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Wkh Djh dw Iluvw Eluwk dqg Frpsohwhg Ihuwlolw|

Uhfrqvlghuhg= Ilqglqjv iurp d Vdpsoh ri

Lghqwlfdo Wzlqv

Kdqv0Shwhu NrkohuW D{ho Vn|wwkh_ Ndduh Fkulvwhqvhqh

Pdufk 9/ 5334

Devwudfw

Lq wklv sdshu zh xvh qhz phwkrgv dqg gdwd wr uhdvvhvv wkh uhodwlrqvkls ehwzhhq
wkh djh dw �uvw eluwk dqg frpsohwhg ihuwlolw|1 Lq sduwlfxodu zh dwwhpsw wr surshuo|
hvwlpdwh wkh srvwsrqhphqw h�hfw/ l1h1/ wkh uhgxfwlrq lq ihuwlolw| dvvrfldwhg zlwk d ghod|
lq fklogehdulqj/ xvlqj d vdpsoh ri Gdqlvk prqr}|jrwlf wzlqv eruq 4<78�93 wr frqwuro
iru xqrevhuyhg khwhurjhqhlw|1 Zlwklq0P] wzlq sdlu hvwlpdwhv ri wkh srvwsrqhphqw
h�hfw lqglfdwh wkdw d rqh |hdu ghod| lq wkh �uvw eluwk uhgxfhv frpsohwhg ihuwlolw|
e| derxw 6( iru erwk pdohv dqg ihpdohv1 Wkh h�hfw lv vljql�fdqwo| vwurqjhu iru
roghu frkruwv/ dqg lw lv vwurqjhu iru ihpdohv zlwk d odwh ghvluhg hqwu| lqwr sduhqwkrrg1
Dqdo|vhv wkdw idlo wr frqwuro iru xqrevhuydeohv xqghuhvwlpdwh wklv srvwsrqhphqw h�hfw
ehwzhhq 43�58(/ dqg wkh| xqghuhvwlpdwh wkh dqqxdo ghfolqh ri wklv h�hfw e| xs wr 83(1
Pruhryhu/ rxu hvwlpdwhv lqglfdwh lpsruwdqw fkdqjhv dfurvv frkruwv lq wkh uhohydqfh ri
fklog0suhihuhqfhv dqg delolw| fkdudfwhulvwlfv iru wkh djh dw �uvw eluwk dqg wkh sdfh dqg
ohyho ri vxevhtxhqw ihuwlolw|1

MHO Fodvvl�fdwlrq= M46 +wklv yhuvlrq= wz�uvwe35f1wh{,

4 Lqwurgxfwlrq

Lq wkh odvw wzr ghfdghv wkh phdq djh dw �uvw eluwk kdv vxevwdqwldoo| lqfuhdvhg lq pdq|

frxqwulhv/ dqg wklv ulvh kdv ehhq dvvrfldwhg zlwk d vxevwdqwldo ghfolqh lq wkh revhuyhg wrwdo

WKhdg ri Uhvhdufk Jurxs rq Vrfldo G|qdplfv dqg Ihuwlolw|/ Pd{ Sodqfn Lqvwlwxwh iru Ghprjudsklf
Uhvhdufk/ Grehudqhu Vwu1 447/ 4;38: Urvwrfn/ Jhupdq|1 Who= .7<06;4053;40456/ Id{= .7<06;4053;40756/
Hpdlo= nrkohuCghprju1psj1gh/ zzz= kwws=22xvhu1ghprju1psj1gh2nrkohu1

_Uhvhdufk Vflhqwlvw/ Lqvwlxwh ri Sxeolf Khdowk dqg Gdqlvk Fhqwhu iru Ghprjudsklf Uhvhdufk/
VGX0Rghqvh/ Vgu1 Erxohydug 56D/ 8333 Rghqvh F/ Ghqpdun/ Who= .780988306367/ hpdlo=
dvn|wwkhCkhdowk1vgx1gn

hUhvhdufk Surihvvru/ Lqvwlxwh ri Sxeolf Khdowk dqg Gdqlvk Fhqwhu iru Ghprjudsklf Uh0
vhdufk/ VGX0Rghqvh/ Vgu1 Erxohydug 56D/ 8333 Rghqvh F/ Ghqpdun/ Who= .78098830637</ hpdlo=
nfkulvwhqvhqCkhdowk1vgx1gn
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ihuwlolw| udwhv1 Iru lqvwdqfh/ wkh phdq djh dw �uvw eluwk lq Lwdo| kdv ulvhq ehwzhhq 4<;3

dqg 4<<9 iurp 5813 wr 5;17 |hduv/ dqg wkh wrwdo ihuwlolw| udwh +WIU, kdv ghfolqhg iurp

4197 wr 414<1 D vlploduo| vwulnlqj ghyhorsphqw rffxuuhg lq Vsdlq/ zkhuh wkh phdq djh dw

�uvw eluwk kdv ulvhq iurp 5813 wr 5;1< |hduv gxulqj 4<;3 wr 4<<;/ zkloh wkh WIU ghfolqhg

iurp 515 wr 4149 +Frxqflo ri Hxursh 4<<</ 5333,1 Wkhvh ghod|v lq fklogehdulqj lq uhfhqw

ghfdghv duh iuhtxhqwo| vhhq dv d frqvhtxhqfh ri lqfuhdvhg uhwxuqv wr +ihpdoh, hgxfdwlrq

dqg oderu0pdunhw sduwlflsdwlrq/ dqg wkh gl!fxowlhv wr frpelqh fklogehdulqj zlwk hlwkhu

oderu irufh sduwlflsdwlrq ru kljkhu hgxfdwlrq +Euhzvwhu dqg Ulqgixvv 5333> Fljqr 4<<7>

Jxvwdivvrq 4<<<> Ohvwkdhjkh dqg Zloohpv 4<<<> Ulqgixvv hw do1 5333,1

Lq ylhz ri wkhvh xqsuhfhghqwhg lqfuhdvhv lq wkh phdq djh dw eluwk dqg uhgxfwlrqv lq

ihuwlolw|/ lw lv hvvhqwldo wr uhylvlw dq rog txhvwlrq lq ghprjudsk| dqg wkh hfrqrplfv ri ihu0

wlolw|= wkh uhodwlrq ehwzhhq wkh djh dw �uvw eluwk dqg frpsohwhg ihuwlolw|1 Lq sduwlfxodu/

zh dwwhpsw lq wklv sdshu wr surshuo| hvwlpdwh wkh srvwsrqhphqw h�hfw/ l1h1/ wkh uhgxfwlrq

lq ihuwlolw| wkdw lv fdxvdoo| dvvrfldwhg zlwk d ghod| lq fklogehdulqj1 Dw ohdvw irxu uhdvrqv

uhqghu wklv srvwsrqhphqw h�hfw ri frqvlghudeoh wkhruhwlfdo dqg hpslulfdo lqwhuhvw wr gh0

prjudskhuv dqg hfrqrplvwv= +d, Wkh rqvhw dqg frpsohwhg ohyho ri fklogehdulqj frqvwlwxwh

wzr fhqwudo dvshfwv ri frqwhpsrudu| ihuwlolw| ehkdylru wkdw qhhg wr eh lqfrusrudwhg lq

dq| wkhruhwlfdo iudphzrun wkdw lqfoxghv wkh wlplqj dv dq lpsruwdqw frpsrqhqw ri ihuwlolw|

ghflvlrqv +Krw} hw do1 4<<:,1 +e, Xqghuvwdqglqj wkh fdxvdo uhodwlrq ehwzhhq wkh djh dw �uvw

eluwk dqg frpsohwhg ihuwlolw| khosv wr dvvhvv wkh orqj0whup lpsolfdwlrqv ri d eurdg udqjh

ri vrflrhfrqrplf fkdqjhv wkdw wudqvirup wkh kxpdq0fdslwdo dffxpxodwlrq/ oderu pdunhw

sduwlflsdwlrq/ sduwqhuvkls irupdwlrq dqg uhodwhg ehkdylruv gxulqj hduo| dgxowkrrg +h1j1/

vhh Exfkpdqq 4<;< iru d glvfxvvlrq ri vxfk fkdqjhv lq hduo| dgxowkrrg,1 +f, Wkh delolw| wr

iruhfdvw wkh frpsohwhg ihuwlolw| ri frkruwv/ zkr kdyh qrw �qlvkhg fklogehdulqj/ lv juhdwo|

idflolwdwhg e| nqrzohgjh wkdw uhodwhv hduo| ihuwlolw| lqglfdwruv�vxfk dv wkh djh dw �uvw

eluwk�wr frpsohwhg ihuwlolw| +Ohh 4<;4,1 +g, Wkh uhodwlrq ehwzhhq wkh srvwsrqhphqw ri

ihuwlolw| dqg wkh frpsohwhg ohyho ri ihuwlolw| lv hvvhqwldo iru hydoxdwlqj uhfhqw ghprjudsklf

phwkrgv wkdw dgmxvw wkh frpprqo| xvhg wrwdo ihuwlolw| udwh iru wkh glvwruwlrqv fdxvhg e| d

ghod| lq fklogehdulqj +Erqjdduwv dqg Ihhqh| 4<<;> Nrkohu dqg Ruwhjd 5334> Nrkohu dqg

Sklolsry 5334,1

Wkh qhjdwlyh dvvrfldwlrq ehwzhhq wkh djh dw �uvw eluwk dqg frpsohwhg ihuwlolw| kdv ehhq

nqrzq iru txlwh vrph wlph dqg frqvwlwxwhv dq lpsruwdqw hpslulfdo uhjxodulw| lq wkh ihuwlolw|

sdwwhuqv ri lqglylgxdov dqg frkruwv +h1j1/ Eloodul dqg Nrkohu 5333> Expsdvv dqg Pexuxjx

4<::> Expsdvv hw do1 4<:;> Iuhmnd dqg Fdorw 5334> Pdulql dqg Krgvgrq 4<;4> Suhvvhu 4<:4>
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Wuxvvhoo dqg Phqnhq 4<:;,1 Lq dgglwlrq wr wkh udslg fkdqjh lq wkh wlplqj ri ihuwlolw| lq

ghyhorshg frxqwulhv/ wkh uhqhzhg lqwhuhvw lq wklv lvvxh lv dovr vwlpxodwhg e| dgydqfhv lq

hfrqrplf olih0f|foh prghov ri ihuwlolw| +h1j1/ Jxvwdivvrq 4<<<> Kdssho hw do1 4<;7> Khfnpdq

hw do1 4<;8> Uledu 4<<9> \dpdjxfkl dqg Ihujxvrq 4<<8,1 Lq sduwlfxodu/ wkhvh prghov

vxjjhvw vhyhudo fdxvdo phfkdqlvpv wkdw fdq srwhqwldoo| h{sodlq d qhjdwlyh uhodwlrq ehwzhhq

wkh rqvhw ri fklogehdulqj dqg wkh ohyho ri frpsohwhg ihuwlolw|= dq hduo| djh dw �uvw eluwk lv

dvvrfldwhg zlwk d orqjhu ulvn ri suhjqdqf| gxh wr lpshuihfw frqwudfhswlrq +h1j1/ Urvhq}zhlj

dqg Vfkxow} 4<;8,> kxpdq0fdslwdo dffxpxodwlrq dqg oderu pdunhw h{shulhqfh sulru wr wkh

�uvw eluwk d�hfw wkh lqfhqwlyhv iru wkh wlplqj dqg qxpehu ri vxevhtxhqw fkloguhq +h1j1/

Fljqr dqg Huplvfk 4<;<> Jxvwdivvrq 4<<<> Kdssho hw do1 4<;7> Krw} dqg Ploohu 4<;;>

Pr!ww 4<;7,> dqg ihfxqglw| whqgv wr ghfolqh zlwk djh/ dowkrxjk uhfhqw uhvhdufk vxjjhvwv

wkdw wklv dvshfw pd| eh txlwh prghvw xqwlo djh 68 +h1j1/ Fkulvwhqvhq hw do1 4<<;> Iudqn

hw do1 4<<7> Phqnhq hw do1 4<;9,1

Ghvslwh wkh dssduhqwo| dpsoh hylghqfh rq wkh uhodwlrq ehwzhhq wkh rqvhw dqg vxevh0

txhqw ohyho ri ihuwlolw|/ wkh lqwhusuhwdwlrq ri wkh hpslulfdo �qglqjv lv vxemhfw wr d khdwhg

ghedwh1 Lq sduwlfxodu/ vhyhudo dxwkruv kdyh srlqwhg rxw wkdw rqo| d sduw ri wkh revhuyhg

qhjdwlyh dvvrfldwlrq lv gxh wr fdxvdo phfkdqlvpv/ zkloh dqrwkhu sduw lv gxh vsxulrxv h�hfwv

+Khfnpdq hw do1 4<;8> Pdulql dqg Krgvgrq 4<;4,1 Wkh glvwlqfwlrq ehwzhhq wkh fdxvdo dqg

vsxulrxv h�hfwv srvhv d vxevwdqwldo fkdoohqjh wr dqdo|vwv1 Lq sduwlfxodu/ vwdqgdug hvwlpd0

wlrqv ri wkh uhodwlrq ehwzhhq wkh djh dw �uvw eluwk dqg frpsohwhg ihuwlolw| duh kdpshuhg

e| xqrevhuyhg gl�huhqfhv dprqj lqglylgxdov wkdw d�hfw erwk wkh djh ri hqwu| lqwr sdu0

hqwkrrg dqg wkh sdfh ru ohyho ri vxevhtxhqw ihuwlolw|1 Wkuhh eurdg fodvvhv ri vxfk idfwruv/

zklfk fdxvh eldvhg ru lqfrqvlvwhqw hvwlpdwhv ri wkh srvwsrqhphqw h�hfw lq frqyhqwlrqdo

dqdo|vhv/ vhhp uhohydqw= +d, khwhurjhqhlw| lq wkh suhihuhqfhv ru ghvluhv iru fkloguhq> +e,

khwhurjhqhlw| lq elrorjlfdo ihfxqglw| ri zrphq ru frxsohv> +f, khwhurjhqhlw| lq cdelolw|*

wkdw d�hfwv wkh lqfhqwlyhv wr lqyhvw lq hgxfdwlrq ru oderu pdunhw vnloov1 Hyhq frpsuhkhq0

vlyh vrflrhfrqrplf vxuyh| gdwd rq lqglylgxdo fkdudfwhulvwlfv gr qrw doorz wr ixoo| frqwuro

iru wkhvh xqrevhuyhg idfwruv/ dqg wkh uhvxowlqj hvwlpdwhv wkxv uhpdlq srwhqwldoo| eldvhg

hyhq lq vrsklvwlfdwhg pxowlyduldwh dqdo|vhv1

Lq wklv sdshu zh wkhuhiruh fkrrvh dq dowhuqdwlyh vwudwhj| dqg xvh prqr}|jrwlf +lghq0

wlfdo, Gdqlvk wzlqv eruq ehwzhhq 4<78�93 lq rughu wr ryhufrph wkh hvwlpdwlrq sureohpv

fdxvhg e| xqrevhuyhg fkdudfwhulvwlfv1 Xqghu fhuwdlq dvvxpswlrqv zlwklq0P] wzlq hvwl0

pdwhv doorz wkh lghqwl�fdwlrq ri wkh wuxh srvwsrqhphqw h�hfw hyhq zkhq lqglylgxdov gl�hu

zlwk uhvshfw wr wkhlu fklog0suhihuhqfhv/ ihfxqglw| dqg delolw|1 Wkh uhvxowv rewdlqhg iurp
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wkhvh zlwklq wzlq hvwlpdwhv uhhpskdvl}h vrph nqrzq idfwv derxw wkh lqwhuuhodwlrq ehwzhhq

wkh rqvhw dqg ohyho ri ihuwlolw|/ dqg wkh| dgg vrph qhz lqvljkwv derxw lwv fkdqjhv ryhu wlph1

Rxu dqdo|vhv frq�up wkh h{lvwhqfh ri d uhohydqw srvwsrqhphqw h�hfw iru erwk pdohv

dqg ihpdohv1 Rq dyhudjh/ dq dgglwlrqdo |hdu ri ghod| lq fklogehdulqj uhgxfhv frpsohwhg

ihuwlolw| e| 6( iru ihpdohv dqg 617( iru pdohv1 Li lqwhudfwlrqv zlwk eluwk |hduv duh lqfoxghg/

d fohdu wuhqg wrzdugv d uhgxfhg uhohydqfh ri wklv srvwsrqhphqw h�hfw lq |rxqjhu frkruwv

hphujhv iru erwk pdohv dqg ihpdohv1 Wkh idloxuh wr dffrxqw iru xqrevhuyhg idfwruv vxfk dv

csuhihuhqfhv* iru fkloguhq dqg chfrqrplf delolw|* fdq vxevwdqwldoo| glvwruw wkhvh hvwlpdwhv

ri wkh srvwsrqhphqw h�hfw dqg lwv fkdqjh ryhu wlph1 Rq rqh kdqg/ ruglqdu| ohdvw vtxduh

uhjuhvvlrq +ROV, vxevwdqwldoo| xqghuhvwlpdwhv wkh uhohydqfh ri �uvw0eluwk wlplqj iru frp0

sohwhg ihuwlolw| iru frkruwv eruq durxqg 4<781 Lq dgglwlrq/ vwdqgdug ROV hvwlpdwlrqv dovr

xqghuhvwlpdwh wkh sdfh dw zklfk wklv h�hfw lv uhgxfhg lq |rxqjhu eluwk frkruwv= wkh gh0

folqh lq wkh pdjqlwxgh ri wkh srvwsrqhphqw h�hfw lv xs wr wzlfh dv odujh lq wkh zlwklq0P]

hvwlpdwlrq dv lq wkh ROV uhvxowv1

Wkh prghov lq wklv sdshu dovr doorz dq hydoxdwlrq ri krz xqrevhuyhg idfwruv d�hfw

wkh ohyho dqg wlplqj ri ihuwlolw|1 Lq sduwlfxodu/ vwdqgdug ROV uhvxowv xqghuhvwlpdwh wkh

srvwsrqhphqw h�hfw iru ihpdohv lq roghu frkruwv dqg ryhuhvwlpdwh lw lq |rxqjhu frkruwv1

Iru pdohv/ wkh xqghuhvwlpdwlrq lv vxevwdqwldoo| uhgxfhg ryhu wlph1 Frpelqhg zlwk rxu

wkhruhwlfdo dqdo|vhv/ wklv sdwwhuq ri glvwruwlrqv vxjjhvwv wkdw yduldwlrq lq xqrevhuyhg fkdu0

dfwhulvwlfv uhodwhg wr wkh hfrqrplf frvwv dqg uhwxuqv ri d ihuwlolw| srvwsrqhphqw lv pruh

lpsruwdqw iru gl�huhqfhv lq wkh wlplqj dqg ohyho ri ihuwlolw| lq roghu frkruwv/ zkloh gli0

ihuhqfhv lq ihuwlolw| vhhp wr eh pruh uhodwhg wr xqrevhuyhg yduldwlrq lq wkh suhihuhqfhv

iru fkloguhq lq |rxqjhu frkruwv1 Dfurvv phuho| 48 eluwk frkruwv eruq gxulqj 4<78�93 rxu

dqdo|vhv vxjjhvw lpsruwdqw wudqvirupdwlrqv lq wkh ghwhuplqdqwv ri hduo| ihuwlolw| ehkdylru1

Gl�huhqfhv lq suhihuhqfhv kdyh dssduhqwo| jdlqhg lq lpsruwdqfh uhodwlyh wr fkdudfwhulvwlfv

wkdw ghwhuplqh wkh hfrqrplf frvwv dqg uhwxuqv ri d ghod| lq fklogehdulqj1 Vxfk d vkliw

lv wr eh h{shfwhg lq vrflhwlhv wkdw surylgh lqfuhdvlqj frpsdwlelolw| ehwzhhq ihpdoh oderu

pdunhw fduhhuv dqg ihuwlolw| dqg wkdw surylgh lqfuhdvlqjo| hjdolwduldq olih0frxuvh rswlrqv iru

lqglylgxdov1 Pruhryhu/ wklv vkliw lv dovr frqvlvwhqw zlwk uhodwhg �qglqjv wkdw vkrz dq lq0

fuhdvlqj uhohydqfh ri yduldwlrqv lq jhqhwlf glvsrvlwlrqv iru gl�huhqfhv lq ihuwlolw|/ hvshfldoo|

iru ihpdohv/ dqg wkh dujxphqw wkdw wkhvh hphujlqj jhqhwlf lq xhqfhv shuwdlq/ dw ohdvw

lq sduw/ wr jhqhwlfdoo| phgldwhg gl�huhqfhv lq prwlydwlrqv dqg suhihuhqfhv iru fkloguhq

+Nrkohu hw do1 4<<</ 5333> Urgjhuv hw do1 5334,1

Ilqdoo|/ rxu dqdo|vhv uhyhdo dq lpsruwdqw vh{0gl�huhqfh lq wkh jhqhudo wuhqg wrzdugv
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d uhgxfhg uhohydqfh ri wkh srvwsrqhphqw h�hfwv1 Iru ihpdohv/ exw qrw iru pdohv/ rxu

dqdo|vhv vkrz d ghshqghqfh ri wkh srvwsrqhphqw h�hfw rq wkh ghvluhg djh dw �uvw eluwk1

Iru lqvwdqfh/ wkh ihuwlolw| ri zrphq zkr kdyh kljk uhwxuqv wr lqyhvwlqj lq kxpdq0fdslwdo

dqg oderu pdunhw h{shulhqfh ghshqgv pruh vwurqjo| rq wkh wlplqj ri wkhlu �uvw fklog wkdq

wkh ihuwlolw| ri zrphq zlwk orzhu uhwxuqv1 Wklv h�hfw lv qrw rqo| uhohydqw zlwklq eluwk

frkruwv/ exw kdv dovr lpsolfdwlrqv iru wkh fkdqjhv lq wkh srvwsrqhphqw h�hfw ryhu wlph1

Lq sduwlfxodu/ vrflrhfrqrplf ghyhorsphqwv wkdw ohdg wr dq lqfuhdvlqj ghod| ri fklogehdulqj

sduwldoo| frpshqvdwh wkh jhqhudo wuhqg wrzdugv d uhgxfhg uhohydqfh srvwsrqhphqw h�hfw

ehfdxvh frpsohwhg ihuwlolw| uhdfwv pruh vhqvlwlyh wr wkh wlplqj ri �uvw eluwk dw odwhu djhv

ri hqwhulqj sduhqwkrrg1 Ghshqglqj rq wkh ixwxuh lqfuhdvhv lq wkh phdq djh dw �uvw eluwk/

wklv h�hfw fdq vxevwdqwldoo| uhgxfh d ixuwkhu zhdnhqlqj ri wkh srvwsrqhphqw h�hfw1

5 Wkhruhwlfdo Iudphzrun

Wkh hpslulfdo lghqwl�fdwlrq ri wkh srvwsrqhphqw h�hfw iurp revhuydwlrqdo gdwd uhtxluhv

dvvxpswlrqv derxw wkh lq xhqfhv ri xqrevhuyhg idfwruv rq wkh djh dw �uvw eluwk +khqfhiruwk

DIE, dqg frpsohwhg ihuwlolw|1 Lq rughu wr surylgh d vwuxfwxuh iru rxu hpslulfdo dqdo|vlv/

zh vhw rxw d vlpsoh rswlpl}lqj prgho iru wkh wlplqj ri �uvw eluwkv dqg wkh fkrlfh ri

vxevhtxhqw ihuwlolw|1 Wkh wkuhh nh| idfwv wklv wkhru| pxvw fdswxuh duh= +d, wkh uhodwlrqvkls

ehwzhhq wkh DIE dqg wkh +orjdulwkp, ri frpsohwhg ihuwlolw| lv dssur{lpdwho| olqhdu dfurvv

d vxevwdqwldo djh udqjh> +e, wkh wlplqj dqg ohyho ru ihuwlolw| duh vwurqjo| lq xhqfhg e|

wkh suhihuhqfhv iru fkloguhq/ elrorjlfdo ihfxqglw|/ wkh lqfhqwlyhv wr lqyhvw lq hgxfdwlrq dqg

oderu pdunhw h{shulhqfh> dqg +f, vrph xqrevhuyhg idfwruv ghwhuplqh erwk wkh DIE dqg

vxevhtxhqw ihuwlolw| jlyhq wkh DIE1

Vlqfh rxu hpslulfdo hvwlpdwlrq lv edvhg rq gdwd rq lghqwlfdo wzlqv/ zh frqvlghu lq

wkh iroorzlqj prgho wkh ihuwlolw| ehkdylru ri wzlq l zlwklq wzlq sdlu m1 Zh doorz iru

khwhurjhqhlw| lq suhihuhqfhv dqg hfrqrplf lqfhqwlyhv wr srvwsrqh ihuwlolw| e| lqwurgxflqj

wkh suhihuhqfh sdudphwhu !��/ wkh delolw| sdudphwhu ���/ dqg d sdudphwhu uh hfwlqj wkh

djh0uhodwhg frvwv ri srvwsrqhphqw ���1 Wkhvh sdudphwhuv duh vshfl�f iru wzlq l lq sdlu m

dqg ghwhuplqh v|vwhpdwlf gl�huhqfhv lq wkh ghvluhg wlplqj dqg ohyho ri ihuwlolw|1 Lq rxu

prgho zh dvvxph wkdw yduldwlrq zlwk uhvshfw wr wkhvh ghwhuplqdqwv ri ihuwlolw| ehkdylru lv

gxh wr hlwkhu jhqhwlf glvsrvlwlrqv ru vrfldol}dwlrq lq wkh sduhqwdo krxvhkrog1

Iru vlpsolflw| zh devwudfw lq wkh vxevhtxhqw prgho iurp lqwhuwhpsrudo rswlpl}dwlrq

dqg mrlqw krxvhkrog ghflvlrq0pdnlqj derxw ihuwlolw| +dq h{whqvlrq ri wkh prgho wkdw lq0
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foxghv dvvruwdwlyh pdwlqj dqg mrlqw ihuwlolw| ghflvlrqv lv suhvhqwhg lq wkh Dsshqgl{ D14,1

Zh dvvxph wkdw sduhqwv pd{lpl}h d xwlolw| ixqfwlrq X+f�� > q��, @ +4�!��, orj f��.!�� orjq��

wkdw ghshqgv rq frpsohwhg ihuwlolw| q��/ zklfk lv d frqwlqxrxv yduldeoh lq rxu prgho/ dqg

