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Devwudfw

Wkh lpsruwdqfh ri ulvn0vkdulqj lq djulfxowxudo hfrqrplhv kdv ehhq h{whqvlyho| dqdo|}hg

wkurxjk wkh sulqflsdo0djhqw iudphzrun/ zklfk suhglfwv wkdw vkduhfursslqj vkrxog eh revhuyhg

pruh iuhtxhqwo| zkhq rxwsxw xqfhuwdlqw| lv kljkhu1 Krzhyhu/ hpslulfdo vwxglhv gr qrw frqvlv0

whqwo| vkrz wkdw wkh uhodwlrq ehwzhhq ulvn dqg lqflghqfh ri vkduhfursslqj lv srvlwlyh1 Lq wklv

sdshu zh vwxg| wkh h�hfw ri ulvn rq wkh glvwulexwlrq ri odqg frqwudfwv lq wkh Lqgldq yloodjhv

fryhuhg e| wkh LFULVDW vwxg|1 Iluvw/ zh whvw iru wkh sulqflsdo0djhqw suhglfwlrqv frqwuroolqj iru

srvvleoh furs hqgrjhqhlw|/ dqg �qg wkdw wkh gdwd uhmhfw wkh vwdqgdug djhqf| prghov1 Vhfrqg/ zh

ghyhors dq hfrqrphwulf prgho edvhg rq dq frpshwlwlyh iudphzrun1 Zh dvvxph odqgorugv dqg

whqdqwv duh csulfh wdnhuv* lq wkh pdunhw iru odqg frqwudfwv dqg vhsdudwho| prgho wkhlu suhihuhqfhv

ryhu wkh frqwudfwv dv dq rffxsdwlrqdo fkrlfh1 Wkh vwuxfwxudo hvwlpdwhv ri wkh prgho doorz wr

glvhqwdqjoh wkh h�hfw ri rxwsxw xqfhuwdlqw| rq wkh wzr vlghv ri wkh pdunhw/ diwhu frqwuroolqj iru

prudo kd}dug1 Lq wklv zd| zh duh deoh wr uhdvvhvv wkh lpsruwdqfh ri ulvn0vkdulqj lq ghwhuplqlqj

frqwudfw fkrlfh dqg h{sodlq wkh zlgho| revhuyhg uhodwlrq ehwzhhq ulvn dqg lqflghqfh ri vkduh

whqdqf|1

Nh|zrugv= ulvn0vkdulqj/ whqdqf| frqwudfwv/ rffxsdwlrqdo fkrlfh/ vruwlqj1

WDfnqrzohgjphqwv= L dp lqghewhg wr Shwhu Jrwwvfkdon/ Vhuhqd Qj dqg Ulfkdug Duqrww iru wkhlu jxlgdqfh dqg

vxssruw wkurxjkrxw wkh ghyhorsphqw ri wklv surmhfw1 L dovr zlvk wr wkdqn Lqjhod Dojhu/ Nlw Edxp/ Pdulvwhood Erwwlflql/

Grqdog Fr{/ Vdqmd|d Ghvloyd/ Klghr Nrqlvkl/ Duwkxu Ohzeho/ dqg vhplqdu sduwlflsdqwv dw wkh 5334 Vsulqj Phhwlqj

ri \rxqj Hfrqrplvwv dw Xqlyhuvlw| ri Frshqkdjhq dqg dw wkh 5334 QHXGF Frqihuhqfh dw Ervwrq Xqlyhuvlw| iru

vshfldoo| khosixo glvfxvvlrqv dqg vxjjhvwlrqv1 Doo uhpdlqlqj huuruv duh plqh1



4 Lqwurgxfwlrq

Iduplqj dfwlylw| lv xvxdoo| shuiruphg xqghu wkuhh gl�huhqw duudqjhphqwv1 Xqghu d zdjh frqwudfw d

odqgrzqhu kluhv d whqdqw wr zrun xqghu klv gluhfwlrq> wkh whqdqw lv sdlg d zdjh udwh dqg wkh odqgorug

nhhsv wkh hqwluh rxwsxw1 Xqghu d �{hg uhqw frqwudfw wkh whqdqw pdqdjhv iduplqj dfwlylw| gluhfwo|/

nhhsv doo rxwsxw/ dqg sd|v d uhqw wr wkh odqgorug iru wkh xvh ri wkh sorw1 Xqghu d vkduh whqdqf|

frqwudfw wkh whqdqw idupv wkh sorw exw nhhsv rqo| d sruwlrq ri wkh �qdo rxwsxw/ wkh uhpdlqlqj

rxwsxw jrlqj wr wkh odqgorug dv sd|phqw iru wkh odqg xvh14

Lq wkh odvw wzr ghfdghv vhyhudo dwwhpswv kdyh ehhq pdgh wr h{sodlq wkh ghwhuplqdqwv ri frqwudfw

fkrlfh dqg wkh udwlrqdoh iru wkh zlghvsuhdg sudfwlvh ri vkduh whqdqf| lq djuduldq hfrqrplhv1 Pdq|

vwxglhv wdnh dv d vwduwlqj srlqw wkdw iduplqj dfwlylw| lv lqwulqvlfdoo| ulvn| dqg wkdw d prudo kd}dug

sureohp pd| dulvh dv wkh whqdqw pd| vklun h�ruw/ li qrw prqlwruhg1 Wkh h�hfw ri xqfhuwdlqw|

rq frqwudfw fkrlfh lv wkhq vwxglhg xvlqj wkh Sulqflsdo0Djhqw iudphzrun/ wkdw hpehgv d wudgh0

r� ehwzhhq lqfhqwlyh surylvlrq dqg lqvxudqfh e| wkh odqgorug +sulqflsdo, iru wkh whqdqw +djhqw,1

Wklv vhw xs suhglfwv wkdw/ dv wkh xqfhuwdlqw| uhodwhg wr iduplqj lqfuhdvhv/ wkh ulvn0vkdulqj prwlyh

grplqdwhv wkh lqfhqwlyh rqh dqg vkduh whqdqf| vkrxog eh revhuyhg pruh iuhtxhqwo| wkdq �{hg uhqw

frqwudfwv/ dv wkh iruphu sduwldoo| lqvxuhv wkh whqdqw1

Wkhuh lv/ krzhyhu/ pl{hg vxssruw iru wklv suhglfwlrq1 D ihz vwxglhv kdyh irxqg d qhjdwlyh

hpslulfdo uhodwlrq ehwzhhq furs ulvn dqg wkh lqflghqfh ri vkduhfursslqj +Udr/ 4<:4> Doohq dqg Oxhfn/

4<<<,/ zkloh lq rwkhuv vkduh whqdqf| vhhpv lqghhg wr eh dvvrfldwhg zlwk ulvnlhu fursv +Dfnhuehuj

dqg Erwwlflql/ 5333,1 D srvvleoh h{sodqdwlrq iru wkhvh �qglqjv lv wkdw prvw ri wkh hpslulfdo zrun

lv edvhg rq wkh dvvxpswlrq wkdw furs fkrlfh lv h{rjhqrxv/ lq wkh vhqvh wkdw furs fkrlfh lv hqwluho|

gulyhq e| wkh sorw fkdudfwhulvwlfv1 Wkhuhiruh/ wkh ulvnlqhvv ri wkh sorw fdq eh sur{lhg idluo| zhoo e|

wkh ulvnlqhvv ri wkh furs fxowlydwhg1 Krzhyhu/ li wkh furs fdq eh fkrvhq e| wkh fxowlydwru ri wkh sorw/

wkhq wkhuh pd| eh lqfhqwlyhv iru wkh �{hg uhqw whqdqwv wr fkrrvh ulvnlhu fursv wkdq vkduh whqdqwv1

Vlqfh wkhvh lqfhqwlyhv fdqqrw eh uxohg rxw hyhq zlwklq d Sulqflsdo0Djhqw iudphzrun/ wkh hpslulfdo

revhuydwlrq ri �{hg uhqw frqwudfwv dvvrfldwhg pruh iuhtxhqwo| zlwk ulvnlhu fursv grhv qrw lpso| d

uhmhfwlrq ri wkh djhqf| wkhru| prghov15 Lqvwhdg/ lq rughu wr whvw iru wkh sulqflsdo0djhqw iudphzrun/

4Wkh olwhudwxuh xvxdoo| uhihuv wr wkh wloohu kluhg xqghu wkh zdjh frqwudfw dv d zdjh oderuhu/ zkloh lw xvhv wkh whup

whqdqw lq fdvh ri vkduhfursslqj dqg �{hg uhqw frqwudfwv1 Wr vlpsoli| zh dozd|v uhihu wr wkh frqwudfwlqj sduwlhv dv

whqdqw dqg odqgorug/ uhjdugohvv ri wkh odqg frqwudfw1 Lq wkh iroorzlqj wkh whupv vkduh whqdqf| dqg vkduhfursslqj duh
dovr xvhg lqwhufkdqjhdeo|1

5Edvx +4<<5, �qgv wkdw d Sulqflsdo0Djhqw prgho zlwk olplwhg oldelolw| jhqhudwhv d prudo kd}dug sureohp lq ulvn0
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hpslulfdo zrun vkrxog h{soruh wkh uhodwlrq ehwzhhq frqwudfw fkrlfh dqg iduplqj ulvn/ frqwuroolqj

iru furs fkrlfh lqfhqwlyhv1

Pruh jhqhudoo|/ krzhyhu/ wkh Sulqflsdo0Djhqw iudphzrun pd| eh vxemhfw wr fulwlflvp zkhq xvhg

wr vwxg| fhuwdlq djuduldq hfrqrplhv1 D nh| ihdwxuh ri djhqf| wkhru| lv wkdw wkh whqdqw kdv qr

edujdlqlqj srzhu lq vkdslqj wkh frqwudfw dqg ghwhuplqlqj wkh frqwudfw sd|phqwv1 Wkhvh duh vhw

e| wkh odqgorug wr pd{lpl}h klv sur�w/ ohdylqj wkh whqdqw dw klv uhvhuydwlrq xwlolw|1 Exw vxfk dq

dv|pphwulf wuhdwphqw ri wkh hfrqrplf srzhu ri odqgorugv dqg whqdqwv jhqhudwhv dq h{sorlwdwlyh

uhodwlrq wkdw pd| qrw eh uhdolvwlf1 Fdvxdo hylghqfh rq d qxpehu ri djuduldq vrflhwlhv vkrzv wkdw

wkhlu whqdqwv hqwhu wkh djuduldq frqwudfwv wkdw ehvw �w wkhlu qhhgv/ dqg wkdw wkh whqdqw0odqgorug

uhodwlrq lv idu iurp ehlqj h{sorlwdwlyh1 Dv phqwlrqhg lq Uhlg +4<;:,/ djuduldq frqwudfwv duh gl�huhqw

zd|v wr rujdql}h wkh pdqdjhphqw ri d idup dqg zh vkrxog qrw h{shfw rqh wkhru| ri pdqdjhphqw

wr eh ydolg ryhu gl�huhqw shulrgv dqg sodfhv1

Wkh sxusrvh ri wkh suhvhqw sdshu lv wr vkhg oljkw rq wkh ghwhuplqdqwv ri frqwudfw fkrlfh dqg wkh

ulvn0vkdulqj uroh ri vkduh whqdqf| lq dq djuduldq hfrqrp|1 Rxu dwwhqwlrq lv irfxvhg rq wkh Lqgldq

yloodjhv wkdw sduwlflsdwhg lq wkh vxuyh| frqgxfwhg e| wkh Lqwhuqdwlrqdo Fursv Uhvhdufk Lqvwlwxwh

iru wkh Vhpl0Dulg Wurslfv +LFULVDW, ehwzhhq 4<:8 dqg 4<;71 Lq wklv duhd zhdwkhu xqfhuwdlqw|

dqg vrlo fkdudfwhulvwlfv pdnh djulfxowxudo dfwlylw| kljko| ulvn| frpsduhg wr wkh uhvw ri wkh frxqwu|/

vr wkdw wkhuh lv vljql�fdqw vfrsh iru ulvn0vkdulqj wkurxjk frqwudfw fkrlfh1 Rxu hpslulfdo vwudwhj| lv

�uvw wr whvw wkh suhglfwlrqv ri wkh sulqflsdo0djhqw iudphzrun doorzlqj furs fkrlfh wr eh hqgrjhqrxv/

dqg vhfrqg wr dqdo|}h wkh hpslulfdo uhodwlrq ehwzhhq ulvn dqg frqwudfw fkrlfh xvlqj d wkhruhwlfdo

dssurdfk zklfk pryhv dzd| iurp wkh dv|pphwulf uhodwlrq lpsrvhg e| wkh Sulqflsdo0Djhqw prghov1

Wr whvw wkh sulqflsdo0djhqw wkhru|/ zh ghulyh gl�huhqw vhwv ri suhglfwlrqv rq wkh uhodwlrq ehwzhhq

frqwudfw fkrlfh dqg sorw ulvn rq rqh kdqg/ dqg frqwudfw fkrlfh dqg furs ulvn rq wkh rwkhu/ xqghu erwk

dvvxpswlrqv wkdw furs fkrlfh lv h{rjhqrxv dqg hqgrjhqrxv1 Wklv lqyroyhv rewdlqlqj wzr gl�huhqw

phdvxuhv ri rxwsxw ulvn iru dq| jlyhq sorw/ rqh uhodwhg wr wkh h{rjhqrxv ulvn ri iduplqj d vshfl�f

sorw uhjdugohvv ri wkh furs sodqwhg/ dqg wkh rwkhu uhodwhg wr wkh furs xqfhuwdlqw|1 Zh �qg wkdw lq

wkh yloodjhv vwxglhg vkduh whqdqf| lv pruh iuhtxhqw wkdq �{hg uhqw frqwudfwv zkhq h{rjhqrxv sorw

xqfhuwdlqw| lv orzhu/ zkhwkhu furs fkrlfh lv frqvlghuhg h{rjhqrxv ru qrw1 Wkxv wkh suhglfwlrqv ri

wkh sulqflsdo0djhqw iudphzrun duh xqdpeljxrxvo| uhmhfwhg1

wdnlqj ehkdylru e| wkh whqdqw dqg wkdw whqdqwv xqghu �{hg uhqw frqwudfwv hqjdjh lq ulvnlhu iduplqj whfkqltxhv wkdq

vkduh whqdqwv1
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Jlyhq wkh uhmhfwlrq ri djhqf| wkhru|/ zh surfhhg wr dqdo|}h wkh uroh ri ulvn lq frqwudfw fkrlfh

xvlqj dq dowhuqdwlyh iudphzrun wr djhqf| wkhru|/ wkdw pd| eh pruh vxlwdeoh iru wkh djuduldq

hfrqrp| xqghu vwxg|1 Lq d frpsdqlrq sdshu +Eudqfdfflr/ 5334, frqwudfw fkrlfh lv frqvlghuhg dv

dq rffxsdwlrqdo fkrlfh1 Erwk whqdqwv dqg odqgorugv duh doorzhg wr fkrrvh/ dprqj d jlyhq vhw ri

frqwudfwv/ wkh rqh wkdw pd{lpl}hv wkhlu xwlolw|/ wdnlqj dv jlyhq wkh dvvrfldwhg frqwudfwxdo whupv +ru

sd|phqwv,1 Ehfdxvh ri khwhurjhqhlw| lq xqghuo|lqj ixqgdphqwdov +h1j1 zhdowk/ delolw|/ hwf1, djhqwv

vhoi0vhohfw lqwr vshfl�f frqwudfwv1 Jlyhq wkh qdwxuh ri wkh frqwudfwv/ whqdqwv dqg odqgorugv ghflgh

zkhwkhu wr dvvxph wkh fxowlydwlrq ulvn dqg eh �hqwuhsuhqhxuv�/ ru wr hduq d �{hg lqfrph/ ru wr

eh �iudqfklvlqj� hqwuhsuhqhxuv dqg vkduh wkh ulvn1 Wkh frqwudfw sd|phqwv duh wkhq ghwhuplqhg

lq htxloleulxp vr wkdw wkh fkrlfh ri wkh odqgorug derxw zklfk frqwudfw wr r�hu lv frpsdwleoh zlwk

wkh suhihuhqfhv ri wkh whqdqw1 Khqfh wkh htxloleulxp glvsod|v dq h!flhqw pdwfklqj ri whqdqwv dqg

odqgorugv zlwk frpsohphqwdu| fkdudfwhulvwlfv1 Wkh uhodwlrqvkls ehwzhhq ulvn dqg frqwudfw fkrlfh

lq htxloleulxp ghshqgv wkhq rq wkh hodvwlflwlhv ri wkh djhqwv* fkrlfhv zlwk uhvshfw wr ulvn/ zklfk duh

ixqfwlrqv ri wkh djhqwv* ulvn dyhuvlrq16

Lq wkh suhvhqw sdshu zh hvwlpdwh d sdudphwhul}hg yhuvlrq ri Eudqfdfflr +5334, wkdw fdswxuhv wkh

vshfl�f ihdwxuhv ri wkh Lqgldq yloodjhv xqghu vwxg|1 Wkh vwuxfwxudo irup sursrvhg vhsdudwho| prghov

wkh suredelolwlhv ri odqgorugv wr r�hu dqg whqdqwv wr dffhsw wkh gl�huhqw frqwudfwv/ dqg lw hpehgv

erwk wkh ulvn0vkdulqj ihdwxuhv dqg wkh h�ruw lqfhqwlyh sureohpv uhodwhg wr wkh vshfl�f frqwudfwv1

Khqfh/ wkh vwuxfwxudo hvwlpdwhv ri wkh prgho doorz xv wr= d, lghqwli| wkh ulvn0vkdulqj phfkdqlvp

diwhu frqwuroolqj iru wkh h�hfw ri prudo kd}dug rq wkh lqglylgxdo fkrlfhv/ dqg e, glvhqwdqjoh wkh

h�hfw ri rxwsxw ulvn rq wkh suhihuhqfhv ri odqgorugv dqg whqdqwv1 Lq wklv zd| lw lv srvvleoh wr

xqghuvwdqg zkhwkhu vkduh whqdqf| lv pruh iuhtxhqw lq ohvv ulvn| hqylurqphqwv ehfdxvh ulvn0vkdulqj

lv luuhohydqw ru ehfdxvh vxfk uhodwlrq lv wkh uhvxowlqj cqhw h�hfw* ri ulvn rq wkh frqwudfw glvwulexwlrq

wkdw frpelqhv wkh h�hfwv rq erwk vlghv ri wkh odqg frqwudfw pdunhw1

Zh �qg wkdw erwk odqgorugv dqg whqdqwv duh ulvn dyhuvh vr wkdw wkhuh lv vljql�fdqw vfrsh iru

6D vlplodu iudphzrun frxog dovr eh xvhg wr dqdo|}h krxvlqj frqwudfw fkrlfh1 Krph rzqhuv dqg kxqwhuv ghflgh
zklfk pdunhw wr hqwhu/ l1h1 zkhwkhu wr vhoo2ex| ru uhqw d krxvh/ dw wkh suhydlolqj pdunhw sulfhv1 Khwhurjhqhlw|
lq zhdowk/ oltxlglw| frqvwudlqw dqg ghprjudsklf fkdudfwhulvwlfv zklwklq wkh wzr jurxsv ghwhuplqhv wkh ghpdqg dqg
vxsso| ri krxvhv lq wkh wzr pdunhwv1 Ilqdoo| pdunhw sulfhv dgmxvw vr wkdw h{fhvv ghpdqgv2vxssolhv duh fohduhg1
Qrwh wkdw wklv iudphzrun lv forvh lq vslulw wr wkh htxdol}lqj gl�huhqwldo prghov ruljlqdoo| ghyhorshg wr h{sodlq mre

fkrlfhv dqg zdjh gl�huhqwldov dfurvv revhuydwlrqdoo| htxlydohqw zrunhuv1 Zkloh lq vxfk prghov zdjhv dgmxvw wr htxdol}h
gl�huhqwldov dfurvv mrev uhodwhg wr czrunsodfh dphqlwlhv* vr wkdw wkh ghpdqg iru mrev zlwk vshfl�f fkdudfwhulvwlfv htxdov
wkh vxsso|/ lq rxu frqwh{w frqwudfw sd|phqwv dgmxvw wr htxdol}h wkh gl�huhqw ohyho ri ulvn lqkhuhqw wkh frqwudfwv1 Vhh
Urvhq +4<;9, iru d fohdu h{srvlwlrq ri wkh wkhru| dqg lwv dssolfdwlrqv1
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wkhp wr wudgh dqg vkduh ulvn wkurxjk vkduh whqdqf| lq wkh LFULVDW yloodjhv1 Khqfh/ wkh revhuyhg

qhjdwlyh uhodwlrq ehwzhhq ulvn dqg lqflghqfh ri vkduh whqdqf| lv qrw gxh wr wkh qrq h{lvwhqfh ri wkh

ulvn0vkdulqj prwlyh/ exw wr wkh idfw wkdw wkh revhuyhg rxwfrph lv d cuhgxfhg irup* uhodwlrq1

