$(7'&!O!)&20),!,%&!&+,1/(,&+!03!,%&!50&33151&-,+!γ<!(-.!γ' 6+1-*!,%&!

,40!(',&)-(,19&!.&31-1,10-+!03!(!/1I&.!.&2(),/&-,;  $0!+1/2'138!,%&!&I20+1,10-H!4&!41''!

/(1-'8!.1+56++!,%&!50&33151&-,+!+6//()1:&.!1-!c(-&'!<H!4%15%!6+&+!,%&!/0)&!+,)1-*&-,!

.&31-1,10-;!$%&!N6('1,(,19&!-(,6)&!03!,%&!&91.&-5&H!%04&9&)H!1+!)076+,!,0!,%&!.&31-1,10-!6+&.;!

<0-+1.&)!1-1,1(''8!,%&!)&*)&++10-!4%&)&!,%&!.&2&-.&-,!9()1(7'&!1+!,%&!,0,('!-6/7&)!

03!+,6.&-,+!2)0.65&.!78!(-!(.91+0)!1-!(!2(),156'()!8&();!F+!41,%!,%&!+1/2'&)!+2&51315(,10-!

.1+56++&.!&()'1&)H!,%&!+622'8!+%05C!03!<%1-&+&!*)(.6(,&!+,6.&-,+!.1.!-0,!'&(.!,0!(!+1:(7'&!

1-5)&(+&!1-!,%&!-6/7&)!03!+,6.&-,+!,%(,!,%&!<%1-&+&!(.91+0)+!2)0.65&.;!$%&!50&33151&-,!γ<!1+!

(*(1-!20+1,19&!(-.!1-+1*-1315(-,H!41,%!(!9('6&!03!R;R#j!JR;R##K;!_04&9&)H!,%&!1/2(5,!03!,%&!

+622'8!+%05C!0-!,%&!-6/7&)!03!+,6.&-,+!2)0.65&.!78!F/&)15(-!(.91+0)+!1-!,%&!/1I&.!

.&2(),/&-,+!1+!+'1*%,'8!-&*(,19&!J76,!1-+1*-1315(-,K;!L-!0,%&)!40).+H!(',%06*%!,%&!+622'8!

+%05C!+&&/&.!,0!+'1*%,'8!1-5)&(+&!,%&!,0,('!-6/7&)!03!+,6.&-,+!2)0.65&.!78!<%1-&+&!

(.91+0)+H!1,!('+0!+&&/&.!,0!+'1*%,'8!)&.65&!,%&!-6/7&)!2)0.65&.!78!,%&!F/&)15(-!(.91+0)+!

1-!,%&!/1I&.!.&2(),/&-,+;!!

$%&!-&I,!,40!50'6/-+!03!$(7'&!O!1''6+,)(,&!,%&!6-.&)'81-*!/&5%(-1+/!7&%1-.!,%&+&!

)&+6',+;!A2&51315(''8H!,%&8!)&20),!,%&!1/2(5,!03!,%&!+622'8!+%05C!0-!,%&!-6/7&)!03!<%1-&+&!

(-.!F/&)15(-!+,6.&-,+!/&-,0)&.H!)&+2&5,19&'8;!L,!1+!&91.&-,!,%(,!,%&!+622'8!+%05C!

1-5)&(+&.!,%&!)&'(,19&!-6/7&)!03!<%1-&+&!+,6.&-,+!2)0.65&.!78!<%1-&+&!(.91+0)+X!,%&!

50&33151&-,!1+!R;R>>!JR;R"jK;!F,!,%&!+(/&!,1/&H!%04&9&)H!,%&!+622'8!+%05C!)&.65&.!,%&!

)&'(,19&!-6/7&)!03!F/&)15(-!+,6.&-,+!/&-,0)&.!78!,%&+&!(.91+0)+X!,%&!50&33151&-,!1+!ER;RhR!

JR;R"hK;!$%&!/(*-1,6.&!03!,%&!)&*)&++10-!50&33151&-,+!1/2'1&+!,%(,!,%&!1-5)&(+&.!-6/7&)!03!

<%1-&+&!+,6.&-,+!/&-,0)&.!78!,%&!<%1-&+&EF/&)15(-!(.91+0)+!4(+!('/0+,!033+&,!78!(!

)&.65,10-!1-!,%&!-6/7&)!03!F/&)15(-!+,6.&-,+!/&-,0)&.;!L-!0,%&)!40).+H!,%&!+622'8!+%05C!

'&.!,0!(!+67+,(-,1('!&,%-15!)&.1+,)176,10-!03!/&-,0)1-*!(5,191,1&+!78!,%&!<%1-&+&EF/&)15(-!

(.91+0)+k(4(8!3)0/!F/&)15(-!+,6.&-,+!(-.!,04().+!<%1-&+&!+,6.&-,+;!

F,!,%&!+(/&!,1/&H!,%&!F/&)15(-!(.91+0)+!1-!/1I&.!.&2(),/&-,+!+(4!70,%!(-!1-5)&(+&!

1-!,%&!-6/7&)!03!<%1-&+&!+,6.&-,+!/&-,0)&.!J)&'(,19&!,0!,%&!50-,)0'!*)062KH!(-.!(!

+0/&4%(,!'()*&)!.&5'1-&!1-!,%&!-6/7&)!03!F/&)15(-!+,6.&-,+!/&-,0)&.;!$%&!-&,!.&5'1-&!1-!



! #"!

,%&!2)0.65,10-!03!(.91+&&+!78!F/&)15(-!(.91+0)+!1-!,%&!/1I&.!.&2(),/&-,+H!,%&)&30)&H!1+!

&-,1)&'8!.6&!,0!,%&!3(5,!,%(,!,%&!+622'8!+%05C!03!<%1-&+&!*)(.6(,&!+,6.&-,+!+&&/+!,0!%(9&!

)&.65&.!,%&!-6/7&)!03!F/&)15(-!+,6.&-,+!,%(,!,%&8!506'.!/&-,0);!

L,!1+!1-+,)65,19&!,0!1''6+,)(,&!,%&!)(4!.(,(!,%(,!6-.&)'1&+!,%&+&!)&+6',+!0-!,%&!

2)0.65,10-!03!+,6.&-,+;!M1*6)&+!O!(-.!W!1''6+,)(,&!,%&!,)&-.!1-!,%&!\6-&I2&5,&.]!-6/7&)!03!

+,6.&-,+!/&-,0)&.!(3,&)!,%&!+622'8!+%05C;!L-!2(),156'()H!4&!5('56'(,&!30)!&(5%!(.91+0)!,%&!

(9&)(*&!(--6('!-6/7&)!03!<%1-&+&!(.91+&&+!J1-!M1*6)&!OK!0)!F/&)15(-!(.91+&&+!J1-!M1*6)&!

WK!7&30)&!"=?=;!T&!,%&-!5('56'(,&!(!)&+1.6('!*191-*!,%&!.133&)&-5&!7&,4&&-!,%&!(5,6('!

-6/7&)!03!+,6.&-,+!,%(,!,%&!(.91+0)!+62&)91+&.!&(5%!8&()!(-.!,%&!-6/7&)!,%(,!406'.!7&!

&I2&5,&.!3)0/!,%&1)!2)&E"=?=!(5,191,1&+;!$%&!31*6)&+!.)(/(,15(''8!+%04!,%&!6-&I2&5,&.!

1-5)&(+&!1-!,%&!-6/7&)!03!<%1-&+&!+,6.&-,+!/&-,0)&.!78!<%1-&+&!(.91+0)+!1-!,%&!20+,E

+%05C!2&)10.H!(+!4&''!(+!,%&!)&'(,19&!.&5'1-&!1-!,%&!2)0.65,10-!03!F/&)15(-!+,6.&-,+!78!

F/&)15(-!(.91+0)+!&/2'08&.!1-!,%&!/1I&.!.&2(),/&-,+;!!

$%&!'(+,!,40!50'6/-+!03!$(7'&!O!50-,1-6&!06)!(-('8+1+!78!&+,1/(,1-*!,%&!)&*)&++10-!

/0.&'!6+1-*!,40!(..1,10-('!/&(+6)&+!03!06,26,D!,%&!-6/7&)!03!2(2&)+!2)0.65&.!1-!(!*19&-!

8&()!(-.!,%&!-6/7&)!03!51,(,10-+!2&)!2(2&)!267'1+%&.!,%(,!8&();!<0-+1.&)!1-1,1(''8!,%&!

)&+6',+!0-!,%&!N6(-,1,8!03!267'1+%&.!06,26,;!$%&!)&*)&++10-!50&33151&-,+!5'&()'8!1-.15(,&+!(-!

1-5)&(+&!1-!,%&!)&'(,19&!-6/7&)!03!2(2&)+!267'1+%&.!78!<%1-&+&!(.91+0)+!1-!,%&!20+,E+%05C!

2&)10.X!,%&!50&33151&-,!1-!c(-&'!<!1+!R;"j>!JR;R?=K;!c6,!.133&)&-,'8H!,%&!+622'8!+%05C!

1-5)&(+&.!,%&!-6/7&)!03!2(2&)+!267'1+%&.!78!,%&!,8215('!<%1-&+&!(.91+0)!78!()06-.!";>!

2(2&)+!09&)!(!"RE8&()!2&)10.!J)&'(,19&!,0!,%&!06,26,!03!F/&)15(-!(.91+0)+!1-!,%&!50-,)0'!

*)062K;!F,!,%&!+(/&!,1/&H!,%&!+622'8!+%05C!'&.!,0!(!)&'(,19&!.&5'1-&!1-!,%&!-6/7&)!03!2(2&)+!

267'1+%&.!78!,%&!F/&)15(-!(.91+0)+!1-!,%&!/1I&.!.&2(),/&-,+k(!.&5'1-&!03!/0)&!,%(-!(!

%('3E(E2(2&)!09&)!,%&!.&5(.&;!L-!+6/H!)&'(,19&!,0!,%&!50-,)0'!*)062!,%(,!4(+!2)&+6/(7'8!

'&(+,!(33&5,&.!78!,%&!1-3'6I!03!<%1-&+&!+,6.&-,+H!,%&!<%1-&+&EF/&)15(-!(.91+0)+!7&*(-!,0!

267'1+%!/0)&!(-.!,%&1)!F/&)15(-!50''&(*6&+!1-!,%&!/1I&.!.&2(),/&-,+!7&*(-!,0!267'1+%!

'&++;!

M1*6)&!h!1''6+,)(,&+!,%&!)(4!.(,(!,%(,!6-.&)'1&+!,%&+&!)&*)&++10-!)&+6',+;!A2&51315(''8H!

,%&!31*6)&!(*(1-!+%04+!,%&!,)&-.!1-!,%&!\)&+1.6(']!,%(,!)&+6',+!3)0/!.133&)&-51-*!(-!(.91+0)S+!

(--6('!-6/7&)!03!2(2&)+!3)0/!,%&!(9&)(*&!-6/7&)!03!2(2&)+!%&!0)!+%&!267'1+%&.!2)10)!,0!

"=?=;!$%&!31*6)&!5'&()'8!.056/&-,+!,%&!)1+&!1-!,%&!267'15(,10-!)(,&!03!<%1-&+&EF/&)15(-!



! ##!

(.91+0)+!(-.!,%&!(7+0'6,&!(-.!)&'(,19&!.&5'1-&!1-!,%&!267'15(,10-!)(,&!03!F/&)15(-!(.91+0)+!

&/2'08&.!1-!,%&!/1I&.!.&2(),/&-,+;!

L,!1+!1/20),(-,!,0!-0,&H!%04&9&)H!,%(,!,%&!2)0.65,191,8!&33&5,+!03!,%&!+622'8!+%05C!

+&&/!,0!7&!)&+,)15,&.!,0!,%&!>4(,&"&/!03!267'1+%&.!06,26,H!)(,%&)!,%(-!,%&!>4(2"&/!03!,%&!

06,26,;!$%&!)&*)&++10-!(-('8+1+!)&20),&.!1-!,%&!'(+,!50'6/-!03!$(7'&!O!.0&+!-0,!2)091.&!(-8!

&91.&-5&!,0!1-.15(,&!,%(,!,%&!+622'8!+%05C!%(.!(-!1/2(5,!0-!,%&!-6/7&)!03!51,(,10-+!

)&5&19&.!78!,%&!2(2&)+!4)1,,&-!78!,%&!,8215('!(.91+0)!1-!(-8!03!,%&!*)062+H!)&*().'&++!03!

4%&,%&)!,%&!(.91+0)!1+!<%1-&+&!0)!F/&)15(-H!0)!4%&,%&)!,%&!(.91+0)!40)C+!1-!(!/1I&.!0)!

-0-E/1I&.!.&2(),/&-,;!

$0!+6//()1:&H!,%&!+622'8!+%05C!03!<%1-&+&!*)(.6(,&!+,6.&-,+!+2()C&.!78!,%&!

02&-1-*!03!<%1-(!'&.!,0D!J(K!(-!1-5)&(+&!1-!,%&!-6/7&)!03!<%1-&+&!+,6.&-,+!/&-,0)&.!(-.!(-!

1-5)&(+&!1-!,%&!-6/7&)!03!2(2&)+!267'1+%&.!78!,%&!2)&E&I1+,1-*!*)062!03!<%1-&+&EF/&)15(-!

(.91+0)+!&/2'08&.!1-!F/&)15(-!6-19&)+1,1&+X!(-.!J7K!(!.&5)&(+&!1-!,%&!-6/7&)!03!+,6.&-,+H!

+2&51315(''8!F/&)15(-!+,6.&-,+H!(-.!(!.&5)&(+&!1-!,%&!-6/7&)!03!2(2&)+!267'1+%&.!78!,%&!

2)&E&I1+,1-*!*)062!03!F/&)15(-!(.91+0)+!1-!,%&!.&2(),/&-,+!,%(,!4&)&!/0+,!'1C&'8!,0!(,,)(5,!

,%&!<%1-&+&!*)(.6(,&!+,6.&-,+;!$%&!)&/(1-.&)!03!,%1+!2(2&)!+%04+!,%(,!,%&+&!)&.65&.E30)/!

)&+6',+!()&!50-+1+,&-,!41,%!,%&!%820,%&+1+!,%(,!,%&)&!&I1+,!+,)0-*!&,%-15!50/2'&/&-,()1,1&+!

1-!C-04'&.*&!2)0.65,10-!1-!(-!1-+,1,6,10-('!+&,,1-*!4%&)&!,%&!+1:&!03!.&2(),/&-,+!1+!

)06*%'8!31I&.!+0!,%(,!,%&!1-3'6I!03!<%1-&+&!*)(.6(,&!+,6.&-,+!'&.!,0!(!5)04.06,!03!F/&)15(-!

*)(.6(,&!+,6.&-,+;!

!

V. Ethnic complementarities in production 

! $%&!&91.&-5&!+6**&+,+!,%(,!,%&!+622'8!+%05C!03!<%1-&+&!*)(.6(,&!+,6.&-,+!(33&5,&.!

70,%!,%&!-6/7&)!03!+,6.&-,+!/&-,0)&.!78!(-!(.91+0)!(-.!,%&!(.91+0)S+!267'15(,10-!

2)0.65,191,8H!(-.!,%(,!,%&+&!&33&5,+!.133&)&.!7&,4&&-!,%&!2)&E&I1+,1-*!(.91+0)+!4%0!%(.!

<%1-&+&!%&)1,(*&!(-.!,%0+&!4%0!.1.!-0,;!L,!1+!&(+8!,0!1/(*1-&!%04!,%1+!.133&)&-,1('!&33&5,!1-!

267'15(,10-!2)0.65,191,8!/1*%,!()1+&;!$%&!&I0*&-06+!+%13,!1-!,%&!+1:&!(-.!50/20+1,10-!03!,%&!