+olihwlph, frqvxpswlrq f��1 Wkh sdudphwhu !��/ zlwk 3 ? !�� ? 4/ uh hfwv wkdw lqglylgx0

dov pd| gl�hu zlwk uhvshfw wr wkhlu fklog0suhihuhqfhv1 Lqglylgxdov zlwk kljk ohyhov ri !��

whqg wr jdlq uhodwlyho| pruh xwlolw| iurp fkloguhq/ zkloh lqglylgxdov zlwk orz ohyhov ri !��

rewdlq uhodwlyho| pruh xwlolw| iurp wkh frqvxpswlrq ri jrrgv1 Wkh deryh xwlolw| ixqfwlrq

dovr lpsolhv wkdw lqwhqghg fklogohvvqhvv grhv qrw rffxu +fklogohvvqhvv lv dvvrfldwhg zlwk d

xwlolw| ohyho ri plqxv lq�qlw|, dqg doo lqglylgxdov zloo ghvluh wr kdyh dw ohdvw vrph fkloguhq

vr wkdw q�� A 31

Ehfdxvh lpsruwdqw ghwhuplqdqwv ri ihuwlolw| rxwfrphv/ vxfk dv sduwqhuvkls irupdwlrq/

frqwudfhswlrq dqg frqfhswlrq/ duh vxemhfw wr udqgrp lq xhqfhv eh|rqg wkh frqwuro ri

lqglylgxdov/ sduhqwv fdq rqo| lpshuihfwo| frqwuro wkhlu djh dw �uvw eluwk W�� dqg wkhlu

frpsohwhg ihuwlolw| q��1 Lq sduwlfxodu/ zh dvvxph wkdw orjq�� @ orjq_�� . %�� dqg W�� @

W_
��.���/ zkhuh q_�� dqg W _

�� duh uhvshfwlyho| wkh ghvluhg qxpehu ri fkloguhq dqg wkh ghvluhg

DIE/ dqg %�� dqg ��� uhsuhvhqw udqgrp lq xhqfhv zlwk phdq }hur1 Sduhqwv fdq lq xhqfh

wkh ohyho dqg wlplqj ri wkhlu ihuwlolw| e| fkrrvlqj d ghvluhg qxpehu ri fkloguhq q_�� dqg d

ghvluhg djh dw �uvw eluwk W _
�� 1 Wkhlu dfwxdo wlplqj dqg ohyho ri ihuwlolw| lv wkhq ghwhuplqhg

e| wkh frpelqdwlrq ri wkhvh ghvluhg ydoxhv dqg wkh udqgrp lq xhqfhv %�� dqg ���1

Lq dgglwlrq wr wkh suhihuhqfhv jlyhq deryh/ wkh lqfhqwlyhv iru wkh wlplqj dqg ohyho ri

ihuwlolw| ghshqg rq wkh iroorzlqj dvshfwv ri rxu wkhruhwlfdo iudphzrun1 Kxpdq fdslwdo

irupdwlrq= kxpdq fdslwdo lqfuhdvhv wkh odwhu dq lqglylgxdo hqwhuv sduhqwkrrg dv k�� @

���W�� . ��� 1 Wkh whup ��� lv d udqgrp lq xhqfh rq wklv kxpdq fdslwdo ohyho/ dqg ��� lv

wkh delolw| sdudphwhu wkdw ghwhuplqhv wkh lqfhqwlyhv iru ghod|lqj fklogehdulqj lq rughu wr

idflolwdwh wkh dffxpxodwlrq ri kxpdq fdslwdo1 Wkh ghshqghqfh ri kxpdq fdslwdo rq wkh

DIE fdswxuhv wkh idfw wkdw fkloguhq duh riwhq lqfrpsdwleoh zlwk hlwkhu irupdo hgxfdwlrq

ru fduhhuv zlwk d kljk dffxpxodwlrq ri kxpdq0fdslwdo rq wkh mre1 Lpsruwdqw gl�huhqfhv

dprqj lqglylgxdov/ krzhyhu/ h{lvw zlwk uhvshfw wr wkhlu uhwxuqv ri ghod|lqj eluwkv1 Rq rqh

kdqg/ ckljk delolw|* lqglylgxdov kdyh odujh ydoxhv ri ��� dqg wkxv kdyh d odujh lqfhqwlyh

wr srvwsrqh ihuwlolw| lq rughu wr lqfuhdvh wkhlu kxpdq fdslwdo> rq wkh rwkhu kdqg/ corz

delolw|* lqglylgxdov kdyh vpdoo ydoxhv ri ��� dqg wkhuhiruh h{shfw rqo| vpdoo kxpdq fdslwdo

jdlqv iurp ghod|lqj sduhqwkrrg +h1j1/ vhh Ehkupdq dqg Wdxepdq 4<;< iru hvwlpdwhv ri

delolw| gl�huhqfhv dprqj lqglylgxdov dqg wkh uhodwlyh frqwulexwlrqv ri hqylurqphqwdo dqg

jhqhwlf idfwruv wr wkhvh gl�huhqfhv,1 Dqqxdo zdjhv= wkh dqqxdo zdjhv z�� hduqhg gxulqj



:

hdfk |hdu dq lqglylgxdo sduwlflsdwhv lq wkh oderu pdunhw lv jlyhq e| orjz�� @ k�� 1 Oderu

pdunhw sduwlflsdwlrq= zrphq*v wrwdo |hduv lq wkh oderu pdunhw ghshqgv rq wkh DIE dv

O�� @ ��� h{s+����@5 � + �W � W��,
2,/ zkhuh �W lv wkh wlplqj ri wkh �uvw fklog wkdw |lhogv wkh

kljkhvw oderu pdunhw sduwlflsdwlrq dqg lv wkxv rswlpdo lq whupv ri frpelqlqj fklogehdulqj

dqg oderu pdunhw sduwlflsdwlrq1 Hduolhu dqg odwhu fklogehdulqj lv dvvrfldwhg zlwk orzhu

oderu pdunhw sduwlflsdwlrq/ dqg wkh sdudphwhu ��� uh hfwv wkh�srwhqwldoo| lqglylgxdo0

vshfl�f�vhqvlwlylw| ri oderu pdunhw sduwlflsdwlrq zlwk uhvshfw wr wkh wlplqj ri ihuwlolw|1

Wkh deryh uhodwlrq uh hfwv wkh idfw wkdw zrphq zlwk hduo| fklogehdulqj kdyh orzhu kxpdq

fdslwdo dqg zdjhv dqg duh wkhuhiruh pruh olnho| qrw wr zrun diwhu fklogeluwk1 Zrphq zlwk

d odwh hqwu| lq sduhqwkrrg/ rq wkh rwkhu kdqg/ pd| h{shulhqfh pruh phglfdo sureohpv

dqg lqfrpsdwlelolwlhv ri zrun dqg fklogehdulqj wkdw whqg wr uhgxfh wkhlu oderu pdunhw

sduwlflsdwlrq diwhu wkh eluwk ri wkh �uvw fklog1 Frvwv ri fkloguhq= Wkh vshfl�f qxpehu

ri krxuv ri oderu/ zklfk duh vxssolhg e| d zrpdq gxulqj khu wlph lq wkh oderu pdunhw/

ghshqgv rq wkh ohyho ri ihuwlolw|/ dqg zh fdswxuh wklv dvshfw lq whupv ri iruhjrqh zdjhv +iru

dqdo|vhv ri wkh oderu irufh sduwlflsdwlrq ri zrphq diwhu fklogeluwk vhh iru lqvwdqfh Euhzvwhu

dqg Ulqgixvv 5333> Jxvwdivvrq hw do1 4<<9> Mrvkl hw do1 4<<9> Nohupdq dqg Ohlerzlw}

4<<<> Ohlerzlw} dqg Nohupdq 4<<7,1 Wkh ryhudoo frvwv ri fkloguhq wkhuhiruh ghshqg rq

wkh qxpehu ri |hduv lq wkh oderu pdunhw/ O��/ dqg wkh dqqxdo frvwv ri fkloguhq s�� @

�k��.���W.���1 Lq wklv odwwhu h{suhvvlrq/ wkh whup ��� fdswxuhv frvwv wkdw duh lqghshqghqw

ri wkh wlplqj ri ihuwlolw|/ wkh whup � uh hfwv wkh lqfuhdvh lq wkh frvwv ri fkloguhq zlwk kxpdq

fdslwdo gxh wr kljkhu iruhjrqh zdjhv +zh dvvxph � ? 4,/ dqg wkh whup ��� uh hfwv lqfuhdvhv

lq wkh frvwv ri fkloguhq zlwk djh1 Wkh odwwhu/ iru lqvwdqfh/ duh dvvrfldwhg zlwk kljkhu suh0

dqg srvwqdwdo phglfdo frvwv/ kljkhu lqyhvwphqwv lq fklog0txdolw|/ srwhqwldoo| kljkhu khdowk

uhodwhg h{shqvhv shu fklog/ frvwv dvvrfldwhg zlwk ghfolqlqj ihfxqglw|/ ru vlplodu idfwruv

wkdw whqg wr lqfuhdvh wkh frvwv ri fkloguhq dv wkh djh ri hqwhulqj sduhqwkrrg lqfuhdvhv +iru

lqvwdqfh/ d zhoo0grfxphqwhg fdvh lv wkh lqfuhdvhg ulvn ri Grzq V|qgurph lq fkloguhq wkdw

lv dvvrfldwhg zlwk kljkhu pdwhuqdo djh> vhh Qhzehujhu 5333,1 Zh dvvxph iru vlpsolflw|

wkdw � lv frqvwdqw dfurvv lqglylgxdov/ exw zh doorz iru wkh idfw wkdw lqglylgxdov fdq gl�hu

lq wkh djh0uhodwhg frvwv ri srvwsrqhphqw ���1 Iru lqvwdqfh/ wkhvh gl�huhqfhv fdq eh gxh

yduldwlrqv lq ihfxqglw|1 Pruhryhu/ wkh dvvxpswlrq wkdw � ? 4 uh hfwv d vlwxdwlrq zkhuh

zrphq zlwk kljkhu hduqlqj delolw| ru kxpdq fdslwdo fdq �qg pruh h�hfwlyh fklog0fduh

duudqjhphqwv vr wkdw wkh rssruwxqlw| frvwv ri fkloguhq lq whupv ri iruhjrqh zdjhv lqfuhdvh

ohvv udslgo| zlwk kxpdq fdslwdo k�� dv grhv wkh hduqlqj delolw| z��1

Wkh deryh vlpsoh vshfl�fdwlrq fdswxuhv dq lpsruwdqw dvshfw lq wkh ghflvlrq derxw
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wkh wlplqj ri ihuwlolw|= wkhuh lv d fhqwudo wudgh0r� ehwzhhq d ghvluh iru odwh ihuwlolw| lq

rughu wr dffxpxodwh kxpdq fdslwdo sulru wr fkloguhdulqj/ hlwkhu yld irupdo hgxfdwlrq ru

wkurxjk oderu pdunhw h{shulhqfh/ dqg dq lqfhqwlyh wr kdyh fkloguhq hduo| ehfdxvh wkh frvwv

dvvrfldwhg zlwk fklogehdulqj whqg wr lqfuhdvh zlwk kxpdq fdslwdo dqg wkh djh dw eluwk1

Wkh ghvluhg wlplqj W _
�� dqg ohyho q_�� ri ihuwlolw| wkhq iroorz e| pd{lpl}lqj wkh h{shfwhg

xwlolw| dvvrfldwhg zlwk d fkrlfh ri W _
�� dqg q_�� 1 Lq sduwlfxodu/ wklv pd{lpl}dwlrq lv srvvleoh

lq wzr vwhsv1 Lq wkh �uvw vwhs sduhqwv rswlpdoo| sodq wkh djh ri hqwu| lqwr sduhqwkrrg/

wdnlqj lqwr dffrxqw wkhlu ihuwlolw| ehkdylru diwhuzdugv1 Lq wkh vhfrqg vwhs/ sduhqwv fkrrvh

frqvxpswlrq f�� dqg wkh ihuwlolw| ohyho q_�� jlyhq wkhlu djh dw �uvw eluwk W�� 1 Lq wklv xwlolw|

pd{lpl}dwlrq/ lqglylgxdov wdnh lqwr dffrxqw wkhlu nqrzohgjh derxw wkhlu rzq delolw| ��� /

wkh ghwhuplqdqwv ri fklog frvwv �/ ��� dqg ��� / dqg wkh suhihuhqfh sdudphwhu !��1 Lq

dgglwlrq/ zh dvvxph wkdw wkh udqgrp kxpdq fdslwdo lq xhqfh ��� lv uhyhdohg uhodwlyho|

hduo| lq olih sulru wr wkh �uvw eluwk1 Wkh vhfrqg vwdjh ri wkh ghflvlrq surfhvv fdq wkxv

lqfoxgh wkh nqrzohgjh ri ��� 1

Zh �uvw frqvlghu wkh fkrlfh ri f�� dqg q_�� frqglwlrqdo rq wkh DIE1 Wkh pd{lpl}dwlrq

ri h{shfwhg xwlolw| HX+f���A > q
_
���A , lv vxemhfw wr wkh exgjhw frqvwudlqw f���A .O���A � s���A �

Hq���A @ O���Az���A / zkhuh wkh qrwdwlrq cmW * lq wkh vxevfulsw lqglfdwhv wkdw wkh uhvshfwlyh

whupv duh frqglwlrqdo rq wkh djh dw �uvw eluwk W��1 Wkh �uvw rughu frqglwlrq iru wkh qxpehu

ri fkloguhq |lhogv orjq_W���A @ orj^z���A @s���A ` . orj!��/ zkhuh q_W���A lv wkh rswlpdo ihuwlolw|

fkrlfh jlyhq wkh DIE1 Wklv ghvluhg ohyho ri ihuwlolw| frqglwlrqdo rq wkh DIE iroorzv lq

whupv ri wkh prgho sdudphwhuv dv

orjq_W���A @ ����W�� . ��� � �20@5� ��� . orj!��> +4,

zkhuh ��� @ +��� � +4��,���,1 Wkh whup ��� lq wkh deryh uhodwlrq uhsuhvhqwv wkh srvwsrqh0

phqw h�hfw wkdw lv wr eh hvwlpdwhg ehorz1 Wkh vljq dqg pdjqlwxgh ri wklv whup ghwhuplqhv

wkh uhodwlrq ehwzhhq wkh ghvluhg ohyho ri ihuwlolw| q_���A dqg wkh DIE1 Vlqfh wklv uhodwlrq lv

hpslulfdoo| qhjdwlyh/ l1h1/ odwhu ihuwlolw| lv dvvrfldwhg zlwk orzhu ihuwlolw|/ wkh sdudphwhuv

lq Ht1 +4, pxvw vdwlvi| ��� @ +��� � +4 � �,���, A 31 Wklv frqglwlrq lv htxlydohqw wr wkh

vwdwhphqw wkdw fkloguhq pxvw ehfrph uhodwlyho| pruh frvwo| li sduhqwkrrg lv hqwhuhg odwh1

Li wklv frqglwlrq krogv/ wkhq wkh srvwsrqhphqw h�hfw ��� kdv wkh lqwhusuhwdwlrq dv wkh uhod0

wlyh uhgxfwlrq lq ihuwlolw| wkdw lv dvvrfldwhg zlwk dq lqfuhdvh lq wkh DIE e| rqh |hdu1 Wklv

uhgxfwlrq lv odujh li= +d, wkh djh0uhodwhg lqfuhdvhv lq wkh frvwv ri fkloguhq duh odujh +l1h1/

��� lv odujh,> +e, wkh frvwv ri fkloguhq/ sduwlfxoduo| lq whupv ri iruhjrqh zdjhv/ lqfuhdvh
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udslgo| zlwk kxpdq fdslwdo ehfdxvh ihuwlolw| dqg oderu pdunhw sduwlflsdwlrq duh gl!fxow wr

frpelqh +l1h1/ � lv odujh,> +f, d ghod| ri ihuwlolw| kdv vpdoo uhwxuqv lq whupv ri kxpdq fdslwdo

dqg zdjhv +l1h1/ ��� lv vpdoo,1 Wklv odwwhu h�hfw pd| lqlwldoo| vhhp vxusulvlqj1 Krzhyhu/ li

lqglylgxdov duh deoh wr vxevwdqwldoo| lqfuhdvh wkhlu hduqlqj delolw| e| ghod|lqj fklogeluwk

+l1h1/ ��� lv odujh,/ wkhq wkh lqfrph jdlqhg e| srvwsrqlqj ihuwlolw| sduwldoo| frpshqvdwhv iru

wkh djh0uhodwhg lqfuhdvhv lq wkh frvwv ri fkloguhq1 Khqfh/ d ghod| lq ihuwlolw| kdv d vpdoohu

h�hfw rq wkh ihuwlolw| ohyho iru zrphq zkr fdq r�0vhw iru wkh djh0uhodwhg lqfuhdvh lq fklog

frvwv yld kljkhu zdjhv/ dqg ylfh yhuvd1 Lq dgglwlrq wr wkh lq xhqfhv rshudwlqj wkurxjk

wkh djh dw �uvw eluwk/ wkh ghvluhg ihuwlolw| ohyho lq Ht1 +4, lqfuhdvhv wkh vwurqjhu duh wkh

suhihuhqfhv iru fkloguhq +l1h1/ wkh odujhu lv !��,/ wkh pruh ihuwlolw| fdq eh frqwuroohg +l1h1/

wkh vpdoohu lv �20,/ wkh orzhu duh frvwv ri fkloguhq wkdw duh lqghshqghqw ri wkh DIE dqg

kxpdq0fdslwdo ohyho +l1h1/ wkh vpdoohu lv ���,/ dqg wkh odujhu lv wkh kxpdq0fdslwdo vkrfn ��� 1

Wkh frpsohwhg ihuwlolw| ri lqglylgxdov frqglwlrqdo rq wkh DIE/ ghqrwhg dv q���A / htxdov

wkh ghvluhg ihuwlolw| ohyho q_���A lq Ht1 +4, soxv wkh udqgrp lq xhqfhv %�� wkdw uhvxow iurp wkh

lpshuihfw frqwuro derxw wkh qxpehu ri fkloguhq1 Edvhg rq wkh nqrzohgjh ri wkh uhodwlrq

ehwzhhq frpsohwhg ihuwlolw| dqg wkh DIE/ zh fdq qrz lqyhvwljdwh wkh �uvw vwhs ri wkh

ghflvlrq surfhvv derxw wkh rswlpdo fkrlfh ri wkh ghvluhg DIE1 Wklv rswlpdo djh iroorzv e|

pd{lpl}lqj HX+f���A > q���A , zlwk uhvshfw wr wkh djh dw �uvw eluwk W _
�� dqg lv jlyhq e|

W _W
�� @ �W .

+4� !���,��� � !�����
+4� !��,���

= +5,

Wkh revhuyhg DIE zloo gl�hu iurp wklv ghvluhg djh W_W
�� gxh wr udqgrp lq xhqfhv rq

frqfhswlrq/ sduwqhuvkls irupdwlrq/ hwf1/ dqg lv jlyhq e| W�� @ W _W
�� . ���=

Ghvslwh lwv vlpsolflw|/ wkh deryh prgho fdswxuhv pdq| vw|ol}hg idfwv fkdudfwhul}lqj

wkh uhodwlrq ehwzhhq wkh DIE dqg frpsohwhg ihuwlolw| +vhh Wdeoh 4,= +d, Dq lqfuhdvlqj

suhihuhqfh iru fkloguhq/ !��/ ohdgv wr dq hduolhu hqwu| lqwr sduhqwkrrg/ wr d kljkhu ihuwlolw|

jlyhq wkh DIE/ dqg wr d kljkhu frpsohwhg ihuwlolw| ohyho +lq sduw wkhvh lpsolfdwlrqv ghshqg

rq wkh dvvxpswlrq wkdw ��� A 3,1 +e, Kljkhu delolw| lq kxpdq fdslwdo dffxpxodwlrq ohdgv

wr d odwhu rqvhw ri ihuwlolw|/ d vpdoohu srvwsrqhphqw h�hfw/ dqg d kljkhu ihuwlolw| jlyhq wkh

DIE1 Wkh h�hfw rq wkh ryhudoo ihuwlolw| q_W�� lv dpeljxrxv1 +f, Kljkhu djh0uhodwhg ru kxpdq0

fdslwdo uhodwhg frvwv ri fkloguhq ohdg wr dq hduolhu rqvhw ri ihuwlolw|/ d odujhu srvwsrqhphqw

h�hfw/ dqg d orzhu ihuwlolw| jlyhq wkh DIE1 +g, Lq dgglwlrq/ fkdqjhv lq wkh kxpdq0fdslwdo

vkrfn ��� dqg wkh sdudphwhuv �20/ ��� d�hfw wkh ohyho ri ihuwlolw| jlyhq wkh DIE/ exw wkh|

gr qrw ohdg wr d gl�huhqw wlplqj ri wkh �uvw fklog1 Vlploduo|/ gl�huhqfhv lq wkh sdudphwhu
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Wdeoh 4= H�hfw ri sdudphwhu fkdqjhv lq rxu wkhruhwlfdo prgho rq wkh ghvluhg DIE/ wkh
srvwsrqhphqw h�hfw/ wkh ghvluhg ihuwlolw| ohyho frqglwlrqdo rq wkh DIE/ dqg wkh ghvluhg
ihuwlolw| zlwkrxw frqglwlrqlqj rq wkh djh ri hqwu| lqwr sduhqwkrrg1

H�hfw ri sdudphwhu fkdqjh rq
Rxwfrph yduldeoh Ghvluhg Srvwsrqh0 Ghvluhg Ghvluhg

DIE phqw h�hfw ihuwlolw| ihuwlolw|
jlyhq DIE

Qrwdwlrq W _W
�� ��� q_W���A q_W��

Lqfuhdvh lq sdudphwhu
Suhihuhqfh iru !�� � qr h�hfw . .
fkloguhq

Delolw| lq KF ��� . � . .@�
dffxpxodwlrq

Djh0uhodwhg frvwv ��� � . � .@�
ri srvwsrqhphqw

KF0uhodwhg frvwv � � . � .@�
ri fkloguhq

Qrwhv= Wkh uhodwlrqv lq Wdeoh 4 uho| lq sduw rq wkh dvvxpswlrqv wkdw
� ? 4 dqg ��� @ +��� � +4� �,���, A 3

��� dqg wkh udqgrp lq xhqfhv ��� lpso| fkdqjhv lq wkh ghvluhg DIE zlwkrxw d�hfwlqj wkh

ghvluhg ohyho ri ihuwlolw| frqglwlrqdo rq wkh DIE1

Dq lpsruwdqw dvshfw ri Wdeoh 4 duh wkh wzr glvwlqfw sdwwhuqv ri krz sdudphwhu fkdqjhv

d�hfw wkh djh dw �uvw eluwk W _W
�� dqg wkh ghvluhg ihuwlolw| jlyhq wkh djh dw �uvw eluwk q_W���A 1

Rq rqh kdqg/ fkdqjhv lq wkh hfrqrplf sdudphwhuv ���/ � ru ��� d�hfw wkh wlplqj W_W
�� dqg

ohyho ri ihuwlolw| q_W���A lq wkh vdph gluhfwlrq> rq wkh rwkhu kdqg/ fkdqjhv lq wkh suhihuhqfh

sdudphwhu !�� ohdg wr rssrvlwh dgmxvwphqwv lq wkh wlplqj W _W
�� dqg ohyho ri ihuwlolw| q_W���A 1

Wkh iruphu dvshfwv wkhuhiruh fdxvh d srvlwlyh fruuhodwlrq ehwzhhq xqrevhuyhg ghwhuplqdqwv

ri wkh djh dw �uvw eluwk dqg wkh ohyho ri ihuwlolw| frqglwlrqdo rq wkh DIE/ zkloh wkh odwwhu

dvshfw fdxvhv d qhjdwlyh fruuhodwlrq1

Wkhvh gl�huhqw sdwwhuqv kdyh lpsruwdqw lpsolfdwlrqv uhjduglqj wkh lqihuhqfh ri wkh

srvwsrqhphqw h�hfw ��� iurp revhuydwlrqdo gdwd1 Lq sduwlfxodu/ li wkh yduldwlrq lq wkh re0

vhuyhg DIE lv gxh wr udqgrp h�hfwv/ ru pruh jhqhudoo|/ idfwruv wkdw rqo| d�hfw wkh DIE

exw qrw wkh ihuwlolw| frqglwlrqdo rq wkh DIE/ wkhq wkh revhuyhg uhodwlrq ehwzhhq wkh DIE

dqg frpsohwhg ihuwlolw| uhyhdov wkh wuxh srvwsrqhphqw h�hfw ���1 Krzhyhu/ li wkh yduldwlrq

lq W�� lv gxh wr hlwkhu gl�huhqfhv lq suhihuhqfhv ru delolw|/ wkh lqihuhqfh ri wkh srvwsrqh0

phqw h�hfw lv eldvhg1 Lq sduwlfxodu/ wkh srvwsrqhphqw h�hfw lv ryhuhvwlpdwhg li gl�huhqfhv

lq W�� duh gxh wr gl�huhqfhv lq suhihuhqfhv !�� / zkloh lw lv xqghuhvwlpdwhg li gl�huhqfhv lq
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W�� lv gxh wr gl�huhqfhv lq wkh delolw| sdudphwhuv ��� dqg ru wkh djh0uhodwhg srvwsrqhphqw

frvwv ��� 1 Vwdqgdug dqdo|vhv wkdw ljqruh wkh h{lvwhqfh ri vxfk xqrevhuyhg ghwhuplqdqwv

ri ihuwlolw| ehkdylru/ vxfk dv suhihuhqfhv iru fkloguhq/ delolw| lq kxpdq0fdslwdo dffxpxod0

wlrq/ dqg ihfxqglw|/ fdq wkhuhiruh |lhog d�srvvleo| vxevwdqwldoo|�glvwruwhg lqihuhqfh ri

wkh srvwsrqhphqw h�hfw1 Pruhryhu/ qhlwkhu pdjqlwxgh qru gluhfwlrq ri wkh eldv fdq eh

ghwhuplqhg iurp wkhruhwlfdo uhdvrqlqj dqg zh gr qrw nqrz zkhwkhu vwdqgdug dqdo|vhv

ryhu0 ru xqghuhvwlpdwh wkh srvwsrqhphqw h�hfw1

6 Hpslulfdo Lpsohphqwdwlrq

Rxu wkhruhwlfdo prgho lpsolhv lqglylgxdo ohyho khwhurjhqhlw| lq wkh srvwsrqhphqw h�hfw ���

wkdw lv v|vwhpdwlfdoo| uhodwhg wr lqglylgxdo fkdudfwhulvwlfv1 Lw lv fohdu/ wkdw wkh lqglylgxdo

ohyho yduldwlrq lq wkh srvwsrqhphqw h�hfw ��� fdqqrw eh uhyhdohg e| rxu�ru prvw rwkhu�

gdwd rq wkh wlplqj dqg ohyho ri ihuwlolw|1 Rxu vwxg|/ krzhyhu/ zloo lghqwli| wkh dyhudjh

srvwsrqhphqw h�hfw �� @ H��� lq pdoh dqg ihpdoh frkruwv/ dqg zh fdq lqyhvwljdwh v|v0

whpdwlf fkdqjhv ri wklv dyhudjh srvwsrqhphqw h�hfw ryhu wlph dv zhoo dv zlwk v|vwhpdwlf

lq xhqfhv rq wkh ghvluhg DIE1

Edvlf prgho= Wkh dqdo|vhv ri wkh dyhudjh srvwsrqhphqw h�hfw lv edvhg rq wkh hvwlpd0

wlrq ri wkh iroorzlqj uhodwlrq/ zklfk lv wkh hpslulfdo htxlydohqw ri Ht1 +4, lq rxu wkhruhwlfdo

prgho=

orjq���A @ ���W�� . ���> +6,

zkhuh ��� @ �+��� � ��,W�� . ��� � �20@5� ��� . orj!�� . %��1 Wkh uhvlgxdo whup ��� lq wklv

h{suhvvlrq uhsuhvhqwv wkh xqrevhuyhg ghwhuplqdqwv ri wkh ohyho ri ihuwlolw| frqglwlrqdo rq

wkh DIE1 Wklv whup lqfoxghv wkh ghyldwlrq ehwzhhq wkh lqglylgxdo dqg dyhudjh srvwsrqh0

phqw h�hfw/ +��� � ��,/ pxowlsolhg zlwk wkh djh dw �uvw eluwk W�� / dqg lw dovr lqfoxghv wkh

udqgrp yduldwlrq lq wkh qxpehu ri fkloguhq %�� 1

Xqiruwxqdwho|/ wkh ROV hvwlpdwh ri Ht1 +6, lv eldvhg ehfdxvh wkh djh dw �uvw eluwk

