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Devwudfw

Ilupv riwhq sd| lqglylgxdov iru jurxs0ohyho/ lqgxvwu|0ohyho/ ru hyhq hfrqrp|0zlgh shuiru0

pdqfh zkhq djhqf| wkhru| vxjjhvwv wkhvh frqwudfwv surylgh plqlpdo lqfhqwlyh dqg ohdg wr

lqh�flhqw ulvn ehdulqj1 Wklv sdshu ghulyhv d vlpsoh prgho ri zk| �upv pljkw fkrrvh wr lpsoh0

phqw vwrfn rswlrqv/ sur�w vkdulqj/ dqg rwkhu sd| lqvwuxphqwv wkdw uhzdug +ru shqdol}h, _oxfn1%

Wkh prgho uholhv rq wzr nh| dvvxpswlrqv= 4, dgmxvwlqj wkh whupv ri hpsor|phqw frqwudfwv lv

frvwo| wr wkh �up/ dqg 5, djhqwv* rxwvlgh rssruwxqlwlhv duh qrw frqvwdqw1 L h{soruh krz �up0

shuirupdqfh0edvhg sd| zloo uhvsrqg wr yduldwlrq lq ulvn dyhuvlrq/ zrunhuv* uhvhuydwlrq xwlolw|/

dqg wkh fruuhodwlrq ehwzhhq d �up*v shuirupdqfh dqg wkdw ri wkh hfrqrp| dv d zkroh1 L dovr

glvfxvv krz wkh prgho �wv zlwk zlgho| glvwulexwhg vwrfn rswlrqv +hvshfldoo| lq ulvn| exvlqhvvhv

vxfk dv kljk whfkqrorj|,/ h{hfxwlyh frpshqvdwlrq/ dqg sur�w vkdulqj1 Wkh prgho vxjjhvwv wkdw/

zkloh djhqf| wkhru| kdv irfxvhg rq lqfhqwlyh frpsdwlelolw|/ wkh riwhq ryhuorrnhg sduwlflsdwlrq

frqvwudlqw fdq khos h{sodlq pdq| frpprq frpshqvdwlrq vfkhphv1
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Pdq| frpshqvdwlrq sodqv uhzdug ru sxqlvk djhqwv iru idfwruv wkh| fdqqrw frqwuro/ exw gr qrw

surylgh vwurqj lqfhqwlyh h�hfwv1 Dq riwhq0glvfxvvhg h{dpsoh ri wklv skhqrphqrq lv h{hfxwlyh frp0

shqvdwlrq +zkhuh vwrfn rswlrqv duh qrw jhqhudoo| lqgh{hg wr wkh ryhudoo pdunhw,1 Exw pdq| �upv

dovr r�hu �up0zlgh vwrfn rswlrqv dqg sur�w vkdulqj sodqv wkdw surylgh hyhq ohvv lqfhqwlyh wkdq

h{hfxwlyh sodqv ~ diwhu doo/ prvw zrunhuv fdq h{shfw wr uhds d yhu| plqlpdo dprxqw ri shuvrqdo

jdlq iurp wkhlu frqwulexwlrq wr �up ydoxh ru sur�wv1 Jlyhq wkh iuhh0ulghu sureohpv lq jurxs frp0

shqvdwlrq sodqv/ zk| duh wkh| vr suhydohqwB Vwdqgdug h{sodqdwlrqv lqfoxgh ehkdylrudo uhdvrqv

+prudoh/ whdpzrun/ qrupv/ hwf1, dqg/ lq vrph fdvhv/ wd{ frqvlghudwlrqv1 L frqvlghu dq dowhuqdwlyh

dqg odujho| udwlrqdo h{sodqdwlrq wkdw uhfrqflohv vwdqgdug djhqf| prghov zlwk sur�w vkdulqj1�

Zkhuh pxfk ri wkh suhylrxv djhqf| olwhudwxuh kdv frqfhqwudwhg rq lqgxflqj rswlpdo h�ruw/ L

frqvlghu wkh lpsruwdqfh ri wkh jhqhudoo| ryhuorrnhg sduwlflsdwlrq frqvwudlqw1 L vwxg| d prgho zkhuh

djhqwv* rxwvlgh rssruwxqlwlhv duh fruuhodwhg zlwk �up sur�wv ru vwrfn sulfh dqg zkhuh erwk wxuqryhu

dqg dgmxvwlqj wkh sd| vfkhph sdudphwhuv duh frvwo|1 Jlyhq wkhvh dvvxpswlrqv/ wkh �up pd| �qg

lw h�flhqw wr sd| wkh djhqw lq d zd| wkdw lv fruuhodwhg zlwk wkh rxwvlgh rswlrqv suhvhqwhg e| wkh

rxwvlgh oderu pdunhw +ghvslwh wkh uhtxlvlwh ulvn suhplxp, udwkhu wkdq sd| d �{hg zdjh wkdw lqvxuhv

sduwlflsdwlrq lq doo vwdwhv1

Wkh prgho ghulyhg ehorz vwduwv iurp wkh dvvxpswlrq wkdw zdjh dgmxvwphqwv duh frvwo|/ exw

zrunhuv duh zloolqj wr pdnh sduw ri wkhlu sd| frqwlqjhqw rq �up shuirupdqfh li wkh| duh frpshqvdwhg

iru wkh fruuhvsrqglqj ulvn1 Wkh djhqw jhwv dq rxwvlgh r�hu hdfk shulrg wkdw lv edvhg rq wkh vwdwh

ri wkh hfrqrp|1 Wkh �up fdq fkrrvh wr sd| d �{hg zdjh wkdw hqvxuhv sduwlflsdwlrq lq doo vwdwhv/

exw wklv zrxog qhfhvvlwdwh sd|lqj uhqwv wr wkh zrunhu zkhq rxwvlgh rssruwxqlwlhv duh ohvv oxfudwlyh1

Lw frxog dovr fkrrvh wr dgmxvw zdjhv wr pdunhw zdjhv/ wkrxjk grlqj vr pd| ohdg wr lqirupdwlrq

jdwkhulqj/ qhjrwldwlrq/ dqg wxuqryhu frvwv1 Dowhuqdwlyho|/ wkh �up fdq pdnh vrph ohyho ri sd|

frqwlqjhqw rq wkh �up*v uhdol}dwlrq ri sur�wv1 Wkhvh sur�wv duh lpshuihfwo| fruuhodwhg zlwk wkh

hfrqrp|1 Sd| edvhg rq �up shuirupdqfh zloo qrw/ h{ srvw/ eh wkh vdph dv wkh zrunhu*v rxwvlgh

rssruwxqlw|/ wkhuhe| sdvvlqj vrph ulvn dorqj wr wkh hpsor|hh1 Wkh �up kdv wr �qg wkh uljkw wudgh0

r� ehwzhhq wkh ulvn suhplxp ri yduldeoh sd| dqg wkh uhqwv dvvrfldwhg zlwk d �{hg zdjh1 Wkh

�up fdq rsw wr xvh d vsrw oderu pdunhw li wkhvh frvwv ehfrph wrr rqhurxv/ wkrxjk lw lqfxuv rwkhu

wudqvdfwlrq frvwv li lw fkrrvhv wr gr vr1

Wklv sdshu dlpv wr irupdol}h d prgho ri zk| �upv pljkw fkrrvh sur�w vkdulqj ru rwkhu lqfhqwlyhv

edvhg rq �up0zlgh shuirupdqfh +hyhq li wkrvh lqfhqwlyhv kdyh qr h�hfw rq wkh dfwlrqv ri hpsor|hhv,
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dqg wr frqvlghu idfwruv wkdw pd| d�hfw wkh dgrswlrq dqg lpsruwdqfh ri vxfk sodqv1 L gr qrw phdq

wr vxjjhvw wkdw wklv _vwdelol}dwlrq% h�hfw ri sur�w vkdulqj lv d qhz lghd1 Wkh prgho lv vlplodu lq

pdq| zd|v wr wkh Zhlw}pdq +4<;7, vkduh hfrqrp|/ exw L irfxv rq rswlpdo �up fkrlfhv +lqvwhdg

ri vrfldo sodqqlqj,/ yroxqwdu| wxuqryhu +lqvwhdg ri glvsodfhphqw,/ dqg uhfrqflolqj wkh uhdo zruog

zlwk djhqf| wkhru| +udwkhu wkdq dwwhpswlqj wr suhvfuleh srolf| wr lqfuhdvh pdfurhfrqrplf zhoiduh1,

Dovr/ wkh prgho lq wklv sdshu irupdol}hv pxfk ri wkh lqwxlwlyh glvfxvvlrq +dqg lv frqvlvwhqw zlwk

wkh hpslulfdo �qglqjv, ri vkduhfursslqj lq Dovwrq dqg Kljjv +4<;5,1

Wkrpdv dqg Zruudoo +4<;;,/ Kduulv dqg Kropvwurp +4<;5,/ dqg Ehdxgu| dqg GlQdugr +4<<4,

dovr irupxodwh prghov zkhuh zdjhv duh vhqvlwlyh wr pdunhw udwhv dqg �upv kdyh wr edodqfh frpshq0

vdwlrq dqg wxuqryhu frvwv1 Wkrpdv dqg Zruudoo +4<;;, dqg Kduulv dqg Kropvwurp +4<;5, ghulyh

prghov ri krz �upv pljkw dgmxvw wkhlu sd| v|vwhpv wr pdunhw irufhv/ zkloh lqvxodwlqj djhqwv iurp

pxfk ri wkh ulvn1 Wkhlu prghov/ krzhyhu/ dvvxph wkdw frqwudfwv fdq eh uhdglo| dgmxvwhg wr frpshwh

zlwk vsrw pdunhw zdjhv dqg/ dv d uhvxow/ gr qrw ohdg wr sd| ehlqj d ixqfwlrq ri �up shuirupdqfh1

Ehdxgu| dqg GlQdugr +4<<4, dovr ghulyh d prgho zlwk zdjhv wkdw dgmxvw xszdugv wr pdunhw irufhv1

Exw wkh| gr qrw frqvlghu wkh dprxqw ri +ru hyhq wkh srvvlelolw| ri, frqwlqjhqw sd|1

Od}hdu*v +4<<<, prgho lv vlplodu wr wkh prgho lq wklv sdshu lq wkdw lw dgguhvvhv wkh lvvxh ri zk|

�upv zrxog zdqw wr pdnh sd| vhqvlwlyh wr �up shuirupdqfh li wkdw sd| kdv qr h�hfw rq djhqwv*

dfwlrqv1 Klv prgho mxvwl�hv wklv sudfwlfh zkhq d �up zdqwv wr h{wudfw lqirupdwlrq iurp dq djhqw1

Krzhyhu/ dv Od}hdu +4<<<, phqwlrqv +dqg dv L glvfxvv lq Vhfwlrq 814 ehorz,/ wklv prgho fdqqrw

h{sodlq sur�w vkdulqj dqg vwrfn rswlrq sodqv wkdw duh dydlodeoh wr d odujh qxpehu ri hpsor|hhv1

