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Devwudfw

Wkh v|vwhpdwlf xvh ri h{shulhqfh udwlqj lv dq ruljlqdo ihdwxuh ri wkh X1V1 xqhpsor|phqw
ehqh�w v|vwhp1 Dw �uvw jodqfh/ lw lv olnho| wkdw h{shulhqfh udwlqj lv qrw ghvludeoh lq pdq|
Hxurshdq oderu pdunhwv fkdudfwhul}hg e| kljk �ulqj frvwv1 Zh surylgh d vlpsoh pdwfklqj
prgho ri d uljlg oderu pdunhw lqfoxglqj �ulqj frvwv/ whpsrudu| mrev dqg d plqlpxp zdjh lq
rughu wr dqdo|}h wklv lvvxh1 Rxu dqdo|vlv ohdgv xv wr dujxh wkdw h{shulhqfh udwlqj lv olnho| wr
uhgxfh xqhpsor|phqw dqg wr lpsuryh wkh zhoiduh ri orz vnloohg zrunhuv lq Iudqfh/ dqg pruh
jhqhudoo| iru orz vnloohg zrunhuv lq d w|slfdo uljlg Frqwlqhqwdo Hxurshdq oderu pdunhw1

4 Lqwurgxfwlrq

Wkh v|vwhpdwlf xvh ri h{shulhqfh udwlqj lv dq ruljlqdo ihdwxuh ri wkh X1V1 xqhpsor|phqw ehqh�w
v|vwhp1 Lq prvw vwdwhv/ xqhpsor|phqw ehqh�wv duh �qdqfhg e| wd{lqj �upv lq sursruwlrq wr
wkhlu vhsdudwlrqv1 H{shulhqfh udwlqj lv d zd| wr uhtxluh hpsor|huv wr frqwulexwh wr wkh sd|phqw
ri xqhpsor|phqw ehqh�wv wkh| fuhdwh wkurxjk wkhlu �ulqj ghflvlrqv1 Lw lv vwulnlqj wkdw h{shulhqfh
udwlqj lv devhqw iurp wkh xqhpsor|phqw frpshqvdwlrq v|vwhpv ri rwkhu RHFG frxqwulhv/ zkhuh
ehqh�wv duh xvxdoo| �qdqfhg e| wd{hv rq sd|uroov/ sdlg e| hpsor|huv ru hpsor|hhv/ dqg e|
jryhuqphqw frqwulexwlrqv +Kropoxqg/ 4<<;,1 Lv h{shulhqfh udwlqj rqo| dgdswhg wr wkh X1V1 oderu
pdunhwB Zrxog lw eh vxlwdeoh lq rwkhu frxqwulhvB Lqghhg/ wkh X1V1 oderu pdunhw lv vshfl�f/ wr
wkh h{whqw wkdw lw lv dozd|v frqvlghuhg dv ehlqj gudpdwlfdoo|  h{leoh= Wkhuh lv qr mre surwhfwlrq
+RHFG/ 4<<<, dqg wkh plqlpxp zdjh lv orz zlwk uhvshfw wr pdq| rwkhu RHFG frxqwulhv
+RHFG/ 4<<;,1 Lv h{shulhqfh udwlqj vxlwdeoh rqo| rq d yhu|  h{leoh oderu pdunhw/ dqg qrw
ghvludeoh li wkh oderu pdunhw idfhv vwurqj mre surwhfwlrq dqg kljk plqlpxp zdjhB

Pdq| frqwulexwlrqv kdyh ehhq ghyrwhg wr wkh frqvhtxhqfh ri h{shulhqfh udwlqj rq xqhp0
sor|phqw dqg zhoiduh +vhh Kropoxqg/ 4<<;/ iru d vxuyh|,1

Ihogvwhlq +4<:9, kdv ehhq dprqj wkh �uvw wr r�hu d wkhruhwlfdo dqdo|vlv ri h{shulhqfh udwlqj1
Ihogvwhlq suhvhqwv d prgho ri whpsrudu| od|r�v/ zklfk duh iuhtxhqw lq wkh X1V1 hfrqrp|1 Kh
frqvlghuv wkh ehkdylru ri d �up/ zlwk dq h{rjhqrxv qxpehu ri hpsor|hhv/ idflqj ghpdqg vkrfnv1
Kh dujxhv wkdw wkh xqhpsor|phqw lqvxudqfh vxevlg| kdv d yhu| odujh lpsdfw rq wkh udwh ri

WZh wkdqn Sdxo Ehdxgu|/ Mhdq0Sdvfdo Ehqdvv|/ Hwlhqqh Ohkpdqq/ Rolylhu O*Kdulgrq dqg Dqguì ]|oehuehuj
iru wkhlu frpphqwv1

_Xqlyhuvlwì Sdulv 4/ Hxuhtxd/ Fuhvw/ L]D/ dqg Lqvwlwxw Xqlyhuvlwdluh gh Iudqfh/ Hpdlo= fdkxfCxqly0sdulv41iu1
Dgguhvv= 4390445 erxohydug gh o*k÷slwdo/ :8346/ Sdulv/ Iudqfh1
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xqhpsor|phqw/ fdxvlqj od|r�v zkhq wkh| zrxog qrw rwkhuzlvh kdsshq/ dqg pdjqli|lqj wkh vl}h
ri wkh od|r�v wkdw gr rffxu1 Ihogvwhlq frqfoxghv klv dqdo|vlv e| vwuhvvlqj wkdw �li wkhuh zhuh
ixoo h{shulhqfh udwlqj lq wkh xqhpsor|phqw lqvxudqfh wd{ dqg li ehqh�wv zhuh wd{hg olnh rwkhu
lqfrph/ wkh vxevlg| wr whpsrudu| od|r�v zrxog eh holplqdwhg1 Xqhpsor|phqw lqvxudqfh frxog
wkhq frqwlqxh wr surylgh surwhfwlrq iru wkrvh zkr duh whpsrudulo| odlg r� zlwkrxw dq| glvwruwlrq
lq wkhlu ehkdylru� +Ihogvwhlq/ 4<:9/ s <89,1 Krzhyhu/ Ihogvwhlq*v frqfoxvlrq kdv ehhq fkdoohqjhg
e| Exughww dqg Zuljkw +4<;<,/ zkr dujxh wkdw h{shulhqfh udwlqj lqfuhdvhv xqhpsor|phqw xqghu
uhdvrqdeoh frqglwlrqv li wkh qxpehu ri hpsor|hhv lv qrw dq h{rjhqrxv qxpehu/ dv Ihogvwhlq
dvvxphg/ exw lv fkrvhq rswlpdoo| e| wkh hpsor|hu1 Pdufhdx +4<<6, uhdfkhv forvh frqfoxvlrqv lq
d iudphzrun lq zklfk wkhuh lv Frxuqrw frpshwlwlrq rq wkh pdunhw iru wkh jrrg surgxfhg e|
�upv1 Pdufhdx vkrzv wkdw li wkhuh lv iuhh hqwu| dqg h{lw/ dyhudjh lqgxvwuldo hpsor|phqw pd|
eh d ghfuhdvlqj ixqfwlrq ri wkh h{shulhqfh udwlqj ehfdxvh wkh qxpehu ri �upv lq wkh lqgxvwu|
ghfuhdvhv zlwk wklv sdudphwhu1

Doo wkhvh sdshuv frqvlghu wkh frqvhtxhqfh ri h{shulhqfh udwlqj rq whpsrudu| od|r�v1 Lw
lv dvvxphg wkdw d srro ri zrunhuv lv dwwdfkhg wr wkh �up/ dqg gr qrw �qg d mre hovhzkhuh
zkhq xqhpsor|hg1 Dv Ihogvwhlq +4<:9, vwuhvvhg/ wklv dqdo|vlv lv olnho| wr eh uhohydqw lq wkh
pdqxidfwxulqj vhfwru lq wkh X1V1/ exw whpsrudu| od|r�v duh vfdufh lq prvw Hxurshdq oderu
pdunhwv1 Dffruglqjo|/ vrph frqwulexwlrqv kdyh orrnhg dw wkh frqvhtxhqfh ri h{shulhqfh udwlqj
lq dq htxloleulxp prgho ri xqhpsor|phqw doorzlqj iru zrunhuv prelolw| dffurv �upv1 Lq wklv
iudphzrun/ h{shulhqfh udwlqj kdv wkh vdph w|sh ri frqvhtxhqfh dv d frpelqdwlrq ri dq lqfuhdvh
lq �ulqj frvw dqg d ghfuhdvh lq wkh sd|uroo wd{1 Dv vkrzq e| Pruwhqvhq +4<<7,/ Ploodug dqg
Pruwhqvhq +4<<:, dqg Pruwhqvhq dqg Slvvdulghv +4<<<d/e,/ dq lqfuhdvh lq �ulqj frvwv kdv dq
dpeljxrxv lpsdfw rq xqhpsor|phqw= Lw uhgxfhv erwk mre fuhdwlrq dqg mre ghvwuxfwlrq1 Wkh
ghfuhdvh lq wkh sd|uroo wd{ lv xvxdoo| ehqh�fldo wr hpsor|phqw1 Ploodug dqg Pruwhqvhq +4<<:,
�qg wkdw lqfuhdvlqj h{shulhqfh udwlqj ghfuhdvhv xqhpsor|phqw iru uhdvrqdeoh sdudphwhuv ydoxhv
lq d vhdufk dqg pdwfklqj prgho/ zlwk hqgrjhqrxv mre ghvwuxfwlrq dqg zdjhv edujdlqhg dw wkh
�up ohyho1 Dv Ploodug dqg Pruwhqvhq gr qrw h{solflwo| lqwurgxfh d edodqfhg exgjhw iru wkh
xqhpsor|phqw ehqh�w v|vwhp/ wkh lqfuhdvh lq h{shulhqfh udwlqj kdv h{dfwo| wkh vdph h�hfw rq
xqhpsor|phqw dv d ulvh lq �ulqj frvwv1 Dfwxdoo|/ lw fdq eh dujxhg wkdw lqwurgxflqj d edodqfhg
exgjhw frqvwudlqw zrxog pdjqli| wkh ghfuhdvh lq xqhpsor|phqw gxh wr h{shulhqfh udwlqj/ vlqfh
wkh sd|uroo wd{ vkrxog eh uhgxfhg e| wkh lqfuhdvh lq h{shulhqfh udwlqj1 Iurp wklv srlqw ri
ylhz/ Doeuhfkw dqg Yurpdq +4<<<, frqwulexwlrq lv ri sduwlfxodu lqwhuhvw ehfdxvh wkh| h{solflwo|
lqwurgxfh d edodqfhg exgjhw frqvwudlqw iru wkh xqhpsor|phqw ehqh�w v|vwhp1 Wkh| h{dplqh
wkh frqvhtxhqfh ri h{shulhqfh udwlqj lq dq h!flhqf| zdjh prgho zkhuh zrunhuv khwhurjhqhlw|
jlyhv ulvh wr lpshuihfw prqlwrulqj dqg hqgrjhqrxv od|r�v1 Wkh| frpsduh wzr vhoi0�qdqflqj
xqhpsor|phqw frpshqvdwlrq v|vwhpv= Rqh lq zklfk ehqh�wv duh �qdqfhg e| d sursruwlrqdo
sd|uroo wd{ dqg dqrwkhu lq zklfk �upv duh wd{hg lq sursruwlrq wr wkhlu vhsdudwlrqv1 Wkh|
�qg wkdw h{shulhqfh udwlqj lv idyrudeoh wr hpsor|phqw/ zdjh dqg surgxfwlrq iru dq| ohyho ri
xqhpsor|phqw ehqh�w1 Wkh uhdvrq ehlqj wkdw h{shulhqfh udwlqj/ zklfk lqfuhdvhv vhsdudwlrq
frvwv/ lqgxfhv �upv wr sd| kljkhu zdjhv lq rughu wr dyrlg od|r�v gxh wr vklunlqj1 Wkxv/ Doeuhfkw
dqg Yurpdq duh deoh wr vkrz wkdw rqh jhwv kljkhu zdjhv/ orzhu xqhpsor|phqw dqg kljkhu
surgxfwlrq zlwk h{shulhqfh udwlqj iru uhohydqw sdudphwhuv ydoxhv1

Jhqhudoo|/ hpslulfdo dqdo|vlv ri h{shulhqfh udwlqj |lhogv vxssruw wr Ihogvwhlq*v dqdo|vlv1 Wrsho
+4<;6, �qgv wkdw xqhpsor|phqw lqvxudqfh vxevlg| gxh wr sd|uroo wd{hv dffrxqwv iru pruh wkdq d
txduwhu ri od|r�v lq klv gdwd vhw1 Wkh vhulhv ri sdshuv ri Dqghuvrq dqg Ph|hu +4<<6/ 4<<7/ 5333,
vkhgv oljkw rq wkh h�hfwv ri h{shulhqfh udwlqj lq d eurdg ydulhw| ri fdvhv lq wkh Xqlwhg Vwdwhv1
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Dqghuvrq dqg Ph|hu +5333, lv ri sduwlfxodu lqwhuhvw vlqfh wkh dxwkruv surylgh d ghwdlohg dqdo|vlv
ri wkh 4<;7 Zdvklqjwrq vwdwh ohjlvodwlrq vzlwfk iurp d sd|uroo wd{ v|vwhp wr dq h{shulhqfh0
udwhg v|vwhp1 Wklv qdwxudo h{shulphqw surylghv jrrg hylghqfh rq wkh h�hfwv ri h{shulhqfh
udwlqj frpsduhg wr d sd|uroo wd{ v|vwhp dqg wkxv pd| xqghuolqh vrph surplqhqw ihdwxuhv ri d
srwhqwldo uhirup ri wkh xqhpsor|phqw ehqh�wv vfkhph lq Frqwlqhqwdo Hxursh1

