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4 Lqwurgxfwlrq

Ehwzhhq 4<;3 dqg 4<<9/ vwdwh rzqhuvkls lq orz lqfrph frxqwulhv zhqw iurp

49( wr ;( ri JGS +Phjjlqvrq dqg Qhwwhu +5334,,1 Lq pdq| fdvhv/ wudqvihuv

ri sxeolf rzqhuvkls wr sulydwh rzqhuvkls kdv ehhq jurxqghg rq wkh srru hfr0

qrplf shuirupdqfh ri sxeolf hqwhusulvhv1 Lqh!flhqflhv glg qrw rqo| hpdqdwh

iurp wkh frq lfwv ehwzhhq jryhuqphqwv* srolwlfdo remhfwlyhv dqg wkh �up*v

hfrqrplf remhfwlyh +Vkdslur0Zloolj +4<<3,/ Od�rqw0Wluroh +4<<6,, exw dovr

iurp wkh h{lvwhqfh ri vriw0exgjhw frqvwudlqwv1 Vlqfh ohvv h!flhqw �upv zhuh

doorzhg wr uho| rq wkh jryhuqphqw iru ixqglqj/ wkh| odfnhg wkh �qdqfldo glvfl0

solqh uhtxluhg iru h!flhqw pdqdjhphqw +Ghzdwulsrqw dqg Pdvnlq +4<<8, dqg

Vfkplgw +4<<9d/ 4<<9e,,1 Khqfh diwhu wzr ghfdghv ri uhirupv/ d qhz frqvhq0

vxv hphujhg= lq frpshwlwlyh lqgxvwulhv sulydwl}dwlrq lv wkh rswlpdo lqgxvwuldo

srolf|1

Lq sudfwlfh sulydwl}dwlrq zdyhv kdyh frlqflghg zlwk jurzlqj sxeolf ghewv

dqg odujh wudgh gh�flwv14 Wklv vxjjhvwv wkdw jryhuqphqwv sulydwl}hg sxe0

olf dvvhwv/ qrw qhfhvvdulo| rxw ri orqj uxq h!flhqf| frqfhuqv/ exw wr frsh

zlwk fulwlfdo exgjhw vlwxdwlrq1 Wklv lv hvshfldoo| wuxh lq ghyhorslqj frxqwulhv

zkhuh sulydwl}dwlrq kdv ehhq d pdmru frpsrqhqw ri vwuxfwxudo dgmxvwphqw

surjudpv1 Lqwhuqdwlrqdo grqruv dqg fuhglwruv/ olnh wkh Zruog Edqn ru wkh

LPI/ pdgh lw d frqglwlrq iru hfrqrplf dvvlvwdqfh lq uhdfwlrq wr wkh h{sorvlyh

ghew fulvlv ri wkh hduo| 4<;3v1 Dv d uhvxow derxw rqh wklug ri wkh zruog0

zlgh surfhhgv ri sulydwl}dwlrq/ zklfk kdyh qrz vwdelol}hg dw '473 eloolrq shu

|hdu +Jleerq 4<<;/ 5333,/ lv wr eh dffrxqwhg wr wkh qrq0RHFG frxqwulhv

4Iru lqvwdqfh/ wkh �uvw Mdsdqhvh sulydwl}dwlrq zhuh lqlwldwhg lq 4<;5 zkhq wkh Mdsdqhvh

sxeolf gh�flw uhdfkhg 7415( ri JGS1 Vlploduo| lq wkh X1V1 Orsh}0gh0Vlodqhv hw do1 +4<<:,

vkrz wkdw/ sulydwl}dwlrqv kdyh ehhq pruh olnho| lq Vwdwhv zkhuh �vfdo frqvwudlqwv zhuh

pruh elqglqj1
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+Pdkerrel +5333,,1 Wkh hpslulfdo hylghqfhv vwurqjo| vxjjhvw wkdw wkh jry0

huqphqwv xvh wkhvh sulydwl}dwlrq*v surfhhgv wr uhod{ wkhlu exgjhw frqvwudlqw1

Iru lqvwdqfh xvlqj d sdqho ri 4; ghyhorslqj frxqwulhv/ Gdylv hw do1 +5333,

vkrz wkdw exgjhwdu| sulydwl}dwlrq surfhhgv duh xvhg wr uhgxfh grphvwlf �0

qdqflqj rq d urxjko| rqh0iru0rqh edvlv1 Ghvslwh lwv hpslulfdo lpsruwdqfh wkh

olqn ehwzhhq d jryhuqphqw*v lqgxvwuldo srolf| dqg lwv exgjhw frqvwudlqw glgq*w

uhfhlyh pxfk dwwhqwlrq lq wkh wkhruhwlfdo olwhudwxuh1 Wklv sdshu vwxglhv wkh

uroh ri wkh �vfdo frqglwlrqv lq wkh sulydwl}dwlrq surfhvv ri qrq frpshwlwlyh

lqgxvwulhv1 Lw dujxhv wkdw lq lqgxvwulhv vxemhfw wr zhdn frpshwlwlyh irufhv

wkh �vfdo lqwhuhvwv ri wkh jryhuqphqw pljkw frq lfw zlwk h!flhqf| frqfhuqv1

Pdunhw idloxuhv dulvh lq pdunhwv zlwk qdwxudo prqrsrolhv +l1h1 �upv zlwk

odujh hfrqrplhv ri vfdoh,1 Dffruglqj wr Zdoudv +4<69,/ d ohjdo prqrsro|

vkrxog eh vhw wr suhyhqw zdvwhixo gxsolfdwlrq ri lqyhvwphqwv/ dqg vkrxog eh

uhjxodwhg wr dyrlg wkh zhoiduh orvv dvvrfldwhg wr prqrsro| sulflqj1 Wklv kdv

jhqhudoo| ohdg/ qrwdeo| lq ghyhorslqj frxqwulhv/ wr vwdwh frqwuro wkurxjk sxe0

olf rzqhuvkls1 Krzhyhu/ e| lpsrvlqj wkh rxwsxw dqg sulfhv wkh jryhuqphqw

pxvw dovr dvvxph uhvsrqvlelolw| iru wkh �up*v sur�wv dqg orvvhv1 Wkh srvvlelo0

lw| wr wudqvihu uhvrxufhv ehwzhhq wkh jryhuqphqw dqg sxeolf �upv jhqhudwhv

d vriw0exgjhw frqvwudlqw1 Xqghu lqfrpsohwh lqirupdwlrq/ wkh jryhuqphqw

fdq kdugo| glvfulplqdwh ehwzhhq jrrg dqg edg surmhfw dqg2ru pdqdjhphqw1

H{0srvw/ jryhuqphqwv duh olnho| wr wudqvihu wrr pxfk uhvrxufhv wr lqh!flhqw

�upv +wkurxjk vxevlglhv dqg wd{dwlrq/ ru wkurxjk vriw edqn fuhglw dqg wudgh

fuhglw,1 Nruqdl +5334, surylghv hylghqfh ri wkh xvh ri vriw0exgjhw frqvwudlqwv

e| vwdwh0rzqhg hqwhusulvhv1

Sulydwl}dwlrq holplqdwhv wkh vriw0exgjhw frqvwudlqw1 Ehfdxvh pdqdjhuv

dqg2ru rzqhuv ri sulydwl}hg �upv dvvxph wkh ixoo uhvsrqvlelolw| iru wkh �up*v

fdvk  rzv/ wkh jryhuqphqw lv qrw frqvwudlqhg wr wudqvihu uhvrxufhv wr xqoxfn|
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�upv1 Krzhyhu/ wkh holplqdwlrq ri wkh vriw0exgjhw frqvwudlqw kdv d frvw1 Rq