Wkh uhvw ri wkh sdshu surfhhgv dv iroorzv1 Vhfwlrqv 5 dqg 6/ uhvshfwlyho|/ ghvfuleh wkh prgho

dqg wkuhh srvvleoh w|shv ri htxloleulxp frqwudfwv1 Vhfwlrq 7 dqdo|}hv frpsduwlyh vwdwlfv1 L h{soruh

krz wkh ghflvlrq zkhwkhu ru qrw wr pdnh sd| d ixqfwlrq ri �up shuirupdqfh dqg/ li uhohydqw/

wkh dprxqw ri �up0shuirupdqfh0edvhg sd| duh d�hfwhg e| vxfk idfwruv dv wkh fruuhodwlrq ehwzhhq

wkh �up*v vxffhvv dqg pdunhw zdjhv/ wkh yduldqfh lq zrunhuv* uhvhuydwlrq zdjh/ dqg djhqwv* ulvn

dyhuvlrq1 L frqvlghu krz frqvlvwhqw wkh prgho lv zlwk vwrfn rswlrq vfkhphv/ h{hfxwlyh frpshqvdwlrq

frqwudfwv/ dqg wudglwlrqdo sur�w vkdulqj lq Vhfwlrq 81 L glvfxvv wkh prgho*v delolw| wr h{sodlq d sd|

skhqrphqrq wkdw lv dw rggv zlwk suhylrxv djhqf| wkhrulhv ~ wkh kljk ohyho ri vwrfn rswlrqv lq

ulvn| lqgxvwulhv vxfk dv wkh whfkqrorj| vhfwru1 Ilqdoo|/ Vhfwlrq 9 vxppdul}hv dqg glvfxvvhv srvvleoh

h{whqvlrqv1
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D ulvn qhxwudo �up kluhv d ulvn dyhuvh zrunhu1 H�ruw lv yhul�deoh dqg frqwudfwleoh1 Wkh zrunhu*v

xwlolw| lv X @ H^zdjhv`�uY du^zdjhv` ohvv dq| wudqvdfwlrq frvwv ri uhqhjrwldwlrq ru vzlwfklqj mrev1

Jurvv sur�wv +wkdw lv/ ehiruh djhqw frpshqvdwlrq, duh � li wkhuh lv d zrunhu gxulqj wkh surgxfwlrq

skdvh/ vr sur�wv duh � ohvv sd|phqwv wr wkh zrunhu1 Wkh jdph xqirogv lq wkh iroorzlqj irxu vwdjhv

+vhh wlpholqh lq Iljxuh 4,=

41 Wkh �up r�huv d frqwudfw wr wkh zrunhu wkdw vshfl�hv d �{hg zdjh +z, dqg d vkduh ri �up

jurvv sur�wv +e,1 Li wkh zrunhu dffshwv wkh frqwudfw/ erwk sduwlhv suhsduh iru surgxfwlrq1

51 Wkh zrunhu uhfhlyhv dq rxwvlgh r�hu ri hlwkhu v
� ru v, +zkhuh v� A v,1, +v� dqg v, pd| eh

fruuhodwhg zlwk �/ dv ghvfulehg ehorz1,

61 E| lqfxuulqj frvwv ri n/ wkh �up fdq hlwkhu dgmxvw wkh whupv ri wkh frqwudfw ru/ li wkh zrunhu

ohdyhv/ uhsodfh wkh zrunhu dw d zdjh ri v
� ru v,1

2

71 Surgxfwlrq wdnhv sodfh/ � lv uhyhdohg/ dqg frqwudfwv duh vhwwohg1

Firm offers (w, b);
Worker accepts or
rejects

Worker receives
offer of sh or sl

If worker leaves or
w is adjusted, it
costs firm k

θ observed and, if
relevant, b paid

Iljxuh 4= Wlpholqh

Wkrxjk � lv qrw uhyhdohg xqwlo wkh hqg ri wkh jdph/ wkh rxwvlgh r�hu +v
� ru v,, dfwv dv d vljqdo

dqg lv uhyhdohg wr doo sduwlhv1 Surshuwlhv ri wkh vljqdo dqg/ jlyhq wkh vljqdo/ wkh h{shfwhg ydoxh ri

� lqfoxgh
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41 Su+v @ v�, @ t

51 Su+� @ �
�mv @ v�, @ s�

61 Su+� @ ��mv @ v,, @ s,=

Qrwh wkdw/ dv orqj dv 4 A s� A s,/ wkhuh duh wzr srlqwv zkhuh xqfhuwdlqw| lv uhgxfhg1 Lq vwdjh

wzr/ wkh vljqdo surylghv dq lpsuryhg/ wkrxjk lpshuihfw/ hvwlpdwh ri jurvv sur�wv1 Lq vwdjh irxu/

dfwxdo jurvv sur�wv duh uhyhdohg dqg doo xqfhuwdlqw| lv uhvroyhg1 Gh�qh s wr eh wkh xqfrqglwlrqdo

suredelolw| ri kljk jurvv sur�wv +wkdw lv/ Su+� @ �
�, @ s1, Wkh deryh surshuwlhv ri wkh frqglwlrqdo

suredelolwlhv ri kljk jurvv sur�wv +s
� dqg s,, dqg wkh suredelolw| ri d idyrudeoh vljqdo lpso|

s @ ts� . +4� t,s,= +4,

Wkh �up fdq sd| wkh zrunhu/ hlwkhu lq sduw ru lq ixoo/ wkurxjk d �{hg zdjh ri z1 z fdqqrw

eh pdgh frqglwlrqdo rq wkh vljqdo zkhq wkh frqwudfw lv lqlwldoo| zulwwhq/ qru fdq z eh frvwohvvo|

dgmxvwhg wr uh�hfw wkh vljqdo rqfh lw lv uhyhdohg1 Wkh �up fdq sd| d �{hg zdjh ri v
� lq rughu wr

jxdudqwhh wkh djhqw*v sduwlflsdwlrq lq hlwkhu vwdwh ru wkh sduwlhv fdq zulwh d frqwudfw edvhg rq wkh

ydoxh ri �1� Vr dq hpsor|phqw frqwudfw frqvlvwv ri rqh ru erwk ri d �{hg zdjh +z, sdlg lq doo vwdwhv

dqg d erqxv +e, sdlg lq wkh hyhqw wkdw � @ �
�1

e Lq rughu wr lqvxuh sduwlflsdwlrq uhjdugohvv ri wkh

vljqdo/ wkh sdlu z dqg e pxvw phhw wzr sduwlflsdwlrq frqvwudlqwv1 Li v @ v
�/ wkhq wkh zrunhu zloo

vwd| zlwk wkh �up li

v� � z . es� � ue2s�+4� s�,= +5,

Vlploduo|/ li v @ v,/ wkhq wkh zrunhu zloo vwd| li

v, � z. es, � ue2s,+4� s,,= +6,

Wkh �up fdq xvh wzr gl�huhqw vwudwhjlhv wr pdnh erwk sduwlflsdwlrq frqvwudlqwv elqg1 Iluvw/ lw

fdq dgmxvw wkh zdjh wr h{dfwo| phhw wkh rxwvlgh r�hu diwhu wkh vljqdo lv uhyhdohg1 Dowhuqdwlyho|/ lw
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fdq vhohfw d srvlwlyh e vxfk wkdw wkh djhqw hduqv khu uhvhuydwlrq zdjh lq h{shfwhg ydoxh/ uhjdugohvv ri

wkh vljqdo1 Erwk ri wkhvh fkrlfhv lpsrvh vrph frvwv rq wkh �up/ krzhyhu/ vr lw pd| suryh sur�wdeoh

wr sd| wkh hpsor|hh lq vxfk d zd| wkdw khu sduwlflsdwlrq frqvwudlqw grhv qrw dozd|v elqg1 Hdfk

srvvleoh rxwfrph lv glvfxvvhg lq wkh qh{w vhfwlrq1

� A�hii �Ltt�M*i ��|UL4it

��� 5TL| w@MLh �@h!i|t

Wkh �up pd| r�hu d zdjh ri v, dqg wkhq vshqg n wr dgmxvw wkh zdjh xs wr v� li wkh pruh idyrudeoh

vljqdo lv revhuyhg1 Lq vxfk flufxpvwdqfhv/ wkh �up lv wudqvdfwlqj lq d vsrw oderu pdunhw1 Wkh

�up sd|v qr ulvn suhplxp ru uhqwv wr wkh zrunhu/ exw lw vrphwlphv lqfxuv wkh wudqvdfwlrq frvwv ri

fkdqjlqj zdjhv1 Wkh sur�wv ri d vsrw oderu pdunhw vwudwhj| duh jurvv sur�wv plqxv zdjhvD plqxv

wudqvdfwlrq frvwv1 H{shfwhg jurvv sur�wv/ zklfk duh qrw d�hfwhg e| wkh hpsor|phqw frqwudfw/ duh

s�
�1 Zdjhv duh v� zkhq d jrrg vljqdo lv revhuyhg +zklfk rffxuv zlwk suredelolw| t, dqg v, zkhq

wkh orz vljqdo lv revhuyhg1 Wudqvdfwlrq frvwv duh n wlphv wkh suredelolw| wkdw zdjhv kdyh wr eh

dgmxvwhg +zklfk rffxuv zkhq d kljk vljqdo lv revhuyhg1,S Wklv rffxuv zlwk suredelolw| t1 Sur�wv lq

d vsrw pdunhw uhjlph fdq wkhuhiruh eh h{suhvvhg

� @ s�
� � tv� � +4� t, v, � tn= +7,

+7, dssolhv zkhq wkh �up xvhv vsrw pdunhwv dqg qr sur�w vkdulqj1 Wklv lv wkh kljkhvw ohyho ri

sur�wv li wkh �up xvhv vsrw pdunhwv/ vlqfh wkh �up lv sd|lqj qr ulvn frvwv dqg qr uhqwv1 Li wkh �up

zhuh wr dgg dq hohphqw ri sur�w vkdulqj/ lw zrxog qrw vdyh dq| dgmxvwphqw frvwv/ exw zrxog lqfxu

ulvn ru uhqw vkdulqj frvwv1

��2 #�@* ��?_�?} �@h|�U�T@|�L? �L?t|h@�?|t E#���

Vsrw pdunhwv ohdg wr srwhqwldoo| vxevwdqwldo wudqvdfwlrq frvwv1 Wkh �up fdq dyrlg wkhvh frvwv/ dqg

nhhs doo wkh vxusoxv iurp wkh uhodwlrqvkls/ li lw fkrrvhv z dqg e vxfk wkdw/ iru erwk uhdol}dwlrqv ri

wkh vljqdo/ wkh hpsor|hh lv h{dfwo| lqgl�huhqw ehwzhhq vwd|lqj dw wkh �up dqg ohdylqj1 Wkdw lv/ wkh

DW @4 @tt�4�?} |�@| |�i �h4 Thiuiht |L !iiT LTih@|�?}c i�i? ��i? |�i *L� t�}?@* �t LMtih�i_c i�|�ih MiU@�ti �| �t

t|�** ThL�|@M*i Lh UL?|�?��|) �t �@*�@M*i�

SA�i �h4 4@) Thiuih |L ti| |�i �@}i |L r� @?_ *L�ih �| ��i? @? �?u@�Lh@M*i t�}?@* �t LMtih�i_� ��|c i�i? ��i?

|�@| �t LT|�4@*c �| �@t ?L igiU| L? |�i uL**L��?} hit�*|tc tL W �}?Lhi |�i TLtt�M�*�|) Lu �@}i _iUhi@tit�
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�up fdq fkrrvh wkh zdjh dqg d vkduh ri sur�wv vxfk wkdw +5,0+6, krog zlwk htxdolw|1 Frpelqlqj

htxdwlrqv +5, dqg +6, |lhogv

v
� � v, @ e+s� � s,,� ue2^s�+4� s�,� s,+4� s,,`= +8,

L lpsrvh wkh iroorzlqj dvvxpswlrq wr pdnh wkh dqdo|vlv pruh wudfwdeoh=

s
� . s, @ 4= +9,

Dq h{dpsoh ri wklv vshfldo fdvh lv zkhq wkh xqfrqglwlrqdo suredelolwlhv ri erwk wkh kljk vwdwh

dqg wkh kljk vljqdo duh �

2
+wkdw lv/ t @ s @ �

2
1, Wklv vlpsol�hv wkh dqdo|vlv e| pdnlqj wkh h{shfwhg

ulvn xquhodwhg wr wkh vljqdo1. Jlyhq +9,/ +8, lpsolhv wkdw wkh rswlpdo erqxv lv

e @
v� � v,

+5s� � 4,
= +:,

Wkh erqxv lqfuhdvhv zlwk wkh gl�huhqfh ehwzhhq wkh wzr srvvleoh uhvhuydwlrq xwlolwlhv ehfdxvh wkh

�up zdqwv wr orzhu wkh edvh zdjh lw kdv wr sd| lq wkh orz vljqdo vwdwh1 Dovr/ wkh erqxv ghfuhdvhv dv

wkh gl�huhqfh ehwzhhq wkh suredelolwlhv ri wkh jrrg vwdwh suhydlolqj xqghu wkh wzr vljqdov lqfuhdvhv/

vr dv wr nhhs wrwdo h{shfwhg erqxv sd|phqwv frqvwdqw1 Krzhyhu/ wkhvh frpsdudwlyh vwdwlfv uhvxowv

uho| rq dq| fkdqjhv wr wkh h{rjhqrxv sdudphwhuv qrw fkdqjlqj zklfk w|sh ri htxloleulxp krogv1

Fkdqjhv frxog ohdg wr d qhz htxloleulxp zkhuh wkh erqxv qr orqjhu vroyhv +:,1

Lq d fdvh zkhuh wzr sduwlflsdwlrq frqvwudlqwv elqg +GSF khuhdiwhu,/ sur�wv dqg wkh jxdudqwhhg

zdjh duh

� @ s�� � v� .