Pruh jhqhudoo| wklv sdshu vkrzv wkdw wkh Sulqflsdo0Djhqw iudphzrun pd| idlo wr fdswxuh wkh

h{lvwlqj vrfldo dqg hfrqrplf uhodwlrqv lq vrph djuduldq hfrqrplhv/ dqg rq wkh rwkhu vlgh sursrvhv

d gl�huhqw iudphzrun wkdw ehwwhu �wv wkh gdwd1 Zkloh wkh irfxv ri wkh sdshu lv rq wkh srvlwlyh

hfrqrplf txhvwlrq ri frqwudfw fkrlfh/ lw dovr kdv d srolf| lpsolfdwlrq1 Iru d orqj wlph/ vkduh

whqdqf| kdv ehhq frqvlghuhg wkh ghsorudeoh zd| lq zklfk odqgrzqhuv h{sorlwhg odqgohvv whqdqwv/

dqg pdq| frxqwulhv kdyh iruelgghq lwv sudfwlvh17 Krzhyhu/ li whqdqwv fkrrvh wkh frqwudfwv wkh| vljq/

dqg pdunhw irufhv h!flhqwo| vhohfw whqdqwv dqg odqgorugv lq vshfl�f frqwudfwxdo duudqjhphqwv/ wkhq

lw pd| qrw eh zhoiduh lpsurylqj wr holplqdwh vkduh whqdqf| dv lw pdwfkhv odqgorugv dqg whqdqwv

zlwk frpsohphqwdu| ihdwxuhv dqg frpsdwleoh qhhgv1 Wkhuhiruh xqghuvwdqglqj krz wkh pdunhw iru

odqg frqwudfwv zrunv lq wkhvh yloodjhv lv ri fuxfldo lpsruwdqfh lq rughu wr ghflgh ixwxuh srolflhv1

Dovr/ li vkduh whqdqf| lv lqghhg fkrvhq iru lwv ulvn0vkdulqj ihdwxuhv/ wkhq lwv irufhixo holplqdwlrq lq

ghyhorslqj frxqwulhv zkhuh lqvxudqfh pdunhwv duh devhqw ru olplwhg pd| dfwxdoo| zruvhq wkh zhoiduh

ri wkrvh hfrqrplf djhqwv iru zkrp wkh srolf| lv lqwhqghg1

Wkh uhvw ri wkh sdshu lv vwuxfwxuhg dv iroorzv1 Vhfwlrq 5 glvfxvvhv wkh pdlq zhdnqhvvhv ri djhqf|

wkhru| zkhq dssolhg wr odqg frqwudfwv dqg ghvfulehv lq pruh ghwdlov wkh dowhuqdwlyh wkhruhwlfdo

prgho1 Vhfwlrq 6 suhvhqwv wkh suhglfwlrqv ri wkh sulqflsdo0djhqw iudphzrun whvwhg lq wkh hpslulfdo

dqdo|vlv/ zkloh Vhfwlrq 7 ghyhorsv wkh hfrqrphwulf vwuxfwxudo prgho1 Lq Vhfwlrq 8 zh ghvfuleh wkh

gdwd dqg krz zh frqvwuxfw fuxfldo yduldeohv1 Ilqdoo| Vhfwlrq 9 suhvhqwv wkh uhvxowv dqg Vhfwlrq :

frqfoxghv1

5 Sulqflsdo0djhqw yv1 frpshwlwlyh dqdo|vlv

514 Prudo kd}dug prghov= wkhru| dqg hylghqfh

Wkh �uvw dssolfdwlrq ri wkh sulqflsdo0djhqw iudphzrun wr wkh dqdo|vlv ri odqg frqwudfwv lv Vwljolw}

+4<:7,/ zklfk dgguhvvhv wkh lvvxh ri prudo kd}dug lq whqdqwv* h�ruw1 Dw wkh fruh ri wkh prgho lv wkh

lghd wkdw li rxwsxw lv xqfhuwdlq/ wkh odqgorug fdqqrw yhuli| wkh h�ruw surylghg e| wkh whqdqw xqohvv

7Lq 4<88 wkh Lqgldq jryhuqphqw dssuryhg wkh Odqg Uhirup Dfw hqdeolqj uhjlvwhuhg vkduh whqdqwv wr fodlp shupd0

qhqw dqg lqkhulwdeoh lqfxpehqf| uljkwv wr wkh sorwv wdnhq xs xqghu vkduh whqdqf|/ dqg fdsslqj wkh odqgorugv* vkduh

wr 58 shufhqw1 Wkh xowlpdwh sxusrvh ri wkh Dfw zdv wr hudglfdwh vkduh whqdqf|1
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kh forvho| prqlwruv iduplqj dfwlylw|1 Li prqlwrulqj lv frvwo|/ whqdqw*v h�ruw kdv wr eh holflwhg wkurxjk

wkh vwuxfwxuh ri wkh frqwudfw r�huhg/ e| olqnlqj klv sd|r� wr wkh �qdo rxwsxw1 Wklv phfkdqlvp ri

lqfhqwlyh surylvlrq/ krzhyhu/ h{srvhv wkh whqdqw wr iduplqj xqfhuwdlqw|/ dqg li wkh whqdqw lv ulvn

dyhuvh/ wkhq lw pd| ehfrph wrr frvwo| iru wkh odqgorug wr surylgh kljk0srzhuhg lqfhqwlyh dqg dw

wkh vdph wlph vdwlvi| wkh sduwlflsdwlrq frqvwudlqw ri wkh whqdqw1 Wkh fkrlfh ehwzhhq zdjh frqwudfw/

vkduh whqdqf| dqg �{hg uhqw frqwudfw lv wkhq glfwdwhg e| wkh wudgh0r� ehwzhhq lqfhqwlyh surylvlrq

dqg lqvxudqfh1 Zkhq xqfhuwdlqw| lqfuhdvhv/ wkh ulvn0ehdulqj prwlyh ehfrphv pruh lpsruwdqw/ dqg

wkh odqgorug lv pruh olnho| wr vzlwfk iurp wkh �{hg uhqw frqwudfw/ zklfk lv wkh ehvw lqfhqwlyh0zlvh/

wr d ohvv srzhuhg frqwudfw vxfk dv vkduh whqdqf|1 Hyhqwxdoo|/ lq h{wuhpho| ulvn| hqylurqphqwv/ lw

pd| hyhq eh rswlpdo iru wkh odqgorug wr wkrurxjko| jlyh xs rq lqfhqwlyh surylvlrq dqg ixoo| lqvxuh

wkh whqdqw e| r�hulqj d zdjh frqwudfw1 Wklv fdqrqlfdo vhw xs/ wkhuhiruh/ suhglfwv wkdw wkh lqflghqfh

ri vkduh whqdqf| zlwk uhvshfw wr �{hg uhqw frqwudfwv ghshqgv srvlwlyho| rq rxwsxw ulvn/ zkloh wkh

suredelolw| ri revhuylqj vkduh whqdqf| uhodwlyh wr zdjh frqwudfwv vkrxog ghfuhdvh zlwk ulvn1

Pruh uhfhqwo|/ pdq| h�ruwv kdyh ehhq pdgh wr lqfrusrudwh pruh uhdolvwlf ihdwxuhv ri djuduldq

hfrqrplhv lqwr wklv edvlf iudphzrun1 Jkdwdn dqg Sdqgh| +5333, vwxg| wkh rswlpdo frqwudfw zkhq

wkhuh lv mrlqw prudo kd}dug lq surgxfwlyh h�ruw/ zklfk d�hfwv wkh phdq ri wkh rxwsxw glvwulexwlrq/

dqg lq ulvn0wdnlqj ehkdylru/ zklfk d�hfwv wkh vsuhdg ri wkh glvwulexwlrq1 Vxfk prudo kd}dug lq ulvn

iurp wkh whqdqw*v vlgh lv lqgxfhg e| wkh suhvhqfh ri wkh olplwhg oldelolw| fodxvh e| zklfk wkh whqdqw

fdqqrw eh khog uhvsrqvleoh ri wkh uhqw li klv lqfrph +ru zhdowk, dw wkh hqg ri wkh fursslqj vhdvrq lv

ehorz vrph wkuhvkrog1 Vxfk fodxvh pdnhv wkh whqdqw dfw dv d ulvn0oryhu djhqw dqg lqgxfhv d irup ri

prudo kd}dug lq ulvn0wdnlqj ehkdylru/ vxfk dv fkrlfh ri fursv/ xvh ri ihuwlol}hu dqg zdwhu uhvrxufhv/

dqg pruh jhqhudo iduplqj ghflvlrq pdnlqj18 Wkh pdlq uhvxowv ri wkhlu vwxg| duh wkdw= d, wkh zdjh

frqwudfw lv qhyhu r�huhg e| wkh odqgorug/ dqg e, vkduh whqdqf| lv pruh olnho| wr eh revhuyhg ryhu

�{hg uhqw frqwudfwv li prudo kd}dug lq ulvn lv pruh vhyhuh wkdq prudo kd}dug lq h�ruw1 Wkh lqwxlwlrq

lv wkdw hyhq wkrxjk wkh zdjh frqwudfw holplqdwhv wkh prudo kd}dug lq ulvn/ lw kdv d vhyhuh lqfhqwlyh

sureohp1 Khqfh wkh vkduh whqdqf| frqwudfw lv dozd|v ehwwhu wkdq d zdjh frqwudfw/ dv wkh uhvxowlqj

lqfuhdvh lq h�ruw grplqdwhv wkh lqfuhdvh lq ulvn1 Ehwzhhq vkduh whqdqf| dqg �{hg uhqw frqwudfw/

wkh fkrlfh lv glfwdwhg e| wkh uhodwlyh lpsruwdqfh ri wkh wzr w|shv ri prudo kd}dug1 Li prudo kd}dug

lq ulvn lv uhodwlyho| pruh vhyhuh/ wkhq wkh odqgorug �qgv rswlpdo wr glvfrxudjh ulvn0wdnlqj ehkdylru

wkurxjk vkduh whqdqf| dw wkh frvw ri uhgxflqj lqfhqwlyh rq h�ruw1 Wkh nh| srlqw wkhuhiruh lv wkdw

8Edvx +4<<5, �uvw vwxglhg wkh h�hfw ri olplwhg oldelolw| rq wkh rswlpdo frqwudfw1
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li prudo kd}dug lq ulvn lv suhvhqw/ ulvnlhu iduplqj whfkqltxhv zrxog eh dvvrfldwhg zlwk �{hg uhqw

frqwudfwv1

Wkh hpslulfdo olwhudwxuh rq vkduhfursslqj irfxvhg rq wkh uhodwlrq ehwzhhq ulvn dqg frqwudfw

fkrlfh lq rughu wr whvw wkh pdlq suhglfwlrqv ri wkh sulqflsdo0djhqw prgho zlwk prudo kd}dug1 Lq Udr

+4<:4, dqg Doohq dqg Oxhfn +4<<5/ 4<<8/ 4<<<, yhu| gl�huhqw frqwhpsrudqhrxv djuduldq hfrqrplhv

+vhpl0dulg Lqgldq yloodjhv dqg Qruwk0Dphulfdq idupv uhvshfwlyho|, duh vwxglhg dqg wkh uhvxowv vkrz

wkdw vkduhfursslqj lv pruh iuhtxhqwo| revhuyhg wkdq �{hg uhqw frqwudfwv zkhq ohvv ulvn| fursv

duh fxowlydwhg1 Xqghu wkh k|srwkhvlv wkdw fursv sodqwhg duh h{rjhqrxvo| ghwhuplqhg/ wkh dxwkruv

frqfoxgh wkdw vkduh whqdqf| lv pruh frpprqo| fkrvhq lq ohvv ulvn| hqylurqphqwv/ frqwudu| wr wkh

wkhruhwlfdo suhglfwlrq1 Lq Dfnhuehuj dqg Erwwlflql +5333,/ zkhuh dwwhqwlrq lv irfxvhg rq klvwrulfdo

Lwdoldq gdwd/ ulvnlhu fursv duh lqvwhdg irxqg wr eh pruh olnho| revhuyhg xqghu vkduhfursslqj1

Dfnhuehuj dqg Erwwlflql +5334, dwwhpsw wr uhfrqfloh wkhvh hpslulfdo uhvxowv zlwk wkh wkhruhwlfdo

suhglfwlrqv e| dujxlqj wkdw wkh hfrqrphwulf vshfl�fdwlrqv pd| vx�hu iurp hqgrjhqhlw| eldv gxh

wr wkh djhqwv* pdwfklqj dqg wkh lqwhuwzlqlqj ri wkh prudo kd}dug dqg ulvn0vkdulqj prwlyhv1 Jlyhq

wkdw lq d prudo kd}dug iudphzrun wkhuh pd| eh lqfhqwlyhv iru khwhurjhqhrxv whqdqwv wr pdwfk

zlwk sduwlfxodu odqgorugv/ fruuhodwlrq lq shuvrqdo fkdudfwhulvwlfv pd| fdxvh eldvhg hvwlpdwhv li vrph

fkdudfwhulvwlf lv sduwldoo| revhuyhg ru srruo| sur{lhg/ vr wkdw wkh wuxh h�hfw ri ulvn rq frqwudfw fkrlfh

pd| eh revfxuhg e| lqfhqwlyh rq pdwfklqj1 Wkh| dssurdfk wkh sureohp e| sursrvlqj d uhgxfhg

irup pdwfklqj htxdwlrq wr hvwlpdwh mrlqwo| zlwk d frqwudfw fkrlfh htxdwlrq dqg �qg hylghqfh wkdw

ohvv ulvn dyhuvh whqdqwv duh pruh olnho| wr dffhsw �{hg uhqw frqwudfwv/ khqfh frqfoxglqj wkdw wkhuh

duh vljql�fdqw lqfhqwlyhv rq pdwfklqj edvhg rq djhqwv* dwwlwxgh wrzdugv ulvn1 Krzhyhu/ hyhq diwhu

frqwuroolqj iru hqgrjhqrxv pdwfklqj/ wkh| �qg wkdw wkh h�hfw ri fxowlydwlrq ulvn rq wkh w|sh ri

frqwudfw r�huhg e| wkh odqgorugv pd| ru pd| qrw eh vljql�fdqw ghshqglqj rq wkh lqvwuxphqwv

vhw dqg ixqfwlrqdo irupv xvhg/ vr wkdw djdlq wkhuh lv qr vwurqj hylghqfh lq idyru ru djdlqvw wkh

sulqflsdo0djhqw prgho suhglfwlrqv1

D sureohp frpprq wr doo wkh hpslulfdo sdshuv flwhg/ krzhyhu/ lv wkh pdlqwdlqhg dvvxpswlrq

wkdw furs fkrlfh lv h{rjhqrxv/ vr wkdw ulvnlqhvv ri wkh furs fxowlydwhg rq d vshfl�f sorw lv dq dghtxdwh

phdvxuh ri h{rjhqrxv xqfhuwdlqw|1 Exw li wkh furs sodqwhg lv fkrvhq e| wkh iduphu/ wkhq d uhvxow

vxfk dv wkh rqh irxqg e| Doohq dqg Oxhfn grhv qrw qhfhvvdulo| frqwudglfw wkh sulqflsdo0djhqw prgho1

Lw pd| lqvwhdg eh frpsdwleoh zlwk d sulqflsdo0djhqw iudphzrun zlwk mrlqw prudo kd}dug lq h�ruw
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dqg ulvn/ zkhuh �{hg uhqw frqwudfwv duh lqghhg dvvrfldwhg zlwk ulvnlhu iduplqj whfkqltxhv/ vxfk dv

wkh furs sodqwhg1

Gl�huhqw lq  dyru/ wkh zrun e| GhZhdyhu dqg Urxpdvvhw +5334, fdoleudwhv dqg vlpxodwhv d

sulqflsdo0djhqw prgho zlwk prudo0kd}dug lq h�ruw xvlqj Sklolsslqhv gdwd1 Wkh| vkrz wkdw wkh prgho

idlov wr uhsolfdwh wkh revhuyhg glvwulexwlrq ri frqwudfwv/ dqg khqfh frqfoxgh wkdw �wkh fdqrqlfdo

wkhru| lv uhmhfwhg dw wkh 3( vljql�fdqfh ohyho� +sdjh 4<,1

Hyhq wkrxjk wkh h{lvwlqj hpslulfdo hylghqfh fdqqrw frqfoxvlyho| uhixwh wkh sulqflsdo0djhqw

iudphzrun/ grxewv dulvh rq lwv dghtxdf| iru ghvfulelqj prghuq djuduldq hfrqrplhv1 Rqh ri wkh

nh| dvshfwv ri wkh sulqflsdo0djhqw vhw xs lv wkdw hyhq li odqgorugv duh khwhurjhqhrxv dqg r�hu gl�hu0

hqw frqwudfwv/ wkhvh duh dozd|v xwlolw| htxlydohqw iru wkh whqdqwv wr wkhlu rxwvlgh rswlrq/ vlqfh wkh

whqdqw*v sduwlflsdwlrq frqvwudlqw lv w|slfdoo| elqglqj1 Khqfh/ li lq htxloleulxp frqwudfwv jhqhudwh

d vxusoxv/ wklv lv jdlqhg h{foxvlyho| e| wkh odqgorugv/ dqg whqdqwv duh ohiw zlwk wkhlu uhvhuydwlrq

xwlolw|1 Wklv pd| vhhp wr eh gulyhq e| d shuihfwo| hodvwlf vxsso| ri whqdqwv1 Krzhyhu/ dv dujxhg lq

Ehoo +4<;<,/ wklv lv qrw hqrxjk1 Hyhq li wkh vxsso| ri whqdqwv lv odujh frpsduhg wr odqgorugv/ whqdqwv

fdq vwloo kdyh edujdlqlqj srzhu lq vkdulqj wkh vxusoxv li wkhlu uhixvdo fdq ckxuw* wkh odqgorug1 Li

odqgorugv kdyh rxwvlgh rswlrqv dqg lqfxu dq rssruwxqlw| frvw zkhq phhwlqj whqdqwv/ wkhq d uhixvdo

fdq lqghhg eh kdupixo dqg odqgorugv pd| �qg lw sur�wdeoh wr udlvh wkh r�hu wr dwwudfw wkh whqdqw1

Vlploduo| li whqdqwv duh khwhurjhqhrxv lq zrunlqj delolw|/ odqgorugv pd| suhihu wr udlvh wkh r�hu wr

dyrlg uhixvdov iurp pruh vnloohg whqdqwv1 Lq hlwkhu flufxpvwdqfhv wkh whqdqwv krog edujdlqlqj srzhu

wkdw frxog khos wkhp rewdlq sduw ri wkh vxusoxv1

Wkh txhvwlrq lv wkhuhiruh lq zklfk vlwxdwlrqv wkh dv|pphwulf srvlwlrq dvvljqhg wr odqgorugv

dqg whqdqwv e| wkh sulqflsdo0djhqw iudphzrun lv d uhdvrqdeoh dvvxpswlrq1 Iru phglhydo djuduldq

hfrqrplhv/ vxfk dv wkh rqh vwxglhg e| Dfnhuehuj dqg Erwwlflql/ wkh uhodwlrq ehwzhhq odqgohvv shdv0

dqwv dqg zhdowk| odqgorugv pljkw uhdolvwlfdoo| eh ghvfulehg dv h{sorlwdwlyh> exw lq prghuq vrflhwlhv

lw pd| eh gl!fxow wr wklqn wkdw frqwudfwv duh lpsrvhg rq whqdqwv1 Wr uhvwulfw rxu dwwhqwlrq wr

wkh fdvh vwxglhg lq wklv sdshu/ fdvxdo hylghqfh rq wkh whqdqf| uhodwlrq lq frqwhpsrudu| Lqgldq

yloodjhv vkrzv wkdw whqdqwv vhhp wr hqwhu wkh w|sh ri frqwudfw wkdw ehvw �wv wkhlu shuvrqdo fkdu0

dfwhulvwlfv dqg hfrqrplf vwdwxv1 Vkdupd dqg Guë}h +4<<9, ghvfuleh wkh whqdqf| uhodwlrqvkls lq

wkh Qruwk Lqgldq yloodjh ri Sdodqsxu dv d �sduwqhuvkls lqyroylqj erwk frq lfw dqg frrshudwlrq�/

idu iurp wkh h{sorlwdwlyh vwhuhrw|sh1 Ixuwkhupruh/ wkh| vkrz wkdw whqdqwv dqg odqgorugv kdyh rq

:



dyhudjh wkh vdph zhdowk dqg lqfrph1 Mrgkd +4<;4, �qgv wkdw gxulqj wkh odwh *:3v lq wkh LFULVDW

yloodjhv whqdqwv zhuh xvxdoo| odujh iduphuv zkloh odqgrzqhuv r�hulqj wkhlu odqg wkurxjk whqxuldo

frqwudfwv zhuh rshudwlqj rq vpdoohu vfdohv/ zklfk �frqwudglfwv wkh frqyhqwlrqdo suhvxpswlrq/ zkhuh

wkh whqdqw lv xvxdoo| wkrxjkw ri dv d srru dqg vpdoo rshudwru zkloh wkh odqgorug lv eholhyhg wr eh

lqyduldeo| d odujh iduphu +s145;,1� Ilqdoo| irxu ri wkh vl{ LFULVDW yloodjhv vwxglhg khuh zhuh

xqghu wkh lqglylgxdo0edvhg uhyhqxh froohfwlrq v|vwhp +udl|dwzdul, gxulqj wkh Eulwlvk uxoh lq Lqgld1

Xqghu vxfk v|vwhp wkh odqg uhyhqxhv zhuh froohfwhg gluhfwo| iurp wkh fxowlydwru ri wkh odqg/ zkr

kdg d ohjdo wlwoh wr lw1 Vr hyhq wkrxjk whqdqwv glg qrw kdyh irupdo rzqhuvkls uljkwv wr wkh odqg/

wkh uhyhqxh v|vwhp uhfrjql}hg wkhlu �dfwxdo frqwuro uljkwv1� Wklv vxssruwv wkh lghd wkdw lq wkh

