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Fdq d Pdwfklqj Prgho H{sodlq wkh Orqj0Uxq Lqfuhdvh
lq Fdqdgd*v Xqhpsor|phqw UdwhB

Dqguhdv Kruqvwhlq

Ihghudo Uhvhuyh Edqn ri Ulfkprqg

Plqjzhl \xdq�

Edqn ri Fdqdgd

Dsulo 4<<9

Uhylvhg= Mdqxdu| 5;/ 4<<;

Ihghudo Uhvhuyh Edqn ri Ulfkprqg Zrunlqj Sdshu <;05

Devwudfw

Zh frqvwuxfw d vlpsoh jhqhudo htxloleulxp prgho ri xqhpsor|phqw dqg fdoleudwh lw wr
wkh Fdqdgldq hfrqrp|1 Mre fuhdwlrq dqg ghvwuxfwlrq duh hqgrjhqrxv1 Lq wklv prgho/
zh frqvlghu vhyhudo srwhqwldo idfwruv zklfk frxog frqwulexwh wr wkh orqj0uxq lqfuhdvh
lq wkh Fdqdgldq xqhpsor|phqw udwh= d pruh jhqhurxv xqhpsor|phqw lqvxudqfh v|v0
whp/ kljkhu od|r� frvwv/ kljkhu glvwruwlrqdu| wd{hv/ dqg d vorzhu udwh ri surgxfwlylw|
jurzwk1 Zh �qg wkdw lq wkh prgho hfrqrp| wkh lpsdfw ri doo ri wkhvh idfwruv rq wkh
xqhpsor|phqw udwh lv vpdoo1

� Zh wkdqn Dxgud Erzoxv/ Gdylg Odlgohu dqg sduwlflsdqwv ri wkh prqh|2pdfur zrunvkrs dw wkh Xql0
yhuvlw| ri Zhvwhuq Rqwdulr iru khosixo frpphqwv1 Wkh rslqlrqv h{suhvvhg lq wklv sdshu duh rxu rzq dqg gr
qrw qhfhvvdulo| uh hfw wkh ylhzv ri wkh Ihghudo Uhvhuyh Edqn ri Ulfkprqg/ wkh Ihghudo Uhvhuyh V|vwhp ru
wkh Edqn ri Fdqdgd1 Zh dovr wkdqn VVKUF iru �qdqfldo vxssruw1



41 Lqwurgxfwlrq

Wkh dyhudjh xqhpsor|phqw udwh lq Fdqdgd kdv lqfuhdvhg vxevwdqwldoo| lq wkh odwh 4<:3v

dqg 4<;3v/ vhh Iljxuh 41 Wklv lqfuhdvh kdv ehhq dwwulexwhg wr d ydulhw| ri idfwruv/ wkh prvw

surplqhqw dprqj wkhp ehlqj d pruh jhqhurxv xqhpsor|phqw lqvxudqfh +XL, v|vwhp1 Lq

wklv sdshu zh wu| wr txdqwli| wkh frqwulexwlrq ri revhuyhg fkdqjhv lq wkh XL v|vwhp wr wkh

lqfuhdvhg xqhpsor|phqw udwh xvlqj d fdoleudwhg jhqhudo htxloleulxp prgho ri wkh Fdqdgldq

hfrqrp|1 Zh dovr frqvlghu dowhuqdwlyh h{sodqdwlrqv iru wkh kljkhu xqhpsor|phqw udwh dqg

wkhuhe| hydoxdwh wkh uhodwlyh lpsruwdqfh ri fkdqjhv lq wkh XL v|vwhp1 Lq sduwlfxodu zh vwxg|

wkh uroh ri od|r� frvwv dqg glvwruwlrqdu| wd{hv/ dqg wr sxw wkh h�hfwv ri srolf| yduldeohv lq

shuvshfwlyh/ zh vwxg| wkh h�hfwv ri wkh vorzgrzq lq wrwdo idfwru surgxfwlylw| +WIS, jurzwk1

Wkh Fdqdgldq XL surjudp zdv vxevwdqwldoo| uhylvhg lq 4<:424<:5/ dqg wklv uhylvlrq pdgh

wkh XL surjudp pruh jhqhurxv lq whupv ri fryhudjh/ holjlelolw| dqg ehqh�wv1 Lq 4<:;24<:<

4



wkh fryhudjh zdv uhgxfhg dqg wkh txdoli|lqj uhtxluhphqwv zhuh udlvhg1 Dphqgphqwv wr wkh

XL v|vwhp lq 4<<3/ 4<<6 dqg 4<<7 kdyh ixuwkhu uhgxfhg wkh jhqhurvlw| ri wkh XL v|vwhp14

Zh xvh d vxppdu| vwdwlvwlf zklfk uh hfwv wkh fkdqjhv lq XL jhqhurvlw| dorqj wkhvh ydulrxv

glphqvlrqv1 Iru wklv sxusrvh zh gh�qh wkh uhsodfhphqw udwh dv wkh h{shfwhg ydoxh ri xqhp0

sor|phqw ehqh�wv wr dq xqhpsor|hg zrunhu/ edvhg rq wkh ohjlvodwhg uhsodfhphqw udwh/ wkh

pd{lpxp gxudwlrq ri ehqh�wv iru d plqlpdoo| txdol�hg fodlpdqw dqg wkh fryhudjh udwh15

Iljxuh 5 grfxphqwv wkh vxevwdqwldo fkdqjhv lq wkh uhsodfhphqw udwh gxulqj wkh srvwzdu

shulrg1

Lq 4<88 wkh uhsodfhphqw udwh zdv derxw 53 shufhqw/ dqg lw uhpdlqhg dw urxjko| wkh vdph

ohyho xqwlo wkh 4<:424<:5 XL uhirup1 Wkh uhsodfhphqw udwh wkhq mxpshg wr 86( lq 4<:5

dqg ghfolqhg lq 4<:;24<:< iroorzlqj wkh uhvwulfwlrqv rq wkh XL v|vwhp1 Vlqfh wkh 4<;3v wkh

4Vhh KUGF +4<<8, iru d uhylhz ri wkh klvwru| ri wkh Fdqdgldq XL v|vwhp1
5Vhh Vhfwlrq 6 iru d pruh ghwdlohg glvfxvvlrq ri rxu uhsodfhphqw udwh1 Vdujhqw +4<<8, uhylhzv rwkhu

h{lvwlqj phdvxuhv ri XL jhqhurvlw|1
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dyhudjh uhsodfhphqw udwlr kdv uhpdlqhg dw derxw 73(/ wzlfh lwv ydoxh lq wkh 4<83v dqg 4<93v1

Wkh uhsodfhphqw udwh kdv lqfuhdvhg pdlqo| ehfdxvh XL ehqh�wv fdq eh fodlphg iru d orqjhu

wlph shulrg dqg pruh xqhpsor|hg duh holjleoh iru XL ehqh�wv1

Lq rughu wr hydoxdwh wkh uhodwlyh lpsruwdqfh ri fkdqjhv lq wkh XL v|vwhp/ zh dovr vwxg|

krz rwkhu srolf| yduldeohv kdyh fkdqjhg dqg zkdw wkh txdqwlwdwlyh lpsdfw ri wkhvh fkdqjhv

kdyh ehhq1 Lq sduwlfxodu/ zh vwxg| wkh h�hfwv ri od|r� frvwv dqg rwkhu glvwruwlrqdu| wd{hv1

Wr jhw vrph shuvshfwlyh rq wkh txdqwlwdwlyh lpsruwdqfh ri fkdqjhv lq wkhvh srolf| yduldeohv/

zh dovr vwxg| wkh h�hfwv ri fkdqjhv lq surgxfwlylw| jurzwk udwhv1

Gxulqj wkh wlph wkdw wkh XL v|vwhp kdv ehfrph pruh jhqhurxv/ fkdqjhv lq oderxu odzv

kdyh dovr lqfuhdvhg mre surwhfwlrq iru zrunhuv +Nxkq 4<<6,1 Wklv mre surwhfwlrq xvxdoo|

wdnhv wkh irup ri d pdqgdwru| qrwlfh uhtxluhphqw ru vhyhudqfh sd| uhjxodwlrq lq olhx/ erwk

ri zklfk fdq eh lqwhusuhwhg dv d od|r� wd{1 Hfrqrplf wkhru| grhv qrw suhglfw xqdpeljxrxvo|

krz vxfk d wd{ zloo d�hfw hpsor|phqw1 Rq wkh rqh kdqg/ wkh wd{ udlvhv wkh orqj0uxq frvw ri

hpsor|phqw/ dqg wkhuhiruh uhgxfhv wkh qxpehu ri qhz kluhv1 Rq wkh rwkhu kdqg/ d �up zloo

od| r� ihzhu zrunhuv ehfdxvh od|r�v duh pruh frvwo|1 Wkh hpslulfdo hylghqfh rq od|r� frvwv

lv dovr pl{hg1 Od}hdu +4<<3, �qgv wkdw kljkhu vhyhudqfh sd|phqwv uhgxfh hpsor|phqw lq d

vdpsoh ri RHFG frxqwulhv1 Mrqhv dqg Nxkq +4<<8, �qg wkdw zrunhuv/ zkr uhfhlyh dgydqfh

qrwlfh/ h{shulhqfh vrphzkdw vkruwhu xqhpsor|phqw vshoov lq Fdqdgd1

Lq dgglwlrq wr wkh XL v|vwhp dqg mre surwhfwlrq odzv/ wkhuh duh rwkhu glvwruwlrqdu| wd{hv

zklfk srwhqwldoo| d�hfw xqhpsor|phqw dqg zklfk kdyh lqfuhdvhg ru ghfuhdvhg ryhu wlph1

Iru h{dpsoh/ Ehdfk dqg Edoirxu +4<;6, dqg Sdunhu +4<<8, dujxh wkdw kljkhu sd|uroo wd{hv

uhgxfh hpsor|phqw lq wkh orqj uxq1 Iljxuh 6 vkrzv wkdw iurp wkh 83v wr wkh ;3v wkh oderxu

lqfrph wd{ udwh dqg wkh sd|uroo wd{ udwh kdyh erwk lqfuhdvhg/ zkhuhdv wkh fdslwdo lqfrph
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wd{ udwh kdv hlwkhu ghfuhdvhg ru uhpdlqhg frqvwdqw16

Jryhuqphqw srolf| fkdqjhv/ olnh wkh XL uhirupv lq wkh 4<:3v/ pd| eh lpsruwdqw iru wkh

oderxu pdunhw1 Gxulqj wkh vdph wlph/ krzhyhu/ zh revhuyh dq hyhqw ri htxdo ru srwhqwldoo|

juhdwhu lpsruwdqfh iru wkh oderxu pdunhw= wkh surgxfwlylw| jurzwk vorzgrzq1 Lq wkh plg

4<:3v WIS jurzwk ghfolqhg gudvwlfdoo|/ dqg jurzwk udwhv qhyhu uhdoo| uhfryhuhg wr wkhlu ydoxhv

lq wkh 4<83v dqg 4<93v/ vhh Iljxuh 71 Wklv revhuydwlrq dssolhv wr doprvw doo lqgxvwuldol}hg

frxqwulhv/ dqg doprvw doo ri wkhvh frxqwulhv kdyh h{shulhqfhg kljkhu xqhpsor|phqw udwhv vlqfh

wkh plg 4<:3v1 Zh zrxog olnh wr hydoxdwh wkh uhodwlyh lpsruwdqfh ri fkdqjhv lq jryhuqphqw

srolf| dv frpsduhg wr fkdqjhv lq surgxfwlylw| jurzwk1

6Wkhvh wd{ udwhv duh fdofxodwhg xvlqj wkh surfhgxuh vxjjhvwhg e| Phqgr}d hw do1 +4<<7,1 Iru d ghwdlohg
h{sodqdwlrq vhh Dsshqgl{ G1
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Lq wklv sdshu/ zh hpsor| d vlpsoh fdoleudwhg jhqhudo htxloleulxp prgho wr txdqwli| wkh

h�hfwv ri fkdqjhv lq wkh deryh phqwlrqhg yduldeohv rq wkh xqhpsor|phqw udwh1 Xqhpsor|0

phqw ruljlqdwhv iurp iulfwlrqv lq wkh oderxu pdunhw/ dqg wkh doorfdwlrq ri oderxu surfhhgv

wkurxjk d wlph0frqvxplqj pdwfklqj surfhvv/ vhh Pruwhqvhq dqg Slvvdulghv +4<<7,1 Wklv

pdwfklqj0w|sh hqylurqphqw lv hpehgghg lqwr d vwdqgdug qhrfodvvlfdo jurzwk prgho1 Wkh

prgho wkdw zh suhvhqw lv edvhg rq zrun e| Dqgroidwwr +4<<9,/ Phu} +4<<8,/ dqg Vkl dqg

Zhq +4<<7,1 Zh h{whqg wkhlu zrun dorqj wkh olqhv ri Pruwhqvhq dqg Slvvdulghv +4<<7, dqg

dvvxph wkdw zrunhu0mre pdwfkhv fdq gl�hu zlwk uhvshfw wr wkhlu surgxfwlylw|1 Lq wklv hqyl0

urqphqw/ zrunhu0mre pdwfkhv duh hqgrjhqrxvo| whuplqdwhg ehfdxvh wkhlu surgxfwlylw| lv wrr

orz/ dqg zh fdq vwxg| wkh h�hfwv ri od|r� frvwv rq +xq,hpsor|phqw1 Zh vwxg| wkh edodqfhg

jurzwk sdwk ri wkh hfrqrp| zkhq wkhuh lv h{rjhqrxv oderxu0dxjphqwlqj whfkqlfdo fkdqjh1

Rxu pdlq �qglqjv iurp wkh txdqwlwdwlyh dqdo|vlv ri wkh prgho*v edodqfhg jurzwk sdwk
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duh dv iroorzv1 Iluvw/ fkdqjhv lq wkh XL v|vwhp zklfk grxeoh wkh uhsodfhphqw udwh lqgh{

fdq h{sodlq rqo| d vpdoo sduw ri wkh ulvh lq xqhpsor|phqw1 Vhfrqg/ kljkhu od|r� frvwv lq0

fuhdvh hpsor|phqw dqg ghfuhdvh xqhpsor|phqw1 Wklv rffxuv ehfdxvh kljkhu od|r� frvwv

uhgxfh mre ghvwuxfwlrq pruh wkdq wkh| uhgxfh mre fuhdwlrq1 Vlqfh mre fuhdwlrq uhvxowv lq

kljk0surgxfwlylw| mrev dqg mre ghvwuxfwlrq holplqdwhv orz0surgxfwlylw| mrev/ wkh kljkhu hp0

sor|phqw ohyho lv dvvrfldwhg zlwk d uhodwlyh lqfuhdvh lq orz0surgxfwlylw| mrev1 Wklug/ wkh

h�hfwv ri fkdqjhv lq rwkhu glvwruwlrqdu| wd{hv rq xqhpsor|phqw udwhv duh txdqwlwdwlyho|

vpdoo frpsduhg wr fkdqjhv lq XL ehqh�wv dqg od|r� frvwv1 Irxuwk/ wkh qhw0h�hfw rq wkh

xqhpsor|phqw udwh lv vpdoo zkhq doo revhuyhg fkdqjhv lq srolf| yduldeohv duh frpelqhg/

rqo| : shufhqw ri wkh 7 shufhqwdjh srlqw lqfuhdvh wkdw rffxuuhg ryhu wkh uhihuhqfh shulrg1