�
v
� � v,
s� � s,

��
+s� � s,�

�
v
� � v,
s� � s,

�
us� +4� s�,

�
+;,

z @ v
� .

�
v� � v,
s� � s,

���
v
� � v,
s� � s,

�
us

� +4� s�,� s�

�
+<,

.A��t @tt�4T|�L? 4@!it |�i U@*U�*@|�L?t @?_ _�tU�tt�L? |�@| uL**L� 4�U� t�4T*ihc ��|� ?L @TT@hi?| igiU|t L? |�i

hit�*|t� W hi*@ i_ |��t @tt�4T|�L? @?_ |�i? tL*�i_ uLh |�i LT|�4@* UL?|h@U| @?_ uLh ���U� |)Ti Lu i^��*�Mh��4 �L�*_

Thi�@�* �t�?} 4@?) T@h@4i|ih ti|t� W |�i? _i|ih4�?i_ �L� |�i UL?|h@U| @?_ |)Ti Lu i^��*�Mh��4 U�@?}i_ ��i? |�i

4@�? T@h@4i|iht Lu �?|ihit| �@h�i_� A�i hit�*|t �ihi i?|�hi*) UL?t�t|i?| ��|� |�i hit�*|t �? |�i hit| Lu |�i T@Tihc ��|�

@ 4�?Lh i UiT|�L? |�@| �t ?L|i_ �? 5iU|�L? e���
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Wkh whup wkdw lqfoxghv us� +4� s�, lq zdjhv dqg sur�wv uhsuhvhqwv wkh ulvn suhplxp qhfhvvdu|

wr lqgxfh wkh zrunhu wr dffhsw d jlyhq ohyho ri sur�w vkdulqj1 Li wklv ulvn frvw lv surklelwlyh/ wkh

�up pd| fkrrvh wr xvh vsrw pdunhwv +vhh suhylrxv vhfwlrq, ru lw pd| fkrrvh qrw wr nhhs wkh zrunhu

erxqg e| khu sduwlflsdwlrq frqvwudlqw lq doo vwdwhv +dv glvfxvvhg lq wkh iroorzlqj vhfwlrq1,

��� 5�?}*i ��?_�?} �@h|�U�T@|�L? �L?t|h@�?| E5���

Wkh suhylrxv vxevhfwlrqv frqvlghuhg wzr zd|v wkh �up fdq h{wudfw doo wkh vxusoxv iurp lwv uhod0

wlrqvkls zlwk wkh djhqw1 Krzhyhu/ wkhvh vwudwhjlhv ohdg wr hlwkhu wudqvdfwlrq frvwv +vsrw pdunhwv,

ru frpshqvdwlqj wkh zrunhu iru ulvn +GSF1, Wkhuh pd| eh vlwxdwlrqv zkhuh wkh �up lv ehwwhu r�

zlwk d ohvv h{wuhph vwudwhj|1 Li wkh �up vhwv z dqg e vr dv wr pd{lpl}h sur�wv zkloh lqvxulqj wkh

zrunhu*v sduwlflsdwlrq zkhq wkh vljqdo lv kljk/ wkh �up pd| fkrrvh wr sd| uhqwv wr wkh zrunhu zkhq

wkh vljqdo lv orz1 Wklv lv ehfdxvh/ zhuh wkh �up wr gulyh wkh zrunhu grzq wr khu sduwlflsdwlrq

frqvwudlqw jlyhq d orz vljqdo/ lw zrxog kdyh wr sd| khu pruh lq ulvn suhplxp wkdq wkh h{shfwhg

uhqwv li wkh zrunhu lv ryhusdlg zkhq wkh vljqdo lv orz1 L uhihu wr dq htxloleulxp zkhuh d vlqjoh

sduwlflsdwlrq frqvwudlqw elqgv dv dq VSF htxloleulxp1H

Qrwh wkdw wkh �up fdq dyrlg doo wudqvdfwlrq dqg ulvn frvwv e| vhwwlqj z @ v� dqg e @ 31 Vxfk

d frqwudfw zrxog vdwlvi| +5, h{dfwo| dqg hqdeoh wkh djhqw wr hduq uhqwv ri v
� � v, lq shulrgv zkhuh

dq xqidyrudeoh vljqdo lv revhuyhg1 Krzhyhu/ wkh �up pd| eh deoh wr vdyh vrph ri wkhvh uhqwv e|

sdvvlqj dorqj vrph ri wkh ulvn wr wkh djhqw1

Wkh �up zloo fkrrvh e +ru z, vr dv wr pd{lpl}h � @ s+�
� � e,�z/ vxemhfw wr +5, kroglqj zlwk

htxdolw|1 Diwhu jhqhudwlqj wkh �uvw0rughu frqglwlrq dqg uhduudqjlqj whupv/ wkh rswlpdo erqxv fdq

eh zulwwhq

e @
s� � s

5us�+4� s�,
+43,

Vrph vlpsoh frpsdudwlyh vwdwlfv hphujh iurp +43,1 Wkh rswlpdo erqxv lv ghfuhdvlqj lq s dqg

lqfuhdvlqj lq s
� vlqfh d ghfuhdvh lq s ru dq lqfuhdvh lq s� pdnhv wkh vljqdo ohvv lqirupdwlyh dqg/

wkhuhiruh/ wudqvihu pruh ulvn wr wkh djhqw1 Li erwk s dqg s� lqfuhdvh e| wkh vdph dprxqw +wkdw

lv/ li wkh vljqdo jhwv qr ehwwhu/ exw wkh jrrg vwdwh ehfrphv pruh olnho|,/ wkhq wkh rswlpdo erqxv

lqfuhdvhv li s� A �

2
dqg ghfuhdvhv li s� ? �

2
1 Wklv lv ehfdxvh wkh yduldqfh ri wkh shuirupdqfh phdvxuh

lv lqfuhdvlqj xqwlo s
� uhdfkhv �

2
1 Wkh erqxv lv dovr ghfuhdvlqj lq u/ vlqfh/ li wkh djhqw lv pruh ulvn

dyhuvh/ wkh �up vkrxog vkrxoghu pruh ri wkh ulvn1

HW| �t |h���@* |L t�L� |�@| |�i �h4 �L�*_ ?i�ih Lgih @ UL?|h@U| ��ihi |�i T@h|�U�T@|�L? UL?t|h@�?| L?*) M�?_t ��i?

|�i *L� t�}?@* �t LMtih�i_�

:



Diwhu vrph vlpsoh pdqlsxodwlrq/ sur�wv dqg wkh jxdudqwhhg zdjh lq dq VSF htxloleulxp fdq

eh h{suhvvhg

� @ s�
� � v� .

+s� � s,2

7us�+4� s�,
+44,

z @ v� .
s2 � s2

�

7us�+4� s�,
+45,

Wkh sur�w dqg zdjh whupv qrz lqfoxghv erwk d ulvn suhplxp dqg uhqwv wkdw wkh zrunhu uhfhlyhv li

wkh vljqdo lv xqidyrudeoh1 Wkh uhodwlyh lpsruwdqfh ri wudqvdfwlrq frvwv/ uhqwv/ dqg wkh ulvn suhplxp

ghwhuplqh wkh rswlpdolw| +dqg ihdvlelolw|, ri hdfk ri wkh wkuhh srvvleoh frqwudfw w|shv/ dv glvfxvvhg

lq wkh qh{w vhfwlrq1

��e `��U� Lu |�i A�hii �Ltt�M�*�|�it `�** OL*_q

Zkhq grhv wkh rswlpdo frqwudfw pdnh mxvw rqh sduwlflsdwlrq frqvwudlqw elqg +l1h1/ vroyh +43,, dqg

zkhq grhv lw pdnh erwk frqvwudlqwv elqg +l1h1/ vroyh +:,,B Li +6, krogv zkhq e lv wkh rswlpdo VSF

erqxv +l1h1/+43,,/ dq VSF uhjlph zloo krog1 Wklv lv ehfdxvh/ lq rughu wr jhw wkh rwkhu sduwlflsdwlrq

frqvwudlqw wr elqg/ z zrxog kdyh wr eh orzhuhg dqg e zrxog kdyh wr lqfuhdvh1 Exw dq| fkdqjh lq

wkh erqxv iurp +43, orzhuv sur�wv dqg wkh �up zloo suhihu wr sd| wkh zrunhu wkh qhfhvvdu| uhqwv

udwkhu wkdq lpsrvh dgglwlrqdo ulvn rq wkh djhqw1 Krzhyhu/ li wkh erqxv lv dv lq +43,/ exw +6, grhv

qrw krog/ wkhq dq VSF htxloleulxp lv qrw ihdvleoh1 Lq wklv fdvh/ wkh �up suhihuv wr sd| wkh ixoo ulvn

suhplxp qhfhvvdu| wr jhw erwk sduwlflsdwlrq frqvwudlqwv wr krog zlwk htxdolw| wr vkdulqj vrph ri

wkh vxusoxv zlwk wkh zrunhu1

E| frpelqlqj +5, dqg +6,/ vxevwlwxwlqj wkh erqxv iurp +43,/ dqg uhduudqjlqj whupv/ L �qg wkdw

dq VSF htxloleulxp grplqdwhv GSF zkhq

v
� � v, A

+s� � s, +5s� � 4,

5us�+4� s�,
= +46,

+46, fdswxuhv wkh frqglwlrqv xqghu zklfk wkh ulvn suhplxp qhfhvvdu| wr pdnh wkh zrunhu*v

sduwlflsdwlrq frqvwudlqw elqg lq doo vwdwhv lv vr kljk wkdw wkh �up zrxog suhihu wr sd| wkh zrunhu

pruh wkdq khu uhvhuydwlrq zdjh lq vrph vwdwhv1 Wkh qh{w vhfwlrq lqyhvwljdwhv krz vrph ri wkh nh|

sdudphwhuv d�hfw wklv wudgh0r� ehwzhhq ulvn ehdulqj frvwv dqg uhqwv1

Exw wkh wudgh0r� ehwzhhq ulvn frvwv dqg uhqwv dssolhv rqo| zkhq fkrrvlqj ehwzhhq wkh uhjlphv

zlwk qr dgmxvwphqw frvwv +l1h1/ GSF dqg VSF1, Li wkh sur�wv xqghu wkh rswlpdo }hur dgmxvwphqw

;



sodq duh orzhu wkdq wkrvh lq d vsrw pdunhw/ wkh �up zloo rsw iru wkh vsrw pdunhw1 Wkh �up*v

suhihuuhg frqwudfw hphujhv iurp frpelqlqj dqg frpsdulqj wkh suhylrxvo| ghulyhg sur�w ixqfwlrqv

iru hdfk ri wkh wkuhh w|shv ri frqwudfwv ++7,/ +;,/ dqg +44,,1 Vsrw pdunhwv duh suhihuuhg wr wkh VSF

htxloleulxp zkhq

�tn � sv
� � +4� s,v, A �v� .

+s� � s,2

7us�+4� s�,
+47,

dqg vsrw pdunhwv duh suhihuuhg wr wkh GSF htxloleulxp zkhq

�tn � sv
� � +4� s,v, A �v� .