Ryhudoo/ wkh frqwulexwlrqv zklfk dqdo|}h wkh frqvhtxhqfh ri h{shulhqfh udwlqj lq htxloleulxp
xqhpsor|phqw prghov frqfoxgh wkdw lw lv d jrrg v|vwhp1 Qhyhuwkhohvv/ lw vkrxog eh qrwlfhg
wkdw wkhvh frqwulexwlrqv gr qrw dqdo|}h krz h{shulhqfh udwlqj lqwhudfwv zlwk rwkhu ihdwxuhv ri
wkh oderu pdunhw1 Wkh dlp ri rxu sdshu lv wr wdfnoh wklv lvvxh1 Lq wklv shuvshfwlyh/ zh xvh d
vlpsoh htxloleulxp vhdufk dqg pdwfklqj prgho/ edvhg rq Pruwhqvhq dqg Slvvdulghv +4<<7/ 4<<<d,
iudphzrun/ zklfk wdnhv lqwr dffrxqw lpsruwdqw uljlglwlhv ri Hxurshdq oderu pdunhwv1 Pruh
suhflvho|/ zh wdnh lqwr dffrxqw mre surwhfwlrq e| lqwurgxflqj erwk �ulqj frvwv dqg whpsrudu|
mrev/ zklfk sod| d yhu| lpsruwdqw uroh lq Hxurshdq frxqwulhv +vhh RHFG/ 4<<<,1 Zh dovr
lqwurgxfh d plqlpxp zdjh1 Vhfwlrq 5 suhvhqwv wkh prgho wkdw zloo doorz xv wr plplf erwk
 h{leoh dqg uljlg oderu pdunhwv1 Vhfwlrq 6 lv ghyrwhg wr wkh dqdo|vlv ri wkh frqvhtxhqfh ri
h{shulhqfh udwlqj lq d  h{leoh oderu pdunhw wkdw lv xvhg dv d ehqfkpdun wr xqghuvwdqg wkh
lq xhqfhv ri oderu pdunhw uljlglwlhv rq wkh h!flhqf| ri h{shulhqfh udwlqj1 Vhfwlrq 7 vkhgv vrph
oljkw rq wkh lq xhqfh ri oderu pdunhw uljlglwlhv dqg wulhv wr dvvhvv wkh ghvludelolw| ri h{shulhqfh
udwlqj rq d sduwlfxodu oderu pdunhw riwhq frqvlghuhg dv yhu| uljlg= Wkh Iuhqfk oderu pdunhw1
Vhfwlrq 8 surylghv vrph frqfoxglqj frpphqwv1

5 Wkh prgho

Zh frqvlghu d vwrfkdvwlf frqwlqxrxv wlph vhdufk dqg pdwfklqj prgho zlwk hqgrjhqrxv mre gh0
vwuxfwlrq forvh wr wkh prghov ghyhorshg e| Pruwhqvhq dqg Slvvdulghv +4<<7/ 4<<<d, dqg Slvvdulghv
+5333,1 Dw �uvw/ zh irfxv rq wkh suhvhqwdwlrq ri wkh oderu pdunhw1 Wkhq/ wkh xqhpsor|phqw
ehqh�wv v|vwhp lv ghvfulehg1 D ghwdlohg suhvhqwdwlrq ri wkh prgho lv surylghg lq dsshqgl{1

514 Wkh oderu pdunhw

Zh frqvlghu dq hfrqrp| zlwk wzr jrrgv= Oderu dqg d qxphudluh jrrg surgxfhg wkdqnv wr oderu1
Wkhuh lv dq hqgrjhqrxv phdvxuh ri �upv1 Hdfk �up kdv rqo| rqh mre/ wkdw fdq eh hlwkhu �oohg ru
ydfdqw1 Wkh oderu irufh lv frpsrvhg ri d frqwlqxxp ri lq�qlwh olyhg lqglylgxdov/ zklfk phdvxuh
lv qrupdol}hg wr xqlw|1 Hdfk lqglylgxdo r�huv rqh xqlw ri oderu shu xqlw ri wlph1 Lqglylgxdov
kdyh lghqwlfdo suhihuhqfhv/ uhsuhvhqwhg e| d frqfdyh xwlolw| ixqfwlrq zlwk vwdqgdug surshuwlhv/
ghqrwhg e| X+U,> zkhuh U ghqrwhv wkh lqvwdqwdqhrxv lqfrph1 Lw lv dovr dvvxphg wkdw zrunhuv
gr qrw vdyh dqg gr qrw kdyh dffhvv wr �qdqfldo pdunhwv1

Ydfdqw mrev dqg xqhpsor|hg zrunhuv duh pdwfkhg wrjhwkhu lq sdluv wkurxjk dq lpshuihfw
pdwfklqj surfhvv1 Wkh udwh dw zklfk ydfdqw mrev dqg zrunhuv phhw lv jlyhq e| wkh ixqfwlrq
P+y> x,> zkhuh y dqg x uhsuhvhqw wkh ydfdqf| dqg xqhpsor|phqw udwhv uhvshfwlyho|1 Wkh
pdwfklqj ixqfwlrq vdwlv�hv wkh vwdqgdug surshuwlhv= Lw lv lqfuhdvlqj/ frqwlqxrxvo| gl�huhqwldeoh/
krprjhqrxv ri ghjuhh rqh dqg |lhogv qr klulqj li wkh pdvv ri xqhpsor|hg ru ydfdqw mrev lv qlo1

Wkh prgho lv phdqw wr plplf  h{leoh dv zhoo dv uljlg oderu pdunhwv1 Lq wklv shuvshfwlyh/ lw
lv lpsruwdqw wr pdnh d glvwlqfwlrq ehwzhhq qhzo| fuhdwhg mrev/ dqg wkh rog mrev/ wkdw duh pxfk
pruh vwdeoh lq pdq| hfrqrplhv zlwk �ulqj frvwv1 Dfwxdoo|/ pdq| qhz mrev fdq eh ghvwur|hg dw
orz frvw lq Hxursh/ dqg lw pdnhv vhqvh wr uhihu wr qhz mrev/ zlwk orz �ulqj frvwv/ dv xqvwdeoh mrev
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dqg wr rog mrev/ zlwk kljk �ulqj frvwv/ dv vwdeoh mrev +Jrx{ dqg Pdxulq/ 5333,1 Dffruglqjo|/ lw
lv dvvxphg wkdw hdfk zrunhu fdq eh lq rqh ri wkh iroorzlqj vwdwhv= Xqhpsor|hg/ hpsor|hg rq d
qhz +xqvwdeoh, mre ru hpsor|hg rq dq rog +vwdeoh, mre1

Hdfk mre0zrunhu pdwfk lv hqgrzhg zlwk dq luuhyhuvleoh whfkqrorj| uhtxlulqj rqh xqlw ri
oderu wr surgxfh { xqlwv ri rxwsxw1 Wkh surgxfwlylw| lv d udqgrp yduldeoh gudzq iurp d jhqhudo
glvwulexwlrq I+{, zlwk vxssruw lq wkh udqjh `�4> {�`1 Iroorzlqj wkh vwrfkdvwlf mre pdwfklqj
olwhudwxuh +Slvvdulghv/ 5333,/ lw lv dvvxphg wkdw erwk mrev dqg zrunhuv kdyh pdq| xqrevhuydeoh
fkdudfwhulvwlfv olnho| wr lq xhqfh wkh surgxfwlylw| ri hdfk mre0zrunhu pdwfk1 Dw d jodqfh wzr
ydfdqw mrev pd| orrn wkh vdph iru d zrunhu1 Vlploduo|/ wzr zrunhuv pd| dsshdu lghqwlfdo wr d
�up1 Phdqzkloh/ zkhq mrev dqg zrunhuv duh pdwfkhg wrjhwkhu/ rqh sdlu pd| eh pruh surgxfwlyh
wkdq wkh rwkhu dqg lw fdq eh zruwk �ulqj vrph zrunhuv qhzo| kluhg1 Dffruglqjo|/ lw lv dvvxphg
wkdw dv vrrq dv d �up dqg d zrunhu duh eurxjkw wrjhwkhu wkh| vljq xs iru d frqwudfw zlwkrxw
nqrzlqj wkh ydoxh ri {1 Rqfh d frqwudfw lv vljqhg/ wkh ghvwuxfwlrq frvw ri dq| qhz mre dprxqwv
wr i? . �?> zkhuh i? � 3 lv d �ulqj wd{ uhglvwulexwhg wkdqnv wr oxps vxp wudqvihuv wr doo wkh
zrunhuv/ dqg �? � 3 lv d wd{ xvhg wr �qdqfh xqhpsor|phqw ehqh�wv1 Hdfk qhz mre vwduwv zlwk
d wuldo shulrg wkdw doorzv wkh hpsor|hu wr fkhfn wkh surgxfwlylw| { 5 `�4> {�` ri wkh pdwfk1
Orz uhdol}dwlrqv ri wkh surgxfwlylw| duh wkhq uhmhfwhg dffruglqj wr dq hqgrjhqrxv wkuhvkrog/
ghqrwhg e| {?1 Iru wkh vdnh ri vlpsolflw|/ lw lv dvvxphg wkdw wkh wuldo shulrg lv lq�qlwho| vpdoo1
Wklv lpsolhv/ lq sduwlfxodu/ wkdw wkh phdvxuh ri zrunhuv zkr duh lq wkh wuldo shulrg lv htxdo wr
}hur1 Lw zloo dsshdu ehorz wkdw wklv zd| wr uhsuhvhqw wkh wuldo shulrg |lhogv vlpsoh lqvljkwv rq
wkh fuxfldo uroh ri wkh wuldo shulrg lq dq h{shulhqfh0udwhg v|vwhp zlwkrxw dq| orvv ri jhqhudolw|1

Rq hyhu| mre/ surgxfwlylw| fkdqjhv dffruglqj wr d Srlvvrq surfhvv zlwk duulydo udwh �1 Hyhu|
wlph d pdwfk lv klw e| d vkrfn/ d qhz ydoxh ri { � dvvxphg wr eh yhul�deoh diwhu wkh wuldo
shulrg � lv gudzq iurp wkh glvwulexwlrq I +{,1 Dq| qhz mre zklfk ydoxh ri { lv ehorz wkh
hqgrjhqrxv wkuhvkrog {? lv ghvwur|hg1 Qhz mrev kdyh dq dgglwlrqdo vrxufh ri ghvwuxfwlrq/ gxh wr
lqvwlwxwlrqdo frqvwudlqwv/ zklfk lpso| wkdw wkh �ulqj frvw fkdqjhv dffruglqj wr d Srlvvrq surfhvv
zlwk duulydo udwh �= Zkhq d fkdqjh rffxuv/ wkh hpsor|hu fdq hlwkhu ghvwur| wkh mre dw frvw
i? . �?> ru frqwlqxhv dqg idfhv qhz �ulqj frvwv dprxqwlqj wr ir . � r � i? . �?/ zkhuh ir � i?
lv wkh �ulqj wd{ uhglvwulexwhg wkurxjk oxps vxp wudqvihuv wr doo wkh zrunhuv/ dqg � r � �? lv d
wd{ xvhg wr �qdqfh xqhpsor|phqw ehqh�wv1 D qhz mre lv wudqviruphg lqwr d vwdeoh mre surylghg
wkdw wkh ydoxh ri { lv deryh dq hqgrjhqrxv uhvhuydwlrq ydoxh/ ghqrwhg e| {r1 Dv wkh �ulqj
frvw lv odujhu iru vwdeoh mrev wkdq iru qhz mrev/ qhz mrev |lhog d kljkhu vxusoxv1 Wkxv/ wkh
uhvhuydwlrq surgxfwlylw| iru qhz mrev/ {?> lv vpdoohu wkdq {r> wkh uhvhuydwlrq surgxfwlylw| iru
wkh wudqvirupdwlrq ri qhz mrev lqwr vwdeoh mrev1 Wkh vdph uhdvrqlqj lpsolhv wkdw vwdeoh mrev duh
ghvwur|hg zkhq wkh| duh klw e| d edg surgxfwlylw| vkrfn/ zklfk ohyho lv ehorz dq hqgrjhqrxv
wkuhvkrog ydoxh/ ghqrwhg e| {_ ? {?= Wkh klvwru| ri mrev lv vxppdul}hg rq Iljxuh 41

Wkh oderu pdunhw  rzv duh uhsuhvhqwhg rq Iljxuh 51 Wkh| sod| d nh| uroh lq wkh ghwhuplqdwlrq
ri wkh xqhpsor|phqw udwh/ zklfk ghshqgv rq wkh udwhv ri mre ghvwuxfwlrq dqg mre wudqvirupdwlrq
dv zhoo dv wkh pdvv ri ydfdqw mrev1 Ohw xv dqdo|}h krz wkh htxloleulxp ydoxhv ri wkhvh yduldeohv
duh lq xhqfhg e| ihdwxuhv ri wkh oderu pdunhw vxfk dv zdjh vhwwlqj/ mre surwhfwlrq dqg wkh
xqhpsor|phqw ehqh�w v|vwhp1

515 Xqhpsor|phqw ehqh�wv dqg zdjh vhwwlqj

Xqhpsor|hg zrunhuv jhw dq lqvwdqwdqhrxv lqfrph pdgh ri wkuhh hohphqwv1 Iluvw/ dq h{rjhqrxv
lqfrph/ ghqrwhg e| }> frplqj iurp wkhlu rzq dfwlylw| +krph surgxfwlrq/ ohlvxuh111,1 Vhfrqg/
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Job-Worker match and signature of a contract

Idiosyncrasic productivityx is observed If x<xn the job is destroyed at cost τn+ fn

If x>xn the (new) job continues Productivity shock (drawing of a new x) with arrival 
rate λ

If x<xn the job is destroyed at cost τn+ fn

If x>xn the job continues Mandatory increase in the layoff cost, 

τs+  fs>τn+  fn, with arrival rate α

If x>xs the job continues and becomes stable 

If x<xs the job is destroyed at cost τn+ fn

Productivity shock (drawing of a new x) with arrival 
rate λ

If x>xd the job continues 

If x<xd the job is destroyed at cost τs+ fs

Iljxuh 4= Wkh klvwru| ri d mre0zrunhu pdwfk1 Wkh duurzv zlwk d grwwhg olqh uhihu wr hqgrjhqrxv
ghflvlrqv zkhuhdv wkh duurzv zlwk d frqwlqxrxv olqh uhihu wr dq h{rjhqrxv hyhqw1

Employees on new jobs

Unemployed workers

Employees on stable
jobs

Iljxuh 5= Oderu pdunhw  rzv
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oxps vxp wudqvihuv uhvxowlqj iurp �ulqj frvwv i? dqg ir zklfk duh qrw ghyrwhg wr �qdqfh
xqhpsor|phqw ehqh�wv1 Wklug/ xqhpsor|phqw ehqh�wv/ ghqrwhg e| e= Xqhpsor|phqw ehqh�wv
duh �qdqfhg wkdqnv wr wzr lqvwuxphqwv= D wd{ � sdlg e| hdfk hpsor|hu rq hdfk �oohg mre/ dqg d
wd{ sdlg zkhq d mre lv ghvwur|hg/ ghqrwhg e| �? dqg � r iru d qhz mre dqg d vwdeoh mre uhvshfwlyho|1
Wklv vhfrqg w|sh ri wd{ lv lqwurgxfhg lq rughu wr hydoxdwh wkh frqvhtxhqfh ri h{shulhqfh udwlqj1
Dffruglqjo|/ wkh h{shqglwxuh ri wkh xqhpsor|phqw ehqh�w v|vwhp lv xe> zkhuhdv lwv uhvrxufhv
shu xqlw ri wlph duh=

E @ � � +4� x, . �? � +Pdvv ri qhz mrev ghvwuxfwlrq, . � r � +Pdvv ri vwdeoh mrev ghvwuxfwlrq,