LFULVDW yloodjhv vwxglhg khuhe| whqdqwv glg khog hfrqrplf srzhu gxulqj wkh Eulwlvk uxoh dqg prvw

olnho| kdyh pdlqwdlqhg lw diwhu wkh Lqghshqghqfh19

515 D frpshwlwlyh iudphzrun

Wkh prgho sursrvhg lq Eudqfdfflr +5334, fdswxuhv wkhvh lpsruwdqw dvshfwv dqgprghov erwk whqdqwv

dqg odqgorugv suhihuhqfhv wrzdugv frqwudfwv/ ohdylqj pdunhw irufhv wr ghwhuplqh wkh htxloleulxp

sd|phqwv1: Lq wklv vhfwlrq zh rxwolqh wkh prgho dqg lwv pdlq lpsolfdwlrqv1

Iduplqj fdq wdnh sodfh xqghu wkuhh gl�huhqw frqwudfwxdo irupv= zdjh frqwudfw/ vkduh whqdqf|

frqwudfw dqg �{hg uhqw frqwudfw1 Odqgorugv dqg whqdqwv frqvlghu wkh sd|phqwv dvvrfldwhg zlwk

hdfk ri wkhvh frqwudfwv dv jlyhq dqg uhvshfwlyho| r�hu dqg orrn iru wkh frqwudfw wkh| suhihu1 Lq wklv

vhqvh djhqwv duh sulfh wdnhuv/ dqg sd|phqwv duh qrw lqglylgxdo vshfl�f1 Whqdqwv* rxwvlgh rswlrq

frqvlvwv lq zdjh oderu lq wkh xuedq vhfwru1; Odqgorugv* rxwvlgh rswlrq lv d qrq0iduplqj dfwlylw|1

Xqghu d zdjh frqwudfw/ dqg wr d ohvvhu h{whqw vkduh whqdqf|/ wkh odqgorug kdv wr ghyrwh wlph wr

dwwhqg fxowlydwlrq dqg prqlwru vr wkdw kh lqfxuv dq rssruwxqlw| frvw lq whupv ri iruhjrqh hduqlqjv/

ru prqlwrulqj frvw1

9Lq rwkhu duhdv/ vxfk dv Ehqjdo/ wkh Eulwlvk uxoh lpsrvhg wkh }dplqgdul ru odqgorug0edvhg v|vwhp/ zkhuh wkh

odqgorzqhuv zhuh lq fkdujh ri uhyhqxh froohfwlrq dqg whqdqwv kdg qr ohjdo uhfrjqlwlrq1 Wkh rwkhu wzr LFULVDW
yloodjhv vwxglhg lq wklv sdshu dssduhqwo| glg qrw ehorqj wr dq| ri wkhvh uhyhqxh v|vwhpv1 Wkh| zhuh qrw gluhfwo|
xqghu wkh Eulwlvk uxoh/ exw zhuh sduw ri wkh Ql}dp ri K|ghudedg*v whuulwru|1 Zh duh judwhixo wr Odnvkpl L|hu zkr
surylghg wkhvh lqirupdwlrq1 Lq Edqhumhh dqg L|hu +5334,/ wkh| vwxg| wkh h�hfw ri wkh odqg uhyhqxh v|vwhpv lpsrvhg
e| wkh Eulwlvk uxoh rq wkh frqwhpsrudu| djuduldq shuirupdqfh ri gl�huhqw glvwulfwv lq Lqgld1

:Dqrwkhu ghsduwxuh iurp wkh sulqflsdo0djhqw iudphzrun lv irxqg lq Ehoo dqg ]xvpdq +4<:9, zkhuh frqwudfw fkrlfh
lv vwxglhg wkurxjk d edujdlqlqj prgho1

;Wkh suhvhqfh ri d qhdue| wrzq ru flw| wlhv grzq wkh zdjh lq wkh djulfxowxudo vhfwru ehfdxvh li wkh zdjh zdv orzhu
wkdq wkh rqh r�huhg lq wkh xuedq vhfwru/ glvfrxqwhg e| pljudwlrq glvxwlolw|/ wkhq iduphuv zrxog suhihu wr dedqgrq
wkh yloodjhv dqg zrun lq wkh xuedq vhfwru1

;



Whqdqwv duh khwhurjhqhrxv lq wkhlu iduplqj +ru pdqdjhuldo, delolw| vr wkdw pruh vnloohg whqdqwv

duh deoh wr rewdlq kljkhu rxwsxw xqghu vkduh whqdqf| dqg �{hg uhqw frqwudfwv wkdq orz vnloohg

whqdqwv1 Odqgorugv duh khwhurjhqhrxv zlwk uhvshfw wr wkhlu rssruwxqlw| frvw +ru prqlwrulqj whfk0

qrorj|,> odqgorugv zlwk jrrg dowhuqdwlyh exvlqhvv rssruwxqlwlhv w|slfdoo| kdyh d kljkhu rssruwxqlw|

frvw li wkh| kdyh wr dwwhqg fxowlydwlrq forvho|/ ru dowhuqdwlyho| vrph odqgorugv pd| eh sduwlfxoduo|

edg dw vxshuylvlqj oderu vr wkdw wkhlu frvw lv kljkhu1< Jlyhq vxfk khwhurjhqhlw| lq iduplqj vnloov

dqg prqlwrulqj frvw/ whqdqwv dqg odqgorugv pd| kdyh gl�huhqw suhihuhqfhv wrzdugv wkh frqwudfwv iru

jlyhq dvvrfldwhg sd|phqwv1 Whqdqwv zlwk kljk iduplqj delolw| pd| suhihu wkh �{hg uhqw frqwudfw wr

wkh zdjh dqg vkduh whqdqf| frqwudfw vlqfh lw doorzv wkhp wr nhhs wkh zkroh rxwsxw dqg/ wkhuhiruh/

dffuxh wkh uhwxuqv wr wkhlu vnloov1 Rq wkh frqwudu|/ xqvnloohg whqdqwv zloo suhihu wkh zdjh frqwudfw

zkhuh wkhlu uhpxqhudwlrq grhv qrw ghshqg rq wkhlu iduplqj +lq,delolw|1 Vlploduo| odqgorugv zlwk

yhu| kljk rssruwxqlw| frvw suhihu d �{hg uhqw frqwudfw dv lw iuhhv wkhp iurp dq| lqyroyhphqw lq

fxowlydwlrq dqg doorzv wkhp wr dwwhqg rwkhu dfwlylwlhv/ zkloh odqgorugv zlwk srru rxwvlgh rssruwx0

qlwlhv fkrrvh wkh zdjh frqwudfw1 Vkduh whqdqf| lv wkhq d zd| wr pdwfk wkh suhihuhqfhv ri whqdqwv

dqg odqgorugv zlwk lqwhuphgldwh iduplqj vnloov dqg prqlwrulqj frvw1 Wkh vhohfwlrq ri whqdqwv dqg

odqgorugv lq wkh gl�huhqw frqwudfwv frqglwlrqdo rq wkh zdjh udwh/ wkh rxwsxw vkduh dqg wkh uhqw

ghwhuplqhv wkh ghpdqg dqg vxsso| ri hdfk frqwudfw1

Qrwh wkdw hyhq wkrxjk wkh suhvhqw sdshu pryhv dzd| iurp djhqf| wkhru|/ lw grhv qrw ljqruh wkh

fhqwudo lvvxh ri prudo kd}dug/ dv zh dvvxph wkh suhvhqfh ri prqlwrulqj frvw1 Zh dovr dffrxqw iru

srvvleoh prudo kd}dug lq h�ruw ghyrwhg iru wkh pdlqwhqdqfh ri wkh sorw1 Zkhq djuduldq frqwudfwv

duh iru vkruw whupv/ wkh whqdqw kdv yluwxdoo| qr lqfhqwlyhv lq lqyhvwlqj h�ruw dqg uhvrxufhv iru wkh

pdlqwhqdqfh ri wkh sorw/ zklfk pd| lq wxuq uhvxow lq ghfuhdvhg ihuwlolw|1 Khqfh zh dvvxph wkdw

xqghu vkduh whqdqf| dqg �{hg uhqw frqwudfwv/ wkh odqgorugv lqfxu d pxowlwdvnlqj0prudo kd}dug frvw1

Pdunhw htxloleulxp lpsrvhv wkdw wkh sd|phqwv kdyh wr dgmxvw vr wkdw wkh r�hu ri d vshfl�f

frqwudfw iurp odqgorugv htxdov wkh ghpdqg iurp whqdqwv1 Iru h{dpsoh dq lqfuhdvh lq wkh uhqw

pdnhv wkh �{hg uhqw frqwudfw pruh dwwudfwlyh iru odqgorugv frpsduhg wr vkduh whqdqf| dqg zdjh

frqwudfw/ vr wkdw vrph odqgorugv pd| vzlwfk/ exw lw dovr pdnhv wkh �{hg uhqw frqwudfw ohvv dwwudfwlyh

iru whqdqwv zkr pljkw wkhuhiruh ghflgh wr suhihu vkduh whqdqf| ru zdjh frqwudfw1

<Hvzdudq dqg Nrwzdo +4<;8, dovr h{sorlw wkh lghd wkdw wkh rswlpdo frqwudfw pd| ghshqg rq wkh uhodwlyh vnloov ri
wkh djhqwv lq vxshuylvlqj dqg pdqdjlqj wkh odqg1 Wkrxjk wkh txdolwdwlyh suhglfwlrq lv forvh lq vslulw/ wkh suhvhqw
prgho surylghv d udglfdoo| gl�huhqw iudphzrun/ dv wkh| dqdo|}h d rqh0wr0rqh sulqflsdo0djhqw uhodwlrq1
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Wkh iudphzrun rxwolqhg deryh kdv wzr sduwlfxoduo| lqwhuhvwlqj ihdwxuhv1 Iluvw/ dv lq d vwdqgdug

ghpdqg0vxsso| iudphzrun/ erwk whqdqwv dqg odqgorugv hqmr| d vxusoxv xqohvv wkh| duh wkh pdujlqdo

djhqwv1 Wkh pdujlqdo djhqwv duh/ lq idfw/ gh�qhg dv wkh whqdqwv dqg odqgorugv zkr duh lqgl�huhqw

ehwzhhq wkh frqwudfwv jlyhq wkh htxloleulxp sd|phqwv/ vr wkdw dq| djhqw zkr vwulfwo| suhihuv

rqh frqwudfw ryhu wkh rwkhuv/ frqglwlrqdo rq wkh sd|phqwv/ lv jdlqlqj dq hfrqrplf uhqw1 Vhfrqg/

wklv vhw xs kdv wkh srwhqwldo wr suhglfw wkdw vkduhfursslqj lv ohvv iuhtxhqw wkdq wkh �{hg uhqw

frqwudfw zkhq rxwsxw ulvn lv kljkhu dqg wkh rqo| gulylqj irufh lv ulvn0vkdulqj1 Zkhq fxowlydwlrq

ehfrphv ulvnlhu/ wkh ghpdqg dqg vxsso| ri hdfk frqwudfw fkdqjh dffruglqj wr wkh suhihuhqfhv ri wkh

djhqwv1 Pruh vshfl�fdoo| li whqdqwv duh ulvn dyhuvh/ wkhq wkhlu ghpdqg iru vkduh whqdqf| frqwudfwv

uhodwlyh wr �{hg uhqw frqwudfwv lqfuhdvhv ehfdxvh ri wkh ulvn0vkdulqj ihdwxuh ri vkduhfursslqj1 Rq wkh

frqwudu| ulvn0dyhuvh odqgorugv ghfuhdvh wkhlu vxsso| ri vkduh whqdqf| uhodwlyh wr �{hg uhqw frqwudfwv1

Kljkhu xqfhuwdlqw| pd| wkhuhiruh eh dvvrfldwhg lq htxloleulxp zlwk d kljkhu ru orzhu udwlr ri vkduh

whqdqf| wr �{hg uhqw frqwudfwv/ ghshqglqj rq wkh hodvwlflwlhv ri wkh uhodwlyh ghpdqg dqg vxsso|

zlwk uhvshfw wr ulvn1 Vlploduo| kljkhu ulvn fdq jhqhudwh lq htxloleulxp d kljkhu ru orzhu iuhtxhqf|

ri zdjh frqwudfwv zlwk uhvshfw wr vkduh whqdqf|1 Vxfk hodvwlflwlhv ghshqg rq wkh vwuxfwxuh dqg wkh

sulplwlyhv ri wkh prgho/ dqg lq sduwlfxodu rq wkh uhodwlyh ghjuhh ri ulvn dyhuvlrq ri odqgorugv dqg

whqdqwv1

Qrwh wkdw lq htxloleulxp wkh frqwudfwxdo whupv frqvwlwxwh d sulfh phfkdqlvp wkdw h!flhqwo|

pdwfkhv wkh prvw frpsdwleoh odqgorugv dqg whqdqwv1 Odqgorugv zlwk orz rssruwxqlw| frvw r�hu

zdjh frqwudfwv dqg duh pdwfkhg zlwk orz vnloohg whqdqwv ghpdqglqj vxfk frqwudfwv/ dqg vlploduo|

kljk +lqwhuphgldwh, rssruwxqlw| frvw odqgorugv duh pdwfkhg zlwk kljk +lqwhuphgldwh, delolw| whq0

dqwv xqghu �{hg uhqw frqwudfwv +vkduh whqdqf|,1 Wkh pdwfklqj surfhvv fohduo| jhqhudwhv h{0srvw

fruuhodwlrq lq wkh fkdudfwhulvwlfv ri wkh djhqwv pdwfkhg/ exw dv zh vhsdudwho| prgho wkh ghflvlrq

surfhvv ri odqgorugv dqg whqdqwv/ wkh vwuxfwxuh ri wkh pdwfklqj lv ixoo| fkdudfwhul}hg dqg hqgr0

jhqhlw| lv qrw dq lvvxh1 Wkh srvlwlyh vruwlqj glvsod|hg lq htxloleulxp kdv fkdudfwhulvwlfv vlplodu wr

wkh vruwlqj wkdw dulvhv lq htxdol}lqj gl�huhqwldo prghov/ zkhuh zrunhuv zlwk vwurqjhu suhihuhqfhv iru

fhuwdlq mre fkdudfwhulvwlfv hqg xs pdwfklqj zlwk �upv surylglqj mrev zlwk wkrvh ihdwxuhv1 Lq rxu

fdvh wkh whqdqwv* dqg odqgorugv* ghflvlrqv derxw zklfk frqwudfw wr dffhsw dqg r�hu fdq eh vhhq dv

dq rffxsdwlrqdo fkrlfh lq zklfk djhqwv fkrrvh dprqj wkuhh gl�huhqw lqfrph glvwulexwlrqv/ dqg wkh

gl�huhqwldo htxdol}hg lq htxloleulxp lv uhodwhg wr wkh gl�huhqw ulvn lqkhuhqw wr vxfk glvwulexwlrqv1

Ilqdoo|/ wkh dvvxpswlrq wkdw doo djhqwv duh sulfh wdnhuv pd| vhhp txhvwlrqdeoh vlqfh odqgorugv
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r�hu frqwudfwv dqg vhw wkh frqwudfwxdo whupv/ dv dujxhg e| Vlqjk +4<;<,1 Wkh pdlq srlqw ri wklv

prgho/ krzhyhu/ lv wkdw wkrxjk odqgorugv r�hu frqwudfwv dqg vhw wkh sd|phqwv/ wkh| pxvw frpshwh

iru wkh whqdqwv/ l1h1 wkh| kdyh wr vhw sd|phqwv vr wkdw wkhuh duh whqdqwv zloolqj wr dffhsw wkh

frqwudfw wkh| r�hu dw wkrvh whupv1 Vxfk frpshwlwlyh suhvvxuh gulyhv wr }hur h{fhvv ghpdqg2vxsso|

ri wkh gl�huhqw frqwudfwv1 Lw lv wkhuhiruh d orqj uxq wkhru| ri htxloleulxp lq wkh whqdqf| pdunhw/

zkloh lw lv vlohqw derxw krz djhqwv vhdufk iru wkh ehvw rswlrq dqg krz wkh htxloleulxp lv uhdfkhg1

Sulfh0wdnlqj ehkdylru pljkw dovr h{sodlq zk| frqwudfw sd|phqwv gr qrw vhhp wr eh lqglylgxdo

vshfl�f lq pdq| djuduldq hfrqrplhv1 Rxwsxw lv xvxdoo| vsolw dffruglqj wr wkh 83083 uxoh xqghu

vkduh whqdqf|/ uhjdugohvv ri shuvrqdo fkdudfwhulvwlfv ri odqgorugv dqg whqdqwv> dq hpslulfdo sx}}oh

wkdw fdqqrw eh h{sodlqhg wkurxjk d sulqflsdo0djhqw iudphzrun zlwk khwhurjhqhrxv dfwruv1

6 Whvwlqj wkh sulqflsdo0djhqw prgho

Ehiruh wxuqlqj wr wkh hvwlpdwhv ri wkh vwuxfwxudo prgho/ zh hvwlpdwh wkh w|sh ri pxowlqrpldo uhgxfhg

irup orjlvwlf prgho xvhg suhylrxvo| lq wkh olwhudwxuh wr whvw wkh Sulqflsdo0Djhqw iudphzrun1 Wkh

sxusrvh ri wklv dqdo|vlv lv wr lqyhvwljdwh zkhwkhu wkh odfn ri hpslulfdo vxssruw iru wkh djhqf|

wkhru| lv wkh uhvxow ri xvlqj lqdssursuldwh phdvxuhv ri ulvn/ wkdw gr qrw wdnh lqwr dffrxqw srvvleoh

hqgrjhqhlw| ri furs fkrlfh1

Wkh fuxfldo srlqw lv wr frqvwuxfw wzr gl�huhqw phdvxuhv ri rxwsxw ulvn iru hdfk sorw1 Wkh

�uvw phdvxuh lv rewdlqhg dv wkh rxwsxw yduldelolw| ri wkh sorw jlyhq lwv fkdudfwhulvwlfv/ vxfk dv vrlo

w|sh dqg orfdwlrq/ dqg lw vkrxog wkhuhiruh slfn xs wkh h{rjhqrxv fxowlydwlrq ulvn lqkhuhqw lq wkh

sorwv/ uhjdugohvv ri wkh furs sodqwhg1 Wkh rwkhu phdvxuh ri ulvn lv lqvwhdg rewdlqhg dv wkh rxwsxw

yduldelolw| ri wkh furs sodqwhg rq d vshfl�f sorw> wkhuhiruh/ lw fdswxuhv furs0uhodwhg xqfhuwdlqw| dqg

lw lv lq olqh zlwk wkh phdvxuhv ri ulvn xvhg lq rwkhu hpslulfdo zrunv1

Wkh suhglfwlrqv ri wkh sulqflsdo0djhqw prgho whvwhg lq wkh hpslulfdo dqdo|vlv duh=

Fdvh 4 Li furs fkrlfh lv h{rjhqrxv/ wkhq=

d, wkh wzr phdvxuhv ri ulvn duh kljko| fruuhodwhg>

e, wkh lqflghqfh ri zdjh frqwudfw uhodwlyh wr vkduh whqdqf| lqfuhdvhv zlwk ulvn/ dqg vr grhv wkh

lqflghqfh ri vkduh whqdqf| uhodwlyh wr �{hg uhqw frqwudfwv/ uhjdugohvv ri zklfk ulvn phdvxuh lv xvhg1

Fdvh 5 Li furs fkrlfh lv hqgrjhqrxv/ wkhq=

d*, wkh wzr phdvxuhv ri ulvn pd| qrw eh fruuhodwhg>
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e*, wkh lqflghqfh ri vkduh whqdqf| uhodwlyh wr �{hg uhqw frqwudfwv ghfuhdvhv zkhq wkh furs0uhodwhg

ulvn lqfuhdvhv/ dqg ghfuhdvhv zkhq wkh h{rjhqrxv ulvn lqfuhdvhv1

Wkh udwlrqdoh xqghuo|lqj wkhvh suhglfwlrqv lv wkdw li wkh furs sodqwhg lv h{rjhqrxvo| ghwhuplqhg/

wkhq fhuwdlq fursv duh pruh olnho| sodqwhg rq sorwv zlwk vshfl�f fkdudfwhulvwlfv> khqfh/ wkh wzr

phdvxuhv ri ulvn vkrxog eh fruuhodwhg lq uhvsrqvh wr wkh fruuhodwlrq ehwzhhq sorw fkdudfwhulvwlfv

dqg fursv sodqwhg1 Ixuwkhupruh/ lq wklv fdvh wkhuh lv qr uroh iru ulvn0wdnlqj ehkdylru wkurxjk

furs fkrlfh e| wkh whqdqw/ zkloh prudo kd}dug lq h�ruw pd| eh vhyhuh1 Wkhuhiruh/ zh zrxog h{shfw

vkduh whqdqf| wr eh pruh iuhtxhqwo| revhuyhg wkdq �{hg uhqw frqwudfwv dqg ohvv iuhtxhqwo| revhuyhg

wkdq zdjh frqwudfwv zkhq h{rjhqrxv sorw0uhodwhg ulvn lv kljkhu/ dv lq wkh fdqrqlfdo sulqflsdo0djhqw

prgho d* od Vwljolw}1 Dv furs sodqwhg lv ghwhuplqhg e| sorw fkdudfwhulvwlfv/ furs ulvn dovr phdvxuhv

dq h{rjhqrxv irup ri xqfhuwdlqw|/ vr wkdw zh zrxog h{shfw wr �qg vlplodu uhodwlrqv ehwzhhq frqwudfw

fkrlfh dqg furs0uhodwhg ulvn1

Rq wkh rwkhu vlgh/ li furs sodqwhg lv hqgrjhqrxv/ l1h1 fkrvhq e| wkh whqdqw/ wkhq wkh wzr ulvn

phdvxuhv duh qrw qhfhvvdulo| fruuhodwhg1 Gxh wr prudo kd}dug lq h�ruw zh vkrxog vwloo revhuyh wkdw

vkduh whqdqf| lv pruh iuhtxhqwo| revhuyhg wkdq �{hg uhqw frqwudfwv rq h{rjhqrxvo| ulvnlhu sorwv1