W�� lv fruuhodwhg zlwk wkh uhvlgxdo ��� 1 Lq sduwlfxodu/ rxu wkhruhwlfdo dqdo|vhv kdyh vkrzq

wkdw yduldwlrqv lq wkh suhihuhqfh iru fkloguhq !�� lqgxfh d qhjdwlyh fruuhodwlrq/ zkloh ydul0

dwlrqv lq wkh hfrqrplf sdudphwhuv shuwdlqlqj wr wkh uhwxuqv wr srvwsrqlqj fklogehdulqj

��� dqg wkh djh0uhodwhg lqfuhdvh lq fklog0frvwv ��� fdxvh d srvlwlyh fruuhodwlrq +vhh Wdeoh

4,1 Wkh iruphu fruuhodwlrq zloo wkhuhiruh whqg wr eldv wkh hvwlpdwh ri wkh dyhudjh srvw0
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srqhphqw h�hfw xszdug/ zkloh wkh odwwhu fruuhodwlrq zloo whqg wr eldv lw grzqzdug1 Wkh

qhw eldv uhvxowlqj iurp xqrevhuyhg khwhurjhqhlw| lq erwk suhihuhqfhv dqg hfrqrplf dvshfw

lv wkhruhwlfdoo| dpeljxrxv/ exw zloo eh uhyhdohg e| rxu hpslulfdo hvwlpdwlrq14

Wzr sulpdu| dssurdfkhv h{lvw wr ryhufrph wkh hvwlpdwlrq sureohpv fdxvhg e| xqre0

vhuyhg suhihuhqfh dqg hfrqrplf dvshfwv wkdw d�hfw erwk wkh ohyho dqg wlplqj ri ihuwlolw|1

Il{hg h�hfw hvwlpdwlrqv gl�huhqfh rxw frpprq ghwhuplqdqwv ri ehkdylru ryhu wlph +lq wkh

fdvh ri pxowlsoh revhuydwlrqv ryhu wlph, ru dfurvv lqglylgxdov +lq wkh fdvh zkhq lqglylgxdov

vkduh frpprq sulfhv dqg rwkhu ghwhuplqdqwv ri ehkdylru,1 Lqvwuxphqwdo yduldeoh hvwlpd0

wlrqv sxujh wkh uljkw0kdqg0vlgh yduldeohv ri wkhlu fruuhodwlrq zlwk wkh uhvlgxdo e| xvlqj

vxlwdeoh lqvwuxphqwdo yduldeohv wkdw duh fruuhodwhg zlwk wkh hqgrjhqrxv uljkw0kdqg0vlgh

yduldeohv exw qrw zlwk wkh uhvlgxdo1

Lq rxu dqdo|vhv zh sxuvxh wkh iruphu vwudwhj|1 Vlqfh pxowlsoh revhuydwlrqv ri wkh DIE

duh lpsrvvleoh iru rqh lqglylgxdo/ zh xvh �{hg h�hfw dqdo|vhv ri Ht1 +6, zlwklq prqr}|jrwlf

+lghqwlfdo, wzlqv lq rughu wr frqwuro iru d zlgh udqjh ri xqrevhuyhg idfwruv wkdw d�hfw erwk

wkh ohyho dqg wlplqj ri ihuwlolw|1 D vlplodu dssurdfk kdv ehhq xvhg h{whqvlyho| lq wkh

dqdo|vlv ri wkh uhwxuqv wr hgxfdwlrq +h1j1/ Dvkhqihowhu dqg Nuxhjhu 4<<7> Dvkhqihowhu dqg

Urxvh 4<<;> Ehkupdq dqg Urvhq}zhlj 4<<<> Ehkupdq hw do1 4<<9> Ehkupdq dqg Wdxepdq

4<:9, ru krxvhkrog doorfdwlrqv dqg pduuldjh pdunhw h�hfwv +Ehkupdq dqg Urvhq}zhlj

5334> Ehkupdq hw do1 4<<7,1

Wkh nh| wr lghqwli|lqj wkh wuxh srvwsrqhphqw h�hfw �� lq Ht1 +6, zlwk gdwd rq prqr}|0

jrwlf wzlqv lv wkh dvvxpswlrq wkdw lghqwlfdo wzlqv vkduh wkh vdph jhqhwlf dqg vkduhg

hqylurqphqwdo idfwruv wkdw d�hfw wkhlu suhihuhqfhv iru fkloguhq dqg wkhlu frvwv dqg uhwxuqv

wr srvwsrqlqj fklogehdulqj1 Zh wkhuhiruh dvvxph wkdw wkh uhodwlrqv !�� @ !2�/ ��� @ �2� /

��� @ �2� dqg ��� @ �2� krog zlwklq lghqwlfdo wzlq sdluv1 Wklv dvvxpswlrq lpsolhv dq

lghqwlfdo srvwsrqhphqw h�hfw dqg dq lghqwlfdo ghvluhg DIE iru wzlqv zlwklq d P] sdlu15

Wkh deryh dvvxpswlrq derxw lghqwlfdo suhihuhqfhv iru fkloguhq dqg htxdo uhwxuqv dqg

frvwv ri ihuwlolw| srvwsrqhphqw zlwklq d P] wzlq sdlu lv fhqwudo iru wkh ydolglw| ri rxu

hvwlpdwlrq whfkqltxh/ exw lw lv qrw dv uhvwulfwlyh dv lw pd| lqlwldoo| vhhp1 Lq whupv ri rxu

wkhruhwlfdo iudphzrun/ P] wzlqv fdq gl�hu zlwk uhvshfw wr wkhlu dwwdlqhg ohyho ri kxpdq

4Wkh uhvxowv derxw wkh glvwruwlrqv lq wkh ROV hvwlpdwhv ri wkh srvwsrqhphqw h�hfw 7q duh lghqwlfdo zlwk
dqdorjrxv uhvxowv lq wkh hfrqrphwulf olwhudwxuh derxw rplwwhg yduldeoh eldv1 Ghqrwh dv X�� ' 3Eq�� 3
7q�A�� n l�� 3 j20*2 3 Z�� n *L} ��� wkh wrwdo h�hfw ri doo xqrevhuyhg fkdudfwhulvwlfv rq wkh ihuwlolw| ohyho

frqglwlrqdo rq wkh djh dw �uvw eluwk lq +4,1 Wkh frh!flhqw 	7q wkdw lv rewdlqhg iurp d uhjuhvvlrq ri *L} ?���A

rq wkh djh dw �uvw eluwk wkhq vdwlv�hv T*�4 	7q ' 7q 3 �J�EX��c A���* �@hEA��� +h1j1/ vhh Julolfkhv 4<:<,1
5Wkh vhfrqg lpsolfdwlrqv wkdw P] wzlqv vkduh dq lghqwlfdo djh dw �uvw eluwk fdq srwhqwldoo| eh whvwhg

lq ixwxuh vxuyh|v wkdw dvn uhodwlyho| |rxqj P] wzlqv derxw wkhlu ghvluhg djh dw �uvw eluwk1
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fdslwdo k��/ wkh �{hg frpsrqhqw ri fklog0frvwv ��� / dqg wkh oderu vxsso| dv d ixqfwlrq

ri wkh DIE +ghwhuplqhg e| wkh sdudphwhu ���,1 Pruhryhu/ wkh DIE fdq dqg zloo gl�hu

dprqj wzlqv gxh wr udqgrp lq xhqfhv ��� rq frqfhswlrq/ sduwqhuvkls irupdwlrq/ hwf1 Rxu

dvvxpswlrq derxw P] wzlqv lv wkhuhiruh frqvlvwhqw zlwk d eurdg qxpehu ri lq xhqfhv

rq wkh wlplqj +dqg dovr ohyho, ri ihuwlolw| wkdw uhqghu wkh ihuwlolw| ehkdylru ri P] wzlqv

gl�huhqw1 Wkh dvvxpswlrq/ krzhyhu/ uhtxluhv wkdw wzlqv duh lghqwlfdo zlwk uhvshfw wr wzr

nh| lq xhqfhv wkdw shuwdlq rq rqh vlgh wr wkh suhihuhqfhv iru fkloguhq +uhsuhvhqwhg e|

!��, dqg rq wkh rwkhu vlgh wr wkh pdujlqdo kxpdq0fdslwdo uhwxuqv dqg djh0uhodwhg frvwv ri

srvwsrqlqj fklogehdulqj +uhsuhvhqwhg e| ��� / ��� / dqg ���,1 Iru P] wzlqv/ wkh lqglylgxdo0

vshfl�f whupv !��/ ���/ ��� dqg ��� fdq wkhuhiruh eh uhsodfhg zlwk wkh wzlq0sdlu vshfl�f

whupv !�/ �� / �� dqg �� wkdw uh hfw wkh frpprq jhqhwlf glvsrvlwlrqv dqg vrfldol}dwlrq

ri lghqwlfdo wzlqv1 Pruhryhu/ zh fdq ghqrwh wkh frpprq srvwsrqhphqw h�hfw dqg wkh

frpprq ghvluhg DIE zlwklq P] wzlq sdluv uhvshfwlyho| dv �� dqg W _W
� 1

Vlqfh wkh ghflvlrqv derxw wkh dffxpxodwlrq ri kxpdq fdslwdo dqg wkh wlplqj ri wkh

�uvw eluwk duh edvhg rq h{shfwdwlrqv derxw wkh suhihuhqfhv iru fkloguhq dqg wkh hfrqrplf

frvwv dqg uhwxuqv wr d ihuwlolw| srvwsrqhphqw/ wkh dvvxpswlrq wkdw P] wzlqv vkduh wkhvh

v|vwhpdwlf ghwhuplqdqwv ri ihuwlolw| wlplqj lv yhu| sodxvleoh1 Suhihuhqfhv iru fkloguhq kdyh

ehhq vkrzq wr ghshqg vwurqjo| rq vrfldol}dwlrq lq wkh sduhqwdo krxvhkrog +h1j1/ D{lqq dqg

Wkruwrq 4<<9> Eduehu 5333, dqg jhqhwlf glvsrvlwlrqv +Nrkohu hw do1 4<<</ 5333> Urgjhuv

hw do1 5334,1 Pruhryhu/ sduhqwdo lq xhqfhv/ vkduhg sduhqwdo krxvhkrog frqglwlrqv/ dqg

jhqhwlf glvsrvlwlrqv frqvwlwxwh lpsruwdqw ghwhuplqdqwv ri wkh uhwxuqv wr kxpdq fdslwdo

dqg wkh surgxfwlylw| lq kxpdq0fdslwdo dffxpxodwlrq/ dqg P] wzlqv duh wkhuhiruh olnho|

wr vkduh wkh vdph h{shfwdwlrqv derxw wkhlu kxpdq fdslwdo uhwxuqv wr ghod|lqj ihuwlolw|1

Vlploduo|/ wkh h{shfwdwlrqv derxw djh0uhodwhg lqfuhdvhv wkh frvwv ri fkloguhq duh dovr olnho|

wr eh vkduhg e| P] wzlqv gxh wr wkhlu vlplodu vrfldol}hg dwwlwxghv wrzdugv lqyhvwphqwv lq

fklog0txdolw| dqg wkhlu vlplodu khdowk vwdwxv dqg ixqfwlrqdo delolwlhv/ hvshfldoo| vlqfh wklv

odwwhu vlplodulw| shuvlvwv xqwlo uhodwlyho| kljk djhv +Fkulvwhqvhq hw do1 5333,1

Wkh zlwklq0P] wzlq hvwlpdwru iru �� lv rewdlqhg e| vxewudfwlqj Ht1 +6, iru lqglylgxdov

l @ 4> 5 zlwklq d wzlq sdlu m1 D voljkw frpsolfdwlrq lq wklv phwkrg/ krzhyhu/ dulvhv

ehfdxvh qrw doo lqglylgxdov h{shulhqfh d �uvw eluwk1 Lq dgglwlrq/ rqh pd| khvlwdwh wr

h{whqg wkh deryh olqhdu uhodwlrq +6, wr uhodwlyho| odwh �uvw eluwkv/ vd|/ deryh djh 651 Lq

rughu wr hvwlpdwh wkh srvwsrqhphqw h�hfw �� lq Ht1 +6, zh wkhuhiruh lqfoxgh lq rxu sulpdu|

dqdo|vhv rqo| wzlq sdluv lq zklfk erwk wzlqv h{shulhqfh d �uvw eluwk ehiruh vrph pd{lpxp

djh W4@ / zklfk zh vhw wr djh 651 Iruwxqdwho|/ wklv vhohfwlrq ri wkh vdpsoh suhvhuyhv wkh
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surshuwlhv ri wkh zlwklq0P] wzlq hvwlpdwru1 Lq rughu wr vhh wklv/ ghqrwh zlwk �W�� wkh

revhuyhg DIE dqg vshfli| wkdw wklv DIE lv rqo| revhuyhg zkhq wkh odwhqw djh dw �uvw

eluwk W�� @ W_W
� . ��� lv vpdoohu ru htxdo wr W4@ 1 Wkh revhuyhg djh dw �uvw eluwk �W�� lv

wkhuhiruh jlyhq e|

�W�� @ W _W
� .H^���m��� � W4@ � W_W

� ` . ���> +7,

zkhuh H^���m��� � W4@ �W _W
� ` lv wkh glvwruwlrq lq wkh revhuyhg DIE dulvlqj iurp wkh idfw

wkdw zh revhuyh wkh DIE rqo| iru wkh vxevdpsoh zlwk W�� � W4@ +h1j1/ Dphpl|d 4<;8,1

Wkh �qdo whup ��� lq Ht1 +7, lv d udqgrp lq xhqfh rq wkh DIE wkdw lv lqghshqghqw dfurvv

lqglylgxdov zlwk H ��� @ 31 Vlqfh wkh h{shfwdwlrq lq Ht1 +7, ghshqgv rqo| rq idfwruv wkdw

duh frpprq wr wzlqv lq d P] sdlu/ gl�huhqflqj wklv uhodwlrq zlwklq wzlq sdluv vzhhsv rxw

doo frpprq xqrevhuyhg fkdudfwhulvwlfv wkdw d�hfw erwk wkh wlplqj ri wkh �uvw eluwk dqg

wkh ohyho ri ihuwlolw| frqglwlrqdo rq wkh DIE/ lqfoxglqj wkh glvwruwlrqv fdxvhg e| wkh idfw

wkdw erwk wzlqv lq d sdlu qhhg wr h{shulhqfh d �uvw eluwk sulru wr djh W4@ lq rughu wr eh

sduw ri wkh vdpsoh1

Dq xqeldvhg hvwlpdwru ri wkh srvwsrqhphqw h�hfw �� lv wkxv rewdlqhg iurp wkh zlwklq0

P] wzlq sdlu uhjuhvvlrq

orjq���A � orjq2��A @ �����W� .��� > +8,

zkhuh ��W� @ �W�� � �W2� dqg ��� @ ��� � �2�1 Wkh uhvlgxdo ��� lq wklv zlwklq0wzlq sdlu

uhodwlrq kdv dq h{shfwdwlrq ri }hur/ dqg prvw lpsruwdqwo|/ lw lv qrw fruuhodwhg zlwk wkh

uljkw0kdqg0vlgh yduldeoh ��W�1

Vrph fdyhdwv dqg urexvwqhvv whvwv= Wkh uhvxowv rewdlqhg iurp wkh zlwklq0P] wzlq

uhjuhvvlrq duh rxu d sulrul suhihuuhg hvwlpdwhv ehfdxvh zh kdyh vwurqj sulruv wkdw xqre0

vhuyhg lq xhqfhv d�hfwlqj erwk wkh wlplqj dqg ohyho ri ihuwlolw| duh uhohydqw1 Lq dgglwlrq/

zh fdq lpsohphqw Kdxvpdq +4<:;, vshfl�fdwlrq whvwv wkdw frpsduh wkh zlwklq0P] wzlq

uhvxowv zlwk vwdqgdug ROV dqdo|vhv ri wkh xqgl�huhqfhg uhodwlrq lq Ht1 +6,1 Xqiruwx0

qdwho|/ vhyhudo rwkhu phwkrgv wkdw kdyh ehhq ghyhorshg wr whvw cdelolw| eldv* lq wkh uhwxuqv

wr vfkrrolqj olwhudwxuh +h1j1/ Ehkupdq dqg Urvhq}zhlj 4<<<, fdqqrw eh dssolhg khuh gxh

wr gl�huhqfhv lq wkh prgho vwuxfwxuh +wkh h{lvwlqj whvwv gr qrw doorz iru lq xhqfhv ri xqre0

vhuyhg sdudphwhuv rq wkh vorsh frh!flhqwv/ l1h1/ lq rxu fdvh wkh srvwsrqhphqw h�hfw ��,1 Lw

lv srvvleoh/ krzhyhu/ wr lqyhvwljdwh wkh suhvhqfh ri d wzlq0vshfl�f frpsrqhqw lq wkh DIE/

zklfk frqvwlwxwhv d ylrodwlrq ri rxu dvvxpswlrqv derxw lghqwlfdo fklog0suhihuhqfhv !��/ uh0
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wxuqv ��� dqg frvwv ��� ri ihuwlolw| srvwsrqhphqw zlwklq P] wzlq sdluv/ e| xvlqj dqfloodu|

gdwd rq rwkhu revhuydeoh fkdudfwhulvwlfv wkdw gl�hu dfurvv dqg zlwklq idplolhv +Dvkhqihowhu

dqg Urxvh 4<<;> Julolfkhv 4<:<,1 Zh zloo suhvhqw wkh fruuhvsrqglqj fruuhodwlrq dqdo|vhv

lq Dsshqgl{ D151

Lq rughu wr yhuli| wkh urexvwqhvv ri rxu dqdo|vhv/ zh dovr uhsruw lq wkh dsshqgl{ dq

dowhuqdwlyh vshfl�fdwlrq wkdw lv edvhg rq wkh qxpehu ri fkloguhq lqvwhdg ri rq wkh orjdulwkp

ri ihuwlolw| dv lq Ht1 +8,1 Zh suhihu wkh dqdo|vlv ri orj ihuwlolw| ehfdxvh ri lwv wkhruhwlfdo

prwlydwlrq lq Vhfwlrq 5 dqg lwv lqwhusuhwdwlrq lq whupv ri uhodwlyh ihuwlolw| uhgxfwlrqv fdxvhg

e| ghod|v lq wkh djh ri hqwhulqj sduhqwkrrg1 Pruhryhu/ wkh orjdulwkp dovr uhgxfhv wkh

vnhzqhvv ri wkh ihuwlolw| glvwulexwlrq +vhh dovr Vhfwlrq 7 ehorz, dqg wklv vshfl�fdwlrq lv

wkhuhiruh suhihudeoh dovr iru vwdwlvwlfdo uhdvrqv1 Lq dgglwlrq/ zh dovr suhvhqw vrph hvwlpdwhv

wkdw duh edvhg rq d phdvxuhphqw ri ihuwlolw| dw d gl�huhqw djh dv d ixuwkhu urexvwqhvv whvw

ri rxu uhvxowv1

H{whqvlrqv ri wkh edvlf prgho= Wkh srvwsrqhphqw h�hfw �� rewdlqhg iurp wkh zlwklq0

P] wzlq uhjuhvvlrq lq Ht1 +8, shuwdlqv wr doo lqglylgxdov lq rxu gdwd lqghshqghqw ri wkhlu

eluwk frkruw dqg ri xqrevhuyhg shuvrqdo fkdudfwhulvwlfv1 Lq rughu wr uhod{ wklv dvvxpswlrq/

zh h{soruh wzr h{whqvlrqv ri rxu edvlf prgho1 Iluvw/ zh doorz iru v|vwhpdwlf fkdqjhv lq

wkh dyhudjh srvwsrqhphqw h�hfw dfurvv frkruwv/ zklfk fdq eh gxh wr vhfxodu fkdqjhv lq

vrflrhfrqrplf ghwhuplqdqwv lq wkh dyhudjh ydoxhv ri wkh sdudphwhuv ��� / ��� dqg � wkdw

d�hfw wkh srvwsrqhphqw h�hfw1 Iru lqvwdqfh/ vxfk fkdqjhv fdq eh gxh wr lpsuryhphqwv

lq fklog0fduh surylvlrq wkdw uhgxfh wkh iruhjrqh zdjhv dvvrfldwhg zlwk fklogehdulqj/ ru

gxh wr surjuhvv lq khdowk whfkqrorjlhv wkdw uhgxfh wkh djh0uhodwhg lqfuhdvh lq fklog frvwv1

Wlph wuhqgv lq wkh srvwsrqhphqw h�hfw wkdw duh fdxvhg e| wkhvh vhfxodu fkdqjhv fdq

eh lghqwl�hg lq rxu prgho e| lqfoxglqj dq lqwhudfwlrq zlwk wkh eluwk0|hdu ri frkruwv dv

�� @ ��f.
��� �+eluwk0|hdu,1 Li wkh frh!flhqw ��� lv qhjdwlyh/ wkh dyhudjh srvwsrqhphqw h�hfw

ghfolqhv lq pruh uhfhqw frkruwv1

Vhfrqg/ lw lv srvvleoh wkdw wkh ihuwlolw| ri codwh vwduwhuv*/ l1h1/ sduhqwv zkrvh suhihuhqfh/

delolw| dqg frvwv fkdudfwhulvwlfv !��/ ��� / ��� lpso| d uhodwlyho| odwh ghvluhg DIE lq Ht1 +5,/

lv pruh vhqvlwlyh wr yduldwlrqv lq wkh rqvhw ri fklogehdulqj wkdq wkh ihuwlolw| ri sduhqwv

zkr whqg wr eh chduo| vwduwhuv* dffruglqj wr wkhlu xqrevhuyhg fkdudfwhulvwlfv1 Zh fdq

lqyhvwljdwh wklv k|srwkhvlv e| whvwlqj iru d ghshqghqfh ri wkh srvwsrqhphqw h�hfw �� rq

wkh dyhudjh DIE zlwklq d wzlq sdlu1 Wklv dyhudjh DIE lq d wzlq sdlu lv dq hvwlpdwru

ri wkh h{shfwhg DIE gh�qhg dv W eW
�� @ W _W

� . H^���m��� � W4@ � W _W
� `/ zkhuh W _W

� lv wkh

frpprq ghvluhg DIE iru wzlq sdlu m/ dqg H^��� mW�� � W4@ ` lv wkh glvwruwlrq fdxvhg e|
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fhqvrulqj wkh revhuydwlrqv dw d pd{lpxp djh dw �uvw eluwk W4@ 1 Pruhryhu/ li W4@ lv

fkrvhq vx!flhqwo| kljk vr wkdw fhqvrulqj grhv qrw rffxu/ wkhq wkh dyhudjh DIE zlwklq d

wzlq sdlu lv dq hvwlpdwru ri wkh ghvluhg djh dw �uvw eluwk W W_
� lq Ht1 +5,1

D ghshqghqfh ri wkh srvwsrqhphqw h�hfw rq wkh dyhudjh DIE lq d wzlq sdlu fdq eh

lqfrusrudwhg lq wkh deryh wkhruhwlfdo dqg hpslulfdo prgho e| vshfli|lqj

��� @
��f .