Iliwk/ orzhu surgxfwlylw| jurzwk lqfuhdvhv wkh xqhpsor|phqw udwh e| 3184 shufhqwdjh srlqwv/

dqg wkh lpsdfw ri revhuyhg uhgxfwlrqv lq WIS jurzwk lv odujh frpsduhg wr wkh fkdqjhv lq0

gxfhg e| srolf| yduldeohv1 Odvwo|/ doo idfwruv frpelqhg dffrxqw iru ohvv wkdq d txduwhu ri wkh

lqfuhdvh lq wkh xqhpsor|phqw udwh iurp wkh 83v wr wkh ;3v1

Rxu prgho lv ghvfulehg lq Vhfwlrq 51 Lq Vhfwlrq 6 zh fdoleudwh wkh prgho wr wkh Fdqdgldq

hfrqrp| lq wkh 4<;3v dqg wkhq vwxg| wkh txhvwlrq dv wr zkhwkhu revhuyhg gl�huhqfhv lq

srolf| yduldeohv dqg WIS jurzwk fdq dffrxqw iru wkh orzhu xqhpsor|phqw udwhv lq wkh 4<83v

dqg 4<93v1 Vhfwlrq 7 frqfoxghv1

51 Wkh Prgho

Wkh prgho frpelqhv wkh vwdqgdug uhsuhvhqwdwlyh djhqw jurzwk prgho zlwk d pdwfklqj prgho

ri wkh oderxu pdunhw1 Wkhuh lv dq lq�qlwho| olyhg uhsuhvhqwdwlyh idplo| zlwk d odujh qxpehu
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ri idplo| phpehuv1 Vrph ri wkh idplo| phpehuv zrun dqg vrph vhdufk iru mrev1 Zrunhuv

pd| uhfhlyh gl�huhqw zdjhv/ dqg wkh zdjh ri d zrunhu fdq fkdqjh ryhu wlph1 Wkh idplo|

wdnhv wkh zdjhv dv jlyhq1 Ryhu wlph vrph zrunhuv pd| orvh wkhlu mre/ exw dw wkh vdph wlph

vhdufkhuv �qg mrev1 D mre lv fuhdwhg zkhq d vhdufkhu lv pdwfkhg zlwk d ydfdqf| zklfk lv

srvwhg e| d uhsuhvhqwdwlyh �up1 Wkh �up ghflghv rq wkh qxpehu ri ydfdqflhv wr eh srvwhg/

edvhg rq wkh frvwv ri srvwlqj d ydfdqf| dqg wkh h{shfwhg fdslwdo ydoxh ri d mre1 Zdjhv

duh ghwhuplqhg edvhg rq d edujdlqlqj surfhvv ehwzhhq pdwfkhg zrunhuv dqg mrev1 Wlph lv

frqwlqxrxv1 Zh zloo rqo| vwxg| wkh edodqfhg jurzwk sdwk ri wkh hfrqrp|1

5141 Wkh Idplo| Krxvhkrog

Wkh idplo|*v suhihuhqfhv duh jlyhq e| wkh glvfrxqwhg suhvhqw ydoxh ri xwlolw|

]
"

f

e34|L dS E|� c ? E|� c r E|�o _| +4,

zkhuh lqvwdqwdqhrxv xwlolw| L ghshqgv rq frqvxpswlrq S/ wkh qxpehu ri idplo| phpehuv

hpsor|hg ?/ dqg wkh qxpehu ri idplo| phpehuv vhdufklqj iru mrev r1 Wkh xwlolw| ixqfwlrq L

lv ri wkh irup

L ESc ?c r� ' *? S� 1?
?l?

l?
� 1r

rlr

lr
zlwk 1?c 1r : f/ dqg l?c lr � �1

Ixwxuh xwlolw| lv glvfrxqwhg dw udwh 4 : f1

Hpsor|hg phpehuv ri wkh idplo|/ zrunhuv/ fdq kdyh wzr nlqgv ri mrev/ orz0zdjh dqg

kljk0zdjh mrev1 Ohw ?� +?2, ghqrwh wkh qxpehu ri zrunhuv zlwk orz0zdjh +kljk0zdjh, mrev/
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zlwk zdjhv �� 	 �2/ dqg ? ' ?� n ?21 D idplo| phpehu fdq rewdlq d kljk0zdjh mre e|

vhdufklqj/ dqg mre r�huv iru d vhdufkhu iroorz d Srlvvrq surfhvv zlwk duulydo udwh D1 Kljk0

zdjh mrev ehfrph revrohwh ryhu wlph/ dqg revrohvfhqfh iroorzv d Srlvvrq surfhvv zlwk duulydo

udwh B?1 Wkxv wkh qxpehu ri zrunhuv zlwk kljk0zdjh mrev hyroyhv dffruglqj wr

�?2 ' Dr� B??2� +5,

Revrohwh kljk0zdjh mrev ehfrph orz0zdjh mrev1 Vrph ri wkh orz0zdjh mrev duh ghvwur|hg/

dqg mre ghvwuxfwlrq iroorzv d Srlvvrq surfhvv zlwk duulydo udwh �1 Wkh qxpehu ri zrunhuv

zlwk orz0zdjh mrev hyroyhv dffruglqj wr

�?� ' B??2 � �?�� +6,

Wkh idplo| rzqv fdslwdo & dqg wkh qhw0uhwxuq rq fdslwdo lv o1 Wkh idplo| rzqv wkh uhs0

uhvhqwdwlyh �up dqg uhfhlyhv sur�wv Z1 Sur�wv dqg lqwhuhvw lqfrph lv wd{hg dw wkh fdslwdo

lqfrph wd{ udwh �&1 Hpsor|hg zrunhuv uhfhlyh zdjh lqfrph/ vhdufkhuv uhfhlyh dq xqhpsor|0

phqw ehqh�w sd|phqw K/ dqg zrunhuv zkr duh odlg0r� uhfhlyh d oxps0vxp sd|phqw ,1 Wkh

krxvhkrog wdnhv wkh zdjh udwhv ri zrunhuv dv jlyhq1 Wkh ghwhuplqdwlrq ri zdjh udwhv zloo eh

ghvfulehg ehorz1 Wkhvh oderxu hduqlqjv duh wd{hg dw wkh oderxu lqfrph wd{ udwh ��1 Wkh

exgjhw frqvwudlqw ri wkh idplo| lv wkhq

�& ' E�� � &� Eo& n Z� n E�� ��� E��?� n �2?2 n Krn ,�?�� n A � Sc +7,

zkhuh A uhsuhvhqwv d oxps0vxp wudqvihu sd|phqw e| wkh jryhuqphqw1 Wkh xqhpsor|phqw
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ehqh�w lv sursruwlrqdo wr wkh orz0zdjh zlwk d uhsodfhphqw udwh ��/ K ' ����1 Wkh od|r�

sd|phqw lv sursruwlrqdo wr wkh orz zdjh/ , ' j���1

Wkh �uvw rughu frqglwlrqv iru dq rswlpdo fkrlfh duh

LS ' bc E@�

�Lr ' b�� 7�� n >2Dc EK�

�>2 ' 4>2 � db 7�2 n L? � B? E>2 � >��o c ES�

�>� ' 4>� � db E� n j��� 7�� n L? � �>�o c E_�

�b ' 4b� b7oc Ee�

+8,

zkhuh b lv wkh pdujlqdo xwlolw| ri lqfrph/ >� lv wkh fdslwdo ydoxh ri w|sh � zrunhuv lq xwlolw|

xqlwv/ 7�� ' E�� ����� lv wkh diwhu0wd{ zdjh ri w|sh � zrunhuv/ dqg 7o ' E�� � &� o lv wkh diwhu0

wd{ lqwhuhvw udwh1 Htxdwlrq +81e, vwdwhv wkdw wkh xwlolw| frvw ri mre vhdufk lv htxdwhg zlwk

wkh ehqh�wv iurp mre vhdufk zklfk lqfoxgh xqhpsor|phqw ehqh�wv dqg wkh h{shfwhg fdslwdo

jdlq iurp d vxffhvvixo pdwfk zlwk d kljk0surgxfwlylw| mre1 Htxdwlrq +81f, ^+81g,` gh�qhv wkh

fdslwdo ydoxh ri d kljk0zdjh +orz0zdjh, zrunhu1 Wkh uhwxuq wr d kljk0zdjh +orz0zdjh, mre

lqfoxghv zdjh hduqlqjv qhw ri wkh glvxwlolw| ri zrun dqg wkh h{shfwhg fdslwdo orvv iurp mre

ghsuhfldwlrq +whuplqdwlrq,1

Uhpdun 41 Ehfdxvh wkh idplo| kdv d odujh qxpehu ri phpehuv/ lw lv qrw d�hfwhg e|

lglrv|qfudwlf lqfrph ulvn1 Lq wklv zh iroorz Vkl dqg Zhq +4<<7,1 Dowhuqdwlyho| zh frxog

kdyh dvvxphg wkdw wkhuh lv d uhsuhvhqwdwlyh djhqw zklfk fdq rewdlq lqvxudqfh djdlqvw oderxu

lqfrph ulvn/ vhh Dqgroidwwr +4<<9,1 Ehfdxvh ri wkh devhqfh ri lglrv|qfudwlf lqfrph ulvn

dvvrfldwhg zlwk hpsor|phqw ulvn/ xqhpsor|phqw lqvxudqfh grhv qrw vhuyh dq| ulvn vkdulqj
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uroh1 Dv lq rwkhu pdwfklqj prghov ri wkh oderxu pdunhw/ xqhpsor|phqw lqvxudqfh dfwv rqo|

dv d vhdufk vxevlg|1

Uhpdun 51 Lq wkh vwdwhphqw ri wkh krxvhkrog*v sureohp zh kdyh qrw doorzhg iru wkh

srvvlelolw| wkdw zrunhuv pd| txlw wkhlu mre1 Zh wkhuhiruh uhvwulfw rxu dqdo|vlv wr edodqfhg

jurzwk htxloleuld zkhuh wkh fdslwdo ydoxh ri d mre lv qrq0qhjdwlyh vxfk wkdw wkhuh lv qr

lqfhqwlyh iru d zrunhu wr txlw d mre1

5151 Wkh Ilup

Wkh krprjhqhrxv rxwsxw jrrg lv surgxfhg e| d uhsuhvhqwdwlyh �up hpsor|lqj fdslwdo dqg

oderxu/ dqg wkh �up*v surgxfwlrq ixqfwlrq lv Free0Grxjodv

^ ' s E&c ~?e� ' &k E~?e��3k zlwk f � k � �� +9,

H�hfwlyh oderxu lqsxw ?e lv wkh zhljkwhg vxp ri wzr w|shv ri oderxu/ ?e ' 5?� n ?2/ dqg

w|sh rqh oderxu lv ohvv surgxfwlyh wkdq w|sh wzr oderxu/ 5 	 �1 Whfkqlfdo fkdqjh lv ri wkh

glvhperglhg oderxu0dxjphqwlqj ydulhw|/ dqg ~ lqfuhdvhv dw d udwh � � f/ ~ E|� ' e�|1

Wkh �up fdqqrw dgmxvw lwv oderxu irufh zlwkrxw frvw ehfdxvh wkhuh duh iulfwlrqv lq wkh

oderxu pdunhw1 Wkh qxpehu ri kljk0surgxfwlylw| zrunhuv fdq eh lqfuhdvhg rqo| e| srvwlqj

ydfdqflhv J/ dw d frvw ri V~ xqlwv ri rxwsxw shu ydfdqf| srvwhg17 Wkhvh ydfdqflhv duh

pdwfkhg zlwk zrunhuv vhdufklqj iru mrev/ dqg ydfdqflhv duh �oohg dffruglqj wr d Srlvvrq

surfhvv zlwk duulydo udwh w1 D vxffhvvixo pdwfk ehwzhhq d vhdufkhu dqg d ydfdqf| surgxfhv

d kljk0surgxfwlylw| mre1 Dv glvfxvvhg deryh kljk0surgxfwlylw| mrev ehfrph revrohwh/ wkdw

7Iru d edodqfhg jurzwk sdwk htxloleulxp wr h{lvw/ ydfdqf| frvwv kdyh wr lqfuhdvh dw wkh vdph udwh dv
glvhperglhg whfkqrorjlfdo fkdqjh1
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lv ehfrph orz0surgxfwlylw| mrev dw wkh udwh B?1 Wkxv wkh vwrfn ri kljk0surgxfwlylw| mrev

hyroyhv dffruglqj wr

�?2 ' wJ� B??2c +:,

zkhuh zh kdyh dvvxphg/ wkdw lw zloo qhyhu eh lq wkh �up*v lqwhuhvw wr whuplqdwh d kljk0

surgxfwlylw| mre1 Wkh �up zloo/ krzhyhu/ whuplqdwh orz0surgxfwlylw| mrev ryhu wlph/ dw d

frvw ri js�� iru hdfk whuplqdwhg mre1 Wklv mre ghvwuxfwlrq rffxuv dw d fkrvhq udwh �/ dqg

wkh vwrfn ri orz0surgxfwlylw| mrev hyroyhv ryhu wlph dffruglqj wr +6,1

Wkh �up sd|v zdjhv/ dqg d sd|0uroo wd{ � R rq lwv zdjh eloo1 Wkh �up fdq kluh fdslwdo lq

d shuihfwo| frpshwlwlyh pdunhw dqg sd|v d qhw udwh ri uhwxuq o1 Iorz sur�wv duh wkhq gh�qhg

dv

Z ' s d&c ~ E5?� n ?2�o� E� n � R� E��?� n �2?2�� Eo n B&� & � ~VJ� js���?�c +;,

dqg wkh �up glvfrxqwv ixwxuh sur�wv dw wkh lqwhuhvw udwh 7o/
U
"

f
e37o|Z E|� _|1 Dqdorjrxv wr wkh

idplo| krxvhkrog zh dvvxph wkdw wkh �up wdnhv wkh zdjh udwhv iru orz0 dqg kljk0surgxfwlylw|

mrev dv jlyhq zkhq lw ghflghv rq mre fuhdwlrq dqg ghvwuxfwlrq1 Wkh �uvw rughu frqglwlrqv iru

wkh pd{lpl}dwlrq ri wkh glvfrxqwhg suhvhqw ydoxh ri sur�wv duh dv iroorzv

o ' s& � B&c E@�

w#2 ' ~Vc EK�

#� � �js�� dqg ' li � : fc ES�

�#2 ' 7o#2 � d~s? � E� n � R��2 n B? E#� � #2�o c E_�

�#� ' 7o#� � d5~s? � E� n � R��� � � E#� n js���o c Ee�

+<,
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dqg zh fdq uhzulwh htxdwlrqv +<1g, dqg +<1h, dv

#2 ' d~s? � E� n � R��2 n B? E#� � #2� n �#2o *7oc E_��

#� ' d5~s? � E� n � R��� � � E#� n js��� n �#�o *7o� Ee��

+43,

Htxdwlrq +<1d, htxdwhv wkh qhw udwh ri uhwxuq rq fdslwdo zlwk wkh pdujlqdo surgxfw ri

fdslwdo diwhu ghsuhfldwlrq kdv ehhq ghgxfwhg1 Htxdwlrq +<1e, lv wkh iuhh hqwu| frqglwlrq iru

ydfdqflhv/ dqg lw vwdwhv wkdw zlwk srvlwlyh hqwu| wkh frvw wr fuhdwh d ydfdqf| lv htxdo wr wkh

h{shfwhg fdslwdo jdlq iurp d vxffhvvixo pdwfk1 Htxdwlrq + 431g�, ^+431h�,` gh�qhv wkh fdslwdo

ydoxh ri d kljk0surgxfwlylw| +orz0surgxfwlylw|, mre1 Wkh uhwxuq rq d kljk0surgxfwlylw| +orz0

surgxfwlylw|, mre htxdov wkh pdujlqdo surgxfw ri kljk0surgxfwlylw| +orz0surgxfwlylw|, oderxu

qhw ri zdjh sd|phqwv plqxv wkh h{shfwhg fdslwdo orvv iurp mre ghsuhfldwlrq +whuplqdwlrq,1

