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Urexvw Frpsdulvrqv ri Qdwxudo Uhvrxufhv

Ghsohwlrq Lqglfhv�

Sdxo Pdnglvvl| Txhqwlq Zrgrq}

Dsulo 5336

Devwudfw

Wklv qrwh dssolhv wrrov iurp wkh vwrfkdvwlf grplqdqfh olwhudwxuh rq sryhuw|

wr hqylurqphqwdo gdwd lq rughu wr whvw lq d urexvw zd| zkhwkhu ryhu0frqvxpswlrq

dqg wkhuhe| ghsohwlrq ri qdwxudo uhvrxufhv lv lqfuhdvlqj ryhu wlph1 Wkh phwkrg

lv looxvwudwhg zlwk frxqwu| gdwd rq shu fdslwd FR2 hplvvlrqv1

Nh|zrugv= Qdwxudo uhvrxufhv/ Ryhu0frqvxpswlrq/ Vwrfkdvwlf Grplqdqfh

MHO Frghv= G96/ T53

�Wkh rslqlrqv h{suhvvhg khuh duh wkrvh ri wkh dxwkruv dqg qhhg qrw uhsuhvhqw wkrvh ri wkh Zruog

Edqn/ lwv H{hfxwlyh Gluhfwruv/ ru wkh frxqwulhv wkh| uhsuhvhqw1 Wkh �uvw dxwkru kdv ehqh�wwhg iurp

wkh vxssruw ri wkh Exuhdx gh od uhfkhufkh ri Xqlyhuvlwì gh Vkhueurrnh1
| Gìsduwhphqw g*ìfrqrpltxh dqg FHUHI/ Xqlyhuvlwì gh Vkhueurrnh/ 5833/ erxohydug gh

o*Xqlyhuvlwì/ Vkhueurrnh/ Txìehf/ Fdqdgd/ M4N 5U4> Hpdlo= sdxo1pdnglvvlCXVkhueurrnh1fd1
} DIWSP/ Zruog Edqn/ 4;4; K Vwuhhw/ QZ/ Zdvklqjwrq/ GF 53766/ XVD/ Hpdlo=

tzrgrqCzruogedqn1ruj1
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4 Lqwurgxfwlrq

Kxpdq surgxfwlrq ri juhhqkrxvh jdvhv h{fhhgv wkh fdsdflw| ri wkh hduwk*v qdwxudo

vlqnv wr devrue wkhp +h1j1/ LSFF/ 5334> Khlo dqg Vhoghq/ 5334,1 Lv wkh sureohp jhwwlqj

zruvh ru ehwwhu ryhu wlphB Wklv pd| ghshqg rq wkh vwdqgdugv xvhg iru phdvxuhphqw1

Lq rughu wr frpsduh wr zkdw h{whqw wkh sureohp ri h{fhvv hplvvlrqv lv ehfrplqj

zruvh ru qrw/ zh dgrsw dq dssurdfk vlplodu wr wkh whfkqltxh ri vwrfkdvwlf grplqdqfh

xvhg lq wkh olwhudwxuh rq sryhuw|1 Lq wkdw olwhudwxuh/ wkh irfxv lv rq wkh krxvhkrogv

zkr kdyh d ohyho ri frqvxpswlrq ru lqfrph ehorz d jlyhq wkuhvkrog +wkh sryhuw|

olqh,1 Wkh whfkqltxh ri vwrfkdvwlf grplqdqfh lv wkhq xvhg wr dvvhvv zkhwkhu sryhuw|

frpsdulvrqv ryhu wlph duh urexvw wr wkh fkrlfh ri wkh sryhuw| olqh dqg sryhuw| phdvxuh

+h1j1/ Dwnlqvrq/ 4<;:> ]khqj/ 4<<</ 5333> Gxforv dqg Pdnglvvl/ 5336,1 Rxu vhwwlqj

khuh lv uhyhuvhg= zh pdnh frpsdulvrqv lq whupv ri ryhu0frqvxpswlrq e| frxqwulhv/

l1h1 frqvxpswlrq ru hplvvlrqv deryh d wkuhvkrog zklfk uhsuhvhqwv d qdwxudo uhvrxufhv

vxvwdlqdelolw| olqh1

Iurp d whfkqlfdo srlqw ri ylhz/ wkh pdlq gl�huhqfh zlwk wkh sryhuw| olwhudwxuh lv

wkdw zh exlog �grzqzdug� lqvwhdg ri �xszdug� grplqdqfh frqglwlrqv1 Wkhvh frqgl0

wlrqv fdq wkhq eh xvhg wr dvvhvv zkhwkhu frpsdulvrqv ri ryhu0frqvxpswlrq duh urexvw

wr wkh fkrlfh ri wkh qdwxudo uhvrxufhv vxvwdlqdelolw| olqh dqg wkh phdvxuhv ri qdwxudo

uhvrxufh ghsohwlrq xvhg wr djjuhjdwh dw wkh zruog ohyho ryhu0frqvxpswlrq e| frxqwulhv1