wkh rqh kdqg/ wkh jryhuqphqw lv qrw deoh wr wdnh dgydqwdjh ri wkh srvlwlyh

fdvk  rzv lq wkh sur�wdeoh �upv1 Rq wkh rwkhu kdqg/ wkh uhprydo ri wkh frq0

wuro rq wkh sulydwh �up*v sulfhv kdv d frvw wr frqvxphuv lq whupv ri kljkhu

sulfhv dqg orzhu rxwsxw1 Lqghhg hpslulfdo vwxglhv uhyhdo wkdw sulydwl}dwlrq

uhvxowv lq orzhu sulfhv dqg kljkhu rxwsxw lq frpshwlwlyh lqgxvwulhv rqo|1 Zlwk

qdwxudo prqrsrolhv/ fkdqjlqj wkh rzqhuvkls vwuxfwxuh grhv qrw vroyh iru wkh

odfn ri frpshwlwlyh suhvvxuh1 Sulydwl}hg qdwxudo prqrsrolhv vkrxog hlwkhu eh

uhjxodwhg/ ru wkhlu rxwsxw sulfhv zloo lqfuhdvh1 Wkh sureohp lv wkdw ghyho0

rslqj frxqwulhv riwhq odfn wkh lqvwlwxwlrqv wr fuhgleo| hqirufh uhjxodwlrq dqg

frqfhvvlrq frqwudfwv1 Iru lqvwdqfh/ dffruglqj wr d Zruog Edqn gdwdedvh rq

Odwlq Dphulfd/ wkh frqfhvvlrqv wkdw zhuh judqwhg wr sulydwh rshudwruv iro0

orzlqj wkh glyhvwlwxuh ri sxeolf �upv kdyh ehhq uhqhjrwldwhg diwhu dq dyhudjh

514 |hduv rqo| +vhh Od�rqw 5334,1

Wkh txhvwlrq dgguhvvhg lq wklv sdshu lv zkhwkhu wkh holplqdwlrq ri vriw0

exgjhw frqvwudlqw wrjhwkhu zlwk wkh fdvk0 rz jhqhudwhg e| sulydwl}dwlrq

frpshqvdwh iru wkh pdunhw lqh!flhqflhv dvvrfldwhg zlwk sulydwh prqrsrolhv

dqg roljrsrolhv1 Khuh sulydwl}dwlrq lv wuhdwhg dv wkh pryh iurp uhjxodwlrq

wr odlvvh}0idluh1 Lw grhv qrw rqo| lqyroyh d wudqvihu ri rzqhuvkls exw lw dovr

lqfoxghv wkh ghuhjxodwlrq ri sulfhv +pdunhw olehudol}dwlrq,1 Wklv gh�qlwlrq

sduwlfxoduo| �wv wr ghyhorslqj frxqwulhv lq zklfk/ dv dujxhg deryh/ sulfh frq0

wuro e| jryhuqphqwdo djhqflhv fdq kdugo| eh vhw xs dqg2ru wuxvwhg1 Zh dovr

frqvlghu wkh jryhuqphqw exgjhw frqvwudlqw1 Dv lq Od�rqw ) Wluroh +4<<6,/

zh dvvxph wkdw wkh vkdgrz frvw ri sxeolf ixqgv vxppdul}hv wkh wljkwqhvv ri

wklv frqvwudlqw/ odujhu vkdgrz frvwv ri sxeolf ixqgv vwhpplqj iurp wljkwhu

exgjhw frqvwudlqw1 Lq ghyhorslqj frxqwulhv/ lqh!flhqw wd{dwlrq v|vwhpv dqg

odujh sxeolf gh�flwv ohdg wr kljk vkdgrz frvwv ri sxeolf ixqgv1
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Wkh sdshu vkrzv wkdw zlwk sur�wdeoh qdwxudo prqrsro|/ wkh rswlpdo lq0

gxvwuldo srolf| lv qrq prqrwrqh lq wkh vkdgrz frvw ri sxeolf ixqgv1 Zkhq

wkh vkdgrz frvw ri sxeolf ixqg lv kljk wkh jryhuqphqw*v rswlrq wr wd{ wkh

�up*v sur�wv lv sduwlfxoduo| dsshdolqj1 Lq rughu wr pd{lpl}h wkh wd{ uhyhqxhv

sulfhv duh fkrvhq forvh wr wkh sulydwh prqrsro| sulfhv1 Lq frqwudvw/ zkhq wkh

vkdgrz frvw ri sxeolf ixqgv lv orz/ wkh jryhuqphqw sxwv pruh zhljkw rq wkh

frqvxphu vxusoxv1 Lw wkhq vhwv sulfhv forvh wr pdujlqdo frvw dqg vxevlgl}hv wkh

�up wr fryhu lwv �{hg frvwv1 Ulvhv lq wkh vkdgrz frvw ri sxeolf ixqgv lqfuhdvh

wkh vrfldo frvw ri vxfk wudqvihuv1 Wkh jryhuqphqw suhihuv wr ohw d sulydwh �up

rshudwh lq wkh pdunhw iru lqwhuphgldwh ydoxhv ri wkh vkdgrz frvw ri sxeolf

ixqgv1 Iru yhu| orz ydoxhv ri wkh vkdgrz frvw +l1h1/ zkhq edlorxwv duh fkhds,

ru yhu| odujh ydoxhv +l1h1 zkhq *krogxs* rq sur�wdeoh lqgxvwulhv duh ydoxdeoh,

lw suhihuv wr vhw xs d uhjxodwhg prqrsro|1 Wklv uhvxow lv lqwhuhvwlqj ehfdxvh

lw lv qrw lqwxlwlyh dqg kdv srwhqwldo lpsruwdqw srolf| lpsolfdwlrqv1 Wkdw lv/

glyhvwlwxuh ri sur�wdeoh sxeolf �upv lv qrw qhfhvvdulo| wkh ehvw srolf| iru wkh

jryhuqphqw ri d ghyhorslqj frxqwu|1 Dv vkrzq lq wklv sdshu wkh sulydwl}dwlrq

surfhhgv gr qrw qhfhvvdulo| frpshqvdwh iru wkh wd{ uhyhqxh orvvhv dqg iru wkh

sulfhv glvwruwlrq gxh wr wkh prqrsro| srzhu ri wkh qhzo| sulydwl}hg �up1

Lq lqgxvwulhv zlwk orz h{0dqwh sur�wdelolw|/ wkh rswlpdo lqgxvwuldo srolf|

lv prqrwrqh lq wkh vkdgrz frvw ri sxeolf ixqgv1 Wkdw lv/ lw h{lvwv d wkuhvkrog

deryh zklfk sulydwl}dwlrq lv rswlpdo> iru orzhu ydoxh ri wkh vkdgrz frvw/

uhjxodwlrq lv suhihuuhg1 Wklv lpsolhv wkdw iru lqiudvwuxfwxuhv vxfk dv urdg/

udlourdg/ zdwhu ru hohfwulflw| glvwulexwlrq qhwzrun/ uhjxodwlrq lv rswlpdo iru

d zhdowk| qdwlrq zkloh lw lv qrw qhfhvvdulo| rswlpdo iru d ghyhorslqj frxqwu|1

Wkh lqwxlwlrq lv vlpsoh1 Wkhuh lv d sxeolf jrrg dvshfw wr wkhvh lqyhvwphqwv/

zklfk pruhryhu jhqhudwh h{whuqdolwlhv1 Dv uhfrpphqghg e| vwdqgdug plfur0

hfrqrp| lq qdwlrqv zlwk zhdowk| sxeolf �qdqfh wkh jryhuqphqw uhjxodwhv
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wkhvh dfwlylwlhv1 Qrz lq ghyhorslqj frxqwulhv zkhuh wkh jryhuqphqw idfhv