Htxdwlrq +<1f, vhwv wkh erxqgdu| frqglwlrq iru wkh fdslwdo ydoxh ri d orz0surgxfwlylw| mre1 Li

wkh �up whuplqdwhv vrph orz0surgxfwlylw| mrev +� : f,/ wkh �up pxvw eh lqgl�huhqw ehwzhhq

nhhslqj wkh mre dqg whuplqdwlqj wkh mre1 Wkh fdslwdo ydoxh ri d orz0surgxfwlylw| mre lv wkhq

wkh qhjdwlyh ri wkh od|r� frvw1

Uhpdun1 Wkh idfw wkdw qhz mre0zrunhu pdwfkhv vwduw rxw dv kljk0surgxfwlylw| mrev/ dqg

ghfd| odwhu wr orz0surgxfwlylw| mrev/ lv d vlpsol�hg yhuvlrq ri Pruwhqvhq dqg Slvvdulghv

+4<<7,1 Lq ixwxuh zrun zh sodq wr lqyhvwljdwh wkh g|qdplf ehkdylru ri mre fuhdwlrq dqg

ghvwuxfwlrq/ dqg d vlpsoh wzr srlqw glvwulexwlrq iru wkh surgxfwlylw| ohyhov frqvlghudeo|

vlpsol�hv wkh vwdwh vsdfh uhsuhvhqwdwlrq ri wkh hfrqrp|18

8Wkhuh duh dowhuqdwlyh surgxfwlylw| sur�ohv iru wkh wzr srlqw vxssruw ri surgxfwlylw| ohyhov1 Iru h{dpsoh
d zrunhu/ zklfk lv mxvw pdwfkhg zlwk d mre/ vwduwv rxw zlwk wkh orz surgxfwlylw| ohyho/ wkhq surgxfwlylw|
lqfuhdvhv/ wkdw lv wkh zrunhu ohduqv/ dqg �qdoo| wkhuh lv revrohvfhqfh1 Wklv zrxog fuhdwh d zdjh sur�oh zklfk
lv lqlwldoo| lqfuhdvlqj zlwk mre whqxuh/ dqg lw zrxog uhgxfh wkh fdslwdo ydoxh ri ydfdqflhv/ exw lw zrxog qrw
d�hfw wkh jhqhudo surshuwlhv ri wkh prgho1
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5161 Mre Pdwfklqj dqg Zdjh Ghwhuplqdwlrq

Wkh oderxu pdunhw lq wklv hfrqrp| lv edvhg rq d vwdqgdug pdwfklqj prgho ri hpsor|phqw1

Oderxu lv qrw shuihfwo| preloh ehwzhhq hpsor|phqw rssruwxqlwlhv/ dqg lw wdnhv wlph iru

zrunhuv dqg mrev wr eh pdwfkhg1 Ehfdxvh ri wklv iulfwlrq lq wkh oderxu pdunhw/ zdjhv duh qrw

frpshwlwlyho| ghwhuplqhg1 Zh iroorz wkh olwhudwxuh rq pdwfklqj prghov ri xqhpsor|phqw/

dqg dvvxph wkdw wkh zdjh udwh lq d zrunhu0mre pdwfk vsolwv wkh vxusoxv ehwzhhq wkh zrunhu

dqg wkh mre wr rewdlq d Qdvk edujdlqlqj vroxwlrq1 Dv kdv ehhq srlqwhg rxw ehiruh/ zh dovr

dvvxph wkdw wkh idplo| dqg wkh �up wdnh wkh rxwfrph ri wklv edujdlqlqj surfhvv dv jlyhq

zkhq wkh| pdnh wkhlu ghflvlrqv1

Wkh udwh 6 dw zklfk mre vhdufkhuv dqg ydfdqflhv phhw lv ghwhuplqhg e| d pdwfklqj

ixqfwlrq/

6 ' � E�c r� ' ���r�3�/ zlwk f � � � �/ dqg � : f� +44,

Wkh udwhv dw zklfk vhdufkhuv dqg mrev duh pdwfkhg duh wkhq jlyhq e|

D '
6

r
dqg w '

6

J
� +45,

Wkh zdjh udwh lv ghwhuplqhg wr vsolw wkh fdslwdo ydoxh vxusoxv iurp d pdwfk1 Zh qrupdol}h

wkh fdslwdo ydoxh ri d pdwfk iru d zrunhu iurp +8, lq whupv ri wkh frqvxpswlrq jrrg/ �>� '

>�*b/ dqg wkh fdslwdo ydoxh ri d pdwfk iru d mre lv #� dv gh�qhg lq +43,1 Zh dvvxph wkdw wkh

rxwvlgh rswlrq iru wkh �up lv d whuplqdwlrq ri wkh mre pdwfk/ lq zklfk fdvh wkh �up sd|v

wkh od|r� wd{ js��1 Wkh rxwvlgh rswlrq ri d zrunhu lv wr glvvroyh wkh pdwfk dqg vhdufk iru d

qhz pdwfk/ lq zklfk fdvh wkh zrunhu grhv qrw uhfhlyh d od|r� sd|phqw dqg wkh fdslwdo ydoxh
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ri vhdufk lv }hur1 Wkh zdjh wkhq vroyhv wkh iroorzlqj sureohp

4@ 
��

d#� � E�js���o
� �>�3�

� v1w1 #� n js�� � f dqg >� � f +46,

zkhuh � ghqrwhv wkh uhodwlyh edujdlqlqj srzhu ri wkh �up/ f 	 � 	 �1 Zh qrz glvfxvv wkh

vroxwlrq iru orz dqg kljk0surgxfwlylw| pdwfkhv1

Zh duh lqwhuhvwhg lq d edodqfhg jurzwk sdwk zkhuh vrph orz0surgxfwlylw| zrunhuv duh odlg

r�/ wkdw lv � : f1 Lq wklv fdvh wkh �up*v �uvw rughu frqglwlrq +<1f, lpsolhv wkdw #�njs�� ' f

dqg wkh �up lv lqgl�huhqw ehwzhhq nhhslqj ru whuplqdwlqj wkh pdujlqdo orz0surgxfwlylw| mre1

Wklv djdlq lpsolhv wkdw wkh fdslwdo ydoxh ri d orz0surgxfwlylw| pdwfk iru d zrunhu pxvw eh

}hur/ rwkhuzlvh zh frxog pdujlqdoo| orzhu wkh zdjh vxfk wkdw wkh fdslwdo ydoxh ri wkh pdwfk

iru wkh �up lv juhdwhu wkdq wkh od|r� frvw dqg wkh zrunhu uhwdlqv d srvlwlyh fdslwdo ydoxh1

Wklv dowhuqdwlyh lv suhihuuhg e| wkh �up dqg wkh zrunhu dqg qr vhsdudwlrq zrxog wdnh sodfh1

Pruh irupdoo|/ dffruglqj wr wkh vroxwlrq ri wkh edujdlqlqj sureohp/ ��>� ' E�� ��E#� n

js� ' f1 Lw iroorzv wkdw iru orz0surgxfwlylw| mrev wkh htxloleulxp fdslwdo ydoxhv iru mrev dqg

zrunhuv duh erwk }hur

#� n js ' �>� ' f� +47,

Wkh fdslwdo ydoxhv iru mrev dqg zrunhuv lq kljk0surgxfwlylw| pdwfkhv vdwlvi|

� E� n � R� �>2 ' E�� �� E�� ��� E#2 n js��� � +48,

Ehorz zh zloo xvh wklv wr ghwhuplqh wkh zdjh udwh ri kljk0surgxfwlylw| zrunhuv rq d edodqfhg

jurzwk sdwk1
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5171 D Frpshwlwlyh Htxloleulxp

Wr frpsohwh wkh ghvfulswlrq ri wkh hfrqrp| zh kdyh wr vshfli| wkh jryhuqphqw exgjhw

frqvwudlqw dqg wkh uhvrxufh frqvwudlqw1 Iru wkh jryhuqphqw exgjhw frqvwudlqw zh dvvxph wkdw

srolf| qrw rqo| ghwhuplqhv wd{ udwhv/ exw lw dovr vhwv d wlph sdwk iru jryhuqphqw vshqglqj1

Vlqfh rxu hfrqrp| lv jurzlqj ryhu wlph/ zh dvvxph wkdw jryhuqphqw vshqglqj lv d frqvwdqw

iudfwlrq �} ri phdvxuhg JGS1 Zh gh�qh phdvxuhg JGS dv rxwsxw diwhu ghgxfwlrq ri wkh

uhvrxufh frvwv lqfxuuhg iru srvwlqj ydfdqflhv/ dqg jryhuqphqw vshqglqj lv } ' �} E^ � ~VJ�19

Wkh jryhuqphqw*v exgjhw frqvwudlqw lv gh�qhg dv iroorzv

} n E�� ��� ����rn A ' E�� n � R� E��?� n �2?2�n

djs � E�� ���j�o���?� n � & EZ n o&� �

+49,

Ilqdoo| wkh uhvrxufh frqvwudlqw iru wkh rxwsxw jrrg lv

Sn �& n B&& n } n ~VJ ' ^� +4:,

Zh duh qrz lq d srvlwlrq wr gh�qh dq htxloleulxp iru wkh hfrqrp|1

Gh�qlwlrq1 Dq htxloleulxp lv d froohfwlrq ri ixqfwlrqv ri wlph i S/ }/ ^/ &/ ?�/ ?2/ r/ J/ 6/

9Iru rxu gh�qlwlrq ri phdvxuhg JGS vhh wkh glvfxvvlrq lq Vhfwlrq 615 ehorz1
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w/ D/ �/ �>�/ �>2/ #�/ #2/ ��/ �2/ o/ Z/ A j vxfk wkdw

+4, jlyhq i��c �2c oc Zc A ( Dc �j/ iSc &c ?�c ?2c rc �>�c �>2j vroyhv wkh krxvhkrog*v sureohp>

+5, jlyhq i��c �2c o( wj/ i^c &c ?�c ?2c Jc �c #�c #2j vroyhv wkh �up*v sureohp>

+6, i��c �2c �>�c �>2c #�c #2j vroyhv wkh edujdlqlqj sureohp +46,>

+7, irc Jc6c Dc �j lv frqvlvwhqw zlwk +44, dqg +45,>

+8, i}c ?�c ?2c �c ��c �2c oc Zc Aj lv frqvlvwhqw zlwk wkh jryhuqphqw exgjhw frqvwudlqw +49,>

+9, iSc }c ^c &c Jj vdwlv�hv wkh uhvrxufh frqvwudlqw +4:,1

5181 Edodqfhg Jurzwk Sdwk

Zh qrz fkdudfwhul}h wkh edodqfhg jurzwk sdwk ri wkh hfrqrp|1 Rq d edodqfhg jurzwk sdwk

rxwsxw ^/ frqvxpswlrq S/ lqyhvwphqw %/ jryhuqphqw vshqglqj }/ fdslwdo &/ zdjhv �� dqg

�2/ wkh fdslwdo ydoxhv ri mrev �>2/ #�/ dqg #2/ doo jurz dw wkh frqvwdqw surgxfwlylw| jurzwk

udwh � � f1 Ohw dq dvwhulvn ghqrwh wkh qrupdol}hg ydoxh ri vxfk d yduldeoh rq wkh edodqfhg

jurzwk sdwk/ iru h{dpsoh/ & E|� ' &We�|1 Wkh lqwhuhvw udwh o/ wkh wudqvlwlrq udwhv w/ D/ dqg �/

hpsor|phqw ?� dqg ?2/ dqg vhdufk dfwlylwlhv r dqg J duh frqvwdqw rq wkh edodqfhg jurzwk

sdwk1

Frqvwdqw hpsor|phqw dqg vhdufk dfwlylwlhv lpso| wkdw wkh iroorzlqj  rz lghqwlwlhv dsso|

wr wkh oderxu pdunhw

wJ ' B??2 ' �?� ' Dr� +4;,

Rq wkh edodqfhg jurzwk sdwk wkh �up od|v r� orz0surgxfwlylw| zrunhuv dqg xvlqj +47, wkh
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krxvhkrog*v �uvw rughu frqglwlrqv +8, vlpsoli| wr

�*bW ' SWc E@�

E�� � &� o ' 4n �c EK�

4�>W2 ' E�� ����
W

2 n EL?*b
W�� B?�>

W

2c ES�

f ' E�� ��� E�
W

� n �j��
W

�� n EL?*b
W� c E_�

f ' ELr*b
W� n E�� ������

W

� n D�>W2c Ee�

+4<,

dqg iurp wkh �up*v �uvw rughu frqglwlrqv +<, zh kdyh

o ' s& E&
Wc 5?� n ?2�� B&c E@�

V ' w#W2c EK�

4#W2 ' s? E&
Wc 5?� n ?2�� E� n � R��

W

2 � B? E#
W

2 n js�
W

�� c ES�

�4js�
W

� ' 5s? E&
Wc 5?� n ?2�� E� n � R��

W

�� E_�

+53,

Iru orz0surgxfwlylw| zrunhuv wkh vxusoxv vkdulqj zdjh udwh lv

�W

� '
�

�� ��
E�L?*b

W�� �j�c +54,

dqg iru kljk0surgxfwlylw| zrunhuv wkh zdjh udwh lv

�2 '
�� �

� n � R
ds? E&

Wc 5?� n ?2� n 4js�
W

�o n
�

�� ��
E�L?*b

W� � +55,
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Wkh uhvrxufh frqvwudlqw frpsohwhv wkh fkdudfwhul}dwlrq ri wkh edodqfhg jurzwk sdwk

SW n EB& n �� &W ' E�� �}� ds E&Wc 5?� n ?2�� VJo � +56,

Zh zdqw wr nqrz li fkdqjhv lq srolf| sdudphwhuv duh txdqwlwdwlyho| lpsruwdqw iru wkh

oderxu pdunhw rq d edodqfhg jurzwk sdwk1 Wklv dqdo|vlv zloo eh surylghg lq wkh qh{w vhfwlrq

diwhu zh kdyh fdoleudwhg rxu prgho1 Wr jhw vrph lqwxlwlrq iru wkhvh qxphulfdo uhvxowv zh qrz

glvfxvv wkh txdolwdwlyh h�hfwv ri fkdqjhv lq vrph sdudphwhu ydoxhv iru d vlpsol�hg yhuvlrq

zlwk qr od|r� sd|phqwv1 Zlwkrxw od|r� sd|phqwv wkh prgho grhv kdyh d vlpsoh uhfxuvlyh

vwuxfwxuh/ dqg zh fdq vljq wkh h�hfwv ri srolf| fkdqjhv/ vhh Dsshqgl{ D1 Zh rqo| glvfxvv

wkh h�hfw ri d fkdqjh lq wkh uhsodfhphqw udwh1 Wkh dqdo|vlv ri fkdqjhv lq rwkhu sdudphwhuv

lv vwudljkwiruzdug1

Dq lqfuhdvh lq wkh uhsodfhphqw udwh �� kdv qr h�hfw rq wkh fdslwdo0oderxu udwlr dqg

zdjhv/ wkhuhiruh wkh fdslwdo ydoxh ri d pdwfk wr d �up lv qrw d�hfwhg1 Jlyhq wkh iuhh

hqwu| frqglwlrq iru wkh fuhdwlrq ri ydfdqflhv/ wkh udwhv dw zklfk ydfdqflhv dqg mre vhdufkhuv

duh pdwfkhg gr qrw fkdqjh1 Vhdufk dfwlylw| wkhq lqfuhdvhv ehfdxvh wkh uhsodfhphqw udwh

lqfuhdvhv +wkh fdslwdo ydoxh ri d kljk0surgxfwlylw| mre iru d zrunhu kdv uhpdlqhg xqfkdqjhg

vlqfh zdjhv gr qrw fkdqjh,1 Zlwk d frqvwdqw mre �qglqj udwh wklv phdqv wkdw wkh vkduh

ri kljk0surgxfwlylw| +orz0surgxfwlylw|, zrunhuv lq hpsor|phqw lqfuhdvhv +ghfuhdvhv,1 Wkh

vkduh ri orz0surgxfwlylw| zrunhuv ghfolqhv ehfdxvh wkh vhsdudwlrq udwh lqfuhdvhv1 Wkh h�hfwv

ri fkdqjhv lq wkh uhsodfhphqw udwh dqg rwkhu sdudphwhuv duh vxppdul}hg lq wkh iroorzlqj

uhvxow1

Uhvxow1 Lq dq hfrqrp| zlwk qr od|r� sd|phqwv js ' j� ' f dqg suhihuhqfhv vxfk wkdw