200'!03!(.91+&&+!1-.65&.!78!,%&!02&-1-*!03!<%1-(!5%(-*&.!,%&!+2%&)&!03!,%&!(.91+0)S+!

-&,40)C!03!20,&-,1('!50''(70)(,10-+;!L,!1+!-0,!6-6+6('!1-!/(-8!+51&-5&+!30)!(.91+0)+!,0!

50(6,%0)!(,!'&(+,!0-&!2(2&)!41,%!,%&1)!+,6.&-,+;!M6),%&)H!M)&&/(-!(-.!_6(-*!J#R"WK!



! #O!

.056/&-,!,%(,!(5(.&/15!50''(70)(,10-!,&-.+!,0!30''04!&,%-15!'1-&+;!L,!406'.!-0,!,%&-!7&!

+6)2)1+1-*!,0!31-.!,%(,!(+!,%&!200'!03!<%1-&+&!*)(.6(,&!+,6.&-,+!1-!,%&!@-1,&.!A,(,&+!

1-5)&(+&.H!,%&!<%1-&+&EF/&)15(-!(.91+0)+!406'.!2)0.65&!/0)&!2(2&)+!7&5(6+&!03!(-!

1-5)&(+&.!2)07(71'1,8!03!50(6,%0)1-*!41,%!,%&1)!&,%-15(''8!+1/1'()!+,6.&-,+;!a9&-!1-!,%&!

(7+&-5&!03!(-8!(..1,10-('!50''(70)(,10-!0220),6-1,1&+H!,%&!1-5)&(+&.!+1:&!03!,%&!<%1-&+&!

(.91+&&!200'!506'.!1-3'6&-5&!,%&!(.91+0)S+!)&+&()5%!(5,191,8!1-!'&++!.1)&5,!4(8+;!$%&!

<%1-&+&EF/&)15(-!(.91+0)!/(8!+6..&-'8!+&&!2(,%+!,0!)&+&()5%!N6&+,10-+!,%(,!4&)&!5'06.&.!

2)10)!,0!%1+!1-,&)(5,10-!41,%!,%&!+,6.&-,+;!

! L,!1+!&(+8!,0!1/(*1-&!4%8!(.91+0)+!(-.!(.91+&&+!/1*%,!7&!50/2'&/&-,+!1-!,%&!

2)0.65,10-!03!(!2(),156'()!(.91+0)S+!)&+&()5%!06,26,;!$%&!(.91+0)S+!&I2&)1&-5&!(-.!C-04E

%04!5'&()'8!1-5)&(+&+!,%&!2)0.65,191,8!03!,%&!+,6.&-,;!A1/1'()'8H!,%&!2)05&++!03!/&-,0)1-*!

(-.!,&(5%1-*H!(+!4&''!(+!,%&!-&4!2&)+2&5,19&+!1-,)0.65&.!78!,%&!(.91+&&H!5(--0,!%&'2!76,!

1-3'6&-5&!,%&!(.91+0)S+!)&+&()5%!(5,191,1&+;!$%&!C&8!N6&+,10-!1-!,%&!50-,&I,!03!,%1+!2(2&)H!

%04&9&)H!1+!4%&,%&)!+65%!50/2'&/&-,()1,1&+!()&!+,)0-*&)!4%&-!,%&!(.91+0)+!(-.!,%&!

(.91+&&!+%()&!(-!&,%-15!7(5C*)06-.;!

A6220+&!,%&!2)0.65,10-!36-5,10-!30)!(!2(),156'()!(.91+0)S+!)&+&()5%!06,26,H!?H!%(+!

,40!1-26,+D!;"!(-.!;#H!/&(+6)1-*!,%&!,1/&!1-26,+!03!,%&!(.91+0)!(-.!(.91+&&H!)&+2&5,19&'8;!

$%&!(.91+&&S+!,1/&!1-26,H!%04&9&)H!1+!\31',&)&.]!,%)06*%!,%&!3(5,!,%(,!,%&!(.91+0)!(-.!

(.91+&&!/(8!0)!/(8!-0,!+%()&!,%&!+(/&!'(-*6(*&H!56',6)&H!(-.!0,%&)!)&'&9(-,!

5%()(5,&)1+,15+;!F+!(!)&+6',H!,%&!(.91+&&S+!\&33&5,19&]!,1/&!1-26,!/(8!.133&)!3)0/!,%&!(.91+&&S+!

(5,6('!,1/&!1-26,!;#;!

G&31-&!,%&!&33&5,19&!,1/&!1-26,!(+! X
2

η H!4%&)&!,%&!&I20-&-,!η!Jη!≥!RK!/&(+6)&+!,%&!

\&(+&]!41,%!4%15%!,%&!2&)+0-('!(-.!1-,&''&5,6('!50//6-15(,10-+!7&,4&&-!,%&!(.91+0)!(-.!

(.91+&&!0556);!B3!506)+&H!,%&!9('6&!03!η!1+!+2&51315!,0!(-8!2(),156'()!(.91+0)E(.91+&&!/(,5%;!

M0)!&I(/2'&H!,%&!9('6&!03!η!30)!(!/(,5%!7&,4&&-!(!<%1-&+&!(.91+&&!(-.!(!<%1-&+&!(.91+0)!

/(8!7&!.133&)&-,!J(-.!2&)%(2+!'()*&)!,%(-K!,%&!9('6&!03!η!30)!(!/(,5%!7&,4&&-!,%&!+(/&!

<%1-&+&!(.91+&&!(-.!(!-0-E<%1-&+&!(.91+0);!L-!+%0),H!,%&!+1/1'()1,1&+!0)!.133&)&-5&+!1-!,%&!

9&5,0)!03!5%()(5,&)1+,15+!,%(,!.&,&)/1-&!,%&!&(+&!41,%!4%15%!(-!(.91+0)!(-.!(-!(.91+&&!

1-,&)(5,!5(-!&1,%&)!(/2'138!0)!50-,)(5,!,%&!(5,6('!9('6&!03!(-8!2(),156'()!,1/&!1-26,!78!,%&!

(.91+&&;!



! #W!

T&!4)1,&!,%&!<aA!2)0.65,10-!36-5,10-!+2&51381-*!,%&!2)05&++!03!2)0.651-*!,%&!

(.91+0)S+!/(,%&/(,15('!06,26,!(+D!

!

JOK! ! Q = α
1
X
1

δ
+α

2
(X

2

η
)
δ 

1

δ . !!

!

4%&)&!δ!n!"!q!"[σH!(-.!σ!1+!,%&!&'(+,151,8!03!+67+,1,6,10-!7&,4&&-!,%&!(.91+0)!(-.!,%&!

(.91+&&;!L,!1+!50-9&-1&-,!,0!1-,&)2)&,!,%&!+622'8!+%05C!03!<%1-&+&!*)(.6(,&!+,6.&-,+!(+!(-!

1-5)&(+&!1-!;#;!Q&,!'7"!7&!,%&!/()*1-('!2)0.65,!03!,%&!(.91+0)S+!,1/&!1-26,!1-!,%&!

2)0.65,10-!03!%1+!0)!%&)!/(,%&/(,15('!06,26,;!L,!1+!,%&-!,)191('!,0!+%04!,%(,D!

!

JWK! !
d logMP1

d logX2
=
1

σ
s2η, !!

!

4%&)&!@#!1+!,%&!+%()&!03!06,26,!(,,)176,(7'&!,0!,%&!(.91+&&!1-26,!J s2 = α
2
(X

2

η
)
δ
/Q

δ K;!b0,&!

,%(,!(!+622'8!+%05C!03!(.91+&&+!41''!1-5)&(+&!,%&!/()*1-('!2)0.65,!03!,%&!(.91+0)!(+!'0-*!(+!

(.91+0)+!(-.!(.91+&&+!()&!-0,!2&)3&5,!+67+,1,6,&+!Jσ!r!∞K;!b0,&!('+0!,%(,!,%&!

50/2'&/&-,()1,8!1-!&N6(,10-!JWK!1+!+,)0-*&)!,%&!*)&(,&)!,%&!9('6&!03!,%&!2()(/&,&)!η;!L-!

0,%&)!40).+H!(-8!5%()(5,&)1+,15+!03!,%&!/(,5%!,%(,!1-5)&(+&!,%&!&33&5,19&!9('6&!03!(-!

(.91+&&S+!,1/&!1-26,!()&!2)031,(7'&!,0!,%&!(.91+0);!L,!406'.!,%&-!7&!)&(+0-(7'&!,0!&I2&5,!

,%(,!(.91+0)+!(-.!(.91+&&+!/(C&!2(1)1-*+!,%(,!+2&51315(''8!1-5)&(+&!,%&!9('6&!03!ηH!(-.!,0!

31-.!,%(,!+65%!2(1)1-*+!1-5)&(+&!,%&!(.91+0)S+!2)0.65,191,8;"=!

! $0!.&,&)/1-&!,%&!1-,&-+1,8!03!,%&!50/2'&/&-,()1,1&+!()1+1-*!3)0/!+%()&.!&,%-151,8H!

4&!-04!&I(/1-&!,%&!50(6,%0)+%12!2(,,&)-+!03!,%&!2)&E&I1+,1-*!<%1-&+&!(-.!F/&)15(-!

(.91+0)+!1-!06)!.(,(;!A2&51315(''8H!4&!/(-6(''8!50''&5,&.!,%&!&-,1)&!50(6,%0)+%12!%1+,0)8!30)!

&(5%!03!,%&!#"=!2)&E&I1+,1-*!<%1-&+&EF/&)15(-!(.91+0)+!1-!06)!+(/2'&H!+0!,%(,!4&!()&!(7'&!

,0!.&,&)/1-&!13!(-8!*19&-!50(6,%0)+%12!1-90'9&.!(-!(.91+&&!(-.!13!,%(,!(.91+&&!4(+!(!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
"=!F',%06*%!1,!1+!&(+8!,0!*&-&)('1:&!,%&!/0.&'!,0!&I(/1-&!%04!,%&!,1/&!1-26,!03!(.91+0)+!)&+20-.+!,0!

,%&!+622'8!+%05CH!4&!.0!-0,!26)+6&!,%1+!*&-&)('1:(,10-!7&5(6+&!4&!.0!-0,!%(9&!(-8!.(,(!,%(,!406'.!(''04!6+!

,0!/0)&!5()&36''8!&I(/1-&!,%&!1-26,+!(++051(,&.!41,%!(-8!2(),156'()!(.91+0)E(.91+&&!2(1)1-*;!!



! #h!

<%1-&+&!+,6.&-,;!T&!('+0!/(-6(''8!50''&5,&.!50/2()(7'&!.(,(!30)!(!)(-.0/!+(/2'&!03!#"O!

F/&)15(-!(.91+0)+;20!

! <0-+1.&)!(!2(),156'()!2(1)1-*!7&,4&&-!(.91+0)!"!(-.!(.91+&&!A;!M0)!(-8!J"H!AK!2(1)1-*H!

06)!.(,(!(''04+!6+!,0!.&,&)/1-&!13!,%&!2(1)!50(6,%0)&.!(,!(-8!201-,!.6)1-*!,%&1)!5()&&)+H!

(-.!4&!5(-!('+0!506-,!,%&!-6/7&)!03!2(2&)+!50(6,%0)&.!78!,%&!+2&51315!2(1);!T&!5(-!,%&-!

&+,1/(,&!)&*)&++10-+!03!,%&!,82&D!

!

JhK! ! B"A!n!α ;"&!o!βC!<"!o!β#!<A!o!βO!J<"!×!<AK!o!εH!

!

4%&)&!B"A!1+!(!9()1(7'&!.&+5)171-*!,%&!.&*)&&!03!50''(70)(,10-!7&,4&&-!(.91+0)!"!(-.!(.91+&&!

AX!(-.!<"!(-.!<A!()&!.6//8!9()1(7'&+!1-.15(,1-*!13!,%&!(.91+0)!0)!(.91+&&!()&!<%1-&+&H!

)&+2&5,19&'8;!$%&!50&33151&-,!03!1-,&)&+,!1-!,%1+!)&*)&++10-!1+!βOH!4%15%!,&''+!6+!13!(!

50''(70)(,19&!)&'(,10-+%12!7&,4&&-!(-!(.91+0)!(-.!(-!(.91+&&!1+!/0)&!'1C&'8!,0!0556)!4%&-!

70,%!2(),1&+!+%()&!(!<%1-&+&!%&)1,(*&;!$%&!)&*)&++10-!('+0!1-5'6.&+!(!9()1(7'&!1-.15(,1-*!,%&!

5('&-.()!8&()!1-!4%15%!,%&!J"H!AK!2(1)1-*!4(+!30)/&.;!T&!&+,1/(,&!,%&!)&*)&++10-!/0.&'!

6+1-*!,40!(',&)-(,19&!.&2&-.&-,!9()1(7'&+D!J(K!(!.6//8!9()1(7'&!1-.15(,1-*!13!2(1)!J"H!AK!&9&)!

50''(70)(,&.X!(-.!J7K!,%&!-6/7&)!03!50(6,%0)&.!2(2&)+!)&+6',1-*!3)0/!(!20,&-,1('!

50''(70)(,10-;!$%&!+,(-.().!&))0)+!03!,%&!50&33151&-,+!()&!5'6+,&)&.!(,!,%&!(.91+0)!'&9&';!

! $(7'&!W!)&20),+!,%&!)&*)&++10-!50&33151&-,+!3)0/!,%&!7(+15!/0.&'!1-!&N6(,10-!JhKH!(+!

4&''!(+!3)0/!(-!&I2(-.&.!+2&51315(,10-!,%(,!('+0!1-5'6.&+!(.91+0)E+2&51315!31I&.!&33&5,+;!$%&!

)&*)&++10-+!5'&()'8!+%04!,%(,!,%&!/(,5%1-*!03!(!<%1-&+&!(.91+0)!(-.!(!<%1-&+&!(.91+&&!1+!3()!

/0)&!'1C&'8!,0!'&(.!,0!(!50''(70)(,10-!,%(,!)&+6',&.!1-!(!267'1+%&.!2(2&)!,%(-!(-8!0,%&)!

2(1)1-*;#"!L-!3(5,H!,%&!2)07(71'1,8!03!(!+655&++36'!50''(70)(,10-!1-5)&(+&+!78!(706,!">!

2&)5&-,!4%&-!,%&!,40!2(),1&+!1-!,%&!2(1)!()&!<%1-&+&H!)&*().'&++!03!4%&,%&)!0)!-0,!(.91+0)E

+2&51315!31I&.!&33&5,+!()&!1-5'6.&.!1-!,%&!)&*)&++10-;!$%&!/(,5%1-*!03!(!<%1-&+&!(.91+0)!(-.!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
20!L-!3(5,H!4&!50''&5,&.!,%&!50''(70)(,10-!-&,40)C+!30)!(!)(-.0/!+(/2'&!03!#hR!F/&)15(-!(.91+0)+H!

76,!,%&!&33&5,19&!+(/2'&!4(+!)&.65&.!,0!#"O!07+&)9(,10-+!(3,&)!1/20+1-*!,%&!9()106+!+(/2'&!)&+,)15,10-+;!

#"!L,!406'.!7&!1-,&)&+,1-*!,0!50/2()&!,%&!&I,&-,!03!50''(70)(,10-!7&,4&&-!(!<%1-&+&!(.91+0)!(-.!(!

<%1-&+&!(.91+&&!,0!,%(,!07+&)9&.!7&,4&&-!(!,82&ED!(.91+0)!(-.!(!,82&ED!(.91+&&H!4%&)&!D!1-.&I&+!(!2(),156'()!

&,%-15!7(5C*)06-.;!@-30),6-(,&'8H!,%&!(9(1'(7'&!.(,(!.0!-0,!(''04!6+!,0!1.&-,138!,%&!+2&51315!&,%-15!

7(5C*)06-.!03!,%&!9(+,!/(Z0)1,8!03!/(,%&/(,151(-+;!