Exw li prudo kd}dug lq ulvn0wdnlqj ehkdylru lv dovr suhvhqw/ gxh wr olplwhg oldelolw|/ wkhq zh dovr

zrxog h{shfw wr �qg �{hg uhqw frqwudfwv wr eh dvvrfldwhg zlwk ulvnlhu fursv/ zkloh xqghu vkduh

whqdqf| vdihu fursv suhydlo1 Khqfh furs0uhodwhg ulvn vkrxog kdyh dq lqghshqghqw h�hfw +dqg ri

rssrvlwh vljq, iurp wkh h{rjhqrxv phdvxuh ri ulvn rq wkh w|sh ri frqwudfw1

Wr whvw wkh suhglfwlrqv xqghu Fdvh 4/ zh hvwlpdwh d pxowlqrpldo prgho ri frqwudfw fkrlfh frq0

wuroolqj �uvw iru h{rjhqrxv sorw0uhodwhg ulvn/ dqg wkhq iru furs0uhodwhg xqfhuwdlqw|1 Li wkh sulqflsdo0

djhqw iudphzrun lv ydolg wkhq zh vkrxog h{shfw wkh wzr phdvxuhv ri ulvn wr kdyh d srvlwlyh h�hfw rq

wkh suredelolw| ri revhuylqj zdjh frqwudfwv uhodwlyh wr vkduh whqdqf|/ dqg d qhjdwlyh h�hfw rq wkh

suredelolw| ri revhuylqj �{hg uhqw frqwudfwv uhodwlyh wr vkduh whqdqf|1 Wr whvw wkh suhglfwlrqv xqghu

Fdvh 5/ zh hvwlpdwh d orjlw prgho ri fkrlfh ehwzhhq �{hg uhqw frqwudfwv dqg vkduh whqdqf| zkhuh

zh frqwuro iru h{rjhqrxv ulvn dqg furs0uhodwhg xqfhuwdlqw| vlpxowdqhrxvo| dv rssrvhg wr Fdvh 41 Li

wkh sulqflsdo0djhqw iudphzrun lv ydolg wkhq zh zrxog h{shfw wkh h{rjhqrxv ulvn wr kdyh d qhjdwlyh

h�hfw rq wkh suredelolw| ri revhuylqj �{hg uhqw uhodwlyh wr vkduh whqdqf| gxh wr prudo kd}dug lq

h�ruw/ dqg wkh furs0uhodwhg ulvn wr kdyh d srvlwlyh h�hfw gxh wr prudo kd}dug lq ulvn1 Uhvxowv duh

vkrzq lq Vhfwlrq 9151
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7 Wkh hfrqrphwulf vshfl�fdwlrq ri wkh frpshwlwlyh prgho

Lq wkh suhvhqw vhfwlrq zh ghyhors wkh vwuxfwxudo hfrqrphwulf prgho edvhg rq wkh frpshwlwlyh iudph0

zrun ghvfulehg lq Vhfwlrq 5151 Zh �uvw prgho wkh rxwsxw ixqfwlrq dqg wkh xwlolwlhv rewdlqhg e|

d jhqhulf whqdqw l dqg d odqgorug m iurp wkh wkuhh gl�huhqw frqwudfwv/ dqg ghulyh wkh vwuxfwxudo

pxowlqrpldo prghov ghvfulelqj wkhlu lqglylgxdo fkrlfhv1 Edvhg rq wkh dvvxpswlrq wkdw wkh hfrqrp|

lv lq htxloleulxp/ zh wkhq irupxodwh wkh olnholkrrg ixqfwlrq1 Lq gh�qlqj wkh vwuxfwxuh ri wkh prgho

zh nhhs lq plqg wkh fkdudfwhulvwlfv ri wkh Lqgldq yloodjhv zkrvh gdwd zloo eh xvhg iru hvwlpdwlrq>

khqfh vxfk d vwuxfwxudo prgho pljkw eh xqvxlwhg wr ghvfuleh rwkhu hfrqrplhv1

d, Rxwsxw

Rxwsxw rq d sorw s dw wlph w +\R|, lv dvvxphg wr eh surgxfhg e| d Free�Grxjodv ixqfwlrq ri

odqg +kR|,/ oderu +cR|, dqg fdslwdo +NR|, zkloh sorw fkdudfwhulvwlfv +]R|, hqwhu dv vkliw sdudphwhuv1

Wkh huuru whup +x, lv dvvxphg wr hqwhu wkh rxwsxw ixqfwlrq dgglwlyho| dqg lw lqfoxghv d wlph0

lqghshqghqw lqglylgxdo h�hfw uhsuhvhqwlqj wkh iduplqj vnloov ri wkh djhqw fxowlydwlqj wkh sorw +�,/ d

wlph h�hfw fdswxulqj srvvleoh fruuhodwlrq lq rxwsxw dfurvv sorwv gxh wr vlplodu zhdwkhu frqglwlrqv

+�,/ dqg dq lglrv|qfudwlf frpsrqhqw lqghshqghqw dfurvv wlph dqg lqglylgxdov fdswxulqj sorw vshfl�f

xqfhuwdlqw| +y,143

Dv xqghu d zdjh frqwudfw wkh odqgorug fxowlydwhv wkh odqg/ zkloh xqghu vkduh whqdqf| dqg �{hg

uhqw frqwudfw wkh whqdqw pdqdjhv lw/ lqsxw fkrlfhv duh pdgh e| wkh odqgorug m dqg wkh whqdqw l lq

wkh uhvshfwlyh fdvhv1 Vlploduo| wkh uhohydqw lqglylgxdo iduplqj vnloov duh wkh rqhv ri wkh odqgorug m

li wkh sorw lv pdqdjhg xqghu d zdjh frqwudfw/ dqg ri wkh whqdqw l li wkh sorw lv wdnhq xqghu �{hg

uhqw frqwudfw ru vkduh whqdqf|1 Khqfh wkh �qdo rxwsxw xqghu frqwudfw f lv jlyhq e|
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zkhuh Z lqglfdwhv wkh zdjh frqwudfw/ V wkh vkduh whqdqf| frqwudfw/ dqg I wkh �{hg uhqw frqwudfw1

Doo frpsrqhqwv ri wkh huuru whup duh dvvxphg wr kdyh }hur phdq1 Wr irfxv rq whqdqwv* khwhurjhqhlw|

43Dgglwlyh xqfhuwdlqw| lv lpsruwdqw lq rxu iudphzrun vlqfh lw doorzv xv wr frpsduh wkh xwlolwlhv xqghu hdfk frqwudfw
iru d jlyhq djhqw e| xvlqj phdq0yduldqfh dqdo|vlv zlwkrxw kdylqj fxpehuvrph h{suhvvlrqv1 Vxfk dq dvvxpswlrq lv
dovr pdgh lq Od�rqw dqg Pdwrxvvl +4<<8,1
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zlwk uhvshfw wr iduplqj vnloov dqg odqgorugv* khwhurjhqhlw| zlwk uhvshfw wr rssruwxqlw| frvw/ zh

dvvxph wkdw �2
#�
@ 3/ dqg wkdw wkhuhiruh wkh yduldqfh ri wkh lqglylgxdo h�hfw lv gxh wr iduplqj vnloov

yduldwlrq dfurvv whqdqwv1 Wkh wlph h�hfw dqg wkh udqgrp frpsrqhqw kdyh yduldqfhv htxdo wr �
2
4

dqg �
2
�
uhvshfwlyho| zlwk/ fry+�|yR|, @ 31

e, Frqwudfwv dqg lqsxw fkrlfhv

Xqghu wkh zdjh dqg wkh �{hg uhqw frqwudfw/ wkh odqgorug dqg wkh whqdqw uhvshfwlyho| dffuxh

wkh zkroh rxwsxw dqg ehdu wkh ixoo frvw ri doo lqsxwv1 Lq erwk fdvhv wkhuhiruh lqsxwv duh fkrvhq

e| htxdwlqj wkhlu pdujlqdo surgxfw wr wkhlu frvw1 Xqghu vkduh whqdqf|/ wkh whqdqw dffuxhv rqo| d

sruwlrq �| ri wkh �qdo rxwsxw/ dqg zkloh iru vrph lqsxwv kh ehduv wkhlu ixoo frvw/ wkh frvw ri rwkhu

lqsxwv lv vkduhg zlwk wkh odqgorug1 Lqsxw lqwhqvlwlhv duh wkhq ghflghg e| htxdwlqj wkh pdujlqdo

surgxfw wkh whqdqw dffuxhv zlwk wkh sruwlrq ri pdujlqdo frvw kh ehduv1 Lqsxwv zkrvh frvw lv

ixoo| eruqh e| wkh whqdqw duh w|slfdoo| xqghusurylghg144 Wklv lpsolhv wkdw lqsxw lqwhqvlwlhv duh

hqgrjhqrxv zlwk uhvshfw wr wkh frqwudfw irup dqg zh qhhg wr rewdlq ghpdqg ixqfwlrqv iru hdfk

lqsxw +oderu dqg fdslwdo, xqghu hdfk frqwudfw/ dqg xvh clqgluhfw* surgxfwlrq ixqfwlrqv frqglwlrqdo

rq wkh h!flhqw fkrlfh ri doo lqsxwv jlyhq wkh frqwudfw w|sh1 Krzhyhu/ h{solflwo| frqvlghulqj wkh

ghpdqg ixqfwlrqv ri doo lqsxwv pdnhv wkh hfrqrphwulf vshfl�fdwlrq txlwh lqwudfwdeoh1 Dovr/ zkloh

oderu lqsxw lv dozd|v surylghg h{foxvlyho| e| wkh whqdqw xqghu vkduh whqdqf|/ fdslwdo lqsxw pd|

dfwxdoo| lqfoxgh vrph irupv ri fdslwdo zkrvh frvw lv vkduhg ehwzhhq odqgorugv dqg whqdqwv/ dqg

vrph irupv zkrvh frvw lv ixoo| eruqh e| wkh whqdqwv145

Wr uhgxfh wkh frpsoh{lw| ri wkh vwuxfwxudo irup dqg wr doorz  h{lelolw| lq whupv ri frvw vkdulqj

uxohv iru wkh gl�huhqw irupv ri fdslwdo/ zh xvh wkh iroorzlqj vshfl�fdwlrq ri wkh surgxfwlrq ixqfwlrq
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zklfk lv ghulyhg iurp ht1+4, diwhu vxevwlwxwlqj wkh frqwudfw0vshfl�f rswlpdo ghpdqg ixqfwlrq iru

fdslwdo dqg zkhuh lqglylgxdo vxevfulswv duh rplwwhg iru vlpsolflw|1 Lq Dsshqgl{ D/ zh vkrz wkh

uhodwlrq ehwzhhq wkh sdudphwhuv lq ht1+4, dqg lq ht1+5,1 Wkh rswlpdo oderu ghpdqg ixqfwlrqv xvhg

44
Wklv uhvxow lv nqrzq lq wkh olwhudwxuh dv wkh Pduvkdooldq lqh!flhqf| ri vkduh whqdqf|1

45D vhfrqg ohyho ri hqgrjhqhlw| pljkw d�hfw ht1+5, li djhqwv idfh lqglylgxdo0vshfl�f lqsxw dqg2ru rxwsxw sulfhv1 Zh
uxoh rxw wklv srvvlelolw| dqg lqvwhdg dvvxph wkdw lq d vshfl�f shulrg | zlwklq d yloodjh doo djhqwv idfh wkh vdph sulfhv1
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iru wkh uhpdlqlqj dqdo|vlv duh
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e, Xwlolwlhv

Odqgorugv dqg whqdqwv duh ulvn dyhuvh1 Xwlolw| ixqfwlrqv duh h{srqhqwldo/ lpso|lqj wkdw wkh

devroxwh ulvn dyhuvlrq frh!flhqw lv frqvwdqw1 Irupdoo|

x�|+L, @ �
4

�
�

h
3�

�
U +8,

x�|+L, @ �
4

�
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h3�2U +9,

zkhuh L ghqrwhv wkh ohyho ri lqfrph/ x�|+L, dqg x�|+L, duh wkh xwlolw| ixqfwlrqv ri d whqdqw l dqg

d odqgorug m dw wlph w uhvshfwlyho|/ dqg �
�
dqg �

2
duh wkhlu Duurz0Sudww phdvxuhv ri devroxwh ulvn

dyhuvlrq146

Zh wxuq qrz wr wkh vshfl�fdwlrq ri wkh h{shfwhg xwlolwlhv xqghu hdfk frqwudfw zkhuh wkh h{0

shfwdwlrq rshudwru lv ghqrwhg H1 Wkh wrwdo vdodu| sdlg wr wkh whqdqw iru d vhdvrq xqghu d zdjh

frqwudfw lv z|> �| lv wkh vkduh ri rxwsxw dffuxhg e| wkh whqdqw xqghu vkduh whqdqf|> dqg �qdoo| UR|

lv wkh uhqw sdlg e| wkh whqdqw xqghu d �{hg uhqw frqwudfw iru wkh sorw s dw wlph w1 Vxfk frqwudfw

sd|phqwv duh frqvlghuhg h{rjhqrxv e| wkh djhqwv zkhq wkh| pdnh wkhlu ghflvlrq dv lq dq| frp0

shwlwlyh prgho/ exw wkh| duh fohduo| ghwhuplqhg hqgrjhqrxvo| lq htxloleulxp1 Krzhyhu/ sd|phqwv

duh qrw lqglylgxdo0vshfl�f lq wkh vhqvh wkdw li wzr whqdqwv vljq wkh vdph w|sh ri frqwudfw rq wzr

sorwv ri odqg zlwk vdph fkdudfwhulvwlfv +kR|> ]R|,/ wkhq wkh frqwudfw sd|phqwv duh htxdo hyhq li wkh

whqdqwv kdyh gl�huhqw xqrevhuydeoh iduplqj vnloov1 Khqfh wkh zdjh udwh/ wkh rxwsxw vkduh dqg wkh

edvh uhqw duh rqo| wlph0vshfl�f1 Wr vlpsoli| qrwdwlrq +dqg jlyhq wkdw zh dfwxdoo| gr qrw revhuyh

wkh edvh uhqw lq wkh gdwd dydlodeoh, zh ghvfuleh wkh prgho lq whupv ri wrwdo uhqw sdlg UR| iru d sorw

ri fkdudfwhulvwlfv +kR|> ]R|,1

46Qrwh wkdw wkh frh!flhqwv ri devroxwh ulvn dyhuvlrq pd| eh gl�huhqw iru whqdqwv dqg odqgorugv E�
�
�' �

2
�/ exw wkhuh

lv qr khwhurjhqhlw| lq dwwlwxgh wrzdugv ulvn zlwklq wkh jurxsv ri whqdqwv dqg odqgorugv1
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Iru whqdqw l wkh xwlolw| ydoxh dwwdlqhg xqghu hdfk w|sh ri frqwudfw lv
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zkhuh wkh h{shfwdwlrq lv wdnhq zlwk uhvshfw wr %R| @ �| . yR|1 Xqghu wkh zdjh frqwudfw wkh whqdqw

vlpso| jhwv klv vdodu|1 Xqghu vkduh whqdqf| wkh whqdqw dffuxhv klv vkduh ri rxwsxw dqg ehduv wkh

frvw ri oderu1 Ilqdoo| xqghu wkh �{hg uhqw frqwudfw kh jhwv wkh wrwdo rxwsxw/ ehduv wkh oderu frvw

dqg sd|v wkh uhqw1 Wr surylgh oderu wkh whqdqw kdv wzr rswlrqv= kh fdq hlwkhu surylgh wkh oderu

klpvhoi +hyhqwxdoo| kdylqj idplo| phpehuv fxowlydwlqj wkh odqg,/ ru kluh zrunhuv1 Lq erwk fdvhv wkh

pdujlqdo frvw ri oderu lv wkh vdodu| udwh z|/ zklfk fdq eh lqwhusuhwhg dv wkh ydoxh ri wkh whqdqw*v

glvxwlolw| li zrunlqj klpvhoi1

Zh qrz gh�qh wkh xwlolwlhv ri d odqgorug m xqghu wkh wkuhh duudqjhphqwv1 Xqghu zdjh frqwudfw

dqg vkduh whqdqf| wkh odqgorug lqfxuv dq rssruwxqlw| frvw lq whupv ri iruhjrqh hduqlqjv gxh wr

prqlwrulqj1 Vxfk frvw dulvhv ehfdxvh rxwsxw lv xqfhuwdlq vr wkdw wkh whqdqw pd| vklun klv h�ruw

xqghu wkh zdjh frqwudfw/ ru xqghuuhsruw rxwsxw xqghu vkduh whqdqf|1 Wr dyrlg wklv wkh odqgorug

kdv wr vxshuylvh iduplqj dfwlylw|147 Ixuwkhupruh xqghu vkduhfursslqj dqg �{hg uhqw frqwudfw wkh

whqdqw kdv wr ghflgh krz wr doorfdwh wlph dqg h�ruw ehwzhhq surgxfwlrq dfwlylw|/ zkrvh uhwxuq

lv wkh �qdo rxwsxw/ dqg pdlqwhqdqfh dfwlylw|1 Li whqxuldo frqwudfwv duh vljqhg rqo| iru rqh ru wzr

fursslqj vhdvrqv/ wkhq wkh whqdqw kdv qr lqfhqwlyh lq pdlqwdlqlqj wkh sorw1 Lq rxu yloodjhv frqwudfwv

duh vljqhg iru vkruw whup/ vr wkh odqgorug lqfxuv d pxowlwdvnlqj frvw xqghu vkduh whqdqf| dqg �{hg

uhqw frqwudfwv/ wkdw fdq eh lqwhusuhwhg dv d ghfuhdvh lq wkh surgxfwlyh ydoxh ri wkh sorw gxh wr odfn

ri pdlqwhqdqfh1

Ohw P�R| @ �2]R|.�� eh wkh prqlwrulqj frvw ri odqgorug m dw wlph w dv d olqhdu ixqfwlrq ri wkh

fkdudfwhulvwlfv ri wkh sorw ]R| dqg ri xqrevhuydeoh wlph0lqyduldqw shuvrqdo fkdudfwhulvwlfv d�hfwlqj

klv rssruwxqlw| frvw �� / zklfk lv glvwulexwhg dfurvv odqgorugv zlwk phdq }hur dqg yduldqfh �2
>
1

Zkloh vxfk prqlwrulqj frvw lv ixoo| lqfxuuhg xqghu d zdjh frqwudfw/ wkh odqgorugv ehduv rqo| d

47Wkh xqghuo|lqj k|srwkhvlv lv wkdw oderu h�ruw lv qrw hqirufhdeoh h{0srvw xqghu dq| frqwudfw w|sh/ lq wkh vhqvh
wkdw gxh wr xqfhuwdlqw| wkh odqgorug fdqqrw frqglwlrq wkh whqdqw*v uhzdug2sxqlvkphqw rq wkh �qdo rxwsxw1 Wkh
odqgorug fdq uhgxfh vklunlqj ru fkhdwlqj ehkdylru e| wkh whqdqw zlwk prqlwrulqj dfwlylw|/ exw fdqqrw hqirufh wkh
h!flhqw ohyho ri lqsxw lqwhqvlwlhv xqghu vkduh whqdqf|1 Lq wkh yloodjhv zh vwxg|/ lq idfw/ odqgorugv fdqqrw lqwhuihuh
zlwk whqdqwv* ghflvlrqv xqghu vkduh whqdqf|1
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sruwlrq � 5 +3> 4, ri vxfk frvw xqghu vkduhfursslqj/ dv lq wklv fdvh kh lv rqo| sduwo| lqyroyhg lq

iduplqj148 Wkh pxowlwdvnlqj frvw P �

R| lv dvvxphg wr eh d olqhdu ixqfwlrq ri sorw fkdudfwhulvwlfv ]R|

dqg zh dvvxph wkdw wkh odqgorug ehduv lw htxdoo| xqghu vkduh whqdqf| dqg �{hg uhqw frqwudfwv149

Iru d odqgorug m wkh xwlolw| ydoxh dwwdlqhg xqghu hdfk w|sh ri frqwudfw lv
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Li wkh whqdqwv* vnloov duh sulydwh lqirupdwlrq/ wklv frqvwlwxwhv dq dgghg vrxufh ri xqfhuwdlqw| iru wkh

odqgorug xqghu vkduhfursslqj1 Wkhuhiruh wkh h{shfwdwlrq lv wdnhq zlwk uhvshfw wr %R| dqg ��1

714 Lqglylgxdo fkrlfhv

Lq dq rffxsdwlrqdo fkrlfh vhwwlqj wkh fkrlfh ri whqdqwv dqg odqgorugv ehwzhhq wkh wkuhh frqwudfwv

dydlodeoh fdq eh uhsuhvhqwhg dv d pxowlqrpldo prgho1 Wkh wkuhh frqwudfwv uhsuhvhqw wkh wkuhh

fdwhjrulhv ri dq xqrughuhg yduldeoh1 Ohw L�| dqg L�| eh wkh lqglfdwru yduldeohv uhsuhvhqwlqj wkh

fkrlfh ri whqdqw l dqg odqgorug m uhvshfwlyho| dw wlph w dprqj wkh dydlodeoh frqwudfwv iZ>V>Ij1