Pdwfklqj prghov zlwk d edodqfhg exgjhw frqvwudlqw dqg d jlyhq uhsodfhphqw udwlr h{klelw
pxowlsoh htxloleuld +Urfkhwhdx/ 4<<<,1 Lq rughu wr dyrlg wklv sureohp/ zh vkdoo khqfhiruwk
orrn dw wkh frqvhtxhqfh ri h{shulhqfh udwlqj rq xqhpsor|phqw dqg zhoiduh iru d jlyhq ohyho ri
h{shqglwxuh E> dvvxplqj d edodqfhg exgjhw1 Wklv doorzv xv wr orrn iru wkh rswlpdo ghjuhh ri
h{shulhqfh udwlqj/ iru dq| ohyho ri h{shqglwxuh/ dffruglqj wr d zhoo gh�qhg fulwhulrq/ zklfk fdq eh
hlwkhu zhoiduh ru xqhpsor|phqw1 Lw lv zruwk qrwlflqj wkdw dvvxplqj wkdw wkh exgjhw E lv jlyhq
dqg edodqfhg lpsolhv wkdw xqhpsor|phqw ehqh�w e lv hqgrjhqrxv= Lw lv zruwk E@x= Pruhryhu/ li
�? dqg � r duh h{rjhqrxv sdudphwhuv/ � lv qhfhvvdulo| dq hqgrjhqrxv yduldeoh/ zklfk edodqfhv wkh
uhtxluhg ohyho ri h{shqglwxuh1 Li �? dqg � r duh doo htxdo wr }hur/ wkhuh lv qr h{shulhqfh udwlqj1 Li
wkh| duh vxfk wkdw � lv zruwk }hur/ wkhuh lv ixoo h{shulhqfh udwlqj1

Hpsor|hg zrunhuv jhw d zdjh ghqrwhg e| z= Lq rxu ehqfkpdun fdvh/ zklfk uhsuhvhqwv d
 h{leoh oderu pdunhw zlwk qhlwkhu �ulqj frvw qru plqlpxp zdjh/ lw lv dvvxphg wkdw wkh zdjh lv
vhw e| hpsor|huv1 Wklv vlpsoh dvvxpswlrq doorzv xv wr rewdlq d vlwxdwlrq lq zklfk doo zrunhuv
uhfhlyh wkh vdph zdjh/ htxdo wr e.}= Lw lv zruwk qrwlflqj wkdw wklv dvvxpswlrq kdv vrph lpsruwdqw
gudzedfnv dw �uvw jodqfh1 Iluvw/ lw lv dgplwwhgo| ohvv jhqhudo wkdq dvvxplqj zdjh edujdlqlqj
dv lw lv grqh lq prvw pdwfklqj prghov ri wkh oderu pdunhw1 Krzhyhu/ lw vkrxog eh qrwlfhg wkdw
zh zdqw wr orrn dw wkh frqvhtxhqfhv ri h{shulhqfh udwlqj lq wkh suhvhqfh ri d plqlpxp zdjh1
Lqwurgxflqj d plqlpxp zdjh lq d prgho zlwk zdjh glvshuvlrq/ dv lw lv wkh fdvh li zdjhv duh
edujdlqhg ryhu/ jlyhv ulvh wr frpsoh{lwlhv +Fdkxf dqg ]|oehuehuj/ 4<<<, wkdw zh zdqw wr dyrlg
wr eh deoh wr irfxv rq frpsuhkhqvleoh phfkdqlvpv1 Vhfrqg/ dvvxplqj wkdw zrunhuv gr qrw jhw
dq| vkduh ri wkh txdvl0uhqw |lhoghg e| �oohg mrev jlyhv ulvh wr d yhu| lqh!flhqw doorfdwlrq/ zlwk
wrr pdq| mrev lq htxloleulxp +vhh Krvlrv/ 4<<3 dqg Slvvdulghv/ 5333,1 Iurp wklv srlqw ri ylhz/
lw zrxog kdyh ehhq pruh uhohydqw wr dvvxph wkdw zdjhv duh ghwhuplqhg wkurxjk d zdjh srvwlqj
surfhvv zklfk |lhogv dq h!flhqw rxwfrph/ wkdw pd{lpl}hv wkh h{shfwhg xwlolw| ri xqhpsor|hg
zrunhuv/ dv lq Prhqh +4<<:,/ ru Dfhprjox dqg Vklphu +4<<<,1 Krzhyhu/ frpsxwlqj d zdjh
srvwlqj htxloleulxp lq d pdwfklqj prgho zlwk ulvn dyhuvlrq dqg hqgrjhqrxv mre ghvwuxfwlrq lv d
frpsoh{ lvvxh4 wkdw lv eh|rqg wkh vfrsh ri wklv sdshu/ ghyrwhg wr wkh dqdo|vlv ri wkh frqvhtxhqfhv
ri oderu pdunhw uljlglwlhv rq wkh h!flhqf| ri gl�huhqw xqhpsor|phqw frpshqvdwlrq �qdqfh
vfkhphv1 Wklug/ zrunhuv gr qrw ehdu dq| ulvn lq wkh  h{leoh hfrqrp|/ vlqfh wkh| duh mxvw sdlg
wkhlu uhvhuydwlrq zdjh zkdwhyhu wkh| gr1 Dffruglqjo|/ rqh pd| zrqghu zkhwkhu lw lv zruwk
dqdo|}lqj xqhpsor|phqw ehqh�wv lq vxfk d iudphzrun1 Rq wklv sduwlfxodu lvvxh/ zh dujxh wkdw
wklv qrw d sureohp dv idu dv zh duh lqwhuhvwhg lq wkh �qdqflqj ri wkh xqhpsor|phqw ehqh�w

4Lq sduwlfxodu/ hpsor|huv fdqqrw dq| pruh r�hu frqwudfwv zlwk d frqvwdqw zdjh rqo|/ ehfdxvh vxfk frqwudfwv
hqwdlo lqh!flhqw vhsdudwlrqv1 Hpsor|huv zrxog kdyh wr srvw frqwudfwv wkdw vshfli| zdjhv dqg vhyhudqfh sd|phqwv1
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v|vwhp dqg qrw lq wkh ghvljq ri wkh rswlpdo ehqh�wv wkdw zrunhuv vkrxog jhw1 Pruhryhu/ zh vkdoo
vhh wkdw xqhpsor|phqw ehqh�wv fdq eh zhoiduh lpsurylqj ehfdxvh wkh| lq xhqfh zdjhv/ dqg wkdw
rxu dvvxpswlrq doorzv xv wr looxvwudwh lq d vlpsoh zd| wkh uhvsrqvh ri zdjhv wr xqhpsor|phqw
ehqh�wv1

Dfwxdoo|/ rxu vlpsoh dvvxpswlrq wxuqv rxw wr eh uhohydqw iru rxu sxusrvh/ zklfk lv phuho| wr
xqghuvwdqg wkh lpsdfw ri h{shulhqfh udwlqj rq  h{leoh zdjhv lq rughu wr vhh zkdw fkdqjhv duh
lqwurgxfhg e| wkh plqlpxp zdjh dqg �ulqj frvwv1

6 H{shulhqfh udwlqj rq d  h{leoh oderu pdunhw

Rxu ehqfkpdun fdvh lv d  h{leoh oderu pdunhw zlwk d frpshwlwlyh zdjh dqg qr mre surwhfwlrq1
Pdq| frqwulexwlrqv kdyh vkrzq wkdw h{shulhqfh udwlqj kdv d srvlwlyh h�hfw rq hpsor|phqw dqg
zhoiduh lq vxfk d frqwh{w1 Rxu dqdo|vlv fdq eh vsolw lq wzr sduwv1 Iluvw/ zh ehjlq wr vwxg| wkh
wkhruhwlfdo surshuwlhv ri wkh prgho zkhq dq lqfuhdvh lq wkh h{shulhqfh udwlqj wd{ udwh rffxuv1
Vhfrqg/ zh dlp dw �qh wxqlqj wkh wkhruhwlfdo dqdo|vlv zlwk vrph frpsxwdwlrqdo h{huflvhv1

614 Wkhruhwlfdo dqdo|vlv

Ohw xv ehjlq wr dvvxph wkdw wkhuh lv qr �ulqj frvw/ i? @ ir @ 3 dqg wkdw h{shulhqfh udwlqj
dssolhv rq vwdeoh mrev rqo|/ �? @ 3> � r � 3= Pruhryhu/ wkh udwh ri wudqvirupdwlrq ri qhz mrev
lqwr vwdeoh mrev lv lq�qlwh +�$4,= Wklv fdvh uhsuhvhqwv d vlwxdwlrq lq zklfk h{shulhqfh udwlqj
grhv qrw dsso| wr wkh wuldo shulrg= Rqo| mrev wkdw duh ghvwur|hg diwhu wkh wuldo shulrg jlyh ulvh
wr h{shulhqfh udwlqj1

Wkh htxloleulxp lv uhsuhvhqwhg rq Iljxuh 6 lq wkh +�> {_, sodqh/ zkhuh � @ y@x vwdqgv iru
wkh oderu pdunhw wljkwqhvv1 Wkh htxloleulxp ydoxhv ri wkh oderu pdunhw wljkwqhvv � dqg wkh
uhvhuydwlrq surgxfwlylw| {_ duh ghwhuplqhg e| wkh lqwhuvhsw ri d grzqzdugv vorslqj mre fuhdwlrq
fxuyh dqg dq xszdug vorslqj mre ghvwuxfwlrq fxuyh +vhh Dsshqgl{ D/ fdvh 5,1 Lqwxlwlyho|/ wkh mre
fuhdwlrq fxuyh kdv d qhjdwlyh vorsh ehfdxvh d kljkhu uhvhuydwlrq surgxfwlylw| whqgv wr lqfuhdvh
wkh udwh ri mre ghvwuxfwlrq1 Dffruglqjo|/ d kljkhu uhvhuydwlrq surgxfwlylw| iru frqwlqxdwlrq ri
vwdeoh mrev hqwdlov d vkruwhu h{shfwhg gxudwlrq ri mrev1 Wkxv/ li wkh uhvhuydwlrq surgxfwlylw| {_
lv lqfuhdvhg/ h{shfwhg sur�wv iru qhz mrev duh idoolqj r�/ zklfk lqgxfhv hqwuhsuhqhxuv wr fuhdwh
ihzhu mrev/ wkdw/ lq wxuq/ ohdgv wr d ghfuhdvh lq wkh oderu pdunhw wljkwqhvv1 Wkh mre ghvwuxfwlrq
fxuyh kdv d srvlwlyh vorsh/ ehfdxvh dq lqfuhdvh lq wkh oderu pdunhw wljkwqhvv whqgv wr lpsuryh
zrunhuv* rxwvlgh rssruwxqlwlhv/ dqg/ wkhuhiruh/ wr udlvh wkh h{lw udwh iurp xqhpsor|phqw/ wkh
h{shfwhg xwlolw| ri xqhpsor|hg zrunhuv/ dqg zdjhv1 Wkxv/ li wkh oderu pdunhw wljkwqhvv lv udlvhg/
wkh h{shfwhg sur�wv duh idoolqj r� dqg wkh uhvhuydwlrq surgxfwlylw| lv lqfuhdvhg/ vr wkdw pruh
mrev duh whuplqdwhg1

Qrz/ ohw xv orrn dw wkh frqvhtxhqfh ri d ulvh lq h{shulhqfh udwlqj1 Wkhvh frqvhtxhqfhv duh
ghslfwhg rq Iljxuh 6� dq dqdo|wlfdo suhvhqwdwlrq lv jlyhq lq Dsshqgl{ D/ fdvh 51 Lw lqgxfhv d
pryh iurp vwhdg| vwdwh htxloleulxp D wr vwhdg| vwdwh htxloleulxp E1 Dq lqfuhdvh lq h{shulhqfh
udwlqj ghfuhdvhv ghvwuxfwlrq ri vwdeoh mrev/ zklfk fruuhvsrqgv wr dq xszdug pryh ri wkh mre
ghvwuxfwlrq fxuyh1 Iurp wklv srlqw ri ylhz/ h{shulhqfh udwlqj dfwv olnh d �ulqj frvw dqg whqgv
wr fuhdwh d oderu krduglqj skhqrphqrq1 Lw fdq dovr eh fkhfnhg wkdw h{shulhqfh udwlqj ghfuhdvhv
mre fuhdwlrq e| wzr fkdqqhov1 Iluvw/ h{shulhqfh udwlqj lqgxfhv �upv wr fuhdwh ohvv ydfdqw mrev1
Dffruglqjo|/ wkh mre fuhdwlrq fxuyh lv vkliwlqj grzq/ dv vkrzq e| Iljxuh 61 Rqh pxvw nhhs
lq plqg wkdw wklv phfkdqlvp wdnhv dffrxqw ri wkh exgjhw htxloleulxp ri wkh xqhpsor|phqw
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Iljxuh 6= H�hfwv ri dq lqfuhdvh lq h{shulhqfh udwlqj lq wkh  h{leoh oderu pdunhw1

frpshqvdwlrq v|vwhp/ zklfk gl�huv iurp wkh dqdo|vlv surylghg e| Ploodug dqg Pruwhqvhq +4<<:,1
Vhfrqg/ h{shulhqfh udwlqj udlvhv wkh uhvhuydwlrq surgxfwlylw| dw wkh hqg ri wkh wuldo shulrg1

Ryhudoo/ h{shulhqfh udwlqj glplqlvkhv erwk wkh mre ghvwuxfwlrq ri vwdeoh mrev dqg wkh oderu
pdunhw wljkwqhvv � d irupdo surri lv jlyhq lq Dsshqgl{ D/ fdvh 51 Wkhuhiruh/ lwv h�hfw rq
xqhpsor|phqw lv dpeljxrxv dqg lw lv qhfhvvdu| wr �qh wxqh rxu uhvxowv xvlqj frpsxwdwlrqdo
h{huflvhv1

Lw lv dovr zruwk jlylqj vrph klqwv rq wkh frqvhtxhqfhv ri h{shulhqfh udwlqj rq zhoiduh lq wkh
 h{leoh hfrqrp|1 Rqh fdq vkrz � vhh dsshqgl{ D/ fdvh 5 � wkdw zrunhuv/ zkr doo jhw wkh vdph
lqvwdqwdqhrxv xwlolw| X+e . }, @ X

��
�
�

�
. }

�
/ ehqh�w iurp srvlwlyh xqhpsor|phqw ehqh�wv/

ehfdxvh Olp
�<f

g+E@x,@gE A 3= Dffruglqjo|/ lq rxu iudphzrun/ lw lv zruwk lqwurgxflqj srvlwlyh

ydoxhv ri xqhpsor|phqw ehqh�wv1 Exw/ iru srvlwlyh ydoxhv ri xqhpsor|phqw ehqh�wv/ wkh mre
ghvwuxfwlrq udwh lv wrr kljk/ lq wkh devhqfh ri h{shulhqfh udwlqj ehfdxvh xqhpsor|phqw ehqh�wv
lqgxfh d glvfuhsdqf| ehwzhhq wkh vrfldo ydoxh ri mrev vxusoxv/ zklfk rewdlqv e| frpsdulvrq ri
wkh surgxfwlylw| ri wkh mre/ {> zlwk wkh surgxfwlylw| rxwvlgh wkh pdunhw/ }> dqg wkh sulydwh ydoxh
ri mrev vxusoxv/ zklfk lv ghulyhg iurp wkh frpsdulvrq ri wkh mre surgxfwlylw| iuhh ri wd{hv/ {�� >
zlwk wkh zrunhuv uhvhuydwlrq zdjh/ e. }= Lq rughu wr pdnh wklv srlqw fohdu/ ohw xv frqvlghu/ iru
wkh vdnh ri vlpsolflw|/ d vwdwlf hqylurqphqw1 Lq wkdw fdvh/ h!flhqf| uhtxluhv wkdw doo mrev zlwk
{ � } frqwlqxh/ exw wkh sulydwh ghflvlrqv ri hpsor|huv lpso| wkdw wkh| ghvwur| mrev vxfk wkdw5