�
v� � v,
s� � s,

��
+s

� � s,�
�
v� � v,
s� � s,

�
us

� +4� s�,

�
= +48,

Qrwh wkdw/ vlqfh jurvv sur�wv duh xquhodwhg wr wkh w|sh ri frqwudfw/ wkhvh frqglwlrqv vlpso| ghwhuplqh

zklfk w|sh ri frqwudfw |lhogv wkh orzhvw oderu frvwv1

Wkh qh{w vhfwlrq lqyhvwljdwhv krz fkdqjhv lq wkh h{rjhqrxv sdudphwhuv +vxfk dv wkh txdolw| ri

wkh vljqdo/ wkh uhvhuydwlrq zdjhv/ dqg wkh djhqw*v ulvn dyhuvlrq, d�hfw zklfk uhjlph suhydlov/ wkh

rswlpdo ohyho ri sur�w vkdulqj/ dqg wkh sur�wv ri wkh �up1

e �L4T@h@|��i 5|@|�Ut

e�� 5�}?@* "�@*�|)

Wklv vhfwlrq frqvlghuv krz wkh txdolw| ri wkh vljqdo +vshfl�fdoo|/ s�, d�hfwv wkh �up*v dfwlrqv1 L

hvwdeolvk wzr pdlq uhvxowv1 Iluvw/ dv wkh txdolw| ri wkh vljqdo lpsuryhv/ wkh olnholkrrg wkdw wkh �up

zloo fkrrvh wr xvh sur�w vkdulqj lqvwhdg ri vsrw pdunhwv lqfuhdvhv dqg/ li sur�w vkdulqj lv rswlpdo/

d ehwwhu vljqdo lqgxfhv wkh �up wr orzhu +dqg hyhqwxdoo| holplqdwh, wkh uhqwv lw vkduhv1 Wkh vhfrqg

+dqg uhodwhg, �qglqj lv wkdw/ dv wkh vljqdo jrhv iurp frpsohwho| xqlqirupdwlyh wr shuihfw/ wkh ohyho

ri sur�w vkdulqj lv olnho| wr eh }hur iru d zkloh/ wkhq lqfuhdvh wr d shdn/ dqg wkhq idoo1

Sursrvlwlrq 4 41 Li wkh vljqdo lv xqlqirupdwlyh/ wkh �up zloo vhw e @ 31

51 Wkh dgrswlrq ri sur�w vkdulqj lv lqfuhdvlqj lq vljqdo txdolw|1

61 Zkhq sur�w vkdulqj lv rswlpdo/ dq VSF htxloleulxp zloo krog iru vx�flhqwo| xqlqirupdwlyh

vljqdov exw d GSF htxloleulxp zloo krog deryh vrph fulwlfdo vljqdo txdolw|1

71 Li wkh vljqdo lv vrphzkdw exw lpshuihfwo| lqirupdwlyh +wkdw lv/ li 4 A s
� A s,,/ wkhq wkh �up

zloo hlwkhu xvh vsrw pdunhwv ru vrph srvlwlyh ohyho ri sur�w vkdulqj1

<



Surri1 Li s� @ s, +wkdw lv/ li wkh vljqdo lv xquhodwhg wr wkh djhqw*v rxwvlgh rssruwxqlwlhv/, wkhq/

vlqfh v
� A v,/ +5, fdq rqo| krog li +6, grhv qrw elqg1 Frpelqlqj wklv zlwk wkh idfw wkdw s� @ s

zkhq s
� @ s,/ +43, lpsolhv e @ 31 +surri ri 4,

Vlqfh wkh ghulydwlyhv ri +44, dqg +;, zlwk uhvshfw wr s
� duh srvlwlyh/ lqfuhdvlqj wkh vljqdo txdolw|

pdnhv dq| sur�w vkdulqj duudqjhphqw pruh sur�wdeoh1 Exw +7, vxjjhvwv wkdw dq| fkdqjh lq s
� wkdw

grhv qrw d�hfw wkh ryhudoo suredelolw| ri d jrrg rxwfrph ru d jrrg vljqdo zloo qrw kdyh dq h�hfw

rq vsrw pdunhw sulfhv1 +surri ri 5,

Frqvlghu wkh fdvh zkhuh wkh vljqdo surylghv yhu| olwwoh lqirupdwlrq1 Wkdw lv/ s
� � s, @ %/ zkhuh

% lv yhu| vpdoo/ ru/ lq rwkhu zrugv s
� @ �

2
. %1 Wkhq wkh olp0<f� @ �4 lq dq| GSF htxloleulxp1

Qrz frqvlghu d fdqglgdwh VSF htxloleulxp1 Iru vpdoo hqrxjk %/ s� pxvw eh vx�flhqwo| forvh wr s

wkdw +46, zloo krog/ lqvxulqj wkdw wkh VSF htxloleulxp lv vxvwdlqdeoh1 Wkhuhiruh/ iru % vpdoo hqrxjk/

dq| rswlpdo dfwlrq e| wkh �up zkhuh e A 3 zloo eh dq VSF uhjlph1 Qrz frqvlghu wkh fdvh zkhuh

s
� @ 4� %/ vr wkh vljqdo lv qhduo| �dzohvv1 Dv % jhwv duelwudulo| vpdoo/ e jhwv yhu| odujh dqg z jhwv

yhu| vpdoo dw dq| VSF htxloleulxp1 Iru vx�flhqwo| kljk s
�/ +6, zloo eh ylrodwhg dqg dq htxloleulxp

zloo kdyh wr eh GSF1 +surri ri 6,

Doorz wkh vljqdo wr frqyh| lqirupdwlrq/ vr s
� A s,/ exw vx�flhqwo| olwwoh wkdw dq VSF htxloleulxp

krogv1 Vxssrvh wkh �up vhohfwv wkh plqlpxp frvw frqwudfw wkdw uhwdlqv hpsor|hhv exw xvhv qr sur�w

vkdulqj1 Vr e @ 3 dqg z @ v
�1 Wkhq � @ s���v�1 Exw vzlwfklqj wr d srvlwlyh erqxv zrxog fkdqjh

sur�wv wr +44,/ zklfk zrxog eh dq lpsuryhphqw1 +surri ri 7, THG1

Wkh sursrvlwlrq vwduwv e| hvwdeolvklqj wkh vrphzkdw reylrxv/ exw lqwxlwlyho| dsshdolqj/ uhvxow

wkdw wkh �up zrxog qrw zdqw wr wlh wkh djhqw*v sd| wr d phdvxuh wkdw lv qrw fruuhodwhg zlwk hlwkhu

rxwsxw ru rxwvlgh rssruwxqlwlhv1 Dw wkh rwkhu h{wuhph/ frqvlghu wkh fdvh zkhuh wkh vljqdo lv shuihfw

~ wkdw lv/ s
� @ 4 dqg/ jlyhq wkh dvvxpswlrq wkdw s� . s, @ 4/ s, @ 31 Wkhq wkh ulvn suhplxp

glvdsshduv dqg wkh vroxwlrq lv wr sd| d �{hg zdjh ri v, dqg d erqxv ri v��v, zkhq sur�wv duh kljk1

Vlqfh sur�wv duh rqo| kljk zkhq wkh vljqdo lv kljk/ zrunhuv duh sdlg h{dfwo| wkhlu uhvhuydwlrq zdjh

zlwk qr ulvn suhplxp dqg qr wxuqryhu1 Dv sduw 6 ri wkh sursrvlwlrq vkrzv/ iru dq| vx�flhqwo|

jrrg vljqdo/ wkh �up zloo qrw sd| wkh zrunhu dq| uhqwv1

Wkhuh fdq eh wzr wudqvlwlrqv lq uhjlph dv wkh vljqdo lpsuryhv iurp xqlqirupdwlyh wr shuihfw ~

iurp vsrw pdunhwv wr VSF wr GSF1 Iru yhu| srru vljqdov/ sur�w vkdulqj lv d uhodwlyho| h{shqvlyh

phdqv ri uhwdlqlqj zrunhuv1 Lq idfw/ �upv pd| fkrrvh wr lqfxu zdjh dgmxvwphqw frvwv shulrglfdoo|/

udwkhu wkdq sd| wkh qhfhvvdu| uhqwv gxulqj edg wlphv ru wkh ulvn suhplxp zrunhuv zrxog ghpdqg

iurp sur�w vkdulqj1 Zkhq wkh vljqdo surylghv yhu| olwwoh lqirupdwlrq/ lw lv pruh lqwxlwlyh wr uhvwdwh

+47, lq whupv ri zklfk uhjlph kdv orzhu oderu frvwv dqg wr xvh t +zklfk zloo eh yhu| qhduo| �

2
zkhq

43
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Iljxuh 5= Vljqdo Txdolw| H�hfw rq Erqxv

wkh vljqdo lv xqlqirupdwlyh1, Wkh �up zloo xvh vsrw pdunhwv dssur{lpdwho|b zkhq

tn . tv� . +4� t,v, ? v�= +49,

Lqwxlwlyho|/ iru d edg hqrxjk vljqdo/ wkh �up zloo rsw wr xvh vsrw pdunhwv li wkh gl�huhqfh

ehwzhhq wkh wzr uhvhuydwlrq zdjhv jhwv vx�flhqwo| elj ru li wkh frvwv ri dgmxvwlqj wkh zdjh duh

vpdoo1 Wkdw lv/ vsrw pdunhwv ehfrph d pruh dwwudfwlyh rswlrq zkhq wkh �up idfhv d uhodwlyho|

xqlqirupdwlyh vljqdo/ zkhq v
, ghfuhdvhv +kroglqj v� �{hg,/ dqg zkhq n ghfuhdvhv1 Exw dv wkh vljqdo

ehfrphv pruh lqirupdwlyh/ wkh ulvn suhplxp ghfuhdvhv1 Wkh �up pd| ghflgh wr sd| d ulvn suhplxp

dqg vrph uhqwv wr wkh zrunhu lq d VSF uhjlph udwkhu wkdq sd| wkh dgmxvwphqw frvwv dvvrfldwhg

zlwk xvlqj vsrw pdunhwv1

Wkh vhfrqg wudqvlwlrq fdq rffxu dv wkh vljqdo lpsuryhv zkhq wkh �up lv lq dq VSF vwdwh1 D

ehwwhu vljqdo ohdgv wkh �up wr xvh d kljkhu ohyho ri sur�w vkdulqj dw d orzhu suhplxp/ gulylqj wkh

zrunhu wr eh erxqg e| wkh orzhu sduwlflsdwlrq frqvwudlqw1 Wkh orjlfdo qh{w vwhs lqwxlwlyho|/ wkhq/

pljkw eh wr wklqn wkdw wkh erqxv +l1h1/ wkh dprxqw ri sur�w vkdulqj, lv lqfuhdvlqj prqrwrqlfdoo| lq

wkh txdolw| ri wkh vljqdo1 Exw/ dv vkrzq ehorz/ wklv qhhg qrw eh wkh fdvh1

Sursrvlwlrq 5 Wkh djhqw*v h{shfwhg erqxv lv lqfuhdvlqj lq vljqdo txdolw| lq dq VSF vwdwh dqg

bW t@) R@TThL �4@|i*)� MiU@�ti |�i uL**L��?} UL?_�|�L? _Lit ?L| �?U*�_i @ |ih4 |�@| @TThL@U�it 3ihL @t 0 @T�

ThL@U�it 3ihL�
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Iljxuh 6= Vljqdo Txdolw| H�hfw rq Sur�w

ghfuhdvlqj lq vljqdo txdolw| lq d GSF vwdwh1 Lq hlwkhu vwdwh/ sur�wv duh lqfuhdvlqj lq vljqdo txdolw|1