wljkw exgjhw frqvwudlqw/ lw fdqqrw �qdqfh wkhvh vxqn frvwv1 Sulydwl}dwlrq

lv wkh dowhuqdwlyh wr wkh devhqfh ri sxeolf �qdqflqj1 Lw lv lqghhg ehwwhu wr

kdyh d sulydwho| rzqhg dqg rshudwhg lqiudvwuxfwxuh/ hyhq zlwk wkh prqrsro|

glvwruwlrq/ wkdq qr lqiudvwuxfwxuh dw doo1

Ilqdoo| zkhq wkh h{0dqwh sur�wdelolw| ulvhv/ wkh pdunhw doorzv wkh hq0

wu| ri pruh wkdq rqh �up1 Wkh sdshu vkrzv wkdw wkh dgydqwdjh ri sulydwh

vwuxfwxuhv lv wkhq olnho| wr glvdsshdu1 Lq wklv fdvh/ wkh qhjdwlyh lpsdfwv ri

pdunhw srzhu dqg h{fhvvlyh hqwu| lq sulydwh Frxuqrw roljrsrolhv duh olnho|

wr eh ryhufrph e| wkh srvlwlyh h�hfw ri d uhjxodwhg roljrsro| +l1h1/ cvdpsolqj

jdlqv*,1 Dowkrxjk wklv uhvxow frqwudvwv zlwk vwdqgdug sulydwl}dwlrq wkhrulhv lq

zklfk odujhu pdunhwv idyru sulydwl}dwlrq +vhh iru lqvwdqfh Ylfnhuv dqg \duurz

+4<<4, dqg Vhjdo +4<<;,,/ lw lv frqjuxhqw zlwk wkh wkhru| ri dgyhuvh vhohf0

wlrq lq zklfk d ulvh lq wkh qxpehu ri djhqwv uhgxfhv wkh frvw ri lqirupdwlrq

uhyhodwlrq +Dxulro ) Od�rqw +4<<6,,1

Wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 suhvhqwv wkh prgho dqg

wkh pdlq dvvxpswlrqv1 Vhfwlrq 6 frpsduhv wkh shuirupdqfh ri sulydwh dqg

uhjxodwhg prqrsrolhv zkloh Vhfwlrq 7 vwxglhv wkh gxrsro| fdvh1 Vhfwlrq 8

ghulyhv wkh rswlpdo lqgxvwuldo srolf|1 Vhfwlrq 9 vxppdul}hv rxu uhvxowv dqg

r�huv vrph frqfoxglqj uhpdunv1

5 Wkh prgho

Zh frqvlghu d sureohp ri lqgxvwuldo srolf| vhwwlqj1 Wkh jryhuqphqw kdv

wr ghflgh zkhwkhu dq lqgxvwu| fkdudfwhul}hg e| lqfuhdvlqj uhwxuqv wr vfdoh

vkrxog eh xqghu sxeolf ru sulydwh frqwuro1 Lq olqh zlwk Od�rqw dqg Wluroh

+4<<6,/ zh fdoo uhjxodwlrq uhjlph wkh uhjlph lq zklfk wkh jryhuqphqw frq0
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wurov wkh surgxfwlrq ri d uhjxodwhg �up1 Wkh jryhuqphqw*v frqwuro uljkwv duh

dvvrfldwhg zlwk dffrxqwdelolw| rq sur�wv dqg orvvhv1 Wkdw lv/ lw pxvw vxevl0

gl}h wkh �up lq fdvh ri orvvhv zkhuhdv lw fdq wd{ wkh uhjxodwhg �up lq fdvh ri

sur�wv1 Frqfuhwho|/ lq wkh frqwh{w ri d ghyhorslqj frxqwu|/ wklv fruuhvsrqgv

wr sxeolf rzqhuvkls1 Lq frqwudvw/ zh fdoo sulydwh uhjlph wkh uhjlph lq zklfk

wkh jryhuqphqw lpsrvhv qr frqwuro rq wkh rshudwlrqv ri d sulydwh �up/ dqg lw

wdnhv qr uhvsrqvlelolw| iru wkh �up*v sur�wv ru orvvhv1 Qr wudqvihuv duh srvvl0

eoh ehwzhhq wkh sulydwh �up dqg wkh jryhuqphqw diwhu surgxfwlrq kdv wdnhq

sodfh1 Qhyhuwkhohvv wkh jryhuqphqw pljkw frqwuro wkh hqwu| ri wkh sulydwh

�upv wkurxjk olfhqfh ihhv1

Wr nhhs wkh dqdo|vlv vlpsoh zh frqvlghu d olqhdu surgxfw ghpdqg zklfk

fdq eh vhhq dv d olqhdul}dwlrq ri d pruh jhqhudo ghpdqg ixqfwlrq1 Wkh lqyhuvh

ghpdqg ixqfwlrq iru ' � f xqlwv ri wkh frpprglw| lv jlyhq e|

� E'� ' @� K' +4,

zkhuh @ : f dqg K : f duh frpprq nqrzohgjh1 Wkh jurvv frqvxphu vxusoxv

lv wkhuhiruh

7E'� '

] '

f

� E%�_% ' @'� K

2
'2� +5,

Zh irfxv rq lqgxvwulhv fkdudfwhul}hg e| lqfuhdvlqj uhwxuqv wr vfdoh1 Wkhuh

duh � �upv lq wkh lqgxvwu|1 Ilup � 5 i�c ���c �j surgxfhv rxwsxw ^�1 Wkh

wrwdo surgxfwlrq lq wkh lqgxvwu| lv ' '
S�

�'� ^�1 Ilup � 5 i�c ���c �j kdv wkh
iroorzlqj frvw ixqfwlrq=

�Eq�c ^�cg� ' g n q�^�c +6,

Dv lq Edurq0P|huvrq +4<;5,/ wkh frvw ixqfwlrq lqfoxghv d �{hg frvw g : f/

dqg dq lglrv|qfudwlf pdujlqdo frvw q�1 Wkh �{hg frvw g lv vr odujh wkdw wkh

:



pd{lpdo qxpehu ri �upv � wkdw vxuylyh lq wkh pdunhw lv vpdoo1 Zh uhvwulfw

rxu dqdo|vlv wr � 5 ifc �c 2j1
Ilup � pxvw pdnh wkh lqyhvwphqw g ehiruh glvfryhulqj q�1 Qhlwkhu wkh