Vhfwlrq 5 suhvhqwv wkh dssurdfk1 Vhfwlrq 6 surylghv hpslulfdo hvwlpdwhv lq wkh fdvh ri

shu fdslwd ��2 hplvvlrqv1 Dowkrxjk zh irfxv khuh rq frxqwu|0ohyho ��2 hplvvlrqv/

wkh phwkrg frxog eh dssolhg wr rwkhu w|shv ri ryhu0frqvxpswlrq e| frxqwulhv/ dv zhoo

dv wr ryhu0frqvxpswlrq e| �upv ru krxvhkrogv lq dssolfdwlrqv zlwk dssursuldwh gdwd

iru wkhvh djhqwv1

5 Qdwxudo Uhvrxufh Ghsohwlrq Lqglfhv

D qdwxudo uhvrxufh kdv d uhqhzdo fdsdflw| ri S xqlwv shu djhqw dqg shu shulrg1 Li dq

djhqw*v frqvxpswlrq lv kljkhu wkdq S/ lw ghsohwhv wkh frpprq hqylurqphqwdo fdslwdo1

Wkdw lv/ dq| frqvxpswlrq ohyho kljkhu wkdq S lv qrw vxvwdlqdeoh li doo djhqwv kdyh wkh
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vdph ohyho ri frqvxpswlrq1 Vlqfh djhqwv frqvxplqj pruh wkdq S duh �pruwjdjlqj�

ixwxuh frqvxpswlrq/ zh zloo vd| wkdw wkh| ryhu0frqvxph1 Ohw 8 E%� eh wkh fxpxodwlyh

glvwulexwlrq ixqfwlrq ri frqvxpswlrq ri wkh qdwxudo uhvrxufh %1 Wklv glvwulexwlrq lv

gh�qhg ryhu dfc @o1 Lq rughu wr djjuhjdwh wkh ohyho ri ryhu0frqvxpswlrq ri pdq| djhqwv/

zh xvh dq dgglwlyh lqgh{ ri qdwxudo uhvrxufh ghsohwlrq

78 ES� '

]
@

S

r E%c S� _8 E%� c +4,

zkhuh r E%c S� uhsuhvhqwv wkh frqwulexwlrq wr wrwdo ryhu0frqvxpswlrq ri dq lqglylgxdo

zlwk frqvxpswlrq %1 Zh dvvxph wkdw r E%c S� � f iru doo % dqg wkdw r E%c S� ' f

iru doo % � S1 Zh dovr dvvxph wkdw r E%c S� lv frqwlqxrxv ryhu dfc @o1 D sduwlfxodu

vxefodvv ri wkrvh dgglwlyh lqglfhv fruuhvsrqgv wr wkh IJW lqglfhv iru sryhuw| +Irvwhu/

Juhhu dqg Wkruehfnh/ 4<;7,1 Wkh htxlydohqw ri wkh IJW lqglfhv iru ryhu0frqvxpswlrq

phdvxuhphqw duh jlyhq e|
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_8 E%� c +5,

zkhuh k � f lv d sdudphwhu uhsuhvhqwlqj lqhtxdolw| dyhuvlrq zlwk uhvshfw wr ryhu0

frqvxpswlrq1 Li k ' f/ zh kdyh wkh ryhu0frqvxpswlrq khdgfrxqw zklfk jlyhv wkh

sursruwlrq ri wkh srsxodwlrq zkr lv ryhu0frqvxplqj

7f

8
ES� ' � � 8 ES� � +6,

Li k ' �/ wkh lqgh{ uhsuhvhqwv wkh ryhu0frqvxpswlrq jds zklfk jlyhv wkh dyhudjh

ryhu0frqvxpswlrq lq wkh hqwluh srsxodwlrq1 Iru k : �/ wkh lqgh{ zloo eh vhqvlwlyh