! #j!

(!<%1-&+&!(.91+&&!*&-&)(,&+!(706,!0-&!(..1,10-('!2(2&)!30)!,%&!2(1)!)&'(,19&!,0!,%&!-6/7&)!

03!50(6,%0)&.!2(2&)+!267'1+%&.!78!(-8!0,%&)!&,%-15!5062'1-*!7&,4&&-!(.91+0)!(-.!(.91+&&;!

! i19&-!,%&!1/20),(-5&!03!1-,)(E&,%-15!50(6,%0)+%12H!1,!1+!1-+,)65,19&!,0!.&,&)/1-&!

%04!/65%!03!,%&!&33&5,!03!,%&!+622'8!+%05C!0-!,%&!)(,&!03!267'15(,10-!.056/&-,&.!1-!$(7'&!

O!5(-!7&!(,,)176,&.!,0!1-5)&(+&.!J0)!.&5)&(+&.K!50''(70)(,10-!41,%!(.91+&&+H!(-.!%04!/65%!

03!1,!/(8!7&!.6&!,0!0,%&)!,82&+!03!)&+&()5%!(5,191,8;!$0!(..)&++!,%1+!N6&+,10-H!4&!6+&!,%&!

1-30)/(,10-!4&!50''&5,&.!0-!,%&!(6,%0)+%12!03!&9&)8!+1-*'&!2(2&)!267'1+%&.!78!,%&!#"=!

<%1-&+&EF/&)15(-!(.91+0)+!1-!06)!+(/2'&H!(+!4&''!(+!,%&!#"O!)(-.0/'8!5%0+&-!F/&)15(-!

(.91+0)+;!

P&5(6+&!03!,%&!)&'(,19&'8!+/(''!-6/7&)!03!07+&)9(,10-+H!4&!(**)&*(,&.!,%&!.(,(!1-,0!

,40!2&)10.+k7&30)&!(-.!(3,&)!"=?=;!T&!,%&-!5('56'(,&.!,%&!(9&)(*&!-6/7&)!03!2(2&)+!

267'1+%&.!(--6(''8!1-!&(5%!03!,%&!,40!2&)10.+!30)!&(5%!03!,%&!,%)&&!*)062+!03!(.91+0)+!J1;&;H!

<%1-&+&!(.91+0)+H!F/&)15(-!(.91+0)+!1-!/1I&.!.&2(),/&-,+H!(-.!F/&)15(-!(.91+0)+!1-!-0-E

/1I&.!.&2(),/&-,+K;!T&!('+0!5('56'(,&.!,%&!(9&)(*&!-6/7&)!03!2(2&)+!)&+6',1-*!3)0/!

(',&)-(,19&!50''(70)(,10-!())(-*&/&-,+;!T&!,%&-!&+,1/(,&.!(!+1/2'&)!9&)+10-!03!,%&!

)&*)&++10-!/0.&'!1-!&N6(,10-!J#K!,0!/&(+6)&!,%&!2)&E20+,!.133&)&-5&!1-!,%&!)(,&!03!06,26,!

30)!&(5%!,82&!03!())(-*&/&-,;!$(7'&!h!+6//()1:&+!,%&!)&+6',+!03!,%1+!)&*)&++10-E7(+&.!

.&50/20+1,10-!78!)&20),1-*!,%&!50&33151&-,!03!,%&!1-,&)(5,10-!9()1(7'&!7&,4&&-!,%&!20+,E

"=?=!1-.15(,0)!(-.!,%&!,82&!03!(.91+0);##!

! F+!31)+,!-0,&.!1-!,%&!2)&9106+!+&5,10-H!,%&!-6/7&)!03!2(2&)+!267'1+%&.!78!<%1-&+&E

F/&)15(-!(.91+0)+!)0+&!)(21.'8!7&,4&&-!,%&!2)&E!(-.!20+,E+%05C!2&)10.+;!$%&!(9&)(*&!

<%1-&+&!(.91+0)!267'1+%&.!('/0+,!R;O!/0)&!2(2&)+!2&)!8&()!(3,&)!"=?=!,%(-!7&30)&!"=?=;!

$%&!5%(-*&!1-!,%&!267'15(,10-!)(,&!30)!F/&)15(-!(.91+0)+!1-!,%&!-0-E/1I&.!.&2(),/&-,+!

J,%&!*)062!03!(.91+0)+!,%(,!2)&+6/(7'8!30)/+!,%&!50-,)0'!*)062K!4(+!+0/&4%(,!+/(''&)H!(!

)1+&!03!0-'8!R;#!2(2&)+!2&)!8&();!L-!50-,)(+,H!,%&!267'15(,10-!)(,&!03!F/&)15(-!(.91+0)+!

(331'1(,&.!41,%!/1I&.!.&2(),/&-,+!)0+&!78!0-'8!R;"!2(2&)+!2&)!8&();!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
##!P&5(6+&!4&!()&!'00C1-*!(,!9()1(,10-!1-!,%&!)(,&!03!267'15(,10-!(5)0++!(!.19&)+&!*)062!03!(.91+0)+!

09&)!'0-*!2&)10.+!J"=>hE"=??!(-.!"=?=E#RRKH!4&!6+&!(-!&I2&)1&-5&E(.Z6+,&.!/&(+6)&!03!06,26,!(+!,%&!

.&2&-.&-,!9()1(7'&!1-!0).&)!,0!(.Z6+,!30)!,%&!(.91+0)S+!(*&;!$%&!&I2&)1&-5&E(.Z6+,&.!/&(+6)&!1+!*19&-!78!,%&!

)&+1.6('+!3)0/!(!31)+,E+,(*&!)&*)&++10-!4%&)&!,%&!'&3,E%(-.E+1.&!1+!,%&!(9&)(*&!-6/7&)!03!2(2&)+!267'1+%&.!78!

(-!(.91+0)!.6)1-*!&(5%!2&)10.!(-.!,%&!)&*)&++0)+!()&!31I&.!&33&5,+!/&(+6)1-*!,%&!(.91+0)S+!8&()+!03!40)C!

&I2&)1&-5&!J1-!hE8&()!7(-.+K;!



! #>!

! $%&+&!-&,!5%(-*&+!30)!,%&!,%)&&!*)062+!.1+*61+&!(!'0,!03!9()1(,10-!1-!,%&!4(8!,%(,!,%&!

2)0.65,191,8!+%13,+!0556))&.;!F/0-*!<%1-&+&!(.91+0)+H!30)!&I(/2'&H!,%&!.(,(!1-.15(,&!,%(,!

2(),!03!,%&!1-5)&(+&!1-!,%&!)(,&!03!06,26,!)&+6',+!3)0/!1-5)&(+&.!50(6,%0)1-*!41,%!<%1-&+&!

(.91+&&+!(-.!41,%!0,%&)!<%1-&+&!/(,%&/(,151(-+;!$%&!(..1,10-('!<%1-&+&E<%1-&+&!

50''(70)(,10-+!1-5)&(+&.!,%&!(9&)(*&!-6/7&)!03!2(2&)+!267'1+%&.!(--6(''8!78!()06-.!R;"h;!

B3!506)+&H!-&1,%&)!*)062!03!F/&)15(-!(.91+0)+!4(+!(7'&!,0!1/2)09&!,%&1)!2)0.65,191,8!.6&!

,0!<%1-&+&!50(6,%0)+%12!78!(-8,%1-*!)&+&/7'1-*!,%1+!)(,&D!L-5)&(+&.!50(6,%0)1-*!41,%!

<%1-&+&!/(,%&/(,151(-+!1-5)&(+&.!,%&!-6/7&)!03!2(2&)+!78!R;R#!30)!F/&)15(-+!&/2'08&.!

1-!/1I&.!.&2(),/&-,+!(-.!78!R;RW!30)!F/&)15(-+!&/2'08&.!1-!,%&!-0-E/1I&.!.&2(),/&-,+;!

F/&)15(-!(.91+0)+!1-!/1I&.!.&2(),/&-,+H!%04&9&)H!4&)&!(7'&!,0!1-5)&(+&!,%&!-6/7&)!03!

2(2&)+!,%&8!267'1+%&.!41,%!,%&1)!F/&)15(-!(.91+&&+!.&+21,&!%(91-*!3&4&)!+65%!(.91+&&+;!

! $%&!.(,(!('+0!1''6+,)(,&!,%&!50-,1-61-*!,)&-.!,04().+!'&++!+0'0E(6,%0)&.!40)C!(-.!

/0)&!50(6,%0)&.!40)C!(/0-*!/(,%&/(,151(-+;!L-,&)&+,1-*'8H!(''!,%)&&!*)062+!&I2&)1&-5&.!

(!.&5)&(+&!1-!,%&!(/06-,!03!+0'0E(6,%0)&.!40)C!78!7&,4&&-!ER;Rj!(-.!ER;"O!2(2&)+!2&)!

8&()!.6)1-*!,%&!2&)10.;!b0,&H!%04&9&)H!,%(,!<%1-&+&!(.91+0)+!4&)&!(7'&!,0!/0)&!,%(-!033+&,!

,%&!.&5'1-&!1-!+0'0E(6,%0)&.!40)C!41,%!(!+1:(7'&!1-5)&(+&!1-!\0,%&)]!50(6,%0)1-*;!$%&!

F/&)15(-!(.91+0)+!&/2'08&.!1-!/1I&.!.&2(),/&-,+!+&&/&.!2(),156'()'8!6-(7'&!,0!,(C&!

(.9(-,(*&!03!0220),6-1,1&+!30)!1-5)&(+&.!50(6,%0)1-*!41,%!0,%&)!/(,%&/(,151(-+;!$%1+!

&33&5,!/(8!7&!.6&!,0!+2&51('1:(,10-!03!)0'&+!41,%1-!(!.&2(),/&-,D!3(56',8!4%0!%(9&!(!%().&)!

,1/&!31-.1-*!(.91+&&+!,0!/&-,0)!/(8!7&!(+C&.!,0!2&)30)/!/0)&!+&)915&!(-.!(./1-1+,)(,19&!

,(+C+;!L-!,%&!'0-*!)6-H!,%1+!)&(''05(,10-!03!(./1-1+,)(,19&!)&+20-+171'1,1&+!506'.!&(+1'8!)&+6',!

1-!'&++!)&+&()5%!06,26,!30)!,%&!(33&5,&.!2)03&++0)+;!!

! $%&!+,)0-*!)0'&!2'(8&.!78!1-,)(E&,%-15!50''(70)(,10-+!(-.!,%&!&I0*&-&1,8!03!,%&!

+622'8!+%05C!03!<%1-&+&!*)(.6(,&!+,6.&-,+!+6**&+,!,%(,!4&!5(-!)&91+1,!,%&!)&.65&.!30)/!

&91.&-5&!)&20),&.!1-!,%&!2)&9106+!+&5,10-!(-.!(,,&/2,!,0!&+,1/(,&!,%&!5(6+('!&33&5,!03!

/&-,0)1-*!(-!(..1,10-('!+,6.&-,!0-!(-!(.91+0)S+!2)0.65,191,8;!L-!2(),156'()H!50-+1.&)!,%&!

30''041-*!)&*)&++10-!)&'(,1-*!,%&!-6/7&)!03!2(2&)+!,%(,!(.91+0)!"!267'1+%&+!1-!8&()!&H!7"&H!,0!

,%&!+1:&!03!(-!(.91+0)S+!\50''(70)(,10-!200']D!

!

JjK! ! 7"&!n!p"!o!p&!o!β 
ɶN
it
!o!α ;"&!o!ε;!



! #?!

!

T&!.&31-&!,%&!50''(70)(,10-!200'!
 
ɶN
it
!(+!,%&!,0,('!-6/7&)!03!+,6.&-,+!,%(,!,%&!(.91+0)!%(+!

+62&)91+&.!1-!,%&!319&E8&()!+2(-!7&,4&&-!8&()+!&EO!(-.!&o";23!T&!&+,1/(,&!&N6(,10-!JjK!78!

6+1-*!1-+,)6/&-,('!9()1(7'&+H!4%&)&!,%&!1-+,)6/&-,+!()&!,%&!1-,&)(5,10-!,&)/+!J<"!×!=K!(-.!

J A
i

M ×!=K!&/2'08&.!1-!,%&!)&.65&.E30)/!)&*)&++10-+!)&20),&.!1-!$(7'&!O!J1;&;H!,%&!

1-,&)(5,10-+!7&,4&&-!,%&!20+,E"=?=!1-.15(,0)H!=H!(-.!.6//8!9()1(7'&+!1-.15(,1-*!13!,%&!

(.91+0)!1+!&1,%&)!<%1-&+&EF/&)15(-!0)!(-!F/&)15(-!(331'1(,&.!41,%!(!/1I&.!.&2(),/&-,K;!

! $(7'&!j!)&20),+!,%&!50&33151&-,+!3)0/!(',&)-(,19&!+2&51315(,10-+!03!,%&!)&*)&++10-!

/0.&'!J6+1-*!,%&!&-,1)&!+(/2'&!03!hHW=j!/(,%&/(,15+!(.91+0)+K;!c(-&'!F!03!,%&!,(7'&!6+&+!

,%&!.&31-1,10-!03!(!/1I&.!.&2(),/&-,!,%(,!)&N61)&+!,%&!+62&)91+10-!03!(,!'&(+,!0-&!,%&+1+!78!

(!<%1-&+&EF/&)15(-!(.91+0)H!4%1'&!,%&!70,,0/!2(-&'!6+&+!,%&!/0)&!+,)1-*&-,!.&31-1,10-!,%(,!

)&N61)&+!,%&!+62&)91+10-!03!(,!'&(+,!,%)&&!.1++&),(,10-+!78!<%1-&+&EF/&)15(-!(.91+0)+;!$%&!

)&*)&++10-+!)&20),&.!1-!,%&!31)+,!50'6/-!.&31-&!,%&!50''(70)(,10-!200'!
 
ɶN
it
1-!,&)/+!03!,%&!

,0,('!-6/7&)!03!+,6.&-,+!+62&)91+&.!J1-!,%&!319&E8&()!2&)10.KH!)&*().'&++!03!&,%-151,8;!$%&!

+&50-.!50'6/-!&I2'151,'8!(5506-,+!30)!,%&!&,%-15E7(+&.!+21''09&)+!(-.!.&31-&+!,%&!

50''(70)(,10-!200'!(+!,%&!,0,('!-6/7&)!03!$&),"%(22/6@"1"2(#!+,6.&-,+!+62&)91+&.!J1;&;H!,%&!

-6/7&)!03!<%1-&+&!+,6.&-,+!+62&)91+&.!78!,%&!<%1-&+&!(.91+0)+H!0)!,%&!-6/7&)!03!

F/&)15(-!+,6.&-,+!+62&)91+&.!78!,%&!F/&)15(-!(.91+0)+K;!!

g&*().'&++!03!,%&!1-+,)6/&-,!6+&.H!1,!1+!079106+!,%(,!,%&!31)+,E+,(*&!)&*)&++10-!/0.&'!

,%(,!+2&51315(''8!(5506-,+!30)!,%&!1-,)(E&,%-15!+21''09&)+!.0&+!(!3()!7&,,&)!Z07!03!2)&.15,1-*!

,%&!+1:&!03!,%&!(.91+0)S+!50''(70)(,10-!200'!J1;&;H!,%&!F-*)1+,Ec1+5%C&!/6',19()1(,&!0!,&+,!03!

&I5'6.&.!1-+,)6/&-,+!1+!+1*-1315(-,H!41,%!9E9('6&+!03!R;RRR"K;!$%&!&+,1/(,&!03!,%&!+&50-.E

+,(*&!50&33151&-,!β!1-!&N6(,10-!JjK!%09&)+!()06-.!R;hH!1-.15(,1-*!,%(,!,%&!&I0*&-06+!(-.!