��2 �W� > +9,

zkhuh �W� lv wkh dyhudjh DIE zlwklq wzlq sdlu m1 Li ��2 lq wklv uhodwlrq lv srvlwlyh/ wkhq wkh

ihuwlolw| ri codwh vwduwhuv* zlwk d odwh ghvluhg rqvhw ri fklogehdulqj lv pruh vwurqjo| d�hfwhg

e| yduldwlrqv lq wkh DIE wkdq lv wkh ihuwlolw| ri chduo| vwduwhuv*1 Wklv vshfl�fdwlrq |lhogv d

ghshqghqfh ri frpsohwhg ihuwlolw| rq wkh DIE dv orjq���A @ ���f �W��� ��2 �W� �W��.��� 1 Zkloh

dq ROV hvwlpdwlrq ri wklv uhodwlrq lv eldvhg/ wkh sdudphwhuv ��f dqg ��2 fdq eh hvwlpdwhg

frqvlvwhqwo| e| d zlwklq0P] wzlq uhjuhvvlrq wkdw lv rewdlqhg e| gl�huhqflqj wkh deryh

uhodwlrq zlwklq wzlq sdluv1 Wkh uhvshfwlyh uhjuhvvlrq wkhq frqwdlqv wkh gl�huhqfh ehwzhhq

wkh DIE zlwklq d wzlq sdlu/ ��W� / dqg dq lqwhudfwlrq ri wklv gl�huhqfh zlwk wkh dyhudjh

DIE lq d wzlq sdlu/ �W� / dv

�orjq� @ ���f��W� � ��2 �W���W� .���= +:,

Wklv hvwlpdwlrq fdq dovr eh frpelqhg zlwk d ghshqghqfh ri wkh srvwsrqhphqw h�hfw rq

frkruw +ru eluwk |hdu,/ zklfk zh glvfxvvhg deryh1

Iurp d wkhruhwlfdo shuvshfwlyh/ d voljkwo| gl�huhqw vshfl�fdwlrq iru wkh srvwsrqhphqw

h�hfw pd| eh pruh dsshdolqj wkdq d ghshqghqfh rq wkh dyhudjh DIE lq d wzlq sdlu1 Lq

sduwlfxodu/ zh zrxog olnh wr lqyhvwljdwh d ghshqghqfh ri wkh srvwsrqhphqw h�hfw rq wkh

ghvluhg DIE dv ��� @ ��f .
��2 �W

W_
� 1 Xqiruwxqdwho|/ wkh ghvluhg djh dw �uvw eluwk lq d wzlq

sdlu/ �W W_
� / lv xqrevhuyhg1 Lwv rqo| dydlodeoh phdvxuhphqw lv wkh dyhudjh DIE zlwklq d wzlq

sdlu/ exw wklv phdvxuhphqw lv vxemhfw wr wzr fdyhdwv= Iluvw/ lw lv rqo| xqeldvhg li wkhuh lv qr

uhohydqw fhqvrulqj ri wkh djh dw �uvw eluwk1 Vhfrqg/ lw lv vxemhfw wr udqgrp phdvxuhphqw

huuru1 Wklv phdvxuhphqw huuru htxdov �

2
+��� . �2�,/ zkhuh ��� lv wkh udqgrp ghyldwlrq ri

wkh revhuyhg DIE ri wzlq l lq sdlu m iurp wkh ghvluhg DIE lq wzlq sdlu m1 Gxh wr wkhvh

fdyhdwv/ wkh hvwlpdwh ri wkh frh!flhqw ��� rq wkh edvlv ri Ht1 +:, lv d eldvhg hvwlpdwru ri

wkh frh!flhqw ��� wkdw uh hfwv fkdqjhv lq wkh srvwsrqhphqw h�hfw gxh wr lqfuhdvhv lq wkh

ghvluhg DIE1 Krzhyhu/ lq wkh vshfl�f fdvh zkhq wkhuh lv qr fhqvrulqj ri wkh djh dw �uvw

eluwk/ wkh vwdqgdug uhvxowv iru phdvxuhphqw huuru lq uhjuhvvlrq dqdo|vhv vxjjhvwv wkdw ��� lv
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eldvhg wrzdugv }hur dv frpsduhg wr ���1 Wkh hvwlpdwhv ri ��� rewdlqhg iurp wkh zlwklq0P]

wzlq uhjuhvvlrq lq Ht1 +:, duh wkhuhiruh d frqvhuydwlyh hvwlpdwh iru wkh ghshqghqfh ri wkh

srvwsrqhphqw h�hfw rq wkh ghvluhg djh dw �uvw eluwk16

7 Gdwd

Rxu dqdo|vhv duh edvhg rq wkh Gdqlvk Wzlq0Ihuwlolw| Gdwdedvh +GWIG, dqg lqfoxgh wkh

ihuwlolw| ri doo vdph0vh{ wzlq sdluv eruq diwhu 4<78 zkrvh wzlq vwdwxv dqg }|jrvlw| frxog

eh lghqwl�hg1 Wkh yhul�fdwlrq ri wkh }|jrvlw| ri vdph0vh{hg wzlq lv edvhg rq d vxuyh|

lqfoxglqj irxu txhvwlrqv derxw wkh vlplodulw| ri wkh wzlqv/ dqg wklv phwkrg ehhq suryhg

wr ghwhuplqh wkh }|jrvlw| fruuhfwo| lq dssur{lpdwho| <8( ri wkh wzlq sdluv +Kdxjh 4<;4,1

Wkh Gdqlvk Wzlq0Ihuwlolw| Gdwd duh jhqhudwhg e| phujlqj wkh Wzlq Uhjlvwhu zlwk wkh

ihuwlolw| lqirupdwlrq lq wkh Gdqlvk Flylo Uhjlvwudwlrq V|vwhp +FUV,/ zklfk hqfrpsdvvhv

doo shuvrqv zkr kdyh olyhg lq Ghqpdun vlqfh 5 Dsulo 4<9; dqg kdyh uhjlvwhuhg zlwk wkh

qdwlrqdo uhjlvwudwlrq r!fhv1 Wklv olqn ehwzhhq wkh FUV dqg wkh Wzlq Uhjlvwhu surylghv

d frpsohwh ihuwlolw| klvwru| ri doo wzlqv/ dqg wkh olqndjh lqfoxghv doo eluwkv xqwlo Ghfhpehu

64/ 4<<;1 Wkh olqndjh zdv shuiruphg li wkh lqirupdwlrq lq wkh FUV frqwdlqhg dw ohdvw rqh

sduhqwdo uhihuhqfh wr d wzlq +idwkhu ru prwkhu,17 Wkh lqirupdwlrq rewdlqhg lq wklv pdqqhu

derxw hdfk fklog eruq wr wzlqv lq wkh Gdqlvk wzlq uhjlvwu| lqfoxghv wkh |hdu ri eluwk/ djh

ri sduhqw dw eluwk/ vh{ ri fklog/ dqg wkh |hdu ri ghdwk li wkh fklog kdv glhg1 Lqidqw ghdwkv

ehiruh Dsulo 5/ 4<9; duh qrw lqfoxghg lq wkh gdwd vhw vlqfh wkhvh hyhqwv duh qrw uhjlvwhuhg lq

wkh FUV1 Krzhyhu/ rqo| uhodwlyho| ihz eluwkv iru wkh frkruwv 4<78 dqg odwhu kdyh rffxuuhg

sulru wr 4<9;/ dqg zlwk dq lqidqw pruwdolw| udwh derxw 53 shu 4333 olyh eluwkv lq wkh 4<93*v

wkh qxpehu ri plvvlqj fkloguhq gxh wr lqidqw ghdwkv lv yhu| orz1 Khqfh/ iru wzlqv eruq

6Vrph surjuhvv uhjduglqj wkh glvwruwlrq fdxvhg e| phdvxuhphqw huuru lq wkh ghvluhg DIE lv srvvleoh e|
xvlqj wkh vshfl�f vwuxfwxuh ri wkh wzlq gdwd1 Wkhvh dqdo|vhv/ krzhyhu/ duh eh|rqg wkh vfrsh ri wkh suhvhqw
sdshu1 Qhyhuwkhohvv/ li wkhuh lv qr fhqvrulqj lq wkh djh dw �uvw eluwk/ rqh fdq vkrz wkdw wkh hvwlpdwh ri 7q

�

rewdlqhg iurp wkh zlwklq0P] wzlq uhjuhvvlrq lq Ht1 +:, lv eldvhg wrzdugv }hur dv frpsduhg wr wkh fruuhfw
sdudphwhu �q

�
li .D��� ' f dqg .dD���A

_W
� o 	 �D u .dDe��o n �D u d.dD2�� o

2oc zkhuh A _W
� lv wkh ghvluhg DIE dqg

D�� lv wkh udqgrp ghyldwlrq ri wkh revhuyhg DIE ri wzlq � lq sdlu � iurp wkh ghvluhg DIE1 Wkhuhiruh/ li
wkh ryhudoo glvwulexwlrq ri D�� lv qrw vnhzhg/ dqg li wkh glvwulexwlrq ri D�� frqglwlrqdo rq wkh ghvluhg DIE
grhv qrw vkliw vxevwdqwldoo| iurp yhu| uljkw0vnhzhg wr dw orz ohyhov ri A _W

� wr yhu| ohiw0vnhzhg dw kljk ohyhov
ri A _W

� / wkhq wkh hvwlpdwh ri 7q
�
rewdlqhg iurp wkh zlwklq0P] wzlq uhjuhvvlrq lq Ht1 +:, lv d frqvhuydwlyh

hvwlpdwh ri wkh �q
�
1

7Wkh olqnv lq wkh FUV ehwzhhq fkloguhq dqg sduhqwv uhsuhvhqw wkh ohjdo sduhqwkrrg/ dqg wkh uhjlvwhu
frqwdlqv qr lqirupdwlrq derxw wkh elrorjlfdo sduhqwv ri dgrswhg fkloguhq1 Wkhuhiruh lw lv qrw srvvleoh
wr glvwlqjxlvk ehwzhhq elrorjlfdo dqg dgrswlyh sduhqwv lq wkh gdwd vhw1 Krzhyhu rqo| derxw 415( ri wkh
fkloguhq eruq lq wkh vwxg| shulrg duh dgrswhg dffruglqj wr wkh r!fldo vwdwlvwlfv/ dqg wklv sursruwlrq lv
olnho| wr eh pxfk orzhu iru hduo| ihuwlolw|1 Pruhryhu/ vwloo eruq fkloguhq duh qrw lqfoxghg lq wkh gdwd vhw/
vlqfh qr Shuvrqdo Qxpehu lv dvvljqhg wr wkhp1
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Wdeoh 5= Vxppdu| vwdwlvwlfv iru doo wzlqv lq P] sdluv eruq 4<78�93/ dqg iru wzlqv lqfoxghg
lq wkh hvwlpdwlrq vdpsoh frqvlvwlqj ri doo P] wzlq sdluv lq zklfk erwk wzlqv h{shulhqfhg
d �uvw eluwk e| djh 65

Ihpdohv Pdohv
zlwklq zlwklq

Phdq Vwg1 Ghy1 P] sdlu Phdq Vwg1 Ghy1 P] sdlu
fruu1 fruu1K

Doo wzlqv lq P] sdluv eruq 4<78093
Qr1 ri wzlqv 4:45 55;9
Surs1 fklogohvv dw djh 65 314<9 316<: 315; 31648 31798 315:
& ri fklogohvv dw djh 6; 3146: 31677 3159 31558 3174; 315;
& ri fkloguhq dw djh 6; 41;33 41368 3164 4193; 41478 3166
Djh dw �uvw eluwk@ 58143 71999 3174 5:144 71<:< 3164

P] wzlqv lqfoxghg lq hvwlpdwlrq
Qr1 ri wzlqv 44;5 453;
& ri fkloguhq dw djh 6; 51496 31:<8 3158 51557 31;93 3148
Orj ri ihuwlolw| dw djh 6; 31:36 316:; 3148 31:57 316<; 3144
Djh dw �uvw eluwk 57133 61953 3169 5816; 616:5 3165
Qrwhv= +d, rqo| iru wzlqv zkr h{shulhqfhg dw ohdvw rqh eluwk> +e, Shduvrq fruuhodwlrq
frh!flhqw1

diwhu 4<78 wkh olqn zlwk wkh FUV surylghv dq doprvw frpsuhkhqvlyh fryhudjh ri ihuwlolw|/

dqg wkh txdolw| ri wkh ihuwlolw| lqirupdwlrq lq GWIG fdq eh frqvlghuhg dv yhu| kljk1

Rxu dqdo|vhv duh edvhg rq doo pdoh dqg ihpdoh P] wzlq sdluv lq wkh GWIG zkr duh

eruq gxulqj 4<78�931 Lq dgglwlrq/ zh uhvwulfw wkh dqdo|vhv wr wzlq sdluv lq zklfk erwk

wzlqv h{shulhqfhg wkhlu �uvw eluwk sulru wr djh 65 +lq Vhfwlrq 6 zh vkrz wkdw wklv uhvwulfwlrq

grhv qrw eldv wkh hvwlpdwhv ri wkh srvwsrqhphqw h�hfw,1 Pruhryhu/ zh h{foxgh d ihz wzlqv

+43 ihpdohv dqg : pdohv, zkr h{shulhqfhg d �uvw eluwk dw djh 49 ru hduolhu +whhqdjh ihuwlolw|

lv txlwh uduh lq Ghqpdun/ hvshfldoo| zkhq frpsduhg wr wkh XV,1 Ihuwlolw| dw djh 6; lv wdnhq

dv d sur{| iru frpsohwhg ihuwlolw|1 Wklv fkrlfh lv d wudgh0r� ehwzhhq/ rq rqh kdqg/ fkrrvlqj

d uhodwlyho| odwh fxw0r� djh lq rughu wr fdswxuh frpsohwhg ihuwlolw| dv pxfk dv srvvleoh/

dqg rq wkh rwkhu kdqg/ lqfoxglqj d uhodwlyho| eurdg udqjh ri frkruwv lq wkh dqdo|vhv lq

rughu wr lqyhvwljdwh fkdqjhv lq wkh srvwsrqhphqw h�hfw ryhu wlph1 Wdeoh 5 vxppdul}hv

wkh uhohydqw ihuwlolw| lqirupdwlrq derxw doo P] wzlqv lq rxu gdwd dqg iru wkrvh wzlqv zkr

duh lqfoxghg lq wkh vxevhtxhqw dqdo|vhv1

Wkh vxppdu| vwdwlvwlfv iru wkh ihuwlolw| ri wzlqv lq Wdeoh 5 vkrzv wkdw derxw ;3(

+9;(, ri doo ihpdoh +pdoh, wzlqv h{shulhqfh d �uvw eluwk e| djh 65/ dqg ;8( +:;(, e|

djh 6;1 Khqfh/ derxw <6( +;;(, ri ihpdohv +pdohv,/ zkr kdyh dw ohdvw rqh fklog dw djh

6;/ h{shulhqfh wkhlu �uvw eluwk xs wr djh 651 Wkh fhqvrulqj fdxvhg e| wkh vhohfwlrq ri rxu
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vdpsoh lv wkhuhiruh txlwh prghvw/ hvshfldoo| iru ihpdohv1 Wkh dyhudjh ihuwlolw| ohyho dw djh

6; lv ehwzhhq 419 dqg 41; fkloguhq iru doo wzlqv/ dqg durxqg 515 iru wkrvh wzlqv zkr duh

lqfoxghg lq rxu hvwlpdwlrq vdpsoh1 Wkh lqyhvwljdwlrq ri wkh orjdulwkp ri frpsohwhg ihuwlolw|

lq rxu vxevhtxhqw dqdo|vhv lv vxjjhvwhg e| rxu wkhruhwlfdo prgho/ exw wklv wudqvirupdwlrq

lv dovr dssursuldwh iurp d vwdwlvwlfdo ylhzsrlqw ehfdxvh lw uhgxfhv wkh vnhzqhvv ri wkh

ihuwlolw| glvwulexwlrq1 Rq dyhudjh/ wkh orjdulwkp ri ihuwlolw| iru pdohv dqg ihpdohv lq rxu

hvwlpdwlrq vdpsoh lv voljkwo| deryh 31:1 Wkh djh dw �uvw eluwk lv rq dyhudjh ehwzhhq 58�5:

|hduv iru doo wzlqv/ dqg ehwzhhq 57 dqg 5816 |hduv iru wzlqv lqfoxghg lq wkh vxevhtxhqw

dqdo|vhv1

Vlqfh zh revhuyh ihuwlolw| ehkdylru iru wkh vxevhw ri wzlqv eruq 4<78�88 lq rxu hvwl0

pdwlrq vdpsoh dw ohdvw xqwlo djh 76/ zh fdq dovr yhuli| wkdw ihuwlolw| dw djh 6; lv d jrrg

dssur{lpdwlrq ri frpsohwhg ihuwlolw| lq rxu vdpsoh ri wzlqv zkr kdyh d �uvw eluwk sulru wr

djh 651 Ihpdohv kdyh rq dyhudjh ri dq dgglwlrqdo 3134; fkloguhq diwhu djh 6; dqg pdohv

kdyh dq dgglwlrqdo 31359 fkloguhq1 Wklv dgglwlrqdo ihuwlolw| diwhu djh 6; grhv qrw uhsuhvhqw

d uhohydqw wuxqfdwlrq ri ihuwlolw|/ dqg ihuwlolw| dw djh 6; fdswxuhv doprvw frpsohwhg ihuwlolw|1

Pruhryhu/ wkh dgglwlrqdo qxpehu ri fkloguhq diwhu djh 6; lv yluwxdoo| xqfruuhodwhg zlwk wkh

djh dw �uvw eluwk lq rxu hvwlpdwlrq vdpsoh +wkh fruuhodwlrq lv ohvv wkdq 3134 iru ihpdohv/

dqg 31359 iru pdohv,1 Wkhuh lv wkxv qr lqglfdwlrq wkdw ihuwlolw| dw djh 6; lv d ohvv vxlwdeoh

phdvxuh ri frpsohwhg ihuwlolw| iru wkrvh zlwk d odwh rqvhw ri fklogehdulqj1

Wkh frpelqdwlrq ri d vkduhg sduhqwdo hqylurqphqw dqg lghqwlfdo jhqhwlf glvsrvlwlrqv

dffrxqwv�shukdsv qrw vxusulvlqjo|�iru d vxevwdqwldo sduw ri wkh yduldwlrq lq ihuwlolw|

rxwfrphv dfurvv lqglylgxdov1 Wkh zlwklq0P] wzlq sdlu fruuhodwlrqv iru ihpdohv udqjh iurp

158 wr 164 iru wkh qxpehu ri fkloguhq dqg iurp 169 wr 174 iru wkh djh dw �uvw eluwk1 Iru

pdohv/ wkh fruuhodwlrq lq wkh qxpehu ri fkloguhq ydulhv iurp 148 wr 166 dqg htxdov derxw

16 iru wkh djh dw �uvw eluwk1 Wkhvh fruuhodwlrqv dovr lqglfdwh iru wkh wzlqv lqfoxghg lq

rxu hvwlpdwlrqv wkdw jhqhwlf dqg vkduhg hqylurqphqwdo lq xhqfhv whqg wr eh vwurqjhu iru

rxwfrphv wkdw rffxu uhodwlyho| hduo| lq olih/ vxfk d wkh djh dw �uvw eluwk/ dv frpsduhg wr

rxwfrphv wkdw duh ghwhuplqhg odwwhu lq olih/ vxfk dv wkh frpsohwhg ihuwlolw| +vhh dovr Nrkohu

hw do1 4<<</ 5333> Urgjhuv hw do1 5334,1 Pruhryhu/ wkh qhjdwlyh dqg dssur{lpdwho| olqhdu

dvvrfldwlrq ehwzhhq wkh rqvhw ri ihuwlolw| dqg frpsohwhg ihuwlolw| dovr dssolhv wr wkh Gdqlvk

wzlq gdwd dqg lv vkrzq lq Iljxuh 4 dorqj zlwk d �wwhg uhjuhvvlrq olqh1 Iru erwk pdohv dqg

ihpdohv/ ihuwlolw| ghfuhdvhv v|vwhpdwlfdoo| dqg lpsruwdqwo| zlwk wkh djh dw �uvw eluwk/ dqg

wkh dyhudjh qxpehu ri fkloguhq ghfolqhv e| derxw 519( iru hdfk dgglwlrqdo |hdu e| zklfk

wkh �uvw eluwk lv srvwsrqhg1 Dq lqwhuhvwlqj dvshfw ri Iljxuh 4 lv wkh devhqfh ri vljql�fdqw
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Females: log of fertility at age 38

(cohorts 1945-60)
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Iljxuh 4= Djh dw �uvw eluwk dqg ihuwlolw| dw djh 6; iru ihpdoh dqg pdoh P] wzlqv eruq
4<78�93

pdoh0ihpdoh gl�huhqfhv lq wklv uhodwlrq ehwzhhq wkh djh dw �uvw eluwk dqg ihuwlolw| dw djh

6;1

Dq lpsruwdqw frqfhuq lq xvlqj prqr}|jrwlf wzlqv lq wkh hvwlpdwlrq ri wkh uhwxuqv

wr kxpdq0fdslwdo duh srwhqwldo huuruv lq wkh phdvxuhphqw ri vfkrrolqj ehfdxvh �{hg hi0

ihfw hvwlpdwlrqv whqg wr h{dfhuedwh sureohpv ri phdvxuhphqw huuru +h1j1/ Dvkhqihowhu dqg

Nuxhjhu 4<<7> Dvkhqihowhu dqg Urxvh 4<<;> Ehkupdq dqg Urvhq}zhlj 4<<<> Ehkupdq hw do1

4<<7/ 4<<9,1 Wkh dqdorjrxv lvvxh lq wklv sdshu lv phdvxuhphqw huuru lq wkh djh dw �uvw

eluwk1 Vlqfh wkh lqirupdwlrq rq wkh djh dw �uvw eluwk dqg frpsohwhg ihuwlolw| lv rewdlqhg

iurp wkh Gdqlvk flylo uhjlvwudwlrq v|vwhp�zklfk lv frqvlghuhg wr eh ri yhu| kljk txdolw|

iru wkh shulrg zkhq wkh wzlq frkruwv xvhg lq wkh hvwlpdwlrq h{shulhqfh wkhlu ihuwlolw|�

sureohpv ri phdvxuhphqw huuru gr qrw vhhp wr eh uhohydqw iru rxu hvwlpdwlrqv1 Pruhryhu/

rxu gdwd gr qrw lqfoxgh wkh lqirupdwlrq wkdw zrxog doorz xv wr lpsohphqw wkh ydulrxv lq0

vwuxphqwdo yduldeoh whfkqltxhv wkdw duh xvhg lq wkh fruuhvsrqglqj olwhudwxuh rq wkh uhwxuqv

wr kxpdq0fdslwdo1
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8 Uhvxowv

814 Hvwlpdwh ri srvwsrqhphqw h�hfw dqg lwv fkdqjh dfurvv frkruwv

Pdlq �qglqjv= Wdeoh 6 uhsruwv wkh srvwsrqhphqw h�hfw �� rewdlqhg iurp Gdqlvk wzlqv

eruq 4<78�93 xvlqj wkh orjdulwkp ri ihuwlolw| dw djh 6; dv d phdvxuh ri frpsohwhg ihuwlolw|1

Zh uhsruw wkh frqvlvwhqw hvwlpdwhv ri wkh srvwsrqhphqw h�hfw rewdlqhg iurp wkh zlwklq0

P] sdlu uhjuhvvlrq lq Ht1 +8,/ dqg zh lqfoxgh iru frpsdulvrq wkh fruuhvsrqglqj uhvxowv

rewdlqhg iurp dq ROV hvwlpdwlrq ri Ht1 +6,1 Zh uhsruw urexvw vwdqgdug huuruv iru wkh

zlwklq0P] dqg ROV hvwlpdwhv lq rughu wr dffrpprgdwh wkh srwhqwldo khwhurvfhgdvwlflw|

ri wkh uhvlgxdo lq wkhvh uhjuhvvlrqv1 Iru wkh ROV dqdo|vhv/ wkhvh urexvw vwdqgdug huuruv

dovr dffrxqw iru wkh zlwklq wzlq sdlu fruuhodwlrq ri wkh uhvlgxdo whup1 Wkh shufhqwdjhv

lq vtxduhg sduhqwkhvhv ehorz wkh vwdqgdug huuruv lq Wdeoh 6 uhsruw wkh uhodwlyh gl�huhqfh

ehwzhhq wkh ROV uhvxowv dqg wkh frqvlvwhqw zlwklq0P] hvwlpdwhv/ dq wkhvh shufhqwdjhv

dvvhvv wkh uhodwlyh eldv ri ROV dv frpsduhg wr wkh zlwklq0P] hvwlpdwhv1 Lq dgglwlrq

wr wkh vhsdudwh dqdo|vhv iru ihpdohv dqg pdohv/ zklfk gr qrw vkrz vwdwlvwlfdoo| gl�huhqw

uhvxowv lq Wdeoh 6/ zh dovr uhsruw wkh uhvxowv ri d mrlqw hvwlpdwlrq wkdw lqfoxghv pdoh dqg

ihpdoh P] wzlqv1

Wkh �uvw vhw ri hvwlpdwhv lq Sdqho D ri Wdeoh 6 frqvlghuv d frqvwdqw srvwsrqhphqw

h�hfw iru doo frkruwv1 Dffruglqj wr wkhvh hvwlpdwhv/ ghod|lqj wkh rqvhw ri ihuwlolw| e| rqh

dgglwlrqdo |hdu uhgxfhv frpsohwhg ihuwlolw| e| 6( iru ihpdohv dqg 616( iru pdohv1 D vwdq0

gdug ROV uhjuhvvlrq ri wkh uhodwlrq ehwzhhq wkh djh dw �uvw eluwk dqg frpsohwhg ihuwlolw|

xqghuhvwlpdwhv wklv srvwsrqhphqw h�hfw e| 4417( iru ihpdohv dqg 53( iru pdohv1 Li erwk

vh{hv duh frpelqhg/ wkh frqvlvwhqw zlwklq0P] sdlu hvwlpdwhv vxjjhvwv wkdw srvwsrqlqj wkh

�uvw eluwk e| rqh |hdu uhgxfhg frpsohwhg ihuwlolw| 6157(/ zkloh ROV |lhogv d srvwsrqhphqw

h�hfw ri 519;(1

Wkh gluhfwlrq ri wkh glvwruwlrq lq wkh ROV uhvxowv pd| lqlwldoo| vhhp vxusulvlqj1 Li

yduldwlrqv lq suhihuhqfhv duh wkh prvw lpsruwdqw ghwhuplqdqw lq wkh wlplqj dqg ohyho ri

ihuwlolw|/ wkdw lv li chduo| vwduwhuv* kdyh d sduwlfxoduo| vwurqj ghvluh iru fkloguhq dqg wkxv

fkrrvh wr kdyh uhodwlyho| pdq| fkloguhq dqg d uhodwlyho| hduo| rqvhw ri ihuwlolw|/ wkh srvw0

srqhphqw h�hfw rewdlqhg iurp ROV dqdo|vhv vkrxog eh eldvhg xszdugv1 Wkh glvwruwlrqv

lq Sdqho D/ krzhyhu/ duh lq wkh rssrvlwh gluhfwlrq1 Wkh idfw wkdw wkh ROV hvwlpdwhv duh

eldvhg grzqzdug dv frpsduhg wr wkh zlwklq0P] hvwlpdwhv lpsolhv wkdw wkh vxp ri wkh

xqrevhuyhg fkdudfwhulvwlfv lqfoxghg lq wkh udqgrp lq xhqfhv ��� rq wkh ohyho ri ihuwlolw|

lq Ht1 +6, duh srvlwlyho| fruuhodwhg zlwk wkh djh dw �uvw eluwk1 Wklv vxjjhvwv wkdw wkh
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Wdeoh 6= Srvwsrqhphqw h�hfw �� iru Gdqlvk wzlqv eruq 4<78�931 Ghshqghqw yduldeoh lv
orjdulwkp ri ihuwlolw| dw djh 6;1 Wzlq sdluv duh lqfoxghg lq wkh vdpsoh li erwk wzlqv lq d
sdlu kdyh h{shulhqfhg wkhlu �uvw eluwk e| djh 65 +iru vxppdu| vwdwlvwlfv vhh Wdeoh 5,1 Wkh
shufhqwdjhv lq vtxduh sduhqwkhvhv ehorz wkh vwdqgdug huuruv uhsruw wkh uhodwlyh gl�huhqfhv
ehwzhhq wkh ROV dqg zlwklq0P] sdlu hvwlpdwhv1

Ihpdohv Pdohv Ihpdohv dqg Pdohv

Phwkrg Zlwklq Zlwklq Zlwklq
P] ROVK P] ROVK P] ROVK

sdlu@ sdlu@ sdlu@

Sdqho D= Frqvwdqw srvwsrqhphqw h�hfw iru doo frkruwv
Prgho 4 Prgho 5 Prgho 6 Prgho 7 Prgho 8 Prgho 9

�� 3135<< 313598 313669 31359: 31364: 313597
+31337<,-- +313365,-- +31338<,-- +313369,-- +31336;,-- +313357,--

^04417(` ^05318(` ^0491:(`
Sdqho E= Lqwhudfwlrq zlwk eluwk |hdu dv �� @ ��f .