{�� ? }.e= Dffruglqjo|/ lw dsshduv wkdw xqhpsor|phqw ehqh�wv lqgxfh d glvfuhsdqf| ehwzhhq
wkh sulydwh dqg wkh h!flhqw mre ghvwuxfwlrq ghflvlrqv iru wzr uhdvrqv1 Iluvw/ wkh �vfdo h{whuqdolw|
vwuhvvhg e| Ihogvwhlq +4<:9, dulvhv/ vlqfh hpsor|huv zkr �uh zrunhuv gr qrw wdnh dffrxqw ri wkh
lqfuhdvh lq wkh wd{ lqgxfhg e| wkhlu dfwlrq lq wkh devhqfh ri h{shulhqfh udwlqj1 Dffruglqjo|/
hpsor|huv �uh wrr pdq| zrunhuv/ zklfk lpsolhv d wrr kljk ydoxh ri wkh wd{ � > dqg wrr pdq| mre
ghvwuxfwlrqv1 Vhfrqg/ wkh uhvhuydwlrq zdjh/ z @ e . }> lv lqfuhdvhg e| xqhpsor|phqw ehqh�wv1
Wklv dovr ohdgv wr wrr pdq| mre ghvwuxfwlrqv61 Iru wkhvh wzr uhdvrqv/ wkh mre ghvwuxfwlrq udwh

5Dsshqgl{ D/ fdvh 4/ suhflvho| gh�qhv mre ghvwuxfwlrq ghflvlrqv lq wkh g|qdplf pdwfklqj prgho1
6Qrwlfh wkdw wklv h�hfw zrxog dovr dulvh lq d prgho zlwk zdjh edujdlqlqj ru zlwk zdjh srvwlqj1
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Wdeoh 4= Sdudphwhuv ydoxh dqg ihdwxuhv ri wkh  h{leoh oderu pdunhw

lv wrr kljk li wkhuh duh srvlwlyh xqhpsor|phqw ehqh�wv dqg qr h{shulhqfh udwlqj lq wkh  h{leoh
hfrqrp|1 Wkdw lv zk| lw lv zruwk xvlqj h{shulhqfh udwlqj1 Lq vxp/ lq rxu ehqfkpdun hfrqrp|/
lw dsshduv wkdw wkh zhoiduh ri zrunhuv fdq eh pd{lpl}hg wkdqnv wr d frpelqdwlrq ri srvlwlyh
xqhpsor|phqw ehqh�wv dqg ixoo h{shulhqfh udwlqj1

615 Frpsxwdwlrqdo h{huflvhv

Rxu frpsxwdwlrqdo h{huflvhv looxvwudwh wkh h�hfwv ri h{shulhqfh udwlqj lq d pruh vwulqjhqw pdqqhu1
Wkh| vxjjhvw wkdw vrph srvlwlyh h{shulhqfh udwlqj lv idyrudeoh wr erwk hpsor|phqw dqg zhoiduh
iru d odujh udqjh ri sodxvleoh sdudphwhuv ydoxhv1

Zh iroorz Pruwhqvhq dqg Slvvdulghv +4<<<d/e, lq wkh fdoleudwlrq h{huflvh1 D pdwfklqj ixqf0
wlrq ri wkh Free0Grxjodv irup lv dvvxphg/ vxfk wkdw oq ^p+�,` @ �

2 oq+�,=Wkh glvwulexwlrq ri
lglrv|qfudwlf vkrfnv lv dvvxphg wr eh xqlirup rq wkh vxssruw ^3> 4` = Zh dvvxph d FUUD xwlolw|
ixqfwlrq= X+U, @ U�3j@+4� �,> zlwk � @ 4=8= Wkh edvholqh sdudphwhuv xvhg lq rxu frpsxwd0
wlrqdo h{huflvh duh uhsruwhg lq Wdeoh 41 Wkh wlph xqlw lv wkh txduwhu dqg sdudphwhuv �> }> dqg
k duh fkrvhq vr wkdw wkh vwhdg| vwdwh lpsolfdwlrqv ri wkh prgho pdwfk uhdvrqdeoh ydoxhv iru
wkh mre ghvwuxfwlrq udwh/ wkh xqhpsor|phqw vshoo dqg wkh xqhpsor|phqw udwh iru wkh rswlpdo
uhsodfhphqw udwlr/ eW @ 3=;7> lq wkh devhqfh ri h{shulhqfh udwlqj/ zklfk lv frpsxwhg iurp Iljxuh
7/ dv h{sodlqhg ehorz1

Khqfhiruwk wkh ghjuhh ri h{shulhqfh udwlqj/ ghqrwhg e| %> lv wkh sursruwlrq ri wkh h{0
shfwhg glvfrxqwhg frvw ri dq xqhpsor|hg zrunhu1 Qdpho|/ jlyhq wkdw wkh h{lw udwh iurp xq0
hpsor|phqw lv �p+�, ^4�I +{?,` > wkh h{shfwhg glvfrxqwhg frvw ri dq xqhpsor|hg zrunhu lv
e@ ^u . �p+�, ^4� I+{?,`` > dqg % lv wkh sursruwlrq ri wklv frvw sdlg e| dq hpsor|hu zkhq d
zrunhu lv �uhg1

Iljxuh 7 sorwv wkh zhoiduh dv d ixqfwlrq ri wkh exgjhw E iru gl�huhqw ghjuhhv ri h{shulhqfh
udwlqj/ zklfk dssolhv diwhu wkh wuldo shulrg rqo|1 Lq wkh  h{leoh oderu pdunhw/ zhoiduh vlpso|
dprxqwv wr X+e . },@u> vlqfh doo zrunhuv jhw wkh vdph lqfrph1 Iljxuh 7 vkrzv wkdw zhoiduh
lv pd{lpl}hg iru d srvlwlyh ohyho ri xqhpsor|phqw ehqh�wv dqg ixoo h{shulhqfh udwlqj +% @ 4,1
Qdpho|/ lw dsshduv wkdw wkh h!flhqw doorfdwlrq lv rewdlqhg iru E @ 3=388 dqg % @ 4 lq wkh  h{leoh
hfrqrp|1 Lw lv zruwk qrwlflqj wkdw wklv uhvxow doorzv xv wr ghgxfh wkdw wkh xqhpsor|phqw udwh
uhdfkhv d plqlpxp zkhq wkhuh lv ixoo h{shulhqfh udwlqj iru d jlyhq ohyho ri h{shqglwxuhE @ 3=388>
ehfdxvh zhoiduh phuho| dprxqwv wr X

��
�
�

�
. }

�
@u=

Lw fdq eh vhhq/ rq Iljxuh 8/ wkdw h{shulhqfh udwlqj lqgxfhv d uhodwlyho| vpdoo lpsdfw rq wkh
xqhpsor|phqw udwh wkdw ghfuhdvhv iurp 43188(/ iru % @ 3> wr 43158(/ iru % @ 4=

Iljxuh 9 vkrzv wkh frqvhtxhqfh ri h{shulhqfh udwlqj lq wkh fdvh lq zklfk lw dovr dssolhv wr
wkh wuldo shulrg1 Lq wklv vlwxdwlrq/ hpsor|huv kdyh wr ehdu vrph �ulqj frvwv/ gxh wr h{shulhqfh
udwlqj/ zkhq wkh| �uh zrunhuv gxulqj wkh wuldo shulrg1 Iljxuh 9 sorwv wkh zhoiduh dv d ixqfwlrq
ri E iru wkuhh ohyhov ri h{shulhqfh udwlqj= % @ 3> % @ 3=6> % @ 3=9> zkhq h{shulhqfh udwlqj
dssolhv wr doo mrev/ lqfoxglqj wkh wuldo shulrg1 Lw fdq eh vhhq wkdw wkh kljkhvw ohyho ri zhoiduh
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Iljxuh 7= Wkh frqvhtxhqfh ri fkdqjhv lq wkh exgjhw E rq zhoiduh/ iru % @ 3 +vkruw gdvkhg olqh,
% @ 4 +frqwlqxrxv olqh,/ dqg % @ 4=8 +orqj gdvkhg olqh, zkhq h{shulhqfh udwlqj grhv qrw dsso|
wr wkh wuldo shulrg1
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Iljxuh 8= H{shulhqfh udwlqj dqg xqhpsor|phqw lq wkh ehqfkpdun oderu pdunhw zlwk d wuldo
shulrg iru E @ 3=388=
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Iljxuh 9= Wkh frqvhtxhqfh ri fkdqjhv lq wkh exgjhw E rq zhoiduh/ iru % @ 3 +vkruw gdvkhg olqh,
% @ 3=6 +frqwlqxrxv olqh,/ dqg % @ 3=9 +orqj gdvkhg olqh, zkhq h{shulhqfh udwlqj dssolhv wr wkh
wuldo shulrg1

rewdlqv lq wkh devhqfh ri h{shulhqfh udwlqj1 Rwkhu vlpxodwlrqv/ qrq uhsruwhg khuh/ lqglfdwh wkdw
zhoiduh lv pd{lpl}hg zlwkrxw h{shulhqfh udwlqj/ zklfk phdqv wkdw lw lv qrw zruwk lqwurgxflqj
h{shulhqfh udwlqj li lw dssolhv wr doo mrev/ lqfoxglqj wkh wuldo shulrg1 Lw lv lpsruwdqw wr qrwlfh
wkdw wklv uhvxow rewdlqv ehfdxvh wkh sursruwlrq ri od|r�v dw wkh hqg ri wkh wuldo shulrg lv yhu|
kljk lq rxu iudphzrun= Lw lv zruwk 94(zkhq % @ 3= Dffruglqjo|/ h{shulhqfh udwlqj vwurqjo|
glvfrxudjhv mre fuhdwlrq li lw dssolhv wr wkh wuldo shulrg1 Rwkhu sdudphwhuv ydoxh/ frqgxflyh
wr d orzhu sursruwlrq ri od|r�v dw wkh hqg ri wkh wuldo shulrg/ zrxog lpso| wkdw wkh rswlpdo
h{shulhqfh udwlqj/ dsso|lqj wr doo mrev/ zrxog eh srvlwlyh/ exw orzhu wkdq rqh1 Rqh fdq frqfoxgh
wkdw h{shulhqfh udwlqj lv zruwkzkloh rq d  h{leoh oderu pdunhw li lw grhv qrw dsso| dw wkh yhu|
ehjlqqlqj ri wkh hpsor|phqw uhodwlrqvkls zkhq wkh xqfhuwdlqw| derxw pdwfkhv txdolw| lv odujh1
Li wkh vfuhhqlqj surfhvv ri zrunhuv ohdgv wkh hpsor|huv wr whuplqdwh pdq| mrev/ dq h!flhqw
h{shulhqfh udwlqj v|vwhp kdv wrr dsso| diwhu d zhoo gh�qhg wuldo shulrg1

Lw lv riwhq dujxhg wkdw h{shulhqfh udwlqj lv wkh vdph wklqj dv �ulqj frvwv1 Rxu iudphzrun/
doorzv xv wr vkrz wkdw wklv dvvhuwlrq lv idu iurp ehlqj frpsohwho| uljkw1 Lqghhg/ lq rxu iudphzrun/
h{shulhqfh udwlqj kdv d gl�huhqw lpsdfw rq xqhpsor|phqw wkdq �ulqj frvwv iru d jlyhq ohyho ri
h{shqglwxuh E1 Reylrxvo|/ lqfuhdvlqj �ulqj frvwv � dqg wkxv wkh oxps vxp wudqvihu jrwwhq e|
hdfk zrunhu � dqg vlpxowdqhrxvo| ghfuhdvlqj wkh ohyho ri h{shqglwxuh E dprxqwv wr udlvh wkh
ghjuhh ri h{shulhqfh udwlqj1 Krzhyhu/ lq rxu iudphzrun/ dq lqfuhdvh lq �ulqj frvwv/ iru d jlyhq

ohyho ri E> udlvhv wkh xqhpsor|phqw udwh/ ehfdxvh wkh lqfuhdvh lq wkh vhsdudwlrq frvwv i? dqg ir
lv qrw frpshqvdwhg e| d sd|uroo wd{ ghfuhdvh1 Wkh frqvhtxhqfh ri d �ulqj wd{ klnh iru d jlyhq
ohyho ri E lv looxvwudwhg e| Iljxuh :1

7 H{shulhqfh udwlqj rq d uljlg oderu pdunhw

Zh duh jrlqj wr irfxv rq wzr dvshfwv ri oderu pdunhw uljlglw|= Mre surwhfwlrq dqg wkh plqlpxp
zdjh/ zklfk sod| d yhu| lpsruwdqw uroh lq Hxursh1 Zh vwduw rxu dqdo|vlv e| vrph frpsxwdwlrqdo
h{huflvhv phdqw wr xqghuolqh wkh surshuwlhv ri rxu prgho zkhq �ulqj frvwv dqg2ru d plqlpxp
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Iljxuh := Wkh frqvhtxhqfh ri �ulqj frvwv +ir @ i?, rq xqhpsor|phqw iru d jlyhq exgjhw
E @ 3=388=

zdjh dsso|1 Wkhq/ zh hydoxdwh wkh frqvhtxhqfh ri h{shulhqfh udwlqj rq d vshfl�f oderu pdunhw/
qdpho| wkh Iuhqfk oderu pdunhw/ zklfk kdv pdq| ihdwxuhv riwhq phw lq frqwlqhqwdo Hxurshdq
frxqwulhv1