+6..&-!(22&()(-5&!03!(-!(..1,10-('!+,6.&-,!1-!(-!(.91+0)S+!50''(70)(,10-!200'!1-5)&(+&+!,%&!

(.91+0)S+!)(,&!03!267'15(,10-!78!(706,!%('3!(!2(2&);!L-!+%0),H!,%&!&91.&-5&!6-(/71*606+'8!

+%04+!,%(,!+622'8!+%05C+!4%15%!&I2(-.!,%&!20,&-,1('!30)!1-,)(E&,%-15!50''(70)(,10-+!41''!

)(1+&!,%&!2)0.65,191,8!03!,%&!2)&E&I1+,1-*!(.91+0)+!1-!,%&!(33&5,&.!&,%-15!*)062!+67+,(-,1(''8;!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
23!B6)!)&+6',+!()&!9&)8!)076+,!,0!(',&)-(,19&!.&31-1,10-+!03!,%&!200'!J+65%!(+!(!OE8&()!0)!>E8&()!

(**)&*(,&K;!T&!6+&!(!0-&E8&()!'&(.!1-!,%&!(**)&*(,10-!,0!(''04!30)!,%&!20++171'1,8!,%(,!,%&!(.91+0)!1+!

50''(70)(,1-*!41,%!56))&-,!+,6.&-,+!4%0!41''!+00-!*)(.6(,&;!



! #=!

!

VI. Crowdout Effects 

$%&!.&51+10-!78!(-!F/&)15(-!/(,%&/(,15+!.&2(),/&-,!,0!(./1,!<%1-&+&!.05,0)('!

+,6.&-,+!079106+'8!.&2&-.+!0-!/(-8!3(5,0)+H!1-5'6.1-*!,%&!)&'(,19&!N6('1,8!03!,%&!(22'15(-,+H!

,%&!20++171'1,8!,%(,!<%1-&+&!+,6.&-,+!2(8!30)!(!%1*%&)!3)(5,10-!03!,%&1)!&.65(,10-H!,%&!

41.&+2)&(.!(55&2,(-5&!03!,%&!(I10/!,%(,!\.19&)+1,8]!1+!7&-&3151('!1-!(!6-19&)+1,8!+&,,1-*H!(-.!

,%&!)&'(,19&!/()*1-('!2)0.65,+!03!,%&!F/&)15(-!(-.!<%1-&+&!+,6.&-,+!(+!6-19&)+1,8!

&/2'08&&+!J7&5(6+&!/(-8!*)(.6(,&!+,6.&-,+!,8215(''8!40)C!(+!)&+&()5%!0)!,&(5%1-*!

(++1+,(-,+K;!A0/&!03!,%&+&!3(5,0)+!/1*%,!1/2'8!,%(,!(./1++10-!03315&)+!/1*%,!2)&3&)!,0!(./1,!

(!<%1-&+&!+,6.&-,!09&)!(-!F/&)15(-!(22'15(-,H!&9&-!13!,%&!,40!(22'15(-,+!%(.!,%&!+(/&!

07+&)9(7'&!N6('1315(,10-+;!

$%&!033&)!03!(./1++10-!,0!<%1-&+&!*)(.6(,&!+,6.&-,+!(',&)+!,%&!&.65(,10-('!

0220),6-1,1&+!(9(1'(7'&!,0!+1/1'()'8!N6('131&.!F/&)15(-+!1-!,40!.1+,1-5,!4(8+;!M1)+,H!,%&!

-6/7&)!03!+'0,+!(9(1'(7'&!1-!(!2(),156'()!.05,0)('!2)0*)(/!/(8!7&!)&'(,19&'8!31I&.H!(,!'&(+,!

1-!,%&!+%0),!)6-;!$%&!&-)0''/&-,!03!(-!(..1,10-('!<%1-&+&!+,6.&-,!406'.!,%&-!+6**&+,!,%(,!

0-&!3&4&)!F/&)15(-!+,6.&-,!506'.!7&!(./1,,&.;!$%1+!1+!,%&!+1/2'&+,!(-.!5'&()&+,!5(+&!03!(!

5)04.06,!&33&5,;!a9&-!13!,%&!6-19&)+1,8!4&)&!&I2(-.1-*!(-.!(./1,,1-*!/0)&!<%1-&+&!(,!!

/0)&!F/&)15(-!+,6.&-,+H!,%&)&!/(8!+,1''!7&!(!5)04.06,!&33&5,!1-!,%&!+&-+&!,%(,!F/&)15(-!

&-)0''/&-,!406'.!%(9&!1-5)&(+&.!(,!(-!&9&-!3(+,&)!)(,&!13!,%&!6-19&)+1,8!%(.!-0,!1-5)&(+&.!

1,+!+622'8!03!<%1-&+&!+,6.&-,+;!

$%&!&-,)8!03!'()*&!-6/7&)+!03!<%1-&+&!*)(.6(,&!+,6.&-,+!1-,0!F/&)15(-!

/(,%&/(,15+!2)0*)(/+!5(-!('+0!1-3'6&-5&!,%&!&-)0''/&-,!.&51+10-+!/(.&!78!F/&)15(-!

+,6.&-,+!1-!(!'&++!.1)&5,!4(8;!L,!/(8!(',&)!,%&!1-5&-,19&+!30)!-(,19&+!,0!26)+6&!+2&51315!

&.65(,10-('!2)0*)(/+;!

A6220+&H!30)!1-+,(-5&H!,%(,!/(-8!03!,%&!<%1-&+&!+,6.&-,+!&-)0''&.!1-!/(,%&/(,15+!

.05,0)('!2)0*)(/+!)&/(1-!1-!,%&!@-1,&.!A,(,&+!(3,&)!*)(.6(,10-;24!L3!,%&)&!4&)&!'1,,'&!

5)04.06,!1-!,%&!6-19&)+1,8!(./1++10-+!2)05&++H!0-&!/1*%,!,%&-!&I2&5,!,%(,!,%&!J&9&-,6('K!

'()*&)!+622'8!03!-&4'8!/1-,&.!/(,%&/(,151(-+!406'.!'04&)!&-,)8!4(*&+!(-.!,%&!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
24!$%&!&91.&-5&H!1-!3(5,H!+6**&+,+!,%(,!<%1-&+&!*)(.6(,&!+,6.&-,+!1-!70,%!/(,%&/(,15+!(-.!0,%&)!

31&'.+!()&!50-+1+,&-,'8!/0)&!'1C&'8!,0!+,(8!,%(-!,%&!(9&)(*&!30)&1*-!+,6.&-,!1-!,%0+&!31&'.+X!+&&!b(,10-('!

A51&-5&!P0().!J#R"WKH!F22&-.1I!$(7'&!OE##;!



! OR!

05562(,10-!406'.!7&50/&!)&'(,19&'8!'&++!(,,)(5,19&!,0!F/&)15(-+;#h!$%&!<%1-&+&!+,6.&-,+!

/1*%,!+,1''!2)&3&)!,0!&-,&)!,%0+&!'04E2(81-*!Z07+!7&5(6+&!,%&1)!5()&&)!.&51+10-+!()&!/(1-'8!

*61.&.!78!,%&!50/2()1+0-!03!&/2'08/&-,!0220),6-1,1&+!(9(1'(7'&!1-!,%&!@-1,&.!A,(,&+!(-.!

<%1-(;!L-!50-,)(+,H!F/&)15(-!+,6.&-,+!/1*%,!%(9&!/(-8!0,%&)!5()&&)!5%015&+!J&;*;H!(!N6(-,!

5()&&)!1-!T(''!A,)&&,KH!(-.!406'.!+%8!(4(8!3)0/!(22'81-*!,0!2)0*)(/+!1-!&.65(,10-('!

.1+512'1-&+!4%&)&!30)&1*-!+,6.&-,+!5'6+,&)!(-.!+67+&N6&-,!4(*&+!()&!'04;!L-!,%&!'0-*!)6-H!

,%1+!7&%(910)('!)&+20-+&!406'.!(*(1-!1/2'8!,%(,!(-!&I0*&-06+!1-5)&(+&!1-!,%&!&-)0''/&-,!

03!<%1-&+&!+,6.&-,+!1-!(!2(),156'()!2)0*)(/!406'.!)&.65&!,%&!-6/7&)!03!F/&)15(-+!4%0!

406'.!4(-,!,0!&-)0''!1-!,%(,!2)0*)(/;!

b0,&!,%(,!,%&!31)+,!03!,%&+&!,40!5)04.06,!&33&5,+!1+!+2&51315!,0!(!2(),156'()!

6-19&)+1,8k(-.!1-.15(,&+!%04!-(,19&!&-)0''/&-,!1-!,%(,!1-+,1,6,10-!5%(-*&+!(+!,%&!-6/7&)!

03!30)&1*-!+,6.&-,+!&-)0''&.!1-!,%(,!1-+,1,6,10-!1-5)&(+&+;!$%&!+&50-.!5)04.06,!&33&5,!

)&+6',+!3)0/!(-!&50-0/8E41.&!+622'8!)&+20-+&!,%(,!.1+506)(*&+!-(,19&+!3)0/!26)+61-*!

2(),156'()!&.65(,10-('!2)0*)(/+!1-!(''!6-19&)+1,1&+;!$%&!&/21)15('!(-('8+1+!2)&+&-,&.!1-!,%1+!

+&5,10-!-&,+!06,!,%&+&!&50-0/8E41.&!3'65,6(,10-+!(-.!&I(/1-&+!,%&!+%13,+!,%(,!0556)!1-!,%&!

&-)0''/&-,!03!F/&)15(-!+,6.&-,+!E"&)",6(69(#&"%42(#61(&)$1(&"%@6!$9(#&1$,&!(+!,%&!+1:&!03!

,%&!<%1-&+&!+,6.&-,!2026'(,10-!1-!,%(,!.&2(),/&-,!*)04+;!

$0!&+,1/(,&!,%&!5)04.06,!&33&5,H!4&!+622'&/&-,!06)!.(,(!41,%!(**)&*(,&!506-,+!03!

.05,0)('!.&*)&&+!.)(4-!3)0/!,%&!267'15!6+&!9&)+10-!03!,%&!A6)9&8!03!a()-&.!G05,0)(,&+!

JAaGK;!$%&!AaG!50-,(1-+!(!2026'(,10-!5&-+6+!03!(''!.05,0)(,&+!*)(-,&.!78!(!@;A;!1-+,1,6,10-H!

(-.!)&20),+!1-30)/(,10-!0-!,%&!31&'.!(-.!8&()!03!.&*)&&H!(+!4&''!(+!0-!,%&!.&*)&&!)&5121&-,S+!

&,%-151,8!(-.!51,1:&-+%12!+,(,6+;!T&!6+&!,%&+&!.(,(!,0!50/26,&!,%&!-6/7&)!03!.&*)&&+!

(4().&.!1-!/(,%&/(,15+!&(5%!8&()!7&,4&&-!"=>h!(-.!#RRRH!(+!4&''!,%&!-6/7&)!03!.&*)&&+!

(4().&.!,0!F/&)15(-!51,1:&-+H!,0!30)&1*-!+,6.&-,+H!(-.!,0!30)&1*-!+,6.&-,+!03!F+1(-!

%&)1,(*&;26!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
#h!A&&!P0)Z(+!J#RR=K!30)!&91.&-5&!,%(,!+622'8!+%05C+!03!30)&1*-!+,6.&-,+!(33&5,!,%&!&()-1-*+!03!-&4'8!

/1-,&.!.05,0)(,&+!1-!+2&51315!.1+512'1-&+H!(-.!P0)Z(+!(-.!G0)(-!J#R"#K!30)!)&'(,&.!&91.&-5&!0-!,%&!

50/2&,1,19&!&33&5,+!)&+6',1-*!3)0/!,%&!1-3'6I!03!A091&,!/(,%&/(,151(-+;!M)&&/(-!&,!('!J#RR"K!.&+5)17&!%04!

+%13,+!1-!,%&!710+51&-5&!Z07!/()C&,H!+%13,+!,%(,!()&!2(),'8!.6&!,0!,%&!1-3'6I!03!30)&1*-!+,6.&-,+H!(33&5,!5()&&)!

1-5&-,19&+!1-!,%(,!+&5,0);!

26!$%&!267'15!6+&!.(,(!()&!(9(1'(7'&!(,!%,,2+D[[-5+&+.(,(;-+3;*09[4&75(+2()[;!$%&!-6/7&)!03!.&*)&&+!

(4().&.!,0!F/&)15(-!51,1:&-+!5'0+&'8!(22)0I1/(,10-!,%&!-6/7&)!03!.&*)&&+!(4().&.!,0!@;A;E70)-!2&)+0-+!



! O"!

Q&,!F@&!.&-0,&!,%&!-6/7&)!03!@;A;E70)-!+,6.&-,+!(4().&.!(!.&*)&&!1-!/(,%&/(,15+!

78!6-19&)+1,8!@!(,!,1/&!&H!(-.!'&,!<@&!.&-0,&!,%&!)&+2&5,19&!-6/7&)!03!<%1-&+&!+,6.&-,+;!$%&!

*&-&)15!)&*)&++10-!/0.&'!6+&.!,0!5(2,6)&!,%&!5)04.06,!&33&5,!1+!*19&-!78D!

!

J>K! ! F@&!n!p@!o!φ&!o!θ!<@&!o!εH!

!

4%&)&!φ@!)&2)&+&-,+!(!9&5,0)!03!.&2(),/&-,!31I&.!&33&5,+!(-.!φ&!)&2)&+&-,+!(!9&5,0)!03!8&()!

31I&.!&33&5,+;#>!T&!&+,1/(,&!,%&!)&*)&++10-!/0.&'!6+1-*!(''!,%&!(9(1'(7'&!.(,(!7&,4&&-!"=>h!

(-.!#RRR!30)!,%&!+67+&,!03!+5%00'+!,%(,!2)0.65&.!(,!'&(+,!0-&!/(,%&/(,15+!.05,0)('!.&*)&&!

.6)1-*!,%&!2&)10.;!$%&!+,(-.().!&))0)+!()&!5'6+,&)&.!(,!,%&!.&2(),/&-,!'&9&'!,0!(.Z6+,!30)!

20++17'&!+&)1('!50))&'(,10-!1-!,%&!&))0)!,&)/!41,%1-!(!2(),156'()!1-+,1,6,10-;!

! $%&!31)+,!)04!03!$(7'&!>!)&20),+!,%&!&+,1/(,&!03!θ !3)0/!BQA!)&*)&++10-+!6+1-*!

(',&)-(,19&!+2&51315(,10-+!03!,%&!/0.&'!1-!&N6(,10-!J>K;!L-!2(),156'()H!&(5%!03!,%&!50'6/-+!1-!

,%&!,(7'&!&/2'08+!(!.133&)&-,!/&(+6)&!03!\30)&1*-!+,6.&-,+]!(+!,%&!)&*)&++0)H!1-5'6.1-*!,%&!

,0,('!-6/7&)!03!30)&1*-E70)-!.05,0)('!)&5121&-,+H!,%&!,0,('!-6/7&)!03!30)&1*-!+,6.&-,+!03!

F+1(-!(-5&+,)8H!(-.!,%&!,0,('!-6/7&)!03!<%1-&+&!30)&1*-!+,6.&-,+;28!g&*().'&++!03!,%&!

.&31-1,10-!03!,%&!1-.&2&-.&-,!9()1(7'&H!,%&!201-,!&+,1/(,&+!03!θ!()&!-&*(,19&;!$%&!

.&+5)12,19&!&91.&-5&!2)091.&.!78!,%&!BQA!)&*)&++10-+H!4%1'&!1/2)&51+&H!+&&/+!50-+1+,&-,!

41,%!,%&!2)&+&-5&!03!(!5)04.06,!&33&5,;!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
7&5(6+&!03!,%&!9&)8!'0-*!,1/&!'(*!)&N61)&.!30)!(!30)&1*-!+,6.&-,!,0!(5%1&9&!2&)/(-&-,!)&+1.&-5&!+,(,6+!J(!