4;



wkh oderxu dqg vhdufk vxsso| hodvwlflwlhv duh htxdo/ l? ' lr/ dq lqfuhdvh lq d sdudphwhu %/

{% : f/ kdv wkh iroorzlqj lpsdfw rq wkh xqhpsor|phqw udwh r*Er n ?�/ mre �qglqj udwh D/

mre orvv udwh �/ uhodwlyh hpsor|phqw vl}h ?2*?�/ dqg uhodwlyh zdjh �2*��=

{�� {� Rc{�� {�&c{� {�

� 	 � � : �

{Er*Ern ?�� n f � n �

{D f f � n n

{� n f � n nc�

{E?2*?�� n f � n nc�

{E�2*��� f f f � �

Lw fdq eh vkrzq wkdw wkh uhodwlrqvkls ehwzhhq wkh xqhpsor|phqw udwh r*E?n r� dqg wkh

edujdlqlqj srzhu ri d �up � ghshqgv rq wkh uhodwlyh pdjqlwxghv ri � dqg wkh pdwfklqj

hodvwlflw| zlwk uhvshfw wr wkh ydfdqf| �1 Zkhq � 	 �/ lqfuhdvlqj wkh edujdlqlqj srzhu

zrxog lqfuhdvh wkh xqhpsor|phqw udwh> rwkhuzlvh/ wkh xqhpsor|phqw udwh lv d ghfuhdvlqj

ixqfwlrq ri wkh edujdlqlqj srzhu1 Vlploduo|/ wkh h�hfwv ri � rq wkh mre orvv udwh � dqg wkh

uhodwlyh hpsor|phqw vl}h ?2*?� dovr ghshqg rq wkh uhodwlyh pdjqlwxghv ri � dqg �> lq wkh

fdvh ri � : �/ wkh h�hfwv dovr ghshqg rq wkh rwkhu sdudphwhuv lq wkh prgho1

61 D Txdqwlwdwlyh Dqdo|vlv

Zhzdqw wr nqrzzkhwkhu revhuyhg fkdqjhv lq srolf| sdudphwhuv fdq dffrxqw iru wkh revhuyhg

lqfuhdvh lq wkh orqj0uxq Fdqdgldq xqhpsor|phqw udwh1 Suhylrxv zrun kdv irfxvhg rq wkh uroh
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ri wkh XL v|vwhp/ iru zklfk vxevwdqwldo fkdqjhv wrrn sodfh lq 4<:42:5 dqg 4<:;2:<1 Iroorzlqj

wklv dssurdfk zh frqvlghu wzr frpsohwh xqhpsor|phqw f|fohv ehiruh dqg diwhu wkh uhirupv/

4<8904<99 dqg 4<;404<;<1 Iru wkh txdqwlwdwlyh dqdo|vlv/ zh sdudphwhul}h rxu hfrqrp| vxfk

wkdw wkh ydoxhv ri d froohfwlrq ri yduldeohv rq d edodqfhg jurzwk sdwk fruuhvsrqg wr wkh

dyhudjhv ri wkhvh yduldeohv iru wkh Fdqdgldq hfrqrp| ryhu wkh uhihuhqfh shulrg 4<;404<;<1:

Zlwk plqru prgl�fdwlrqv/ wklv surfhgxuh lv wkh vdph dv wkh rqh xvhg iru wkh fdoleudwlrq ri

wkh vwdqgdug jurzwk prgho/ vhh iru h{dpsoh Frroh| dqg Suhvfrww +4<<8,1 Ilqdoo| zh rewdlq

wkh dyhudjh vhwwlqjv iru wkh srolf| yduldeohv iru wkh shulrg 4<8904<99 dqg uhfdofxodwh wkh

edodqfhg jurzwk sdwk1 Wkh vrxufhv ri wkh gdwd xvhg lq wklv dqdo|vlv duh jlyhq lq Dsshqgl{

E1

6141 Wkh Oderxu Pdunhw

Zh zloo glvfxvv wkh sdudphwhul}dwlrq ri wkh oderxu pdunhw �uvw1 Zh vwduw rxw zlwk d fkdu0

dfwhul}dwlrq ri wkh ghjuhh ri wxuqryhu lq wklv pdunhw/ dqg wkhq frqvlghu phdvxuhv ri XL

jhqhurvlw| dqg od|0r� frvwv1 Zh frqfoxgh zlwk d uhpdun rq oderxu vxsso| hodvwlflw|1

Oderxu Pdunhw Wxuqryhu

Iru wkh pdwfklqj ixqfwlrq Eodqfkdug dqg Gldprqg +4<;<, hvwlpdwh wkh hodvwlflw| ri pdwfkhv

zlwk uhvshfw wr ydfdqflhv dv � ' f�S1 Iru wkh sxusrvh ri rxu fdoleudwlrq zh lqwhusuhw

wkh xqlw wlph lqwhuydo dv d |hdu1 Lw lv gl!fxow wr rewdlq revhuydwlrqv rq wkh dyhudjh wlph

xqwlo d ydfdqf| lv �oohg1 Zh iroorz Dqgroidwwr +4<<9, dqg vhw wklv gxudwlrq wr eh 78 gd|v/

wkdw lv �*w ' eD*�SD1; Gxulqj wkh uhihuhqfh shulrg wkh dyhudjh xqhpsor|phqw udwh zdv

:Zkhqhyhu wklv lv qrw srvvleoh zh xvh hylghqfh uhsruwhg lq rwkhu zrun1
;Wklv lv wkh hvwlpdwh ri ydq Rxuv dqg Ulgghu +4<<5,1 Eodqfkdug dqg Gldprqg +4<;<, hvwlpdwh wkh dyhudjh

wlph xqwlo d ydfdqf| lv �oohg wr eh ohvv wkdq d prqwk1
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r*Er n ?� ' b�D shufhqw1 Wkh mre �qglqj udwh D lv vhw wr pdwfk wkh dyhudjh mre whqxuh/ ;

|hduv/ hvwlpdwhg e| Fkulvwr�ghv dqg PfNhqqd +4<<6,1

Zh fdoleudwh wkh hfrqrp| vxfk wkdw wkh htxloleulxp vl}h ri wkh oderxu irufh lv rqh/

r n ? ' �1 Lq rxu hfrqrp| wkhuh duh wzr w|shv ri mre pdwfkhv/ kljk dqg orz surgxfwlylw|1

Ulfkdugvrq +4<<7, vwxglhv wkh ghjuhh ri lqhtxdolw| lq oderxu hduqlqjv gxulqj wkh 4<;3v1 Edvhg

rq Ulfkdugvrq*v lqhtxdolw| phdvxuhv/ zh frqvlghu ydulrxv sduwlwlrqv ri zdjh hduqlqjv lqwr d

kljk0zdjh dqg d orz0zdjh jurxs1 Iljxuh 8 vkrzv wkdw/ iru uhodwlyh vl}hv ehwzhhq f�� dqg ��D/

wkh uhodwlyh zdjh uhpdlqv urxjko| frqvwdqw dw �1

Zh fkrrvh d uhodwlyh vl}h ri ?2*?� ' f�2D dqg d uhodwlyh zdjh ri �2*�� ' �1< Wkhvh

qxpehuv lpso| d od|r� udwh � ' f��S1 Wkh od|r� udwh lv wkh udwh dw zklfk orz0zdjh mrev duh

whuplqdwhg/ dqg lw lpsolhv dq dyhudjh mre gxudwlrq iru orz0zdjh zrunhuv ri S�e |hduv1 Wkh

<H{shulphqwv zlwk gl�huhqw sduwlwlrqv ri hpsor|phqw vkrz wkdw iru wkh srolf| fkdqjhv zh frqvlghu/ wkh
lpsdfw rq xqhpsor|phqw lv eljjhu wkh vpdoohu lv wkh vkduh ri kljk zdjh hpsor|phqw1 Zh xvh d uhodwlyho|
vpdoo qxpehu ri q5@q4 wr jhw dq xsshu erxqg hvwlpdwh1
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udwh ri revrohvfhqfh ri kljk surgxfwlylw| mrev lv B? ' f�S�1 Rxu sdudphwul}dwlrq lpsolhv wkdw

xqhpsor|phqw lqflghqfh/ wkdw lv wkh xqfrqglwlrqdo udwh dw zklfk zrunhuv ehfrph xqhpsor|hg

lv f��2D dqg wkdw wkh dyhudjh gxudwlrq ri xqhpsor|phqw lv derxw 77 zhhnv1

Hpslulfdo zrun rq wkh Fdqdgldq oderxu pdunhw vkrzv wkdw rxu lpsolhg xqhpsor|phqw

lqflghqfh lv wrr orz dqg rxu lpsolhg xqhpsor|phqw gxudwlrq lv wrr kljk1 Iru h{dpsoh/ rxu

dqqxdo od|r� udwh fruuhvsrqgv wr d prqwko| od|r� udwh ri f�f��/ exw Mrqhv +4<<6, uhsruwv

dq dyhudjh prqwko| xqhpsor|phqw lqflghqfh ri f�f�. iru wudqvlwlrqv iurp hpsor|phqw wr

xqhpsor|phqw/ dqg f�fe2 li wudqvlwlrqv wr qrq0hpsor|phqw duh lqfoxghg1 Wkh lpsolhg xqhp0

sor|phqw gxudwlrq ri derxw 77 zhhnv lv dovr vxevwdqwldoo| orqjhu wkdq wkh 4< zhhnv uhsruwhg

e| Vwdwlvwlfv Fdqdgd +4<<4,1 Zh fdqqrw dyrlg wklv sureohp vlqfh frqglwlrqdo rq wkh xqhp0

sor|phqw udwh xqhpsor|phqw gxudwlrq dqg hpsor|phqw gxudwlrq duh qrw lqghshqghqw rq

wkh edodqfhg jurzwk sdwk=

�

D

�
�

r*E?n r�
� �

�
'

�

�
n

�

B ?
c

zkhuh wkh ohiw0kdqg vlgh lv sursruwlrqdo wr wkh dyhudjh xqhpsor|phqw gxudwlrq dqg wkh uljkw

kdqg vlgh lv dyhudjh mre gxudwlrq ri d frpsohwhg mre vshoo/ zklfk lqfoxghv kljk0zdjh dqg orz0

zdjh hpsor|phqw1 Frqglwlrqdo rq hpsor|phqw gxudwlrq/ wkh udwlr ri kljk0zdjh wr orz0zdjh

hduqhuv wkhq ghwhuplqhv � dqg B? dqg wkhuhe| xqhpsor|phqw lqflghqfh �B?* E�n B?�1

Lqvwhdg ri �{lqj wkh hpsor|phqw gxudwlrq zh frxog kdyh �{hg wkh xqhpsor|phqw gxud0

wlrq dw 4< zhhnv1 Iru wklv sdudphwhul}dwlrq xqhpsor|phqw lqflghqfh zrxog eh forvhu wr wkh

ydoxhv uhsruwhg e| Mrqhv +4<<6,/ exw wkh dyhudjh mre whqxuh zrxog eh ohvv wkdq 7 |hduv1 Zh

frxog kdyh dovr fkrvhq d kljkhu udwlr ri kljk0zdjh wr orz0zdjh zrunhuv1 H{shulphqwv zlwk

vxfk dowhuqdwlyh sdudphwhul}dwlrqv vkrz wkdw fkdqjhv lq srolflhv kdyh eljjhu h�hfwv iru rxu
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fkrvhq sdudphwhul}dwlrq/ wkdw lv wkh sdudphwhul}dwlrq surylghv dq xsshu erxqg1

Wkh Uhsodfhphqw Udwh

Gl�huhqw phdvxuhv ri XL jhqhurvlw| kdyh ehhq frqvwuxfwhg lq wkh olwhudwxuh/ vhh Vdujhqw

+4<<8,1 Xvxdoo|/ wkhvh phdvxuhv frqvlghu wkh iroorzlqj hohphqwv ri XL ehqh�wv= wkh ohjlvodwhg

uhsodfhphqw udwh/ wkh shufhqwdjh ri wkh oderxu irufh fryhuhg e| XL +fryhudjh udwh,/ wkh

pd{lpxp qxpehu ri ehqh�w zhhnv iru d plqlpdoo| txdol�hg fodlpdqw/ dqg wkh plqlpxp

qxpehu ri zrunlqj zhhnv qhhghg wr txdoli| iru XL1 Lq rxu prgho hfrqrp| wkh uhsodfhphqw

udwh uhsuhvhqwv XL jhqhurvlw| dqg zh gh�qh wklv uhsodfhphqw udwh vxfk wkdw wkh h{shfwhg

suhvhqw ydoxh ri xqhpsor|phqw ehqh�wv lq wkh prgho hfrqrp| lv wkh vdph dv lq wkh dfwxdo

hfrqrp|1

Ohw ZS eh wkh suredelolw| wkdw d zrunhu zkr kdv mxvw ehfrph xqhpsor|hg zloo uhfhlyh XL

ehqh�wv1 Wkh xqhpsor|hg zrunhu zloo uhfhlyh ehqh�wv dw wkh ohjlvodwhg uhsodfhphqw udwh �u�

iru wkh gxudwlrq ri xqhpsor|phqw xs wr wkh pd{lpxp gxudwlrq ri XL ehqh�wv A�1 Vxssrvh

wkh dyhudjh gxudwlrq ri xqhpsor|phqw lv _/ dqg �*_ lv wkh mre �qglqj udwh1 Wkhq wkh

h{shfwhg glvfrxqwhg suhvhqw ydoxh ri XL ehqh�wv lv

ZS
] A�

f

e3Eon�*_�|�u���_| '

]
"

f

e3Eon�*_3)�|����_|/

zklfk zh htxdwh zlwk wkh fruuhvsrqglqj fdslwdo ydoxh ri XL ehqh�wv lq rxu prgho1 Wklv

gh�qhv wkh uhsodfhphqw udwh ��

�� ' ZS�u�

k
�� e3Eon�*_�A�

l
d�� �* Eo n �*_�o c +57,
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dqg zh frqvwuxfw d uhsodfhphqw udwh vhulhv iurp dqqxdo gdwd rq wkh XL fryhudjh ri wkh oderxu

irufh +ZS,/ wkh ohjlvodwhg uhsodfhphqw udwh +�u�,/ wkh dyhudjh xqhpsor|phqw gxudwlrq +_,/ dqg

wkh pd{lpxp ehqh�w hqwlwohphqw +A�,1

Uhpdun 41 Rxu phdvxuh ri wkh uhsodfhphqw udwh ghshqgv qrw rqo| rq h{rjhqrxv srolf|

yduldeohv/ exw dovr rq wkh hqgrjhqrxv mre �qglqj udwh1 Wr vhh krz fkdqjhv lq wkh mre �qglqj

udwh d�hfw rxu phdvxuh ri wkh uhsodfhphqw udwh/ zh fdofxodwh wkh uhsodfhphqw udwh edvhg rq

wkh dyhudjh mre �qglqj udwh gxulqj 4<8804<;< lq Iljxuh 9+d,1

Wklv judsk vkrzv wkdw yduldwlrqv lq wkh mre �qglqj udwh gr qrw d�hfw wkh uhsodfhphqw udwh

yhu| pxfk1 Wkh phdvxuh xvlqj wkh �{hg dyhudjh mre �qglqj udwh vprrwkv rxw wkh f|folfdo

frpsrqhqwv lq wkh uhsodfhphqw udwh1 Iru rxu vwhdg| vwdwh dqdo|vlv/ wkh fkrlfh ri wkh mre