jryhuqphqw qru wkh frpshwlwruv ri �up � revhuyh wklv �up0vshfl�f frvw sd0

udphwhu1 Iru hdfk �up/ wkh sdudphwhu q� lv lqghshqghqwo| gudzq iurp wkh

vxssruw dqc 7qo dffruglqj wr wkh ghqvlw| dqg fxpxodwlyh glvwulexwlrq ixqfwlrqv

}E�� dqg CE��1 Wkh h{shfwdwlrq rshudwru lv ghqrwhg . vxfk wkdw . d�Eq�o 'U 7q

q
�Eq�_CEq�1 Zh ghqrwh wkh dyhudjh pdujlqdo frvw e| .q/ wkh yduldqfh ri

pdujlqdo frvw e| j2 'yduEq�1

Wkh �upv duh sur�w pd{lpl}hu1 Wkh sur�w ri �up � lv

�� ' � E'�^� � �Eq�c ^�cg� n |� +7,

zkhuh |� lv wkh qhw wudqvihu wkdw wkh �up jhwv iurp wkh jryhuqphqw +vxevlg|

plqxv wd{ dqg iudqfklvh ihh,1

Wkh jryhuqphqw lv xwlolwduldq1 Lw dlpv dw pd{lpl}lqj wkh vxp ri frqvxphu

dqg surgxfhu vxusoxvhv plqxv wkh vrfldo frvw ri wudqvihuulqj sxeolf ixqgv wr

wkh �up+v,1 Wkh wudqvihu wr wkh �up+v, fdq hlwkhu eh srvlwlyh +l1h1/ d vxevlg|,/

ru qhjdwlyh +l1h1/ d wd{,1 Wkh jryhuqphqw*v remhfwlyh ixqfwlrq lv

` ' 7E'��
�[
�'�

�Eq�c ^�cg�� b

�[
�'�

|� +8,

zkhuh b lv wkh vkdgrz frvw ri sxeolf ixqgv15

Wkh vkdgrz frvw ri sxeolf ixqgv/ b/ gulyhv wkh uhvxowv ri wkh sdshu1 Wklv

vkdgrz frvw/ zklfk fdq eh lqwhusuhwhg dv wkh Odjudqjh pxowlsolhu ri wkh

jryhuqphqw exgjhw frqvwudlqw/ phdvxuhv wkh vrfldo frvw ri wkh jryhuqphqw*v

5Wkh dqdo|vlv dqg wkh uhvxowv ri wkh sdshu duh frqvlvwhqw zlwk d ohvv rswlplvwlf ylhz ri

jryhuqphqw remhfwlyhv1 Lw lv mxvw d pdwwhu ri lqwhusuhwdwlrq ri �1 Zlwk d qrq ehqhyrohqw

jryhuqphqw/ � lv wkh zhljkw wkh jryhuqphqw sxwv rq wkh wudqvihuv lw fdq jhw rxw ri wkh

�upv +h1j1/ eulehv,1

;



hfrqrplf lqwhuyhqwlrq1 Iru b forvh wr fc wkh jryhuqphqw pd{lpl}hv wkh qhw

frqvxphuv* vxusoxv> iru odujhu bc wkh jryhuqphqw sxwv vrph zhljkw rq wkh

vrfldo frvw ri wudqvihuv1 Wkh vkdgrz frvw ri sxeolf ixqgv lv srvlwlyh ehfdxvh

wudqvihuv wr uhjxodwhg �upv lpso| hlwkhu d ghfuhdvh lq wkh surgxfwlrq ri sxe0

olf jrrgv/ vxfk dv vfkrrolqj dqg khdowk fduh/ ru dq lqfuhdvh lq glvwruwlrqdu|

wd{dwlrq1 Hdfk groodu wkdw lv wudqvihuuhg wr wkh uhjxodwhg �up frvwv � n b

grooduv wr vrflhw|1 Lq ghyhorshg hfrqrplhv/ b lv pdlqo| htxdo wr wkh ghdg0

zhljkw orvv dffuxhg wr lpshuihfw lqfrph wd{dwlrq1 Lw lv dvvhvvhg wr eh durxqg

f�� +Vqrzhu ) Zduuhq/ 4<<9,1 Lq ghyhorslqj frxqwulhv/ orz lqfrph ohyhov

dqg gl!fxowlhv lq lpsohphqwlqj h�hfwlyh wd{dwlrq surjudpv duh vwurqj frq0

vwudlqwv rq wkh jryhuqphqw*v exgjhw/ zklfk ohdgv wr kljkhu ydoxhv ri b1 Wkh

Zruog Edqn +4<<;, vxjjhvwv d vkdgrz frvw ri f�b1 Wklv qxpehu pdvnv wkh

glyhuvlw| ri ghyhorslqj frxqwulhv �vfdo vlwxdwlrq1 Lq sduwlfxodu/ wkh ydoxh lv

pxfk kljkhu lq frxqwulhv forvh wr �qdqfldo edqnuxswf|1

6 Sulydwh yhuvxv uhjxodwhg prqrsro|

Zkhq g lv odujh/ d qdwxudo prqrsro| hphujhv= � 5 ifc �j1 Vlqfh wkhuh lv dw
prvw rqh �up/ wkh �up lqgh{ � fdq eh whpsrudulo| gursshg1 Wkh surgxfwlrq

ri wkh prqrsro| lv htxdo wr wkh wrwdo surgxfwlrq '1 Uhjxodwlrq dlpv dw

fruuhfwlqj wkh glvwruwlrq dvvrfldwhg zlwk prqrsro| sulflqj lq wkh odlvvh}0

idluh vlwxdwlrq1 Wkhru| lq uhjxodwlrq vxjjhvwv wkdw/ dw zruvh/ d ehqhyrohqw

uhjxodwru vkrxog eh deoh wr plplf wkh fkrlfh ri d sulydwh �up1 Khqfh/ zhoiduh

vkrxog qhyhu eh vpdoohu xqghu uhjxodwlrq wkdq xqghu odlvvh}0idluh1 Dowkrxjk

uhjxodwlrq dozd|v grplqdwhv odlvvh}0idluh xqghu frpsohwh lqirupdwlrq/ zh

vkrz wkdw lw lv qrw dozd|v wkh ehvw srolf| xqghu dv|pphwulf lqirupdwlrq1

<



614 Sulydwh prqrsro|

Wkh surgxfwlrq ohyhov ri sulydwh prqrsrolhv +khqfhiruwk ��, duh qrw frq0

wuroohg e| wkh jryhuqphqw1 Wkh jryhuqphqw fdq qhyhuwkhohvv frqwuro wkh

hqwu| ri sulydwh prqrsrolhv e| dxfwlrqlqj wkh uljkw wr rshudwh1 Ohw 8 � f

eh wkh iudqfklvh ihh wkdw wkh sulydwh �up sd|v wr wkh jryhuqphqw lq rughu

wr rshudwh lq wkh surgxfw pdunhw1 Wkh sulydwh prqrsro| frqwhpsodwhv wkh

iroorzlqj vhtxhqwldo fkrlfhv1 Iluvw/ wkh prqrsro| fkrrvhv wr hqwhu wkh pdu0

nhw e| sd|lqj wkh iudqfklvh ihh 8 dqg e| pdnlqj wkh lqyhvwphqw g1 Li lw

hqwhuv/ wkhq qdwxuh fkrrvhv wkh pdujlqdo frvw q dffruglqj wr wkh glvwulexwlrq

CE��1 Wkh sulydwh �up ohduqv q dqg fkrrvhv d surgxfwlrq ohyho '1 Diwhu wkh

uhdol}dwlrq ri q/ wkh sulydwh �up qhyhu sd|v ru uhfhlyhv d wudqvihu iurp wkh

jryhuqphqw1

Wkh sur�w ri wkh sulydwh prqrsro| lv wkhuhiruh

��� ' 4@ 
'