\*)&&-!5().]K!(-.!,%&-!4(1,!,%&!2)&)&N61+1,&!319&!8&()+!7&30)&!31'1-*!(!-(,6)('1:(,10-!(22'15(,10-;!!

#>!$%&!2&)10.!31I&.!&33&5,+!%&'2!,0!5(2,6)&!,%&!20,&-,1('!5)04.06,!,%(,!()1+&+!(+!-(,19&+!)&+20-.!,0!

,%&!5%(-*&.!'(70)!/()C&,!0220),6-1,1&+!5(6+&.!78!(-!1-5)&(+&!1-!,%&!-6/7&)!03!30)&1*-!+,6.&-,+;!F-8!(.9&)+&!

4(*&!&33&5,+!406'.!2)&+6/(7'8!)&.65&!,%&!1-5&-,19&+!03!-(,19&+!,0!&-)0''!1-!(!*)(.6(,&!2)0*)(/!(,!(-8!

6-19&)+1,8;!

28!$%&!506-,+!03!30)&1*-E70)-!(-.!30)&1*-E70)-!F+1(-!+,6.&-,+!()&!.)(4-!3)0/!,%&!AaG;!$%&!-6/7&)!

03!<%1-&+&!+,6.&-,+!1+!.)(4-!3)0/!,%&!/(,5%&.!FUAEUic!.(,(!31'&+H!(-.!*19&+!,%&!-6/7&)!03!+,6.&-,+!41,%!(!

<%1-&+&!+6)-(/&;!$%&!AaG!('+0!50''&5,+!)&+,)15,&.!6+&!.(,(!0-!,%&!-6/7&)!03!30)&1*-!+,6.&-,+!2&)!1-+,1,6,10-!

2&)!8&()!4%0!4&)&!+2&51315(''8!70)-!1-!,%&!c&02'&S+!g&267'15!03!<%1-(X!4&!()&!56))&-,'8!+&&C1-*!(55&++!,0!,%1+!

.(,(;!A0/&!03!,%&!)&*)&++10-+!)&20),&.!7&'04!6+&!(-!LV!+,)(,&*8!,0!1.&-,138!,%&!5)04.06,!&33&5,;!F+!'0-*!(+!06)!

1-+,)6/&-,!%(+!(!9('1.!&I5'6+10-!)&+,)15,10-!(-.!(!+,)0-*!31)+,!+,(*&H!,%&!/&(+6)&/&-,!&))0)!)&+6',1-*!3)0/!

6+1-*!&1,%&)!,%&!AaG!506-,!03!30)&1*-E70)-!+,6.&-,+!03!F+1(-!(-5&+,)8!0)!,%&!-6/7&)!03!+,6.&-,+!41,%!(!

<%1-&+&!+6)-(/&!J1-+,&(.!03!,%&!-6/7&)!03!+,6.&-,+!4%0!4&)&!+2&51315(''8!70)-!1-!,%&!c&02'&S+!g&267'15!03!

<%1-(K!+%06'.!-0,!(33&5,!,%&!50&33151&-,+!03!1-,&)&+,;!



! O#!

B-&!2)07'&/!41,%!1-,&)2)&,1-*!,%&!50&33151&-,!θ!(+!(-!6-71(+&.!&+,1/(,&!03!(!

5)04.06,!&33&5,!1+!,%(,!,%&!1-5'6+10-!03!,%&!+5%00'E+2&51315!31I&.!&33&5,+!1-!,%&!)&*)&++10-!

/0.&'!3(1'+!,0!(5506-,!30)!(!C&8!3(5,0)D!F!3&4!'()*&!(-.[0)!*)041-*!.&2(),/&-,+!'1C&'8!

(./1,!'()*&!-6/7&)+!03!F/&)15(-!(,!!<%1-&+&!+,6.&-,+!+1/6',(-&06+'8;!L-!3(5,H!/(-8!03!,%&!

<%1-&+&!*)(.6(,&!+,6.&-,+!4%0!5(/&!,0!,%&!@-1,&.!A,(,&+!(3,&)!,%&!02&-1-*!62!03!<%1-(!

,&-.&.!,0!*)(91,(,&!,0!,%&+&!'()*&!(-.!*)041-*!.&2(),/&-,+;!c6,!.133&)&-,'8H!,%&)&!()&!

+5%00'E8&()!1-,&)(5,10-!31I&.!&33&5,+!p@&!,%(,!()&!20+1,19&'8!50))&'(,&.!41,%!70,%!F@&!(-.!<@&!

1-!&N6(,10-!J>K;!$%&!&I5'6+10-!03!,%&+&!1-,&)(5,10-+!3)0/!,%&!)&*)&++10-!/0.&'!1-,)0.65&+!(!

20+1,19&!(-.!+26)106+!50))&'(,10-!7&,4&&-!,%&!-6/7&)!03!30)&1*-!+,6.&-,+!1-!,%&!)1*%,E

%(-.E+1.&!(-.!,%&!&))0)!,&)/;!F+!(!)&+6',H!,%&!-&*(,19&!&+,1/(,&!03!,%&!5)04.06,!&33&5,!

)&20),&.!1-!,%&!31)+,!)04!03!$(7'&!>!'1C&'8!6-.&)&+,1/(,&+!,%&!,)6&!1/2(5,!03!,%&!+622'8!

+%05C!0-!,%&!&-)0''/&-,!03!F/&)15(-!+,6.&-,+;!

$0!-&,!06,!,%&!+26)106+!50))&'(,10-H!4&!406'.!-&&.!,0!+2&5138!,%&!)&*)&++10-!/0.&'!

1-!(!4(8!,%(,!'&,+!6+!(5506-,!30)!,%&!1.10+8-5)(,15!+5%00'E8&()!\.&/(-.!+%05C+;]!B79106+'8H!

,%&!.1)&5,!1-5'6+10-!03!+5%00'E8&()!1-,&)(5,10-!31I&.!&33&5,+!/(C&+!1,!1/20++17'&!,0!1.&-,138!

,%&!2()(/&,&)!θ!1-!J>K;!B-&!9&)8!+1/2'&!4(8!03!782(++1-*!,%&!2)07'&/!406'.!7&!,0!31-.!(!

)&*)&++0)!,0!2)0I8!30)!,%&!.&/(-.!+%05C+;!T&!6+&.!,%&!AaG!,0!506-,!,%&!,0,('!-6/7&)!03!

.&*)&&+!(4().&.!-4&@"!$!/(,%&/(,15+!78!(!6-19&)+1,8!&(5%!8&()H!(-.!(..&.!,%1+!/&(+6)&!03!

,%&!+5%00'E+2&51315!&-)0''/&-,!,)&-.+!,0!,%&!)&*)&++10-!/0.&';!F+!,%&!+&50-.!)04!03!$(7'&!>!

+%04+H!(.Z6+,1-*!30)!.&/(-.!+%05C+!1-!,%1+!)06*%!3(+%10-!1-5)&(+&+!,%&!/(*-1,6.&!03!,%&!

5)04.06,!&33&5,D!,%&!201-,!&+,1/(,&!1-!,%&!'(+,!50'6/-!1+!-04!ER;#OO!JR;R>WKH!+0!,%(,!

(22)0I1/(,&'8!0-&!F/&)15(-!+,6.&-,!\'0+&+]!%1+!0)!%&)!+20,!1-!(!/(,%&/(,15+!*)(.6(,&!

2)0*)(/!30)!&9&)8!306)!<%1-&+&!+,6.&-,+!(./1,,&.;!

F',&)-(,19&'8H!4&!5(-!31-.!(-!1-+,)6/&-,!,%(,!1-.65&+!5%(-*&+!1-!,%&!-6/7&)!03!

30)&1*-!+,6.&-,+!(./1,,&.!78!(!2(),156'()!6-19&)+1,8!,%(,!()&!1-.&2&-.&-,!3)0/!,%&!+5%00'E

+2&51315!.&/(-.!+%05C+;!P&5(6+&!,%&!50-+&N6&-5&+!03!,%&!<%1-&+&!+622'8!+%05C!4&)&!/0+,!

&91.&-,!1-!(!+67+&,!03!6-19&)+1,1&+!(,!(!2(),156'()!2&)10.!03!,1/&H!4&!5(-!6+&!,%&!Z01-,!

&I0*&-&1,8!03!,%&!.&31-1,10-!03!(!/1I&.!.&2(),/&-,!(-.!,%&!,1/1-*!03!,%&!+622'8!+%05C!,0!

5)&(,&!+65%!(-!1-+,)6/&-,;!L-!2(),156'()H!4&!.&31-&!,%&!1-+,)6/&-,!(+!,%&!2)0.65,!03!,%&!

20+,E"=?=!1-.15(,0)!9()1(7'&!(-.!,%&!.6//8!9()1(7'&+!1-.15(,1-*!13!,%&!.&2(),/&-,!4(+!



! OO!

/1I&.!J&1,%&)!,%&!.&2(),/&-,!%(.!(,!'&(+,!0-&!(5,19&!<%1-&+&!(.91+0)!2)10)!,0!,%&!+622'8!

+%05C!7&,4&&-!"=?h!(-.!"=?hH!0)!,%&!.&2(),/&-,!%(.!(,!'&(+,!,%)&&!(5,19&!<%1-&+&!

(.91+0)+!2)10)!,0!,%&!+622'8!+%05CK;!

c(-&'+!P!(-.!<!03!$(7'&!>!)&20),!,%&!C&8!50&33151&-,+!3)0/!,%&!,40E+,(*&!LV!/0.&'+;!

g&*().'&++!03!%04!4&!.&31-&!,%&!-6/7&)!03!30)&1*-!+,6.&-,+!0-!,%&!)1*%,E%(-.E+1.&!03!

&N6(,10-!J>K!0)!4%15%!03!,%&!,40!1-+,)6/&-,+!4&!6+&H!,%&!1-+,)6/&-,!%(+!(!9&)8!+1*-1315(-,!

20+1,19&!&33&5,!0-!,%&!-6/7&)!03!30)&1*-!+,6.&-,+!(4().&.!.&*)&&+;!L-!,%&!'(+,!50'6/-H!30)!

1-+,(-5&H!,%&!50&33151&-,!1+!";?W?!JR;WRRK!4%&-!4&!6+&!,%&!'&++!+,)1-*&-,!.&31-1,10-!03!(!

/1I&.!.&2(),/&-,;!

$%&!,(7'&!('+0!)&20),+!,%&!LV!&+,1/(,&+!03!,%&!5)04.06,!&33&5,;!L,!1+!&91.&-,!,%(,!,%&!

5)04.06,!50&33151&-,!θ!1+!('4(8+!-&*(,19&H!03,&-!+,(,1+,15(''8!+1*-1315(-,H!(-.!-6/&)15(''8!

+1:(7'&;!L-!3(5,H!4&!,8215(''8!5(--0,!)&Z&5,!,%&!%820,%&+1+!,%(,!,%&!5)04.06,!50&33151&-,!1+!

&N6('!,0!E"!1-!(-8!03!,%&!+2&51315(,10-+;!c6,!.133&)&-,'8H!,%&!LV!)&*)&++10-+!2)091.&!+,)0-*!

&91.&-5&!,%(,!0-&!F/&)15(-!+,6.&-,!4(+!\.1+2'(5&.]!30)!&9&)8!<%1-&+&!*)(.6(,&!+,6.&-,!

(./1,,&.!(3,&)!,%&!02&-1-*!03!<%1-(;!

$%&!+,)0-*!5)04.06,!&33&5,+!)&20),&.!1-!$(7'&!>!(''04!6+!,0!2)091.&!(!50-+1+,&-,!

&I2'(-(,10-!03!,%&!2)0.65,191,8!)&+6',+!.1+56++&.!1-!&()'1&)!+&5,10-+;!$%&!1-3'6I!03!<%1-&+&!

*)(.6(,&!+,6.&-,+!'&.!,0!(!50))&+20-.1-*!)&.65,10-!1-!,%&!-6/7&)!03!F/&)15(-!+,6.&-,+!1-!

/(,%&/(,15+!.&2(),/&-,+;!P&5(6+&!03!&,%-15!50/2'&/&-,()1,1&+H!,%&!<%1-&+&!*)(.6(,&!

+,6.&-,+!4&)&!(,,)(5,&.!,0!(-.!/(,5%&.!41,%!,%&!2)&E&I1+,1-*!<%1-&+&EF/&)15(-!(.91+0)+H!

(-.!,%&!)&'(,19&'8!31I&.!+1:&!03!,%&!200'!03!*)(.6(,&!+,6.&-,+!(,!,%&!.&2(),/&-,!'&9&'!

1/2'1&.!,%(,!3&4&)!F/&)15(-!+,6.&-,+!4&)&!(9(1'(7'&!,0!,%&!F/&)15(-!(.91+0)+!J2&)%(2+!

(550/2(-1&.!41,%!(!.)02!1-!0,%&)!)&+06)5&+K;!F+!4&!%(9&!+%04-H!,%1+!)&.1+,)176,10-!%&'2&.!

*&-&)(,&!1/20),(-,!2)0.65,191,8!&33&5,+!1-!,&)/+!03!267'1+%&.!06,26,H!41,%!,%&!2)0.65,191,8!

03!<%1-&+&!(.91+0)+!1-5)&(+1-*!(-.!,%(,!03!F/&)15(-!(.91+0)+!&/2'08&.!1-!,%&!/1I&.!

.&2(),/&-,+!.&5'1-1-*;!

!

VII. Aggregate Effects 

P&5(6+&!,%&!1-3'6I!03!<%1-&+&!*)(.6(,&!+,6.&-,+!5)&(,&.!70,%!41--&)+!(-.!'0+&)+!1-!

,%&!2)&E&I1+,1-*!200'!03!/(,%&/(,15+!(.91+0)+H!(!5)651('!N6&+,10-!()1+&+D!G1.!,%&!*(1-+!,0!,%&!



! OW!

41--&)+!06,4&1*%!,%&!'0++&+!,0!,%&!'0+&)+s!$%1+!+&5,10-!)&20),+!,%&!)&+6',+!3)0/!(-!

&/21)15('!&I&)51+&!,%(,!(,,&/2,+!,0!/&(+6)&!,%&!+1:&!03!,%&!\+6)2'6+]!)&+6',1-*!3)0/!,%&!

+622'8!+%05C;!L,!,6)-+!06,!,%(,!,%&!(**)&*(,&!.&5)&(+&!1-!2)0.65,191,8!07+&)9&.!(/0-*!

F/&)15(-!(.91+0)+!4(+!('/0+,!&I(5,'8!033+&,!78!,%&!(**)&*(,&!1-5)&(+&!1-!2)0.65,191,8!

07+&)9&.!(/0-*!<%1-&+&!(.91+0)+;!

$0!5('56'(,&!,%&!+1:&!03!,%&!+6)2'6+H!4&!(.02,!(!/&,%0.0'0*8!1-,)0.65&.!1-!P0)Z(+!

(-.!G0)(-!J#R"#K;!A2&51315(''8H!4&!50/2()&!,%&!(5,6('!(**)&*(,&!2)0.65,!2)0.65&.!41,%!

4%(,!406'.!%(9&!7&&-!2)&.15,&.!3)0/!,%&!2)&E+%05C!2)0.65,191,8!2)031'&+!03!&(5%!

1-.191.6('!(.91+0);!A6220+&!4&!(*(1-!.191.&!,%&!2)&E&I1+,1-*!*)062!03!(.91+0)+!1-,0!,%)&&!

5(,&*0)1&+D!<%1-&+&!(.91+0)+H!F/&)15(-!(.91+0)+!&/2'08&.!1-!/1I&.!.&2(),/&-,+H!(-.!