Wkhq wkh suredelolw| iru wkh whqdqw wr fkrrvh rqh frqwudfw ryhu wkh rwkhuv lv
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dqg vlploduo| iru wkh odqgorug
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zkhuh vxfk suredelolwlhv duh frqglwlrqdo rq sorw fkdudfwhulvwlfv ]R|/ wkh yhfwru ri frqwudfw sd|phqwv

zR| @ +z|> �|>UR|, > rxwsxw ulvn �
2

0
dqg wkh lqglylgxdo vshfl�f xqrevhuydeoh fkdudfwhulvwlfv1 Iru wkh

odqgorugv wkhvh suredelolwlhv duh dovr frqglwlrqdo rq wkh yduldqfh ri wkh whqdqwv* vnloov jlyhq wkh

48Wklv irupxodwlrq lv  h{leoh hqrxjk wr lqfrusrudwh wkh skhqrphqrq ri devhqwhh odqgoruglvp1 Vrph odqgorugv kdyh
exvlqhvv lq wrzqv idu iurp wkh yloodjhv zkhuh odqg lv orfdwhg> khqfh wkh| hvwdeolvk wkhlu uhvlghqfh lq wkh wrzq dqg
ohdyh wkh pdqdjhphqw ri wkhlu hvwdwhv wr whqdqwv xqghu �{hg uhqw frqwudfwv1 Lq rxu iudphzrun vxfk odqgorugv zrxog
kdyh yhu| kljk prqlwrulqj2rssruwxqlw| frvw >� 1

49
Wkh pxowlwdvnlqj frvw dvvxphg khuh lv vrphzkdw gl�huhqw iurp wkh codqg plqlqj* k|srwkhvlv h{soruhg lq Gxerlv

+5333,1 Wkhuh wkh rswlpdo frqwudfw fkrlfh lv dqdo|}hg zkhq fxowlydwlrq lqwhqvlw| d�hfwv odqg ihuwlolw| dqg odqgorugv
fdq r�hu rqo| vkruw whup frqwudfwv1 Lq vxfk fdvh lw lv rswlpdo iru wkh odqgorug wr r�hu vkduh whqdqf| lqvwhdg ri d �{hg
uhqw frqwudfw ehfdxvh wkh iruphu plwljdwhv wkh whqdqw*v lqfhqwlyh wr h{sorlw wkh odqg/ lpso|lqj wkdw wkh h{sorlwdwlrq
frvw zrxog eh kljkhu xqghu �{hg uhqw frqwudfw wkdq xqghu vkduh whqdqf|1 Lq rxu prgho pxowlwdvnlqj lv dvvrfldwhg
zlwk wkh odfn ri pdlqwhqdqfh ri ydoxdeoh dvvhwv uhodwhg wr wkh sorw dqg qrw vrlo h{sorlwdwlrq/ khqfh wkh frvw lv lqfxuuhg
e| wkh odqgorug htxdoo| xqghu wkh wzr frqwudfwv1

4:



srro ri whqdqwv wkdw kdyh fkrvhq vkduhfursslqj h�
2
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/ dqg wkh dyhudjh vnloov* ohyho

ri wkh whqdqwv fkrrvlqj vkduh whqdqf| h� @ H +�
�mL�| @ V,1

Jlyhq wkh gh�qlwlrqv ri frpshqvdwlqj ulvn suhplxp dqg htxlydohqw ulvn suhplxp dv irupxodwhg

e| Sudww +4<97,/ zh fdq rewdlq wkuhvkrogv iru wkh xqrevhuydeohv �� dqg �� vxfk wkdw wkh lqhtxdolwlhv

lq htv1+<,0+43, duh vdwlv�hg14:

715 Htxloleulxp pdwfklqj dqg wkh olnholkrrg ixqfwlrq

Lq htxloleulxp frqwudfw sd|phqwv dgmxvw vr wkdw erwk odqgorugv dqg whqdqwv vljq wkh frqwudfw wkh|

suhihu1 Khqfh li wkh hfrqrp| lv lq htxloleulxp wkh srvvlelolw| ri d plvpdwfk/ phdqlqj wkdw d whqdqw

ru d odqgorug vljq d frqwudfw gl�huhqw iurp klv �uvw ehvw/ jlyhq klv fkdudfwhulvwlfv/ lv uxohg rxw/

dqg wkh revhuydwlrq ri d vshfl�f frqwudfw ehwzhhq d odqgorug dqg d whqdqw cuhyhdov* wkdw= d, wkh|

erwk suhihu wkh revhuyhg frqwudfw wr wkh rwkhu srvvleoh frqwudfwv/ jlyhq wkhlu pdwfklqj dqg frqwudfw

sd|phqwv> dqg e, wkh| suhihu wkh revhuyhg pdwfklqj wr doo rwkhu srvvleoh pdwfklqj1 Qrwh dovr wkdw

odqgorugv dqg whqdqwv lqghshqghqwo| pdnh wkhlu fkrlfhv frqglwlrqdo rq frqwudfw sd|phqwv dqg vhoi0

vhohfw lqwr vshfl�f frqwudfwv dqg pdwfklqjv1 Wkhuhiruh/ wkh suredelolw| ri revhuylqj d frqwudfw rq

d vshfl�f sorw lv jlyhq e| wkh mrlqw suredelolw| wkdw wkh whqdqw dqg wkh odqgorug kdyh fkrvhq lw/ dqg

gxh wr wkh vwuxfwxuh ri wkh prgho wkh mrlqw suredelolw| lv wkh surgxfw ri wkh pdujlqdo suredelolwlhv1

Wkh olnholkrrg ri revhuylqj sorw s dw wlph w xqghu frqwudfw f lv jlyhq e|
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Vhh Dsshqgl{ E iru wkh h{suhvvlrq ri wkh olnholkrrg ixqfwlrq xqghu wkh dvvxpswlrq wkdw erwk ��

dqg �� duh qrupdoo| glvwulexwhg1

8 Gdwd= wkh LFULVDW yloodjhv

Wkh gdwdvhw xvhg lv sduw ri wkh Yloodjh Ohyho Vwxglhv gdwd froohfwhg e| wkh Lqwhuqdwlrqdo Fursv

Uhvhdufk Lqvwlwxwh iru wkh Vhpl0Dulg Wurslfv lq Lqgld +LFULVDW,14; Iurp plg04<:8 wloo plg04<;8

wkh Lqvwlwxwh vxuyh|hg d sdqho ri iduplqj krxvhkrogv lq wkh Lqgldq vhpl0dulg wurslf uhjlrqv lq wkh

vwdwhv ri Dqgkud Sudghvk/ Pdkdudvkwud/ Jxmdudw dqg Pdg|d Sudghvk1

4:Vhh Dsshqgl{ E iru dq h{sodqdwlrq ri krz wkhvh uhvxowv duh ghulyhg dqg iru wkh h{dfw h{suhvvlrqv rewdlqhg iru
wkh wkuhvkrogv1

4;Vhh Zdonhu dqg U|dq +4<<3, +Z0U khqfhiruwk, iru dq h{whqvlyh ghvfulswlrq ri gdwd froohfwlrq dqg dqdo|vlv1

4;



Wzr yloodjhv zhuh vxuyh|hg iru hdfk ri wkh �yh glvwulfwv vhohfwhg wr uhsuhvhqw wkh gl�huhqw djur0

folpdwlf }rqhv/ exw lq rqo| wkuhh glvwulfwv gdwd froohfwlrq vwduwhg iurp 4<:8 dqg fryhuhg doo vfkhgxohv

+ru vxuyh|v,1 Iru hdfk ri wkhvh wkuhh glvwulfwv +Pdkexeqdjdu/ Vkrodsxu dqg Dnrod, rqh yloodjh zdv

iroorzhg wkurxjkrxw wkh whq |hduv +wkh vr fdoohg �frqwlqxrxv� yloodjh,/ zkloh wkh frpsdqlrq yloodjh

ehorqjlqj wr wkh vdph glvwulfw zdv iroorzhg rqo| xqwlo 4<:; +wkh �forvhg� yloodjh,1 D wrwdo qxpehu ri

573 krxvhkrogv +73 iru hdfk yloodjh, zhuh lqfoxghg lq wkh lqlwldo vxuyh| vdpsoh dqg iroorzhg iru wkh

vxevhtxhqw |hduv1 Krxvhkrogv gursslqj rxw ri wkh vdpsoh gxh wr pljudwlrq ru ghdwk ri wkh khdg ri

wkh krxvhkrog zhuh uhsodfhg e| d cvlplodu* krxvhkrog dffruglqj wr vwudwl�fdwlrq zlwklq hdfk yloodjh1

Lqirupdwlrq froohfwhg lv h{wuhpho| ydulhg/ udqjlqj iurp krxvhkrog*v ghprjudsklf fkdudfwhulvwlfv/ wr

zhdowk/ oderu dqg djulfxowxudo lqfrph/ iduplqj fkrlfhv/ hwf1

Khuh dqdo|vlv lv uhvwulfwhg wr wkh vl{ yloodjhv lq wkh glvwulfwv ri Pdkexeqdjdu/ Vkrodsxu dqg

Dnrod1 Doo lqirupdwlrq rq sorw fkdudfwhulvwlfv dqg surgxfwlrq dfwlylw| lv uhwulhyhg iurp wkh Sorw

dqg Fxowlydwlrq Vxppdu| Vfkhgxoh1 Wkh rzqhuvkls vwdwxv ri d sorw lv uhfrughg dv d fdwhjrulfdo

yduldeoh1 Lq sduwlfxodu d sorw fdq eh crzqhu0rshudwhg*/ cohdvhg0lq* ru cvkduhfursshg0lq*1 Sorwv zkr

duh rzqhu0rshudwhg duh qrw qhfhvvdulo| sorwv xqghu d zdjh frqwudfw1 Vrph ri wkhvh sorwv pd| lq

idfw eh pdqdjhg e| wkh rzqhu zlwk wkh xvh ri rqo| idplo| oderu1 Wr glvwlqjxlvk ehwzhhq idplo|0

rshudwhg sorwv dqg sorwv xqghu zdjh frqwudfwv zh xvh lqirupdwlrq frqwdlqhg lq wkh Oderu Xwlol}dwlrq

Vfkhgxoh1 Vshfl�fdoo| zh frqvlghu d sorw wr eh rshudwhg xqghu d zdjh frqwudfw li gxulqj wkh fursslqj

vhdvrq wkh rzqhu kluhg dw ohdvw rqh dwwdfkhg pdoh oderuhu rq d ixoo wlph edvlv14<

d, Xqfhuwdlqw| phdvxuh

Prvw ri wkh hpslulfdo olwhudwxuh dqdo|}lqj wkh uhodwlrq ehwzhhq frqwudfw fkrlfh dqg rxwsxw ulvn

xvhv furs |lhog frh!flhqwv ri yduldwlrq wr sur{| iru iduplqj xqfhuwdlqw|1 Wklv surfhgxuh kdv wzr

pdmru gudzedfnv1 Iluvw/ |lhog frh!flhqwv ri yduldwlrq lqfoxgh yduldelolw| gxh wr lqsxw fkrlfhv/

lqglylgxdo iduplqj vnloov dqg lglrv|qfudwlf vkrfnv1 Zkloh wkh �uvw wzr vrxufhv ri yduldwlrq duh

hqgrjhqrxv/ rqo| wkh odvw dfwxdoo| uhsuhvhqwv h{rjhqrxv lglrv|qfudwlf iduplqj ulvn153 Vhfrqg/ furs

|lhog frh!flhqwv ri yduldwlrq phdvxuh wkh rxwsxw ulvn ri fxowlydwlqj d vshfl�f furs1 Wklv lv d

4<Kluhg ihpdoh oderu lv h{whqvlyho| xvhg lq iduplqj/ hyhq dw ixoo wlph ohyho1 Lq d vpdoo qxpehu ri fdvhv ihpdoh oderu
zdv wkh rqo| vrxufh ri kluhg ixoo wlph oderu1 Krzhyhu zh frqvlghu wkrvh sorwv dv idplo|0rshudwhg dqg qrw dv sorwv
xqghu zdjh frqwudfwv1 Wkh uhdvrq lv wkdw lq rxu prgho zdjh frqwudfwv frqvwlwxwh dq dowhuqdwlyh rffxsdwlrqdo fkrlfh
wr whqxuldo frqwudfwv1 Dv lq wkhvh yloodjhv odqgorugv frqwudfw zlwk phq/ zrphq gr qrw idfh wkh rffxsdwlrqdo fkrlfh
vhw zh duh frqvlghulqj1

53Douhdg| lq Doohq dqg Oxhfn +4<<<, lw lv dujxhg derxw wkh lpsruwdqfh ri vhsdudwho| lghqwli|lqj wkh hqgrjhqrxv
dqg wkh h{rjhqrxv vrxufhv ri yduldwlrq1
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ohjlwlpdwh phdvxuh ri lglrv|qfudwlf ulvn iru d jlyhq sorw rqo| li wkh furs sodqwhg lv h{rjhqrxv/

l1h1 ghwhuplqhg e| flufxpvwdqfhv vxfk dv vrlo fkdudfwhulvwlfv dqg2ru zhdwkhu1 Lq vrph djuduldq

hfrqrplhv/ krzhyhu/ wkh odqgorug dqg2ru wkh whqdqw pd| eh deoh wr ghflgh wkh frpelqdwlrq ri

fursv wr sodqw/ vr wkdw dq| phdvxuh ri ulvn uhodwhg wr wkh furs fxowlydwhg rq d vshfl�f sorw zrxog

eh hqgrjhqrxv1 Ilqdoo| |lhog yduldelolw| lv rqo| rqh vrxufh ri furs lqfrph ulvn iru iduphuv1 Edudk

dqg Elqvzdqjhu +4<;5, dqdo|}h wkh uhodwlyh lpsruwdqfh ri furs sulfh dqg |lhog yduldelolw| iru wkh

LFULVDW yloodjhv/ vkrzlqj wkdw lqghhg sulfh yduldelolw| zdv wkh grplqdqw vrxufh ri xqfhuwdlqw| lq

wkh luuljdwhg duhdv1

Zh frqvwuxfw rxu phdvxuh ri ulvn e| hvwlpdwlqj d surgxfwlrq ixqfwlrq frqglwlrqlqj rq lqsxw

fkrlfhv dqg zlwk d udqgrp lqglylgxdo h�hfw1 Lq wklv zd| zh duh deoh wr d, sxujh wkh rxwsxw

yduldwlrq gxh wr lqsxw fkrlfhv dqg rwkhu revhuydeoh fkdudfwhulvwlfv/ dqg e, vhsdudwh wkh yduldwlrq

gxh wr lglrv|qfudwlf iduplqj ulvn iurp wkh yduldwlrq gxh wr lqglylgxdo vnloov1 E| frqglwlrqlqj wkh

hvwlpdwhv ri wkh yduldqfh ri wkh lglrv|qfudwlf huuru rq sorw fkdudfwhulvwlfv vxfk dv vrlo w|sh/ suhvhqfh

ri luuljdwlrq ghylfhv dqg glvwulfw orfdwlrq/ zh rewdlq d phdvxuh ri rxwsxw ulvn wkdw ydulhv dfurvv

sorwv/ exw lv lqghshqghqw ri wkh fursv sodqwhg1 Wkh glvwulfw orfdwlrq gxpplhv fdswxuh wkh h�hfw rq

rxwsxw yduldelolw| ri wkh gl�huhqw zhdwkhu frqglwlrqv dqg udlqidoo yduldelolw| dfurvv glvwulfwv/ zkloh

vrlo w|sh dqg luuljdwlrq ghylfhv wdnh lqwr dffrxqw wkh ghshqghqfh ri wkh vshfl�f sorw rq udlqidoo1 Zh

uhihu wr wklv dv d phdvxuh ri h{0dqwh xqfhuwdlqw| ri wkh sorw/ dv rssrvhg wr wkh phdvxuh ri h{0srvw

xqfhuwdlqw| rewdlqhg e| frqglwlrqlqj wkh yduldqfh ri wkh udqgrp huuru rq furs fkrlfh1 Fohduo| li

wkhuh lv d kljk fruuhodwlrq ehwzhhq wkh furs sodqwhg dqg wkh fkdudfwhulvwlfv ri wkh sorw/ wkh wzr

xqfhuwdlqw| phdvxuhv vkrxog eh kljko| fruuhodwhg dqg lw vkrxog qrw pdwwhu iru rxu dqdo|vlv zklfk

rqh wr xvh1 Ilqdoo| dv zh frqvlghu qrplqdo rxwsxw/ wkh hvwlpdwhg yduldqfh ri wkh udqgrp huuru

lqfoxghv erwk |lhog dqg sulfh yduldelolw|1 Vhh Dsshqgl{ F iru ghwdlov1

e, Frqwudfw sd|phqwv

Wr hvwlpdwh wkh prghov dv gh�qhg lq ht1+44, zh qhhg lqirupdwlrq derxw wkh sd|phqwv dvvrfldwhg

zlwk wkh wkuhh frqwudfwv/ l1h1 uhqw sd|phqwv/ rxwsxw vkduhv dqg zdjhv1 Lq sduwlfxodu qrw rqo| gr

zh qhhg wr nqrz wkh sd|phqwv dvvrfldwhg zlwk wkh frqwudfw dfwxdoo| vljqhg rq d vshfl�f sorw/ exw

dovr wkh cvkdgrz* sd|phqwv wkdw zrxog kdyh suhydlohg kdg d gl�huhqw frqwudfw ehhq vljqhg rq wkdw

sorw1 Jlyhq wkdw zh fdq revhuyh rqo| wkh sd|phqwv dvvrfldwhg zlwk wkh frqwudfwv dfwxdoo| fkrvhq/

zh qhhg wr lpsxwh wkh lpsolflw sd|phqwv iru wkh frqwudfwv qrw fkrvhq1

Uhqw1 Wkhuh duh ;< sorwv xqghu �{hg uhqw frqwudfwv ryhu doo |hduv dqg yloodjhv lq wkh vdpsoh1
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Zh kdyh lqirupdwlrq rq wkh dfwxdo uhqwv sdlg iru rqo| :; sorwv154 Zh lpsxwh wkh uhqwv iru wkh 44

xqpdwfkhg sorwv dqg wkh sorwv revhuyhg xqghu dowhuqdwlyh frqwudfwv xvlqj wkh suhglfwhg ydoxhv iurp

d orj0olqhdu prgho hvwlpdwhg rq wkh revhuyhg uhqwv1 Jlyhq wkdw wkh prgho lv vshfl�hg lq whupv ri

ixoo uhqw sdlg dqg qrw edvh uhqw/ d vhohfwlrq sureohp pd| dulvh li sorwv zlwk fhuwdlq xqrevhuydeoh

fkdudfwhulvwlfv duh pruh olnho| wr eh revhuyhg xqghu �{hg uhqw frqwudfwv1 Wr fruuhfw iru srwhqwldo

vhohfwlrq eldv/ zh xvh d wzr0vwdjh Khfnpdq fruuhfwlrq prgho1 Vhh Dsshqgl{ F iru ghwdlov1

Vkduh1 Zh �{ wkh vkduhv wr eh dozd|v 830831 Dv srlqwhg rxw lq Z0U/ wkhuh lv d fhuwdlq yduldelolw|

lq wkh ohdvlqj frqglwlrqv dfurvv dqg zlwklq yloodjhv1 Lq prvw yloodjhv wkh 83083 uxoh lv dssolhg exw

vrphwlphv wkh vkduh iru wkh whqdqw lv lqfuhdvhg gxulqj wkh fursslqj vhdvrq li wkh odqgorug idlov wr

surylgh klv vkduh ri vhhg dqg ihuwlol}hu frvwv1 Lq vrph fdvhv wkh whqdqwv kdyh wr surylgh prvw ri wkh

lqsxw dqg vr wkhlu vkduh fdq ydu| ehwzhhq 83 dqg :8 shufhqw1 Uhfhqwo| Edqhumhh hw do1 +5333, vkrz

wkdw xqwlo 4<:: pruh wkdq ;3 shufhqw ri vkduh whqdqf| frqwudfwv lq Zhvw Ehqjdo lpsolhg d 83083

uxoh/ exw diwhu 4<:: whqdqwv* vkduhv lqfuhdvhg dv d uhvxow ri Rshudwlrq Edujd/ d surjudp odxqfkhg

e| wkh ohiw0zlqj dgplqlvwudwlrq dqg dlphg dw lpsohphqwlqj wkh Odqg Uhirup Dfw1 Xqiruwxqdwho|

lw zdv lpsrvvleoh wr rewdlq uholdeoh hvwlpdwhv ri rxwsxw vkduhv dqg zh fkrrvh wkh 83083 uxoh/ dv lw

lv e| idu wkh prvw frpprq uxoh/ dqg lw lv lqghhg wkh uxoh rq zklfk djhqwv djuhh zkhq vljqlqj wkh

frqwudfw/ wkrxjk vrphwlphv uhqhjrwldwhg dw d odwhu prphqw1 Ixuwkhupruh qr surjudp zdv hyhu

odxqfkhg lq wkh vwxg| duhd wr lqfuhdvh wkh whqdqwv* vkduh1

Zdjh1 Rxu gh�qlwlrq ri dwwdfkhg oderuhu kluhg xqghu dq djuduldq zdjh frqwudfw �wv wkh ghvfuls0

wlrq ri Uhjxodu Idup Vhuydqwv dv gh�qhg lq Z0U1 Lq wkh glvwulfw ri Pdkexeqdjdu dqg Vkrodsxu

zdjhv iru wklv w|sh ri zrunhuv duh d frpelqdwlrq ri fdvk dqg nlqg sd|phqwv/ zkloh lq Dnrod zdjhv

duh rqo| lq fdvk1 Z0U grfxphqwv wkdw shuvrqdo fkdudfwhulvwlfv gr qrw lq xhqfh zdjhv lq dq|