� E'�'� �Eqc'cg�� 8c +9,

dqg wkh rswlpdo surgxfwlrq lv lqghshqghqw ri g dqg 8 =

'�� '
@� q

2K
� +:,

Li @ lv vpdoohu wkdq wkh �up*v pdujlqdo frvw q/ wkh surgxfwlrq ohyho idoov wr

f1 Lq rughu wr uxoh rxw fruqhu vroxwlrq lq wkh vhtxho ri wkh sdshu/ zh dvvxph

wkdw @ lv qrw wrr vpdoo1

D4 @ � pd{
q
2qc q n CEq�

}Eq�

r
Vxevwlwxwlqj '�� lq htxdwlrqv +7, dqg +8,/ zh jhw wkh h{0dqwh sur�w dqg

zhoiduh ri d sulydwh prqrsro|/

.��� '
�

2
T �g � 8c +;,

.`��Eb� '
�

e
T �g n b8 +<,
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zkhuh

T '
.E@� q�2

2K
'

E@� .q�2

2K
n
j2

2K
� +43,

Wkh ydoxh ri rshudwlqj wkh �up diwhu wkh lqyhvwphqw lv pdgh lv phdvxuhg

e| T zklfk fdq eh vhsdudwhg lqwr wzr frpsrqhqwv= wkh ydoxh dw wkh dyhudjh

frvw/ E@ � .q�2*2K/ dqg wkh ydoxh ri wkh frvw vsuhdg/ j2*2K1 D pruh ulvn|

surmhfw lqfuhdvhv wkh h{0dqwh sur�w dqg zhoiduh ri d sulydwh prqrsro|1 Wklv

frphv iurp wkh idfw wkdw wkh �up fkrrvhv lwv surgxfwlrq ohyho rqfh lw nqrzv

q1 Lw fdq wdloru surgxfwlrq dffruglqj wr wkh uhdol}hg ydoxh ri q/ udwkhu wkdq

wr lwv h{shfwhg ydoxh .q1 Wklv surgxfwlrq  h{lelolw| lv pruh ydoxdeoh dv wkh

vsuhdg durxqg wkh phdq ulvhv16

D prqrsro| lv sulydwho| ihdvleoh li lw lv h{0dqwh sur�wdeoh/ l1h1 li .��� �
f1 Wklv uhtxluhv �

2
T � g dqg 8 5 dfc �

2
T � go1 Vlploduo| d prqrsro| lv

vrfldoo| ydoxdeoh li lw eulqjv h{0dqwh srvlwlyh zhoiduh/ l1h1 li .`�� � f1 Lw lv

hdv| wr fkhfn wkdw prqrsrolhv duh vrfldoo| ydoxdeoh exw sulydwho| lqihdvleoh

li �
e
T : g : �

2
T 1 Ehfdxvh ri wkh jryhuqphqw qhhg iru fdvk/ wkh h{0dqwh

zhoiduh .`��Eb� lqfuhdvhv olqhduo| zlwk 8 1 Wkh pd{lpdo hqwu| ihh wkdw

wkh jryhuqphqw fdq froohfw lv wkh pd{lpxp sulfh d ulvn qhxwudo hqwuhsuhqhxu

zrxog djuhh wr sd| iru wkh prqrsro| frqfhvvlrq=

8 W � 4@ ifc �
2
T �gj�

Lq sudfwlfh sulydwh lqyhvwruv/ hvshfldoo| iruhljq rqhv/ zloo qhyhu djuhh wr sd|

8 W1 Wkh| duh jrlqj wr dvn iru d glvfrxqw wr frpshqvdwh iru wkh shufhlyhg ulvn

ri frqgxfwlqj exvlqhvv lq d ghyhorslqj frxqwu|1 Wkh sulydwl}dwlrq surfhhgv

duh orzhu lq srru frxqwulhv wkdq lq ulfkhu rqhv +ghvslwh vrphwlphv d odujh

6Whfkqlfdoo| wklv surshuw| uh hfwv wkh idfw wkdw sur�wv dqg zhoiduh duh frqyh{ ixqfwlrqv

ri wkh frvw sdudphwhu �1
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qxpehu ri sulydwl}dwlrq,17 Ehfdxvh ri wkh lqvwdelolw|/ odfn ri wudqvsduhqf|

dqg suhglfwdelolw| ri srolwlfdo dqg mxglfldo lqvwlwxwlrqv/ wkh jryhuqphqw zloo

jhqhudoo| froohfw 8 	 8 W1 Wr fkhfn wkh urexvwqhvv ri wkh sulydwl}dwlrq uhvxowv

zh frqvlghu 8 5 dfc 8 Wo1

615 Uhjxodwhg prqrsro|1

Xqghu wkh uhjxodwlrq uhjlph/ wkh jryhuqphqw prqlwruv wkh surgxfwlrq ri dq|

uhjxodwhg prqrsro| +-� khuh diwhu,1 Lq frqwudvw wr wkh odlvvh}0idluh vlwxdwlrq/

wkh jryhuqphqw lv dffrxqwdeoh iru wkh rshudwlqj sur�wv dqg orvvhv ri wkh

�up1 Wklv fuhdwhv d vriw0exgjhw frqvwudlqw iurp zklfk wkh �up ehqh�wv +l1h1/

wkh uhjxodwhg prqrsro| lv dozd|v h{0srvw sur�wdeoh,1 Vlqfh lw kdv sulydwh

lqirupdwlrq derxw lwv frvw sdudphwhu/ lw jhwv vxevlgl}hg pruh riwhq wkdq

qhfhvvdu|1

Wkh wlplqj lv dv iroorzv= Wkh jryhuqphqw �uvwo| ghflghv wr pdnh wkh

lqyhvwphqw g1 Vhfrqgo|/ qdwxuh fkrrvhv wkh pdujlqdo frvw q dffruglqj wr

wkh glvwulexwlrq ixqfwlrq CE��1 Wklugo|/ wkh uhjxodwhg �up*v pdqdjhu ohduqv

q/ exw wkh jryhuqphqw grhv qrw1 Wkh jryhuqphqw sursrvhv d surgxfwlrq dqg

wudqvihu vfkhph E'E��c |E���1 Ilqdoo| wkh uhjxodwhg �up uhyhdov wkh lqirupdwlrqeq dqg surgxfwlrq wdnhv sodfh dffruglqj wr wkh frqwudfw E'Eeq�c |Eeq��1
7Dffruglqj wr wkh XV Qdwlrqdo Fhqwhu iru Srolf| Dqdo|vlv iru wkh shulrg 4<;;04<<8=