F/&)15(-!(.91+0)+!&/2'08&.!1-!-0-E/1I&.!.&2(),/&-,+;!!

T&!&+,1/(,&.!+&2()(,&!)&*)&++10-!/0.&'+!,%(,!,)(5&!06,!,%&!/(,%&/(,151(-S+!(*&E

2)0.65,!2)031'&!30)!&(5%!03!,%&+&!*)062+;!A2&51315(''8H!4&!&+,1/(,&.!(!)&*)&++10-!03!,%&!

-6/7&)!03!2(2&)+!267'1+%&.!78!(!2(),156'()!/(,%&/(,151(-!1-!(!2(),156'()!5('&-.()!8&()!0-!

8&()+!03!&I2&)1&-5&!J1-,)0.65&.!(+!(!306),%E0).&)!20'8-0/1('K!(-.!0-!(!9&5,0)!03!1-.191.6('!

31I&.!&33&5,+;!T&!0-'8!6+&!.(,(!3)0/!"=?R!,%)06*%!"=??!,0!&+,1/(,&!,%&!)&*)&++10-!/0.&'H!

+0!,%(,!,%&!2(,%!03!,%&!(*&E2)0.65,!2)031'&!1+!&+,1/(,&.!6+1-*!267'15(,10-!.(,(!2)10)!,0!,%&!

+622'8!+%05C;!T&!,%&-!6+&.!,%&+&!)&*)&++10-+!,0!2)&.15,!,%&!20+,E"=?=!06,26,!03!&(5%!

/(,%&/(,151(-;!$0!&-+6)&!,%(,!4&!.0!-0,!&I,)(20'(,&!1-,0!,%&!3()E033!36,6)&H!4&!50-.65,!(!

\+%0),E)6-]!2)&.15,10-!&I&)51+&!30)!,%&!319&E8&()!2&)10.!7&,4&&-!"=?=!(-.!"==O;!T&!,%&-!

(..&.!,%&!,0,('!-6/7&)!03!2)&.15,&.!267'15(,10-+!(5)0++!8&()+!(-.!(5)0++!(''!

/(,%&/(,151(-+!1-!&(5%!*)062;!$(7'&!?!)&20),+!,%&!2)&.15,&.!,0,('!-6/7&)!03!2(2&)+!J2&)!

8&()K!(-.!50-,)(+,+!,%&+&!2)&.15,10-+!41,%!,%&!(5,6('!06,26,!03!,%&!2)&E&I1+,1-*!(.91+0)+!

6+1-*!,%&!,40!(',&)-(,19&!.&31-1,10-+!03!(!/1I&.!.&2(),/&-,;!

! b0,!+6)2)1+1-*'8H!,%&!&I&)51+&!)&9&('+!.)(/(,15!.133&)&-5&+!1-!%04!4&''!,%&!2)&E"=?=!

2)0.65,191,8!%1+,0)8!2)&.15,+!,%&!20+,E"=?=!06,26,!(/0-*!,%&!,%)&&!*)062+;!<0-+1.&)H!30)!

1-+,(-5&H!,%&!*)062!03!F/&)15(-!/(,%&/(,151(-+!&/2'08&.!1-!-0-E/1I&.!.&2(),/&-,+;!

$%&+&!/(,%&/(,151(-+!4&)&!,%&!'&(+,!'1C&'8!,0!7&!1-3'6&-5&.!78!,%&!+622'8!+%05C!03!<%1-&+&!

*)(.6(,&!+,6.&-,+;!L-!3(5,H!,%&1)!2)&E"=?=!2)0.65,191,8!%1+,0)8!2)&.15,+!,%(,!,%&8!406'.!

267'1+%!jHhO?!2(2&)+!(--6(''8!1-!,%&!+67+&N6&-,!h!8&()+!J6+1-*!,%&!/0)&!+,)1-*&-,!

.&31-1,10-!03!(!/1I&.!.&2(),/&-,K;!L-!3(5,H!,%&8!267'1+%&.!jHhWh!2(2&)+H!(!.133&)&-5&!03!0-'8!



! Oh!

>!2(2&)+;!c6,!.133&)&-,'8H!,%&!2)&E"=?=!2)0.65,191,8!%1+,0)8!.0&+!(-!&I,)&/&'8!*00.!Z07!03!

2)&.15,1-*!36,6)&!2)0.65,191,8!30)!,%&!'&(+,E(33&5,&.!*)062!03!F/&)15(-!(.91+0)+;!

<0-+1.&)!1-+,&(.!,%&!*)062!03!<%1-&+&EF/&)15(-!/(,%&/(,151(-+;!$%&1)!2)&E"=?=!

2)0.65,191,8!%1+,0)8!406'.!2)&.15,!,%(,!,%&8!406'.!267'1+%!O"W!2(2&)+!(--6(''8!1-!,%&!

+67+&N6&-,!2&)10.;!L-!3(5,H!,%&8!267'1+%&.!O?R!2(2&)+H!0)!jh!2(2&)+!09&)!,%&!2)&.15,10-;!L-!

50-,)(+,H!,%&!F/&)15(-!(.91+0)+!&/2'08&.!78!/1I&.!.&2(),/&-,+!()&!2)&.15,&.!,0!267'1+%!

""hj!2(2&)+H!76,!267'1+%&.!0-'8!"R=#!2(2&)+H!(!\'0++]!03!jW!2(2&)+;!i19&-!,%&!&91.&-5&!

2)&+&-,&.!&()'1&)!1-!,%1+!2(2&)H!1,!1+!-0,!+6)2)1+1-*!,%(,!,%&!2)&E+%05C!2)0.65,191,8!%1+,0)8!

,&-.+!,0!6-.&)E2)&.15,!,%&!(5,6('!2)0.65,191,8!03!<%1-&+&!(.91+0)+!(-.!09&)E2)&.15,!,%&!

(5,6('!2)0.65,191,8!03!F/&)15(-!(.91+0)+!1-!/1I&.!.&2(),/&-,+;!

b0,(7'8H!,%&!(**)&*(,&!&33&5,!(*(1-!+6**&+,+!,%&!&I1+,&-5&!03!(!31I&.E+1:&.!21&;!L-!,%&!

+1/6'(,10-!,%(,!6+&+!,%&!/0)&!+,)1-*&-,!.&31-1,10-!03!(!/1I&.!.&2(),/&-,H!30)!&I(/2'&H!,%&!

2)&.15,10-!&I&)51+&!2)&.15,+!(!,0,('!06,26,!03!?HRR>!2(2&)+!(--6(''8H!4%1'&!,%&!(5,6('!06,26,!

4(+!&N6('!,0!?HR"j!2(2&)+H!(-!1-+1*-1315(-,!.133&)&-5&!03!0-'8!=!2(2&)+;!!

$%&!5)651('!'&++0-!3)0/!,%&+&!2)&.15,10-!&I&)51+&+!1+!,%(,!,%&!,0,('!2)0.65,!03!,%&!

2)&E&I1+,1-*!+,05C!03!/(,%&/(,15+!(.91+0)+!1-!,%&!@-1,&.!A,(,&+!.1.!-0,!5%(-*&!(+!(!)&+6',!03!

,%&!+622'8!+%05C!03!<%1-&+&!+,6.&-,+;!$%&!1-5)&(+&!1-!2)0.65,191,8!()1+1-*!3)0/!&,%-15!

50''(70)(,10-!(-.!7&-&31,,1-*!,%&!2)&E&I1+,1-*!<%1-&+&!(.91+0)+!4(+!/&,!41,%!(-!&N6(''8E

+1:&.!.&5)&(+&!1-!2)0.65,191,8!(/0-*!,%&!F/&)15(-!(.91+0)+!&/2'08&.!1-!,%0+&!

.&2(),/&-,+!,%(,!(,,)(5,&.!J(-.!&-)0''&.K!/0+,!03!,%&!<%1-&+&!*)(.6(,&!+,6.&-,+;!L-!+%0),H!

,%&)&!1+!-0!&91.&-5&!,%(,!,%&!1-3'6I!03!<%1-&+&!*)(.6(,&!+,6.&-,+!*)&(,'8!1-5)&(+&.!,%&!

(**)&*(,&!06,26,!0)!,%(,!1,!1/2)09&.!,%&!\N6('1,8]!03!,%&!267'1+%&.!40)C;!$%&!&91.&-5&!
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! O=!

It is clear that ethnic complementarities can be very important in knowledge production: 

The ability of a supply shock to influence the rate of knowledge accumulation depends crucially 

on how the newcomers interact with the pre-existing workforce, and ethnic complementarities 

lower the barriers to such interactions. However, it is also clear that the flow of aggregate 

knowledge depends on both the supply of knowledge producers and on the demand for 

knowledge output. If the demand for knowledge output does not shift out in those areas where a 

supply shock has created additional opportunities for productive interactions, the benefits of such 

interactions may be greatly attenuated by accompanying losses. 

Scientific knowledge is a public good. If a receiving country is to fully benefit from 

supply shocks of scientific personnel, it would seem that many institutions—including 

universities, non-profits, and governments—may need to proactively reallocate resources to take 

advantage of the opportunities created by those supply shocks.!

!

! !
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!

b(-.(H!g(/(-(H!(-.!$()6-!`%(--(H!\G1(+20)(+!(-.!G0/&+,15!a-,)&2)&-&6)+D!

a91.&-5&!3)0/!,%&!L-.1(-!A03,4()&!L-.6+,)8H]!8-4#,(26-H63%-,-1"%@6(,!6'(,(:$1$,&6

*&#(&$:/!"=!J#R"RKD!=="E"R"#;!

!

b(,10-('!A51&-5&!P0().;!A51&-5&!(-.!a-*1-&&)1-*!L-.15(,0)+!#R"W;!F)'1-*,0-!VFD!

b(,10-('!A51&-5&!M06-.(,10-!JbAP!"WER"KH!#R"W;!

!

A0-*H!P05%&-*;!\$%&!L/2(5,!03!,%&!<6',6)('!g&90'6,10-H]!T0)C1-*!c(2&)H!J#R""K;!

!

A,6&-H!a)15!$;H!F%/&.!U6+%31N!U07()(CH!(-.!`&1,%!a;!U(+C6+;!fAC1''&.!L//1*)(,10-!

(-.!L--09(,10-D!a91.&-5&!3)0/!a-)0'/&-,!M'65,6(,10-+!1-!@A!G05,0)('!c)0*)(//&+Hf!

3%-,-1"%68-4#,(2!"##!J#R"#KD!""WOE"">j;!

!

g(65%H!m(/&+!(-.!V1,0)!$)1-.(.&;!\a,%-15!<%1-&+&!b&,40)C+!1-!L-,&)-(,10-('!$)(.&Hf!

O$."$E6-H63%-,-1"%@6(,!6*&(&"@&"%@!?W!JM&7)6()8!#RR#KD!""jE"OR;!

T('.1-*&)H!M(71(-H!\u6('1,8!U(,,&)+D!$%&!aI26'+10-!03!c)03&++0)+!(-.!,%&!

<0-+&N6&-5&+!30)!c%;G;!A,6.&-,!B6,50/&+!1-!b(:1!i&)/(-8H]!8-4#,(26-H67-2"&"%(263%-,-1/6

""?!J#R"RKD!>?>E?O";!

!

T('.1-*&)H!M(71(-;!\c&&)!a33&5,+!1-!A51&-5&D!a91.&-5&!3)0/!,%&!G1+/1++('!03!

A51&-,1+,+!1-!b(:1!i&)/(-8H]!O$."$E6-H63%-,-1"%6*&4!"$@!JF2)1'!#R"#K!>=D!?O?E?j";!

!

T('.1-*&)H!M(71(-H!c&,)(!U0+&)H!(-.!F'&++(-.)(!V0&-(;!\i&)/(-!m&41+%!a/1*)&+!

(-.!@;A;!L-9&-,10-H]!F1$#"%(,63%-,-1"%6O$."$E!"RW!JB5,07&)!#R"WKD!O###EO#hh;!

!

T(-*H!t06Eu1-;!fA,6.&-,!F,,(5C+!(*(1-+,!$&(5%&)+D!$%&!g&90'6,10-!03!"=jj;f!P@@4$@6S6

*&4!"$@!O>;#D!#=E>=H!J#RR"K!

!

Y&.0-*H!U(0;!fB-!,%&!c&02'&e+!G&/05)(,15!G15,(,0)+%12Hf!OR!m6-&!"=W=H!'(-6T$!-,:6

I4(,A"6U*$2$%&$!6V-#D@6-,6'(-6T$!-,:WH!P&1Z1-*D!$%&!c&02'&e+!c)&++H!LVH!"W>>H!J"=jhK;!

!

Y4&1*H!!G(91.!(-.!A,(-'&8!g0+&-H!\_04!<%1-(!$)(1-&.!(!b&4!i&-&)(,10-!F7)0(.H]!*%"6

N$.6+$&!JU(8!##H!#RROK;!

!

!

! !



W#!

)*+,&-!./!0'%1-2'%*($!34(%4&'%-$!'5'&3-3!%4!61*7-$-!$%,3-7%$!

#8!"2-&*('7!,7*9-&$*%*-$:!.;<=>?==@!

!

b0,&+D!The number of Chinese students is calculated using the merged AMS-MGP data. The student’s name 

indicates Chinese ancestry based on the matching procedure described in Section III,!
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WO!

)*+,&-!?/!"9-&'+-!7,2#-&!4A!34(%4&'%-$!'5'&3-3!%4!61*7-$-!$%,3-7%$:!!

#8!%8B-!4A!3-B'&%2-7%!

!

b0,&+D!$%&!-6/7&)!03!<%1-&+&!+,6.&-,+!2)0.65&.!*19&+!(!OE8&()!/091-*!(9&)(*&!03!,%&!-6/7&)!03!+,6.&-,+!

41,%!<%1-&+&!%&)1,(*&!*)(-,&.!(!.05,0)('!.&*)&&!1-!/(,%&/(,15+!3)0/!,%&!(9&)(*&!+5%00'!1-!(!2(),156'()!8&();!

F!/1I&.!.&2(),/&-,!%(.!<%1-&+&EF/&)15(-!(.91+0)+!,%(,!+62&)91+&.!(,!'&(+,!O!.1++&),(,10-+!7&,4&&-!"=?"!

(-.!"=?h;!
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WW!

)*+,&-!C/!D,2#-&!4A!61*7-$-!$%,3-7%$!2-7%4&-3:!#8!%8B-!4A!'39*$4&!

!

b0,&+D!$%&!(--6('!-6/7&)!03!<%1-&+&!+,6.&-,+!*19&+!(!OE8&()!/091-*!(9&)(*&!03!,%&!)&+1.6('!-6/7&)!03!

+,6.&-,+!41,%!<%1-&+&!%&)1,(*&!/&-,0)&.!78!(-!(.91+0)!&(5%!8&()H!4%&)&!,%&!)&+1.6('!1+!.&31-&.!(+!,%&!

.133&)&-5&!7&,4&&-!,%&!(5,6('!-6/7&)!03!<%1-&+&!+,6.&-,+!/&-,0)&.!(-.!,%&!(9&)(*&!-6/7&)!03!<%1-&+&!

+,6.&-,+!/&-,0)&.!(--6(''8!7&30)&!"=?=;!F!/1I&.!.&2(),/&-,!%(.!<%1-&+&EF/&)15(-!(.91+0)+!,%(,!

+62&)91+&.!(,!'&(+,!O!.1++&),(,10-+!7&,4&&-!"=?"!(-.!"=?h;!F/&)15(-!(.91+0)+!()&!5'(++131&.!1-,0!/1I&.!0)!

-0-E/1I&.!.&2(),/&-,+!7(+&.!0-!,%&1)!(331'1(,10-!1-!"=??;!
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)*+,&-!@/!D,2#-&!4A!"2-&*('7!$%,3-7%$!2-7%4&-3:!#8!%8B-!4A!'39*$4&!