LFULVDW yloodjh dqg wkdw nlqg dqg uhdo fdvk zdjh duh vxevwdqwldoo| wkh vdph dfurvv zrunhuv lq wkh

vdph yloodjh dqg kdyh uhpdlqhg xqfkdqjhg ryhu wkh |hduv1 Lq rxu gdwdvhw zdjhv iru vshfl�f zrunhuv

kluhg duh qrw gluhfwo| dydlodeoh/ wkhuhiruh zh lqvwuxphqw zdjhv zlwk d vhw ri yloodjh gxpplhv1

Dpdlq olplwdwlrq ri rxu hpslulfdo dqdo|vlv lv wkh odfn ri shuvrqdo lqirupdwlrq rq djhqwv pdwfkhg1

Wklv lpshgh xv wr frqwuro iru hyhqwxdo khwhurjhqhlw| lq ulvn dyhuvlrq zlwklq wkh jurxsv ri whqdqwv

dqg odqgorugv/ vr wkdw zh fdq rqo| hvwlpdwh dyhudjh frh!flhqwv ri ulvn dyhuvlrq1

54Wkh dfwxdo uhqwv sdlg duh uhfrughg lq wkh Wudqvdfwlrq Vfkhgxoh wkdw froohfwv lqirupdwlrq rq doo prqhwdu| dqg

nlqg wudqvdfwlrqv lqyroylqj wkh vdpsohg krxvhkrogv1
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9 Uhvxowv

914 Vxppdu| vwdwlvwlfv

Lq wkh xsshu sdqho ri Wdeoh 4 zh uhsruw wkh iuhtxhqflhv ri hdfk frqwudfw w|sh e| glvwulfw dqg

yloodjh1 Wkh xqlw ri revhuydwlrq lv wkh sorw155 Wkhuh lv d juhdw yduldelolw| dfurvv glvwulfwv dqg dfurvv

yloodjhv zlwklq glvwulfw lq wkh lqflghqfh ri vkduh whqdqf| dqg zdjh frqwudfwv1 Lq wkh glvwulfw ri

Pdkexeqdjdu dqg Dnrod rqo| derxw 43 dqg 54 shufhqw ri wkh sorwv duh vkduhfursshg uhvshfwlyho|/

zkloh prvw sorwv +derxw ;3 shufhqw, duh rshudwhg xqghu zdjh frqwudfwv1 Lq wkh glvwulfw ri Vkrodsxu

lqvwhdg vkduhfursslqj lv wkh prvw xvxdo iduplqj duudqjhphqw zlwk :4 rxw ri 433 sorwv vkduhfursshg1

Lq doo glvwulfwv rqo| d vpdoo shufhqwdjh ri sorwv udqjlqj iurp 317 wr : shufhqw lv fxowlydwhg xqghu

�{hg uhqw frqwudfwv1 Qrwh wkdw lq wkh glvwulfw ri Pdkexeqdjdu iduplqj ulvn vkrxog eh uhodwlyho|

kljk ehfdxvh udlqidoo lv xqfhuwdlq dqg vrlo lv pdlqo| uhg +l1h1 zlwk orz prlvwxuh uhwdlqlqj fdsdflw|,/

zkloh lq Vkrodsxu ulvn lv pruh olplwhg dv wkh vrlo kdv yhu| kljk zdwhu uhwdlqlqj fdsdflw|1 Khqfh/

wkhvh �jxuhv vhhpv wr vxjjhvw wkdw vkduhfursslqj lv lqghhg pruh zlghvsuhdg zkhq iduplqj ulvn lv

orzhu frqwudu| wr wkh suhglfwlrqv ri wkh sulqflsdo0djhqw prgho1

Lq wkh vhfrqg sdqho ri Wdeoh 4 zh uhsruw wkh dyhudjh fxowlydwhg duhd/ qxpehu ri vxesorwv/

shufhqwdjh ri luuljdwhg ryhu fxowlydwhg duhd/ dqg sorw ydoxh e| frqwudfw w|sh156 Ohdvhg dqg vkduh0

fursshg sorwv duh vpdoohu1 Kljjv +4<:6, xvhv sorw vl}h dv d sur{| iru wkh odqgorug*v prqlwrulqj frvw/

wkh udwlrqdoh ehlqj wkdw wkh eljjhu wkh sorw/ wkh hdvlhu iru wkh oderuhu wr cklgh* dqg vklun h�ruw/

dqg wkhuhiruh dffruglqj wr rxu prgho ohvv olnho| vkrxog wkh sorw eh pdqdjhg xqghu d zdjh frqwudfw1

Krzhyhu rxu gdwd gr qrw vxssruw wklv orjlf1

Il{hg uhqw dqg vkduh whqdqf| sorwv duh ohvv luuljdwhg dqg ri orzhu ydoxh wkdq zdjh frqwudfw

sorwv/ vxjjhvwlqj wkh sodxvlelolw| ri wkh pxowlwdvnlqj k|srwkhvlv rq odqg1 Odqgorugv pd| ihdu wkdw

xqghu �{hg uhqw dqg vkduhfursslqj frqwudfwv whqdqwv pljkw vklun h�ruw rq sorw pdlqwhqdqfh jlyhq

wkdw wkhlu frqwudfwv duh iru vkruw whup +xvxdoo| rqh ru wzr fursslqj vhdvrqv,1 Wkhuhiruh wkh|

suhihu wr nhhs pruh ydoxdeoh sorwv ru sorwv zlwk ehwwhu luuljdwlrq ghylfhv xqghu wkhlu frqwuro iru

vhoi0fxowlydwlrq1

Qh{w zh lqyhvwljdwh zkhwkhu vkduh whqdqf| lv lqh!flhqw lq whupv ri lqsxw lqwhqvlwlhv1 Dffruglqj

55D pdlq sorw fdq eh glylghg e| wkh iduphu lqwr ydulrxv vxesorwv lq rughu wr fxowlydwh d gl�huhqw furs rq hdfk ri

wkhp1
56Wkh hvwlpdwhg shu dfuh ydoxh ri hyhu| sorw zdv rewdlqhg gxulqj wkh vxuyh| iurp vrph nqrzohgjhdeoh shuvrq lq

wkh yloodjh dqg lw zdv edvhg rq wkh sorw srwhqwldo vdoh ydoxh frqvlghulqj orfdwlrq/ luuljdwlrq/ wrsrjudsk|/ hwf1

55



wr wkh Pduvkdooldq wkhru|/ lq idfw/ lqsxwv zkrvh frvwv duh wrwdoo| eruqh e| wkh whqdqwv xqghu vkduh

whqdqf| vkrxog eh xqghusurylghg dv wkh whqdqwv fdq dffuxh rqo| d sruwlrq ri wkhlu pdujlqdo surgxfw>

lqsxwv zkrvh frvwv duh vkduhg ehwzhhq wkh whqdqwv dqg wkh odqgorugv vkrxog lqvwhdg eh surylghg

h!flhqwo|1 Wklv fohduo| krogv rqo| xqghu wkh dvvxpswlrq wkdw lqsxwv* lqwhqvlwlhv duh qrw hqirufhdeoh

e| wkh odqgorug1 Khqfh e| dqdo|}lqj lqsxw lqwhqvlwlhv zh fdq kdyh dq lghd ri wkh ghjuhh ri prudo

kd}dug suhvhqw lq wkhvh yloodjhv1 Lq Wdeoh 5 zh suhvhqw phdqv dqg vwdqgdug ghyldwlrqv ri nh| lqsxw0

rxwsxw yduldeohv e| rzqhuvkls vwdwxv1 Wkh xqlw ri revhuydwlrq lv wkh vxesorw1 Zh lqfoxgh lq wkh

dqdo|vlv idplo|0rshudwhg vxesorwv zkhuh ixoo wlph kluhg oderuhuv duh rqo| zrphq dqg fkloguhq1 Wkhvh

sorwv frqvwlwxwhv pruh wkdq �iw| shu fhqw ri wkh revhuydwlrqv1 Dyhudjh rxwsxw shu dfuh rq vxesorwv

xqghu �{hg uhqw frqwudfwv lv qrw vwdwlvwlfdoo| gl�huhqw iurp wkh phdq rxwsxw ydoxh rewdlqhg rq sorwv

zklfk duh idplo| rshudwhg +w@416,/ zkloh dyhudjh rxwsxw ydoxh xqghu vkduhfursslqj lv vljql�fdqwo|

orzhu +w@;16,157 Wkhvh gl�huhqfhv lq rxwsxw ydoxh fdqqrw eh h{sodlqhg e| v|vwhpdwlf gl�huhqfhv lq

sorw txdolw| ru lq fursv fxowlydwhg1 Lq idfw <4 shufhqw ri wkh sorwv xqghu vkduhfursslqj kdyh ghhs

wr vkdoorz eodfn vrlo/ zklfk lv wkh prvw ihuwloh/ djdlqvw :< shufhqw ri idplo| rshudwhg sorwv dqg 94

shufhqw ri �{hg uhqw sorwv1 Ixuwkhupruh wkhuh lv qrw pxfk gl�huhqfh lq wkh w|sh ri fxowlydwhg fursv

dv lq doo fdvhv fhuhdov frxqw iru pruh wkdq �iw| shu fhqw ri wkh surgxfwlrq1 Lqvwhdg wkhuh vhhpv wr

eh gl�huhqfhv lq wkh lqsxw lqwhqvlwlhv1 Oderu/ ihuwlol}huv/ shvwlflghv/ rujdqlf pdqxuh/ exoorfn srzhu

dqg pdfklqhu| duh v|vwhpdwlfdoo| xqghuvxssolhg xqghu vkduh whqdqf|/ zkloh wkhuh lv qr vljql�fdqw

gl�huhqfh lq wkh dyhudjh xvh ri wkhvh lqsxwv xqghu �{hg uhqw frqwudfwv dqg lq idplo|0rshudwhg

sorwv158 Wkh xvh ri vhhg vhhpv wr eh orzhu lq erwk �{hg uhqw dqg vkduh whqdqf| frqwudfwv/ exw wkh

ydoxh ri wkh vhhgv xvhg ghshqgv rq wkh w|sh ri furs sodqwhg1 Zkhq frpsdulqj dyhudjh vhhg ydoxhv

dfurvv frqwudfwv frqglwlrqlqj rq wkh furs/ wkhuh lv qr v|vwhpdwlf gl�huhqfh dfurvv doo frqwudfwv zklfk

pd| eh h{sodlqhg zlwk wkh sudfwlvh wkdw vhhgv duh surylghg mrlqwo| e| wkh odqgorug dqg whqdqw xqghu

vkduh whqdqf|159 Wkhvh �qglqjv wkhuhiruh gr vxjjhvw wkdw vkduh whqdqf| lv lqh!flhqw d* od Pduvkdoo1

57
Wkh uhdvrq zk| zh gr qrw gluhfwo| frpsduh �{hg uhqw dqg vkduh whqdqf| frqwudfwv zlwk zdjh frqwudfwv lv wkdw

whqdqwv wdnlqj xs odqg xqghu vkduh whqdqf| ru �{hg uhqw frqwudfwv pd| ghflgh wr rshudwh wkhp dw d idplo| ohyho/
zkloh zdjh frqwudfwv vhhp wr eh xvhg e| odqgorugv zkr fxowlydwh wkh odqg pruh lqwhqvlyho|1

58Zkhq frpsdulqj lqsxwv* lqwhqvlw| ehwzhhq vkduhfursshg dqg idplo| rshudwhg sorwv/ doo whvwv ri phdq htxdolw|
uhmhfwhg wkh qxoo k|srwkhvlv dw 4 shufhqw ohyho1 Zkhq frpsdulqj wkh phdqv ri sorwv jlyhq xqghu �{hg uhqw frqwudfwv
dqg idplo| rshudwhg rqhv/ wkh qxoo frxog qrw eh uhmhfwhg dw 8 shufhqw iru dq| ri wkh phqwlrqhg lqsxwv1

59Wklv lv frqvlvwhqw zlwk Vkdedq +4<;:, zkr �qgv wkdw wkh cwhqdqf| h�hfw* iru vhhgv lv orzhu wkdq iru oderu dqg
exoorfn1
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915 Whvwlqj wkh sulqflsdo0djhqw iudphzrun

Lq wklv vhfwlrq zh lqyhvwljdwh zkhwkhu lq wkh LFULVDW yloodjhv furs fkrlfh lv hqgrjhqrxv/ dqg whvw

wkh fdqrqlfdo suhglfwlrqv ri wkh sulqflsdo0djhqw iudphzrun1

Lq Wdeoh 6 zh uhsruw wkh iuhtxhqflhv ri fursv sodqwhg e| vrlo w|sh1 Dfurvv wkh gl�huhqw vrlo

w|shv wkhuh lv olwwoh yduldwlrq lq fursv fxowlydwhg1 Lq doo fdvhv fhuhdov duh wkh prvw iuhtxhqw fursv

+qhduo| 83 shufhqw,1 Sxovhv duh dovr iuhtxhqwo| fxowlydwhg rq doo vrlo w|shv zlwk wkh h{fhswlrq ri

ghhs0vkdoorz uhg vrlo/ zkhuh rlovhhgv frxqw iru doprvw 73 shufhqw ri wkh fursv sodqwhg1 Wkhvh uhvxowv

vhhp wr vxjjhvw wkdw vrlo fkdudfwhulvwlfv d�hfw furs fkrlfh rqo| pdujlqdoo|/ zkloh iduphu*v ghflvlrq

pdnlqj pd| sod| dq lpsruwdqw uroh1

Wkh �uvw sdqho ri Wdeoh 7 vkrzv wkh dyhudjh h{0dqwh dqg h{0srvw rxwsxw yduldqfh e| frqwudfw

w|sh dqg wkh fruuhodwlrq ehwzhhq wkh wzr phdvxuhv15: Iluvw ri doo/ li wkh furs sodqwhg zdv h{rjh0

qrxvo| ghwhuplqhg e| sorw fkdudfwhulvwlfv/ zh zrxog h{shfw wkh wzr phdvxuhv ri ulvn wr eh kljko|

fruuhodwhg lqghshqghqwo| ri wkh w|sh ri frqwudfw1 Lqvwhdg zh �qg wkdw wkh fruuhodwlrq lv orz iru

sorwv xqghu zdjh dqg �{hg uhqw frqwudfwv +3175 dqg 316: uhvshfwlyho|,/ zkloh lw lv yhu| kljk iru

vkduh whqdqf| sorwv +31:4,/ zklfk vxjjhvwv wkdw wkh wzr phdvxuhv ri rxwsxw xqfhuwdlqw| duh slfnlqj

xs gl�huhqw w|shv ri ulvn dqg wkdw furs fkrlfh lv qrw h{rjhqrxv1 Vhfrqgo|/ zh �qg wkdw �{hg uhqw

sorwv kdyh vljql�fdqwo| orzhu h{0dqwh yduldelolw| wkdq vkduh whqdqf| sorwv +w@71<,/ zkloh sorwv xqghu

zdjh frqwudfwv duh vljql�fdqwo| ulvnlhu wkdq wkh rqhv xqghu vkduh whqdqf| +w@4;15,1 Wklv uhvxow/

uhodwhg wr wkh h{rjhqrxv xqfhuwdlqw| ri wkh sorwv/ vxjjhvwv wkdw wkh lqflghqfh ri vkduh whqdqf| zlwk

uhvshfw wr �{hg uhqw frqwudfwv lv qhjdwlyho| uhodwhg wr ulvn/ zklfk frqwudglfwv wkh pdlq wkhruhwlfdo

suhglfwlrqv ri wkh sulqflsdo0djhqw iudphzrun uhodwhg wr prudo kd}dug lq h�ruw1 Rq wkh rwkhu vlgh/

zkhq orrnlqj dw wkh dyhudjh h{0srvw phdvxuh ri xqfhuwdlqw| e| frqwudfw w|sh/ zh �qg wkdw vkduh

whqdqf| lv dvvrfldwhg zlwk vljql�fdqwo| orzhu furs0uhodwhg rxwsxw yduldqfh wkdq �{hg uhqw frqwudfwv1

Wklv vhhpv lqvwhdg wr vxssruw wkh suhvhqfh ri prudo kd}dug lq ulvn0wdnlqj ehkdylru e| wkh whqdqw=

whqdqwv xqghu �{hg uhqw frqwudfwv fkrrvh frpelqdwlrqv ri fursv wkdw duh ulvnlhu/ zkloh vkduh whqdqwv

fkrrvh pruh frqvhuydwlyh whfkqltxhv1

Wr ixuwkhu h{soruh wkh lvvxh ri hqgrjhqhlw| ri furs fkrlfh dqg suhvhqfh ri prudo kd}dug lq

ulvn/ lq wkh vhfrqg sdqho ri Wdeoh 7 zh uhsruw wkh shufhqwdjhv ri sorwv zkrvh h{0dqwh dqg h{0srvw

5:Dv d vlqjoh sorw ri odqg lv xvxdoo| vxesorwwhg dqg d gl�huhqw furs fxowlydwhg rq hdfk vxesorw/ wkh h{0srvw rxwsxw

yduldqfh iru wkh sorw lv frqvwuxfwhg dv d zhljkwhg dyhudjh ri wkh h{0srvw yduldqfh phdvxuhv iru wkh fursv sodqwhg/ zlwk

zhljkwv jlyhq e| wkh iudfwlrqv ri sorw duhd ghglfdwhg wr wkh vshfl�f fursv1
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yduldelolw| lv ehorz dqg deryh wkh dyhudjh e| frqwudfw w|sh1 Wkrxjk 76 shufhqw ri zdjh frqwudfwv

duh vljqhg rq uhodwlyho| ohvv ulvn| sorwv h{0dqwh/ rqo| 55 shufhqw ri wkhp kdyh d uhodwlyho| orz

phdvxuh ri h{0srvw ulvn1 Vlplodu sdwwhuq dssolhv wr wkh sorwv xqghu �{hg uhqw frqwudfwv/ zkloh iru

wkh vkduhfursshg sorwv wkh pdmrulw| ri sorwv kdyh uhodwlyho| orz h{0dqwh dqg h{0srvw xqfhuwdlqw|1

Wklv vxjjhvwv wkdw lq wkh LFULVDW yloodjhv furs ulvn lv dq lpsruwdqw pdujlq lq iduplqj ghflvlrq

pdnlqj dqg wkdw iduphuv fxowlydwlqj xqghu zdjh dqg �{hg uhqw frqwudfwv duh pruh zloolqj wr wdnh

xs ulvn wkurxjk furs fkrlfh wkdq vkduh whqdqwv1

Lq rughu wr whvw lq d pruh irupdo zd| wkh suhglfwlrqv ri wkh sulqflsdo0djhqw prgho lq wkh fdvh

zkhq furs lv h{rjhqrxv zh hvwlpdwh d pxowlqrpldo orjlw prgho zkhuh wkh ghshqghqw yduldeoh fdq

dvvxph doo srvvleoh rxwfrphv/ l1h1 zdjh frqwudfw/ vkduhfursslqj dqg �{hg uhqw frqwudfw1 Wkh uhvxowv

duh vkrzq lq Wdeoh 81 Lq froxpq +4, zh frqwuro iru vrlo dqg vhdvrq gxpplhv/ fxowlydwhg duhd/ sorw

ydoxh dqg suhvhqfh ri luuljdwlrq ghylfhv iru srvvleoh pxowlwdvnlqj frvw/ dqg wkh h{rjhqrxv ulvn

uhodwhg wr sorw fkdudfwhulvwlfv> vkduh whqdqf| frqwudfw lv wkh edvh1 Wkh frh!flhqw rq h{0dqwh ulvn lv

vljql�fdqw dw 4 shufhqw frq�ghqfh ohyho iru doo rxwfrphv exw/ frqwudu| wr wkh wkhruhwlfdo suhglfwlrqv/

zh �qg wkdw wkh suredelolw| ri revhuylqj vkduh whqdqf| uhodwlyh wr �{hg uhqw frqwudfwv ghfuhdvhv zlwk

ulvn1 Zdjh frqwudfwv duh/ lqvwhdg/ irxqg wr eh pruh iuhtxhqwo| revhuyhg wkdq vkduhfursslqj zkhq

ulvn lqfuhdvhv/ frqvlvwhqwo| zlwk wkh Vwljolw} prgho1 Lq froxpq +5, zh xvh wkh vdph vshfl�fdwlrq exw

frqwuro iru ulvn wkurxjk wkh furs0uhodwhg phdvxuh ri xqfhuwdlqw| dqg djdlq �qg wkdw ulvn lqfuhdvhv

wkh suredelolw| ri revhuylqj erwk zdjh dqg �{hg uhqw frqwudfwv uhodwlyh wr vkduh whqdqf|1 Khqfh

xqghu wkh dvvxpswlrq wkdw furs fkrlfh lv h{rjhqrxv/ wkh gdwd uhmhfw wkh sulqflsdo0djhqw iudphzrun1