�qglqj udwh zloo qrw pdnh d gl�huhqfh1

Uhpdun 51 Fkdqjhv lq XL holjlelolw| dv uhsuhvhqwhg e| fkdqjhv lq wkh fryhudjh udwh

dffrxqw iru d vxevwdqwldo sduw ri wkh orqj whup fkdqjhv ri wkh uhsodfhphqw udwh1 Lq Iljxuh
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9+e, zh sorw wzr uhsodfhphqw udwhv/ rqh edvhg rq wkh dfwxdo fryhudjh udwh dqg rqh zkhuh

wkh fryhudjh udwh lv �{hg dw lwv 4<88 ydoxh1 Iurp wklv judsk zh fdq vhh wkdw wkh lqfuhdvh

lq wkh fryhudjh udwh lq wkh 4<:3v dqg 4<;3v dffrxqwv iru derxw kdoi ri wkh lqfuhdvh lq wkh

uhsodfhphqw udwh1

Wkh fryhudjh udwh lv/ krzhyhu/ qrw wkh lghdo yduldeoh iru rxu gh�qlwlrq ri ZS ehfdxvh

d zrunhu zkr lv holjleoh iru XL grhv qrw qhfhvvdulo| uhfhlyh XL zkhq odlg r�143 Lq rxu

prgho ZS uhsuhvhqwv wkh sursruwlrq ri wkh xqhpsor|hg uhfhlylqj XL/ exw Vwdwlvwlfv Fdqdgd

vwduwhg wr frqvwuxfw wkh qxpehu ri ehqh�fldulhv zlwkrxw hduqlqj rqo| lq 4<:91 Iru wkh

hduolhu wlph shulrg zh kdyh rqo| gdwd rq wkh wrwdo qxpehu ri ehqh�fldulhv/ zklfk lqfoxgh

uhjxodu dqg vshfldo ehqh�fldulhv1 Vshfldo ehqh�fldulhv lqfoxgh vlfnqhvv/ pdwhuqlw|/ uhwluhphqw/

�vklqj/ wudlqlqj/ zrun vkdulqj/ mre fuhdwlrq dqg vhoi0hpsor|phqw dvvlvwdqfh/ dqg wkh| duh qrw

43Wkh frpprq sudfwlfh ri xvlqj wkh fryhudjh udwh lq wkh fdofxodwlrq ri XL jhqhurvlw| lv dovr txhvwlrqhg e|
Vdujhqw +4<<8,1
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frxqwhg dv xqhpsor|hg1 Hyhq vrph uhjxodu ehqh�fldulhv zlwkrxw ghfoduhg hduqlqjv zrxog

qrw eh frxqwhg dv xqhpsor|hg e| wkh Oderxu Irufh Vxuyh|/ vhh Ohyhvtxh +4<;<,1 Wkxv wkh

gdwd iru wrwdo uhjxodu ehqh�fldulhv dqg xqhpsor|hg duh qrw frqvlvwhqw dqg wkh sursruwlrq ri

wrwdo ehqh�fldulhv lq xqhpsor|phqw lv d srru phdvxuh iru rxu ZS1

Iurp Iljxuh 9+f, zh fdq vhh wkdw wkh fryhudjh udwh dqg wkh vkduh ri doo XL ehqh�fldulhv

lq wrwdo xqhpsor|phqw ehkdyhg yhu| gl�huhqwo| ryhu wkh wlph shulrg frqvlghuhg1 Xqolnh

wkh fryhudjh udwh/ zh gr qrw revhuyh d gudpdwlf lqfuhdvh iurp wkh 4<83v wr wkh 4<;3v lq

wkh sursruwlrq ri ehqh�fldulhv lq xqhpsor|phqw/ rqo| lq wkh 4<:3v zdv wkhuh d whpsrudu|

lqfuhdvh lq wklv udwlr1 Zh fdq xvh wkh sursruwlrq ri ehqh�fldulhv dv rxu phdvxuh ri ZS dqg jhw

dqrwkhu wlph vhulhv iru wkh uhsodfhphqw udwh/ vhh Iljxuh 9+g,1 Uhodwlyh wr wkh uhsodfhphqw

udwh zklfk xvhv wkh fryhudjh udwh/ wklv qhz vhulhv kdv kljkhu ydoxhv gxulqj 4<8804<9: dqg

orzhu ydoxhv lq wkh 4<;3v1 Iru rxu sdudphwhul}dwlrq ri wkh uhsodfhphqw udwh zh xvh wkh

fryhudjh udwh/ dqg ylhz wkh fkdqjh lq wkh phdvxuh �� dv dq xsshu erxqg iru wkh jhqhurvlw|

59



ri XL1

E| xvlqj wkh dfwxdo xqhpsor|phqw gxudwlrq dqg fryhudjh udwh/ zh rewdlq dq dyhudjh

uhsodfhphqw udwh ri �� ' f�e� iru wkh uhihuhqfh shulrg/ 4<;404<;</ dqg �� ' f�22 iru wkh

4<8904<99 shulrg1 Dqrwkhu idfwru zh kdyh wr frqvlghu lv wkdw iru wd{ sxusrvhv xqhpsor|phqw

ehqh�wv kdyh ehhq wuhdwhg gl�huhqwo| lq wkh wzr shulrgv1 Ehiruh wkh 4<:42:5 uhirup/ wkh

ehqh�wv zhuh qrw wd{hg/ exw diwhu 4<:4 ehqh�wv kdyh ehhq vxemhfw wr lqfrph wd{hv1 Lq

rxu prgho/ wkh ehqh�wv duh wd{hg zklfk lv frqvlvwhqw zlwk wkh fdvh lq wkh 4<;3v1 Iru wkh

4<88099 shulrg/ wkh uhsodfhphqw udwh zh xvh lq wkh prgho lv ��*E�� ���> wkhq wkh diwhu0wd{

uhsodfhphqw udwh lv wkh dfwxdo uhsodfhphqw udwh ��1

Od|r� Frvwv

Hpsor|phqw surwhfwlrq odzv lq Fdqdgd wdnh pdlqo| wkh irup ri qrwlfh shulrgv ru vhyhudqfh

sd|phqwv lq olhx/ vhh Nxkq +4<<6,1 Ixuwkhupruh/ qrw doo zrunhuv duh surwhfwhg e| wklv

ohjlvodwlrq/ dqg ohjlvodwlrq lv qrw xqlirup dfurvv surylqfhv1 Wkh dyhudjh qrwlfh shulrg lv derxw
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5 zhhnv1 Dffruglqj wr wkh gdwd iurp Vwdwlvwlfv Fdqdgd +4<<5,/ shupdqhqw od|r�v dffrxqw

iru 58( ri shupdqhqw vhsdudwlrqv dqg whpsrudu| od|r�v dffrxqw iru 67( ri whpsrudu|

vhsdudwlrqv1 Rq dyhudjh/ zh dvvxph wkdw 63( ri vhsdudwlrqv duh od|r�v1 Iru wkh fdoleudwlrq

ri wkh prgho zh vhw od|r� frvwv iru �upv dqg od|r� ehqh�wv iru zrunhuv wr ��2 shufhqw

E' 2*D2� f��� ri wkh dqqxdo orz0zdjh lqfrph/ js ' j� ' f�f�21 Wklv dprxqwv wr wkh

dvvxpswlrq wkdw gxulqj wkh qrwlfh shulrg d zrunhu lv qrw surgxfwlyh1 Jlyhq wkdw qrw doo

zrunhuv duh holjleoh iru qrwlfh shulrgv/ wklv dvvxpswlrq uhsuhvhqwv dq xsshu erxqg rq wkh

prqhwdu| ydoxh ri od|r� frvwv1

Oderxu Vxsso| Hodvwlflwlhv

Zh gr qrw kdyh d jrrg lghd rq zkdw wkh zrun2vhdufk hodvwlflwlhv ri xwlolw| vkrxog eh1 Rq

wkh rqh kdqg/ plfur vwxglhv kdyh hvwlpdwhg oderxu vxsso| hodvwlflwlhv iru phq ehwzhhq �f�f.

dqg f�eD +Shqfdyho 4<;9,1 Rq wkh rwkhu kdqg/ jhqhudo htxloleulxp pdfurhfrqrplf prghov

whqg wr zrun zlwk uhodwlyho| kljk oderxu vxsso| hodvwlflwlhv +Kdqvhq 4<;8,1 Zh iroorz wkh

pdfur olwhudwxuh dqg vhohfw d uhodwlyho| kljk xqlwdu| hodvwlflw|/ l? ' lr ' 2�f/ exw zh dovr

vwxg| krz wkh uhvxowv ghshqg rq wkh sduwlfxodu sdudphwhu ydoxhv zlwklq wkh udqjh d���c D�fo1

Wkh vfdoh sdudphwhuv 1? dqg 1r duh wkhq ghwhuplqhg iurp wkh �uvw rughu frqglwlrqv1 Zh qrz

uhwxuq wr wkh fdoleudwlrq ri wkh surgxfwlrq vlgh ri wkh hfrqrp|1

6151 Wkh Qdwlrqdo Lqfrph Dffrxqwv

Lq wkh vwdqgdug jurzwk prgho/ wkh fdslwdo lqfrph vkduh lq JGS lv vx!flhqw wr ghwhuplqh wkh

fdslwdo frh!flhqw lq wkh surgxfwlrq ixqfwlrq1 Wklv lv qrw qhfhvvdulo| wuxh iru rxu hfrqrp|/

vlqfh JGS pd| eh dq lqfrpsohwh phdvxuh ri rxwsxw1 Lq sduwlfxodu sduw ri jurvv rxwsxw lv

xvhg xs lq wkh surfhvv ri fuhdwlqj ydfdqflhv1 Lw lv qrw fohdu zkhwkhu ru qrw wklv rxwsxw lv
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dffrxqwhg iru lq wkh qdwlrqdo lqfrph dffrxqwv +QLD,/ iru h{dpsoh dv sduw ri jurvv lqyhvwphqw1

Lq rxu fdoleudwlrq zh pdnh wkh h{wuhph dvvxpswlrq wkdw uhvrxufhv xvhg wr fuhdwh ydfdqflhv

duh qrw phdvxuhg dw doo e| wkh QLD/ wkdw lv phdvxuhg JGS lv + ' ^ � ~V� ' S n % n }1

Dsshqgl{ F vkrzv wkdw rq wkh lqfrph vlgh ri JGS zh kdyh

+ ' dE� n � R� E��?� n �2?2� n js���?�o n d�& n 4 E#�?� n #2?2�o �

Zh dvvxph wkdw od|r� sd|phqwv e| �upv duh dffrxqwhg iru dv oderxu lqfrph/ uhsuhvhqwhg e|

wkh �uvw eudfnhw/ dqg lqwhuhvw lqfrph rq wkh vwrfn ri mrev lv dffrxqwhg iru dv fdslwdo lqfrph

uhsuhvhqwhg e| wkh vhfrqg eudfnhw1

Iru wkh uhihuhqfh shulrg wkh dyhudjh dqqxdo fdslwdo vwrfn0JGS udwlr lv dg*t o ' ��./ dqg

wkh dyhudjh lqyhvwphqw0JGS udwlr lv df*t o ' f�21 Gxulqj wklv shulrg dyhudjh dqqxdo WIS

jurzwk lv f�. shufhqw144 Wklv lpsolhv d fdslwdo ghsuhfldwlrq udwh ri Bg ' f�fee1 Wkh dyhudjh

jryhuqphqw frqvxpswlrq0JGS udwlr lv dC*t o ' f�21 Wkh dyhudjh fdslwdo lqfrph0JGS udwlr

iru wkh vdph wlph shulrg lv d�gg*t o ' f�e�145 Frqglwlrqdo rq wkh ydfdqf| frvw0JGS udwlr

d~VJ*t o/ zh fdq h{suhvv wkh diwhu0wd{ lqwhuhvw udwh dv
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44WIS jurzwk lv fdofxodwhg dv wkh vwdqgdug Vrorz uhvlgxdo/ wkdw lv JGS rxwsxw jurzwk plqxv fdslwdo
dqg hpsor|phqw jurzwk zhljkwhg e| wkhlu uhvshfwlyh idfwru lqfrph vkduhv1 WIS jurzwk fruuhvsrqgv wr
oderxu dxjphqwlqj whfkqlfdo fkdqjh ri � @ 3=33:@�q/ zkhuh �q lv wkh oderxu lqfrph vkduh1 Rxu gh�qlwlrq
ri phdvxuhg JGS h{foxghv uhvrxufhv xvhg iru wkh fuhdwlrq ri ydfdqflhv/ wkxv wklv phdvxuh ri surgxfwlylw|
jurzwk grhv qrw fruuhvsrqg h{dfwo| wr wkh xqghuo|lqj prgho vwuxfwxuh1 Zh h{shfw wkdw wkh huuru lv qrw
v|vwhpdwlf dv orqj dv wkh vkduh ri uhvrxufhv ghyrwhg wr wkh fuhdwlrq ri ydfdqflhv lv dssur{lpdwho| frqvwdqw/
dv lv dvvxphg iru wkh prgho1

45Frroh| dqg Suhvfrww +4<<8, hvwlpdwh vlplodu qxpehuv iru wkh dyhudjh fdslwdo lqfrph vkduh lq wkh XV1
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Wkh fdslwdo lqfrph wd{ udwh/ oderxu lqfrph wd{ udwh dqg sd|uroo wd{ udwh duh fdofxodwhg

xvlqj d phwkrg sursrvhg e| Phqgr}d hw do1 +4<<7,1 Wkh frpsxwdwlrqv duh edvhg rq QLD dqg

jryhuqphqw uhyhqxh vwdwlvwlfv1 Wkh phwkrg |lhogv hvwlpdwhv ri h�hfwlyh wd{ udwhv rq idfwru

lqfrphv zklfk duh frqvlvwhqw zlwk wkh wd{ glvwruwlrqv idfhg e| d uhsuhvhqwdwlyh djhqw lq d

jhqhudo htxloleulxp iudphzrun1 Dsshqgl{ G frqwdlqv d ghwdlohg ghvfulswlrq ri wkh fdofxod0

wlrqv1 Gxulqj wkh uhihuhqfh shulrg/ wkh dyhudjh h�hfwlyh oderxu lqfrph wd{ udwh lv �� ' f�2�/

wkh fdslwdo lqfrph wd{ udwh lv � & ' f��b/ dqg wkh sd|uroo wd{ udwh lv � R ' f�fS1

Zh fdq frqvwuxfw dq xsshu erxqg iru wkh ydfdqf| frvw0JGS udwlr dv iroorzv1 Kdphuphvk

+4<<6, uhsruwv wkdw lq 4<<3 dyhudjh uhfuxlwphqw dqg wudlqlqj frvwv lq wkh XV uhsuhvhqw derxw

rqh vl{wk ri dyhudjh dqqxdo oderxu hduqlqjv1 Edvhg rq wkh XN dqg Jhupdq oderxu pdunhw/