!

b0,&+D!$%&!(--6('!-6/7&)!03!F/&)15(-!+,6.&-,+!*19&+!(!OE8&()!/091-*!(9&)(*&!03!,%&!)&+1.6('!-6/7&)!03!

(--6('!+,6.&-,+!4%0!.0!-0,!%(9&!<%1-&+&!%&)1,(*&!/&-,0)&.!78!(-!(.91+0)!&(5%!8&()H!4%&)&!,%&!)&+1.6('!1+!

.&31-&.!(+!,%&!.133&)&-5&!7&,4&&-!,%&!(5,6('!-6/7&)!03!F/&)15(-!+,6.&-,+!/&-,0)&.!(-.!,%&!(9&)(*&!-6/7&)!

03!F/&)15(-!+,6.&-,+!/&-,0)&.!(--6(''8!7&30)&!"=?=;!F!/1I&.!.&2(),/&-,!%(.!<%1-&+&EF/&)15(-!(.91+0)+!

,%(,!+62&)91+&.!(,!'&(+,!O!.1++&),(,10-+!7&,4&&-!"=?"!(-.!"=?h;!F/&)15(-!(.91+0)+!()&!5'(++131&.!1-,0!/1I&.!

0)!-0-E/1I&.!.&2(),/&-,+!7(+&.!0-!,%&1)!(331'1(,10-!1-!"=??;!
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Wj!

)*+,&-!E/!D,2#-&!4A!B'B-&$!B,#F*$1-3:!#8!%8B-!4A!'39*$4&!

!

b0,&+D!$%&!-6/7&)!03!2(2&)+!267'1+%&.!(--6(''8!78!(-!(.91+0)!*19&+!(!OE8&()!/091-*!(9&)(*&!03!,%&!)&+1.6('!

-6/7&)!03!2(2&)+!267'1+%&.H!4%&)&!,%&!)&+1.6('!1+!.&31-&.!(+!,%&!.133&)&-5&!7&,4&&-!,%&!(5,6('!-6/7&)!03!

2(2&)+!267'1+%&.!(-.!,%&!(9&)(*&!-6/7&)!03!2(2&)+!267'1+%&.!(--6(''8!7&30)&!"=?=;!F!/1I&.!.&2(),/&-,!

%(.!<%1-&+&EF/&)15(-!(.91+0)+!,%(,!+62&)91+&.!(,!'&(+,!O!.1++&),(,10-+!7&,4&&-!"=?"!(-.!"=?h;!F/&)15(-!

(.91+0)+!()&!5'(++131&.!1-,0!/1I&.!0)!-0-E/1I&.!.&2(),/&-,+!7(+&.!0-!,%&1)!(331'1(,10-!1-!"=??;!
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! W>!

G'#F-!./!H4(%4&'F!3-+&--$!'5'&3-3!'77,'FF8!*7!2'%1-2'%*($:!!

#8!-%17*(*%8!4A!'39*$4&!'73!'39*$--!

!

! "=>hE#RRW! "=>hE"=??! "=?=E#RRh!

b6/7&)!03!.&*)&&+!(4().&.!(--6(''8! "##j;=! ?hR;W! "hhj;O!

! ! ! !

b6/7&)!(4().&.!,0!<%1-&+&!+,6.&-,+! #"R;j! >?;j! O#j;"!

c&)5&-,!41,%!(!<%1-&+&EF/&)15(-!(.91+0)! "O;#! ?;O! "W;#!

! ! ! !

b6/7&)!(4().&.!,0!F/&)15(-!+,6.&-,+! "R"j;O! >>";?! "#OR;#!

c&)5&-,!41,%!(!<%1-&+&EF/&)15(-!(.91+0)! O;W! #;?! O;>!

!
b0,&+D!$%&!.&*)&&!506-,+!)&20),&.!1-!,%1+!,(7'&!()&!5('56'(,&.!6+1-*!/&)*&.!.(,(!3)0/!,%&!FUA!(-.!Uic!31'&+;!

L-5'6+10-!1-!,%&!+(/2'&!)&N61)&+!,%(,!(.91+0)+!267'1+%!(,!'&(+,!0-&!2(2&)!7&,4&&-!"=Wh!(-.!#R"R;!F!+,6.&-,!1+!

\F/&)15(-]!13!%&!0)!+%&!.0&+!-0,!%(9&!<%1-&+&!%&)1,(*&;!

! !



! W?!

G'#F-!?/!I,22'&8!$%'%*$%*($!A4&!'39*$4&$!

! "=>hE"=??! "=?=E#RRW!

<%1-&+&EF/&)15(-!(.91+0)+! ! !

c(2&)+!267'1+%&.!2&)!8&()! ";hO#!

!

";j=j!

!<1,(,10-+!)&5&19&.!2&)!2(2&)! h;jj>! >;R>>!

!F.91+&&+!2&)!8&()! R;"j?!

!

R;#h?!

!<%1-&+&!(.91+&&+!2&)!8&()! R;RO=!

!

R;"O>!

t&()!03!31)+,!267'15(,10-! "=>#! EEE!

b6/7&)!03!(.91+0)+! #"=! EEE!

! ! !

F/&)15(-!(.91+0)+! ! !

c(2&)+!267'1+%&.!2&)!8&()! ";O?>!

!

";#>#!

!<1,(,10-+!)&5&19&.!2&)!2(2&)! j;"RR!

!

>;OhO!

!F.91+&&+!2&)!8&()! R;">>!

!

R;##?!

!<%1-&+&!(.91+&&+!2&)!8&()! R;R"h!

!

R;RWh!

!t&()!03!31)+,!267'15(,10-! "=j=! EEE!

b6/7&)!03!(.91+0)+! h#>>! EEE!

!
b0,&+D!$%&!+(/2'&!50-+1+,+!03!/(,%&/(,151(-+!(331'1(,&.!41,%!(-!F/&)15(-!1-+,1,6,10-!4%0!267'1+%&.!,%&1)!

31)+,!2(2&)!7&,4&&-!"=Wh!(-.!"=?jH!(-.!4%0!+62&)91+&.!(,!'&(+,!0-&!+,6.&-,!7&,4&&-!"=>h!(-.!#RRW;!
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! W=!

G'#F-!C/!G1-!$,BBF8!$14(J!'73!%1-!B&43,(%*9*%8!4A!B&->-K*$%*7+!'39*$4&$!

!

! G&2&-.&-,!9()1(7'&!

! !

b6/7&)!03!

+,6.&-,+!

b6/7&)!03!

<%1-&+&!

+,6.&-,+!

b6/7&)!03!

F/&)15(-!

+,6.&-,+!

b6/7&)!03!

2(2&)+!

267'1+%&.!

<1,(,10-+!

2&)!2(2&)!

267'1+%&.!

F;!P(+15!+2&51315(,10-! ! ! ! ! !

<%1-&+&!(.91+0)! R;R#>! R;R>h! ER;RW>! R;">>! ER;>?W!

! JR;R##K! JR;R"jK! JR;R"hK! JR;R?=K! JR;>h>K!

! ! ! ! ! !

P;!!U1I&.!.&2(),/&-,!%(.!+0/&!<%1-&+&!2)&+&-5&! ! ! !

<%1-&+&!(.91+0)! R;R#j! R;R>>! ER;Rh"! R;"WW! ER;??=!

! JR;R##K! JR;R"jK! JR;R"hK! JR;R=RK! JR;>jWK!

F/&)15(-!(.91+0)!1-!! ER;RRh! R;RRh! ER;R"R! ER;R??! ER;#=h!

/1I&.!.&2(),/&-,! JR;RR?K! JR;RROK! JR;RR>K! JR;R#=K! JR;W""K!

! ! ! ! ! !

<;!U1I&.!.&2(),/&-,!%(.!3)&N6&-,!<%1-&+&!2)&+&-5&! ! !

<%1-&+&!(.91+0)! R;R#>! R;R>>! ER;RhR! R;"j>! ER;=Oh!

! JR;R##K! JR;R"jK! JR;R"hK! JR;R?=K! JR;>h=K!

F/&)15(-!(.91+0)!1-!! ER;RRW! R;R"#! ER;R"j! ER;Rj=! E";R#>!

/1I&.!.&2(),/&-,! JR;R"#K! JR;RRWK! JR;R"RK! JR;RO?K! JR;j#=K!

!
b0,&+D!A,(-.().!&))0)+!()&!)&20),&.!1-!2()&-,%&+&+!(-.!()&!5'6+,&)&.!(,!,%&!(.91+0)!'&9&';!F''!)&*)&++10-+!

1-5'6.&!(!9&5,0)!03!8&()!31I&.!&33&5,+H!(!9&5,0)!03!(.91+0)!31I&.!&33&5,+H!(-.!(!9&5,0)!03!&I2&)1&-5&!31I&.!&33&5,+!

J/&(+6)1-*!,%&!(.91+0)S+!8&()+!03!40)C!&I2&)1&-5&!1-!hE8&()!7(-.+K;!F!/1I&.!.&2(),/&-,!1-!c(-&'!P!%(.!

<%1-&+&EF/&)15(-!(.91+0)+!4%0!+62&)91+&.!(,!'&(+,!"!.1++&),(,10-!7&,4&&-!"=?"!(-.!"=?hX!(!/1I&.!

.&2(),/&-,!1-!c(-&'!<!%(.!<%1-&+&EF/&)15(-!(.91+0)+!4%0!+62&)91+&.!(,!'&(+,!O!.1++&),(,10-+!7&,4&&-!"=?"!

(-.!"=?h;!F/&)15(-!(.91+0)+!()&!5'(++131&.!1-,0!/1I&.!0)!-0-E/1I&.!.&2(),/&-,+!7(+&.!0-!,%&1)!(331'1(,10-!(+!

03!"=??;!$%&!&I5'6.&.!*)062!1-!c(-&'+!P!(-.!<!()&!,%&!F/&)15(-!(.91+0)+!(331'1(,&.!41,%!-0-E/1I&.!

.&2(),/&-,+;!$%&!)&*)&++10-+!1-!,%&!31)+,!306)!50'6/-+!%(9&!"hhHRjh!07+&)9(,10-+X!,%&!)&*)&++10-+!1-!,%&!'(+,!

50'6/-!%(9&!?WH>W?!07+&)9(,10-+;!

!

! !



! hR!

G'#F-!@/!L%17*(*%8!'73!(4FF'#4&'%*47!*7!'39*$4&>'39*$--!B'*&*7+$!

!

!

L-.&2&-.&-,!9()1(7'&D!

c)07(71'1,8!03!

50(6,%0)1-*!

!

!

b6/7&)!03!2(2&)+!!

50(6,%0)&.!

<%1-&+&!(.91+0)! ER;Rh>! EEE! ! ER;O#R! EEE!

! JR;Rj?K! ! ! JR;#??K! !

<%1-&+&!(.91+&&! ER;RR#! ER;RRR! ! R;"R>! R;">W!

! JR;RhjK! JR;R>#K! ! JR;O#jK! JR;W"#K!

<%1-&+&!(.91+0)!×!<%1-&+&!(.91+&&! R;">W! R;">?! ! ";WO=! ";"#R!

! JR;R>RK! JR;R=RK! ! JR;W"hK! JR;W??K!

! ! ! ! ! !

L-5'6.&+!(.91+0)!31I&.!&33&5,+! b0! t&+! ! b0! t&+!

!
b0,&+D!A,(-.().!&))0)+!()&!)&20),&.!1-!2()&-,%&+&+H!(-.!()&!5'6+,&)&.!(,!,%&!(.91+0)!'&9&';!$%&!6-1,!03!

07+&)9(,10-!1+!(!2(),156'()!2(1)1-*!7&,4&&-!(-!(.91+0)!(-.!(-!(.91+&&;!$%&!)&*)&++10-+!%(9&!"H>?>!

07+&)9(,10-+!,%(,!1-5'6.&!(''!20++17'&!2(1)1-*+!7&,4&&-!(.91+0)+!(-.!(.91+&&+!7&,4&&-!"=>h!(-.!#RRWH!(-.!

()&!4&1*%,&.!78!,%&!,0,('!-6/7&)!03!+,6.&-,+!/&-,0)&.!78!,%&!(.91+0)!.6)1-*!,%&!2&)10.;!$%&!\2)07(71'1,8!03!

50(6,%0)1-*]!1+!(!.6//8!9()1(7'&!+&,!,0!6-1,8!13!,%&!2(),156'()!2(1)1-*!7&,4&&-!,%&!(.91+0)!(-.!,%&!(.91+&&!

&9&)!)&+6',&.!1-!(!267'1+%&.!2(2&);!$%&!.&2&-.&-,!9()1(7'&!*191-*!,%&!\-6/7&)!03!2(2&)+!50(6,%0)&.]!*19&+!

,%&!,0,('!-6/7&)!03!2(2&)+!50(6,%0)&.!78!,%&!(.91+0)E(.91+&&!2(1)1-*!.6)1-*!,%&!&-,1)&!2&)10.;!F''!

)&*)&++10-+!('+0!1-5'6.&!(!9()1(7'&!1-.15(,1-*!,%&!8&()!1-!4%15%!,%&!2(1)1-*!4(+!30)/&.;!
!

! !



! h"!

G'#F-!E/!M&->B4$%!3*AA-&-7%*'F!*2B'(%!4A!%1-!$,BBF8!$14(J:!#8!%8B-!4A!B,#F*('%*47!

!

! i)062!03!(.91+0)+!

!

!

<0''(70)(,10-!())(-*&/&-,D!

!

<%1-&+&!

(.91+0)+!

F/&)15(-!

(.91+0)+!1-!/1I&.!

.&2(),/&-,+!

F/&)15(-!(.91+0)+!

1-!-0-E/1I&.!

.&2(),/&-,+!

$0,('!-6/7&)!03!2(2&)+! R;#?R! R;"##! R;">R!

! JR;"#"K! JR;R>WK! JR;""=K!

! ! ! !
c(2&)+!41,%!<%1-&+&!(.91+&&+! R;""O! R;RRO! R;R"j!

! JR;RO?K! JR;R#hK! JR;R"=K!

! ! ! !
c(2&)+!41,%!<%1-&+&!-0-E(.91+&&+! R;Rh?! R;R#"! R;R#j!

! JR;R#OK! JR;RR>K! JR;RR=K!

! ! ! !
c(2&)+!41,%!F/&)15(-!(.91+&&+! ER;RjO! R;R?O! R;RO"!

! JR;R#OK! JR;RhjK! JR;ROhK!

! ! ! !
F''!0,%&)!50(6,%0)&.!2(2&)+! R;#??! R;"RR! R;##?!

! JR;R?"K! JR;""?K! JR;"##K!

! ! ! !
A0'0E(6,%0)&.!2(2&)+! ER;Rhh! ER;R?h! ER;"O"!

! JR;RW?K! JR;"""K! JR;RjhK!

!
b0,&+D!A,(-.().!&))0)+!()&!)&20),&.!1-!2()&-,%&+&+H!(-.!()&!5'6+,&)&.!(,!,%&!(.91+0)!'&9&';!$%&!.(,(!50-+1+,+!

03!(!2(-&'!,%(,!%(+!,40!07+&)9(,10-+!2&)!(.91+0);!$%&!.&2&-.&-,!9()1(7'&!1+!,%&!/&(-!-6/7&)!03!J&I2&)1&-5&E

(.Z6+,&.K!2(2&)+!267'1+%&.!(--6(''8!&1,%&)!7&,4&&-!"=>hE"=??!0)!"=?=E#RRW;!$%&!+,(,1+,15+!)&20),&.!1-!,%&!

,(7'&!()&!,%&!50&33151&-,+!03!,%&!1-,&)(5,10-!7&,4&&-!,%&!20+,E"=?=!1-.15(,0)!(-.!,%&!,82&!03!(.91+0)!J1;&;H!