714 Ilulqj frvwv dqg plqlpxp zdjh

Mre surwhfwlrq lv olnho| wr frxqwhudfw wkh ehqh�wv ri h{shulhqfh udwlqj1 Wkh srwhqwldo yluwxh ri
h{shulhqfh udwlqj ehlqj wr orzhu mre ghvwuxfwlrq/ lw lv grxewixo zkhwkhu lw lv zruwkzkloh xvlqj
h{shulhqfh udwlqj zkhq wkhuh duh kljk �ulqj frvwv1 Wklv srlqw lv looxvwudwhg e| Iljxuh ;/ zklfk
uhsuhvhqwv wkh frqvhtxhqfhv ri h{shulhqfh udwlqj/ dsso|lqj rqo| diwhu wkh hqg ri wkh wuldo shulrg/
zkhq wkh �ulqj frvwv rq hyhu| mre dprxqw wr 5 � wkh dyhudjh surgxfwlrq ri d zrunhu ehlqj
derxw 3=; shu txduwhu lq wkdw fdvh1 Rqh fdq vhh wkdw h{shulhqfh udwlqj lv qrw dq| pruh xvhixo wr
ghfuhdvh xqhpsor|phqw zkhq wkhuh lv d vwurqj mre surwhfwlrq1 Pruhryhu/ zhoiduh dovr ghfuhdvhv
zlwk wkh ghjuhh ri h{shulhqfh udwlqj1 Pruh jhqhudoo|/ lw dsshduv wkdw wkh rswlpdo ghjuhh ri
h{shulhqfh udwlqj ghfuhdvhv zlwk wkh ohyho ri mre surwhfwlrq/ dqg fdq hyhq ehfrph qhjdwlyh/
zkhq mre surwhfwlrq lv yhu| kljk1

Wkh lq xhqfh ri wkh plqlpxp zdjh rq wkh h!flhqf| ri h{shulhqfh udwlqj fdq hdvlo| eh
xqghuvwrrg lq rxu vlpsoh iudphzrun1 Ohw xv dvvxph wkdw d plqlpxp zdjh lv lqwurgxfhg lq wkh
 h{leoh oderu pdunhw/ zlwkrxw dq| �ulqj frvw1 Lw fdq eh xqghuvwrrg wkdw h{shulhqfh udwlqj fdq
lpsuryh h!flhqf| iru wzr uhdvrqv1 Iluvw/ wkh plqlpxp zdjh lqfuhdvhv lqh!flhqw mre ghvwuxfwlrqv/
zlwk srvlwlyh mre vxusoxv1 H{shulhqfh udwlqj � dsso|lqj diwhu wkh hqg ri wkh wuldo shulrg � lv d
zd| wr frxqwhudfw wklv w|sh ri lqh!flhqf|/ lqghshqghqwo| ri wkh xqhpsor|phqw ehqh�w �qdqflqj
sureohp/ ehfdxvh/ lq wkh suhvhqfh ri d plqlpxp zdjh/ lw lv zruwk lqwurgxflqj �ulqj frvwv wkdw
duh uhglvwulexwhg wr hpsor|huv dv d vxevlg| orzhulqj oderu frvw1 Vhfrqg/ wkh �vfdo h{whuqdolw|
vwuhvvhg e| Ihogvwhlq +4<:9, vwloo h{lvwv zkhq wkhuh lv d plqlpxp zdjh/ vlqfh wkh oderu frvw
dprxqwv wr z. � lq wkh devhqfh ri h{shulhqfh udwlqj/ � ehlqj wdnhq dv jlyhq e| hdfk hpsor|hu1

Dv vkrzq e| Iljxuh </ dvvxplqj wkdw wkh plqlpxp zdjh hqwdlov dq xqhpsor|phqw udwh
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Iljxuh 43= H{shulhqfh udwlqj lq wkh oderu pdunhw zlwk d plqlpxp zdjh dqg kljk �ulqj frvwv
+ir @ i? @ 5=8 � z,1

ri derxw <=8( lq wkh devhqfh ri h{shulhqfh udwlqj7/ h{shulhqfh udwlqj fdq jlyh ulvh wr d 518
shufhqwdjh srlqwv ghfuhdvh lq wkh xqhpsor|phqw udwh/ zkhuhdv wkh ghfuhdvh zdv yhu| vpdoo lq
wkh devhqfh ri d plqlpxp zdjh/ dv lw lv vkrzq rq Iljxuh 81 Pruhryhu/ lw dsshduv wkdw wkh ghjuhh
ri h{shulhqfh udwlqj wkdw plqlpl}hv wkh xqhpsor|phqw udwh lv odujhu wkdq rqh1 Wklv lv ehfdxvh
h{shulhqfh udwlqj frxqwhudfwv wkh frqvhtxhqfhv ri wkh �vfdo h{whuqdolw| dqg wkh plqlpxp zdjh1

Krzhyhu/ wklqjv wxuq rxw wr eh yhu| gl�huhqw zkhq wkhuh duh kljk �ulqj frvwv wrjhwkhu zlwk
d plqlpxp zdjh1 Lq wkdw fdvh/ rqh nqrzv wkdw �upv gr qrw qhfhvvdulo| ghvwur| wrr pdq| mrev/
hyhq li wkhuh lv d plqlpxp zdjh1 Lw fdq hyhq eh wkh fdvh wkdw �ulqj frvwv duh vr kljk wkdw wkh
mre ghvwuxfwlrq udwh lv wrr orz1 Wklv fdvh lv looxvwudwhg e| Iljxuh 43/ zklfk vkrzv wkdw lw lv qrw
zruwkzkloh lqwurgxflqj h{shulhqfh udwlqj zkhq wkhuh lv d frpelqdwlrq ri d kljk plqlpxp zdjh
dqg kljk �ulqj frvwv1

Ryhudoo/ oderu pdunhw uljlglw| kdv dq dpeljxrxv lq xhqfh rq wkh h!flhqf| ri h{shulhqfh
udwlqj1 Rq rqh kdqg/ mre surwhfwlrq lqgxelwdeo| sod|v djdlqvw h{shulhqfh udwlqj1 Exw rq wkh
rwkhu kdqg/ d kljk plqlpxp zdjh udlvhv wkh h!flhqf| ri h{shulhqfh udwlqj wr �jkw djdlqvw
xqhpsor|phqw li mre surwhfwlrq lv orz1 Dffruglqjo|/ rqh fdq frqfoxgh wkdw wkh ghvludelolw| ri
h{shulhqfh udwlqj vkrxog eh dssuhfldwhg rq hyhu| oderu pdunhw/ vlqfh lw ghshqgv rq lqvwlwxwlrqdo
ihdwxuhv wkdw duh vshfl�f wr hdfk frxqwu|1

715 D w|slfdo Hxurshdq oderu pdunhw

Qrz/ ohw xv wxuq wr wkh lvvxh ri wkh h!flhqf| ri h{shulhqfh udwlqj rq d vshfl�f oderu pdunhw1
Qdpho|/ ohw xv frqvlghu wkh Iuhqfk fdvh/ zklfk lv lqvwuxfwlyh lqvridu dv pdq| ihdwxuhv ri wkh
Iuhqfk oderu pdunhw duh dovr suhvhqw lq Hxurshdq oderu pdunhwv1 Dfwxdoo|/ mre surwhfwlrq dulvhv
lq d yhu| vshfl�f irup lq vxfk pdunhwv/ ehfdxvh wkhuh duh erwk vwdeoh mrev/ wkdw ehqh�w iurp
dq lpsruwdqw mre surwhfwlrq/ dqg xqvwdeoh mrev/ zlwk d yhu| vkruw gxudwlrq � vhh Jrx{ dqg
Pdxulq +5333,/ Frkhq +4<<<,1 Wkh vsuhdg ri whpsrudu| mrev lq Frqwlqhqwdo Hxursh/ gxulqj

7Wklv ydoxh ri wkh xqhpsor|phqw udwh fruuhvsrqgv wr wkh ydoxh rewdlqhg iru wkh sdudphwhuv ydoxh fkrvhq wr
plplf wkh Iuhqfk oderu pdunhw +vhh Wdeoh 5,/ h{fhsw iru wkh �ulqj frvwv zklfk duh vhw wr }hur khuh1
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Xqhpsor|phqw udwh 49(
H{lw udwh iurp xqhpsor|phqw 64( shu txduwhu
Vkduh ri qhz mrev 56(
Vkduh ri qhz pdwfkhv wudqviruphg lqwr vwdeoh mrev 58(
Vwdeoh mrev ghvwuxfwlrq udwh 9( shu txduwhu
Uhsodfhphqw udwlr :9(

Wdeoh 5= Ihdwxuhv ri wkh Iuhqfk oderu pdunhw iru xqvnloohg zrunhuv1

wkh hljkwlhv dqg wkh ehjlqqlqj ri wkh qlqhwlhv +RHFG/ 4<<<,/ lv d vwulnlqj ihdwxuh ri Hxurshdq
oderu pdunhwv zlwk kljk �ulqj frvwv1 Lq wklv frqwh{w/ vrph qhz txhvwlrqv dulvh= Zkdw lv wkh uhdo
ghjuhh ri mre surwhfwlrq zkhq whpsrudu| dqg shupdqhqw mrev frh{lvwB Vkrxog erwk whpsrudu|
dqg shupdqhqw mrev eh frqfhuqhg e| h{shulhqfh udwlqjB

Rxu prgho doorzv xv wr dqvzhu/ wr d fhuwdlq h{whqw/ wr wkhvh txhvwlrqv1 Lq rughu wr pdwfk
wkh pdlq ihdwxuhv ri wkh iuhqfk oderu pdunhw/ dffruglqj wr wkh hpslulfdo frqwulexwlrq ri Jrx{
dqg Pdxulq +5333,/ lw kdv ehhq dvvxphg wkdw wkh w|slfdo ohqjwk ri d qhz qrq surwhfwhg mre lv
rqh |hdu +� @ 3=58,1 D qhz mre kdv d orz �ulqj frvw/ wkdw dprxqwv wr 8( ri wkh |hduo| zdjh1 D
vwdeoh mre kdv d kljkhu �ulqj frvw/ wkdw dprxqwv wr 83( ri wkh |hduo| zdjh1 Zh dovr kdyh fkrvhq
wr irfxv rq wkh vlwxdwlrq ri wkh xqvnloohg zrunhuv/ zkr duh sdlg d plqlpxp zdjh1 Dffruglqjo|/
wkh plqlpxp zdjh kdv ehhq fkrvhq wr jhw dq xqhpsor|phqw udwh ri 49( lq wkh devhqfh ri
h{shulhqfh udwlqj1 Wdeoh 5 suhvhqwv8 wkh pdlq ihdwxuhv ri wkh oderu pdunhw wkdw dulvh zlwk wkh
vhohfwhg sdudphwhuv ydoxh zkhq wkhuh lv qr h{shulhqfh udwlqj1

Wkh h�hfw ri h{shulhqfh udwlqj rq xqhpsor|phqw dqg zhoiduh lv looxvwudwhg e| Iljxuh 441
Zh glvwlqjxlvk wzr fdvhv= Iluvw/ h{shulhqfh udwlqj pd| dsso| wr doo mrev/ lqfoxglqj wkh wuldo
shulrg/ vhfrqg/ wr vwdeoh mrev rqo|1 Pruhryhu/ zh orrn dw wkh frqvhtxhqfh ri h{shulhqfh udwlqj
rq xqhpsor|phqw/ rq wkh xwlolwduldq fulwhulrq � zklfk fruuhvsrqgv wr wkh zhljkwhg vxp ri wkh
zrunhuv* zhoiduh � rq wkh zhoiduh ri wkh xqhpsor|hg zrunhuv dqg rq wkh zhoiduh ri wkh hpsor|hhv
rq qhz mrev1 Joredoo|/ Iljxuh 44 vkrzv wkdw wkh xqhpsor|phqw udwh uhdfkhv d plqlpxp/ dqg wkh
gl�huhqw phdvxuhv ri zhoiduh d pd{lpxp/ iru d srvlwlyh ydoxh ri h{shulhqfh udwlqj lq doo fdvhv1
Wkxv/ h{shulhqfh udwlqj lv zruwkzkloh= Lw ghfuhdvhv xqhpsor|phqw dqg lpsuryhv zhoiduh hyhq lq
wkh fdvh zkhuh lw dovr dssolhv wr wkh wuldo shulrg1 Hyhq li �ulqj frvw duh uhodwlyho| kljk lq Iudqfh/
wkh suhvhqfh ri whpsrudu| mrev dqg ri d plqlpxp zdjh pdnh h{shulhqfh udwlqj ghvludeoh iru
wkh orz vnloohg zrunhuv1 Wklv uhvxow lv yhu| urexvw lq rxu iudphzrun= Lw krogv lq d odujh udqjh ri
sodxvleoh sdudphwhuv ydoxhv1

Rxu prgho dovr vkhgv oljkw rq wkh zd| h{shulhqfh udwlqj vkrxog eh dssolhg rq Hxurshdq
oderu pdunhwv1 Jlyhq wkdw rqo| d orz vkduh ri qhz pdwfkhv duh wudqviruphg lqwr vwdeoh mrev
+derxw 58( dv vkrzq lq Wdeoh 5,/ rxu prgho vxjjhvwv wkdw h{shulhqfh udwlqj vkrxog qrw dsso| wr
qhz mrev � qdpho| �{hg0whup mrev lq Iudqfh/ zkhuh ;3( ri klulqjv duh �{hg0whup mrev � zklfk
doorz wkh hpsor|hu wr vfuhhq wkh hpsor|hhv1 Reylrxvo|/ lqwurgxflqj h{shulhqfh udwlqj rq vwdeoh
mrev rqo| lqgxfhv dq lqfuhdvh lq wkh sursruwlrq ri qhz mrev/ vlqfh wkh qhz mrev ghvwuxfwlrq udwh
lv udlvhg dqg wkh vwdeoh mrev ghvwuxfwlrq udwh lv ghfuhdvhg e| h{shulhqfh udwlqj1 D sulrul/ wklv
lv ghwulphqwdo wr zrunhuv zkr duh qrw hpsor|hg rq d vwdeoh mre1 Krzhyhu/ lw dsshduv wkdw wklv
skhqrphqrq lv qrw uhdoo| d sureohp khuh/ vlqfh erwk xqhpsor|hg zrunhuv dqg hpsor|hhv rq qhz

8Sdudphwhuv ydoxh duh lghqwlfdo wr wkrvh gh�qhg lq Wdeoh 4/ h{fhsw iru 5 ' f��/ � ' f�f�c dqg wkh zdjh/ zklfk
lv qrz h{rjhqrxv= � ' f�Se�
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Iljxuh 44= H{shulhqfh udwlqj/ xqhpsor|phqw/ dqg zhoiduh/ rq wkh Iuhqfk oderu pdunhw1 H{sh0
ulhqfh udwlqj dssolhv hlwkhu wr doo mrev +gdvkhg olqhv, ru wr vwdeoh mrev rqo| +frqwlqxrxv olqhv,1

mrev/ zkr duh wkrvh zkr vx�hu iurp wkh vsuhdg ri mre lqvwdelolw|/ ehqh�w iurp h{shulhqfh udwlqj
lqwurgxfhg lq vxfk d zd|1