Ehqwrolod dqg Ehuwrod +4<<3, dvvxph wkdw mre fuhdwlrq frvwv duh derxw rqh prqwk*v zdjhv1

Edvhg rq wkh jurvv  rz gdwd ri Mrqhv +4<<6, zh nqrz wkdw ryhu d |hdu wkh wrwdo qxpehu ri

wudqvlwlrqv iurp xqhpsor|phqw ru qrw lq wkh oderxu irufh wr hpsor|phqw uhsuhvhqwv derxw

83 shufhqw ri wrwdo hpsor|phqw1 Vxssrvh wkdw hdfk rqh ri wkhvh wudqvlwlrqv zloo lqfxu wkh

dyhudjh vhw0xs frvw1 Li zh dvvxph wkdw wkh oderxu lqfrph vkduh lq rxwsxw lv derxw wzr wklugv/

wkh ydfdqf| frvw0JGS udwlr fdqqrw eh kljkhu wkdq �yh shufhqw/ wkh qxpehu zh xvh lq rxu

fdoleudwlrq1

Jlyhq wkh ydfdqf| frvw0JGS udwlr dqg wkh fdslwdo lqfrph wd{ udwh/ zh rewdlq wkh lqfrph

vkduh ri sk|vlfdo fdslwdo lq jurvv rxwsxw1 Iurp +58, dqg 7o ' E�� �&� Es& � B&� wkh fdslwdo

hodvwlflw| ri jurvv rxwsxw lv k ' f��b1 Frqglwlrqdo rq wkh ydfdqf| frvw0JGS udwlr dqg

wkh revhuydwlrqv rq uhodwlyh zdjhv dqg uhodwlyh vl}h ri wkh wzr zdjh jurxsv/ wkh edujdlqlqj

vwuhqjwk ri hpsor|huv lv � ' f�2D dqg wkh uhodwlyh surgxfwlylw| ri orz0surgxfwlylw| zrunhuv
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5 ' f�2.146

6161 Fdq wkh Prgho Dffrxqw iru wkh Lqfuhdvh lq wkh Fdqdgldq Xqhpsor|phqw

UdwhB

Zh vwxg| wkh txdqwlwdwlyh h�hfwv ri sdudphwhu fkdqjhv edvhg rq wkh fdoleudwhg prgho1 Zh

zdqw wr nqrz zkhwkhu fkdqjhv lq srolf| sdudphwhuv fdq dffrxqw iru wkh revhuyhg orqj uxq

lqfuhdvh lq wkh Fdqdgldq xqhpsor|phqw udwh1 Zh irfxv rq fkdqjhv lq wd{ udwhv/ qdpho|

fkdqjhv lq wkh uhsodfhphqw udwh ��/ wkh sd|0uroo wd{ � R/ wkh zdjh lqfrph wd{ ��/ wkh fdslwdo

lqfrph wd{ � &/ dqg wkh od|r� sd|phqwv j� dqg js 1 Wr hydoxdwh wkh lpsruwdqfh ri fkdqjhv lq

wkhvh srolf| sdudphwhuv zh dovr frqvlghu fkdqjhv lq wkh surgxfwlylw| jurzwk udwh �1 Lq Wdeoh

4 zh olvw wkh uhvsrqvhv ri d vxevhw ri oderxu pdunhw yduldeohv wr fkdqjhv lq wkh sdudphwhuv

frqvlghuhg147

Wkh txdolwdwlyh ihdwxuhv ri wkh fdoleudwhg prgho duh vlplodu wr wkh rqhv ri wkh vlpsol�hg

prgho zlwkrxw od|r� sd|phqwv glvfxvvhg lq Vhfwlrq 51 Wkh lqwurgxfwlrq ri srvlwlyh od|r�

sd|phqwv dssduhqwo| kdv rqo| vhfrqg rughu h�hfwv iru fkdqjhv lq sdudphwhuv rwkhu wkdq

od|r� sd|phqwv1 Zh revhuyh wkdw kljkhu od|r� sd|phqwv iurp wkh �up wr zrunhuv/ js ' j�/

dfwxdoo| uhgxfh xqhpsor|phqw lq wkh prgho1 Wkh phfkdqlvp e| zklfk wklv rffxuv lv dv

iroorzv1 Dq lqfuhdvh lq od|r� sd|phqwv lpsuryhv wkh edujdlqlqj srvlwlrq ri zrunhuv dqg

46Wkh edujdlqlqj vwuhqjwk sdudphwhu lv vxevwdqwldoo| ehorz wkh ydoxh iru d v|pphwulf Qdvk0edujdlqlqj
vroxwlrq � @ 3=81 Dovr Derzg dqg Ohplhx{ +4<<6, hvwlpdwh wkh hpsor|huv edujdlqlqj vwuhqjwk wr eh
� @ 3=;3 xvlqj revhuydwlrqv rq wkh xqlrq zdjh suhplxp ri �upv lq wkh Fdqdgldq pdqxidfwxulqj lqgxvwu|1
Wkh| revhuyh wkdw wkh dyhudjh zdjh suhplxp lv derxw 48 shufhqw1 Lq rxu prgho wkh edujdlqlqj vwuhqjwk
sdudphwhu lv uhodwhg wr wkh zdjh suhplxp ri kljk0vnloohg ryhu orz0vnloohg zrunhuv/ dqg dffruglqj wr rxu
fdoleudwlrq surfhgxuh kljk0vnloohg zrunhuv hduq derxw wkuhh wlphv dv pxfk dv orz0vnloohg zrunhuv1 Li zh
zhuh wr iroorz Derzg dqg Ohplhx{ +4<<6, dqg xvhg d 48 shufhqw zdjh suhplxp lqvwhdg zh zrxog rewdlq d
edujdlqlqj sdudphwhu ri � @ 3=:1

47Lq hdfk fhoo ri Wdeoh 4/ wkh ydoxh lq wkh �uvw urz fruuhvsrqgv wr �
q
@ �

v
@ 5=3> wkh ydoxhv lq wkh vhfrqg

dqg wklug urzv fruuhvsrqg wr �
q
> �

v
@ 4=4 dqg 8=3/ uhvshfwlyho|1
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Wdeoh 4= Wkh Uhvsrqvhv ri Oderxu Pdunhw Yduldeohv
Devroxwh Fkdqjh +-433, Jlyhq Dfwxdo Fkdqjhv lq Sdudphwhuv

Sdudphwhuv {Ern ?� {r*Ern ?� {?�*? {�2*�� {�?S {_
{��@0314874 316349 03165:5 31:8;5 0313354 0317:68 0313374

91784< 051::95 915966 0313495 061<465 0313646
03134;< 0313;63 314<43 0313338 0314535 0313343

{� R@03135<3 415369 0313369 3134:< 031334; 0313443 3136;9
5136;9 031367: 313<5< 0313353 0313898 3136;5
318573 031333< 313448 031334; 03133:4 3136;:

{��@03138;3 6139<8 0313333 0313333 313333 313333 313333
81386< 0313333 0313333 313333 313333 313333
41664< 313333 313333 0313333 0313333 0313333

{�&@3134;3 31657: 0314649 319794 031334; 0317353 417944
51<;9; 04153:: 61397< 03133;6 041<487 4177;7
313;55 0313665 3174<9 0313345 0315948 417956

{}@031337< 0315;:; 0313333 0313333 313333 313333 313333
03179:9 0313333 0313333 313333 313333 313333
0314594 313333 0313333 0313333 313333 0313333

{j�@0313448 03144;9 3135;: 0313;:7 031377; 31387: 0313;96
031::8< 315<3: 0319<9< 031377; 3176:3 0313;96
03136;< 3133:5 03136:6 031377; 313566 0313;96

{js@0313448 0316:36 3145;4 03195;4 313979 316<6< 041685<
0614579 415<5: 0617394 313:5; 5146:5 04166:7
0314378 313653 0317356 31396< 315853 0416874

Srolf| H�hfw 7146;7 031638: 319<;6 3134;3 0317749 031333:
451<<84 0519;46 91373< 3134;3 061:;79 031333:
41986< 0313::6 314;;< 3134;3 0314466 031333:

{�@313395 6138:6 0319476 51;<74 03133:; 041;3;9 :156:5
471;55; 07197:5 44137;9 03135:5 091<38< :14<9:
413:63 03148:8 41<579 0313386 041535; :15759

Wrwdo H�hfw :15:43 031<6:8 618<56 3134;3 0515785 :166;7
5919886 09158;6 471464< 3134;3 0;1;645 :166;7
51:55: 031575: 514575 3134;3 04165;3 :166;7
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udlvhv zdjhv iru orz0 dqg kljk0surgxfwlylw| zrunhuv1 Ehfdxvh ri kljkhu zdjhv wkh fdslwdo

ydoxh ri d qhz mre iru d �up ghfolqhv/ dqg wkh udwh dw zklfk ydfdqflhv duh �oohg pxvw lqfuhdvh

lq rughu wr vdwlvi| wkh iuhh hqwu| frqglwlrq iru ydfdqflhv1 Wkh kljkhu h{lw udwh iru ydfdqflhv

lpsolhv wkdw wkh mre �qglqj udwh iru vhdufkhuv ghfolqhv1 Wklv lq wxuq uhgxfhv wkh ehqh�wv

iurp vhdufk e| pruh wkdq wkh lqfuhdvh lq zdjhv udlvhv wkh fdslwdo ydoxh ri d kljk0zdjh mre/

dqg wkh qxpehu ri vhdufkhuv ghfolqhv1 Vlqfh wkh mre �qglqj udwh ghfolqhv/ lw pxvw eh wkh

fdvh wkdw wkh qxpehu ri ydfdqflhv srvwhg ghfolqhv e| pruh wkdq wkh qxpehu ri vhdufkhuv1

Vlqfh erwk/ wkh qxpehu ri vhdufkhuv dqg wkh mre �qglqj udwh ri vhdufkhuv ghfolqhv/ wkh udwh

dw zklfk qhz mrev duh fuhdwhg ghfolqhv1 Wklv lpsolhv wkdw wkh vkduh ri kljk0surgxfwlylw| mrev

lv ghfolqlqj1 Wkh qxpehu ri orz0surgxfwlylw| mrev lv lqfuhdvlqj vlqfh wkh �up uhgxfhv wkh

od|r� udwh iroorzlqj wkh lqfuhdvh lq od|r� frvwv1 Wrwdo hpsor|phqw lv wkhq lqfuhdvlqj/ exw

hpsor|phqw lq h!flhqf| xqlwv lv ghfuhdvlqj1

Ryhudoo wkh txdqwlwdwlyh lpsdfw ri fkdqjhv lq srolf| sdudphwhuv rq wkh ohyho ri xqhp0

sor|phqw dqg wkh frpsrvlwlrq ri wkh zrun irufh lv vpdoo1 Wkh qhjoljleoh lpsdfw ri fkdqjhv

lq wkh sd|0uroo wd{ dqg wkh zdjh lqfrph wd{ lv qrw vxusulvlqj/ jlyhq wkdw zlwkrxw od|r�

sd|phqwv wkhvh wd{hv kdyh qr lpsdfw rq wkh oderxu pdunhw1 Wkh fdslwdo lqfrph wd{ udwh

dqg wkh udwh dw zklfk od|r� sd|phqwv duh pdgh kdyh d vpdoo lpsdfw rq wkh xqhpsor|phqw

udwh1 Dprqj wkh srolf| yduldeohv/ fkdqjhv lq wkh uhsodfhphqw udwh kdyh d qrwlfhdeoh lpsdfw

rq xqhpsor|phqw1 Wr sxw wkh h�hfw ri fkdqjhv lq srolf| yduldeohv lq shuvshfwlyh/ d rqh

shufhqwdjh srlqw lqfuhdvh lq wkh surgxfwlylw| jurzwk udwh uhgxfhv wkh xqhpsor|phqw udwh

e| 3198 shufhqwdjh srlqwv/ zkhuhdv d 48 shufhqwdjh srlqw lqfuhdvh lq wkh uhsodfhphqw udwh

lqfuhdvhv wkh xqhpsor|phqw udwh e| rqo| 3154 shufhqwdjh srlqwv1

Wkh glvfxvvlrq xs wr qrz vxjjhvwv wkdw wkh prgho fdq dffrxqw iru rqo| d vpdoo sruwlrq
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ri wkh orqj uxq lqfuhdvh lq wkh Fdqdgldq xqhpsor|phqw udwh1 Iru wkh frpsohwh xqhp0

sor|phqw f|foh iurp 4<8904<99 wkh dyhudjh xqhpsor|phqw udwh zdv Er*Ern ?��J,_ ' f�fD�/

wkh uhsodfhphqw udwh zdv � J,_� ' f�2D/ wkh oderxu0dxjphqwhg surgxfwlylw| jurzwk udwh zdv

�J,_ ' f�f�H/ dqg wkh jryhuqphqw vshqglqj vkduh lq JGS zdv �}J,_ ' f�2f1 Vlqfh zh gr

qrw kdyh lqirupdwlrq rq wd{ udwhv ehiruh 4<98/ zh xvh wkh dyhudjh wd{ udwhv iru wkh sh0

ulrg 4<9804<9<= wkh fdslwdo lqfrph wd{ udwh zdv � J,_& ' f�e�/ wkh zdjh lqfrph wd{ udwh zdv

� J,_� ' f��D/ dqg wkh sd|0uroo wd{ udwh zdv � J,_R ' f�f�1 Pxfk ri wkh hpsor|phqw surwhfwlrq

ohjlvodwlrq zdv lqwurgxfhg lq wkh vhyhqwlhv/ exw wkhuh dovr h{lvwhg vrph suhylrxv ohjlvodwlrq

+Nxkq 4<<6,1 Zh pdnh dq h{wuhph dvvxpswlrq dqg vhw od|r� frvwv wr }hur gxulqj wklv wlph

shulrg/ jJ,_s ' jJ,_� ' f1 Edvhg rq wkhvh vhwwlqjv iru srolf| yduldeohv dqg surgxfwlylw| jurzwk

zh rewdlq d qhz edodqfhg jurzwk xqhpsor|phqw udwh ri ;19 shufhqw/ zklfk phdqv wkdw df0

fruglqj wr wkh prgho/ fkdqjhv lq wkh XL v|vwhp/ od|r� frvwv/ wd{ udwhv dqg surgxfwlylw|

jurzwk dffrxqw iru rqo| 31<7 shufhqwdjh srlqwv ri wkh irxu shufhqwdjh srlqw gl�huhqfh dfurvv

wkh wzr shulrgv1

Wdeoh 4 dovr uhsruwv wkh uhvxowv ri d vhqvlwlylw| dqdo|vlv zlwk uhvshfw wr wkh oderxu vxsso|

hodvwlflw|/ wkh sdudphwhuv l? dqg lr1 Zh vhh wkdw wkh prgho fdq dffrxqw iru dq lqfuhdvh ri

wkh xqhpsor|phqw udwh wkdw olhv ehwzhhq 3157 shufhqwdjh srlqwv +orz hodvwlflw|, dqg 9159

shufhqwdjh srlqwv +kljk hodvwlflw|,148

6171 Uhodwhg Olwhudwxuh

Rxu prgho suhglfwv wkdw wkh fkdqjhv lq wkh XL v|vwhp kdyh kdg rqo| d olplwhg lpsdfw rq

djjuhjdwh xqhpsor|phqw lq Fdqdgd1 Wklv suhglfwlrq lv qrw dq h{wuhph rqh zkhq frpsduhg

48Wkh �qglqjv khuh duh urexvw wr yduldwlrqv lq wkh uhodwlyh zdjh udwlr z5@z4 zlwklq wkh revhuyhg udqjh1
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zlwk rwkhu hpslulfdo zrun zklfk kdv vwxglhg wkh h�hfwv ri XL uhirupv rq xqhpsor|phqw lq