Wkh jxdudqwhhg zdjh lv ghfuhdvlqj lq vljqdo txdolw| lq dq| VSF dqg lv lqfuhdvlqj lq vljqdo txdolw|

deryh vrph wkuhvkrog s
� lq d GSF vwdwh1

Wkh surri iroorzv iurp vlpsoh frpsdudwlyh vwdwlfv dqg lv rplwwhg1 Wkh sursrvlwlrq vxjjhvwv wkdw

wkh rswlpdo ohyho ri sur�w vkdulqj wdnhv dq lqwhuhvwlqj frxuvh lq wkh fdvh zkhuh wkh �up wudqvlwlrqv

iurp vsrw pdunhw wr VSF wr GSF dv vljqdo txdolw| lpsuryhv1 Vshfl�fdoo|/ wkh �up hqjdjhv lq vsrw

pdunhwv zlwk qr sur�w vkdulqj iru srru vljqdov ehfdxvh wkh wxuqryhu frvwv duh rxwzhljkhg e| wkh

ulvn vkdulqj dqg uhqwv qhfhvvdu| wr uhwdlq hpsor|hhv1 Wkhq sur�w vkdulqj +e, wdnhv d glvfuhwh mxps

xs xsrq uhdfklqj vrph ohyho zkhuh wkh �up vzlwfkhv wr d VSF uhjlph1 Sur�w vkdulqj frqwlqxhv wr

lqfuhdvh zlwk vljqdo txdolw| ehfdxvh wkh hpsor|hh lv zloolqj wr ehdu pruh ri wkh ulvn dv wkh vljqdo

jhwv ehwwhu1

Exw wkhq wkh erqxv klwv d srlqw zkhuh wkh orzhu sduwlflsdwlrq frqvwudlqw elqgv dqg wkh rqo|

sur�w vkdulqj htxloleulxp lv GSF1 Dv wkh vljqdo lpsuryhv zlwklq d GSF uhjlph/ wkh �up orzhuv

wkh erqxv ehfdxvh wkh qhfhvvdu| ulvn suhplxp jhwv vpdoohu dv wkh vljqdo jhwv ehwwhu1 Wklv ghfuhdvh

lq frqwlqjhqw sd| dv lglrv|qfudwlf ulvn ghfuhdvhv glvwlqjxlvkhv wkh prgho iurp vwdqgdug djhqf|

prghov wkdw suhglfw d xqlyhuvdoo| srvlwlyh fruuhodwlrq ehwzhhq ulvn dqg lqfhqwlyh sd|1 Dv glvfxvvhg

lq Vhfwlrq 814/ wklv pd| h{sodlq zk| �upv lq uhodwlyho| ulvn| lqgxvwulhv duh uhodwlyho| olnho| wr r�hu

vwrfn rswlrqv wr doo hpsor|hhv1 Dq h{dpsoh ri wklv qrq0prqrwrqlf h�hfw ri vljqdo txdolw| rq sur�w
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vkdulqj lv vkrzq judsklfdoo| lq Iljxuh 51�f

Iljxuh 6 vkrzv wkh prqrwrqlf ulvh lq sur�wv dv wkh vljqdo lpsuryhv dqg rqfh sur�w vkdulqj

wdnhv ryhu iurp vsrw pdunhwv1 Wklv prqrwrqlf uhodwlrqvkls uhvxowv iurp wkh uhqwv sdlg wr wkh

djhqw ghfuhdvlqj lq vljqdo txdolw| lq wkh GSF uhjlph dqg wkh ulvn suhplxp sdlg wr wkh hpsor|hh

ghfuhdvlqj lq vljqdo txdolw| lq wkh VSF uhjlph1

e�2 V@h�@?Ui �? +itih�@|�L? N|�*�|)

Zkloh wkh txdolw| ri wkh vljqdo lv dq lpsruwdqw frqvlghudwlrq/ wkh vljqdo lv luuhohydqw li wkh zrunhu*v

uhvhuydwlrq xwlolw| lv lqyduldqw1 Vr wklv vhfwlrq frqvlghuv krz wkh �up uhvsrqgv wr fkdqjhv lq wkh

yduldqfh ri wkh zrunhu*v rxwvlgh rswlrqv +_uhvhuydwlrq yduldqfh%,/ zklfk lv fdswxuhg lq wkh prgho

e| v
�� v,1

�� L hvwdeolvk wkuhh pdlq uhvxowv1 Iluvw/ dv uhvhuydwlrq xwlolw| ehfrphv pruh yduldeoh/ wkh

�up lv olnho| wr wudqvlwlrq iurp d GSF uhjlph wr dq VSF uhjlph dqg/ xowlpdwho|/ wr vsrw pdunhwv1

Vhfrqg/ dv uhvhuydwlrq xwlolw| ehfrphv pruh yduldeoh/ sur�w vkdulqj lqfuhdvhv wr d sodwhdx/ wkhq vwd|v

frqvwdqw ehiruh uhwxuqlqj wr }hur iru kljk hqrxjk yduldqfh1 Wklug/ sur�wv duh zhdno| ghfuhdvlqj lq

uhvhuydwlrq yduldqfh1

Sursrvlwlrq 6 41 Xqohvv vsrw pdunhwv grplqdwh iru doo ohyhov ri uhvhuydwlrq yduldqfh/ d GSF

uhjlph zloo eh lq sodfh iru yhu| orz yduldqfh1

51 Dw dq| uhvhuydwlrq yduldqfh deryh vrph wkuhvkrog ohyho/ vsrw pdunhwv zloo eh rswlpdo1

61 Dw dq| uhvhuydwlrq yduldqfh eh|rqg vrph wkuhvkrog ohyho/ li sur�w vkdulqj lv rswlpdo/ lw zloo

eh lq wkh irup ri dq VSF htxloleulxp1

Surri1 Dvvxph v� � v, @ %/ zkhuh % lv yhu| vpdoo1 Frqvlghu d fdqglgdwh VSF htxloleulxp1 Wkhq

+5, zloo krog zlwk htxdolw| exw +6, zloo qrw elqg1 Frpelqlqj wkhvh htxdwlrqv zlwk +43,/ lw pxvw

eh wkh fdvh wkdw v� � v, A
ER�3R�E2R�3��

2oR�E�3R��
1 Exw wkdw fdqqrw krog iru vpdoo hqrxjk %/ vr d GSF zloo

suhydlo1 +surri ri 4,

Wkh ohiw vlghv ri erwk +47, dqg +48, duh xqd�hfwhg e| uhvhuydwlrq yduldqfh1 Exw wkh uljkw vlghv

ri erwk htxdwlrqv duh vwulfwo| ghfuhdvlqj lq uhvhuydwlrq yduldqfh1 Vr/ iru kljk hqrxjk uhvhuydwlrq

�f�** �}�hit @tt�4i & ' f�D @?_ w� ' �� `�i? ?L| Mi�?} �ti_ @t |�i �@h)�?} T@h@4i|ihc o ' �c r� ' ��2Dc

r, ' f�.Dc @?_ R� ' f�.D�

��W?Uhi@tit �? hitih�@|�L? �@h�@?Ui hiuih |L �?Uhi@tit �? r� 3 r, |�@| Thitih�i |�i 4i@? hitih�@|�L? �|�*�|)� B��i?

|�i @tt�4T|�L?t Lu |�i 4L_i*c �?Uhi@tit �? �@h�@?Ui LUU�h |�hL�}� @? i @U|*) i^�@* �?Uhi@ti E_iUhi@ti� �? r� Er,�� Wu

|�i R� n R, ' � @tt�4T|�L? �ihi hi*@ i_c @?) �?Uhi@ti �? r� �L�*_ Mi UL�T*i_ ��|� @ ^
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yduldqfh/ +47, dqg +48, pxvw erwk krog dqg vsrw pdunhwv zloo eh vwulfwo| suhihuuhg wr uhwdlqlqj

zrunhuv1 +surri ri 5,

Wkh surri ri sduw 6 iroorzv gluhfwo| iurp +46,1 T1H1G1

Wkh sursrvlwlrq hvwdeolvkhv wkdw sur�w vkdulqj ehfrphv d edg vwudwhj| li wkh yduldqfh lq uhvhuyd0

wlrq xwlolwlhv lv h{wuhph1 Wklv lv ehfdxvh kljk yduldqfh lq rxwfrphv ohdgv/ xowlpdwho|/ wr kljkhu uhqwv

sdlg wr wkh djhqw lq vorz wlphv1 Lw lv uhqwv/ udwkhu wkdq d ulvn suhplxp/ wkdw ohdg wr vsrw pdunhwv/

vlqfh wkh �up dozd|v kdv wkh rswlrq ri mxvw sd|lqj wkh kljk uhvhuydwlrq xwlolw| lq doo vwdwhv dqg/

wkxv/ fdq holplqdwh wkh ulvn suhplxp1 Lw lv qhyhu lq wkh �up*v ehvw lqwhuhvwv wr gr wklv/ krzhyhu/

vlqfh vrph ohyho ri ulvn suhplxp dozd|v sd|v iru lwvhoi lq orzhu uhqwv1

Wkh sursrvlwlrq dovr vkrzv wkdw/ wr wkh h{whqw sur�w vkdulqj grplqdwhv vsrw pdunhwv/ d GSF

zloo eh lq sodfh iru orz hqrxjk uhvhuydwlrq yduldqfh vlqfh wkh djhqw fdq eh khog wr khu lqgl�huhqfh

srlqw lq doo vwdwhv zlwkrxw pxfk ri d ulvn suhplxp1 Exw eh|rqg vrph wkuhvkrog uhvhuydwlrq ydul0

dqfh/ lw lv zruwk sd|lqj wkh uhqwv lq dq VSF uhjlph udwkhu wkdq lpsrvh wkh ulvn frvwv qhhghg wr

pdnh wkh djhqw*v sduwlflsdwlrq frqvwudlqw elqg lq doo vwdwhv1 Wdnhq wrjhwkhu/ wkhvh fodxvhv ri wkh

sursrvlwlrq vxjjhvw wkdw/ dv wkh uhvhuydwlrq yduldqfh lqfuhdvhv iurp }hur wr h{wuhph/ wkh �up lv

olnho| wr wudqvlwlrq iurp d GSF uhjlph wr dq VSF uhjlph wr vsrw pdunhwv1 L qrz h{soruh wkh sur�w

dqg sur�w vkdulqj lpsolfdwlrqv ri wklv hyroxwlrq1

Sursrvlwlrq 7 41 Sur�w vkdulqj +e, lv zhdno| lqfuhdvlqj lq uhvhuydwlrq yduldqfh xqwlo vsrw pdu0

nhwv ehfrph rswlpdo1

51 Ilup sur�wv duh prqrwrqlfdoo| ghfuhdvlqj lq uhvhuydwlrq yduldqfh dw dq| sur�w vkdulqj htxl0

oleulxp1 Sur�wv duh frqyh{ lq uhvhuydwlrq yduldqfh lq d GSF uhjlph dqg olqhdu lq uhvhuydwlrq

yduldqfh lq dq VSF uhjlph1

Djdlq/ wkh surri iroorzv iurp vlpsoh gl�huhqwldwlrq dqg lv rplwwhg1 Wkh sur�w uhvxow lv lqwx0

lwlyho| vlpsoh ~ lqfuhdvhg yduldqfh lq wkh djhqw*v rxwvlgh rswlrqv ohdgv wr hlwkhu dq lqfuhdvh lq wkh

ulvn suhplxp +lq d GSF uhjlph, ru lqfuhdvhg djhqw uhqwv +lq dq VSF uhjlph, dqg wkhuhiruh orzhuv

wkh �up*v sur�wv1 Wkh txdgudwlf ulvn suhplxp gulyhv wkh h�hfw rq sur�wv lq d GSF uhjlph/ ohdglqj

sur�wv wr ghfuhdvh dw dq lqfuhdvlqj udwh1 Exw rqfh wkh uhjlph vkliwv wr VSF/ lqfuhdvhv lq uhvhuydwlrq

yduldqfh fdxvh wkh �up wr sd| d frqvwdqw kdoi xqlw ri uhqwv lq edg vwdwhv iru hyhu| xqlw lqfuhdvh lq

uhvhuydwlrq yduldqfh1

Sur�w vkdulqj lqfuhdvhv zlwk uhvhuydwlrq yduldqfh lq d GSF uhjlph ehfdxvh pruh yduldqfh lq

sd| lv uhtxluhg wr nhhs wkh zrunhu rq erwk sduwlflsdwlrq frqvwudlqwv dv wkh gl�huhqfh lq uhvhuydwlrq

xwlolw| zlghqv1 Exw rqfh wkh �up ohwv wkh orzhu sduwlflsdwlrq frqvwudlqw jr vodfn/ wkh rswlpdo

wudgh0r� ehwzhhq ulvn dqg uhqwv lv xquhodwhg wr wkh vsuhdg ehwzhhq wkh uhvhuydwlrq xwlolwlhv1 Dv d
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Iljxuh 7= Uhvhuydwlrq Yduldqfh H�hfw rq Erqxv
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Iljxuh 8= Uhvhuydwlrq Yduldqfh H�hfw rq Sur�w
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uhvxow/ sur�w vkdulqj lqfuhdvhv zlwk lqlwldo lqfuhdvhv lq uhvhuydwlrq yduldqfh/ uhdfkhv d sodwhdx/ dqg

wkhq lv dedqgrqhg dowrjhwkhu zkhq wkh uhqwv ryhuzkhop wkh dgmxvwphqw frvwv dvvrfldwhg zlwk vsrw

pdunhwv1 Iljxuhv 7 dqg 8 judsk wkh h�hfw ri uhvhuydwlrq yduldqfh rq sur�w vkdulqj dqg sur�wv1

e�� +�t! ��iht�L?