8 Frqfoxvlrq

Lq wklv sdshu/ zh kdyh surylghg d prgho ri d uljlg oderu pdunhw lqfoxglqj �ulqj frvwv/ whpsrudu|
mrev dqg d plqlpxp zdjh1 Wklv prgho ohdgv xv wr dujxh wkdw h{shulhqfh udwlqj lv olnho| wr uhgxfh
xqhpsor|phqw dqg wr lpsuryh oderu pdunhw h!flhqf| iru orz vnloohg zrunhuv lq Iudqfh/ dqg pruh
jhqhudoo| iru orz vnloohg zrunhuv lq d w|slfdo uljlg Frqwlqhqwdo Hxurshdq oderu pdunhw1 Wkhvh
uhvxowv vxjjhvw wkdw wkh frpelqdwlrq ri plqlpxp zdjh/ whpsrudu| mrev dqg �ulqj frvw phw lq
Frqwlqhqwdo Hxursh jlyhv ulvh wr d irup ri oderu pdunhw uhjxodwlrq zkhuh h{shulhqfh udwlqj lv
zruwkzkloh1

Reylrxvo|/ rxu prgho kdv vrph olplwdwlrqv wkdw ixwxuh zrun vkrxog jr eh|rqg1 Iluvw/ zrunhuv
khwhurjhqhlw| lv qrw wdnhq lqwr dffrxqw1 Dfwxdoo|/ h{shulhqfh udwlqj lv olnho| wr lqgxfh �upv wr
vxevwlwxwh zrunhuv zlwk vkruw h{shfwhg xqhpsor|phqw gxudwlrqv wr zrunhuv zlwk orqj h{shfwhg
xqhpsor|phqw gxudwlrq/ ehfdxvh wkh frvw ri wkh iruphu lv orzhu lq fdvh ri vhsdudwlrq1 Iurp
wklv srlqw ri ylhz/ h{shulhqfh udwlqj pd| eh ghwulphqwdo wr yhu| orz vnloohg zrunhuv/ zkrvh
xqhpsor|phqw vshoo lv orqj1 Lw lv lpsruwdqw wr wdnh wklv ihdwxuh lqwr dffrxqw wr hydoxdwh wkh
urexvwqhvv ri rxu uhvxowv1 Vhfrqg/ h{ dqwh �upv khwhurjhqhlw| lv qrw wdnhq lqwr dffrxqw1 Wkh
lqwurgxfwlrq ri h{shulhqfh udwlqj lqgxfhv dq lqfuhdvh lq wkh wd{ exughq lq vhfwruv zlwk kljk
oderu wxuq0ryhu dqg d ghfuhdvh lq wkh rwkhuv1 Lw lv lpsruwdqw wr hydoxdwh wkh frqvhtxhqfhv ri
vxfk uhglvwulexwlyh h�hfwv rq wkh hpsor|phqw ohyho ri hdfk vhfwru wr rewdlq d frpsohwh slfwxuh
ri wkh h�hfw ri h{shulhqfh udwlqj +Ghhuh/ 4<<4,1 Wklug/ zh kdyh olplwhg wkh dqdo|vlv wr wkh
vhjphqw ri wkh oderu pdunhw zlwk d elqglqj plqlpxp zdjh zkhq zh irfxvhg rq wkh Hxurshdq
vlwxdwlrq1 Lw zrxog eh zruwk wdnlqj dffrxqw ri wkh lqwhudfwlrqv ehwzhhq wklv vhjphqw dqg wkh
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rwkhuv lq zklfk zdjhv duh edujdlqhg e| vrfldo sduwqhuv1 Irxuwk/ rxu prgho grhv qrw dffrxqw iru
wkh pdfurhfrqrplf hqylurqphqw1 Dqdo|}lqj wkh lqflghqfh ri h{shulhqfh udwlqj rq zhoiduh dqg
xqhpsor|phqw zkhq wkh hfrqrp| lv vxemhfw wr erwk lglrv|qfudwlf dqg pdfurhfrqrplf vkrfnv lv
rq rxu uhvhdufk djhqgd1

4:



Uhihuhqfhv

Dfhprjox/ G1 dqg Vklphu/ U1 +4<<<,/ �H!flhqw Xqhpsor|phqw Lqvxudqfh�/ Mrxuqdo ri Srolwlfdo
Hfrqrp|/ 43:/ ss1 ;<60<5;1

Doeuhfkw M1/ dqg Yurpdq V1/ +4<<<,/ �Xqhpsor|phqw Ilqdqfh dqg H!flhqf| Zdjhv�/ Mrxuqdo
ri Oderu Hfrqrplfv/ 4:+4,/ ss1 474049:1

Dqghuvrq S1/ dqg Ph|hu E1/ +4<<6,/ �Xqhpsor|phqw Lqvxudqfh lq wkh Xqlwhg Vwdwhv= Od|r�
Lqfhqwlyhv dqg Furvv Vxevlglhv�/ Mrxuqdo ri Oderu Hfrqrplfv/ 44+5,/ ss1 :30<81

Dqghuvrq S1/ dqg Ph|hu E1/ +4<<7,/ �Wkh H�hfwv ri Xqhpsor|phqw Lqvxudqfh Wd{hv dqg Ehqh�wv
rq Od|r�v Xvlqj Ilup dqg Lqglylgxdo Gdwd�/ QEHU Zrunlqj Sdshu Q�7<931

Dqghuvrq S1/ dqg Ph|hu E1/ +5333,/ �Wkh H�hfwv ri wkh Xqhpsor|phqw Lqvxudqfh Sd|uroo Wd{
rq Zdjhv/ Hpsor|phqw/ Fodlpv dqg Ghqldov�/ Mrxuqdo ri Sxeolf Hfrqrplfv/ :;/ ss1 ;404391

Exughww N1/ dqg Zuljkw U1/ +4<;<,/ �Xqhpsor|phqw Lqvxudqfh dqg Vkruw Wlph Frpshqvdwlrq=
Wkh H�hfwv rq Od|r�v/ Krxuv shu Zrunhu dqg Zdjhv1�/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ <:/ ss1
47:<047<91

Fdkxf S1/ dqg ]|oehuehuj D1/ +4<<<,/ �Mre Surwhfwlrq/ Plqlpxp Zdjh dqg Xqhpsor|phqw�/
Fhsuhpds Zrunlqj Sdshu q�<<471

Fdug1 G1/ dqg Ohylqh S1/ +4<<7,/ �Xqhpsor|phqw Lqvxudqfh Wd{hv dqg wkh F|folfdo dqg Vhdvrqdo
Surshuwlhv ri Xqhpsor|phqw�/ Mrxuqdo ri Sxeolf Hfrqrplfv/ 86/ ss1 405<1

Frkhq G1/ +4<<<,/ �Zhoiduh Gl�huhqwldov Dfurvv Iuhqfk dqg XV Oderu Pdunhwv= d Jhqhudo
Htxloleulxp Lqwhusuhwdwlrq�/ Fhsuhpds Zrunlqj Sdshu q�<<371

Ghhuh/ U1G1/ +4<<4,/ �Xqhpsor|phqw Lqvxudqfh dqg Hpsor|phqw�/ Mrxuqdo ri Oderu Hfrqrplfv/

<+7,/ 63:0571

Ihogvwhlq P1/ +4<:9,/ �Whpsrudu| Od|r�v lq wkh Wkhru| ri Xqhpsor|phqw�/ Mrxuqdo ri Srolwlfdo
Hfrqrp|/ ;7/ ss1 <6:0<8:1

Jrx{ G1/ dqg Pdxulq H1/ +5333,/ �Lqvwlwxwlrqv hw vwdelolwì ghv hpsorlv1 Xqh dqdo|vh gh od
g|qdpltxh gh od ghpdqgh gh wudydlo vhorq o*dqflhqqhwì ghv vdodulìv�/ Grfxphqw gh wudydlo1

Kropoxqg E1/ +4<<;,/ �Xqhpsor|phqw Lqvxudqfh lq Wkhru| dqg Sudfwlfh�/ Vfdqglqdyldq Mrxuqdo

ri Hfrqrplfv/ 433/ ss1 44604741

Krvlrv D1/ +4<<3,/ �Rq wkh H!flhqf| ri Pdwfklqj dqg Uhodwhg Prghov ri Vhdufk dqg Xqhpsor|0
phqw�/ Uhylhz ri Hfrqrplf Vwxglhv/ 8:/ ss1 5:<05<;1

Pdufhdx Q1/ +4<<6,/ �Xqhpsor|phqw Lqvxudqfh dqg Pdunhw Vwuxfwxuh�/ Mrxuqdo ri Sxeolf Hfr0

qrplfv/ 85/ ss1 56:057<1
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Pdujrolv G1/ dqg Irxjëuh G1/ +5333,/ �Prgxohu ohv frwlvdwlrqv hpsor|hxuv ã o*dvvxudqfh fk÷pdjh=
ohv h{sìulhqfhv gh erqxv0pdoxv dx{ Hwdwv0Xqlv�/ iruwkfrplqj lq Uhyxh Iudqêdlvh g*Hfrqrplh1

Ploodug V1/ dqg Pruwhqvhq G1/ +4<<:,/ �Wkh Xqhpsor|phqw dqg Zhoiduh H�hfwv ri Oderxu
Pdunhw Srolf|= D frpsdudlvrq ri wkh X1V1 dqg X1N1�/ Lq Xqhpsor|phqw Srolf|= Jryhuqphqw

Rswlrqv iru wkh Oderxu Pdunhw/ hglwhg e| Ghqqlv M1 Vqrzhu dqg Jxloohupr gh od Ghkhvd1 Qhz
\run= Fdpeulgjh Xqlyhuvlw| Suhvv1

Prhqh/ H1 +4<<:,/ �Frpshwlwlyh Vhdufk Htxloleulxp�/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ 438/ ss1
6;807441

Pruwhqvhq G1/ dqg Slvvdulghv F1/ +4<<7,/ �Mre Fuhdwlrq dqg Mre Ghvwuxfwlrq lq wkh Wkhru| ri
Xqhpsor|phqw�/ Uhylhz ri Hfrqrplf Vwxglhv/ 94/ ss1 6<:07481

Pruwhqvhq G1/ dqg Slvvdulghv F1/ +4<<<d,/ �Qhz Ghyhorsphqwv lq Prghov ri Vhdufk lq wkh Oderu
Pdunhw�/ Lq Kdqgerrn ri Oderu Hfrqrplfv/ 6 / Hglwhg e| R1 Dvkhqihowhu dqg G1Fdug1 Hovhylhu
Vflhqfh1

Pruwhqvhq G1/ dqg Slvvdulghv F1/ +4<<<e,/ �Mre Uhdoorfdwlrq/ Hpsor|phqw Ioxfwxdwlrqv dqg
Xqhpsor|phqw�/ Lq Kdqgerrn ri Pdfurhfrqrplfv/ 4 / Hglwhg e| M1 Wd|oru dqg P1 Zrrgirug1
Hovhylhu Vflhqfh1

RHFG/ +4<<;,/ Hpsor|phqw Rxworrn1

RHFG/ +4<<<,/ Hpsor|phqw Rxworrn1

Slvvdulghv F1/ +5333,/ Htxloleulxp Xqhpsor|phqw Wkhru|/ 5qg hglwlrq/ PLW Suhvv1

Urfkhwhdx/ J1/ +4<<<,/ �Edodqfhg0Exgjhw Uxohv dqg Lqghwhuplqdf| ri wkh Htxloleulxp Xqhp0
sor|phqw Udwh�/ R{irug Hfrqrplf Sdshuv/ 84/ ss1 6<<073<1

Wrsho/ U1/ +4<;6,/ �Rq Od|r�v dqg Xqhpsor|phqw Lqvxudqfh�/ Dphulfdq Hfrqrplf Uhylhz/ :6/
ss1 87408<1
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9 Dsshqgl{ D= Wkh prgho

914 Ydoxh ri mrev

Rq hyhu| mre/ surgxfwlylw| fkdqjhv dffruglqj wr d Srlvvrq surfhvv zlwk duulydo udwh �= Zkhq d surgxf0

wlylw| vkrfn rffxuv/ d qhz ydoxh ri surgxfwlylw|/ {> lv gudzq iurp wkh glvwulexwlrq I+{,=
Ghqrwlqj uhvshfwlyho| e| ir dqg � r wkh �ulqj frvw dqg wkh h{shulhqfh udwlqj ri d vwdeoh mre/ wkh dvvhw

ydoxh ri d vwdeoh mre zlwk surgxfwlylw| {/ ghqrwhg e| �r+{,> vdwlv�hv wkh iroorzlqj htxdwlrq=

u�r+{, @ {� z� � . �

�] %�

3"

Pd{ ^�r+�,>�� � ir � � r`gI+�,��r+{,

�
> +4,

zkhuh �� vwdqgv iru wkh ydoxh ri d ydfdqw mre/ z iru wkh zdjh dqg � iru wkh oxps vxp sd|uroo wd{ sdlg

iru hdfk �oohg mre1

D qhz mre idfhv wzr w|shv ri vkrfnv1 Wkh �uvw rqh lv gxh wr surgxfwlylw| vkrfnv zklfk rffxu dw

udwh �1 Wkh vhfrqg rqh lv gxh wr d pdqgdwru| frqvwudlqw zklfk hqwdlov dq lqfuhdvh lq �ulqj frvw dqg

h{shulhqfh udwlqj1 Lw lv dvvxphg wkdw wklv frqvwudlqw rffxuv dffruglqj wr d Srlvvrq surfhvv zlwk duulydo

udwh �1 Zkhq vxfk d vkrfn kdsshqv/ qhz mrev pxvw hlwkhu eh ghvwur|hg ru wudqviruphg lqwr vwdeoh mrev1

Dffruglqjo|/ ghqrwlqj uhvshfwlyho| e| i? dqg �? wkh �ulqj frvw dqg wkh h{shulhqfh udwlqj ri d qhz mre/

wkh dvvhw ydoxh ri d qhz mre zlwk surgxfwlylw| {/ ghqrwhg e| �?+{,> vdwlv�hv=

u�?+{, @ {�z � � . �

�] %�

3"

Pd{ ^�?+�,>�� � i? � �?`gI+�,��?+{,

�
+5,

. � iPd{ ^�r+{,>�� � i? � �?`��?+{,j =

D ydfdqw mre frvwv k shu xqlw ri wlph dqg lv �oohg dw udwhp+�,1 Li wkh mre jhwv �oohg/ wkh surgxfwlylw|

lv qrw lqvwdqwdqhrxvo| revhuyhg1 Lw lv dvvxphg wkdw d frqwudfw lv vljqhg dqg wkdw wkh qhzo| fuhdwhg

srvlwlrq vwduwv e| d wuldo shulrg/ zklfk h{shfwhg ydoxh lv �|= Wklv wuldo shulrg lv vxssrvhg wr doorz wkh

hpsor|hu wr fkhfn wkh dfwxdo surgxfwlylw| ri wkh pdwfk1 Wkxv/ wkh ydoxh ri d ydfdqf|/ ghqrwhg e| ��>
vdwlv�hv=

u��@ �k.p+�, +�| ���, = +6,

Dvvxplqj wkdw wkh ghvwuxfwlrq frvw ri d mre dw wkh hqg ri wkh wuldo shulrg lv wkh vdph dv wkh ghvwuxfwlrq

frvw ri dq| qhz mre/ qdpho| i? . �?> wkh h{shfwhg ydoxh ri d qhz pdwfk dw wkh ehjlqqlqj ri wkh wuldo

shulrg lv jlyhq e|=

�|@
4

4. u�

�
�^

] %�

3"

�gI+�,�z � � ` .