wr wkh lqhtxdolw| lq wkh glvwulexwlrq ri ryhu0frqvxpswlrq41 Iru h{dpsoh/ k ' 2

fruuhvsrqgv wr wkh ryhu0frqvxpswlrq vtxduhg jds1 Xvlqj wkrvh lqglfhv hqdeohv xv

wr pdnh frpsdulvrqv ri ryhu0frqvxpswlrq ehwzhhq jurxsv ri djhqwv +ru frxqwulhv, ru

ehwzhhq wlph shulrgv1

Krzhyhu/ wkhuh pd| eh xqfhuwdlqw| uhjduglqj wkh h{dfw ydoxh ri S1 Li wklv lv wkh

fdvh/ d txhvwlrq dulvhv dv wr zhwkhu ru qrw ryhu0frqvxpswlrq frpsdulvrqv +ehwzhhq

jurxsv ri djhqwv ru ryhu wlph, duh urexvw wr fkdqjhv lq S1 Ixuwkhupruh/ hyhq li zh fdq

4Iru dssolfdwlrqv rq lqhtxdolw| ri FR5 hplvvlrqv/ vhh Khlo dqg Zrgrq +4<<:/ 5333,
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djuhh rq dq h{dfw ydoxh iru S/ frpsdulrqv ri ryhu0frqvxpswlrq pd| dovr ghshqg rq

wkh sduwlfxodu ixqfwlrqdo irup fkrvhq iru r E%c S�1 Zkloh wkh IJW0lqvsluhg phdvxuhv

ri ryhu0frqvxpswlrq suhvhqwhg deryh kdyh zhoo nqrzq dwwudfwlyh surshuwlhv/ vrph

revhuyhuv pljkw yhu| zhoo suhihu wr xvh rwkhu lqglfhv ri ryhu0frqvxpswlrq1

Vwrfkdvwlf grplqdqfh frqglwlrqv hqdeoh xv wr whvw iru wkh urexvwqhvv ri ryhu0

frqvxpswlrq frpsdulvrqv wr sduwlfxodu fkrlfhv iru erwk S dqg r E%c S�1 Lq rughu wr

ghvfuleh wkrvh frqglwlrqv/ zh gh�qh wzr fodvvhv ri ryhu0frqvxpswlrq lqglfhv=

P� '

�
7 ES� G

Yr E%c S�

Y%
� f

�
c +7,

dqg
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Yr E%c S�

Y%
� f dqg

Y2r E%c S�

Y%2
� f

�
� +8,

Wkh fodvv P� lqfoxghv doo dgglwlyh lqglfhv vxfk wkdw dq lqfuhdvh ri wkh frqvxpswlrq

ri rqh djhqw fdqqrw lqgxfh d ghfuhdvh lq djjuhjdwh ryhu0frqvxpswlrq1 Lqglfhv ri

wkh fodvv P2 kdyh dq dgglwlrqdo surshuw|= wkh vrfldo hydoxdwlrq ri ryhu0frqvxpswlrq

lqfuhdvhv pruh wkdq sursruwlrqdoo|1 Wkdw lv/ wkhvh lqglfhv reh| wkh vr0fdoohg Sljrx0

Gdowrq wudqvihu sulqflsoh/ zkhuhe| lq rxu frqwh{w d uhgxfwlrq lq frqvxpswlrq iru dq

lqglylgxdo ryhu0frqvxplqj pruh wrjhwkhu zlwk dq htxlydohqw lqfuhdvh lq frqvxpswlrq

iru dq lqglylgxdo zkr ryhu0frqvxphv ohvv zloo uhgxfh wkh djjuhjdwh lqgh{ ri ryhu0

frqvxpswlrq1 Lqglfhv ri wkh fodvv P2 duh wkhuhiruh vhqvlwlyh wr wkh lqhtxdolw| lq wkh

glvwulexwlrq ri ryhu0frqvxpswlrq1

Li wkhuh lv d frqvhqvxv rq wkh idfw wkdw wkh ryhu0frqvxpswlrq wkuhvkrog S fdqqrw

eh orzhu wkdq vrph plqlpxp ydoxh S3/ lw lv ihdvleoh wr od| rxw wkh iroorzlqj �uvw rughu

vwrfkdvwlf grplqdqfh frqglwlrq +iru hdvh ri h{srvlwlrq wkh surriv ri wkh sursrvlwlrqv