�Odwlq Dphulfd dqg wkh Fduleehdq zdv wkh ohdglqj sulydwl}dwlrq uhjlrq zlwk wrwdo vdohv

ri derxw ' 87 eloolrq ru 79 shufhqw ri wkh wrwdo dprxqw ri surfhhgv iurp sulydwl}dwlrq1

Hdvw Dvld zdv qh{w zlwk vdohv ri '5; eloolrq ru 58 shufhqw/ iroorzhg e| Hxursh dqg Fhq0

wudo Dvld +zklfk lqfoxghv wkh iruphuo| sodqqhg hfrqrplhv ri Fhqwudo dqg Hdvwhuq Hxursh

dqg wkh iruphu Vrylhw Xqlrq, zlwk doprvw '53 eloolrq ru 4: shufhqw1 Wkh uhvw ri wkh gh0

yhorslqj zruog frpelqhg ^lqfoxglqj Diulfd` zdv uhvsrqvleoh iru rqo| derxw 45 shufhqw ri

wkh ydoxh ri vdohv1� +*Sulydwl}dwlrq= Sulydwl}dwlrq Wuhqgv lq Ghyhorslqj Frxqwulhv* 4<<:/

kwws=22zzz1qfsd1ruj2sg2sulydwh2rfw<;de1kwpo,
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Zh �uvw vwxg| wkh ehqfkpdun fdvh ri uhjxodwlrq xqghu v|pphwulf lqiru0

pdwlrq1

61514 V|pphwulf lqirupdwlrq

Zkhq wkh uhdol}dwlrq ri q lv sxeolfo| revhuyhg wkh jryhuqphqw vroyhv

4@ 
t'c|�

` v1w1 � � f +44,

zlwk ` dqg � gh�qhg lq +8, dqg +7,1 Vlqfh b lv srvlwlyh/ wudqvihuv wr wkh

uhjxodwhg �up duh frvwo| dqg pxvw eh uhgxfhg grzq wr wkh euhdn0hyhq srlqw

� ' f1 Wkdw lv/ |-� ' �� E'�'ng n q'1 Vxevwlwxwlqj wklv h{suhvvlrq lq

` dqg pd{lpl}lqj ` zlwk uhvshfw wr ' |lhogv

'-�Eq� '
� n b

� n 2b

@� q

K
� +45,

Lqvhuwlqj '-� lq +8, jlyhv wkh h{0dqwh zhoiduh xqghu v|pphwulf lqirupdwlrq

.`-�Eb� ' E� n b�

�
� n b

� n 2b
T �g

�
+46,

zkhuh T lv gh�qhg lq htxdwlrq +43,1 Wkh jryhuqphqw lqyhvwvg lq d uhjxodwhg

�up rqo| li +46, lv srvlwlyh1 Wkh h{0dqwh zhoiduh lqfuhdvhv lq T 1 Lw lv qrq0

prqrwrqlf lq b li �
2
T : g1 Wkdw lv/ lw ghfuhdvhv iru vpdoo b dqg lqfuhdvhv

iru odujh b1 Wklv ghvhuyhv d frpphqw1

Iru vpdoo b/ wkh jryhuqphqw lqfxuv vpdoo vrfldo frvwv ri wudqvihuulqj

prqh| wr wkh uhjxodwhg �up1 Lw wkhq fkrrvhv txdqwlwlhv wkdw duh forvh wr wkh

�uvw ehvw ohyho zklfk phdqv d sulfh wkdw lv forvh wr pdujlqdo frvw1 Lqghhg/

,�6b<f'
-� ' E@� q� *K dqg wkhuhiruh � dE@� q� *Ko ' q1 Dw wklv sulfh/ wkh

uhjxodwhg prqrsro| fdqqrw uhfryhu lwv �{hg frvw1 Wkh orvv lv frpshqvdwhg

e| d wudqvihu wr wkh �up | ' g : f1 E| frqwlqxlw|/ wkh jryhuqphqw zloo

vxevlgl}h wkh uhjxodwhg �up dv orqj dv b uhpdlqv vpdoo hqrxjk1 Lq frqwudvw/
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iru odujh b/ wkh jryhuqphqw lv pruh lqwhuhvwhg lq uhfhlylqj wudqvihuv iurp wkh

�up wkdq lq frqvxphuv vxusoxv1 Vlqfh '-� lv d ghfuhdvlqj ixqfwlrq ri b/

wkh jryhuqphqw vhwv surgxfwlrq vxfk wkdw d srvlwlyh sur�w lv pdgh dqg wkhq

frq�vfdwhg wkurxjk wd{hv1 Dv b ehfrphv yhu| odujh/ wkh jryhuqphqw vhhnv

wkh pd{lpdo uhyhqxh iurp wkh iurp vwdwh0rzqhg �up1 Lw fkrrvhv wkh surgxf0

wlrq ohyho ri d sulydwh prqrsro| +l1h1/ ,�6b<"'
-� ' '�� ' E@� q� *2K,1

Uhjxodwlrq lv wkhq xvhg wr froohfw sxeolf ixqgv1 %Wd{dwlrq e| uhjxodwlrq% rf0

fxuv erwk lq ulfk dqg srru frxqwulhv18 Krzhyhu %Rq wkh zkroh wklv qrq0wd{

uhyhqxh lv pruh lpsruwdqw iru ghyhorslqj wkdq rssrvhg wr lqgxvwuldo frxq0

wulhv/ frpsulvlqj derxw 54 shufhqw frpsduhg wr 43 shufhqw ri wrwdo uhyhqxh

+LPI 4<;<,1% +Exujhvv dqg Vwhuq +4<<6, sdjh :;5,1 Ghvslwh wkh sulydwl}d0

wlrqv zdyhv uhfhqw hylghqfhv ri vljql�fdqw xvh ri sxeolf �upv dv vrxufhv ri

uhyhqxhv lq ohvv ghyhorshg frxqwulhv kdv ehhq r�huhg e| wkh Zruog Edqn1

Ryhu wkh shulrg 4<<30<8/ wd{ froohfwhg iurp sxeolf �upv dprxqwhg wr ;( ri

JGS lq Erolyld/ 515( lq Eud}lo/ 8( lq Fkloh/ 4( lq Lqgld/ 6( lq Ph{lfr/ 6(

lq Shux +Zruog Edqn 4<<;,1

61515 Dv|pphwulf lqirupdwlrq

Xqghu dv|pphwulf lqirupdwlrq/ q lv qrw revhuyhg e| wkh jryhuqphqw1 Wkh

jryhuqphqw pxvw ghvljq wkh frqwudfwv vxfk wkdw wkh uhjxodwhg �up +khqfh0

iruwk -�U, uhyhdov lwv sulydwh lqirupdwlrq1 Lqfhqwlyh frpsdwlelolw| frq0

vwudlqwv duh dgghg wr wkh suhylrxv sureohp1 E| yluwxh ri wkh uhyhodwlrq

sulqflsoh/ wkh dqdo|vlv lv uhvwulfwhg wr gluhfw wuxwkixo uhyhodwlrq phfkdqlvp

8Iru lqvwdqfh/ wkh XV Whohfrppxqlfdwlrq Dfw ri 4<<9 gluhfwhg wkh IFF wr vxevlgl}h