Fdqdgd1 Frudn +4<<7, vxppdul}hv wkh uhvxowv iurp wkhvh vwxglhv1

Pdfurhfrqrphwulf vwxglhv ri wkh h�hfw ri XL uhirup rq wkh xqhpsor|phqw udwh gr qrw

surylgh fohdu0fxw uhvxowv1 Exuqv +4<<3, dqg Erxjulqh dqg Vhffduhffld +4<<7, �qg wkdw wkh

4<:42:5 XL uhirupv kdyh kdg qr h�hfw rq djjuhjdwh xqhpsor|phqw1 Iruwlq +4<;<, frqfoxghv

wkdw wkh XL uhirupv lq wkh 4<:3v lqfuhdvhg wkh xqhpsor|phqw udwh lq wkh 4<;3v e| 319

shufhqwdjh srlqwv/ dqg Iruwlq/ Nhlo dqg V|prqv +4<<8, hvwlpdwh wkdw wkh uhirupv lqfuhdvhg

wkh xqhpsor|phqw udwh e| 41< shufhqwdjh srlqwv1

Wkh plfurhfrqrphwulf vwxglhv irfxv rq krz wkh uhsodfhphqw udwh/ hqwudqfh uhtxluhphqwv

dqg gxudwlrq ri ehqh�wv d�hfw wkh ehkdylrxu ri zrunhuv dqg �upv1 D kljk uhsodfhphqw udwh

dqg orqjhu ehqh�w gxudwlrq duh olnho| wr uhgxfh wkh mre �qglqj udwh dqg lqfuhdvh xqhpsor|0

phqw gxudwlrq1 Ohvv vwulqjhqw hqwudqfh uhtxluhphqwv whqg wr vkruwhq wkh hpsor|phqw vshoo

dqg lqfuhdvh wkh mre orvv udwh ru xqhpsor|phqw lqflghqfh1 Kdp dqg Uhd +4<;:, dqg Frudn

+4<<5, �qg wkdw wkh uhsodfhphqw udwh kdv qr h�hfw rq wkh gxudwlrq ri lqvxuhg xqhpsor|phqw

iru pdohv/ exw d�hfwv gxudwlrq iru ihpdohv> ehqh�w hqwlwohphqw lv/ krzhyhu/ dq lpsruwdqw

ghwhuplqdqw ri xqhpsor|phqw vshoo ohqjwk1 Juhhq dqg Ulgghoo +4<<8, vxjjhvw wkdw rqo| 5 wr

6 shufhqw ri wkh wrwdo qxpehu ri mre whuplqdwlrqv duh gxh wr wkh dydlodelolw| dqg jhqhurvlw|

ri wkh XL surjudp1

Dw wklv srlqw/ zrun zklfk surylghv dq h{solflw dqdo|vlv ri wkh plfurvwuxfwxuh ri XL zlwklq

d jhqhudo htxloleulxp iudphzrun lv olplwhg1 Dq h{fhswlrq lv Dqgroidwwr dqg Jrpph +4<<8,

zkr lqfrusrudwh wkhvh XL ihdwxuhv lq d vhdufk prgho dqg vkrz wkdw wkh 4<:424<:5 fkdqjhv

lq wkh XL v|vwhp pd| kdyh udlvhg wkh xqhpsor|phqw udwh e| 5 shufhqwdjh srlqwv1 Ixuwkhu

zrun lv fohduo| ghvludeoh/ exw zh frqmhfwxuh wkdw wkh lpsdfw ri fkdqjhv lq wkh plfurvwuxfwxuh
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ri XL lv olplwhg1 Vhh Dsshqgl{ H iru ixuwkhu glvfxvvlrqv dqg vrph vlpxodwlrq uhvxowv dorqj

wkhvh olqhv1

Rxu uhvxowv/ frqfhuqlqj wkh h�hfwv ri od|r� frvwv/ duh urxjko| frqvlvwhqw zlwk uhvxowv e|

Pruwhqvhq dqg Ploodug +4<<7, dqg Ploodug +4<<7,1 Lq wkhruhwlfdo zrun edvhg rq fdoleudwhg

sduwldo htxloleulxpprghov/ Ehqwrolod dqg Ehuwrod +4<<3, dovr vkrz wkdw orqj0uxq hpsor|phqw

lqfuhdvhv zlwk kljkhu od|r� frvwv1 Rq wkh rwkhu kdqg/ Krshqkd|q dqg Urjhuvrq +4<<6,

dqg Yhudflhuwr +4<<8, vkrz iru fdoleudwhg jhqhudo htxloleulxp prghov wkdw hpsor|phqw lv

ghfuhdvlqj zlwk od|r� frvwv149

71 Frqfoxvlrq

Zh �qg wkdw lq rxu vlpsoh pdwfklqj prgho ri xqhpsor|phqw/ fkdqjhv lq srolf| yduldeohv

fdqqrw dffrxqw iru wkh vxevwdqwldo lqfuhdvh lq wkh dyhudjh xqhpsor|phqw udwh vlqfh wkh plg

4<:3v1 Lq sduwlfxodu/ kljkhu uhsodfhphqw udwhv zklfk kdyh ehhq wkh irfxv ri pxfk uhvhdufk

uhfhqwo|/ gr qrw lqfuhdvh wkh djjuhjdwh xqhpsor|phqw udwh e| yhu| pxfk1 Rxu uhvxowv lqglfdwh

wkdw fkdqjhv lq surgxfwlylw| jurzwk dsshdu wr kdyh d eljjhu lpsdfw rq xqhpsor|phqw wkdq

dq| ri wkh srolf| sdudphwhuv1 Krzhyhu/ wkh ryhudoo h�hfw ri fkdqjhv lq srolf| yduldeohv dqg

surgxfwlylw| jurzwk rq wkh djjuhjdwh xqhpsor|phqw udwh uhpdlqv vpdoo1 Li zh wdnh rxu

prgho dv d jxlgh wklv zrxog vxjjhvw wkdw wkh 4<<9 XL uhirup zloo kdyh d olplwhg lpsdfw rq

djjuhjdwh xqhpsor|phqw1

Rq Mxo| 4/ 4<<9/ wkh Xqhpsor|phqw Lqvxudqfh Dfw dqg wkh Qdwlrqdo Wudlqlqj Dfw zhuh

uhsodfhg e| d qhz Hpsor|phqw Lqvxudqfh +HL, Dfw1 Iurp wkh shuvshfwlyh ri wkh prgho wkh

49Lq uhfhqw zrun Doyduh} dqg Yhudflhuwr +4<<:, dovr glvfxvv wkh uroh ri XL dqg od|r� frvwv lq d jhqhudo
htxloleulxp iudphzrun1
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lpsruwdqw gl�huhqfhv ehwzhhq wkh rog dqg qhz v|vwhp duh dv iroorzv= lqfrph ehqh�wv duh

qrz edvhg rq krxuv udwkhu wkdq zhhnv dqg wkhvh ehqh�wv duh pruh forvho| wlhg wr hduqlqjv>

wkh edvlf ehqh�w udwh ri 88( zloo qrz ghfolqh e| rqh shufhqwdjh srlqw iru hdfk wzhqw|

zhhnv ri ehqh�w xvh lq wkh sdvw �yh |hduv dqg wkh pd{lpxp gurs lv 8 shufhqwdjh srlqwv1

Ghwdlohg lqirupdwlrq lv jlyhq lq KGUF +4<<9,1 Lq rxu prgho wklv srolf| fkdqjh uhsuhvhqwv dq

dssur{lpdwho| 8 shufhqwdjh srlqw uhgxfwlrq ri wkh uhsodfhphqw udwh1 Li rqh wdnhv wkh uhvxowv

iurp rxu txdqwlwdwlyh dqdo|vlv dw idfh ydoxh/ rqh zrxog kdyh wr suhglfw wkdw wkh lpsdfw ri

wkhvh fkdqjhv rq wkh djjuhjdwh xqhpsor|phqw udwh zloo eh olplwhg1
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Dsshqgl{

D1 Edodqfhg Jurzwk zlwkrxw Od|r� Frvwv2Ehqh�wv

Iurp wkh rswlpdolw| ri fdslwdo dffxpxodwlrq +4<1e, dqg +531d, zh ghwhuplqh wkh fdslwdo0
oderxu udwlr �&W ' &W*?e/

4 n � ' E�� �&�

�
k
�
�&W
�k3�

� B&

�
c +59,

dqg iurp wkh �uvw rughu frqglwlrq iru orz0surgxfwlylw| oderxu +531g, zh ghwhuplqh wkh zdjh
udwh iru orz0surgxfwlylw| zrunhuv �W

�/

E� n � R��
W

� ' 5 E�� k�
�
�&W
�k

� +5:,

Iurp wkh �uvw0rughu frqglwlrq iru wkh rswlpdo vxsso| ri orz0surgxfwlylw| oderxu +4<1g, zh
rewdlq wkh pdujlqdo udwh ri vxevwlwxwlrq ehwzhhq zrunwlph dqg frqvxpswlrq/

�L?

bW
' E�� ����

W

�� +5;,

Vxevwlwxwlqj +5:, dqg +5;, lq wkh h{suhvvlrq iru wkh vxusoxv vkdulqj zdjh ri kljk0surgxfwlylw|
oderxu +55, zh rewdlq �W

2/

�W

2 ' E�� k�
�
�&W
�k

d�� E�� 5� �o * E� n � R� c +5<,

dqg wkh uhodwlyh zdjh ri kljk0surgxfwlylw| zrunhuv lv

�W

2

�W

�

'
�� E�� 5� �

5
�

Edvhg rq wkh zdjh udwhv zh fdq ghwhuplqh wkh fdslwdo ydoxhv ri kljk0surgxfwlylw| mre pdwfkhv1
Iluvw/ zh ghwhuplqh wkh fdslwdo ydoxh iru d �up1 Iurp h{suhvvlrq +531f, zh rewdlq #W2/

E4 n B?� #
W

2 ' E�� k�
�
�&W
�k

E�� 5� �� +63,

Wkh iuhh hqwu| frqglwlrq +531g, iru ydfdqflhv wkhq ghwhuplqhv wkh udwh dw zklfk ydfdqflhv
duh �oohg w/

w ' V*#W2c +64,

dqg iurp wkh pdwfklqj ixqfwlrq zh rewdlq wkh mre �qglqj udwh iru mre vhhnhuv

D '
�
�w3�

��*E�3��
� +65,
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Qrz zh rewdlq wkh fdslwdo ydoxh ri d kljk0surgxfwlylw| mre iru d zrunhu �>W2

E4n B?� �>
W

2 '
�� ��
� n � R

E�� 5� E�� �� E�� k�
�
�&W
�k

� +66,

Iurp wkh �uvw rughu frqglwlrq iru wkh rswlpdo doorfdwlrq ri vhdufk wlph zh rewdlq wkh pdujlqdo
frvw ri vhdufk lq whupv ri frqvxpswlrq jrrgv/

�Lr

bW
'

�� ��
� n � R

E�� k�
�
�&W
�k �D E�� 5� E�� ��

4 n B?
n ��5

�
� +67,

Lq rxu zrun zh dvvxph wkdw wkh zrun dqg vhdufk wlph hodvwlflwlhv duh wkh vdph

l? ' lr ' l�

Wklv dvvxpswlrq/ wrjhwkhu zlwk +5;, dqg +67,/ ghwhuplqhv wkh vhdufk0hpsor|phqw udwlr
r*E?� n ?2�/

1r
1?

�
r

?� n ?2

�l

'
D E�� 5� E�� ��

5 E4 n B?�
n ��� +68,

Iurp wkh idfw wkdw rq d edodqfhg jurzwk sdwk wkh qxpehu ri xqhpsor|hg djhqwv/ dqg wkh
qxpehu ri orz0surgxfwlylw| dqg kljk0surgxfwlylw| mre pdwfkhv uhpdlq frqvwdqw lw iroorzv
wkdw

D
k r
?

l
' w

k J
?

l
' B?

k?2

?

l
' �

k?�

?

l
c +69,

dqg zh rewdlq J*?/ ?2*?/ �/ dqg ?�*?1 Iurp wkh uhvrxufh frqvwudlqw +56, dqg wkh gh�qlwlrq
ri L?*b

W zh fdq ghwhuplqh wkh ohyho ri hpsor|phqw dqg frqvxpswlrq/
�
SW

?e

�
n E� n B&� �&

W n } n V
J

?e
'

�
�&W
�k

c +6:,

dqg
1??

l3�SW ' E�� ����
W

�� +6;,

E1 Gdwd Vrxufh dqg Ghvfulswlrq

L1 Qdwlrqdo Dffrxqwv/ Fdqvlp/ Vwdwlvwlfv Fdqdgd

41 H{shqglwxuh Dffrxqwv/ Fdqvlp Pdwul{ 995;/ Fxuuhqw Grooduv/ Dqqxdo Gdwd

� S= Shuvrqdo h{shqglwxuh rq frqvxphu jrrgv dqg vhuylfhv1 Lw lqfoxghv gxudeoh
jrrgv/ vhpl0gxudeoh jrrgv/ qrq0gxudeoh jrrgv dqg vhuylfhv1 Wkh vhuylfhv
fryhu jurvv lpsxwhg uhqw/ jurvv uhqw sdlg dqg rwkhu orgjlqj1

� }= Jryhuqphqw fxuuhqw h{shqglwxuh rq jrrgv dqg vhuylfhv/ lqfoxglqj ghihqfh
h{shqglwxuh1

51 Lqfrph Dffrxqwv/ Fdqvlp Pdwul{ 995:/ Fxuuhqw Grooduv/ Dqqxdo Gdwd
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+5d, E� n � R�E��?� n �2?2�= Zdjhv/ vdodulhv dqg vxssohphqwdu| oderxu lqfrph1
Vxssohphqwdu| oderxu lqfrph lqfoxghv pdqgdwru| hpsor|hu frqwulexwlrqv wr
zrunhuv frpshqvdwlrq dqg vrfldo lqvxudqfh +vxfk dv xqhpsor|phqw lqvxudqfh/
wkh Fdqdgd dqg Txhehf Shqvlrq Sodqv dqg wkh surylqfldo khdowk lqvxudqfh
sodqv, dqg qrqpdqgdwru| hpsor|hu frqwulexwlrqv rq ehkdoi ri hpsor|hhv wr
shqvlrq ixqgv dqg sulydwh dqg sxeolf lqvxudqfh sodqv +vxfk dv olih/ khdowk dqg
ghqwdo fduh/ vkruw dqg orqj0whup glvdelolw|,1

+5e, Qhw lqfrph ri idup rshudwruv iurp idup surgxfwlrq1
+5f, Qhw lqfrph ri qrq0idup xqlqfrusrudwhg exvlqhvv1

61 Zh dvvxph wkdw wkh zdjh lqfrph vkduh iru idup surgxfwlrq dqg qrq0idup xqlq0
frusrudwhg exvlqhvv lv wkh vdph dv lq wkh uhvw ri wkh hfrqrp| dqg fdofxodwh wkh
fdslwdo0lqfrph vkduh lq JGS dv 405d2+JGS05e05f, zkhuh zh gh�qh JGS' Sn}n�
dqg � lv gh�qhg lq LL161

71 Jryhuqphqw Wudqvihuv wr Shuvrq/ Fdqvlp Pdwul{ Qr1 8::/ Fxuuhqw Grooduv/ Dqqxdo
Gdwd

� rK= Xqhpsor|phqw lqvxudqfh ehqh�wv

LL1 Il{hg Fdslwdo Iorzv dqg Vwrfnv/ 4<9404<<7/ klvwrulfdo/ Vwdwlvwlfv Fdqdgd

41 Qrq0uhvlghqwldo �{hg fdslwdo  rzv dqg vwrfn/ Dqqxdo/ Fxuuhqw Grooduv

+4d, Jurvv �{hg fdslwdo irupdwlrq
+4e, Hqg0|hdu qhw vwrfn xvlqj ghod|hg ghsuhfldwlrq phwkrg