duh vkrzq lq dsshqgl{,1

Sursrvlwlrq 4 Wdnh wzr frqvxpswlrq glvwulexwlrqv 8 dqg C1 Ryhu0frqvxpswlrq

ghfuhdvhv zkhq zh pryh iurp 8 wr C iru doo ryhu0frqvxpswlrq lqglfhv 7 5 P� dqg

doo ryhu0frqvxpswlrq wkuhvkrogv S 5 dS3c @o li

C E%� � 8 E%� iru doo % 5
�
S3c @

�
1 +G4,
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Wklv uhvxow lv htxlydohqw wr wkh uhvxow rewdlqhg iru sryhuw| grplqdqfh fxuyhv lq

wkh sryhuw| olwhudwxuh1 Dv lq wkh fdvh ri urexvw sryhuw| frpsdulvrqv/ lw lv dovr

srvvleoh wr od| rxw d vhfrqg rughu vwrfkdvwlf grplqdqfh frqglwlrq iru lqglfhv wkdw duh

vhqvlwlyh wr lqhtxdolw|1 Lq rughu wr h{srvh wklv frqglwlrq zh gh�qh d qhz ixqfwlrq

[8 E%� '
U
@

%
8 E�� _�1

Sursrvlwlrq 5 Wdnh wzr frqvxpswlrq glvwulexwlrqv 8 dqg C1 Ryhu0frqvxpswlrq

ghfuhdvhv zkhq zh pryh iurp 8 wr C iru doo ryhu0frqvxpswlrq lqglfhv 7 5 P2 dqg

doo ryhu0frqvxpswlrq wkuhvkrogv S 5 dS3c @o li

[C E%� � [8 E%� iru doo % 5
�
S3c @

�
1 +G5,

Li wkh grplqdqfh whvw idlov ryhu dS3c @o +zkhwkhu dw wkh �uvw ru vhfrqg rughu,/ lw

pd| vwloo eh srvvleoh wr rewdlq urexvw ryhu0frqvxpswlrq frpsdulvrqv iru d uhvwulfwhg

udqjh ri ryhu0frqvxpswlrq olqhv1 Wkhvh ryhu0frqvxpswlrq wkuhvkrogv S� dqg S2 eh|rqg

zklfk frqglwlrqv G4 dqg G5 gr qrw krog dq|pruh zrxog wkhq eh jlyhq e|

S� ' �?u iS G C E%� � 8 E%� c % 5 dSc @oj c +9,

dqg

S2 ' �?u iS G [C E%� � [8 E%� c % 5 dSc @oj � +:,

Dv lq wkh olwhudwxuh rq sryhuw|/ lw lv ihdvleoh wr lqfuhdvh wkh rughu ri grplqdqfh lq

rughu wr pdnh urexvw frpsdulvrqv ri ryhu0frqvxpswlrq ryhu wlph ru ehwzhhq jurxsv/

zlwk wkh xqghuvwdqglqj wkdw dw kljkhu rughuv ri grplqdqfh/ wkh fruuhvsrqglqj dj0

juhjdwh lqglfhv ri ryhu0frqvxpswlrq kdyh pruh uhvwulfwlyh surshuwlhv +vhh Gxforv dqg

Pdnglvvl/ 5336,1 Lq jhqhudo/ urexvw frpsdulvrqv w|slfdoo| fdq eh rewdlqhg e| hlwkhu

lqfuhdvlqj wkh rughu ri grplqdqfh/ ru dffhswlqj kljkhu plqlpxp ryhu0frqvxpswlrq

wuhvkrogv iru wkh frpsdulvrqv1

6 Dssolfdwlrq wr ��2 hplvvlrqv

Wr looxvwudwh wkh phwkrgrorj|/ zh frqvlghu��2 hplvvlrqv1 Wkh lghd lv wr whvw zkhwkhu

ryhu0frqvxpswlrq/ ru pruh suhflvho| lq wkh dssolfdwlrq suhvhqwhg khuh ryhu0hplvvlrqv/
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kdyh jrqh xs ryhu wlph1 Frxqwulhv duh wkh xqlwv ri revhuydwlrqv/ exw hdfk frxqwu|

lv zhljkwhg e| lwv srsxodwlrq1 Shu fdslwd ��2 hplvvlrqv duh xvhg wr uxq wkh whvwv1