Wkh ohyho ri djhqw ulvn dyhuvlrq lv fulwlfdo wr wkh prgho1 Li wkh djhqw lv ulvn qhxwudo/ wkhq wkh �up

fdq lqvxuh sduwlflsdwlrq lq doo vwdwhv zkloh sd|lqj qr uhqwv1 Dw wkh rwkhu h{wuhph/ dq djhqw zkrvh

dyhuvlrq wr ulvn jurzv duelwudulo| odujh fdqqrw eh h�flhqwo| sdlg wkurxjk d sur�w vkdulqj vfkhph

dqg zloo hlwkhu kdyh wr hduq vxevwdqwldo uhqwv lq vrph vwdwhv ru wkh �up zloo idfh dgmxvwphqw frvwv1

Wklv vhfwlrq h{soruhv krz wkh ohyho ri sur�wv dqg sur�w vkdulqj hyroyh iru ohyhov ri ulvn dyhuvlrq

ehwzhhq wkhvh h{wuhphv1 L �uvw vkrz wkdw/ dv ulvn dyhuvlrq lqfuhdvhv iurp }hur wr duelwudulo| kljk/

wkh wudqvlwlrqv duh vlplodu wr wkrvh dv uhvhuydwlrq yduldqfh lqfuhdvhv ~ wkdw lv/ iurp d GSF uhjlph

wr dq VSF uhjlph wr vsrw pdunhwv1 L wkhq vkrz wkh lqwxlwlyh uhvxowv wkdw sur�w vkdulqj dqg �up

sur�wv ghfuhdvh zlwk ulvn dyhuvlrq1

Sursrvlwlrq 8 41 Xqohvv vsrw pdunhwv grplqdwh iru ulvn qhxwudo djhqwv/ d GSF uhjlph zloo eh

lq sodfh iru wkh ohdvw ulvn dyhuvh djhqwv1

51 Xqohvv sd|lqj d jxdudqwhhg zdjh ri v
� lq doo vwdwhv grplqdwhv vsrw pdunhwv/ vsrw pdunhwv zloo

eh rswlpdo iru yhu| kljk ulvn dyhuvlrq ohyhov1

61 Dw dq| ulvn dyhuvlrq eh|rqg vrph wkuhvkrog ohyho/ li sur�w vkdulqj lv rswlpdo/ wkh htxloleulxp

zloo eh VSF1

Wkh surri iroorzv wkh vdph orjlf dv wkh surri ri Sursrvlwlrq 6 dqg lv qrw gudzq rxw lq ghwdlo

khuh1 Wkh uhvxowv rq ulvn dyhuvlrq sdudooho wkrvh iru uhvhuydwlrq xwlolw| vlqfh lqfuhdvlqj xqfhuwdlqw|

kdv wkh vdph h�hfw dv dq lqfuhdvlqj glvwdvwh iru xqfhuwdlqw|1 Dw orz hqrxjk ohyhov ri ulvn dyhuvlrq/

wkh ulvn suhplxp qhfhvvdu| wr nhhs d zrunhu erxqg e| erwk sduwlflsdwlrq frqvwudlqwv lv qrw wrr

juhdw dqg wkh �up fdq vxvwdlq d GSF htxloleulxp1 Exw/ dv wkh djhqwv jhwv pruh ulvn dyhuvh/ wkh ulvn

suhplxp jurzv uhodwlyh wr wkh uhqwv wkdw wkh �up zrxog kdyh wr sd| wkh zrunhu li lw ohw wkh orzhu

sduwlflsdwlrq frqvwudlqw jr vodfn dqg/ hyhqwxdoo|/ wkh �up suhihuv dq VSF htxloleulxp1 Ixuwkhu

lqfuhdvhv lq ulvn dyhuvlrq pdnh wkh ulvn suhplxp vr kljk wkdw sur�w vkdulqj pd| hyhqwxdoo| jlyh

zd| wr vsrw pdunhwv1

Zkloh wkh wudqvlwlrqv dprqj uhjlph w|sh duh vlplodu iru ulvn dyhuvlrq dqg uhvhuydwlrq ydul0

dqfh/ wkh h�hfwv rq sur�w vkdulqj dqg sur�wv duh vrphzkdw gl�huhqw/ dv vkrzq lq wkh iroorzlqj

sursrvlwlrq1
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Iljxuh 9= Ulvn Dyhuvlrq H�hfw rq Erqxv

Sursrvlwlrq 9 41 Sur�w vkdulqj +e, lv zhdno| ghfuhdvlqj lq ulvn dyhuvlrq1

51 Ilup sur�wv duh prqrwrqlfdoo| ghfuhdvlqj lq ulvn dyhuvlrq dw dq| sur�w vkdulqj htxloleulxp1

Sur�wv duh olqhdu lq ulvn dyhuvlrq lq d GSF uhjlph dqg frqfdyh lq ulvn dyhuvlrq lq dq VSF

uhjlph1

Wklv surri dovr iroorzv iurp edvlf gl�huhqwldwlrq1 Wkh ohyho ri sur�w vkdulqj lv qrw d�hfwhg e|

ulvn dyhuvlrq lq d GSF uhjlph ehfdxvh wkh ulvn lq erwk wkh kljk dqg orz vwdwhv lv wkh vdph1�2 Exw/

dv u frqwlqxhv wr lqfuhdvh/ wkh ulvn suhplxp lq d GSF uhjlph hyhqwxdoo| ehfrphv vx�flhqwo| kljk

wkdw wkh �up suhihuv wkh uhqwv ri dq VSF wr wkh ulvn suhplxp qhhghg wr nhhs wkh djhqw erxqg

e| erwk sduwlflsdwlrq frqvwudlqwv1 Rqfh wkh VSF uhjlph lv lq sodfh/ ixuwkhu lqfuhdvhv lq u uhtxluh

ixuwkhu uhgxfwlrqv lq wkh erqxv dv wkh �up wudghv hyhq pruh uhqwv wr nhhs wkh ulvn suhplxp lq olqh1

Hyhqwxdoo|/ li wkh uhqwv duh wrr juhdw/ wkh �up pd| pryh wr d vsrw pdunhw1

Sur�wv idoo prqrwrqlfdoo| dv ulvn dyhuvlrq lqfuhdvhv1 Exw wkh| idoo idvwhu lq wkh GSF uhjlph

ehfdxvh wkh ulvn suhplxp frphv vwudljkw rxw ri sur�wv/ zkhuhdv/ rqfh wkh VSF lv lq sodfh/ wkh �up

fdq vxevwlwxwh wrzdugv uhqwv +dqg dzd| iurp ulvn suhplxp, dv u jurzv ixuwkhu1 Iljxuhv 9 dqg :

judsk wkh h�hfw ri ulvn dyhuvlrq rq sur�wv dqg sur�w vkdulqj1

�2A��t �t |�i L?*) hit�*| |�@| W �@�i uL�?_ |L hi*) L? |�i @tt�4T|�L? |�@| R� n R, ' �� `�i? |��t @tt�4T|�L? �t

hi*@ i_c |�i *i�i* Lu h�t! E@?_ |�i ti?t�|���|) Lu |�i ML?�t |L h�t!� _iTi?_t L? |�i t�}?@*� A�i LT|�4@* K �?Uhi@tit

E_iUhi@tit� ��|� o �u R� ER,� �t ?i@hih |L f�D |�@? R, ER���

4:



0.000

0.100

0.200

0.300

0.400

0.500

0.600

0.700

0.800

0.900

1.000

0.1
00

0.3
00

0.5
00

0.7
00

0.9
00

1.1
00

1.3
00

1.5
00

1.7
00

1.9
00

2.1
00

2.3
00

2.5
00

2.7
00

2.9
00

3.1
00

3.3
00

3.5
00

3.7
00

3.9
00

4.1
00

4.3
00

4.5
00

4.7
00

4.9
00

Risk Aversion

E
xp

ec
te

d
 P

ro
fi

ts

Iljxuh := Ulvn Dyhuvlrq H�hfw rq Sur�w

D �TT*�U@|�L?t

D�� ,4T*L)ii 5|LU! �T|�L?t

Kljk whfk frpsdqlhv riwhq jlyh vwrfn rswlrqv wr DOO hpsor|hhv1�� Dw d �hgjolqj _grw frp%

frpsdq|/ rswlrqv fdq kdyh yhu| srzhuixo lqfhqwlyh h�hfwv1 Exw lw lv kdug wr lpdjlqh wkdw prvw

qhz zrunhuv dw Plfurvriw dqg Flvfr V|vwhpv/ erwk ri zklfk kdyh ryhu 53/333 zrunhuv dqg r�hu

vwrfn rswlrqv wr doo ri wkhp/ eholhyh wkdw wkhlu dfwlrqv d�hfw wkh ydoxh ri wkhlu vwrfn rswlrqv1 Vr

zk| gr wkhvh dqg rwkhu �upv r�hu rswlrqv dv sduw ri wkhlu vwdqgdug frpshqvdwlrq sodqB Rqh

vwdqgdug mxvwl�fdwlrq iru vwrfn rswlrqv lv wkdw wkh| yhvw ryhu d shulrg ri wlph1 Exw pdq| rwkhu

sd| lqvwuxphqwv +vxfk dv vxemhfwlyh fdvk erqxvhv, fdq eh pdgh frqwlqjhqw rq frqwlqxhg vhuylfh

zlwkrxw iruflqj dv pxfk ulvn rqwr djhqwv1 Rwkhu frpprq h{sodqdwlrqv lqfoxgh wkdw wkh pdunhw

v|vwhpdwlfdoo| xqghuydoxhv wkh gloxwlrq h�hfw ri rxwvwdqglqj rswlrqv/ wkdw zrunhuv duh qrw dv ulvn

dyhuvh dv frpprqo| eholhyhg/ dqg wkdw jurxs0edvhg lqfhqwlyh sodqv fdq kdyh d srzhuixo h�hfw rq

prudoh1 Od}hdu +4<<<,/ diwhu dujxlqj wkdw vwrfn rswlrqv dqg rwkhu �up0zlgh lqfhqwlyh sodqv duh qrw
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frqvlvwhqw zlwk lqfhqwlyh h�hfwv/ vxjjhvwv wkdw vwrfn rswlrqv fdq khos �upv vhohfw rq zrunhuv zlwk

wkh kljkhvw vnloo1 Exw kh frqfoxghv wkdw klv prgho _grhv qrw h{sodlq zk| vrph �upv jlyh vwrfn

rswlrqv hyhq wr yhu| orz0ohyho zrunhuv1%

Wkh prgho suhvhqwhg deryh/ krzhyhu/ fdq mxvwli| vwrfn rswlrqv +ru rwkhu frpshqvdwlrq wlhg wr