] %�

3"

Pd{ ^�?+�,>�� � i? � �?` gI +�,

�
= +7,

Iru wkh vdnh ri vlpsolflw|/ wkh wuldo shulrg lv lq�qlwhvlpdo/ vr wkdw � jrhv wr }hur1 Wkxv/ zh fdq

uhzulwh �| dv=

�|@

] %�

3"

Pd{ ^�?+�,>�� � i? � �?`gI+�,= +8,
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Uhsodflqj +8, lq +6, zh rewdlq wkh h{shfwhg ydoxh ri d ydfdqw mre=

u��@ �k.p+�,

�] %�

3"

Pd{ ^�?+�,>�� � i? � �?`gI+�,���

�
= +9,

915 Mre fuhdwlrq dqg mre ghvwuxfwlrq htxdwlrqv

Mre fuhdwlrq lv ghwhuplqhg e| d iuhh0hqwu| frqglwlrq zklfk uhdgv dv

��@ 3= +:,

Mrev duh ghvwur|hg zkhq wkhlu h{shfwhg ydoxh lv orzhu wkdq wkh ghvwuxfwlrq frvw1 Lw fdq hdvlo| eh fkhfnhg

wkdw wkh dvvhw ydoxh ri hdfk w|sh ri mre lqfuhdvhv zlwk lwv fxuuhqw surgxfwlylw|1 Wkhuhiruh/ wkhuh h{lvwv

d wkuhvkrog ydoxh ri surgxfwlylw|/ ghqrwhg e| {?> ehorz zklfk qhz mrev duh ghvwur|hg> {? ehlqj gh�qhg

e|=

�?+{?, @ �i?��?= +;,

Vlploduo| wkh uhvhuydwlrq surgxfwlylw| {r eh|rqg zklfk d vwdeoh mre lv fuhdwhg vdwlv�hv=

�r+{r, @ �i?��?> +<,

dqg wkh wkuhvkrog ydoxh {_ ehorz zklfk vwdeoh mrev duh ghvwur|hg/ vdwlv�hv=

�r+{_, @ �i r�� r= +43,

916 Oderu pdunhw  rzv

Iru dq| ydoxh ri wkh surgxfwlylw| { ehorz {? d qhz pdwfk lv qrw surgxfwlyh hqrxjk dqg wkxv lv uhmhfwhg1

Wkh pdwfklqj surfhvv lv vxfk wkdw duh P+y> x, pdwfkhv shu xqlw ri wlph/ zkhuh x dqg y uhvshfwlyho|

vwdqg iru wkh xqhpsor|phqw udwh dqg wkh ydfdqf| udwh � wkh vl}h ri wkh oderu irufh lv qrupdol}hg wr

rqh1 Wkh olqhdu krprjhqhlw| ri wkh pdwfklqj ixqfwlrq doorzv xv wr zulwh wkh wudqvlwlrq udwh iru ydfdqflhv

lqwr qhz mrev dv ^4� I +{?,`P+y> x,@y � ^4� I +{?,`p+�, zkhuh � @ y@x uhihuv wr wkh oderu pdunhw

wljkwqhvv1 Vlploduo|/ wkh mre �qglqj udwh lv jlyhq e| ^4 �I +{?,`P+y> x,@x � ^4� I+{?,`�p+�,1 Wkh
surshuwlhv ri wkh pdwfklqj ixqfwlrq lpso| wkdw p+�, dqg �p+�, duh ghfuhdvlqj dqg lqfuhdvlqj ixqfwlrqv

ri wkh oderu pdunhw wljkwqhvv uhvshfwlyho|1 Gxh wr wkh h{rjhqrxv duulydo udwh �> d qhz mre pxvw hlwkhu hqg

dw frvw i? . �? ru eh wudqviruphg lqwr d vwdeoh mre/ zklfk ghvwuxfwlrq frvw lv ir . � r � i? . �?= Zkhq

vxfk dq hyhqw rffxuv/ mrev zlwk surgxfwlylw| { ? {r duh ghvwur|hg1 Wdnlqj lqwr dffrxqw erwk vrxufhv ri

mre ghvwuxfwlrq/ d zrunhu hpsor|hg rq d qhz mre ehfrphv xqhpsor|hg dw udwh �I +{?,.�
d8 E%r�38 E%?�o

d�38 E%?�o
1

Dv vwdeoh mrev idfh wkh vdph surgxfwlylw| vkrfnv dv wkh qhz mre/ wkh mre ghvwuxfwlrq udwh iru vwdeoh mrev

lv jlyhq e| d Srlvvrq surfhvv zlwk sdudphwhu �I +{_,1
Wkh odzv ri prwlrq ri xqhpsor|phqw/ ri qhzo| fuhdwhg srvlwlrqv dqg ri rog srvlwlrqv duh jlyhq

uhvshfwlyho| e| htxdwlrqv +44,/ +45, dqg +46, zkhuh q dqg v uhsuhvhqw qhz dqg vwdeoh mrev uhvshfwlyho|1

u
x@ �I+{_,v. �I +{?,q. �

^I +{r,�I +{?,`

^4�I+{?,`
q� �p+�,^4�I +{?,`x +44,
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u
q@ �p+�,^4� I+{?,`x� �I+{?,q� �

^4� I+{r,`

^4�I +{?,`
q� �

^I+{r,� I+{?,`

^4�I +{?,`
q +45,

u
v@ �

^4� I+{r,`

^4�I +{?,`
q� �I+{_,v +46,

Lq d vwhdg| vwdwh/ zkhuh x> q dqg v duh frqvwdqw/ rqh jhwv d Ehyhulgjh fxuyh zklfk htxdwlrq lv jlyhq

e|=

x @
�I +{_,^�I +{?, . �`

�p+�, i�I +{_,^4�I +{?,` . �^4� I+{r,`j. �I +{_, ^�I +{?, . �`
+47,

Wkh Ehyhulgjh fxuyh htxdwlrq +47, vkrzv wkdw wkh xqhpsor|phqw udwh ghshqgv rq wkh udwhv ri mre

ghvwuxfwlrq dqg mre wudqvirupdwlrq dv zhoo dv wkh oderu pdunhw wljkwqhvv1

917 Exgjhw htxloleulxp

Wkh h{shqglwxuh ri wkh xqhpsor|phqw ehqh�w v|vwhp lv xe= Wkh uhvrxufhv ri wkh xqhpsor|phqw ehqh�w

v|vwhp/ ghqrwhg e| E> ghshqg rq wkh pdvv ri hyhu| w|sh ri mre dqg rq wkhlu ghvwuxfwlrq udwh1 Wkh|

fruuhvsrqg wr wkh vxp ri wkh sd|uroo wd{hv �+4� x,> dqg wkh uhyhqxh ri h{shulhqfh udwlqj rq qhz mrev

dqg vwdeoh mrev=

E @ �+4� x, . �?

�
x�p+�,I+{?, . q

�
�I +{?, . �

^I+{r,� I +{?,`

^4�I +{?,`

��
.� rv�I +{_, +48,

918 Wkh htxloleulxp

Rqh fdq qrz vroyh wkh prgho iru doo wkh xqnqrzqv lq wkh vwhdg| vwdwh1 Wkhuh duh whq xqnqrzq yduldeohv

� wkh ghvwuxfwlrq wkuhvkrogv {? dqg {_/ wkh wudqvirupdwlrq wkuhvkrog {r/ wkh oderu pdunhw wljkwqhvv �/
wkh zdjh z/ wkh oxps vxp sd|uroo wd{ � / wkh xqhpsor|phqw udwh x/ wkh pdvv ri qhz mrev q/ wkh pdvv

ri vwdeoh mrev v/ dqg wkh xqhpsor|phqw ehqh�wv e1 Khqfhiruwk/ zh zloo gh�qh d vhw ri irxu htxdwlrqv

wkdw ghwhuplqhv wkh htxloleulxp ydoxhv ri �> {r> {_ dqg {?1 Wkh rwkhu hqgrjhqrxv yduldeohv ehlqj hdvlo|

ghgxfhg iurp wkrvh ydoxhv1 Lqghhg/ ohw xv uhpdun wkdw +44,/ +45,/ +46, lpsolflwo| gh�qh wkh vwhdg|

vwdwh ydoxh ri wkh xqhpsor|phqw udwh x/ wkh pdvv ri qhz mrev q dqg ri vwdeoh mrev v/ dv ixqfwlrqv ri
+�> {_> {?> {r,/ dqg ohw xv uhvshfwlyho| ghqrwh wkhvh ixqfwlrqv e| x+�> {_> {?> {r,> q+�> {_> {?> {r, dqg
v+�> {_> {?> {r,1 Vlploduo|/ +48, doorzv xv wr zulwh wkh sd|uroo wd{ udwh dv �+�> {_> {?> {r,= Wkh gh�qlwlrq
ri wkh xqhpsor|phqw ehqh�wv |lhogv e+�> {_> {?> {r, @ E@x+�> {_> {?> {r, zkhuhdv wkh zdjh/ zkhq lw lv

hqgrjhqrxv/ fdq eh zulwwhq dv z+�> {_> {?> {r, @ e+�> {_> {?> {r, . }=
Zh glvwlqjxlvk wkuhh fdvhv1 Iluvw/ zh suhvhqw wkh jhqhulf prgho zlwk dq hqgrjhqrxv zdjh vhw e|

hpsor|huv1 Vhfrqg/ zh vwxg| d olplw fdvh ri wklv jhqhulf prgho zlwkrxw dq| �ulqj frvw/ wkdw fruuhvsrqgv

wr rxu  h{leoh ehqfkpdun1 Ilqdoo|/ zh frqvlghu wkh fdvh lq zklfk wkhuh duh �ulqj frvwv dqg d elqglqj

plqlpxp zdjh1
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91814 Fdvh 4= Wkh jhqhulf prgho zlwk hqgrjhqrxv zdjh

Lq rughu wr ghwhuplqh wkh htxloleulxp ydoxhv +�> {_> {?> {r,/ zh vwduw e| gh�qlqj wkh hqgrjhqrxv gh0

vwuxfwlrq wkuhvkrog iru vwdeoh mrev1 Frpelqlqj htxdwlrqv +43, dqg +4, dw { @ {_/ wkh wkuhvkrog ydoxh {_
vdwlv�hv

{_ @ z+�> {_> {?> {r, . �+�> {_> {?> {r,� +u . �,+ir . � r, +49,

��

�] %�

%_

�r+�,gI +�,� I+{_,+ir.� r,

�
>

wkhq frpsxwlqj �r+{,��r+{_, wkdqnv wr +4, dqg xvlqj wkh gh�qlwlrq +43, ri {_> wkh h{shfwhg ydoxh ri

d vwdeoh mre fdq eh h{suhvvhg dv

�r+{, @
{� {_
u . �

�ir�� r= +4:,

Ilqdoo|/ vxevwlwxwlqj wklv h{suhvvlrq iru �r+{, lqwr +49,/ rqh jhwv wkh Mre Ghvwuxfwlrq htxdwlrq iru

Vwdeoh mrev +MGV,=

{_@ z+�> {_> {?> {r, . �+�> {_> {?> {r,� u+ir.� r,�
�

�. u

] %�

%_

+� � {_,gI+�,= +MGV,

Wkh ghwhuplqdwlrq ri wkh uhvhuydwlrq surgxfwlylw| iru qhz mrev/ {?> fdq eh rewdlqhg lq wkh vdph zd|1

Frpelqlqj htxdwlrq +5, dw { @ {?> +:, dqg htxdwlrq +;,/ rqh jhwv=

{? @ z+�> {_> {?> {r, . �+�> {_> {?> {r,� +u . �,+i?.�?,� �

] %�

%?

�?+�,gI +�,> +4;,

wkhq frpsxwlqj �?+{, � �?+{?, iru { � {r wkdqnv wr +5, dqg xvlqj wkh gh�qlwlrq +;, ri {?> wkh

h{shfwhg ydoxh ri d qhz mre vdwlv�hv=

�?+{, @
{� {?

u. �. �
�i?��?iru { � {r= +4<,

Dqdorjrxvo|/ frpsxwlqj htxdwlrq �?+{,��?+{�, iru { � {r wkdqnv wr +5,/ rqh jhwv=

�?+{, @
{� {�
u . �

.��+{�,iru { � {r= +53,

Frpelqlqj htxdwlrqv +4<, dqg +53, wrjhwkhu zlwk +4;,/ wkh Mre Ghvwuxfwlrq htxdwlrq iru Qhz mrev

+MGQ,/ zulwhv dv iroorzv=

{? @ z+�> {_> {?> {r, . �+�> {_> {?> {r,� iu . �^4�I +{r,`j +i?.�?, +MGQ,

�
�

u . �. �

] %r

%?

+��{?,gI +�,�
�

u . �

] %�

%r

+� � {�,gI+�,� �^4�I +{r,`�?+{�,>
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zkhuh lw uhpdlqv wr jlyh wkh h{suhvvlrq iru �?+{�,1 Xvlqj htxdwlrq +5, iru { @ {�> wrjhwkhu zlwk +4:,/

+4<, dqg +53, rqh jhwv=

^u . �I +{r,.�`�?+{�, @ {� �z+�> {_> {?> {r,� �+�> {_> {?> {r, +54,

.
�

u . �. �

] %r

%?

+��{?,gI +�, .
�

u . �

] %�

%r

+��{�,gI+�,� �I+{r,+i?.�?, .
�

u. �
+{��{_,� �+ir.� r,=

Rqh fdq qrz gh�qh wkh Mre Fuhdwlrq htxdwlrq +MF,1 Wkh iuhh0hqwu| frqglwlrq �� @ 3 wrjhwkhu zlwk

htxdwlrqv +9,/ +4<, dqg +53, doorzv xv wr zulwh wkh MFI htxdwlrq dv=

k

p+�,
@

4

u. �. �

] %r

%?