lqwhuqhw vhuylfhv wr vfkrrov dqg oleudulhv1 Wkh glvfrxqw/ hvwlpdwhg wr frvw '5158 eloolrq shu

|hdu e| Kdxvpdq +4<<:,/ kdv ehhq ixqghg e| dq lqfuhdvh lq sulfh rq lqwhuvwdwh whohskrqh

vhuylfhv1 Wklv irup ri lqgluhfw wd{dwlrq wrrn sodfh lq wkh X1V1 ehfdxvh Frqjuhvv zdqwhg

wr lpsohphqw vrfldo surjudpv exw zdv xqzloolqj +ru xqdeoh, wr lqfuhdvh jhqhudo wd{hv1
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+eq ' q,1 Wr dyrlg wkh whfkqlfdolwlhv ri cexqfklqj* zh pdnh wkh fodvvlfdo

prqrwrqh kd}dug udwh dvvxpswlrq=

D5 CEq�*}Eq� lv qrq ghfuhdvlqj

Zh gh�qh wkh yluwxdo frvw dv

�Eqc b� ' q n
b

� n b

CEq�

}Eq�
� +47,

Wkh yluwxdo frvw lqfoxghv wkh pdujlqdo frvw ri surgxfwlrq/ q/ dqg wkh pdujlqdo

frvw ri lqirupdwlrq dftxlvlwlrq/ b
�nb

CEq�
}Eq�

1 Zh ghgxfh wkdw �Eqc b� � q/ dqg

e| D5/ wkdw �Eqc b� lqfuhdvhv lq q dqg b1 Ohw

T -�UEb� '
.E@� �Eqc b��2

2K
+48,

Wklv lpsolhv wkdw T -�UEb� ghfuhdvhv lq b1 Iroorzlqj wkh Edurq0P|huvrq*v

+4<;5, dssurdfk/ zh ghgxfh wkh iroorzlqj ohppd1

Ohppd 4 Xqghu dv|pphwulf lqirupdwlrq/ wkh rswlpdo surgxfwlrq dqg

wkh h{0dqwh zhoiduh ri d uhjxodwhg prqrsro| duh wkrvh ri wkh v|pphwulf lqiru0

pdwlrq fdvh hydoxdwhg dw wkh yluwxdo frvw �Eqc b�1 Wkdw lv/

'-�UEq� ' '-�E�Eqc b�� +49,

.`-�UEb� ' E� n b�

�
� n b

� n 2b
T -�UEb��g

�
+4:,

Wkh txdqwlw| surgxfhg e| d uhjxodwhg prqrsro| xqghu dv|pphwulf lq0

irupdwlrq lv wkh txdqwlw| ri d uhjxodwhg prqrsro| xqghu v|pphwulf lq0

irupdwlrq ydoxhg dw wkh yluwxdo frvw1 Vlqfh �Eqc b� � q/ zh ghgxfh wkdw

'-�UEq� � '-�Eq� iru dq| q1 Pruhryhu/ vlqfh �Eqc b� lqfuhdvhv lq q/ wkh

glvwruwlrq lv kljkhu dw odujhu pdujlqdo frvwv1 Lqghhg e| orzhulqj wkh sur0

gxfwlrq ri lqh!flhqw �upv/ wkh jryhuqphqw uhgxfhv wkh ryhudoo lqfhqwlyh wr

lq dwh frvw uhsruw1
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Frpsdulqj +43, dqg +48, lw lv hdv| wr yhuli| wkdw T -�UEb� � T iru doo

b � f1 Khqfh/ wkh h{0dqwh zhoiduh ri d uhjxodwhg prqrsro| lv orzhu xqghu

dv|pphwulf lqirupdwlrq wkdq xqghu v|pphwulf lqirupdwlrq=

.`-�UEb� �`-�Eb�� +4;,

Lq wkh qh{w vhfwlrq zh frpsduh wkh zhoiduh ohyhov jhqhudwhg e| d sulydwh

prqrsro| zlwk wkrvh ri d uhjxodwhg prqrsro|1

616 Uhjxodwlrq yhuvxv sulydwl}dwlrq

Dv d ehqfkpdun fdvh zh �uvw frqvlghu wkh v|pphwulf lqirupdwlrq fdvh1

Sursrvlwlrq 4 Xqghu v|pphwulf lqirupdwlrq/ uhjxodwhg prqrsro| grp0

lqdwhv sulydwho| ihdvleoh prqrsro|/ zkhwkhu wkh odwwhu lv iudqfklvhg ru qrw1

Surri= Vhh Dsshqgl{ 41

Sursrvlwlrq 4 lv yhu| lqwxlwlyh1 Xqghu v|pphwulf lqirupdwlrq d ehqhyr0

ohqw jryhuqphqw fdqqrw gr zruvh wkdq d sulydwh prqrsro| ehfdxvh/ iru dq|

uhdol}dwlrq ri q/ lw fdq dozd|v uhsolfdwh wkh rxwfrph ri wkh sulydwh �up1

Krzhyhu/ lw lv hdv| wr vkrz wkdw/ iru odujh vkdgrz frvwv ri sxeolf ixqgv/

d uhjxodwhg prqrsro| xqghu v|pphwulf lqirupdwlrq grhv qrw eulqj pxfk

pruh zhoiduh wkdq d sulydwh prqrsro| zkhq wkh odwwhu sd|v wkh pd{lpdo

iudqfklvh ihh/ 8 ' 8 W1 Wkh zhoiduh ixqfwlrq xqghu uhjxodwhg prqrsro|

wkhq lv htxdo wr .`-�Eb� ' EE� n b�* E� n 2b��T*2 nE� n b�ET*2 � g�/

zkhuhdv wkh zhoiduh ixqfwlrq xqghu sulydwh prqrsro| lv htxdo wr .`��Eb� '

T*enE�nb�ET*2�g�1 Rqh fdq fkhfn wkdw wkh wzr zhoiduh ixqfwlrqv kdyh d

frpprq dv|pswrwh zlwk vorsh T*2�g� Wkh zhoiduh ri d uhjxodwhg prqrsro|
frlqflghv zlwk wkh zhoiduh ri d sulydwh prqrsro| iru odujh b1 Iurp wklv du0

jxphqw/ zh fdq lqihu wkdw wkh dgglwlrqdo frvw lqwurgxfhg e| wkh dv|pphwu|

49



ri lqirupdwlrq lq wkh uhjxodwhg prqrsro| jlyhv d zhoiduh dgydqwdjh wr wkh

sulydwh prqrsro| iru odujh b1 Wkdw lv/ xqghu dv|pphwulf lqirupdwlrq/ wkh

zhoiduh ixqfwlrq ri wkh uhjxodwhg prqrsro| kdv dq dv|pswrwh zlwk +qhjd0

wlyh ru srvlwlyh, vorsh *�4b<n".`-�UEb�*b 	 T*2 �g1 Zh ghgxfh wkdw

sulydwho| ihdvleoh prqrsrolhv fdq grplqdwh uhjxodwhg prqrsrolhv1 Wkh qh{w

sursrvlwlrq irupdolvhv wklv uhvxow1

Sursrvlwlrq 5 Vxssrvh wkdw d prqrsro| lv sulydwho| ihdvleoh/ T *2�g �
f� Ohw wkh iudqfklvh ihh eh 8 5 dfc 8 Wo dqg ohw 8" � *�4b<".`-�UEb�*b1