wkh vxffhvv ri wkh �up dv d zkroh, iru dq| zrunhu zkrvh rxwvlgh rssruwxqlwlhv duh fruuhodwhg zlwk

wkh vxffhvv ri wkh �up1 Wkdw lv/ li wkh khdowk ri wkh �up lv uhodwhg wr wkh khdowk ri wkh ryhudoo

pdunhw/ dqg li wkh vwdwh ri wkh ryhudoo pdunhw lv uhodwhg wr lqlwldo zdjh r�huv/ wkhq vwrfn rswlrqv

fdq eh d uhodwlyho| lqh{shqvlyh uhwhqwlrq ghylfh1

Fdq wkh prgho h{sodlq wkh idfw wkdw vwrfn rswlrqv duh uhodwlyho| frpprq dqg d uhodwlyho| odujh

sduw ri frpshqvdwlrq dprqj jurzlqj whfkqrorj| �upvB Dv qrwhg lq Vhfwlrq 714/ d nh| glvwlqjxlvklqj

ihdwxuh ri wkh prgho lv wkdw/ dw ohdvw lq d GSF htxloleulxp/ kljkhu lglrv|qfudwlf ulvn +wkdw lv/ orzhu

vljqdo txdolw|, ohdgv wr pruh frqwlqjhqw sd|1 Zkhuh suhylrxv djhqf| prghov zrxog h{shfw uhodwlyho|

olwwoh frqwlqjhqw sd| lq kljk0whfk frpsdqlhv/ wkh prgho lq wklv sdshu fdq eh frqvlvwhqw zlwk revhuyhg

sdwwhuqv1

Wkh whfkqrorj| lqgxvwu|/ dv phdvxuhg e| vwrfn yrodwlolw|/ kdv wudglwlrqdoo| kdg uhodwlyho| kljk

yduldqfh lq wkh ryhudoo iruwxqhv ri wkh lqgxvwu|/ zklfk frxog ohdg wr kljk uhvhuydwlrq yduldwlrq dv

�upv* ghpdqg iru oderu frphv dqg jrhv zlwk wkhlu pdunhwv1 Wklv lv odujho| frqvlvwhqw zlwk wkh

glvfxvvlrq lq Vhfwlrq 715 zkhuh L vkrzhg wkdw sur�w vkdulqj lv lqfuhdvlqj lq uhvhuydwlrq yduldqfh

+wkrxjk sur�w vkdulqj ehfrphv qrq0rswlpdo dw h{wuhph ohyhov ri uhvhuydwlrq yduldqfh1,

Wkh frvwv ri wxuqryhu dqg odfn ri oderu pdunhw iulfwlrqv dovr pdnh wkh prgho frqvlvwhqw zlwk

whfkqrorj| �upv xvlqj vwrfn rswlrqv1 Rqh pljkw h{shfw wkdw/ vlqfh wkhuh lv uhodwlyho| olwwoh �up0

vshfl�f vnloo lq Vlolfrq Ydooh| dqg d foxvwhulqj ri vlplodu �upv lq d vpdoo jhrjudsklf duhd/ wkh frvwv

wr wkh zrunhu ri vzlwfklqj mrev duh uhodwlyho| vpdoo1 Dovr/ eulvn ghpdqg iru whfkqrorj| zrunhuv

dovr pdnhv zrunhu prelolw| hdv| zkloh pdnlqj lw kdug iru �upv wr uhsodfh zrunhuv +wkdw lv/ kljk n1,

+47, dqg +48, vxjjhvw wkdw kljk n pdnh sur�w vkdulqj +lq wklv fdvh lq wkh irup ri vwrfn rswlrqv,

sur�wdeoh uhodwlyh wr vsrw pdunhwv1

Whfkqrorj| pdunhwv whqg wr kdyh uhodwlyho| |rxqj dqg srvvleo| ohvv ulvn dyhuvh zrunhuv +wkrxjk

wklv lv suredeo| hqgrjhqrxv wr wkh frpshqvdwlrq frqwudfwv,1 Wklv lv frqvlvwhqw zlwk wkh prgho*v

�qglqj wkdw sur�w vkdulqj zloo eh pruh frpprq dqg jhqhudoo| kljkhu +wkdw lv/ kljkhu e, zkhq ulvn

dyhuvlrq lv orzhu/ wkrxjk lw dovr frqvlvwhqw zlwk mxvw derxw dq| djhqf| prgho wkdw frqvlghuv ulvn

dyhuvlrq1

Fdq wkh prgho h{sodlq wkh lqfuhdvh lq vwrfn edvhg sd| ryhu wkh odvw ihz |hduvB�e Li wkh wljkw mre
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pdunhw ri wkh odvw ihz |hduv wuxo| lv lqglfdwlyh ri kljk n/ wklv frxog khos h{sodlq zk| vwrfn rswlrqv

kdyh ehfrph d pruh zlgho|0xvhg sd| lqvwuxphqw1 L nqrz ri qr rwkhu v|vwhpdwlf fkdqjhv lq wkh

prgho*v sdudphwhuv +u/ v
� � v,/ ru s�, wkdw fdq wlh wkh vwrfn rswlrq wuhqg wr wkh prgho/ krzhyhu1

D�2 , iU�|��i �L4Ti?t@|�L?

Duh h{hfxwlyh frpshqvdwlrq frqwudfwv frqvlvwhqw zlwk djhqf| wkhru|B Wkdw lv dq riwhq vwxglhg dqg

zlgho| dujxhg txhvwlrq1 Prghov ri h�flhqw ulvn vkdulqj w|slfdoo| lpso| wkdw/ zkhuhyhu srvvleoh/

h{hfxwlyhv vkrxog eh phdvxuhg rq uhodwlyh/ udwkhu wkdq devroxwh/ shuirupdqfh1 Wkdw lv/ wr wkh

h{whqw wkdw vrph xqghuo|lqj vkrfn d�hfwv shuirupdqfh dfurvv pxowlsoh �upv lq d zd| wkdw lqglylgxdo

h{hfxwlyhv fdqqrw d�hfw/ �upv zloo �qg lw sur�wdeoh wr �owhu wklv frpprq vkrfn rxw ri wkh phdvxuhv

ri h{hfxwlyh shuirupdqfh1�D Prvw h{hfxwlyh vwrfn rswlrqv dqg rwkhu h{hfxwlyh lqfhqwlyhv gr qrw

frpshqvdwh iru pdunhw0zlgh ru lqgxvwu|0zlgh vkrfnv dqg hpslulfdo vwxglhv kdyh irxqg olwwoh hylghqfh

ri uhodwlyh shuirupdqfh hydoxdwlrq lq h{hfxwlyh sd|1�S Uhdvrqv jlyhq iru wkh odfn ri lqgh{lqj lq

h{hfxwlyh sd| lqfoxgh wd{ frqvlghudwlrqv/ vlpsolflw|/ dqg wkh frvwv dqg gl�fxowlhv ri lghqwli|lqj dq

dssursuldwh frpsdulvrq jurxs1 Exw shukdsv rqh uhdvrq uhodwlyh shuirupdqfh hydoxdwlrq lv qrw pruh

frpprq lv wkdw wkh prghov wkdw vkrz lw wr eh rswlpdo w|slfdoo| dvvxph d frqvwdqw sduwlflsdwlrq

frqvwudlqw1

Ehuwudqg dqg Pxoodlqdwkdq +4<<<, dqdo|}h wkh h�flhqf| ri FHR lqfhqwlyh frqwudfwv/ vwduwlqj

zlwk wkh k|srwkhvlv wkdw dq h�flhqw frqwudfw zloo uhzdug +sxqlvk, kljk +orz, uhodwlyh shuirupdqfh1

Wkh| fduhixoo| vwxg| wkh rlo lqgxvwu|/ zkhuh frpprq vkrfnv +hvshfldoo| frpprglw| sulfhv, fdq eh

hdvlo| lghqwl�hg dqg uhpryhg iurp phdvxuhv ri h{hfxwlyh shuirupdqfh1 Wkh| vkrz wkdw wkh sd|

ri FHRv ri rlo frpsdqlhv lv d�hfwhg e| rlo sulfhv/ d idfwru wkdw lv vxuho| eh|rqg wkh h{hfxwlyhv*

frqwuro1 Wkh| jr rq wr hvwdeolvk hylghqfh ri FHRv ehlqj uhzdughg iru idfwruv eh|rqg wkhlu frqwuro

lq d udqjh ri lqgxvwulhv1 Ehuwudqg dqg Pxoodlqdwkdq +4<<<, frqfoxgh wkdw _frpsdq| sulqflsdov duh

qrw ixoo| udwlrqdoo| vhwwlqj FHR sd|1%

Exw wkh prgho suhvhqwhg khuh/ zlwk d olwwoh uhodeholqj/ vxjjhvwv wkdw lw fdq eh rswlpdo wr sd|

FHRv iru lqgxvwu|0ohyho shuirupdqfh li lqgxvwu| shuirupdqfh lv fruuhodwhg zlwk wkh h{hfxwlyhv*

rxwvlgh rssruwxqlwlhv1 Vxssrvh wkdw d kljk rlo sulfh +ru d kljk rlo ixwxuhv sulfh, ohdgv wr lqfuhdvhg
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ghpdqg iru rlo h{hfxwlyh wdohqw/ hlwkhu ehfdxvh ri hqwu| ru ehfdxvh lqfxpehqw �upv odxqfk qhz

surmhfwv1 Wklv vkrxog udlvh wkh ghpdqg iru/ dqg sulfh ri/ pdqdjhuldo wdohqw lq wkh rlo lqgxvwu|1 Lq

wkh whupv ri wkh prgho/ kljk rlo sulfhv fdxvh wkh suredelolw| ri vxffhvv ri qhz yhqwxuhv wr eh s
� dw

wkh vdph wlph dv wkh| udlvh d pdqdjhu*v uhvhuydwlrq zdjh wr v
�1 Sd|lqj wkh pdqdjhu iru wkh �up*v

devroxwh shuirupdqfh +�,/ udwkhu wkdq lw*v uhodwlyh shuirupdqfh +� � �
6@o&e|, frxog eh dq h�flhqw

zd| wr surylgh lqfhqwlyhv iru wkh pdqdjhu wr zrun kdug zkloh plqlpl}lqj wkh fkdqfhv wkdw vkh zloo

ohdyh iru dqrwkhu rlo surgxfhu1

Ixuwkhu hylghqfh frqvlvwhqw zlwk wkh prgho fdq eh irxqg lq wkh edqn FHR pdunhw dqdo|}hg e|

Eduur dqg Eduur +4<<3,1 Wkh| �qg wkdw edqn FHR sd| lv uhvsrqvlyh wr �up shuirupdqfh exw qrw

dgmxvwhg iru uhodwlyh shuirupdqfh1 Vr edqn FHR frpshqvdwlrq lv sduwldoo| edvhg rq frqglwlrqv lq

wkh ryhudoo edqnlqj pdunhw1 Eduur dqg Eduur +4<<3, dovr �qg wkdw edqn FHR wxuqryhu grhv uhvsrqg

wr uhodwlyh shuirupdqfh1 Wkhvh idfwv duh frqvlvwhqw zlwk edqnv ohwwlqj wkhlu frpshqvdwlrq vfkhphv