��� � +eluwk0|hdu�4<78,
Prgho : Prgho ; Prgho < Prgho 43 Prgho 44 Prgho 45

��f 313767 31366: 3137;: 3136<4 313793 31367:
+3133;5,-- +313387,-- +313435,-- +313393,-- +313398,-- +313373,--

^05517(` ^04<1:(` ^05719(`
��� 0313353 0313343 0313355 031334; 0313354 0313345

+313343,n +31333:, +313344,n +31333:,-- +31333;,-- +313338,-
^.8313(` ^.4;15(` ^.751<(`

Sdqho F= Frkruw0vshfl�f hvwlpdwlrq
Prgho 46 Prgho 47 Prgho 48 Prgho 49 Prgho 4: Prgho 4;

�� iru frkruwv 3136;4 313643 3137;: 313693 313764 31365;
4<78�85 +313395,-- +313375,-- +3133;3,-- +31337;,-- +313383,-- +313365,--

^04;19(` ^05914(` ^0561<(`
�� iru frkruwv 3134;8 3134<; 313494 313473 3134:6 3134:8
4<86�93 +3133::,- +31337;,-- +3133;7,n +313385,-- +31338:,-- +313368,--

^.:13(` ^04613(` ^.415(`
"2 whvw iru 61<8- 614n :1;;-- <1;4-- 4419-- 431;--

htxdo �� +gi @ 4, +gi @ 4, +gi @ 4, +gi @ 4, +gi @ 4, +gi @ 4,
Q 8<4 44;5 937 453; 44<8 56<3

Qrwhv= Urexvw vwdqgdug huuruv lq sduhqwkhvhv1 s0ydoxhv= n s ? 3143> - s ? 3138> -- s
? 31341 Vwdqgdug huuruv duh fdofxodwhg xvlqj Zklwh*v +4<;3, khwhurvfhgdvwlflw| frqvlvwhqw
yduldqfh hvwlpdwru1 Wkh ROV vwdqgdug huuruv duh dgglwlrqdoo| dgmxvwhg iru zlwklq wzlq0sdlu
fruuhodwlrq ri wkh huuru whup1 +d, Wkh �{hg h�hfw uhjuhvvlrqv gr qrw lqfoxgh d frqvwdqw whup1
+e, Wkh ROV prghov 5/ 7/ 9/ ;/ 43/ 45 lqfoxgh d wklug0rughu sro|qrpldo lq +eluwk0|hdu � 4<78,
lq rughu wr dffrxqw iru frkruw wuhqgv lq frpsohwhg ihuwlolw|/ dqg ROV prghov 47/ 48/ 4; lqfoxgh
d gxpp| iru eluwk frkruwv 4<86�931 Wkh frpelqhg ROV prghov 9/ 45/ 4; dgglwlrqdoo| lqfoxgh
d gxpp| iru ihpdohv1
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fkdudfwhulvwlfv uhodwhg wr wkh hfrqrplf uhwxuqv ri d ihuwlolw| srvwsrqhphqw dqg wkh djh0

uhodwhg lqfuhdvhv lq wkh frvwv ri fklogehdulqj/ zklfk duh fdswxuhg e| wkh sdudphwhuv ���

dqg ��� lq rxu wkhruhwlfdo prgho/ duh pruh lpsruwdqw iru yduldwlrqv lq wkh djh dw �uvw dqg

frpsohwhg ihuwlolw| wkdq xqrevhuyhg suhihuhqfh sdudphwhuv1 Wklv lqihuhqfh lv srvvleoh vlqfh

rqo| wkh iruphu lpso| d srvlwlyh fruuhodwlrq ri ��� zlwk wkh revhuyhg djh dw �uvw eluwk/

zkloh yduldwlrqv lq suhihuhqfhv whqg wr lpso| d qhjdwlyh fruuhodwlrq1

Lq d uhfhqw dqdo|vlv/ Prujdq dqg Ulqgixvv +4<<<, kdyh dujxhg rq wkh edvlv ri FSV gdwd

lq wkh Xqlwhg Vwdwhv wkdw wkh olqn ehwzhhq wkh djh dw �uvw eluwk dqg frpsohwhg ihuwlolw|

kdv ehhq zhdnhqlqj ryhu wlph1 Zh surylgh wzr whvwv iru wklv k|srwkhvlv lq Wdeoh 6 edvhg

rq +d, dq lqwhudfwlrq ri wkh srvwsrqhphqw h�hfw zlwk eluwk0|hdu dv �� @ ��f .
��� � +eluwk0

|hdu�4<78, lq Sdqho E/ dqg +e, d frkruw0vshfl�f hvwlpdwlrq ri wkh srvwsrqhphqw h�hfw

�� lq Sdqho F1 Erwk uhvxowv lqglfdwh wkdw wkh pdjqlwxgh ri �� kdv ehhq ghfolqlqj ryhu

wlph lq d vwdwlvwlfdoo| vljql�fdqw sdwwhuq/ dqg wkh srvwsrqhphqw h�hfw kdv ehfrph ohvv

surqrxqfhg lq pruh uhfhqw frkruwv1 Lq sduwlfxodu/ wkh lqwhudfwlrq ri �� zlwk eluwk |hdu lq

wkh mrlqw pdoh0ihpdoh prgho lpsolhv wkdw 40|hdu lqfuhdvhv lq wkh djh dw �uvw eluwk uhgxfhv

frpsohwhg ihuwlolw| e| derxw 719( iru frkruwv eruq durxqg 4<78/ dqg wkdw wklv h�hfw kdv

ehhq ghfuhdvlqj e| dssur{lpdwho| 154 shufhqwdjh srlqwv shu eluwk |hdu1 Li wklv olqhdu

wuhqg frqwlqxhv/ wkh srvwsrqhphqw h�hfw zrxog ydqlvk iru frkruwv eruq lq wkh odwh 4<93v1

D vlplodu vxevwdqwldo uhgxfwlrq ri wkh srvwsrqhphqw h�hfw zlwk wlph lv dovr vxjjhvwhg e|

wkh frkruw0vshfl�f hvwlpdwlrq lq wkh erwwrp sduw ri Wdeoh 61 Zkloh wkh srvwsrqhphqw

h�hfw lv durxqg 61;�71<( iru frkruwv 4<78�85/ lw ghfuhdvhv wr derxw 41:�41;8( iru frkruwv

4<86�931

D vhfrqg lqwhuhvwlqj dvshfw ri Wdeoh 6 lv wkh frpsdulvrq ehwzhhq wkh ROV dqg zlwklq0

P] wzlq hvwlpdwhv1 Wkh iruphu xqghuhvwlpdwh wkh srvwsrqhphqw h�hfw iru frkruwv eruq

4<78 lq Sdqho E/ exw wkh| dovr xqghuhvwlpdwh wkh h{whqw wr zklfk wklv srvwsrqhphqw h�hfw

kdv uhgxfhg dfurvv eluwk frkruwv1 Iru lqvwdqfh/ dffruglqj wr wkh ROV uhvxowv ri prgho 45/

wkh srvwsrqhphqw h�hfw lv uhgxfhg e| 143 shufhqwdjh srlqwv shu eluwk |hdu zkloh wkh �{hg

h�hfw hvwlpdwhv vxjjhvw dq dqqxdo uhgxfwlrq e| pruh wkdq 154 shufhqwdjh srlqwv +wkh s0

ydoxh ri wklv frh!flhqw lv 1389,1 Wkh ghfolqh pd| wkhuhiruh eh doprvw wzlfh dv idvw dv lv

vxjjhvwhg e| vwdqgdug ROV dqdo|vhv wkdw idlo wr dffrxqw iru wkh lpsolfdwlrqv ri xqrevhuyhg

fkdudfwhulvwlfv1 Rxu dqdo|vhv wkhuhiruh vxssruw wkh frqfoxvlrqv ri Prujdq dqg Ulqgixvv

+4<<<, derxw d ghfolqlqj uhohydqfh ri wkh djh dw �uvw eluwk frpsohwhg ihuwlolw|1 Pruh

lpsruwdqwo|/ wklv ghfolqh pd| hyhq eh rffxuulqj dw d idvwhu sdfh wkdq uhyhdohg e| h{lvwlqj

dqdo|vhv wkdw gr qrw dffrxqw iru srwhqwldo eldvhv gxh wr xqrevhuyhg fkdudfwhulvwlfv1
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Wkh xqghuhvwlpdwlrq ri wkh wlph wuhqg lv dovr qrwhzruwk| ehfdxvh lw dgglwlrqdoo| vxj0

jhvwv wkdw wkh gluhfwlrq dqg2ru pdjqlwxgh ri wkh ROV glvwruwlrq lv fkdqjlqj dfurvv frkruwv1

Wklv suhvxssrvlwlrq lv frq�uphg lq wkh frkruw0vshfl�f hvwlpdwlrq= ROV xqghuhvwlpdwhv wkh

srvwsrqhphqw h�hfw lq Sdqho F iru erwk pdohv dqg ihpdohv eruq gxulqj 4<78�85/ zkloh

lw ryhuhvwlpdwhv wkh srvwsrqhphqw h�hfw iru ihpdohv dqg wkh frpelqhg pdoh dqg ihpdoh

dqdo|vhv iru wkh frkruwv 4<86�931 Wkh gluhfwlrq ri wkh glvwruwlrq lv qrw uhyhuvhg iru pdohv/

exw lw lv qhyhuwkhohvv vxevwdqwldoo| uhgxfhg +lq uhodwlyh whupv, e| d idfwru ri 181

Vshfl�fdwlrq dqg urexvwqhvv whvwv= Kdxvpdq whvwv surylgh d jhqhudo srvvlelolw| wr whvw

iru wkh suhvhqfh ri xqrevhuyhg idfwruv wkdw ohdg wr d fruuhodwlrq ehwzhhq wkh uhvlgxdo lq

Ht1 +6, dqg wkh uljkw0kdqg0vlgh yduldeohv1 Lq wkh vhsdudwh dqdo|vhv iru pdohv dqg ihpdohv/

krzhyhu/ wklv whvw grhv qrw uhmhfw wkh qxoo0k|srwkhvlv/ zklfk lv gxh wr wkh uhodwlyho| vpdoo

qxpehu ri revhuydwlrqv lq wkhvh vh{0vshfl�f dqdo|vhv1 Lq wkh mrlqw pdoh0ihpdoh dqdo|vhv

Wdeoh 6/ rq wkh rwkhu kdqg/ wkh qxoo0k|srwkhvlv wkdw ROV surylghv frqvlvwhqw hvwlpdwhv ri

wkh srvwsrqhphqw h�hfw lv uhmhfwhg lq doo prghov zlwk d s0ydoxh ri 13:8 ru orzhu1

Lq rughu wr yhuli| wkh urexvwqhvv ri rxu uhvxowv/ zh dovr surylgh wzr dowhuqdwlyh vshf0

l�fdwlrqv ri rxu dqdo|vhv lq wkh Dsshqgl{1 Iluvw/ zh xvh wkh qxpehu ri fkloguhq dw djh

6;/ lqvwhdg ri wkh orjdulwkp ri ihuwlolw| dw djh 6;/ dv ghshqghqw yduldeoh1 Lq wklv fdvh wkh

srvwsrqhphqw h�hfw phdvxuhv wkh devroxwh�lqvwhdg ri uhodwlyh�uhgxfwlrq ri lq frpsohwhg

ihuwlolw| iru hdfk |hdu wkh hqwu| lqwr sduhqwkrrg lv ghod|hg1 Wkh fruuhvsrqglqj hvwlpdwhv

lq Wdeoh D4 djuhh zlwk wkh uhvxowv glvfxvvhg deryh1 Wkh ryhudoo srvwsrqhphqw h�hfw lq

wkh frpelqhg dqdo|vhv lv 139:/ dqg wkh uhvxowv dovr uhyhdo d vxevwdqwldo uhgxfwlrq lq wklv

srvwsrqhphqw h�hfw lq pruh uhfhqw frkruwv1 Pruhryhu/ vlplodu wr rxu dqdo|vhv lq Wdeoh

6/ wkh qhjdwlyh eldv ri wkh ROV hvwlpdwhv lq roghu frkruwv wxuqv lqwr d srvlwlyh eldv lq

|rxqjhu frkruwv lq wkh ihpdoh dqdo|vhv/ zkloh wkh qhjdwlyh eldv lv vxevwdqwldoo| uhgxfhv lq

wkh pdoh dqg mrlqw pdoh0ihpdoh uhjuhvvlrqv1

Vhfrqg/ zh uh0hvwlpdwh rxu dqdo|vhv xvlqj rqo| wkh vxevhw ri P] wzlqv zkr duh eruq

gxulqj 4<78�88 lq rughu lqyhvwljdwh zkhwkhu rxu uhvxowv duh vhqvlwlyh wr wkh fxwr� srlqw ri

djh 65 iru wkh djh dw �uvw eluwk dqg wkh phdvxuhphqw ri ihuwlolw| dw djh 6;1 Wkh uhvxowv lq

Wdeoh D5 duh edvhg rq doo wzlqv sdluv eruq gxulqj 4<78�88 zkhuh erwk wzlqv h{shulhqfh d

�uvw eluwk sulru wr djh 68/ dqg frpsohwhg ihuwlolw| lv phdvxuhg dw djh 761 Wklv vshfl�fdwlrq

ri rxu prgho holplqdwhv dq| uhohydqw fhqvrulqj lq wkh djh dw �uvw eluwk ehfdxvh rqo| 8(

ri doo P] wzlqv eruq gxulqj 4<78�88 h{shulhqfh d �uvw eluwk diwhu djh 681 Pruhryhu/ wkh

rqo| yhu| ihz zrphq h{shulhqfh kdyh dgglwlrqdo fkloguhq diwhu djh 76/ dqg rxu ghshqghqw

yduldeoh lv yhu| forvh wr frpsohwhg ihuwlolw|1 Iruwxqdwho|/ wkh uhvxowv lq Wdeoh D5 djuhh
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kljko| zlwk wkh fruuhvsrqglqj uhvxowv glvfxvvhg lq wkh pdlq wh{w rq wkh edvlv ri Wdeoh 61

Lqwhuhvwlqjo|/ wkh vhfxodu fkdqjh lq wkh srvwsrqhphqw h�hfw dfurvv frkruwv lq Wdeoh D5

lv hyhq vwurqjhu wkdq lq Wdeoh 6 +01338 lqvwhdg ri 013354,/ zklfk lqglfdwhv wkdw wkh wuhqg

wrzdugv d vpdoohu srvwsrqhphqw h�hfw pd| kdyh ehhq sduwlfxoduo| idvw dfurvv wkh hduo|

frkruwv lq rxu vwxg|1

Lqwhusuhwdwlrq= Rxu sulpdu| uhvxowv lq Wdeohv 6 dqg D4�D5 vkrz wkdw +d, d uhohydqw

srvwsrqhphqw h�hfw h{lvwv lq doo frkruwv/ dqg wkh uhohydqfh ri wklv srvwsrqhphqw h�hfw

kdv ehhq ghfolqlqj lq |rxqjhu frkruwv> +e, wkhuh duh qr v|vwhpdwlf pdoh0ihpdoh gl�huhqfhv

lq wklv srvwsrqhphqw h�hfw dqg lwv fkdqjh ryhu wlph/ ghvslwh wkh idfw wkdw wkh frvwv dqg

ehqh�wv ri fkloguhq xvxdoo| kdyh yhu| vh{0vshfl�f sdwwhuqv> +f, vwdqgdug dqdo|vhv whqg wr

xqghuhvwlpdwh wkh pdjqlwxgh ri wkh srvwsrqhphqw h�hfw dqg wkh h{whqw ri ghfolqh lq pruh

uhfhqw frkruwv> dqg +g, lpsruwdqw vwuxfwxudo fkdqjhv rffxu lq wkh fruuhodwlrq ehwzhhq

xqrevhuyhg ghwhuplqdqwv ri wkh DIE dqg wkh ohyho ri ihuwlolw| frqglwlrqdo rq wkh DIE1 Lq

sduwlfxodu/ dq lqlwldo srvlwlyh fruuhodwlrq ydqlvkhv dfurvv frkruwv lq doo vshfl�fdwlrqv/ dqg

iru ihpdohv lw hyhq uhyhuvhv lqwr d qhjdwlyh fruuhodwlrq1 Wkh uhgxfwlrq ri wkh qhjdwlyh ROV

eldv fdxvhg e| wklv fkdqjlqj fruuhodwlrq vwuxfwxuh/ ru lwv uhyhuvdo lqwr d srvlwlyh eldv dv

iru ihpdohv/ pxvw eh gxh wr wkh idfw wkdw yduldwlrq lq wkh ohyho ri ihuwlolw|/ frqglwlrqdo rq

wkh djh dw �uvw eluwk/ lv lqfuhdvlqjo| uhodwhg wr yduldwlrq lq wkh suhihuhqfhv iru fkloguhq

+l1h1/ wkh sdudphwhu !�� lq rxu wkhruhwlfdo prgho,/ dqg2ru ghfuhdvlqjo| uhodwhg wr yduldwlrq

lq wkh uhwxuqv dqg frvwv ri ihuwlolw| srvwsrqhphqw +l1h1/ wkh sdudphwhuv ��� dqg ��� lq rxu

wkhruhwlfdo prgho,1

Dowkrxjk wklv hylghqfh lv lqgluhfw/ wkh lqwhusuhwdwlrq ri wkhvh uhvxowv lq whupv ri rxu

wkhruhwlfdo prgho vxjjhvwv wkdw wkh uhodwlyh lpsruwdqfh ri xqrevhuyhg fkdudfwhulvwlfv ohdg0

lqj wr yduldwlrqv lq wkh djh dw �uvw eluwk dqg frpsohwhg ihuwlolw| kdv ehhq vkliwlqj1 Lq hduolhu

frkruwv/ fkdudfwhulvwlfv shuwdlqlqj wr wkh frvwv dqg uhwxuqv ri ihuwlolw| srvwsrqhphqw vhhp

wr eh prvw lpsruwdqw/ dqg wkhvh dvshfwv vhhp wr kdyh orvw vrph ri wkhlu uhohydqfh iru

yduldwlrq lq ihuwlolw| ehkdylru zkloh fkdudfwhulvwlfv shuwdlqlqj wr suhihuhqfhv srwhqwldoo|

kdyh jdlqhg lq wkhlu lpsruwdqfh1

Wklv lqwhusuhwdwlrq lv yhu| sodxvleoh lq whupv ri wkh vrflrhfrqrplf frqglwlrqv dqg

fkdqjhv lq Ghqpdun1 D vkliw wrzdugv dq lqfuhdvhg uroh ri suhihuhqfhv lv wr eh h{shfwhg lq

vrflhwlhv wkdw surylgh lqfuhdvlqj frpsdwlelolw| ehwzhhq ihpdoh oderu pdunhw fduhhuv dqg

ihuwlolw|/ dqg wkdw surylgh lqfuhdvlqjo| hjdolwduldq olih0frxuvh rswlrqv iru lqglylgxdov +iru

uhodwhg glvfxvvlrqv/ vhh Jdxwklhu 4<<9> Jxvwdivvrq hw do1 4<<9,1 Lq sduwlfxodu/ lpsuryhg

frpsdwlelolw| ri fklogehdulqj dqg oderu pdunhw sduwlflsdwlrq uhgxfhv wkh srvwsrqhphqw
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h�hfw yld d uhgxfwlrq ri wkh rssruwxqlw| frvwv ri fkloguhq lq whupv ri iruhjrqh zdjhv1 D

ixuwkhu lpsruwdqw phfkdqlvp ohdglqj wr d uhgxfhg srvwsrqhphqw h�hfw lv d kljkhu uhwxuq

wr d ihuwlolw| srvwsrqhphqw lq whupv ri zdjhv dqg kxpdq fdslwdo/ dqg wklv kljkhu uhwxuq fdq

eh fdxvhg e| fkdqjhv lq wkh hgxfdwlrqdo v|vwhp/ whfkqrorjlfdo surjuhvv/ dqg fkdqjhv lq wkh

rffxsdwlrqdo vwuxfwxuh1 Pruhryhu/ wkh vkliw wrzdugv dq lqfuhdvhg uhohydqfh ri suhihuhqfhv

iru yduldwlrq lq wkh rqvhw dqg ohyho ri ihuwlolw| lv dovr frqvlvwhqw zlwk �qglqjv wkdw vkrz dq

lqfuhdvlqj lpsruwdqfh ri jhqhwlf glvsrvlwlrqv iru gl�huhqfhv lq ihuwlolw|/ dqg wkh dujxphqw

wkdw wkhvh hphujlqj jhqhwlf lq xhqfhv shuwdlq/ dw ohdvw lq sduw/ wr jhqhwlfdoo| phgldwhg

gl�huhqfhv lq prwlydwlrqv dqg suhihuhqfhv iru fkloguhq +Nrkohu hw do1 4<<</ 5333> Urgjhuv

hw do1 5334,1

815 Ghshqghqfh ri srvwsrqhphqw h�hfw rq dyhudjh +ghvluhg, djh dw �uvw

eluwk

Wkh deryh dqdo|vhv dvvxphg wkdw wkh dyhudjh srvwsrqhphqw h�hfw �� dssolhv htxdoo| wr doo

lqglylgxdov lqghshqghqw ri wkh fkdudfwhulvwlfv wkdw ghwhuplqh wkh ghvluhg djh dw �uvw eluwk1

Lq wklv Vhfwlrq zh uhod{ wklv dvvxpswlrq dqg lqyhvwljdwh zkhwkhu lpsruwdqw gl�huhqfhv lq

wkh pdujlqdo lpsdfw ri d ihuwlolw| srvwsrqhphqw h{lvw ehwzhhq wzlq sdluv zlwk d gl�huhqw

dyhudjh DIE1 Lq Vhfwlrq 6 zh kdyh vkrzq wkdw wkh dyhudjh DIE zlwklq d wzlq sdlu lv dq

hvwlpdwru ri wkh h{shfwhg djh dw �uvw eluwk +lq wkh suhvhqfh ri fhqvrulqj, ru wkh ghvluhg djh

dw �uvw eluwk +li wkhuh lv qr uhohydqw fhqvrulqj,1 Wkh uhvxowv fdq wkhuhiruh eh lqwhusuhwhg

dv v|vwhpdwlf gl�huhqfhv lq wkh srvwsrqhphqw h�hfw iru lqglylgxdov zlwk gl�huhqw ghvluhg

+h{shfwhg, wlplqj ri hqwu| lqwr sduhqwkrrg1

Pdlq �qglqjv= Wdeoh 7 uhsruwv wkh uhvxowv rewdlqhg iurp wkh zlwklq0P] wzlq uhjuhvvlrq

wkdw hvwlpdwhv d ghshqghqfh ri wkh srvwsrqhphqw h�hfw rq wkh dyhudjh DIE zlwklq d wzlq

sdlu +vhh Ht1 :,1 Wkh fruuhvsrqglqj ROV uhvxowv duh lqfoxghg iru frpsdulvrqv1 Pruhryhu/

ehfdxvh pdohv dqg ihpdohv gl�hu lq lpsruwdqw dvshfwv/ zh gr qrw lqfoxgh d frpelqhg

prgho iru pdohv dqg ihpdohv1

Wkh uhvxowv lq Sdqho D ri Wdeoh 7 vkrz wkdw wkh srvwsrqhphqw h�hfw iru ihpdohv

ghshqgv vljql�fdqwo| rq wkh dyhudjh djh dw �uvw eluwk zlwklq d wzlq sdlu1 Wkh frpsohwhg

ihuwlolw| ri zrphq lq wzlq sdluv zlwk d kljk dyhudjh DIE/ l1h1/ zrphq zkr lq whupv ri

rxu wkhruhwlfdo prgho whqg wr kdyh d uhodwlyho| orz suhihuhqfh iru fkloguhq dqg2ru odujh

hfrqrplf lqfhqwlyhv wr ghod| fklogehdulqj/ lv pruh vhqvlwlyh wr yduldwlrqv lq wkh djh dw �uvw

eluwk wkdq lv wkh frpsohwhg ihuwlolw| ri zrphq zlwk d uhodwlyho| orz ghvluhg djh dw �uvw

eluwk1 Iru pdohv vxfk d ghshqghqfh grhv qrw vhhp wr eh suhvhqw1 Pruhryhu/ ROV dqdo|vhv
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Wdeoh 7= Ghshqghqfh ri wkh srvwsrqhphqw h�hfw rq wkh dyhudjh DIE d zlwklq wzlq sdlu/
frkruwv 4<78�931 Wkh ghshqghqw yduldeoh dqg wkh vdpsoh ri wzlqv duh lghqwlfdo wr rxu
hduolhu dqdo|vhv lq Wdeoh 61

Ihpdohv Pdohv

Phwkrg Zlwklq Zlwklq
P] ROVKcS P] ROVKcS

sdlu@cS sdlu@cS

Sdqho D= Srvwsrqhphqw h�hfw ghshqgv rq ghvluhg djh
dw �uvw eluwk dv �� @ ��f .

��2 �W�
��f 31359:7 3135;:6 3136684 31368:7

+313384<,-- +31337<9,-- +31338<6,-- +31338;6,--
��2 31337:9 03133347 0313339< 03133388

+31334<:,- +3133358, +3133573, +313335;,-
Sdqho E= Dgglwlrqdo lqwhudfwlrq zlwk eluwk |hdu
dv �� @ ��f .