Wkh gdwd frph iurp wkh Fduerq Glr{lgh Lqirupdwlrq Dqdo|vlv Fhqwhu ri wkh X1V1

Rdn Ulgjh Qdwlrqdo Oderudwru| +wkh gdwd zhuh suhsduhg e| Pduodqg hw do1/ 5335,1

Wkh hplvvlrqv hvwlpdwhv lqfoxgh doo pdmru vrxufhv ri dqwkursrjhqlf fduerq hplvvlrqv/

h{fhsw wkrvh iurp odqg0xvh fkdqjhv zklfk duh qrw vx!flhqwo| ghyhorshg1 Zh xvh d

vxe0vdpsoh ri 485 frxqwulhv iru zklfk zh kdyh hplvvlrqv lq erwk 4<;8 dqg 4<<;/ dqg

zh frpsduh hplvvlrqv iru wkhvh wzr |hduv1

Iljxuh 4 surylghv wkh whvw iru �uvw rughu grplqdqfh1 Lq wkh sryhuw| olwhudwxuh/ wkh

whvw lv xvhg wr fkhfn zkhwkhu iru d udqjh ri sryhuw| phdvxuhv dqg sryhuw| olqhv/ rqh

fdq vd| wkdw wkhuh lv pruh sryhuw| lq rqh |hdu yhuvxv dqrwkhu1 Wkh rqo| frqglwlrq

lpsrvhg rq wkh sryhuw| phdvxuhv xqghu �uvw rughu grplqdqfh lv wkdw dv lqfrph

jrhv xs/ sryhuw| vkrxog jr grzq/ ru dw ohdvw lw vkrxog qrw lqfuhdvh1 Khuh/ zh duh

fkhfnlqj zkhwkhu zh fdq vd| zlwk frq�ghqfh wkdw wkhuh lv pruh ryhu0frqvxpswlrq lq

rqh shulrg yhuvxv dqrwkhu/ dqg wkh rqo| frqglwlrq lpsrvhg dw wkh �uvw rughu lv wkdw

dv frqvxpswlrq ri wkh qdwxudo uhvrxufh jrhv xs/ wkh lqgh{ ri ryhu0frqvxpswlrq dovr

jrhv xs/ ru dw ohdvw lv qrw uhgxfhg1

Lq Iljxuh 4/ lq rughu wr ehwwhu vkrz zkhuh wkh hplvvlrqv lqflghqfh fxuyhv iru

erwk |hduv lqwhuvhfw/ zh kdyh fxw wkh krul}rqwdo d{lv dw d ydoxh ri 44 phwulf wrqv

shu fdslwd/ hyhq wkrxjk rqh frxqwu| +Tdwdu/ ehfdxvh ri  dulqj, kdv d kljkhu ohyho ri

shu fdslwd hplvvlrqv lq 4<<;1 Wkh fxuyhv iru 4<;8 dqg 4<<; lqwhuvhfw dw d ohyho ri

hplvvlrqv deryh dssur{lpdwho| 616 phwulf wrqv/ zklfk lv yhu| kljk vlqfh rqo| d gr}hq

frxqwulhv hplw dw kljkhu ohyhov lq erwk |hduv1 Wkhvh frxqwulhv dffrxqw iru ohvv wkdq :

shufhqw ri wkh vdpsoh*v srsxodwlrq +dv lqglfdwhg rq wkh yhuwlfdo d{lv zklfk surylghv

wkh fxpxodwlyh ghqvlw| ri wkh srsxodwlrq zlwk d ohyho ri frqvxpswlrq ehorz wkh ydoxh

lqglfdwhg dw wkh krul}rqwdo d{lv,1 Wkh odujhvw hplwwhu lq whupv ri srsxodwlrq vl}h lq

wklv jurxs ri d gr}hq frxqwulhv lv wkh Xqlwhg Vwdwhv1

Wkh pdlq lpsolfdwlrq ri Iljxuh 4 lv wkdw li zh zhuh frqvlghulqj d wkuhvkrog iru

ryhu0frqvxpswlrq ehorz 616 phwulf wrqv shu shuvrq shu |hdu/ zh zrxog qrw eh deoh

wr hvwdeolvk wkdw ryhu0frqvxpswlrq kdv jrqh xs ehwzhhq 4<;8 dqg 4<<;/ hvvhqwldoo|

ehfdxvh vrph ri wkh frxqwulhv +prvwo| lq Hxursh, zkr hplw txlwh d elw exw ohvv wkdq
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616 phwulf wrqv shu shuvrq shu |hdu kdyh pdgh h�ruwv ryhu wkh shulrg lq uhylhz lq rughu

wr fxuwdlo wkhlu hplvvlrqv shu fdslwd1 Wkxv/ iru qdwxudo uhvrxufhv vxvwdlqdelolw| olqhv