�xfwxdwh vr dv nhhs sdfh zlwk pdunhw udwhv/ zkloh glvplvvlqj h{hfxwlyhv zkhq �up shuirupdqfh

odjv shhu shuirupdqfh1

D�� Ah@_�|�L?@* �hL�| 5�@h�?}

Sur�w vkdulqj sodqv duh frpprq lq d ydulhw| ri lqgxvwulhv1�. Vrph �upv dqg hfrqrplvwv kdyh

mxvwl�hg sur�w vkdulqj sodqv rq wkh edvlv ri wkhlu lqfhqwlyh h�hfwv1 Dffruglqj wr wklv dujxphqw/

hpsor|hhv zrun kdughu li wkh| fdq h{shfw wr uhds vrph ri wkh uhzdugv ri wkhlu h�ruwv1 Zhlw}pdq

dqg Nuxvh +4<<3, dujxh wkdw sur�w vkdulqj kdv dw ohdvw d plogo| srvlwlyh h�hfw rq surgxfwlylw| dqg

sur�wdelolw|1 Krzhyhu/ Nuxvh +4<<6, dqg Fdug +4<<3, dujxh wkdw wkh iuhh0ulghu +ru _42Q%, sureohp

pdnhv wkh surgxfwlylw| dujxphqw xqolnho|1 Suhqghujdvw +4<<<, dqg Nuxvh +4<<6, vxjjhvw wkdw wkh

fdxvdolw| ri wklv uhodwlrqvkls lv kdug wr hvwdeolvk1 Dovr/ Nuxvh +4<<6, srlqwv rxw wkdw qr hpslulfdo

vwxg| kdv irxqg d olqn ehwzhhq olnholkrrg ri sur�w vkdulqj dqg qxpehu ri hpsor|hhv1 Li sur�w

vkdulqj kdg lqfhqwlyh h�hfwv/ L zrxog h{shfw wkhvh wr glvvlsdwh zlwk lqfuhdvhv lq �up vl}h1

Li sur�w vkdulqj grhv qrw kdyh vljql�fdqw lqfhqwlyh h�hfwv/ zk| zrxog d �up lpsrvh wkh ulvn

ri sur�w vkdulqj rq lwv hpsor|hhvB Wkh prgho lq wklv sdshu/ dv zhoo dv wkdw ri Zhlw}pdq +4<;7,/

mxvwli| sur�w vkdulqj edvhg rq zkdw Nuxvh +4<<6, fdoov wkh _vwdelolw| wkhru|1% Zkhq zdjhv duh

uljlg/ sur�w vkdulqj lv d phdqv ri nhhslqj zrunhuv dw ru qhdu wkhlu sduwlflsdwlrq frqvwudlqwv1 Nuxvh
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+4<<6, vxjjhvwv wkdw wkhuh lv vrph hpslulfdo vxssruw iru wklv lghd/ exw wkdw lw lv lqfrqfoxvlyh lq

prvw vwxglhv1 Kh srlqwv rxw wkdw lghqwl�fdwlrq ri vwdelolw| h�hfwv lv gl�fxow jlyhq wkh hqgrjhqhlw|

ri sur�w vkdulqj1

Nuxvh +4<<6, dovr vxjjhvwv wkdw wkh ehvw suhglfwru ri dgrswlrq ri sur�w vkdulqj lv dq lqfuhdvh

lq sur�wdelolw| ri wkh �up1 Wklv lv frqvlvwhqw zlwk uhqw vkdulqj ehwzhhq wkh �up dqg zrunhuv1 Exw

lw pd| dovr eh frqvlvwhqw zlwk wkh prgho lq wklv sdshu1 Li d �up*v survshfwv lpsuryh/ wkh ydoxh

ri uhwdlqlqj zrunhuv lqfuhdvhv/ zklfk lqfuhdvhv n lq wkh prgho1 Dv glvfxvvhg deryh/ wkdw zrxog

lqfuhdvh wkh ydoxh ri sur�w vkdulqj uhodwlyh wr xvlqj vsrw pdunhwv1 Dovr qrwh wkdw wklv frqwudvwv

zlwk wkh hpslulfdo lpsolfdwlrqv ri Zhlw}pdq +4<;7,1 Zkloh wkh vwdelolw| h�hfw ri sur�w vkdulqj lq

wkh deryh prgho frphv iurp plqlpl}lqj yroxqwdu| wxuqryhu/ vwdelolw| lq Zhlw}pdq +4<;7, ghulyhv

iurp wkh �up qrw od|lqj r� zrunhuv lq d grzqwxuq1 Wkh odwwhu lghd zrxog pdnh sur�w vkdulqj

uhodwlyho| pruh ydoxdeoh zkhq wkh �up*v survshfwv glp1

Dqrwkhu idfwru wkdw kdv ehhq irxqg wr eh fruuhodwhg zlwk sur�w vkdulqj lv xqlrq uhsuhvhqwdwlrq1

Wklv/ wrr/ frxog eh gxh wr uhqw vkdulqj1 Exw shukdsv wkh lqflghqfh ri xqlrqv dqg sur�w vkdulqj

erwk vwhp iurp rwkhu fdxvhv1 Frqvlghu wkh dxwrpreloh lqgxvwu|/ zklfk kdv klvwrulfdoo| ehhq khdylo|

xqlrql}hg dqg zkhuh sur�w vkdulqj duudqjhphqwv duh frpprq1 Wkh dxwrpreloh lqgxvwu| lv vxemhfw

wr vljql�fdqw pdfur vkrfnv wkdw duh frpprq dfurvv �upv dqg d�hfw wkh pdujlqdo ydoxh ri oderu1

Dv d uhvxow/ �up*v zloolqjqhvv wr sd| iru oderu +dqg/ wkhuhiruh/ zrunhu uhvhuydwlrq zdjhv, pd| kdyh

vljql�fdqw yduldwlrq ryhu wlph dqg wkhvh pryhphqwv duh suredeo| kljko| fruuhodwhg zlwk wkh �up*v

survshfwv1 Wkxv/ lw pd| zhoo eh wkh fdvh wkdw vljqdo txdolw| +s
�, lv txlwh kljk lq wkh dxwrpreloh

lqgxvwu|1 Lq dgglwlrq/ dxwr zrunhuv kdyh vljql�fdqw lqgxvwu| dqg �up0vshfl�f nqrzohgjh/ zklfk

pdnhv wxuqryhu frvwv wr wkh �up +n, uhodwlyho| kljk1 Wkrxjk wklv dujxphqw lv vshfxodwlyh dqg

dqhfgrwdo/ lw surylghv d sodxvleoh uhdvrq iru krz sur�w vkdulqj lq wkh dxwrpreloh lqgxvwu| frxog eh

frqvlvwhqw zlwk wkh prgho lq wklv sdshu1

S �L?U*�t�L?t @?_ 6�h|�ih +iti@hU�

L ghulyhg d prgho wkdw surylghv d srvvleoh uhfrqfloldwlrq ri djhqf| wkhru| zlwk wkh idfw wkdw djhqwv

duh riwhq uhzdughg ru sxqlvkhg iru wklqjv wkh| fdqqrw frqwuro1 L vkrzhg wkdw yduldelolw| lq dq djhqw*v

uhvhuydwlrq xwlolw| pd| ohdg wkh �up wr zdqw wr wudqvihu ulvn wr wkh zrunhu dv d phdqv ri lqvxulqj

sduwlflsdwlrq lq ydulrxv vwdwhv ri wkh hfrqrp|1 Wkh prgho uholhv fulwlfdoo| rq wkh dvvxpswlrq wkdw

wkh whupv ri dq djhqw*v frpshqvdwlrq vfkhph duh frvwo| wr dgmxvw1 L dovr ghwhuplqhg wkdw/ ghshqglqj

rq wkh sdudphwhu ydoxhv/ wkh �up pd| �qg lw rswlpdo wr sd| uhqwv wr zrunhuv gxulqj uhodwlyho| vorz

shulrgv dqg/ xqghu fhuwdlq frqglwlrqv/ pd| suhihu wr iruvdnh orqj0whup uhwhqwlrq ri hpsor|hhv1
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Rqh lpsruwdqw ihdwxuh ri wkh prgho lv wkdw lw kdv vrph fohdu hpslulfdo suhglfwlrqv1 Exw/ rq

wkh rwkhu kdqg/ suhglfwlrqv duh pdgh vrphzkdw dpeljxrxv erwk e| wkh prgho*v qrq0prqrwrqlf

uhodwlrqvklsv ehwzhhq wkh dprxqw ri sur�w vkdulqj dqg fhuwdlq sdudphwhuv dqg e| wkh idfw wkdw wkh

prgho riwhq kdv rssrvlqj lpsolfdwlrqv iru d jlyhq sdudphwhu*v h�hfw rq sur�w vkdulqj dgrswlrq dqg

wkh dprxqw ri sur�w vkdulqj d �up zloo fkrrvh1 Vshfl�f whvwdeoh k|srwkhvhv lqfoxgh=

41 Dgrswlrq ri sur�w vkdulqj lv lqfuhdvlqj lq wkh �up*v frvwv ri uhsodflqj zrunhuv1

51 Dv vljqdo txdolw| +wkdw lv/ wkh fruuhodwlrq ehwzhhq wkh vwdwh ri wkh hfrqrp| dqg wkh survshfwv

iru wkh lqglylgxdo �up, lqfuhdvhv/ wkh dgrswlrq ri sur�w vkdulqj ehfrphv pruh dwwudfwlyh1

Krzhyhu/ zkhq sur�w vkdulqj lv lpsohphqwhg/ wkh h�hfw ri vljqdo txdolw| rq wkh dprxqw ri

sur�w vkdulqj lv dpeljxrxv1

61 Dv wkh yduldwlrq lq zrunhuv* uhvhuydwlrq xwlolw| jurzv/ wkh dgrswlrq ri sur�w vkdulqj ehfrphv

ohvv dwwudfwlyh1 Krzhyhu/ zkhq sur�w vkdulqj lv lpsohphqwhg/ wkh kljkhu yduldwlrq lq uhvhuyd0

wlrq xwlolw| ohdgv wr dq lqfuhdvh lq wkh dprxqw ri sur�w vkdulqj1

71 Erwk wkh dgrswlrq dqg dprxqw ri sur�w vkdulqj duh ghfuhdvlqj lq hpsor|hh ulvn dyhuvlrq1

L glvfxvvhg krz wkhvh suhglfwlrqv pdwfk dqhfgrwdo dqg hpslulfdo hylghqfh ri eurdg0edvhg hp0

sor|hh vwrfn rswlrq sodqv/ h{hfxwlyh sd| vfkhphv/ dqg wudglwlrqdo vwrfn rswlrq sodqv1 Wkrxjk L

dujxhg wkdw wkh hylghqfh lv odujho| frqvlvwhqw zlwk wkh prgho*v suhglfwlrqv/ lw pd| eh ihdvleoh wr whvw

wkh suhglfwlrqv pruh uljrurxvo|1 Iru lqvwdqfh/ rqh frxog h{dplqh wkh furvv0vhfwlrqdo +dqg shukdsv

wlph0vhulhv, yduldwlrq lq sur�w vkdulqj rffxuuhqfh dqg ohyhov xvlqj vxuyh|v ri KU sudfwlfhv/ ghwdlov

ri erqxv sodqv iurp frqvxowlqj �upv/ dqg h{hfxwlyh frpshqvdwlrq frqwudfwv1

Lq dgglwlrq/ wkhuh duh pdq| zd|v wr hqulfk wkh prgho1 Iru h{dpsoh/ wkh prgho dvvxphv wkdw

vhsdudwlrq frvwv duh frqvwdqw/ exw wkh| duh olnho| wr eh ghshqghqw rq mre whqxuh1 Prgholqj wklv

uhodwlrqvkls frxog ohdg wr lqwhuhvwlqj �qglqjv derxw wkh rswlpdo yhvwlqj ri sur�w vkdulqj dqg vwrfn

rswlrqv1 Dovr/ d pruh uhdolvwlf prgho pljkw pdnh wkh srvvleoh rxwfrphv +�, frqwlqxrxv/ udwkhu

wkdq mxvw d pdwwhu ri d kljk2orz vwdwh1 Ilqdoo|/ lw zrxog eh lqwhuhvwlqj wr vhh krz wkh �up zrxog

ehkdyh li rxwvlgh r�huv zhuh gudzq iurp d glvwulexwlrq uhodwhg wr wkh vwdwh ri wkh hfrqrp|/ udwkhu

wkdq ehlqj shuihfwo| fruuhodwhg zlwk v1 Wklv zrxog ohdg wkh �up wr kdyh wr frqvlghu wkh rswlpdo

ohyho ri wxuqryhu/ jlyhq wkdw lw zrxog suredeo| qrw zdqw wr pdwfk doo rxwvlgh r�huv1
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