���+eluwk0|hdu � 4<78, . ��2 �W�
��f 3137576 3136848 3137;9< 3137:;<

+3133;48,-- +3133979,-- +3134357,-- +3133:95,--
��� 03133568 03133433 0313354; 031334;5

+3133436,- +3133399, +3133447,n +31333:3,--
��2 313387< 03133343 03133336 03133387

+31334<<,-- +3133358, +3133573, +313335;,n

Q 8<4 44;5 937 453;

Qrwhv= Urexvw vwdqgdug huuruv lq sduhqwkhvhv1 s0ydoxhv= n s ? 3143>
- s ? 3138> -- s ? 31341 Vwdqgdug huuruv duh fdofxodwhg xvlqj Zklwh*v
+4<;3, khwhurvfhgdvwlflw| frqvlvwhqw yduldqfh hvwlpdwru1 Wkh ROV
vwdqgdug huuruv duh dgglwlrqdoo| dgmxvwhg iru zlwklq wzlq0sdlu fruuh0
odwlrq ri wkh huuru whup1 +d, Il{hg h�hfw uhjuhvvlrqv gr qrw lqfoxgh
d frqvwdqw whup1 +e, Wkh ROV prghov lqfoxgh d wklug0rughu sro|qr0
pldo lq +eluwk0|hdu � 4<78, lq rughu wr dffrxqw iru frkruw wuhqgv lq
frpsohwhg ihuwlolw|1 +f, Wkh ryhudoo pdoh dqg ihpdoh phdq djh dw �uvw
eluwk lv vxewudfhg iurp �W� lq wkh hvwlpdwlrq ri Ht1 +:, lq rughu wr
pdnh wkh frh!flhqw �f lqwhusuhwdeoh dv wkh srvwsrqhphqw h�hfw iru
lqglylgxdov zlwk dq dyhudjh ghvluhg djh dw �uvw eluwk1
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wkdw gr qrw dffrxqw iru srwhqwldo xqrevhuyhg fkdudfwhulvwlfv duh qrw deoh wr ghwhfw wklv

ghshqghqfh ri wkh srvwsrqhphqw h�hfw rq wkh ghvluhg djh dw �uvw eluwk1

Sdqho E lq Wdeoh 7 dgglwlrqdoo| lqfoxghv dq lqwhudfwlrq ri wkh srvwsrqhphqw h�hfw

zlwk eluwk0|hdu lq rughu wr dffrxqw iru wkh wuhqg wrzdugv d uhgxfhg uhohydqfh ri wkh djh dw

�uvw eluwk iru frpsohwhg ihuwlolw|1 Wkh uhvxowv ri wkhvh dqdo|vhv vkrz wkh suhvhqfh ri wzr

sdudooho surfhvvhv wkdw d�hfw wkh uhodwlrq ehwzhhq wkh djh dw �uvw eluwk dqg ihuwlolw|1 Rq

rqh kdqg/ wkh zlwklq0P] wzlq hvwlpdwhv frq�up wkh hduolhu0qrwhg wuhqg lq |rxqjhu eluwk

frkruwv wrzdugv d uhgxfhg srvwsrqhphqw h�hfw1 Wklv wlph0wuhqg wrzdugv dq ryhudoo vpdoohu

srvwsrqhphqw h�hfw lv dssur{lpdwho| htxdo iru pdohv dqg ihpdohv1 Rq wkh rwkhu kdqg/

wkh srvwsrqhphqw h�hfw iru ihpdohv�exw qrw iru pdohv�vhhpv wr lqfuhdvh vljql�fdqwo|

zlwk wkh dyhudjh djh dw �uvw eluwk lq d wzlq sdlu1 Zrphq lq wzlq sdluv zlwk d kljkhu

dyhudjh DIE duh vxemhfw wr d odujhu srvwsrqhphqw h�hfw1 Iru lqvwdqfh/ d gl�huhqfh ri

wzr |hduv lq wkh ghvluhg rqvhw ri ihuwlolw| lqfuhdvhv wkh srvwsrqhphqw h�hfw e| derxw rqh

shufhqwdjh srlqw/ ru htxlydohqwo|/ derxw 58( dv frpsduhg wr wkh dyhudjh srvwsrqhphqw

h�hfw uh hfwhg e| wkh frh!flhqw �f1 Wkh frpsohwhg ihuwlolw| ri zrphq zkr sodq wr wlph

wkhlu �uvw fklog uhodwlyho| odwh fdq wkhuhiruh eh vxevwdqwldoo| pruh vhqvlwlyh wr yduldwlrqv

lq wkh djh dw �uvw eluwk wkdq wkh ihuwlolw| ri zrphq zlwk d |rxqjhu djh dw �uvw eluwk1

Dgglwlrqdo dqdo|vhv/ qrw uhsruwhg lq Wdeoh 7/ glg qrw lqglfdwh wkdw wklv dvshfw kdv ehhq

vxemhfw wr dq| uhohydqw fkdqjh dfurvv wlph1

Lq Wdeoh 8 zh uhhvwlpdwh wkh deryh dqdo|vhv iru wkh frkruwv eruq 4<78�881 Lq wkhvh

dqdo|vhv zh lqfoxgh doo wzlq sdluv zkhuh erwk wzlqv h{shulhqfh d �uvw eluwk sulru wr djh

68�dv frpsduhg wr djh 65 lq rxu suhylrxv dqdo|vhv�dqg zh phdvxuh frpsohwhg ihuwlolw|

dw djh 761 Wklv uhvwulfwlrq wr roghu frkruwv dqg wkh h{whqvlrq ri wkh djh udqjh lv uhohydqw iru

dw ohdvw wkuhh uhdvrqv1 Iluvw/ wkh ghshqghqfh ri wkh srvwsrqhphqw h�hfw pd| eh vhqvlwlyh

rq wkh fhqvrulqj ri rxu hduolhu vdpsoh dw dq pd{lpxp DIE ri djh 651 Vhfrqg/ wkh dyhudjh

DIE zlwklq d wzlq sdlu lv rqo| dq xqeldvhg hvwlpdwru ri wkh ghvluhg djh dw �uvw eluwk li

wkhuh lv qr uhohydqw fhqvrulqj1 Wklug/ lq wkh devhqfh ri fhqvrulqj zh fdq xvh wkh vshfldo

vwuxfwxuh ri rxu gdwd wr dvvhvv wkh h{whqg wr zklfk wkh phdvxuhphqw huuru lq wkh ghvluhg

DIE glvwruwv wkh hvwlpdwhg srvwsrqhphqw h�hfw1

Wkh uhvxowv rewdlqhg iurp wklv dowhuqdwlyh vshfl�fdwlrq frq�up wkh suhvhqfh ri d uho0

hydqw ghshqghqfh ri wkh srvwsrqhphqw h�hfw rq wkh ghvluhg DIE iru ihpdohv1 Pruhryhu/

ghvslwh wkh idfw wkdw frpsohwhg ihuwlolw| lv phdvxuhg dw d odwhu djh dqg wkh olplw iru wkh

pd{lpxp djh dw �uvw eluwk kdv ehhq h{whqghg wr djh 68/ wkh hvwlpdwhv iru ��2 lqglfdwh

djdlq dq lqfuhdvh lq wkh srvwsrqhphqw h�hfw e| dssur{lpdwho| 17: shufhqwdjh srlqwv gxh
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Wdeoh 8= Ghshqghqfh ri wkh srvwsrqhphqw h�hfw rq wkh dyhudjh DIE zlwklq d wzlq sdlu/
frkruwv 4<78�881 Ghshqghqw yduldeoh lv orjdulwkp ri ihuwlolw| dw djh 76/ lqvwhdg ri dw djh
6; dv lq Wdeohv 71 Wzlq sdluv duh lqfoxghg lq wkh vdpsoh li erwk wzlqv lq d sdlu kdyh
h{shulhqfhg wkhlu �uvw eluwk e| djh 681

Ihpdohv Pdohv

Phwkrg Zlwklq Zlwklq
P] ROVKcS P] ROVKcS

sdlu@cS sdlu@cS

Sdqho D= Srvwsrqhphqw h�hfw ghshqgv rq ghvluhg djh
dw �uvw eluwk dv �� @ ��f .

��2 �W�
�f 3135:99 3135<<< 3136<55 3136<66

+31338:8,-- +313386<,-- +3133964,-- +313393;,--
�2 3133745 0313333; 0313343< 0313337:

+31334;4,- +3133359, +3133536, +313335<,
Sdqho E= Dgglwlrqdo lqwhudfwlrq zlwk eluwk |hdu
dv �� @ ��f .

���+eluwk0|hdu � 4<78, . ��2 �W�
�f 3138464 31376:< 31384<9 3137;38

+3133<;3,-- +31339<3,-- +3133<5<,-- +3133:75,--
�� 0313387; 0313365: 0313363; 03133547

+313349<,-- +31333<9,-- +31334:5,n +313343:,-
�2 31337:6 3133335 03133387 0313336<

+31334:<,-- +3133358, +3133535, +313335;,
Q 766 ;99 79; <69

Qrwhv= Urexvw vwdqgdug huuruv lq sduhqwkhvhv1 s0ydoxhv= n s ? 3143>
- s ? 3138> -- s ? 31341 Vwdqgdug huuruv duh fdofxodwhg xvlqj Zklwh*v
+4<;3, khwhurvfhgdvwlflw| frqvlvwhqw yduldqfh hvwlpdwru1 Wkh ROV
vwdqgdug huuruv duh dgglwlrqdoo| dgmxvwhg iru zlwklq wzlq0sdlu fruuh0
odwlrq ri wkh huuru whup1 +d, Il{hg h�hfw uhjuhvvlrqv gr qrw lqfoxgh
d frqvwdqw whup1 +e, Wkh ROV prghov lqfoxgh d wklug0rughu sro|qr0
pldo lq +eluwk0|hdu � 4<78, lq rughu wr dffrxqw iru frkruw wuhqgv lq
frpsohwhg ihuwlolw|1 +f, Wkh ryhudoo pdoh dqg ihpdoh phdq djh dw �uvw
eluwk lv vxewudfhg iurp + �W� lq wkh hvwlpdwlrq ri Ht1 +:, lq rughu wr
pdnh wkh frh!flhqw �f lqwhusuhwdeoh dv wkh srvwsrqhphqw h�hfw iru
lqglylgxdov zlwk dq dyhudjh ghvluhg djh dw �uvw eluwk1
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wr d rqh0|hdu lqfuhdvh lq wkh dyhudjh DIE zlwklq d wzlq sdlu1 Pruhryhu/ ehfdxvh wkh

dyhudjh DIE zlwklq d wzlq sdlu lv d qrlv| hvwlpdwh ri wkh ghvluhg DIE ri wzlqv lq d P]

sdlu/ wkh frh!flhqwv lq Wdeoh 8 duh olnho| wr eh dq xqghuhvwlpdwh ri wkh h{whqw wr zklfk

wkh srvwsrqhphqw h�hfw ghshqgv rq wkh ghvluhg djh dw �uvw eluwk1 Lw lv wkhuhiruh olnho|

wkdw wkh ghshqghqfh ri wkh srvwsrqhphqw h�hfw rq wkh ghvluhg DIE lv hyhq vwurqjhu wkdq

uhyhdohg e| wkh frh!flhqw ��2 lq Wdeoh 8 +vhh dovr irrwqrwh 6,1

Lqwhusuhwdwlrq= Lq vxppdu|/ wkh dqdo|vlv lq Wdeohv 7 dqg 8 vxjjhvw lpsruwdqw gl�hu0

hqfhv lq wkh uhohydqfh ri wkh �uvw0eluwk wlplqj iru frpsohwhg ihuwlolw| dfurvv zrphq zlwk

gl�huhqw ghvluhg wlplqj ri wkhlu ihuwlolw|1 Lq wkh frqwh{w ri uhodwlyho| orz ihuwlolw| vxfk dq

lqwhudfwlrq lv yhu| sodxvleoh= rq rqh kdqg/ frpsohwhg ihuwlolw| lv ohvv vhqvlwlyh wr wkh wlplqj

ri wkh �uvw fklog iru wkrvh zrphq zkr sodq wr vwduw fklogehdulqj uhodwlyho| hduo| gxh wr

wkhlu shuvrqdo delolwlhv/ fkdudfwhulvwlfv dqg suhihuhqfhv1 Rq wkh rwkhu kdqg/ frpsohwhg

ihuwlolw| fdq eh frqvlghudeo| pruh vhqvlwlyh wr yduldwlrqv lq wkh wlplqj ri wkhlu �uvw fklog

iru zrphq zkr suhihu wr kdyh d uhodwlyho| odwh vwduw ri fklogehdulqj rq wkh edvlv ri wkhlu

shuvrqdo fkdudfwhulvwlfv1

Wklv ghshqghqfh ri wkh srvwsrqhphqw h�hfw rq wkh dyhudjh DIE lq d wzlq sdlu lv

ghslfwhg lq Iljxuh 5+d,/ zklfk lv edvhg rq wkh zlwklq0P] uhjuhvvlrq iru ihpdohv lq Sdqho E

ri Wdeoh 71 Wkh ixoo olqh vkrzv krz wkh srvwsrqhphqw h�hfwv iru ihpdohv lq frkruwv eruq

gxulqj 4<78�7; lqfuhdvhv dv wkh dyhudjh DIE lq d wzlq sdlu ulvhv1 Iru lqvwdqfh/ durxqg djh

53 wkh srvwsrqhphqw h�hfw lv forvh wr }hur dqg lw ulvhv wr deryh ;( dv wkh dyhudjh DIE

dssurdfkhv djh 651 Wkh |rxqjhvw frkruw lq rxu vdpsoh eruq gxulqj 4<8:�93 duh vxemhfw

wr d orzhu srvwsrqhphqw h�hfw dw dq| jlyhq djh dv frpsduhg wr wkh roghvw frkruwv lq rxu

vdpsoh1 Wklv h�hfw lv gxh wr wkh vhfxodu ghfolqh lq wkh srvwsrqhphqw h�hfw dfurvv frkruwv1

Iru lqvwdqfh/ zrphq lq wzlq sdluv zlwk d yhu| orz dyhudjh DIE duh vxemhfw wr d voljkwo|

qhjdwlyh srvwsrqhphqw h�hfw lq wkh |rxqjhvw frkruwv/ dqg hyhq wzlq sdluv zlwk yhu| kljk

dyhudjh DIE duh vxemhfw wr d srvwsrqhphqw h�hfw wkdw grhv qrw h{fhhg 9(1

Wkh ghshqghqfh ri wkh srvwsrqhphqw h�hfw rq wkh dyhudjh�ru ghvluhg�djh dw �uvw

eluwk lv sduwlfxoduo| uhohydqw ehfdxvh lw fdq r�vhw dqg srwhqwldoo| olplw wkh wuhqg wrzdugv d

uhgxfhg uhohydqfh ri �uvw0eluwk wlplqj rq frpsohwhg ihuwlolw|1 \rxqjhu frkruwv lqfuhdvlqjo|

frqwdlq zrphq zlwk d uhodwlyho| odwh ghvluhg rqvhw ri ihuwlolw|/ fdxvhg e| ydulhw| ri vrflrh0

frqrplf fkdqjhv wkdw fuhdwh lqfhqwlyhv iru d ghod| ri fklogehdulqj +h1j1/ vhh rxu glvfxvvlrq

lq Vhfwlrq 5,1 Wkh ihuwlolw| ri wkhvh zrphq zlwk d odwh ghvluhg rqvhw ri ihuwlolw| lv olnho| wr

uhdfw vxevwdqwldoo| pruh vhqvlwlyh wr yduldwlrqv lq wkh djh dw �uvw eluwk wkdq wkh ihuwlolw| ri

zrphq zlwk dq hduo| ghvluhg rqvhw1 Iru lqvwdqfh/ Iljxuh 5+e, ghslfwv wkh glvwulexwlrq ri
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(a) Postponement effect (PE) by AFB
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(b) Distribution of AFB in cohorts (conditional on AFB <= 32)

average AFB
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Iljxuh 5= Srvwsrqhphqw h�hfw dqg DIE lq wkh roghvw dqg |rxqjhvw frkruwv lq rxu vdpsoh1
+d, Ghshqghqfh ri wkh srvwsrqhphqw h�hfw rq wkh dyhudjh DIE zlwklq wzlq sdluv iru
ihpdohv1 +e, Glvwulexwlrq ri DIE lq wkh roghvw dqg |rxqjhvw frkruwv lqfoxghg lq rxu
dqdo|vhv +rqo| iru wzlqv zlwk DIE � 65,1
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wkh DIE lq wkh roghvw dqg |rxqjhvw frkruwv lq rxu vdpsoh1 Wkh |rxqjhu frkruwv fohduo|

h{klelw d odwhu hqwu| lqwr sduhqwkrrg/ dqg rq dyhudjh wkh DIE gl�huv e| 41; |hduv ehwzhhq

wkhvh wzr frkruwv1

Wkh ryhudoo srvwsrqhphqw h�hfw lq wkhvh wzr frkruwv lv lqglfdwhg lq Iljxuh 5+d, dqg

htxdov 617( +frkruwv 4<78�7;, dqg 419( +frkruwv 4<8:�93,1 Wklv ryhudoo ghfolqh ri wkh

srvwsrqhphqw h�hfw lv pdunhg e| wkh duurz F1 Dfurvv wkh frkruwv 4<78�93/ wkhuhiruh/

wkh jhqhudo wlph wuhqg wrzdugv d uhgxfhg srvwsrqhphqw h�hfw grplqdwhv wkh h�hfw fdxvhg

e| wkh ghshqghqfh ri wkh srvwsrqhphqw rq wkh ghvluhg DIE dqg wkh lqfuhdvlqj ghod| ri

fklogehdulqj dfurvv frkruwv1 Wklv ghfolqh lq wkh srvwsrqhphqw h�hfw fdq eh ghfrpsrvhg

lqwr wzr sduwv= Rq rqh kdqg/ duurz D vkrzv wkh ghfolqh dw d frqvwdqw dyhudjh DIE wkdw lv

gxh wr ydulrxv vhfxodu wuhqgv wkdw d�hfw wkh frvwv dqg uhwxuqv ri d ihuwlolw| srvwsrqhphqw1

Duurz E/ rq wkh rwkhu kdqg/ lqglfdwhv wkh lqfuhdvh lq wkh srvwsrqhphqw h�hfw wkdw lv gxh

wr idfw wkdw wkh ryhudoo hqwu| lqwr sduhqwkrrg rffxuv dw d odwhu djh lq |rxqjhu frkruwv1

Wkh lqfuhdvlqj ghod| ri fklogehdulqj lq |rxqjhu frkruwv wkhuhiruh ghfuhdvhv wkh lpsdfw ri

wkh vhfxodu wlph wuhqg wrzdugv d uhgxfhg srvwsrqhphqw h�hfw iru ihpdohv1 Ghshqglqj rq

wkh dyhudjh djh dw �uvw eluwk lq pruh uhfhqw frkruwv/ wklv pd| uhgxfh ru hyhq olplw ixuwkhu

ghfolqhv lq wkh srvwsrqhphqw h�hfw iru ihpdohv1

Wkh ghshqghqfh ri wkh srvwsrqhphqw h�hfw rffxuv rqo| iru ihpdohv/ dqg lw lv devhqw iru

pdohv1 Wkh srvwsrqhphqw h�hfw dfurvv doo djhv zrxog wkhuhiruh eh lqglfdwhg e| krul}rqwdo

olqhv lq Iljxuh 5+d,/ dqg wkh vhfxodu wuhqg wrzdugv d uhgxfhg uhohydqfh ri wkh srvwsrqhphqw

h�hfw lv qrw r�vhw e| wkh ryhudoo lqfuhdvh lq wkh phdq djh dw �uvw eluwk lq |rxqjhu frkruwv1

Vlqfh doo wzlqv lq rxu vdpsoh h{shulhqfhg d �uvw eluwk xqwlo djh 65/ wklv pdoh0ihpdoh

gl�huhqfh lq wkh srvwsrqhphqw h�hfw lv qrw gxh wr wkh idfw wkdw zrphq lq rxu vdpsoh idfh

uhohydqw ghfolqhv lq ihfxqglw| zlwk djh ru uhdfk wkh colplwv* ri ihuwlolw| srvwsrqhphqw +h1j1/

vhh Phqnhq 4<;8,1 Wkh pdoh0ihpdoh gl�huhqfhv duh pruh olnho| wr eh uhodwhg wr lpsruwdqw

gl�huhqfhv lq wkh vrflrhfrqrplf ghwhuplqdqwv ri wkh wlplqj dqg ohyho ri ihuwlolw|1 Zkloh

wkh ghwdlohg dqdo|vhv ri wkhvh ghwhuplqdqwv lv eh|rqg wkh vfrsh ri wkh sdshu/ zh fdq qhyhu0

wkhohvv frqvlghu wkh srwhqwldo phfkdqlvpv fdxvlqj wklv sdwwhuq lq whupv ri rxu wkhruhwlfdo

prgho1 Wkh srvwsrqhphqw h�hfw lq rxu prgho lv gxh wr dq lqfuhdvh lq wkh uhodwlyh frvwv ri

fkloguhq dvvrfldwhg zlwk d odwhu wlplqj ri fklogehdulqj1 Wkh prgho wkhuhiruh vxjjhvwv wkdw

wkhvh uhodwlyh frvwv ri fkloguhq duh pruh vhqvlwlyh zlwk uhvshfw wr wkh wlplqj ri ihuwlolw| iru

ckljk0delolw| zrphq* zlwk kljk hfrqrplf uhwxuqv wr d ghod| ri fklogehdulqj1
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9 Frqfoxvlrqv

Wkh uhodwlrq ehwzhhq wkh djh dw �uvw eluwk dqg frpsohwhg ihuwlolw| lv d fhqwudo dvshfw iru

xqghuvwdqglqj/ prghoolqj dqg suhglfwlqj ihuwlolw| ehkdylru ehfdxvh lw uhodwhv wkh wlplqj ri

hqwhulqj sduhqwkrrg wr wkh frpsohwhg ohyho ri ihuwlolw|1 Wkh srvwsrqhphqw h�hfw hvwlpdwhg

lq wklv sdshu phdvxuhv wkh uhodwlyh ghfuhdvh lq frpsohwhg ihuwlolw| fdxvhg e| dq dgglwlrqdo

|hdu ri ghod| lq wkh rqvhw ri fklogehdulqj1 Vwdqgdug hvwlpdwhv ri wklv srvwsrqhphqw h�hfw/

krzhyhu/ duh srwhqwldoo| glvwruwhg e| wkh suhvhqfh ri xqrevhuyhg suhihuhqfh/ delolw| dqg

ihfxqglw| fkdudfwhulvwlfv ri lqglylgxdov wkdw d�hfw erwk wkh wlplqj ri wkh �uvw fklog dqg

wkh ohyho dqg sdfh ri vxevhtxhqw fklogehdulqj1 Pruhryhu/ qhlwkhu wkh pdjqlwxgh qru wkh

gluhfwlrq ri wkh glvwruwlrq fdq eh vshfl�hg iurp wkhruhwlfdo uhdvrqlqj1

Lq wklv sdshu zh xvh zlwklq0P] wzlq hvwlpdwlrqv edvhg rq doo lghqwlfdo wzlqv zlwk

yhul�hg }|jrvlw| eruq lq Ghqpdun gxulqj 4<78�93 lq rughu wr ryhufrph wkh sureohpv

fdxvhg e| xqrevhuyhg fkdudfwhulvwlfv1 Lq d wkhruhwlfdo prgho zh hvwdeolvk wkh h�hfw ri

wkhvh fkdudfwhulvwlfv rq wkh wlplqj dqg ohyho ri ihuwlolw|/ dqg zh vkrz wkdw xqrevhuyhg

yduldwlrqv lq suhihuhqfhv iru fkloguhq whqg wr eldv wkh frqyhqwlrqdo ROV hvwlpdwhv ri wkh

srvwsrqhphqw h�hfw xszdug dv frpsduhg wr wkh frqvlvwhqw zlwklq0P] wzlq hvwlpdwhv1

Yduldwlrqv lq fkdudfwhulvwlfv wkdw ghwhuplqh wkh hfrqrplf frvwv dqg uhwxuqv ri d ghod|

lq fklogehdulqj fdxvh d grzqzdug eldv lq ROV dqdo|vhv1 Wklv sdwwhuq ghulyhg iurp rxu

wkhruhwlfdo prgho wkhuhiruh lpsolhv wkdw wkh glvwruwlrqv ri ROV uhvxowv duh lqirupdwlyh

derxw xqrevhuyhg idfwruv wkdw fdxvh yduldwlrqv lq wkh wlplqj ri wkh �uvw eluwk dqg wkh

ohyho dqg sdfh ri vxevhtxhqw fklogehdulqj1

Rxu dqdo|vhv frq�up wkh h{lvwhqfh ri d uhohydqw srvwsrqhphqw h�hfw iru erwk pdohv

dqg ihpdohv1 Rq dyhudjh/ dq dgglwlrqdo |hdu ri ghod| lq fklogehdulqj uhgxfhv frpsohwhg

ihuwlolw| e| 6( iru ihpdohv dqg 617( iru pdohv1 Vlplodu wr d uhfhqw XV vwxg| e| Prujdq

dqg Ulqgixvv +4<<<,/ rxu dqdo|vhv uhyhdo d fohdu wuhqg wrzdugv d uhgxfhg uhohydqfh ri

wklv srvwsrqhphqw h�hfw lq |rxqjhu frkruwv hphujhv iru erwk pdohv dqg ihpdohv1 Wkh

idloxuh wr dffrxqw iru xqrevhuyhg idfwruv olnh fklog0suhihuhqfhv iru fkloguhq dqg hfrqrplf

delolw| lq wkh hvwlpdwlrq fdq vxevwdqwldoo| glvwruw wkhvh hvwlpdwhv1 Iru lqvwdqfh/ ROV

xqghuhvwlpdwhv wkh uhohydqfh ri �uvw0eluwk wlplqj iru frpsohwhg ihuwlolw| vxevwdqwldoo| iru

frkruwv eruq durxqg 4<78 e| derxw 53058(/ dqg lw dovr xqghuhvwlpdwh wkh sdfh ri fkdqjh

lq wklv srvwsrqhphqw h�hfw e| xs wr 83(1 Pruhryhu/ wkh gluhfwlrq ri wkh ROV glvwruwlrqv

uhyhuvhv iru ihpdohv ryhu wlph1 Wklv uhyhuvdo uhyhdov wkdw yduldwlrqv lq xqrevhuyhg delolw|0

ru frvw fkdudfwhulvwlfv duh pruh lpsruwdqw iru yduldwlrqv lq wkh wlplqj dqg ohyho ri ihuwlolw|
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lq roghu ihpdoh frkruwv/ zkloh yduldwlrq lq wkh wlplqj dqg ohyho ri ihuwlolw| vhhp wr eh pruh

uhodwhg wr xqrevhuyhg gl�huhqfhv lq wkh suhihuhqfhv iru fkloguhq lq |rxqjhu frkruwv1 Iru

pdohv d vlplodu exw ohvv surqrxqfhg vkliw lv suhvhqw1

Lq dgglwlrq/ rxu dqdo|vhv vkrz d ghshqghqfh ri wkh srvwsrqhphqw h�hfw rq wkh ghvluhg

djh dw �uvw eluwk iru ihpdohv1 Lq sduwlfxodu/ wkh ihuwlolw| ri zrphq zlwk d odwh ghvluhg rqvhw

ri ihuwlolw| lv vxevwdqwldoo| pruh vhqvlwlyh wr yduldwlrqv lq wkh djh dw �uvw eluwk wkdq wkh

ihuwlolw| ri zrphq zlwk d uhodwlyho| hduo| ghvluhg djh dw �uvw fklogeluwk1 Wklv h�hfw rshudwhv

lq sdudooho wr wkh jhqhudo wuhqg wrzdugv d uhgxfhg srvwsrqhphqw h�hfw1 Vrflrhfrqrplf

ghyhorsphqwv wkdw ohdg wr dq lqfuhdvlqj ghod| ri fklogeluwk/ wkhuhiruh/ sduwldoo| frpshqvdwh

wkh uhgxfwlrq ri wkh srvwsrqhphqw h�hfw dfurvv frkruwv1 Ghshqglqj rq wkh ixwxuh lqfuhdvhv

lq wkh phdq djh dw �uvw eluwk/ wklv h�hfw fdq vxevwdqwldoo| uhgxfh d ixuwkhu zhdnhqlqj ri

wkh srvwsrqhphqw h�hfw1

Dfnqrzohgjphqwv= Zh judwhixo wr Mhuh Ehkupdq/ Iudqfhvfr Eloodul/ Mdq Krhp/

Nduvwhq Kdqn/ Plfkdhod Nuh|hqihog dqg sduwlflsdqwv dw ydulrxv vhplqduv dqg frqihuhqfhv

iru pdq| khosixo frpphqwv dqg vxjjhvwlrqv1 Zh duh dovr judwhixoo| dfnqrzohgjh wkh