+� � {?,gI +�, .
4

u . �

] %�

%r

+� � {�,gI+�, +MF,

� I+{r,^i?.�?` . ^4�I +{r,`�?+{�,=

Ilqdoo|/ frpsxwlqj �r+{r,��r+{_, iurp +4,/ wkh Mre Wudqvirupdwlrq htxdwlrq +MW, uhdgv dv=

{r@ {_.+u . �,+� r.ir��?�i?,= +MW,

Htxdwlrqv +MW,/ +MGQ,/ +MGV, dqg +MF, +wrjhwkhu zlwk +54,, duh wkh nh| htxdwlrqv doorzlqj xv wr

vroyh wkh prgho iru {_> {?> {r dqg �1

91815 Fdvh 5= Wkh  h{leoh oderu pdunhw

Ohw xv dvvxph wkdw wkhu duh qr �ulqj frvw h{fhsw iru wkh h{shulhqfh udwlqj1 Pruh suhflvho|/ ohw xv dvvxph

wkdw �$ .4 dqg > ir @ i? @ �? @ 3 zkhuhdv � r � 3= Lq wkdw fdvh/ h{shulhqfh udwlqj grhv qrw dsso|

wr mrev ghvwur|hg dw wkh hqg ri wkh wuldo shulrg1 Wkh fdvh lq zklfk h{shulhqfh udwlqj dovr dssolhv wr mrev

ghvwur|hg dw wkh hqg ri wkh wuldo shulrg fruuhvsrqgv wr wkh dvvxpswlrq � r @ �? � 3=
Wkh edvlf htxdwlrqv ri wkh prgho fdq eh uhzulwwhq lq wklv yhu| vlpsoh vhwwlqj1 Wkh  rzv htxdwlrq

+47, uhdgv dv=

�I +{_,+4� x, @ �p+�,^4�I +{r,`x/ x @ x+�> {_> {r,= +55,

Wkh exgjhw htxdwlrq +48, |lhogv=

E @^4� x+�> {_> {r,` ^� . � r�I +{_,`> +56,

zklfk lpsolhv/ wrjhwkhu zlwk htxdwlrqv +55,=

�+�> {_> {r, � � @
E

^4� x+�> {_> {r,`
�� r�I +{_, @ E

�
4 .

�I+{_,

�p+�,^4� I+{r,`

�
�� r�I +{_,= +57,

E| gh�qlwlrq wkh zdjh lv htxdo wr +E@x, . }1 Xvlqj htxdwlrq +55,/ rqh jhwv=
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z+�> {_> {r, � z @
E

x+�> {_> {r,
. } @ E

�p+�,^4� I+{r,`.�I +{_,

�I +{_,
.}= +58,

Hyhqwxdoo|/ +MGV, dqg +MW, uhdg dv=

{_ @ z+�> {_> {r, . �+�> {_> {r,� u� r �
�

u . �

] %�

%_

+� � {_,gI+�,> +MGI,

{r @ {_ . � r+u. �, +MWI,

zkhuh +MGI, dqg +MWI, uhvshfwlyho| uhihu wr wkh Mre Ghvwuxfwlrq htxdwlrq dqg wkh Mre Wudqvirupdwlrq

htxdwlrq lq wkh Ioh{leoh hfrqrp|1 Qrz/ lw uhpdlqv wr gh�qh wkh mre fuhdwlrq htxdwlrq1 Xvlqj wkh iuhh

hqwu| frqglwlrq �� @ 3 dqg htxdwlrq +4:, wrjhwkhu zlwk +9, dqg +MWI,/ rqh jhwv=

k

p+�,
@

] %�

%_n�rEonb�

+
{� {_
u . �

�� r,gI+{,> +MFI,

zkhuh +MFI, uhihuv wr wkh Mre Fuhdwlrq htxdwlrq lq wkh Ioh{leoh hfrqrp|1 Htxdwlrqv +MGI, dqg +MFI,

+wrjhwkhu zlwk +58, dqg +57,, duh wkh wzr ixqgdphqwdo htxdwlrqv doorzlqj xv wr vroyh wkh prgho iru � {r
dqg {_=

Lw fdq eh hdvlo| fkhfnhg wkdw +MFI, kdv d qhjdwlyh vorsh lq wkh +�> {_, sodqh1 Gl�huhqwldwlqj +MGI,

|lhogv=

C{_
C�

����
a(8

@
+u. �,Y}Ewc%_c%r�

Yw

u. �I +{_,� +u . �,Y}Ewc%_c%r�
Y%_

zlwk

j+�> {_> {r, � z+�> {_> {r, . �+�> {_> {r, @ E

�
4

x+�> {_> {r, ^4� x+�> {_> {r,`

�
. } � � r�I+{_,

Lw lv vwudljkwiruzdug wr vkrz wkdw
_}E��
_�

? 3 li x ? 3=8/ zklfk lv vxssrvhg wr eh vdwlv�hg1 Rqh nqrzv

iurp htxdwlrq +55, wkdw x ghfuhdvhv zlwk � dqg lqfuhdvhv zlwk {_= Dffruglqjo|/ j+=, lv dq lqfuhdvlqj

ixqfwlrq ri � dqg d ghfuhdvlqj ixqfwlrq ri {_1 Wkxv +MGI, kdv d srvlwlyh vorsh lq wkh +�> {_, sodqh dv
gudzq lq Iljxuh 61

Pruhryhu/ nqrzlqj wkdw p�+�, ? 3> Y}Ewc%_c%r�
Yw

A 3/ Y}Ewc%_c%r�
Y%_

? 3 dqg
Y}Ewc%_c%r�

Y%r
A 3> gl�huhqwl0

dwlqj htxdwlrqv +MGI,/ +MFI, dqg +MWI, jlyhv=

g{_
g� r

@
+u. �,

q
�kp�+�,u . Y}Ewc%_c%r�

Yw
^4�I +{_,` ^p+�,`2

r

kp�+�,
k
u . �I +{_,�

Y}Ewc%_ c%r�
Y%_

l
�

Y}Ewc%_c%r�
Yw

^4�I +{_,` ^p+�,`2
? 3

g�

g� r
@

^p+�,`2 ^4� I+{_,`
k
Y}Ewc%_c%r�

Y%_
� �I+{_,

l

�kp�+�,
k
u . �I+{_,�

Y}Ewc%_c%r�
Y%_

l
. Y}Ewc%_c%r�

Yw
^4� I+{_,` ^p+�,`2

? 3

g{r
g� r

@ �I +{_, . +u . �,

;?
=

Y}Ewc%_c%r�
Y%rk

u . �I+{_,�
Y}Ewc%_c%r�

Y%_

l � Cj+�> {_> {r,

C{_

<@
> A 3
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Ohw xv qrz wxuq wr wkh zhoiduh dqdo|vlv lq wkh  h{leoh hfrqrp|1 Zh fdq vkrz wkdw hyhu| zrunhu fdq

ehqh�w iurp vwulfwo| srvlwlyh xqhpsor|phqw ehqh�wv1 Jlyhq wkdw hpsor|huv vhw wkh zdjh xqlodwhudoo|/

hyhu| lqglylgxdo jhwv wkh vdph lqvwdqwdqhrxv xwlolw| ohyho= X+e . }, @ X
��

�
�W

�
. }

�
> zkhuh } vwdqgv

iru wkh h{rjhqrxv qrq pdunhw lqfrph/ e iru wkh xqhpsor|phqw ehqh�wv dqg xW iru wkh htxloleulxp ydoxh

ri wkh xqhpsor|phqw udwh lq wkh  h{leoh hfrqrp|1 Rqh dvvxphv wkdw wkh sdudphwhu ydoxhv duh vxfk wkdw

xW AA 3 iru E @ 3= Wkhq/ lw fdq eh vkrzq wkdw wkh lqvwdqwdqhrxv lqfrph +E@xW, lqfuhdvhv zlwk E iru

duelwudu| vpdoo ydoxhv ri E= Rqh jhwv=

g+E@xW,

gE
@

4

xW

�
4�

�
gxW

gE

��
E

xW

��
=

Vlqfh htxdwlrqv +55, wr +MFI, lpso| wkdw 3 ? gxW@gE ? .4> rqh jhwv Olp
�<f

+gxW@gE, +E@xW, @ 3

dqg/ wkhuhiruh/ Olp
�<f

g+E@xW,@gE @ 4@xW A 3= Dffruglqjo|/ wkh zhoiduh ri zrunhuv lv lpsuryhg e| wkh

lqwurgxfwlrq ri xqhpsor|phqw ehqh�wv1

91816 Fdvh 6= Uljlg prgho zlwk d plqlpxp zdjh

Wkh gh�qlwlrq ri wkh htxloleulxp zlwk d uljlg zdjh lv txlwh vlplodu wr wkh rqh ghslfwhg deryh1 Wkh rqo|

qrwlfhdeoh fkdqjh lv wkdw wkh zdjh lv qrz dq h{rjhqrxv yduldeoh vr wkdw z lv qr orqjhu d ixqfwlrq ri

+�> {_> {?> {r,1 Dv ehiruh wkh htxloleulxp ydoxhv ri �> {_> {?> dqg {r fdq eh gh�qhg e| d v|vwhp ri irxu

htxdwlrqv zklfk uhpdlq lghqwlfdo wr wkh rqhv ghulyhg deryh exw doorzlqj iru dq h{rjhqrxv zdjh1 Htxdwlrqv

+44,/ +45,/ +46,/ +48, dqg wkh xqhpsor|phqw ehqh�wv fdq eh uhdg dv ixqfwlrqv ri +�> {_> {?> {r,1 Wrjhwkhu
zlwk wkh gh�qlwlrq ri wkh h{shfwhg ydoxh ri wkh gl�huhqw w|shv ri mrev dqg zlwk wkh mre fuhdwlrq frqglwlrq

+:, dqg mre ghvwuxfwlrq frqglwlrqv +;,/ +<,/ +43,/ rqh fdq gh�qh wkh htxloleulxp ydoxhv ri +�> {_> {?> {r,=
Iru wkh vdnh ri vlpsolflw| dqg vlqfh wkh phwkrg uhpdlqv hvvhqwldoo| wkh vdph/ zh lpsolflwo| erlo grzq

wr wkh fdofxoxv ghyhorshg lq wkh suhylrxv vxevhfwlrq1 Wkh v|vwhp lv vwudljkwiruzdug dqg wkh htxloleulxp

ydoxhv vroyh wkh irxu htxdwlrqv ehorz1 Wkh uhvhuydwlrq surgxfwlylw| {_ vdwlv�hv=

{_@ z . �+�> {_> {?> {r,� u+ir.� r,�
�

�. u

] %�

%_

+{� {_,gI+{,> +MGVU,

zkhuh +MGVU, vwdqgv iru wkh Mre Ghvwuxfwlrq htxdwlrq iru Vwdeoh mrev lq d Uljlg hfrqrp|1

Wkh uhvhuydwlrq surgxfwlylw| iru qhz mrev uhdgv dv=

{? @ z . �+�> {_> {?> {r,� +u . �^4�I +{r,`,+i?.�?, +MGQU,

�
�

u . � . �

] %r

%?

+{� {?,gI +{,�
�

u . �

] %�

%r

+{� {�,gI+{,� �^4�I +{r,`�?�+{�,>

zkhuh +MGQU, uhihu wr wkh Mre Ghvwuxfwlrq htxdwlrq iru Qhz mrev lq d Uljlg hfrqrp|1

Wkh mre fuhdwlrq htxdwlrq lv jlyhq e|=

k

p+�,
@

4

u. �. �

] %r

%?

+{� {?,gI +{, .
4

u . �

] %�

%r

+{� {�,gI+{, +MFU,

� I+{r,^i?.�?` . ^4�I +{r,`�?�+{�,>
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zkhuh +MFU, lv wkh Mre Fuhdwlrq htxdwlrq lq d Uljlg hfrqrp|1

Dqg �qdoo| wkh Mre Wudqvirupdwlrq htxdwlrq lq d Uljlg hfrqrp| +MWU, lv jlyhq e|=

{r@ {_.+u . �,+� r.ir��?�i?,= +MWU,

zkhuh �?�+{�, lv zruwk=

+u . �I +{r,.�,�?�+{�, @ {� �z � �+�> {_> {?> {r, +59,

.
�

u . �. �

] %r

%?

+{� {?,gI +{, .
�

u . �

] %�

%r

+{� {�,gI +{,

� �I+{r,+i?.�?, .
�

u . �
+{��{_,� �+ir.� r,=

Htxdwlrqv +MGQU,/ +MGVU,/ +MWU, dqg +MFU, +wrjhwkhu zlwk +59,, duh wkh ixqgdphqwdo htxdwlrqv

doorzlqj wr vroyh wkh prgho iru �> {_> {?> dqg {r1

: Dsshqgl{ E= H{shfwhg xwlolwlhv

Wkh h{shfwhg suhvhqw xwlolw|/ Yr/ ri wkh vwuhdp ri lqfrph ri d zrunhu hpsor|hg rq d vwdeoh mre lv jlyhq

e|=

uY r@ X+z, . �I +{_, ^Y��Y r` = +5:,

zkhuh Y� ghqrwhv wkh h{shfwhg suhvhqw ydoxh ri wkh vwuhdp ri lqfrph ri dq xqhpsor|hg zrunhu1

Wkh h{shfwhg ydoxh ri d zrunhu rq d qhz mre zlwk orz surgxfwlylw| +{ vxfk wkdw {? ? { ? {r,>ghqrwhg
e| Y?,> fkdqjhv wr Y� zlwk suredelolw| � . �I+{?,= Wklv mre zlwk orz surgxfwlylw| fdq ehfrph d mre

zlwk kljk surgxfwlylw| +{ vxfk wkdw {r ? {,/ zklfk h{shfwhg ydoxh lv ghqrwhg e| Y?�> zlwk suredelolw|

�^4�I +{r,`1 Wkxv/ wkh h{shfwhg suhvhqw ydoxh/ Y?,/ ri wkh vwuhdp ri lqfrph ri zrunhu lq d qhz srvlwlrq

zlwk d orz lglrv|qfudwlf surgxfwlylw| frpsrqhqw vroyhv=

uY ?,@ X+z, . �^4�I +{r,` +Y?��Y ?,,.^� . �I+{?,` +Y��Y ?,, = +5;,

Wkh h{shfwhg ydoxh ri d zrunhu rq d qhz mre zlwk kljk surgxfwlylw| fkdqjhv wr Y� zlwk suredelolw|

�I+{?,/ wr Y?, zlwk suredelolw| � ^I +{r,�I +{?,` dqg wr Yr zlwk suredelolw| �1 Wkxv/ wkh h{shfwhg
suhvhqw ydoxh/ Y?�/ ri wkh vwuhdp ri lqfrph ri d zrunhu lq d qhz srvlwlrq zlwk d kljk lglrv|qfudwlf

frpsrqhqw vdwlv�hv=

uY ?�@ X+z, . � iI +{?, +Y� � Y?�,.^I +{r,� I+{?,` +Y?,�Y ?�,j.� +Yr � Y?�, = +5<,

Dq xqhpsor|hg zrunhu jhwv dq lqvwdqwdqhrxv lqfrph }.e/ zkhuh } dqg e uhsuhvhqw wkh h{rjhqrxv lqfrph
ri wkh xqhpsor|hg zrunhuv dqg wkh xqhpsor|phqw ehqh�wv uhvshfwlyho|1 Dq xqhpsor|hg zrunhu h{shfwv

wr pryh edfn wr hpsor|phqw zlwk suredelolw| �p+�,^4� I+{?,`1 Li hpsor|hg rq d qhz mre/ wkh

Dffruglqjo|/ wkh h{shfwhg suhvhqw ydoxh/ Y�> ri wkh vwuhdp ri lqfrph ri dq xqhpsor|hg vdwlv�hv=

uY �@ X+} . e, . �p+�, i^4� I+{r,` +Y?� � Y�,. ^I+{r,�I +{?,` +Y?,�Y �,j = +63,
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