51 Uhvlghqwldo �{hg fdslwdo  rzv dqg vwrfnv

+5d, Jurvv �{hg fdslwdo irupdwlrq
+5e, Hqg0|hdu qhw vwrfn xvlqj ghod|hg ghsuhfldwlrq phwkrg

61 � dqg &= Lqyhvwphqw dqg fdslwdo vwrfn fdofxodwhg dv=

� ' �@n 2@
& ' �Kn 2K

LLL1 Oderxu Irufh Vxuyh|/ Fdqvlp Pdwul{ 53:7

� _= Dyhudjh gxudwlrq ri xqhpsor|phqw

Fdqdgldq Oderxu Irufh/ Fdqvlp Pdwul{ 933/ Dqqxdo

41 Wrwdo flyloldq oderxu irufh

51 Wrwdo flyloldq oderxu irufh 0 hpsor|hg

61 Wrwdo flyloldq oderxu irufh 0 xqhpsor|hg

71 Flyloldq qrq0lqvwlwxwlrqdo srsxodwlrq 48 dqg ryhu

81 Xqhpsor|phqw udwh fdofxodwhg e| +vhulhv 5 2 vhulhv 4,
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LY1 Gdwd Xvhg lq Fdofxodwlrqv ri H�hfwlyh Wd{ Udwhv

41 Qdwlrqdo Dffrxqwv/ Yroxph LL= Ghwdlohg Wdeohv/ RHFG/ Dqqxdo/ Gl�huhqw Lvvxhv

+d, Frvw frpsrqhqwv ri JGS

RS @ wrwdo rshudwlqj vxusoxv ri wkh hfrqrp|

+e, Dffrxqwv iru krxvhkrogv dqg sulydwh xqlqfrusrudwhg hqwhusulvhv

Z @ zdjhv dqg vdodulhv
RVSXH @ rshudwlqj vxusoxv ri sulydwh xqlqfrusrudwhg hqwhusulvhv
SHL @ surshuw| dqg hqwuhsuhqhxuldo lqfrph

51 Uhyhqxh Vwdwlvwlfv/ RHFG/ Dqqxdo/ Gl�huhqw Lvvxhv

4433 @ wd{hv rq lqfrph/ sur�wv dqg fdslwdo jdlqv ri lqglylgxdov
4533 @ wd{hv rq lqfrph/ sur�wv dqg fdslwdo jdlqv ri frusrudwlrqv
5333 @ vrfldo vhfxulw| frqwulexwlrq
5533 @ hpsor|huv* vrfldo vhfxulw| frqwulexwlrq
7433 @ uhfxuuhqw wd{hv rq lpprydeoh surshuw|

Y1 Ulfkdugvrq +4<<7,/ Zdjh Glvwulexwlrq/ Dqqxdo

Zh xvh Oruhq} fxuyh ruglqdwhv wr fdofxodwh wkh udwlr ri kljk zdjh mrev wr orz zdjh
mrev ?2*?� dqg wkh udwlr ri kljk zdjh udwh wr orz zdjh udwh �2*��1

YL1 Frqvxphu Sulfh Lqgh{/ Fdqvlp Pdwul{ 5564/ Dqqxdo Dyhudjh/ Doo Lwhpv +;9@433,

YLL1 Xqhpsor|phqw Lqvxudqfh Vwdwlvwlfv

41 Vwdwxwru| Uhsodfh Udwh/ Ehqh�fldulhv/ Plqlpxp Zhhnv ri Zrun wr Txdoli|/ Pd{0
lpxp Zhhnv ri Ehqh�wv iru d Plqlpdoo| Txdol�hg Fodlpdqw/ Vwdwlvwlfv Fdqdgd/
fdw1 qr1 :6v0535V

51 Shuvrq Fryhuhg e| XL/ Fdqvlp Pdwul{ 59/ prqwko| dyhudjhv

F1 Qdwlrqdo Dffrxqwv

Rxu gh�qlwlrq ri phdvxuhg JGS + lv jurvv rxwsxw ^ plqxv wkh frvw ri srvwlqj ydfdqflhv

+ ' ^ � ~VJ
' E� n � R� d��?� n �2?2o n �& n js���?� n Z�

+6<,

Iurp wkh exgjhw frqvwudlqwv ri idplo| krxvhkrog dqg jryhuqphqw/

Sn %n } ' E� n � R� d��?� n �2?2o n �& n js���?� n Z
' iE� n � R� d��?� n �2?2o n js���?�jn Eo n B&�& n Z
' zdjh/ vdodu|/ dqg vxssohphqwdu| oderxu lqfrph . lqwhuhvw

. fdslwdo frqvxpswlrq doorzdqfh . frusrudwlrq sur�wv1
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Iurp +<1g/h, dqg wkh dvvxpswlrq ri frqvwdqw uhwxuqv wr vfdoh ri surgxfwlrq ixqfwlrq/

Z ' 4E#�?� n #2?2��

G1 Fdofxodwlrq ri H�hfwlyh Wd{ Udwhv

Wkh iroorzlqj fdofxodwlrqv duh edvhg rq wkh phwkrg sursrvhg lq Phqgr}d/ Ud}lq dqg Whvdu
+4<<7,1 Wkh qrwdwlrq dqg gdwd vrxufhv duh jlyhq lq Dsshqgl{ E1

� Krxvhkrog*v dyhudjh wd{ udwh rq wrwdo lqfrph + ��,=

�� '
��ff

�7�L. n �.U n`

� H�hfwlyh oderxu lqfrph wd{ udwh + ��,=

�� '
��` n 2fff

`

� H�hfwlyh fdslwdo lqfrph wd{ udwh +�&,=

� & '
��E�7�L. n �.U� n �2ff n e�ff

�7

� H�hfwlyh sd|uroo wd{ udwh +� R,=

� R '
22ff

`

H1 Plfur0Vwuxfwxuh ri wkh XL V|vwhp

Pdfurhfrqrplf vwxglhv ri wkh fkdqjh lq wkh Fdqdgldq xqhpsor|phqw udwh xvxdoo| uhsuh0
vhqw wkh XL v|vwhp wkurxjk rqh vxppdu| yduldeoh ru lqgh{/ iru h{dpsoh rxu uhsodfhphqw
lqgh{1 Dq h{fhswlrq wr eh glvfxvvhg ehorz lv wkh zrun ri Dqgroidwwr dqg Jrpph +4<<8,1
Plfurhfrqrphwulf vwxglhv xvxdoo| frqvlghu wkh lqfhqwlyh h�hfwv ri lqvwlwxwlrqdo ghwdlov ri wkh
XL v|vwhp iru rqh sduwlfxodu hohphqw ri wklv v|vwhp1 Wklv lqfoxghv wkh dfwxdo uhsodfhphqw
udwhv/ wkh gxudwlrq ri XL ehqh�wv dqg wkh plqlpxp uhtxluhphqwv wr uhfhlyh XL ehqh�wv/ iru
d vxuyh| vhh Frudn +4<<7,1 Dw wklv srlqw zh rqo| frqmhfwxuh rq krz wkh lqvwlwxwlrqdo vhwxs
ri XL d�hfwv djjuhjdwh xqhpsor|phqw1

Rqh zrxog h{shfw wkdw kljkhu uhsodfhphqw udwhv dqg XL ehqh�wv zklfk duh uhfhlyhg iru d
orqjhu wlph udlvh wkh dyhudjh ohqjwk ri dq xqhpsor|phqw vshoo1 Edvlfdoo| kljkhu ehqh�wv udlvh
wkh uhvhuydwlrq zdjh ri xqhpsor|hg zrunhuv dqg orzhu wkh h{lw udwh iurp xqhpsor|phqw1 Lq
sduwlfxodu/ rqfh XL ehqh�wv kdyh uxq rxw ru duh derxw wr uxq rxw/ rqh zrxog h{shfw wkdw wkh
h{lw udwh iurp xqhpsor|phqw lqfuhdvhv1 Ph|hu +4<<3, lq d vwxg| ri wzhoyh XV vwdwhv �qgv
wkdw h{lw udwhv iurp xqhpsor|phqw wulsoh gxulqj wkh odvw irxu zhhnv ehiruh XL ehqh�wv h{sluh1
Frudn +4<<7, dujxhv wkdw zrun zlwk Fdqdgldq gdwd grhv lqglfdwh vrph lqfuhdvh lq h{lw udwhv
iurp xqhpsor|phqw ehiruh XL ehqh�wv h{sluh/ wkh lqfuhdvh/ krzhyhu/ grhv qrw dsshdu wr eh
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txdqwlwdwlyho| lpsruwdqw1 Fuìplhx{ hw do1 +4<<8, dovr vxjjhvw wkdw wkh h{shfwhg whuplqdwlrq
ri XL sd|phqwv grhv qrw d�hfw wkh h{lw udwhv iurp xqhpsor|phqw lq dq| lpsruwdqw zd|1

Rqh fdq dovr pdnh dq dujxphqw wkdw/ li d zrunhu kdv wr zrun d plqlpxp shulrg ri wlph
lq rughu wr txdoli| iru wkh uhfhlsw ri XL ehqh�wv/ d kljkhu plqlpxp zrun wlph pd| lpso|
orqjhu hpsor|phqw vshoov dqg ohvv xqhpsor|phqw1 Wklv dujxphqw dvvxphv wkdw wkhuh duh
vrph zrunhuv zkr rqo| zrun lq rughu wr fodlp XL ehqh�wv odwhu rq/ wkdw lv zrunhuv txlw diwhu
wkh| txdoli| iru XL ehqh�wv1 Dq h{whqvlrq ri wklv dujxphqw lpsolhv wkdw zrunhuv zrun xqwlo
wkh| kdyh dffxpxodwhg hqrxjk zrun h{shulhqfh lq rughu wr txdoli| iru wkh pd{lpxp gxudwlrq
ri XL ehqh�wv1 Juhhq dqg Ulgghoo +4<<8, �qg wkdw iru vrph kljk xqhpsor|phqw uhjlrqv mre
orvv udwhv doprvw grxeoh dw wkh wlph dq hqwudqfh uhtxluhphqw iru XL ehqh�wv lv phw1 Wklv
nlqg ri ehkdylrxu lv suredeo| olplwhg wr orz zdjh mrev zlwk qr fduhhu rssruwxqlwlhv dqg wr
h{solflw vhdvrqdo mrev1 Juhhq dqg Vdujhqw +4<<8, lqghhg revhuyh d txdqwlwdwlyho| lpsruwdqw
lqfuhdvh lq mre orvv udwhv rqo| iru vhdvrqdo zrunhuv1 Wklv phdqv wkdw hyhq li wklv h�hfw lv
txdqwlwdwlyho| lpsruwdqw iru vrph zrunhuv/ lw zloo dsso| rqo| wr d olplwhg qxpehu ri zrunhuv/
vhh dovr Frudn +4<<7,1

Zh frqmhfwxuh wkdw wkh lpsdfw ri fkdqjhv lq wkh plfurvwuxfwxuh ri wkh XL v|vwhp rq
djjuhjdwh xqhpsor|phqw lv olplwhg1 Wklv frqmhfwxuh lv edvhg rq wkh iroorzlqj dujxphqw1
Dvvxph d glvfuhwh0wlph sduwldo htxloleulxp yduldwlrq ri rxu prgho1 D shulrg uhsuhvhqwv d
zhhn1 Doo xqhpsor|hg zrunhuv uhfhlyh XL ehqh�wv/ exw rqo| iru d olplwhg wlph/ AL zhhnv/
dqg rqo| li wkh| kdyh zrunhg iru A- zhhnv1 Vxssrvh wkdw h{lw udwhv iurp xqhpsor|phqw duh
qrw frqvwdqw/ exw ghshqg rq krz pdq| zhhnv ? d zrunhu kdv ehhq xqhpsor|hg1 Lq sduwlfxodu

D? '

�
D iru ? � AL � ec
�D iru ? : AL � ec

wkdw lv derxw irxu zhhnv ehiruh XL ehqh�wv h{sluh wkh mre �qglqj udwh wulsohv1 Vxssrvh wkdw
wkhuh duh vrph zrunhuv zkr zrun rqo| xqwlo wkh| txdoli| iru XL ehqh�wv/ wkdw lv wkh mre0orvv
udwh dovr ghshqgv rq krz pdq| zhhnv d zrunhu kdv ehhq zrunlqj1 Lq sduwlfxodu

�? '

;?
=

� iru ? 	 A-c
2� iru A- � ? � A- n �c
� iru ? : A- n �c

wkdw lv wkh djjuhjdwh mre orvv udwh grxeohv iru irxu zhhnv diwhu zrunhuv phhw wkh plqlpxp
hqwudqfh uhtxluhphqw iru XL ehqh�wv1 Jlyhq wkh hylghqfh glvfxvvhg deryh wklv sdudphwhul0
}dwlrq dsshduv wr eh dq xsshu erxqg rq wkh h�hfw ri XL ehqh�wv h{sludwlrq dqg plqlpxp
hqwudqfh uhtxluhphqwv1

Dvvxplqj d �{hg oderxu irufh zh fdq fdofxodwh wkh xqhpsor|phqw udwh lpsolhg e| wkhvh
mre orvv dqg mre �qglqj udwhv1 Lq rxu fdoleudwlrq h{huflvh zh kdyh xvhg wkh revhuydwlrq wkdw
gxulqj wkh uhihuhqfh shulrg lq wkh 4<;3v wkh dyhudjh gxudwlrq ri xqhpsor|phqw zdv derxw
49 zhhnv +7 prqwkv, dqg wkh dyhudjh xqhpsor|phqw udwh zdv derxw 43 shufhqw1 Wklv lpsolhv
d edvh mre �qglqj udwh ri D ' f�feb dqg d edvh mre orvv udwh � ' f�ff.1 Gxulqj wklv wlph
shulrg wkh dyhudjh pd{lpxp gxudwlrq ri XL ehqh�wv/ AL / zdv derxw 59 zhhnv/ dqg wkh
dyhudjh plqlxp hqwudqfh uhtxluhphqw iru XL/ A-/ zdv derxw 45 zhhnv14:

4:Pd{lpxp gxudwlrqv dqg plqlpxp hqwudqfh uhtxluhphqwv gl�hu dfurvv surylqfhv dffruglqj wr wkh orfdo
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Frqvlghu wkh iroorzlqj h{shulphqw1 Fkdqjh wkh pd{lpxp gxudwlrq XL ehqh�wv fdq eh
froohfwhg dqg wkh plqlpxp hqwudqfh uhtxluhphqw iru XL ehqh�wv wr wkhlu ydoxhv gxulqj wkh
4<93v/ dqg gr qrw fkdqjh wkh edvh udwhv D dqg �1 Wkdw lv A- lv lqfuhdvhg wr 63 zhhnv/ dqg
AL lv uhgxfhg wr 48 zhhnv1 Wklv zloo lpso| d uhgxfwlrq ri wkh xqhpsor|phqw udwh wr ;14
shufhqw/ dqg doprvw doo ri wklv uhgxfwlrq lv gxh wr wkh vkruwhu gxudwlrq wkdw XL ehqh�wv fdq
eh froohfwhg1 Zh frqvlghu wklv wr eh d �uvw rughu dssur{lpdwlrq iru wkh xsshu erxqg ri wkh
h�hfwv ri wkh fkdqjh lq wkh plfur vwuxfwxuh ri wkh XL v|vwhp1
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