�qdqfldo vxssruw surylghg e| wkh Pd{ Sodqfn Lqvwlwxwh iru Ghprjudsklf Uhvhdufk lq

Urvwrfn/ wkh Gdqlvk Lqwhuglvflsolqdu| Uhvhdufk Frxqflo dqg wkh Khovhirqghq judqw +&4425

450<:,1 Wkh dfwlylwlhv ri wkh Gdqlvk Fhqwhu iru Ghprjudsklf Uhvhdufk duh ixqghg e| d

judqw iurp wkh Gdqlvk Qdwlrqdo Uhvhdufk Irxqgdwlrq1

D Dsshqgl{

D14 Ihuwlolw| Ghflvlrqv lq wkh Suhvhqfh ri Krxvhkrog Edujdlqlqj

Wkh wkhruhwlfdo dqg hpslulfdo prgho lq Vhfwlrqv 5 dqg 6 grhv qrw h{solflwo| frqvlghu

wkh lpsolfdwlrqv ri mrlqw krxvhkrog ghflvlrqv derxw wkh wlplqj dqg ohyho ri ihuwlolw|1 Lq

wklv Dsshqgl{ zh wkhuhiruh dxjphqw rxu prgho wr uh hfw mrlqw ghflvlrq surfhvvhv dqg

dvvruwdwlyh pdwlqj zlwk uhvshfw wr fklog suhihuhqfhv dqg oderu0pdunhw delolw|1

Lq wklv dsshqgl{ wkh vxshuvfulswP ghqrwhv yduldeohv shuwdlqlqj wr d wzlq lq d prqr}|0

jrwlf wzlq sdlu/ zkloh wkh vxshuvfulsw V ghqrwhv yduldeohv shuwdlqlqj wr klv2khu vsrxvh1 Zh

dvvxph wkdw wkh ghvluhg djh dw �uvw eluwk ri wkh krxvhkrog/ W _W
�� / lv wkh zhljkhg dyhudjh ri

wkh ghvluhg djh dw �uvw eluwk W�
�� ri wzlq l lq sdlu m/ zklfk lv vshfl�hg lq Ht1 +5,/ dqg wkh
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ghvluhg djh dw �uvw eluwk ri klv2khu vsrxvh W7
�� > wkdw lv/ zh dvvxph wkdw

W_W
�� @ #W _W�

�� . +4� #,W _W7
�� > +;,

zkhuh # ghwhuplqhv wkh uhodwlyh lq xhqfh ri wkh wzlq dqg klv2khu vsrxvh rq wkh wlplqj

ri �uvw fklog1 Vlploduo|/ zh dvvxph wkdw wkh qxpehu ri fkloguhq frqglwlrqdo rq wkh djh dw

�uvw eluwk lv jlyhq e|

orjq_W���A @ * orjq_W����A . +4� *, orjq_W7���A > +<,

zkhuh q_W����A / q_W7���A dqg * duh uhvshfwlyho| wkh ghvluhg ihuwlolw| ohyhov ri wzlq l lq sdlu m

frqglwlrqdo rq wkh DIE +vhh Ht1 4,/ wkh ghvluhg ihuwlolw| ri klv2khu vsrxvh/ dqg wkh uhodwlyh

lq xhqfhv ri wkh wzlq rq wkh mrlqw krxvhkrog ghflvlrq1

Lq dgglwlrq wr mrlqw ghflvlrq0pdnlqj derxw ihuwlolw|/ zh dovr dvvxph dvvruwdwlyh pdw0

lqj zlwk uhvshfw wr suhihuhqfhv iru fkloguhq dqg delolw| fkdudfwhulvwlfv1 Lq sduwlfxodu/ zh

dvvxph wkdw wkh vsrxvh*v ghvluhg djh dw �uvw eluwk dqg frpsohwhg ihuwlolw| duh jlyhq e|

d wudqvirupdwlrq ri wkh fruuhvsrqglqj ghvluhv dqg xqghuo|lqj fkdudfwhulvwlfv ri wzlq l lq

sdlu m soxv dgglwlrqdo udqgrp lq xhqfhv dv

W _W7
�� @ W _W�

�� . ���
�
�� . �2�

�
�� . ���

�
�� . �e orj!

�
�� . �7�� +43,

orjqW7+W��, @ orjq_W����A . ���
�
�� . �2�

�
�� . ���

�
�� . �e orj!

�
�� . )7�� > +44,

zkhuh �7�� dqg )7�� duh udqgrp lq xhqfhv wkdw duh lqghshqghqw ri ���� / �
�
�� / �

�
�� dqg !��� 1

Vxevwlwxwlqj Htv1 +43�44, lqwr Htv1 +;�<, |lhogv wkh ghvluhg wlplqj dqg ohyho ri ihuwlolw|

lq krxvhkrogv dv d ixqfwlrq ri wkh suhihuhqfh dqg delolw| fkdudfwhulvwlfv ri wzlq l lq sdlu

m dqg dgglwlrqdo lq xhqfhv uhvxowlqj iurp wkh vsrxvh1 Wkh ghulydwlrq ri wkh frqvlvwhqw

zlwklq0P] wzlq hvwlpdwru lq Vhfwlrq 6 frqwlqxhv wr krog li wkh wlplqj dqg ohyho ri ihuwlolw|

lv ghwhuplqhg lq mrlqw krxvhkrog ghflvlrqv/ jlyhq wkh deryh dvvxpswlrqv derxw dvvruwdwlyh

zlwk uhvshfw wr suhihuhqfh dqg delolw| fkdudfwhulvwlfv1 Lq sduwlfxodu/ gl�huhqflqj zlwklq

P] sdluv uhpryhv wkh xqrevhuyhg fkdudfwhulvwlfv wkdw d�hfw erwk wkh wlplqj ri wkh �uvw

fklog dqg wkh ohyho ri ihuwlolw| frqglwlrqdo rq wkh djh dw �uvw eluwk dqg wkh zlwklq0P]

hvwlpdwhv |lhog frqvlvwhqw hvwlpdwhv ri wkh srvwsrqhphqw h�hfw hyhq zkhq ihuwlolw| uhvxowv

iurp mrlqw krxvhkrog ghflvlrqv1
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D15 Lqyhvwljdwlrq ri frpprq dqg lqglylgxdo0vshfl�f lq xhqfhv rq wkh

DIE lq P] wzlq sdluv

D fhqwudo hohphqw ri rxu zlwklq0P] wzlq sdlu dqdo|vlv ri wkh srvwsrqhphqw h�hfw lv wkh

h{lvwhqfh ri vkduhg fkdudfwhulvwlfv wkdw ghwhuplqh wkh ghvluhg DIE zlwklq d wzlq sdlu1 Lq

sduwlfxodu/ rxu dvvxpswlrqv lpso| wkdw wzlqv lq P] wzlq sdluv vkduh dq lghqwlfdo ghvluhg

DIE/ dqg gl�huhqfhv lq wkh revhuyhg DIE zlwklq d wzlq sdlu uhsuhvhqw cwuxh* udqgrp

yduldwlrq1 Zh fdq surylgh vxssruw iru wklv dvvxpswlrq lq rxu dqdo|vhv e| lqyhvwljdwlqj

wkh ehwzhhq0 dqg zlwklq0wzlq sdlu fruuhodwlrqv ri revhuydeoh fkdudfwhulvwlfv wkdw duh olnho|

wr eh fruuhodwhg zlwk wkh djh dw �uvw eluwk +wkh ehorz dssurdfk forvho| iroorzv wkh dqdo|vhv

lq Dvkhqihowhu dqg Urxvh 4<<;,1

Zh kdyh vshfl�hg lq Ht1 +7, wkdw wkh revhuyhg DIE ri wzlq l lq sdlu m frqvlvwv ri

udqgrp yduldwlrq durxqg wkh h{shfwhg DIE/ dqg wkh h{shfwhg DIE lv vkduhg e| erwk

wzlqv lq wzlq sdlu1 Lq sduwlfxodu/ wkh revhuyhg DIE lv jlyhq dv �W�� @ W eW
� . ���/ zkhuh

��� duh udqgrp lq xhqfhv rq wkh DIE dqg W eW
� @ W _W

� . H^���m��� � W4@ � W _W
� ` lv wkh

h{shfwhg +ru lq wkh devhqfh ri fhqvrulqj/ wkh ghvluhg, DIE lq sdlu m1

Dq dowhuqdwlyh vshfl�fdwlrq ri wkh deryh uhodwlrq ehwzhhq wkh h{shfwhg dqg revhuyhg

DIE/ zklfk ylrodwhv wkh dvvxpswlrqv ri rxu zlwklq0P] hvwlpdwlrq/ lqfoxghv dgglwlrqdo

lqglylgxdo0vshfl�f lq xhqfhv/ ghqrwhg dv �W eW
�� / wkdw duh vshfl�f wr wzlq l lq sdlu m1 Lq wklv

dowhuqdwlyh vshfl�fdwlrq/ wkh revhuyhg DIE ri d wzlq lv ghwhuplqhg e|

�W�� @ W eW
� . �� �W

eW
�� . ��� > +45,

zkhuh wkh sdudphwhu �� phdvxuhv wkh uhohydqfh ri wkh lqglylgxdo0vshfl�f lq xhqfhv rq wkh

revhuyhg DIE1 Vlqfh wkh h{shfwdwlrq ri wkhvh lqglylgxdo0vshfl�f lq xhqfhv lv }hur/ l1h1/

H �W eW
�� @ 3/ wkh dyhudjh DIE lq d wzlq sdlu lv �W� @ W eW

� . ��� 1 Qrz vxssrvh wkdw rwkhu

revhuydeoh fkdudfwhulvwlfv [/ zklfk ydu| zlwklq dqg dfurvv wzlq sdluv/ duh fruuhodwhg zlwk

wkh ghvluhg ru h{shfwhg DIE vr wkdw

[�� @ �2W
eW
� . ��

�W eW
�� . ��� / dqg +46,

�[� @ �2W
eW
� . ��� =

Wkh fruuhodwlrq dfurvv wzlq sdluv ehwzhhq wkh dyhudjh DIE dqg rwkhu fkdudfwhulvwlfv lv

wkhuhiruh fruu+ �W�> �[�, @ �2 ydu+W eW
� ,@^+ydu+W eW

� , . ydu+���,, � ydu+ �[�,`�*21 Wklv fruuhodwlrq

lv vljql�fdqw rqo| li +d, wkh yduldqfh ri wkh h{shfwhg DIE lq wzlq sdlu m lv odujh uhodwlyh
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wr wkh yduldqfh ri wkh udqgrp lq xhqfhv ��� / dqg +e, wkh h{shfwhg DIE lv v|vwhpdwlfdoo|

uhodwhg wr wkh rwkhu fkdudfwhulvwlfv �[� / l1h1/ �2 9@ 31 Gl�huhqflqj Htv1 +45, dqg +46,

vkrzv wkdw wkh zlwklq0wzlq sdlu fruuhodwlrq ehwzhhq wkh DIE dqg rwkhu fkdudfwhulvwlfv lv

fruu+� �W�>� �[�, @ ���� ydu+� �W eW
� ,@^+ydu+� �W eW

� , . ydu+���,, � ydu+� �[�,`
�*21

Li wkh rwkhu fkdudfwhulvwlfv [ duh v|vwhpdwlfdoo| uhodwhg wr wkh h{shfwhg ru ghvluhg DIE

ri d wzlq/ wkhq lw lv uhdvrqdeoh wr dvvxph wkdw wkh| duh uhodwhg wr erwk wkh wzlq0sdlu vshfl�f

frpsrqhqw +vr wkdw �2 9@ 3,/ dqg wkh lqglylgxdo vshfl�f frpsrqhqw +vr wkdw �� 9@ 3,1 Zh

fdq wkhuhiruh whvw iru wkh suhvhqfh ri zlwklq0wzlq sdlu gl�huhqfhv lq wkhlu h{shfwhg DIE

e| frpsdulqj dfurvv0wzlq sdlu fruuhodwlrqv ri wkh DIE dqg rwkhu fkdudfwhulvwlfv zlwk

wkh fruuhvsrqglqj zlwklq0wzlq sdlu fruuhodwlrqv1 Li wkh iruphu duh vljql�fdqw iru vrph

fkdudfwhulvwlfv/ zh fdq frqfoxgh wkdw wkhvh fkdudfwhulvwlfv duh v|vwhpdwlfdoo| uhodwhg wr

wkh xqrevhuyhg ghwhuplqdqwv ri wkh h{shfwhg DIE1 Li dgglwlrqdoo| wkh zlwklq0wzlq sdlu

fruuhodwlrqv duh vljql�fdqw/ wkh uhvxowv surylgh hylghqfh wkdw zlwklq0wzlq sdlu gl�huhqfhv

lq wkh h{shfwhg DIE h{lvw1 Lq wklv fdvh/ rxu zlwklq0P] uhjuhvvlrqv pd| wkhuhiruh eh

eldvhg gxh wr lqglylgxdo0vshfl�f frpsrqhqwv wkdw duh qrw frqwuroohg iru e| rxu zlwklq0

P] dqdo|vhv1 Rq wkh rwkhu kdqg/ li wkh zlwklq0wzlq sdlu fruuhodwlrqv duh qhjoljleoh dqg

vxevwdqwldoo| uhgxfhg dv frpsduhg wr wkh dfurvv0wzlq sdlu fruuhodwlrqv/ wkh uhvxowv vxssruw

rxu dvvxpswlrqv wkdw xqrevhuyhg gl�huhqfhv lq lqglylgxdo0vshfl�f ghwhuplqdqwv ri wkh

h{shfwhg DIE duh devhqw dqg gr qrw surylgh d srwhqwldo vrxufh ri eldv lq rxu zlwklq0P]

dqdo|vhv1

Xqiruwxqdwho|/ wkh dqdo|vhv ri wkhvh sdshu duh edvhg rq sxuh uhjlvwhu0edvhg gdwd dqg

gr qrw lqfoxgh dq| dgglwlrqdo lqirupdwlrq derxw wkh wzlqv h{fhsw wkh wlplqj dqg ohyho ri

ihuwlolw|1 Wkh deryh whvw/ wkhuhiruh/ fdqqrw eh lpsohphqwhg iru doo wzlqv sdluv wkdw xqghuolh

rxu dqdo|vhv1 D vxevhw ri wkhvh wzlqv eruq gxulqj 4<86�93/ krzhyhu/ kdv sduwlflsdwhg lq

d vxuyh| frqgxfwhg lq 4<<7 rq khdowk uhodwhg lvvxhv wkdw surylghv lqirupdwlrq rq vhyhudo

shuvrqdo fkdudfwhulvwlfv wkdw duh srwhqwldoo| uhodwhg wr wkh ghvluhg DIE +Fkulvwhqvhq hw do1

4<<;,1 Wklv vxuyh| surylghv shuvrqdo fkdudfwhulvwlfv iru wzlqv lq 737 ihpdoh dqg 655

pdoh P] wzlq sdluv eruq gxulqj 4<86�93 zkr duh dovr lqfoxghg lq rxu dqdo|vhv ri wkh

srvwsrqhphqw h�hfw1 Wkh fkdudfwhulvwlfv lqfoxgh pduulhg ru frkdelwlqj dw wlph ri vxuyh|

+PDUU,/ |hduv ri sulpdu| dqg vhfrqgdu| hgxfdwlrq +SV0HG,/ wrwdo |hduv ri vfkrrolqj

+WRW0HG,/ erg| zhljkw +ZJKW> zh xvh suh0suhjqdqf| zhljkw li d zrpdq lv suhjqdqw

dw wlph ri wkh vxuyh|,/ wkh h{whqw ri vprnlqj +VPRNH> yduldeoh kdv d ydoxh ri }hur iru

qrw vprnlqj/ rqh iru vprnlqj fdvxdoo|/ dqg wzr iru vprnlqj gdlo|,/ dqg wkh iuhtxhqf|

ri frqwdfw ehwzhhq wzlqv +FRQW> yduldeoh udqjhv iurp rqh iru uduh frqwdfwv wr �yh iru
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gdlo| frqwdfwv,1 Doo yduldeohv duh �uvw uhjuhvvhg rq d sro|qrpldo lq djh lq rughu wr uhpryh

v|vwhpdwlf djh sdwwhuqv/ dqg wkh fruuhodwlrq dqdo|vhv duh suhiruphg zlwk wkh uhvlgxdov1

Wkh fruuhodwlrqv pdwulfhv iru wkh dyhudjh wzlq0sdlu fkdudfwhulvwlfv dqg wkh zlwklq0wzlq

sdlu gl�huhqfhv duh vkrzq lq Wdeoh D6 vhsdudwho| iru pdohv dqg ihpdohv1 Wkh iruphu

fruuhodwlrqv uhyhdo wkh h{lvwhqfh ri vkduhg fkdudfwhulvwlfv wkdw d�hfw erwk wkh DIE dqg

uhodwhg fkdudfwhulvwlfv/ dqg wkh odwwhu surylgh dq lqgluhfw whvw iru wkh suhvhqfh ri lqglylgxdo0

vshfl�f gl�huhqfhv lq wkh DIE zlwklq wzlq sdluv1 Lq wkh wrs sdqho iru ihpdohv dqg pdohv/

pdq| fkdudfwhulvwlfv duh vljql�fdqwo| fruuhodwhg zlwk wkh dyhudjh DIE/ dqg zlwk hdfk

rwkhu/ lqglfdwlqj wkdw wkh fruuhodwlrq ehwzhhq xqrevhuyhg ghwhuplqdqwv lq wkh DIE dqg

uhodwhg shuvrqdo fkdudfwhulvwlfv lv vwurqj1 Rq wkh rwkhu kdqg/ wkh fruuhodwlrq ri zlwklq0

wzlq sdlu gl�huhqfhv lq wkh DIE dqg rwkhu fkdudfwhulvwlfv duh qrw vljql�fdqw dqg ri yhu|

vpdoo pdjqlwxgh1 Iru ihpdohv/ wkh rqo| h{fhswlrq lv wkh shuvlvwhqw fruuhodwlrq ehwzhhq wkh

|hduv ri sulpdu|2vhfrqgdu| hgxfdwlrq dqg wkh wrwdo |hduv ri hgxfdwlrq/ zklfk lv olnho| wr

eh fdxvhg e| wkh idfw wkdw pruh |hduv ri sulpdu|2vhfrqgdu| hgxfdwlrq lv d suhuhtxlvlwh

iru kljkhu hgxfdwlrq1 Iru pdohv/ dgglwlrqdo prghvw fruuhodwlrqv ehwzhhq zlwklq0wzlq sdlu

gl�huhqfhv lq wkh DIE dqg wkh |hduv ri vfkrrolqj uhpdlq vljql�fdqw/ exw wkhvh fruuhodwlrqv

duh vxevwdqwldoo| uhgxfhg dv frpsduhg wr wkh fruuhodwlrqv revhuyhg iru wkh dyhudjh wzlq

sdlu fkdudfwhulvwlfv1 Pruhryhu/ wkh hphujlqj fruuhodwlrq ehwzhhq �VPRNH dqg �ZJKW

lv olnho| wr eh gxh wr wkh fdxvdo h�hfw ri vprnlqj rq erg| zhljkw dqg qrw wr dvshfwv uhodwhg

wr wkh ghvluhg DIE1

Hvshfldoo| iru ihpdohv/ Wdeoh D6 wkhuhiruh surylghv vwurqj hylghqfh wkdw zlwklq0wzlq

sdlu gl�huhqfhv lq wkh ghvluhg DIE duh vpdoo dqg qhjoljleoh frpsduhg wr wkh dfurvv wzlq

sdlu yduldelolw|1 Sduwlfxoduo| frpshoolqj lv wkh vwurqj fruuhodwlrq ehwzhhq wkh ohyho ri

hgxfdwlrq dqg wkh DIE lq Sdqho D ri Wdeoh D6/ zklfk lqglfdwhv wkdw v|vwhpdwlf delolw|

gl�huhqfhv ehwzhhq wzlq sdluv ohdg wr d kljkhu lqyhvwphqw lq kxpdq fdslwdo dv zhoo dv dq

odwhu rqvhw ri fklogehdulqj1 Wklv vwurqj srvlwlyh fruuhodwlrq ydqlvkhv lq Sdqho E diwhu wkh

v|vwhpdwlf wzlq0sdlu frpsrqhqwv ri delolw| duh uhpryhg/ zklfk lqglfdwhv wkdw lqglylgxdo0

vshfl�f delolw| gl�huhqfhv wkdw d�hfw wkh DIE duh olnho| wr eh devhqw1

Iru ihpdohv/ Wdeoh D6 wkhuhiruh surylghv vwurqj vxssruw iru rxu dujxphqw wkdw wkh

zlwklq0P] wzlq uhjuhvvlrqv lpsohphqwhg lq wklv sdshu surylgh frqvlvwhqw hvwlpdwhv ri wkh

srvwsrqhphqw h�hfw wkdw duh suhihudeoh wr wkh eldvhg uhvxowv rewdlqhg yld vwdqgdug ROV

uhjuhvvlrqv1

Dowkrxjk vrph zlwklq0P] wzlq sdlu fruuhodwlrqv uhpdlq vwdwlvwlfdoo| vljql�fdqw iru

pdohv/ wkh fruuhodwlrqv iru doo fkdudfwhulvwlfv duh vxevwdqwldoo| uhgxfhg dqg lwv vljql�fdqfh
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lv zhdnhqhg1 Wkh h�hfw ri lqglylgxdo0vshfl�f lq xhqfhv rq wkh ghvluhg DIE lv wkhuhiruh

olnho| wr eh yhu| vpdoo lq wkh zlwklq0P] dqdo|vhv/ dqg wkh uhvshfwlyh uhvxowv duh olnho| wr

eh frqvlghudeo| pruh dffxudwh wkdq vwdqgdug ROV hvwlpdwhv ri wkh srvwsrqhphqw h�hfw1

Uhihuhqfhv

Dphpl|d/ W1 +4<;8,1 Dgydqfhg Hfrqrphwulfv1 Fdpeulgjh= Kduydug Xqlyhuvlw| Suhvv1

Dvkhqihowhu/ R1 dqg D1 Nuxhjhu +4<<7,1 Hvwlpdwhv ri wkh hfrqrplf uhwxuq wr vfkrrolqj

iurp d qhz vdpsoh ri wzlqv1 Dphulfdq Hfrqrplf Uhylhz ;7 +8,/ 448:�44:71

Dvkhqihowhu/ R1 dqg F1 Urxvh +4<<;,1 Lqfrph/ vfkrrolqj dqg delolw|= Hylghqfh iurp d qhz

vdpsoh ri lghqwlfdo wzlqv1 Txduwhuo| Mrxuqdo ri Hfrqrplfv 446+4,/ 486�5;71

D{lqq/ Z1 J1 dqg D1 Wkruwrq +4<<9,1 Wkh lq xhqfh ri sduhqwv* pdulwdo glvvroxwlrqv rq

fkloguhq*v dwwlwxghv wrzdug idplo| irupdwlrq1 Ghprjudsk| 66 +4,/ 99�;41

Eduehu/ M1 V1 +5333,1 Lqwhujhqhudwlrqdo lq xhqfhv rq wkh hqwu| lqwr sduhqwkrrg= Prwkhuv*

suhihuhqfhv iru idplo| dqg qrqidplo| ehkdylru1 Vrfldo Irufhv :< +4,/ 64<�67;1

Ehkupdq/ M1 U1 dqg P1 U1 Urvhq}zhlj +4<<<,1 %Delolw|% eldvhv lq vfkrrolqj uhwxuqv dqg

wzlqv= D whvw dqg qhz hvwlpdwhv1 Hfrqrplfv ri Hgxfdwlrq Uhylhz 4; +5,/ 48<�49:1

Ehkupdq/ M1 U1 dqg P1 U1 Urvhq}zhlj +5334,1 Grhv Lqfuhdvlqj Zrphq*v Vfkrrolqj Udlvh

wkh Vfkrrolqj ri wkh Qh{w Jhqhudwlrq1 Dphulfdq Hfrqrplf Uhylhz1

Ehkupdq/ M1 U1/ P1 U1 Urvhq}zhlj/ dqg S1 Wdxepdq +4<<7,1 Hqgrzphqwv dqg wkh door0

fdwlrq ri vfkrrolqj lq wkh idplo| dqg lq wkh pduuldjh pdunhw= Wkh wzlqv h{shulphqw1

Mrxuqdo ri Srolwlfdo Hfrqrp| 435 +9,/ 4464�44:61

Ehkupdq/ M1 U1/ P1 U1 Urvhq}zhlj/ dqg S1 Wdxepdq +4<<9,1 Froohjh fkrlfh dqg zdjhv=

Hvwlpdwhv xvlqj gdwd rq ihpdoh wzlqv1 Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv :; +7,/ 9:5�

9;81

Ehkupdq/ M1 U1 dqg S1 Wdxepdq +4<:9,1 Lqwhujhqhudwlrqdo wudqvplvvlrq ri lqfrph dqg

zhdowk1 Dphulfdq Hfrqrplf Uhylhz 99 +6,/ 769�7731

Ehkupdq/ M1 U1 dqg S1 Wdxepdq +4<;<,1 Lv vfkrrolqj �prvwo| lq wkh jhqhv�B Qdwxuh0

qxuwxuh ghfrpsrvlwlrq xvlqj gdwd rq uhodwlyhv1 Mrxuqdo ri Srolwlfdo Hfrqrp| <:+9,/