Wr whvw wkh sulqflsdo0djhqw prgho xqghu wkh k|srwkhvlv wkdw furs fkrlfh lv hqgrjhqrxv zh hvwl0

pdwh d orjlw vshfl�fdwlrq wkdw frqwurov dovr iru ulvn0wdnlqj ehkdylru e| wkh whqdqw1 Wkh ghshqghqw

yduldeoh qrz kdv rqo| wzr rxwfrphv/ �{hg uhqw frqwudfw yv1 vkduh whqdqf|/ dv rqo| xqghu vxfk frq0

wudfwv wkh furs lv fkrvhq e| wkh whqdqw1 Wkh srlqw khuh lv wkdw zh zrxog olnh wr xqghuvwdqg zkhwkhu

wkhuh lv ulvn0wdnlqj ehkdylru wkurxjk furs fkrlfh/ wkdw zrxog lqydolgdwh wkh hpslulfdo sudfwlvh ri

xvlqj furs ulvn dv d phdvxuh ri xqfhuwdlqw| wr whvw wkh ydolglw| ri wkh sulqflsdo0djhqw prgho zlwk

prudo kd}dug lq h�ruw1 Li vxfk d ulvn0wdnlqj ehkdylru h{lvwv/ wkhq zh zrxog h{shfw wkh furs0uhodwhg

phdvxuh ri ulvn wr eh vljql�fdqw hyhq diwhu frqwuroolqj iru h{rjhqrxv ulvn dqg ixuwkhupruh wr kdyh

dq h�hfw rq frqwudfw w|sh rssrvlwh lq vljq zlwk uhvshfw wr wkh h{rjhqrxv ulvn phdvxuh1 Qrqhwkhohvv/

dv wkhuh pd| eh d fhuwdlq ghjuhh ri h{rjhqhlw| lq furs fkrlfh/ wkh wzr phdvxuhv pd| eh vx!flhqwo|
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fruuhodwhg wr fuhdwh d sureohp ri pxowlfroolqhdulw| lq wkh uhjuhvvlrq1 Wr dyrlg wklv zh xvh wkh

uhvlgxdov ri d uhjuhvvlrq ri wkh h{0srvw ryhu wkh h{0dqwh yduldqfh hvwlpdwhg rq wkh vdpsoh lqfoxglqj

doo srvvleoh frqwudfwv1 Vxfk phdvxuh ri furs ulvn lv wkhuhiruh sxujhg ri srvvleoh h{rjhqhlw| ri furs

fkrlfh wkdw pd| h{lvw lqghshqghqwo| ri wkh w|sh ri frqwudfw vljqhg rq wkh sorw/ dqg lv lqvwhdg d

phdvxuh ri ulvn sxuho| cfkrvhq* e| wkh whqdqw1 Zh �qg wkdw erwk wkh frh!flhqwv rq h{rjhqrxv

xqfhuwdlqw| dqg furs fkrlfh ulvn duh vljql�fdqwo| srvlwlyh +dw 8( dqg 4( vljql�fdqfh ohyho uhvshf0

wlyho|,/ zklfk phdqv wkdw wkhuh lv vljql�fdqw ulvn0wdnlqj ehkdylru e| wkh whqdqw dqg wkdw/ hyhq diwhu

frqwuroolqj iru lw/ wkh gdwd uhixwh wkh sulqflsdo0djhqw suhglfwlrq rq wkh uhodwlrq ehwzhhq h{rjhqrxv

ulvn dqg frqwudfw fkrlfh1

Jlyhq wkdw furs xqfhuwdlqw| frqwurov iru ulvn0wdnlqj ehkdylru e| wkh whqdqw/ lw dovr frqwurov iru

lqfhqwlyhv rq pdwfklqj dv ghvfulehg e| Dfnhuehuj dqg Erwwlflql +5334,1 Wkh| dujxh wkdw li whqdqwv

duh khwhurjhqhrxv lq ulvn dyhuvlrq/ wkhq h!flhqf| zrxog gulyh ohvv ulvn0dyhuvh whqdqwv rq ulvnlhu

sorwv xqghu �{hg uhqw frqwudfwv> vr wkdw wkh uhvxowv lq froxpq 4 frxog eh mxvwl�hg e| khwhurjhqhlw|

lq whqdqwv* fkdudfwhulvwlfv1 Krzhyhu/ li khwhurjhqhlw| lq whqdqwv* ulvn dyhuvlrq lv frqwuroohg iru/ zh

vkrxog vwloo revhuyh wkdw vkduh whqdqf| suhydlov ryhu �{hg uhqw frqwudfwv rq ulvnlhu sorwv1 Lq vxfk

iudphzrun wkh fkrlfh ri ulvnlhu fursv zrxog eh glfwdwhg e| whqdqwv* dwwlwxgh wrzdugv ulvn dqg qrw e|

olplwhg oldelolw|1 Khqfh/ wkh h{0srvw phdvxuh ri xqfhuwdlqw|/ sxujhg ri srvvleoh fruuhodwlrq zlwk wkh

xqfhuwdlqw| lqkhuhqw wkh sorw/ vkrxog fdswxuh idluo| zhoo khwhurjhqhlw| lq ulvn dyhuvlrq dqg frqwuro

iru vxfk lqfhqwlyh rq pdwfklqj1

916 Vwuxfwxudo hvwlpdwhv

Wdeoh 9 vkrzv wkh vwuxfwxudo hvwlpdwhv rewdlqhg e| hvwlpdwlqj wkh frpshwlwlyh rffxsdwlrqdo fkrlfh

prgho xvlqj dv d phdvxuh ri ulvn wkh h{0dqwh rxwsxw yduldqfh1 Lq wkh vhfrqg froxpq zh uhsruw wkh

hvwlpdwhv ri wkh sdudphwhuv hqwhulqj wkh surgxfwlrq ixqfwlrq/ zkloh lq wkh irxuwk froxpq zh uhsruw

wkh sdudphwhuv uhodwhg wr wkh pxowlwdvnlqj dqg prqlwrulqj frvwv dorqj zlwk wkh frh!flhqwv ri ulvn

dyhuvlrq1

Wkh Free0Grxjodv vkduh ri oderu lv 31<4 zkloh wkh vkduh ri odqg lv htxdo wr 313381 Dv vkliw

idfwruv zh frqwuro iru sorw ydoxh/ luuljdwlrq/ glvwulfw/ vrlo/ vhdvrq dqg d wlph wuhqg1 Wkh xqghuo|lqj

dvvxpswlrq lv wkdw zlwklq glvwulfwv djhqwv idfh wkh vdph sulfhv iru lqsxwv dqg rxwsxw/ vr wkdw

yduldwlrq lq lqsxw fkrlfhv lv gxh rqo| wr sorw fkdudfwhulvwlfv1 Zh frqwuro iru prqlwrulqj frvw xvlqj

wkh vl}h ri wkh sorw dv vxjjhvwhg e| Kljjv +4<:6,/ dqg wkh h{rjhqrxv ulvnlqhvv ri wkh sorw1 Wkh
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lghd lv wkdw wkh pruh xqfhuwdlq wkh hqylurqphqw lv/ wkhq wkh pruh vhyhuh wkh lqfhqwlyh sureohp

pd| eh/ dqg wkhuhiruh wkh kljkhu wkh vklunlqj0prqlwrulqj frvw dvvrfldwhg zlwk zdjh dqg vkduh

whqdqf| frqwudfwv1 Zkhq xqfhuwdlq lv orz/ lqvwhdg/ wkh odqgorug pd| eh deoh wr lghqwli| h{0srvw

wkh whqdqwv* h�ruw dqg wkhuhiruh olqn klv uhzdug wr wkh �qdo rxwsxw/ hqvxulqj lq wklv zd| wkh h!flhqw

ohyho ri h�ruw zlwkrxw lqfxuulqj dq| prqlwrulqj frvw1 Khqfh zh vkrxog h{shfw kljkhu ulvn wr eh

dvvrfldwhg zlwk kljkhu prqlwrulqj frvw1 Zh �qg wkdw sorw vl}h kdv d vljql�fdqw qhjdwlyh h�hfw rq

wkh prqlwrulqj frvw/ frqwudu| wr zkdw h{shfwhg/ zkloh ulvn d�hfwv prqlwrulqj frvw srvlwlyho|/ dv

h{shfwhg1 Pxowlwdvnlqj frvw lv frqwuroohg iru e| sorw ydoxh/ vrlo gxpplhv dqg suhvhqfh ri luuljdwlrq

ghylfhv1 Vrlo gxpplhv dqg luuljdwlrq ghylfhv fdswxuh wkh ghjuhh ri pdlqwhqdqfh qhfhvvdu| iru wkh

sorw1 Li d zhoo ru d sxps duh suhvhqw rq d sorw iru luuljdwlrq/ wkhq pdlqwhqdqfh lv uhtxluhg wr nhhs

wkhp lq jrrg rshudwlyh frqglwlrqv iru ixwxuh vhdvrqv1 Xqghu vkduh whqdqf| dqg �{hg uhqw frqwudfwv

wkh whqdqw kdv qr lqfhqwlyh lq ghyrwlqj h�ruwv dqg uhvrxufhv iru wkh pdlqwhqdqfh ri wkh luuljdwlrq

ghylfhv1 Khqfh/ zh zrxog h{shfw wkdw wkh suhvhqfh ri dq luuljdwlrq ghylfh lqfuhdvhv wkh pxowlwdvnlqj

frvw lqfxuuhg e| wkh odqgorug xqghu vxfk frqwudfwv dqg/ frqvlvwhqwo| zlwk wklv/ zh �qg wkdw wkh

frh!flhqw rq wkh luuljdwlrq gxpp| lv srvlwlyh dqg vljql�fdqw1 Wkh idfw wkdw wkh sorw ydoxh vwloo kdv

d vljql�fdqwo| srvlwlyh h�hfw rq wkh pxowlwdvnlqj frvw diwhu frqwuroolqj iru vrlo w|sh dqg luuljdwlrq

pd| eh frqvlvwhqw zlwk wkh idfw wkdw wkh pdunhw iru odqg lv yhu| wklq1 Odqgrzqhuv zkr fdqqrw vhoo

wkhlu corz* txdolw| sorwv dqg fdqqrw fxowlydwh wkhp/ duh pruh olnho| wr uhqw wkhp rxw hlwkhu xqghu

vkduh whqdqf| ru xqghu �{hg uhqw frqwudfwv1

Wkh hvwlpdwhg frh!flhqw ri devroxwh ulvn dyhuvlrq lv htxdo wr 5158 iru whqdqwv dqg 415: iru

odqgorugv> wkh| duh erwk vljql�fdqwo| srvlwlyh dqg wkh whvw rq wkhlu htxdolw| lv uhmhfwhg dw 4(

ohyho +"2

E�� @ 9=;7,/ phdqlqj wkdw whqdqwv duh vljql�fdqwo| pruh ulvn dyhuvh wkdq odqgorugv1 Wkh

frh!flhqw rq wkh yduldqfh ri lqglylgxdo vnloov lv 3138 dqg lv qrw vljql�fdqwo| gl�huhqw iurp }hur1

Vxfk frh!flhqw vkrxog eh htxdo wr wkh frqvwdqw devroxwh ulvn dyhuvlrq frh!flhqw iru odqgorugv li

whqdqwv* vnloov zhuh lqghhg sulydwh lqirupdwlrq dqg frqvwlwxwhg d vrxufh ri lqfrph xqfhuwdlqw| iru

wkh odqgorug xqghu vkduh whqdqf|1 Iurp wklv zh fdq frqfoxgh wkdw lqirupdwlrq rq iduplqj delolw| lv

vsuhdg zlwklq wkh LFULVDW yloodjhv1 Ilqdoo| � lv hvwlpdwhg wr eh htxdo wr 318:/ phdqlqj wkdw xqghu

vkduh whqdqf| odqgorugv ghyrwh lq prqlwrulqj derxw kdoi wkh wlph vshqw xqghu zdjh frqwudfwv1

Wkhvh uhvxowv vkrzv wkdw erwk odqgorugv dqg whqdqwv duh vhqvlwlyh wr wkh fxowlydwlrq ulvn/ dqg/ dv

wkh| duh ulvn dyhuvh/ wkhlu fkrlfh ri wkh rswlpdo frqwudfw lv d�hfwhg e| ulvn0vkdulqj frqvlghudwlrqv1

Prudo kd}dug lq wkh irup ri vklunlqj dqg pxowlwdvnlqj frvw dovr sod|v dq lpsruwdqw uroh lq wkh
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odqgorugv* ghflvlrq ri zklfk frqwudfw wr r�hu1

Lq rughu wr vhh li rxu prgho fdq suhglfw wkh revhuyhg cuhgxfhg irup* uhodwlrq ehwzhhq frqwudfw

glvwulexwlrq dqg ulvn/ Wdeoh : vkrzv wkh dfwxdo dqg suhglfwhg suredelolwlhv ri hdfk frqwudfw e| glv0

wulfw dqg yloodjh15; Wkh suhglfwhg suredelolwlhv duh idluo| forvh wr wkh dfwxdo rqhv1 Lq wkh orzhu sdqho

zh uhsruw wkh dfwxdo dqg suhglfwhg iuhtxhqflhv ri hdfk frqwudfw zkhq h{0srvw rxwsxw yduldelolw| lv

ehorz dqg deryh wkh dyhudjh1 Hyhq khuh wkh suhglfwlrqv fdswxuh wkh sdwwhuq irxqg lq wkh gdwd

forvho|1 Pruh vshfl�fdoo| wkh suhglfwhg suredelolw| ri revhuylqj vkduh whqdqf| uhodwlyh wr �{hg uhqw

frqwudfwv lqfuhdvhv zlwk ulvn zkloh wkh suredelolw| ri revhuylqj vkduh whqdqf| uhodwlyh wr zdjh frq0

wudfwv ghfuhdvhv zlwk ulvn1 Wkhuhiruh rxu prgho fdq uhsolfdwh wkh uhodwlrq ehwzhhq wkh htxloleulxp

glvwulexwlrq ri frqwudfwv dqg ulvn1 Wklv lv lq vkdus frqwudvw wr wkh lqdelolw| ri wkh sulqflsdo0djhqw

prgho wr h{sodlq wkh revhuyhg sdwwhuq1

: Frqfoxvlrqv

Wkh h{lvwlqj wkhruhwlfdo olwhudwxuh dqdo|}hv wkh ghwhuplqdqwv ri frqwudfw fkrlfh lq djuduldq hfrqrplhv

xvlqj csduwldo htxloleulxp* sulqflsdo0djhqw prghov/ zkhuh wkh vkdsh ri wkh frqwudfw lv xqlodwhudoo|

ghwhuplqhg e| rqo| rqh ri wkh frqwudfwlqj sduwlhv1 Wkhlu suhglfwlrqv uhjduglqj wkh uhodwlrq eh0

wzhhq iduplqj ulvn dqg lqflghqfh ri vkduh whqdqf| kdyh ehhq whvwhg lq d qxpehu ri vwxglhv dqg

irxqg vrphwlphv wr eh dw rggv zlwk hpslulfdo hylghqfh1

Wkh dlp ri wklv sdshu lv wzrirog1 Iluvw/ zh whvwhg wkh suhglfwlrqv ri djhqf| wkhru| prghov wdnlqj

lqwr dffrxqw srvvleoh hqgrjhqhlw| ri furs fkrlfh/ zklfk zdv qrw frqvlghuhg lq suhylrxv vwxglhv dqg/

wkhuhiruh/ pd| kdyh klqghuhg wkhlu uhvxowv1 Xvlqj Lqgldq gdwd/ zh �qg wkdw sulqflsdo0djhqw prghov

zlwk prudo kd}dug lq h�ruw duh uhmhfwhg e| rxu gdwd1 Vhfrqg/ zh frqvwuxfw d vwuxfwxudo hfrqrphwulf

prgho edvhg rq dq dowhuqdwlyh wkhruhwlfdo iudphzrun zkhuh erwk odqgorugv dqg whqdqwv fkrrvh wkh

frqwudfw wkh| suhihu frqvlghulqj dv jlyhq wkh frqwudfwxdo whupv/ dv lq d frpshwlwlyh iudphzrun1

Wkh vwuxfwxudo hvwlpdwhv doorz wr vhsdudwh wkh ulvn0vkdulqj prwlyh iurp wkh lqfhqwlyh rqh/ dqg wr

hydoxdwh wkh h�hfw ri ulvn rq wkh wzr vlghv ri wkh pdunhw1 Lq wklv zd| zh fdq uhdvvhvv wkh uroh

ri ulvn0vkdulqj lq frqwudfw fkrlfh e| orrnlqj dw wkh h�hfw ri ulvn rq wkh lqglylgxdo fkrlfhv/ zkloh

wkh revhuyhg uhodwlrq ehwzhhq ulvn dqg glvwulexwlrq ri frqwudfw lv vhhq dv wkh djjuhjdwh uhvxow lq

5;Vxfk suhglfwhg suredelolwlhv fdq eh rewdlqhg e| orrnlqj dw wkh fkrlfh glvwulexwlrq ri hlwkhu wkh odqgorugv ru wkh

whqdqwv1 Zh uhsruw wkh rqhv rewdlqhg iurp wkh whqdqwv* suhihuhqfhv1 Wkh suhglfwhg suredelolwlhv frpsxwhg iurp wkh

odqgorugv* suhihuhqfhv kdyh vlplodu sdwwhuqv1

5;



htxloleulxp ri wkh lqwhudfwlrq ehwzhhq wkh gl�huhqw djhqwv1 Zh �qg wkdw erwk odqgorugv dqg whqdqwv

duh ulvn dyhuvh/ khqfh wkh ulvn vkdulqj prwlyh wkurxjk frqwudfw fkrlfh h{lvwv diwhu frqwuroolqj iru

prudo kd}dug/ dqg wkdw wkh w|sh ri iudphzrun sursrvhg lv deoh wr uhsurgxfh wkh hpslulfdo uhodwlrq

ehwzhhq frqwudfwv* lqflghqfh dqg xqfhuwdlqw| dv d cuhgxfhg irup* uhodwlrq1

5<



Uhihuhqfhv

^4` Dfnhuehuj/ G1 D1 dqg Erwwlflql/ P1 +5333,1 Wkh fkrlfh ri djuduldq frqwudfwv lq hduo| Uhqdlv0

vdqfh Wxvfdq|= ulvn0vkdulqj/ prudo kd}dug/ ru fdslwdo pdunhw lpshuihfwlrqvB1 H{sorudwlrqv lq

Hfrqrplf Klvwru|/ 6:= 574058:1

^5` Dfnhuehuj/ G1 D1 dqg Erwwlflql/ P1 +5334,1 Hqgrjhqrxv pdwfklqj dqg wkh hpslulfdo ghwhupl0

qdqwv ri frqwudfw irup1 Mrxuqdo ri Srolwlfdo Hfrqrp|/ iruwkfrplqj1

^6` Doohq/ G1 Z1 dqg Oxhfn/ G1 +4<<5,1 Frqwudfw fkrlfh lq prghuq djulfxowxuh= fursvkduh yhuvxv

fdvk uhqw1 Mrxuqdo ri Odz dqg Hfrqrplfv/ 68= 6<:07591

^7` Doohq/ G1 Z1 dqg Oxhfn/ G1 +4<<8,1 Ulvn suhihuhqfhv dqg wkh hfrqrplfv ri frqwudfwv1 Dphulfdq

Hfrqrplf Uhylhz/ ;8= 77:07841

^8` Doohq/ G1 Z1 dqg Oxhfn/ G1 +4<<<,1 Wkh uroh ri ulvn lq frqwudfw fkrlfh1 Wkh Mrxuqdo ri Odz/

Hfrqrplfv/ dqg Rujdql}dwlrq/ 48+6,=:370:691

^9` Edqhumhh/ D1 Y1 dqg L|hu/ O1 +5334,1 Wkh lpshuldo ohjdf|= frorqldo odqg whqxuh v|vwhpv dqg

lqghshqghqw Lqgld1 Plphr/ PLW1

^:` Edqhumhh/ D1 Y1 dqg Jhuwohu/ S1 M1 dqg Jkdwdn/ P1 +5334,1 Hpsrzhuphqw dqg h!flhqf|=

whqdqf| uhirup lq Zhvw Ehqjdo1 Mrxuqdo ri Srolwlfdo Hfrqrp|/ iruwkfrplqj1

^;` Edudk/ E1 F1 dqg Elqvzdqjhu K1 S1 +4<;5,1 Uhjlrqdo H�hfwv ri Qdwlrqdo Vwdelol}dwlrq Srolflhv=

Wkh Fdvh ri Lqgld1 Hfrqrplfv Surjudp Surjuhvv Uhsruw qr1 6:1 Sdwdqfkhux= LFULVDW1

^<` Edvx/ N1 +4<<5,1 Olplwhg oldelolw| dqg wkh h{lvwhqfh ri vkduh whqdqf|1 Mrxuqdo ri Ghyhorsphqw

Hfrqrplfv/ 6;= 53605531

^43` Ehoo/ F1 +4<;<,1 D frpsdulvrq ri sulqflsdo0djhqw dqg edujdlqlqj vroxwlrqv= wkh fdvh ri whqdqf|

frqwudfwv1 Lq S1 Edugkdq +hg1,/ Wkh Hfrqrplf Wkhru| ri Djuduldq Lqvwlwxwlrqv/ Fk1 71 R{irug

Xqlyhuvlw| Suhvv/ Qhz \run1

^44` Ehoo/ F1 dqg ]xvpdq/ S1 +4<:9,1 D edujdlqlqj wkhruhwlf dssurdfk wr fursvkdulqj frqwudfwv1