ehorz 616 phwulf wrqv/ wkhuh lv qr �uvw rughu grplqdqfh ri wkh 4<;8 glvwulexwlrq ryhu

wkh 4<<; glvwulexwlrq1 Zh fdqqrw vd| zlwk pxfk frq�ghqfh wkdw ryhu0frqvxpswlrq

kdv jrqh xs ryhu wlph iru wkh prvw jhqhudo fodvv ri qdwxudo uhvrxufhv ghsohwlrq ru

ryhu0frqvxpswlrq lqglfhv dqg iru uhdvrqdeoh wkuhvkrogv ri vxvwdlqdelolw|1

Iljxuh 5 surylghv wkh whvw iru vhfrqg rughu grplqdqfh1 Wkh fxuyhv lq Iljxuh 5 duh

rewdlqhg e| wdnlqj wkh fxpxodwlyh ydoxh ri wkh lqwhjudo xqghu wkh fxuyhv lq Iljxuh

41 Lq wkh sryhuw| olwhudwxuh/ wklv whvw lv uhodwhg wr phdvxuhv ri sryhuw| vxfk dv

wkh sryhuw| jds zklfk wdnhv lqwr dffrxqw wkh glvwdqfh vhsdudwlqj wkh srru iurp wkh

sryhuw| olqh1 Lq rxu frqwh{w/ wkh fxuyhv duh uhodwhg wr wkh ryhu0frqvxpswlrq jds/

zklfk fdswxuhv e| krz pxfk frxqwulhv ryhu0frqvxph lq shu fdslwd whupv1 Lq Iljxuh

5/ zh kdyh vkrzq wkh fxuyhv rqo| iru hplvvlrqv ehorz 7 phwulf wrqv shu fdslwd1 Wklv

lv ehfdxvh zh nqrz wkdw ryhu wkdw wkuhvkrog/ wkh fxuyh iru 4<;8 zloo qhfhvvdulo| eh

kljkhu wkdq wkdw iru 4<<; +phdqlqj wkdw wkhuh lv pruh ryhu0frqvxpswlrq lq 4<<;

wkdq lq 4<<8,/ vlqfh lq Iljxuh 4/ iru hyhu| ohyho deryh 7 phwulf wrqv/ wkh lqflghqfh

fxuyh iru 4<;8 lv kljkhu wkdq wkdw iru 4<<;1 Zkdw Iljxuh 5 vkrzv lv wkdw hyhq iru

vxvwdlqdelolw| wkuhvkrogv ehorz 7 phwulf wrqv/ lqghhg iru dq| ydoxhv ri wkh qdwxudo

uhvrxufh ghsohwlrq olqh/ wkhuh lv pruh ryhu0frqvxpswlrq lq 4<<; wkdq lq 4<;8 dw wkh

vhfrqg rughu ri grplqdqfh1

7 Frqfoxvlrq

Lq wklv qrwh/ zh kdyh dgdswhg dqg dssolhg wrrov iurp wkh vwrfkdvwlf grplqdqfh olw0

hudwxuh rq sryhuw| wr hqylurqphqwdo gdwd lq rughu wr vkrz krz rqh fdq whvw lq d

urexvw zd| zkhwkhu ryhu0frqvxpswlrq dqg wkhuhe| ghsohwlrq ri qdwxudo uhvrxufhv lv

lqfuhdvlqj ryhu wlph1 Wkh phwkrg zdv looxvwudwhg zlwk frxqwu| gdwd rq shu fdslwd

��2 hplvvlrqv1 Zh irxqg wkdw dw wkh �uvw rughu ri grplqdqfh/ frxqwulhv kdyh xq0

dpeljxrxvo| ryhu0frqvxphg +l1h1/ hplwwhg ��2, pruh lq 4<<; wkdq lq 4<;8 rqo| iru

qdwxudo uhvrxufh ghsohwlrq olqhv deryh 616 phwulf wrqv shu shuvrq shu |hdu/ zklfk lv

d yhu| kljk wkuhvkrog1 Krzhyhu/ dw wkh vhfrqg rughu ri grplqdqfh/ zklfk wdnhv lqwr
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Figure 1: First Order Dominance, 1985-1998
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 Source: Authors’ estimates using Oak Ridge National Laboratory data.

Figure 2: Second Order Dominance, 1985-1998
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  Source: Authors’ estimates using Oak Ridge National Laboratory data.
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