4758�47791
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Eloodul/ I1 F1 dqg K10S1 Nrkohu +5333,1 Wkh lpsdfw ri xqlrq irupdwlrq g|qdplfv rq �uvw

eluwkv lqZhvw Jhupdq| dqg Lwdo|= Duh wkhuh vljqv ri frqyhujhqfhB Pd{ Sodqfn Lqvwlwxwh

iru Ghprjudsklf Uhvhdufk/ Urvwrfn/ Jhupdq|/ Zrunlqj Sdshu &5333033; +dydlodeoh dw

kwws=22ghprju1psj1gh,1

Erqjdduwv/ M1 dqg J1 Ihhqh| +4<<;,1 Rq wkh txdqwxp dqg whpsr ri ihuwlolw|1 Srsxodwlrq

dqg Ghyhorsphqw Uhylhz 57 +5,/ 5:4�5<41

Euhzvwhu/ N1 O1 dqg U1 U1 Ulqgixvv +5333,1 Ihuwlolw| dqg zrphq*v hpsor|phqw lq lqgxv0

wuldol}hg qdwlrqv1 Dqqxdo Uhylhz ri Vrflrorj| 59/ 5:4�5<91

Exfkpdqq/ P1 +4<;<,1 Wkh Vfulsw ri Olih lq Prghuq Vrflhw|= Hqwu| lqwr Dgxowkrrg lq d

Fkdqjlqj Zruog1 Fklfdjr= Xqlyhuvlw| ri Fklfdjr Suhvv1

Expsdvv/ O1 O1 dqg H1 N1 Pexuxjx +4<::,1 Djh dw pduuldjh dqg frpsohwhg idplo| vl}h1

Vrfldo Elrorj| 57 +4,/ 64�6:1

Expsdvv/ O1 O1/ U1 U1 Ulqgixvv/ dqg U1 E1 Mdqrvln +4<:;,1 Djh dqg pdulwdo vwdwxv dw �uvw

eluwk dqg wkh sdfh ri vxevhtxhqw ihuwlolw|1 Ghprjudsk| 48 +4,/ :8�;91

Fkulvwhqvhq/ N1/ R1 Edvvr/ N1 R1 N|yln/ V1 Mxxo/ M1 Erogvhq/ M1 Z1 Ydxsho/ dqg M1 Rovhq

+4<<;,1 Ihfxqgdelolw| ri ihpdoh wzlqv1 Hslghplrorj| < +5,/ 4;<�4<51

Fkulvwhqvhq/ N1/ P1 PfJxh/ D1 \dvklq/ L1 Ldfklqh/ dqg Y1 M1 Krop/ Q1Y1 +5333,1 Jhqhwlf

dqg hqylurqphqwdo lq xhqfhv rq ixqfwlrqdo delolwlhv lq Gdqlvk wzlqv djhg :8 |hduv dqg

roghu1 Mrxuqdov ri Jhurqwrorj| Vhulhv D�Elrorjlfdo Vflhqfhv dqg Phglfdo Vflhqfhv 88 +;,/

P779�P7851

Fljqr/ D1 +4<<7,1 Hfrqrplf frqvlghudwlrqv lq wkh wlplqj ri eluwkv= Wkhru| dqg hylghqfh1

Lq M1 Huplvfk dqg Q1 Rjdzd +Hgv1,/ Wkh Idplo|/ wkh Pdunhw dqg wkh Vwdwh lq Djhlqj

Vrflhwlhv/ ss1 97�:;1 R{irug= R{irug Xqlyhuvlw| Suhvv1

Fljqr/ D1 dqg M1 Huplvfk +4<;<,1 D plfurhfrqrplf dqdo|vlv ri wkh wlplqj ri eluwkv1

Hxurshdq Hfrqrplf Uhylhz 66 +7,/ :6:�:931

Frxqflo ri Hxursh +4<<<,1 Uhfhqw Ghprjudsklf Ghyhorsphqwv lq Hxursh1 Vwudverxuj=

Frxqflo ri Hxursh Sxeolvklqj1

Frxqflo ri Hxursh +5333,1 Uhfhqw Ghprjudsklf Ghyhorsphqwv lq Hxursh1 Vwudverxuj=

Frxqflo ri Hxursh Sxeolvklqj1
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Iudqn/ R1/ S1 J1 Eldqfkl/ dqg D1 Fdpsdqd +4<<7,1 Wkh hqg ri ihuwlolw|= djh/ ihfxqglw|

dqg ihfxqgdelolw| lq zrphq1 Mrxuqdo ri Elrvrfldo Vflhqfh 59 +6,/ 67<�69;1

Iuhmnd/ W1 dqg J1 Fdorw +5334,1 Frqwhpsrudu| frkruw uhsurgxfwlyh sdwwhuqv lq orz0ihuwlolw|

frxqwulhv1 Srsxodwlrq dqg Ghyhorsphqw Uhylhz 5: +4,/ iruwkfrplqj1

Jdxwklhu/ D1 K1 +4<<9,1 Wkh Vwdwh dqg wkh Idplo|= D Frpsdudwlyh Dqdo|vlv ri Idplo|

Srolflhv lq Lqgxvwuldol}hg Frxqwulhv1 Qhz \run= R{irug Xqlyhuvlw| Suhvv1

Julolfkhv/ ]1 +4<:<,1 Vleolqj prghov dqg gdwd lq hfrqrplfv= Ehjlqqlqjv ri d vxuyh|1 Mrxuqdo

ri Srolwlfdo Hfrqrp| ;: +8,/ V6:�971

Jxvwdivvrq/ V1 V1 +4<<<,1 Rswlpdo djh dw jlylqj eluwk= Wkhruhwlfdo dqg hpslulfdo frq0

vlghudwlrqv rq srvwsrqhphqw ri pdwhuqlw| lq Hxursh1 Suhvlghqwldo Dgguhvv lq wkh 46wk

Dqqxdo Phhwlqj ri wkh Hxurshdq Vrflhw| iru Srsxodwlrq Hfrqrplfv/ Mxqh 57059/ 4<<</

Wrulqr/ Lwdo|1

Jxvwdivvrq/ V1 V1/ F1 P1 P1 S1 Zhw}hov/ M1 G1 Yodveorp/ dqg V1 Gh{ +4<<9,1 Zrphq*v

oderu irufh wudqvlwlrqv lq frqqhfwlrq zlwk fklogeluwk= d sdqho gdwd frpsdulvrq ehwzhhq

Jhupdq|/ Vzhghq dqg Juhdw Eulwdlq1 Mrxuqdo ri Srsxodwlrq Hfrqrplfv <+6,/ 556�5791

Kdssho/ V1 N1/ M1 N1 Kloo/ dqg V1 D1 Orz +4<;7,1 Dq hfrqrplf dqdo|vlv ri wkh wlplqj ri

fklogeluwk1 Srsxodwlrq Vwxglhv 6;/ 5<<�6441

Kdxjh/ P1 +4<;4,1 Wkh Gdqlvk wzlq uhjlvwhu1 Lq V1 D1 Phgqlfk/ D1 H1 Edhuw/ dqg E1 S1

Edxfkpdqq +Hgv1,/ Survshfwlyh Orqjlwxglqdo Uhvhdufk= Dq Hpslulfdo Edvlv iru wkh Sul0

pdu| Suhyhqwlrq ri Svk|fkrorjlfdo Glvrughuv/ ss1 54:�5541 R{irug= R{irug Xqlyhuvlw|

Suhvv1

Kdxvpdq/ M1 D1 +4<:;,1 Vshfl�fdwlrq whvwv lq hfrqrphwulfv1 Hfrqrphwulfd 79 +9,/ 4584�

45:41

Khfnpdq/ M1 M1/ Y1 M1 Krw}/ dqg M1 U1 Zdonhu +4<;8,1 Qhz hylghqfh rq wkh wlplqj dqg

vsdflqj ri eluwkv1 Dphulfdq Hfrqrplf Uhylhz :8 +5,/ 4:<�4;71

Krw}/ M1 Y1/ M1 D1 Nohupdq/ dqg U1 M1 Zloolv +4<<:,1 Wkh hfrqrplfv ri ihuwlolw| lq ghyhorshg

frxqwulhv1 Lq P1 U1 Urvhq}zhlj dqg R1 Vwdun +Hgv1,/ Kdqgerrn ri Srsxodwlrq dqg Idplo|

Hfrqrplfv/ ss1 5:8�67;1 Dpvwhugdp= Qruwk Kroodqg1
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Krw}/ M1 Y1 dqg U1 D1 Ploohu +4<;;,1 Dq hpslulfdo dqdo|vlv ri olih f|foh ihuwlolw| dqg ihpdoh

oderxu vxsso|1 Hfrqrphwulfd 89 +4,/ <4�44;1

Mrvkl/ K1/ V1 Pdfudq/ dqg V1 Gh{ +4<<9,1 Hpsor|phqw diwhu fklogehdulqj dqg zrphq*v

vxevhtxhqw oderu irufh sduwlflsdwlrq= Hylghqfh iurp wkh Eulwlvk 4<8; frkruw1 Mrxuqdo

ri Srsxodwlrq Hfrqrplfv < +7,/ 658�67;1

Nohupdq/ M1 D1 dqg D1 Ohlerzlw} +4<<<,1 Mre frqwlqxlw| dprqj qhz prwkhuv1 Ghprjud0

sk| 69 +5,/ 478�4881

Nrkohu/ K10S1 dqg M1 D1 Ruwhjd +5334,1 Shulrg sdulw| surjuhvvlrq phdvxuhv zlwk frqwlqxhg

ihuwlolw| srvwsrqhphqw= D qhz orrn dw wkh lpsolfdwlrqv ri ghod|hg fklogehdulqj iru frkruw

ihuwlolw|1 Pd{ Sodqfn Lqvwlwxwh iru Ghprjudsklf Uhvhdufk/ Urvwrfn/ Jhupdq|/ Zrunlqj

Sdshu &53340334 +dydlodeoh dw kwws=22zzz1ghprju1psj1gh,1

Nrkohu/ K10S1 dqg G1 Sklolsry +5334,1 Yduldqfh h�hfwv lq wkh Erqjdduwv0Ihhqh| irupxod1

Ghprjudsk| 6; +4,/ 4�491

Nrkohu/ K10S1/ M1 O1 Urgjhuv/ dqg N1 Fkulvwhqvhq +4<<<,1 Lv ihuwlolw| ehkdylru lq rxu

jhqhv= Ilqglqjv iurp d Gdqlvk wzlq vwxg|1 Srsxodwlrq dqg Ghyhorsphqw Uhylhz 58 +5,/

586�5;;1

Nrkohu/ K10S1/ M1 O1 Urgjhuv/ dqg N1 Fkulvwhqvhq +5333,1 Iurp qdwxuh wr qxuwxuh= Wkh

vkliwlqj ghwhuplqdqwv ri hduo| ihuwlolw| lq Gdqlvk wzlq frkruwv 4<78�9;1 Plphr/ Pd{

Sodqfn Lqvwlwxwh iru Ghprjudsklf Uhvhdufk/ Urvwrfn/ Jhupdq|1

Ohh/ U1 G1 +4<;4,1 D prgho iru iruhfdvwlqj ihuwlolw| iurp eluwk0h{shfwdwlrqv gdwd1 Lq J1 H1

Khqghuvkrw dqg S1 M1 Sodfhn +Hgv1,/ Suhglfwlqj Ihuwlolw|= Ghprjudsklf Vwxglhv ri Eluwk

H{shfwdwlrqv/ ss1 :8�<<1 Oh{lqjwrq/ PD= Khdwk1

Ohlerzlw}/ D1 dqg M1 D1 Nohupdq +4<<7,1 H{sodlqlqj fkdqjhv lq pduulhg prwkhu*v hpsor|0

phqw ryhu wlph1 Ghprjudsk| 65/ 695�6:;1

Ohvwkdhjkh/ U1 dqg S1 Zloohpv +4<<<,1 Lv orz ihuwlolw| d whpsrudu| skhqrphqrq lq wkh

Hxurshdq Xqlrq1 Srsxodwlrq dqg Ghyhorsphqw Uhylhz 58+5,/ 544�55<1

Pdulql/ P1 P1 dqg S1 M1 Krgvgrq +4<;4,1 H�hfwv ri wkh wlplqj ri pduuldjh dqg �uvw eluwk

rq wkh vsdflqj ri vxevhtxhqw eluwkv1 Ghprjudsk| 4; +7,/ 85<�87;1

Phqnhq/ M1 +4<;8,1 Djh dqg ihuwlolw|= Krz odwh fdq |rx zdlwB Ghprjudsk| 55 +7,/ 79<�;61
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Phqnhq/ M1/ M1 Wuxvvhoo/ dqg X1 Oduvhq +4<;9,1 Djh dqg lqihuwlolw|1 Vflhqfh 566 +7::4,/

46;<�46<71

Pr!ww/ U1 +4<;7,1 Rswlpdo olih0f|foh sur�ohv ri ihuwlolw| dqg oderu vxsso|1 Lq W1 S1 Vfkxow}

dqg N1 Zroslq +Hgv1,/ Uhvhdufk lq Srsxodwlrq Hfrqrplfv/ Yroxph 8/ ss1 5<�841 MDL

Suhvv1

Prujdq/ S1 V1 dqg U1 U1 Ulqgixvv +4<<<,1 Uhh{dplqlqj wkh olqn ri hduo| fklogehdulqj wr

pduuldjh dqg wr vxevhtxhqw ihuwlolw|1 Ghprjudsk| 69 +4,/ 8<�:81

Qhzehujhu/ G1 V1 +5333,1 Grzq v|qgurp= Suhqdwdo ulvn dvvhvvphqw dqg gldjqrvlv1 Dphu0

lfdq Idplo| Sk|vlfldq 95+7,/ ;58�;651

Suhvvhu/ K1 E1 +4<:4,1 Wkh wlplqj ri wkh �uvw eluwk/ ihpdoh urohv dqg eodfn ihuwlolw|1 Ploedqn

Phpruldo Ixqg Txduwhuo| 7</ 65<�6951

Uledu/ G1 F1 +4<<9,1 Wkh h�hfw ri whhqdjh ihuwlolw| rq |rxqj dgxow fklogehdulqj1 Mrxuqdo

ri Srsxodwlrq Hfrqrplfv < +5,/ 4<:�54;1

Ulqgixvv/ U1 U1/ N1 Ehqmdplq/ dqg S1 V1 Prujdq +5333,1 Wkh fkdqjlqj lqvwlwxwlrqdo frqwh{w

ri orz ihuwlolw|1 Sdshu suhvhqwhg dw wkh dqqxdo phhwlqj ri wkh Srsxodwlrq Dvvrfldwlrq ri

Dphulfd/ Orv Dqjhorv/ Pdufk 56�581

Urgjhuv/ M1 O1/ K10S1 Nrkohu/ N1 N|yln/ dqg N1 Fkulvwhqvhq +5334,1 Ehkdylru jhqhwlf

prgholqj ri kxpdq ihuwlolw|= Ilqglqjv iurp d frqwhpsrudu| Gdqlvk wzlq vwxg|1 Ghprj0

udsk| 6; +4,/ 5<�751

Urvhq}zhlj/ P1 U1 dqg W1 S1 Vfkxow} +4<;8,1 Wkh ghpdqg iru dqg vxsso| ri eluwkv= Ihuwlowl|

dqg lwv olih f|foh frqvhtxhqfhv1 Dphulfdq Hfrqrplf Uhylhz :8+8,/ <<5�43481

Wuxvvhoo/ M1 dqg M1 Phqnhq +4<:;,1 Hduo| fklogehdulqj dqg vxevhtxhqw ihuwlolw|1 Idplo|

Sodqqlqj Shuvshfwlyhv 43 +7,/ 53<�54;1

Zklwh/ K1 +4<;3,1 D khwhurvfhgdvwlflw|0frqvlvwhqw fryduldqfh pdwul{ hvwlpdwru dqg d gluhfw

whvw iru khwhurvfhgdvwlflw|1 Hfrqrphwulfd 7;+7,/ ;4:�;6;1

\dpdjxfkl/ N1 dqg O1 U1 Ihujxvrq +4<<8,1 Wkh vwrsslqj dqg vsdflqj ri fklogeluwkv dqg

wkhlu eluwk0klvwru| suhglfwruv= Udwlrqdo0fkrlfh0wkhru| dqg hyhqw0klvwru| dqdo|vlv1 Dphu0

lfdq Vrflrorjlfdo Uhylhz 93+5,/ 5:5�5<;1
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Wdeoh D 4= Srvwsrqhphqw h�hfw �� iru Gdqlvk wzlqv eruq 4<78�931 Ghshqghqw yduldeoh lv
qxpehu ri fkloguhq dw djh 6; lqvwhdg ri orjdulwkp ri ihuwlolw| dv djh 6; dv lq Wdeohv 61

Ihpdohv Pdohv Ihpdohv dqg pdohv

Phwkrg Zlwklq Zlwklq Zlwklq
P] ROVK P] ROVK P] ROVK

sdlu@ sdlu@ sdlu@

Sdqho D= Frqvwdqw srvwsrqhphqw h�hfw iru doo frkruwv
�� 3138:4 31387< 313:;5 313955 3139:6 3138;3

+3133<:,-- +313398,-- +313458,-- +3133:;,-- +3133:;,-- +313384,--
^061<(` ^05318(` ^0461;(`

Sdqho E= Lqwhudfwlrq zlwk eluwk |hdu dv �� @ ��f .
��� � +eluwk0|hdu�4<78,

��f 313;73 3139<9 31437; 313<34 313<74 313:95
+313493,-- +31343:,-- +313555,-- +31346<,-- +313469,-- +3133;8,--

^04:14(` ^04713(` ^04<13(`
��� 031336< 0313354 031336< 0313374 031336< 0313359

+313353,- +313346, +313358, +313349,- +313349,- +313343,--
^.7915(` ^0814(` ^.6616(`

Sdqho F= Frkruw0vshfl�f hvwlpdwlrq
�� iru frkruwv 313:67 313979 31436< 313;46 313;:9 313:46
4<78�85 +313458,-- +3133;9,-- +3134:3,-- +313443,-- +313437,-- +31339;,--

^04513(` ^0541;(` ^04;19(`
�� iru frkruwv 313677 313737 3137;7 31368; 313749 3136<5
4<86�93 +31347<,- +3133<;,-- +3134::,-- +31343:,-- +313449,-- +3133:4,--

^.4:17(` ^05913(` ^081;(`
"2 whvw iru 7133- 61<<- 8143- ;1:;-- ;1:7-- 431;8--
htxdo �� +gi @ 4, +gi @ 4, +gi @ 4, +gi @ 4, +gi @ 4, +gi @ 4,

Q 8<4 44;5 937 453; 44<8 56<3

Qrwhv= Urexvw vwdqgdug huuruv lq sduhqwkhvhv1 s0ydoxhv= n s ? 3143> - s ? 3138> -- s
? 31341 Vwdqgdug huuruv duh fdofxodwhg xvlqj Zklwh*v +4<;3, khwhurvfhgdvwlflw| frqvlvwhqw
yduldqfh hvwlpdwru1 Wkh ROV vwdqgdug huuruv duh dgglwlrqdoo| dgmxvwhg iru zlwklq wzlq0sdlu
fruuhodwlrq ri wkh huuru whup1 +d, Wkh �{hg h�hfw uhjuhvvlrqv gr qrw lqfoxgh d frqvwdqw whup1
+e, Wkh ROV prghov lq Sdqho D dqg E lqfoxgh d wklug0rughu sro|qrpldo lq +eluwk0|hdu �
4<78, lq rughu wr dffrxqw iru frkruw wuhqgv lq frpsohwhg ihuwlolw|/ dqg ROV prghov Sdqho
F lqfoxgh d gxpp| iru eluwk frkruwv 4<86�931 Wkh frpelqhg ROV prghov iru pdohv dqg
ihpdohv dgglwlrqdoo| lqfoxgh d gxpp| iru ihpdohv1
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Wdeoh D 5= Srvwsrqhphqw h�hfw �� iru Gdqlvk wzlqv eruq 4<78�881 Ghshqghqw yduldeoh lv
orjdulwkp ri ihuwlolw| dw djh 76/ lqvwhdg ri dw djh 6; dv lq Wdeohv 61 Wzlq sdluv duh lqfoxghg
lq wkh vdpsoh li erwk wzlqv lq d sdlu kdyh h{shulhqfhg wkhlu �uvw eluwk e| djh 681 Wkh
shufhqwdjhv lq vtxduh sduhqwkhvhv ehorz wkh vwdqgdug huuruv uhsruw wkh uhodwlyh gl�huhqfhv
ehwzhhq wkh ROV dqg zlwklq P] sdlu hvwlpdwhv1

Ihpdohv Pdohv Ihpdohv dqg pdohv

Phwkrg Zlwklq Zlwklq Zlwklq
P] ROVK P] ROVK P] ROVK

sdlu@ sdlu@ sdlu@

Sdqho D= Frqvwdqw srvwsrqhphqw h�hfw iru doo frkruwv
�� 31364< 3135;9 3136;8 313646 313688 313633

+313386,-- +313366,-- +31338<,-- +31336:,-- +313373,-- +313358,--
^04316(` ^04;1:(` ^04818(`

Sdqho E= Lqwhudfwlrq zlwk eluwk |hdu dv �� @ ��f .
��� � +eluwk0|hdu�4<78,

��f 313874 313773 31384< 313755 313858 313745
+3133<;,-- +313389,-- +3133<5,-- +313394,-- +31339;,-- +313375,--

^04;1:(` ^04;1:(` ^05418(`
��� 0313383 0313366 0313364 0313356 031336< 0313357

+31334:,-- +313343,-- +31334:,n +313344,- +313345,-- +31333:,--
^.6713(` ^.581;(` ^.6;18(`

Sdqho F= Frkruw0vshfl�f hvwlpdwlrq
�� iru frkruwv 313746 31369; 313799 3136:: 313774 313699
4<78�85 +313398,-- +313374,-- +3133:;,-- +31337;,-- +313385,-- +313365,--

^0431<(` ^04<14(` ^04:13(`
�� iru frkruwv 313474 313487 31358; 31354< 31353; 3134<8
4<86�93 +3133;6,n +313386,-- +3133;:,-- +31338:,-- +313394,-- +31336<,--

^.<15(` ^04814(` ^0916(`
"2 whvw iru 9197-- 4314-- 614;n 7185- ;17<-- 441;--
htxdo �� +gi @ 4, +gi @ 4, +gi @ 4, +gi @ 4, +gi @ 4, +gi @ 4,

Q 766 ;99 79; <69 <34 4;35

Qrwhv= Urexvw vwdqgdug huuruv lq sduhqwkhvhv1 s0ydoxhv= n s ? 3143> - s ? 3138> -- s
? 31341 Vwdqgdug huuruv duh fdofxodwhg xvlqj Zklwh*v +4<;3, khwhurvfhgdvwlflw| frqvlvwhqw
yduldqfh hvwlpdwru1 Wkh ROV vwdqgdug huuruv duh dgglwlrqdoo| dgmxvwhg iru zlwklq wzlq0sdlu
fruuhodwlrq ri wkh huuru whup1 +d, Wkh �{hg h�hfw uhjuhvvlrqv gr qrw lqfoxgh d frqvwdqw whup1
+e, Wkh ROV prghov lq Sdqho D dqg E lqfoxgh d wklug0rughu sro|qrpldo lq +eluwk0|hdu �
4<78, lq rughu wr dffrxqw iru frkruw wuhqgv lq frpsohwhg ihuwlolw|/ dqg ROV prghov Sdqho
F lqfoxgh d gxpp| iru eluwk frkruwv 4<86�931 Wkh frpelqhg ROV prghov iru pdohv dqg
ihpdohv dgglwlrqdoo| lqfoxgh d gxpp| iru ihpdohv1
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Wdeoh D 6= Fruuhodwlrq dqdo|vlv iru wkh lqyhvwljdwlrq ri frpprq dqg lqglylgxdo0vshfl�f
lq xhqfhv rq wkh DIE dqg rwkhu shuvrqdo fkdudfwhulvwlfv lq P] wzlq sdluv

Ihpdohv +Q @ 737 wzlq sdluv,
Sdqho D= Fruuhodwlrq pdwul{ ri dyhudjh wzlq sdlu fkdudfwhulvwlfv

DIE PDUU SV0HG WRW0HG ZJKW VPRNH
DIE 4
PDUU 31374 4
SV0HG 31759-- 3139; 4
WRW0HG 31754-- 3135< 31;;7-- 4
ZJKW 031496- 31448 031348 031364 4
VPRNH 031356 03156<-- 031469. 031488- 031434 4
FRQWDFW 3137; 031389 03134; 0313;5 031368 314:3-
Sdqho E= Fruuhodwlrq pdwul{ ri zlwklq0wzlq sdlu gl�huhqfhv lq fkdudfwhulvwlfv

� DIE � PDUU � SV0HG � WRW0HG � ZJKW � VPRNH
� DIE 4
� PDUU 03139: 4
� SV0HG 3136: 0313:4 4
� WRW0HG 313<< 31334 31:9<-- 4
� ZJKW 031368 0313<3 31348 31355 4
� VPRNH 0313;6 031379 0313:4 031394 031343 4
� FRQW 031338 3138< 03144: 031346 31435 313;9
Pdohv +Q @ 655 wzlq sdluv,
Sdqho F= Fruuhodwlrq pdwul{ ri dyhudjh wzlq sdlu fkdudfwhulvwlfv

DIE PDUU SV0HG WRW0HG ZJKW VPRNH
DIE 4
PDUU 31384 4
SV0HG 3163<-- 31393 4
WRW0HG 3168<-- 3133: 31;;6-- 4
ZJKW 0314:<- 031358 3138< 31348 4
VPRNH 0315:7-- 031466. 031645-- 0315:4-- 031455. 4
FRQW 031466. 0313;6 031583-- 0315;7-- 3137< 31355
Sdqho G= Fruuhodwlrq pdwul{ ri zlwklq0wzlq sdlu gl�huhqfhv lq fkdudfwhulvwlfv

� DIE � PDUU � SV0HG � WRW0HG � ZJKW � VPRNH
� DIE 4
� PDUU 3134: 4
� SV0HG 31486- 0313<9 4
� WRW0HG 3149<- 03144: 31:78-- 4
� ZJKW 03137: 31455. 03134< 0313:3 4
� VPRNH 31358 0313<3 031397 31348 031598-- 4
� FRQW 313;6 31345 031364 031338 31344 03136:

Qrwhv= . s ? 3143 - s ? 31381 -- s ? 3134