Dphulfdq Hfrqrplf Uhylhz/ 99= 8:;08;;1
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^45` Eudqfdfflr/ W1 +5334,1 Ulvn0vkdulqj dqg vkduhfursslqj= d jhqhudo htxloleulxp dssurdfk wr

frqwudfw fkrlfh1 Plphr/ Ervwrq Froohjh1

^46` GhZhdyhu/ P1 D1 dqg Urxpdvvhw/ M1 D1 +5334,1 D fruuhfwlrq dqg sulpd idflh whvw ri wkh

fdqrqlfdo wkhru| ri vkduh whqdqf|1 Plphr1

^47` Gxerlv/ S1 +5333,1 Prudo kd}dug/ odqg ihuwlolw| dqg vkduhfursslqj lq d uxudo duhd ri wkh Sklols0

slqhv1 LQUD/ Wrxorxvh1

^48` Hvzdudq/ P1 dqg Nrwzdo/ D1 +4<;8,1 D wkhru| ri frqwudfwxdo vwuxfwxuh lq djulfxowxuh1 Dphulfdq

Hfrqrplf Uhylhz/ :8= 685069:1

^49` Jkdwdn/ P1 dqg Sdqgh|/ S1 +5333,1 Frqwudfw fkrlfh lq djulfxowxuh zlwk mrlqw prudo kd}dug lq

h�ruw dqg ulvn1 Mrxuqdo ri Ghyhorsphqw Hfrqrplfv/ 96= 63606591

^4:` Kljjv/ U1 +4<:6,1 Udfh/ whqxuh dqg uhvrxufh doorfdwlrq lq Vrxwkhuq djulfxowxuh/ 4<431 Mrxuqdo

ri Hfrqrplf Klvwru|/ 66= 47<049<1

^4;` Mrgkd/ Q1 V1 +4<;4,1 Djulfxowxudo whqdqf|= iuhvk hylghqfh iurp gu|odqg duhdv lq Lqgld1 Hfr0

qrplf dqg Srolwlfdo Zhhno|/ D= 44;045:1

^4<` Od�rqw/ M10M1 dqg Pdwrxvvl/ P1 V1 +4<<8,1 Prudo kd}dug/ �qdqfldo frqvwudlqwv dqg vkduhfurs0

slqj lq Ho Rxomld1 Uhylhz ri Hfrqrplf Vwxglhv/ 95= 6;406<<1

^53` Sudww/ M1 Z1 +4<97,1 Ulvn dyhuvlrq lq wkh vpdoo dqg lq wkh odujh1 Hfrqrphwulfd/ 65+4,= 45504691

^54` Udr/ F1 K1 K1 +4<:4,1 Xqfhuwdlqw|/ hqwuhsuhqhxuvkls/ dqg vkduhfursslqj lq Lqgld1 Mrxuqdo ri

Srolwlfdo Hfrqrp|/ :<= 8:;08<81

^55` Uhlg/ M1 G1 Mu1 +4<:9,1 Vkduhfursslqj dqg djulfxowxudo xqfhuwdlqw|1 Hfrqrplf Ghyhorsphqw dqg

Fxowxudo Fkdqjh/ 57= 87<08:91

^56` Uhlg/ M1 G1 Mu1 +4<;:,1 Rq wkh wkhru| ri vkduhfursslqj= Rffdp*v ud}ru dqg hfrqrplf dqdo|vlv1

Klvwru| ri Srolwlfdo Hfrqrp|/ 4<= 884089<1

^57` Urvhq/ V1 +4<;9,1 Wkh wkhru| ri htxdol}lqj gl�huhqfhv1 Lq R1 Dvkhqihowhu dqg U1 Od|dug +hgv1,/

Kdqgerrn ri Oderu Hfrqrplfv/ Fk1 451 Hovhylhu Vflhqfh Sxeolvkhuv1
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^58` Vkdedq/ U1 D1 +4<;:,1 Whvwlqj ehwzhhq frpshwlqj prghov ri vkduhfursslqj1 Mrxuqdo ri Srolwlfdo

Hfrqrp|/ <8+8,= ;<60<531

^59` Vkdupd/ Q1 dqg Guë}h/ M1 +4<<9,1 Vkduhfursslqj lq d Qruwk Lqgldq yloodjh1 Wkh Mrxuqdo ri

Ghyhorsphqw Vwxglhv/ 66 +4,= 406<1

^5:` Vlqjk/ Q1 +4<;<,1 Wkhrulhv ri vkduhfursslqj1 Lq S1 Edugkdq +hg1,/ Wkh Hfrqrplf Wkhru| ri

Djuduldq Lqvwlwxwlrqv/ Fk1 61 R{irug Xqlyhuvlw| Suhvv/ Qhz \run1

^5;` Vwljolw}/ M1 H1 +4<:7,1 Lqfhqwlyhv dqg ulvn0vkdulqj lq vkduhfursslqj1 Uhylhz ri Hfrqrplf Vwxglhv/

74= 54<05881
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Table 1: Means of key variables by main plots 
(standard deviations in parenthesis) 

 
 Wage 

contract 
Fixed- 
rent 

Share- 
crop 

Plots (%) 57.0 
 

3.7 39.3 

DISTRICT 
               (Village) 
 
   Mahbubnagar 
         
            Aurepalle 
 
            Dokur 
 
 
   Sholapur 
 
            Shirapur 
                 
            Kalman 
 
 
   Akola 
 
            Kanzara 
 
            Kincheda 
 

 
 
 

82.0 
 

89.0 
 

56.1 
 

 
28.4 

 
20.4 

 
37.4 

 
 

74.5 
 

75.9 
 

69.0 
 

 
 
 

7.9 
 

8.9 
 

3.8 
 

 
0.4 

 
0.4 

 
0.4 

 
 

4.7 
 

5.7 
 

0.7 

 
 

 
10.1 

 
2.1 

 
40.1 

 
 

71.2 
 

79.2 
 

62.6 
 

 
20.8 

 
18.4 

 
30.3 

Cultivated area (acrs) 4.04 
(3.56) 

 

2.74 
(1.77) 

3.38 
(3.21) 

No. subplots 1.61 
(0.98) 

1.13 
(0.42) 

1.36 
(0.80) 

 
Irr/cult area (%)1 0.30 

(0.44) 
 

0.10 
(0.30) 

0.10 
(0.29) 

Per acre plot value2 25.44 
(15.75) 

 

16.84 
(14.12) 

20.43 
(13.40) 

Total 1373 89 947 
 

                                                
1 Percentage of irrigated area over cultivated area  
2 Plot value is in 100 Rupies. 



 
Table 2: Means of key variables by subplots3 

(standard deviations in parenthesis)  
 

  Owner-operated   
 All Family 

operated 
Wage 

contract 
Fixed- 
rent 

Share- 
crop 

Plot (%)  57.9 
 

26.0 1.2 14.9 

Cultivated area (acrs) 2.10 
(2.25) 

1.79 
(1.94) 

 

2.50 
(2.56) 

 

2.46 
(1.65) 

 

2.57 
(2.63) 

 
Output per acre (vl) 0.58 

(0.95) 
0.55 

(1.02) 
 

0.79 
(0.97) 

0.42 
(0.43) 

0.31 
(0.51) 

Labor  per acre (hrs) 285.84 
(433.3) 

276.75 
(434.9) 

 

383.78 
(479.4) 

213.61 
(221.4) 

155.88 
(292.8) 

Seed per acre (vl) 0.047 
(0.23) 

0.048 
(0.29) 

 

0.056 
(0.12) 

0.021 
(0.020) 

0.028 
(0.11) 

Fertilizer per acre (vl) 
 
 

0.034 
(0.089) 

0.027 
(0.083) 

0.062 
(0.109) 

0.034 
(0.063) 

0.012 
(0.052) 

Organic manure per acre (vl) 
 
 

0.015 
(0.064) 

0.015 
(0.064) 

0.023 
(0.078) 

0.006 
(0.024) 

0.002 
(0.021) 

Pesticides per acre (vl) 
 
 

0.003 
(0.025) 

0.002 
(0.023) 

0.007 
(0.036) 

0.002 
(0.014) 

0.0008 
(0.010) 

Bullock power per acre (hrs) 43.10 
(58.03) 

40.47 
(56.96) 

 

58.49 
(68.45) 

42.56 
(36.58) 

26.47 
(31.47) 

Bullock power (dummy) 0.98 0.98 
 

0.99 
 

1.00 
 

0.98 
 

Machinery per acre (vl) 
 

0.049 
(0.19) 

 

0.052 
(0.22) 

0.053 
(0.16) 

0.008 
(0.03) 

0.034 
(0.16) 

Machinery (dummy) 
 

0.29 0.26 0.41 0.29 0.20 

Irrigated (dummy) 
 

0.26 0.24 0.37 0.10 0.12 

Soil (dummy):  
    deep-medium black 
    medium-shallow black 
    deep-shallow red 
    gravelly, saline, sandy 

 
0.53 
0.27 
0.14 
0.06 

 
0.51 
0.28 
0.14 
0.07 

 
0.57 
0.21 
0.19 
0.03 

 
0.53 
0.08 
0.38 
0.01 

 

 
0.53 
0.38 
0.03 
0.06 

Crop (dummy): 
    oilseeds 
    cereals 
    fiber-crops 
    pulses 
    vegetables 
    sugarcane 

 
0.13 
0.54 
0.11 
0.16 
0.05 
0.01 

 
0.13 
0.53 
0.10 
0.16 
0.06 
0.02 

 
0.16 
0.53 
0.15 
0.09 
0.06 
0.01 

 
0.16 
0.58 
0.16 
0.09 
0.01 
0.00 

 

 
0.06 
0.58 
0.07 
0.26 
0.03 
0.00 

>1 crop 0.36 0.37 0.34 0.59 0.34 
Total 8537 4946 2220 99 1272 

                                                
3 Values are in 1000 Rupies. 



Table 3: Crop choice and soil type 
 
 

 Soil  type 
 

Crops Deep-medium black Medium-shallow black Deep-shallow red Gravelly, saline and 
sandy 

Oilseeds 6.7 10.7 39.1 12.8 
Cereals 53.0 57.6 53.3 49.2 
Fiber-crops 15.6 8.8 1.1 0.2 
Pulses 14.7 20.3 4.1 31.8 
Vegetables 8.0 2.0 2.4 5.6 
Sugarcane 2.0 0.6 0.0 0.4 
Total 100 100 100 100 

 
 
 

Table 4: Tenancy contracts and output variance 
 
 

 Wage 
contract 

Fixed- 
rent 

Share- 
crop 

 
Mean variability by contract type 

 
 
Ex-ante variance:  
 
               
Ex-post variance: 
 
 
Correlation: 
 

 
0.44 

(0.32) 
 

0.41 
(0.16) 

 
0.42 

 
0.33 

(0.17) 
 

0.42 
(0.10) 

 
0.37 

 
0.22 

(0.18) 
 

0.21 
(0.14) 

 
0.71 

 
 
Frequency of contracts by variability 

 
 
Ex-ante variance: 
 
              Below mean variance 
              Above mean variance 
 
Ex-post variance: 
 
              Below mean variance 
              Above mean variance 
 

 
 

 
43.12 
56.88 

 
 
 

22.51 
77.49 

 
 

 
55.06 
44.94 

 
 
 

11.24 
88.76 

 
 

 
78.35 
21.65 

 
 
 

77.30 
22.70 

 
N. obs. 1373 89 947 

 



Table 5: Contract choice logistic models 
 
 

Dependent variable: Contract type 
(p-values in parenthesis, * significant at 1%, ** significant at 5%) 

 
 (1) 

 
(2) (3) 

Wage contract 
 
Total area 
 
 
Plot value 
 
 
Irrigation device (dummy) 
 
 
Ex-ante risk 
 
 
Ex-post risk 
 
 
Constant 

 
 

0.493* 
(0.00) 

 
0.013* 
(0.00) 

 
0.455* 
(0.01) 

 
3.199* 
(0.00) 

 
 
 
 

-18.623* 
(0.00) 

 

 
 

0.012* 
(0.01) 

 
0.008** 
(0.04) 

 
1.016* 
(0.00) 

 
 
 
 

5.825* 
(0.00) 

 
-19.621* 

(0.00) 

 
 

Fixed rent contract 
 
Total area 
 
 
Plot value 
 
 
Irrigation device (dummy) 
 
 
Ex-ante risk 
 
 
Ex-post risk 
 
 
Constant 
 
 
Ex-post risk (residuals) 
 
 

 
 

-0.212* 
(0.00) 

 
-0.036* 
(0.00) 

 
-0.771 
(0.14) 

 
3.341* 
(0.00) 

 
 
 
 

-17.953* 
(0.00) 

 
 

-0.260* 
(0.00) 

 
-0.040* 
(0.00) 

 
-0.103 
(0.80) 

 
 
 
 

6.026* 
(0.00) 

 
-18.986* 

(0.00) 

 
 

-0.208* 
(0.00) 

 
-0.028** 

(0.03) 
 

0.707 
(0.26) 

 
2.680** 
(0.02) 

 
 
 
 

-16.435* 
(0.00) 

 
8.251* 
(0.00) 

 
Pseudo-R2 

Log-likelihood 
No. Obs. 

0.1982 
-1563.30 

2409 

0.2538 
-1454.89 

1036 

0.3764 
-189.27 
1036 

 
In all specifications season and soil dummies are included. 
Model (1): multinomial logit model, share tenancy is the base, with ex-ante variance. 
Model (2): multinomial logit model, share tenancy is the base, with ex-ante variance. 
Model (3): logit model for dichotomous variable equal to 1 if fixed rent contract is observed, equal to 0 if share tenancy is observed. 
Ex-post risk variable is constructed as the residuals of a regression of ex-post output variance over ex-ante variance. 
 



Table 6: Structural estimates 
 

Dependent variable: contract type 
Log-likelihood:-3546.83; N. obs. 2409 

(p-values in parenthesis; * significant at 1%, ** significant at 5%) 
 

 
Variables 

 

 
Coefficients 

 
Variables 

 
Coefficients 

Production function4: 
 
  Cultivated area (share) 
 
  Labor hours (share) 
 

β1 : 
      Irrigation (dummy) 
 
      Time trend 
 
      Constant 
 

β1
'
: 

      Irrigation (dummy) 
 
      Time trend 
 
      Constant 
 
 
 
 
 
 
 
 
 
 

 
 

0.005* 
(0.00) 
0.917* 
(0.00) 

 
 

0.073* 
(0.00) 
0.092* 
(0.00) 

-6.314* 
(0.00) 

 
0.293* 
(0.00) 
0.086* 
(0.00) 

-6.392* 
(0.00) 

Monitoring cost: 
 
      Cultivated area 
 
      Ex-ante risk 
 
      Constant 
 
 
Multitasking cost: 
 
      Plot value 
 
      Irrigation (dummy) 
 
      Deep-medium black soil 
 
      Medium-shallow black soil 
   
      Deep-shallow red soil 
 
      Gravelly, saline, sandy 
 
 
Preferences: 
 
      Tenant CARA 
 
      Landlord CARA 
 
      Skill variance 
 
      Delta 
 
 

 
 

-0.063* 
(0.00) 
2.473* 
(0.00) 

-1.509* 
(0.00) 

 
 
 

0.007* 
(0.00) 
0.538* 
(0.00) 
-0.176 
(0.06) 

-0.224* 
(0.01) 

-0.610* 
(0.00) 
0.139 
(0.13) 

 
 
 

2.249* 
(0.00) 
1.269* 
(0.00) 
0.039 
(0.67) 
0.575* 
(0.00) 

 
 
 
 

                                                
4 Village, soil and season dummies are included. 



Table 7: Actual and predicted probabilities: 
(predicted probabilities in brackets) 

  
 

 Wage 
contract 

Fixed- 
rent 

Share- 
crop 

DISTRICT 
               (Village) 
 
   Mahbubnagar 
        
 
        Aurepalle 
 
 
        Dokur 
 
 
 
   Sholapur 
 
 
          Shirapur 
                 
 
            Kalman 
 
 
 
   Akola 
 
 
            Kanzara 
 
 
            Kincheda 
 
 

 
 
 

82.0 
(83.2) 

 
89.0 

(90.2) 
 

56.1 
(57.2) 

 
 

28.4 
(29.7) 

 
20.4 

(18.9) 
 

37.4 
(36.3) 

 
 

74.5 
(78.7) 

 
75.9 

(80.4) 
 

69.0 
(71.7) 

 
 
 

7.9 
(7.4) 

 
8.9 

(9.5) 
 

3.8 
(0.2) 

 
 

0.4 
(0.3) 

 
0.4 

(0.0) 
 

0.4 
(0.7)  

 
 

4.7 
(1.5) 

 
5.7 

(1.5) 
 

0.7 
(1.2) 

 
 

 
10.1 
(9.4) 

 
2.1 

(0.3) 
 

40.1 
(42.6) 

 
 

71.2 
(70.0) 

 
79.2 

(81.1) 
 

62.6 
(63.0) 

 
 

20.8 
(19.8) 

 
18.4 

(18.0) 
 

30.3 
(27.1) 

Ex-ante variance: 
 
              Below 
 
 
              Above 

 
 

42.8 
(45.1) 

 
76.1 

(73.6) 
 

 
 

3.5 
(3.2) 

 
3.9 

(2.7) 
 

 
 

53.7 
(51.5) 

 
20.0 

(23.7) 

    
 

Total 1373 89 947 
 



Table A1: Estimates of Cobb-Douglas production function 
 

Dependent variable: output value (1000 Rupies) 
(* significant at 1%, ** significant at 5%) 

 
Variables (1) 

 
(2) 

 
 Coefficient 

 
P-values 

 
Coefficient 

 
P-values  

 
Cultivated area (share) 
 

0.216* 0.00 0.235* 0.00 

Labor hours (share) 
 

0.810* 0.00 0.815* 0.00 

Seed value  
 

0.236* 0.00 0.243* 0.00 

Bullock power (hrs) -0.00067* 
 

0.00 -0.00077* 0.00 

Machinery value  -0.045* 
 

0.00 -0.056* 0.00 

Fertilizer value 
 

0.306* 0.00 0.299* 0.00 

Organic manure value 
 

0.174* 0.00 0.177* 0.00 

Pesticide value 
 

0.392* 0.00 0.452* 0.00 

Irrigation (dummy) -0.011 
 

0.55 0.013 0.47 

Plot value 
 

0.005** 0.04 0.005** 0.04 

>1 crop -0.062* 
 

0.00 -0.083* 0.00 

Time trend 
 

0.076* 0.00 0.072* 0.00 

Constant 
 

-5.460* 0.00 -5.539* 0.00 

N. obs. 
 

Log-likelihood 
 

8537 
 

-6563.36 

 8537 
 

-6764.32 

 
 
 

 
In both specification:  season, soil, crop and district dummies are included; time-effect is proxied by year and season dummies; 
individual effect variance is conditional on village and contract type. 
Model (1): random-effect variance is conditional on soil, district and irrigation dummies. 
Model (2): random-effect variance is conditional on crop and district dummies.  



Table A2: Estimates of selection model for rent payments 
(two-step estimation) 

 
 Dependent variable5:  

    (a) natural log of rent (structural eq.) 
    (b) fixed rent contract vs. others (selection eq.) 
(p-values in parenthesis, * significant at 1%, ** significant at 5%) 

 

Variables (1) 
 

(2) 
 

 (a) 
Structural 

(b) 
Selection 

(a) 
Structural 

(b) 
Selection 

Cultivated area  
 

0.392 
(0.08) 

 

-0.131* 
(0.00) 

0.215 
(0.08) 

-0.130* 
(0.00) 

Ex-ante variance 
 

24.702 
(0.45) 

 

-15.036** 
(0.04) 

 -0.125 
(0.86) 

Ex-ante variance^2  
 

-6.123 
(0.63) 

 

6.053** 
(0.04) 

  

Soil dummies: 
    Deep-medium black 
 
 
    Medium-shallow black 
 
 
    Deep-shallow red 
 
 

 
-2.632 
(0.20) 

 
-2.304 
(0.42) 

 
-6.910** 

(0.03) 

 
0.780 
(0.14) 

 
-0.768 
(0.24) 

 
1.754* 
(0.01) 

 
-1.810 
(0.032) 

 
-4.309** 

(0.03) 
 

-4.403* 
(0.01) 

 
0.414 
(0.42) 

 
-0.061 
(0.90) 

 
0.690 
(0.17) 

Irrigation (dummy) -8.813 
(0.24) 

 

3.009 
(0.10) 

-3.232* 
(0.00) 

-0.607 
(0.13) 

District dummies: 
    Mahbubnagar 
 
 
    Sholapur 
 
 

 
6.092 
(0.43) 

 
9.422 
(0.32) 

 
-3.271 
(0.06) 

 
-4.510* 
(0.01) 

  
0.127 
(0.72) 

 
-1.215* 
(0.00) 

Plot value 
 

 -0.019* 
(0.00) 

 

 -0.018* 
(0.00) 

Individual-effect variance 
 

 0.182 
(0.99) 

 

  

Season dummies: 
    Kharif 
 
 
    Rabi 
 
 

  
0.151 
(0.74) 

 
0.012 
(0.97) 

  
0.215 
(0.64) 

 
0.023 
(0.96) 

Constant 
 

-8.515 
(0.44) 

 

4.015 
(0.14) 

-2.514 
(0.22) 

-1.233 
(0.11) 

Mills lambda 
 
 

-0.953 
(0.60) 

 1.109 
(0.08) 

 

N. obs. 78 2309 78 2309 
 

                                                
5 Values are in 1000 Rupies. 