<%1-&+&H!F/&)15(-!1-!/1I&.!.&2(),/&-,H!0)!F/&)15(-!1-!-0-E/1I&.!.&2(),/&-,K;!F!/1I&.!.&2(),/&-,!%(.!

<%1-&+&EF/&)15(-!(.91+0)+!,%(,!+62&)91+&.!(,!'&(+,!"!.1++&),(,10-!7&,4&&-!"=?"!(-.!"=?h;!F/&)15(-!

(.91+0)+!()&!5'(++131&.!1-,0!/1I&.!0)!-0-E/1I&.!.&2(),/&-,+!7(+&.!0-!,%&1)!(331'1(,10-!1-!"=??;!F''!

)&*)&++10-+!1-5'6.&!(!9&5,0)!03!9&5,0)!03!(.91+0)!31I&.!&33&5,+;!$%&!)&*)&++10-+!%(9&!?jW!07+&)9(,10-+;!

!

!

! !



! h#!

G'#F-!</!G1-!B&43,(%*9*%8!-AA-(%!4A!2-7%4&*7+!$%,3-7%$:!NO!-$%*2'%-$!

!

! A1:&!03!50''(70)(,10-!200'!1+!(!!

hE8&()!(**)&*(,&!03D!

! b6/7&)!03!

+,6.&-,+!

b6/7&)!03!&,%-15(''8!

+1/1'()!+,6.&-,+!

F;!U1I&.!.&2(),/&-,!%(.!+0/&!<%1-&+&!2)&+&-5&! ! !

M1)+,!+,(*&D! ! !

<%1-&+&!(.91+0)!×!c0+,E"=?=!1-.15(,0)! R;#""! R;O"=!

! JR;"RjK! JR;R?RK!

U1I&.!F/&)15(-!(.91+0)!×!c0+,E"=?=!1-.15(,0)! ER;R#?! ER;RWh!

! JR;RO=K! JR;ROWK!

F-*)1+,Ec1+5%C&!/6',19()1(,&!0!+,(,1+,15! #;Wj! =;j"!

! ! !

A&50-.!+,(*&D! R;=j"! R;jO=!

! JR;WO#K! JR;##hK!

! ! !

P;!U1I&.!.&2(),/&-,!%(.!3)&N6&-,!<%1-&+&!2)&+&-5&! ! !

M1)+,!+,(*&D! ! !

<%1-&+&!(.91+0)!×!c0+,E"=?=!1-.15(,0)! R;##"! R;O#>!

! JR;"RhK! JR;R>=K!

U1I&.!F/&)15(-!(.91+0)!×!c0+,E"=?=!1-.15(,0)! ER;RR#! ER;Rh#!

! JR;Rh>K! JR;RhRK!

F-*)1+,Ec1+5%C&!/6',19()1(,&!0!+,(,1+,15! #;##! =;Oh!

! ! !

A&50-.!+,(*&D! R;j=j! R;h#>!

! JR;O>>K! JR;###K!

!
b0,&+D!A,(-.().!&))0)+!()&!)&20),&.!1-!2()&-,%&+&+!(-.!()&!5'6+,&)&.!(,!,%&!(.91+0)!'&9&';!$%&!.&2&-.&-,!

9()1(7'&!1-!,%&!+&50-.!+,(*&!*19&+!,%&!-6/7&)!03!2(2&)+!267'1+%&.!78!(-!(.91+0)!1-!(!2(),156'()!8&();!$%&!

)1*%,E%(-.E+1.&!9()1(7'&!*19&+!,%&!+1:&!03!(-!(.91+0)S+!50''(70)(,10-!200'H!.&31-&.!(+!(!hE8&()!(**)&*(,&!03!

&1,%&)!,%&!,0,('!-6/7&)!03!+,6.&-,+!+62&)91+&.!0)!,%&!-6/7&)!03!&,%-15(''8!+1/1'()!+,6.&-,+!+62&)91+&.;!F''!

)&*)&++10-+!1-5'6.&!(!9&5,0)!03!8&()!31I&.!&33&5,+H!(!9&5,0)!03!(.91+0)!31I&.!&33&5,+H!(-.!(!9&5,0)!03!&I2&)1&-5&!

31I&.!&33&5,+!J/&(+6)1-*!,%&!(.91+0)S+!8&()+!03!40)C!&I2&)1&-5&!1-!hE8&()!7(-.+K;!F!/1I&.!.&2(),/&-,!1-!

c(-&'!F!%(.!<%1-&+&EF/&)15(-!(.91+0)+!4%0!+62&)91+&.!(,!'&(+,!"!.1++&),(,10-!7&,4&&-!"=?"!(-.!"=?hX!(!

/1I&.!.&2(),/&-,!1-!c(-&'!P!%(.!<%1-&+&EF/&)15(-!(.91+0)+!4%0!+62&)91+&.!(,!'&(+,!O!.1++&),(,10-+!

7&,4&&-!"=?"!(-.!"=?h;!F/&)15(-!(.91+0)+!()&!5'(++131&.!1-,0!/1I&.!0)!-0-E/1I&.!.&2(),/&-,+!7(+&.!0-!

,%&1)!(331'1(,10-!(+!03!"=??;!$%&!)&*)&++10-+!%(9&!"OOHR?"!07+&)9(,10-+;!
!

!

!

!

! !



! hO!

G'#F-!P/!G1-!$,BBF8!$14(J!'73!%1-!(&4534,%!4A!"2-&*('7!$%,3-7%$!

!

! b6/7&)!03D!

!

!

U0.&'D!

M0)&1*-!

+,6.&-,+!

F+1(-!30)&1*-!

+,6.&-,+!

<%1-&+&!

30)&1*-!

+,6.&-,+!

F;!BQAD! ! ! !

P(+15!+2&51315(,10-! ER;RW=! ER;Rhh! ER;"jh!

! JR;RO=K! JR;RhOK! JR;R>WK!

F..+!\.&/(-.!+%05C]! ER;R=h! ER;"R?! ER;#OO!

! JR;RO?K! JR;Rh#K! JR;R>WK!

P;!LVD!F!/1I&.!.&2(),/&-,!%(.!+0/&!

<%1-&+&!2)&+&-5&!

! ! !

M1)+,!+,(*&!50&33151&-,! ";WO=! R;="?! ";?W?!

! JR;Oh=K! JR;#hOK! JR;WRRK!

A&50-.!+,(*&!50&33151&-,! ER;>W=! E";">h! ER;h?O!

! JR;OW=K! JR;hORK! JR;#j?K!

<;!LVD!F!/1I&.!.&2(),/&-,!%(.!

3)&N6&-,!<%1-&+&!2)&+&-5&!

! ! !

M1)+,!+,(*&!50&33151&-,! #;hj=! ";WW#! O;#=R!

! JR;>W>K! JR;h>?K! JR;=jOK!

A&50-.!+,(*&!50&33151&-,! ER;?RR! E";W#h! ER;j#h!

! JR;hWWK! JR;=j#K! JR;W#OK!

!
b0,&+D!A,(-.().!&))0)+!()&!)&20),&.!1-!2()&-,%&+&+!(-.!()&!5'6+,&)&.!(,!,%&!+5%00'!'&9&';!$%&!.&2&-.&-,!

9()1(7'&!*19&+!,%&!-6/7&)!03!@;A;E70)-!+,6.&-,+!(4().&.!(!.05,0)('!.&*)&&!1-!/(,%&/(,15+!78!,%&!+5%00'!1-!(!

2(),156'()!8&();!$%&!1-.&2&-.&-,!9()1(7'&!1-!50'6/-!"!*19&+!,%&!-6/7&)!03!30)&1*-E70)-!.05,0)('!)&5121&-,+X!

,%&!1-.&2&-.&-,!9()1(7'&!1-!50'6/-!#!*19&+!,%&!-6/7&)!03!.05,0)('!)&5121&-,+!4%0!()&!30)&1*-E70)-!(-.!%(9&!

F+1(-!(-5&+,)8X!(-.!,%&!1-.&2&-.&-,!9()1(7'&!1-!50'6/-!O!*19&+!,%&!-6/7&)!03!.05,0)('!)&5121&-,+!41,%!

<%1-&+&!+6)-(/&+;!$%&!9()1(7'&!/&(+6)1-*!,%&!\.&/(-.!+%05C]!*19&+!,%&!-6/7&)!03!+,6.&-,+!(4().&.!

.05,0)('!.&*)&&+!06,+1.&!/(,%&/(,15+!78!&(5%!6-19&)+1,8!1-!&(5%!8&();!$%&!1-+,)6/&-,!1+!,%&!2)0.65,!03!,%&!

20+,E"=?=!1-.15(,0)!9()1(7'&!(-.!(!.6//8!9()1(7'&!1-.15(,1-*!13!,%&!/(,%&/(,15+!.&2(),/&-,!%(.!<%1-&+&E

F/&)15(-!(.91+0)+!,%(,!+62&)91+&.!(,!'&(+,!0-&!.1++&),(,10-!7&,4&&-!"=?"!(-.!"=?h!J1-!c(-&'!PKH!0)!13!,%&!

<%1-&+&EF/&)15(-!(.91+0)+!+62&)91+&.!(,!'&(+,!,%)&&!.1++&),(,10-+!J1-!c(-&'!<K;!$%&!)&*)&++10-+!%(9&!WH>Rj!

07+&)9(,10-+;!F''!)&*)&++10-+!1-5'6.&!(!9&5,0)!03!8&()!31I&.!&33&5,+!(-.!(!9&5,0)!03!+5%00'!31I&.!&33&5,+;!!

!

! !



! hW!

G'#F-!Q/!G1-!$,BBF8!$14(J!'73!'77,'F!'++&-+'%-!4,%B,%!*7!%1-!B4$%>$14(J!B-&*43!

!

! F5,6('!

-6/7&)!03!

2(2&)+!

c)&.15,&.!

-6/7&)!03!

2(2&)+!

!

!

G133&)&-5&!

F;!U1I&.!.&2(),/&-,!%(.!+0/&!<%1-&+&!2)&+&-5&! ! ! !

<%1-&+&!(.91+0)+! O>=;#! O"W;#! "#$%!

! ! ! J?;OK!

F/&)15(-!(.91+0)+!1-!/1I&.!.&2(),/&-,+! #>RR;?! #>h=;>! &#'$(!

! ! ! )'$*+!

F/&)15(-!(.91+0)+!1-!-0-E/1I&.!.&2(),/&-,+! W=Oh;?! W=WO;"! &*$,!

! ! ! J=;#K!

$0,('! ?R"h;?! ?R"j;=! &-$-!

! ! ! J"h;#K!

! ! ! !

P;!U1I&.!.&2(),/&-,!%(.!3)&N6&-,!<%1-&+&!2)&+&-5&! ! !

<%1-&+&!(.91+0)+! O>=;#! O"W;#! "#$%!

! ! ! J?;OK!

F/&)15(-!(.91+0)+!1-!/1I&.!.&2(),/&-,+! "R=#;R! ""hh;h! &",$#!

! ! ! J?;#K!

F/&)15(-!(.91+0)+!1-!-0-E/1I&.!.&2(),/&-,+! jhWW;j! jhO>;j! *$%!

! ! ! J=;#K!

$0,('! ?R"h;?! ?RR>;#! '$"!

! ! ! J"W;?K!

!
b0,&+D!A,(-.().!&))0)+!()&!)&20),&.!1-!2()&-,%&+&+;!F!/1I&.!.&2(),/&-,!1-!c(-&'!F!%(.!<%1-&+&EF/&)15(-!

(.91+0)+!4%0!+62&)91+&.!(,!'&(+,!"!.1++&),(,10-!7&,4&&-!"=?"!(-.!"=?hX!(!/1I&.!.&2(),/&-,!1-!c(-&'!P!%(.!

<%1-&+&EF/&)15(-!(.91+0)+!4%0!+62&)91+&.!(,!'&(+,!O!.1++&),(,10-+!7&,4&&-!"=?"!(-.!"=?h;!F/&)15(-!

(.91+0)+!()&!5'(++131&.!1-,0!/1I&.!0)!-0-E/1I&.!.&2(),/&-,+!7(+&.!0-!,%&1)!&/2'08/&-,!1-!"=??;!$%&!

2)&.15,&.!(--6('!-6/7&)!03!2(2&)+!1+!7(+&.!0-!(!)&*)&++10-!&+,1/(,&.!+&2()(,&'8!1-!&(5%!03!,%&!,%)&&!+(/2'&+!

03!(.91+0)+;!$%&!6-1,!03!07+&)9(,10-!1+!(-!(6,%0)E8&()X!,%&!)&*)&++10-!6+&+!07+&)9(,10-+!7&,4&&-!"=?R!(-.!

"=??X!,%&!.&2&-.&-,!9()1(7'&!1+!,%&!-6/7&)!03!2(2&)+!267'1+%&.!(-.!,%&!)&*)&++0)+!1-5'6.&!(!,%1).E0).&)!

20'8-0/1('!1-!&I2&)1&-5&!(-.!(!9&5,0)!03!(.91+0)!31I&.!&33&5,+;!$%1+!)&*)&++10-!1+!,%&-!6+&.!,0!2)&.15,!&(5%!

/(,%&/(,151(-S+!06,26,!1-!&(5%!8&()!7&,4&&-!"=?=!(-.!"==O!(-.!,%&!,(7'&!)&20),+!,%&!)&'&9(-,!(9&)(*&!03!

,%0+&!2)&.15,10-+;!

!

! !



! hh!

G'#F-!;/!G1-!-9-7%,'F!B&43,(%*9*%8!4A!%1-!61*7-$-!34(%4&'F!$%,3-7%$!

!

! A2&51315(,10-!

G&2&-.&-,!9()1(7'&D! J"K! J#K! JOK!

";!A,6.&-,!&9&)!267'1+%&.! ER;R#O! &%$%.*! ER;R"R!

! JR;RR=K! )%$%%(+! JR;RR=K!

#;!b6/7&)!03!2(2&)+!267'1+%&.! R;R#"! %$%-(! R;R#>!

! JR;R">K! )%$%-"+! JR;R"?K!

O;!b6/7&)!03!51,(,10-+! ER;Rj#! &%$%,.! ER;""R!

! JR;"OWK! )%$-,-+! JR;"hjK!

! ! ! !

L-5'6.&+!31I&.!&33&5,+!30)!+5%00'!(4().1-*!.&*)&&! b0! /01! b0!

L-5'6.&+!31I&.!&33&5,+!30)!(.91+0)! b0! 23! t&+!

!
b0,&+D!A,(-.().!&))0)+!()&!)&20),&.!1-!2()&-,%&+&+X!(''!+,(-.().!&))0)+!()&!5'6+,&)&.!(,!,%&!(.91+0)!'&9&';!$%&!

.&2&-.&-,!9()1(7'&!1-!)04!"!1+!(!.6//8!9()1(7'&!1-.15(,1-*!13!,%&!+,6.&-,!267'1+%&.!(,!'&(+,!"!2(2&)!(,!(-8!

,1/&!7&30)&!#R"RX!,%&!.&2&-.&-,!9()1(7'&!1-!)04!#!*19&+!,%&!(9&)(*&!-6/7&)!03!2(2&)+!267'1+%&.!2&)!8&()!

7&,4&&-!,%&!,1/&!,%&!.&*)&&!4(+!(4().&.!(-.!#R"RX!,%&!.&2&-.&-,!9()1(7'&!1-!)04!O!*19&+!,%&!(9&)(*&!

-6/7&)!03!51,(,10-+!)&5&19&.!2&)!8&();!F''!)&*)&++10-+!1-5'6.&!(!9&5,0)!03!31I&.!&33&5,+!.&-0,1-*!,%&!8&()!1-!

4%15%!,%&!.05,0)('!.&*)&&!4(+!(4().&.;!$%&!)&*)&++10-+!%(9&!#>H??h!07+&)9(,10-+;!

!

!

!

!

!

!