Wkhq/

+l, Iru 8" 	 8 � 8 W/ wkhuh h{lvwv d wkuhvkrog/ 	b8 / vxfk wkdw sulydwl}dwlrq

grplqdwhv uhjxodwlrq li dqg rqo| li b : eb8 1
+ll, Iru f � 8 � 8" wkhuh pd| h{lvw wzr wkuhvkrogv + 	b8 c hb8 � vxfk wkdw

sulydwl}dwlrq grplqdwhv uhjxodwlrq li dqg rqo| li eb8 	 b 	 hb8 1
+lll, Odujhu 8 lqfuhdvhv wkh suhihuhqfh iru sulydwh ihdvleoh prqrsrolhv= eb8
ghfuhdvhv zlwk 8 dqg �b8 lqfuhdvhv zlwk 8 1

Surri= Vhh Dsshqgl{ 51

Iljxuh 4 looxvwudwhv Sursrvlwlrq 51 Lw lv gudzq iru T : 2g1 Wkh erog vrolg

fxuyh uhsuhvhqwv wkh h{0dqwh zhoiduh ri uhjxodwhg prqrsro| xqghu v|pphwulf

lqirupdwlrq +-�, dqg wkh erog gdvkhg fxuyh glvsod|v h{0dqwh zhoiduh xqghu

dv|pphwulf lqirupdwlrq +-�U,1 Wkh h{0dqwh zhoiduh ri uhjxodwhg prqrsro|

lv qrq0prqrwrqh lq b1 Lw lv kljkhu iru orz ru kljk ydoxhv ri b wkdq iru

lqwhuphgldwh ydoxhv1 Wkh wklq vrolg olqhv uhsuhvhqw wkh wzr erxqg ri h{0dqwh

zhoiduh ri d sulydwh prqrsro| +��,1 Zkhq 8 ' 8 W/ wkh vkdgrz frvwv

vxssruwlqj sulydwl}dwlrq ehorqj wr wkh lqwhuydo deb8 Wc n4� +l,1 Zkhq 8 ' f/

wkh vkdgrz frvwv vxssruwlqj sulydwl}dwlrq ehorqj wr wkh forvhg lqwhuydo debfchbfo
zkhuh eb8W 	 ebf 	 hbf +ll,1 Wkh xvh ri iudqfklvh ihh/ 8 5 dfc 8 Wo/ lqfuhdvhv wkh
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ehqh�wv iurp sulydwl}dwlrq +lll,1 Wkdw lv/ debfc hbfo � deb8 chb8 o � deb8Wc n4�

Iljxuh 4= Zhoiduh iru Sulydwh dqg Uhjxodwhg Prqrsro|1

D sulydwh hqwuhsuhqhxu hqwhuv wkh exvlqhvv li klv2khu �up lv h{0dqwh suri0

lwdeoh1 Diwhu wkh lqyhvwphqw/ wkh sulydwh �up pdnhv d odujh ru d orz rshu0

dwlqj sur�w ghshqglqj rq wkh uhdol}dwlrq ri whfkqlfdo2ghpdqg xqfhuwdlqwlhv1

D sulydwh hqwuhsuhqhxu/ zkr ehwv khu rzq dvvhwv +ru wkh vkduhkroghuv* rqhv,

lq wkh �up/ lv dffrxqwdeoh iru wkhvh sur�wv dqg orvvhv1 Lq frqwudvw/ xqghu

uhjxodwlrq/ dffrxqwdelolw| olhv rq wkh jryhuqphqw vlgh> wkh exvlqhvv ulvn lv

eruqh e| wkh jryhuqphqw wkdw pd| kdyh wr judqw vxevlglhv wr xqoxfn| uhjx0

odwhg �upv1 Xqghu v|pphwulf lqirupdwlrq/ wkh vriw0exgjhw frqvwudlqw sod|v

qr uroh ehfdxvh wkh jryhuqphqw lv deoh wr shuihfwo| prqlwru wkh frvw dqg wkh

sur�w ri wkh �up1 Wklv lv looxvwudwhg lq �jxuh 4 e| wkh idfw wkdw/ hyhq iru

8 ' 8 W/ .`-�Eb� lv dozd|v deryh .`��Eb�1 Krzhyhu/ xqghu dv|pphwulf

lqirupdwlrq/ wkh uhjxodwhg �up xvhv wkh vriw0exgjhw frqvwudlqw wr dftxluh d

srvlwlyh lqirupdwlrqdo uhqw1 Wkh jryhuqphqw suhihuv wkdw wkh sulydwh vhfwru

wdnhv ryhu zkhq wkh vrfldo frvw dvvrfldwhg zlwk wkh vriw0exgjhw frqvwudlqw

rxwzhljkv wkh vrfldo ehqh�w ri frqwuroolqj wkh �up*v rshudwlrq1 Wkh xvh ri d

iudqfklvh ihh dffhqwxdwhv wkh suhihuhqfh iru sulydwh ihdvleoh prqrsrolhv1

Sursrvlwlrq 5 kljkoljkwv wkh xqfrqyhqwlrqdo uroh ri wkh vkdgrz frvw ri

sxeolf ixqgv lq wkh jryhuqphqw*v fkrlfh ri lqgxvwuldo srolf|1 Xqghu rswlpdo

iudqfklvlqj/ sulydwl}dwlrq grplqdwhv uhjxodwlrq rqfh wkh frvw ri sxeolf ixqgv

uhdfkhv wkh wkuhvkrog 	b8 W1 Vlqfh lq zhdowk| qdwlrqv jryhuqphqwv duh deoh

wr vhoo wkhlu sxeolf dvvhwv h!flhqwo|/ wkh sulydwl}dwlrq zdyhv ri wkh hljkwlhv
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dqg qlqhwlhv duh frqvlvwhqw zlwk kljkhu suhvvxuhv rq wkh jryhuqphqw exgjhw

frqvwudlqw1 Lqghhg dq lqfuhdvh ri wkh vkdgrz frvw ri sxeolf ixqgv fruuhvsrqgv

lq �jxuh 4 wr d krul}rqwdo vkliw wr wkh uljkw1 Wkdw lv/ iru 8 forvh hqrxjk wr

8 W/ d pryh wrzdugv sulydwl}dwlrq1 Wkh sudfwlfdo uhohydqfh ri wklv frqfoxvlrq

ghshqgv rq wkh fulwlfdo ydoxh 	b8W1 Hvwlpdwlqj 	b8 W lv dq hpslulfdo lvvxh1

Qhyhuwkhohvv lq wkh qh{w vhfwlrq zh duh deoh wr frpsxwh dgplvvleoh plqlpdo

erxqgv/ ghqrwhg 	b/ xqghu zklfk/ lq wkh frqwh{w ri rxu wkhruhwlfdo prgho/

sulydwl}dwlrq lv qhyhu rswlpdo1 Lw lv frqiruwlqj wr fkhfn wkdw wkhvh fulwlfdo

ydoxhv duh lq wkh udqjh ri wkh vkdgrz frvw ri sxeolf ixqg ri wkh ulfk frxqwulhv

dw wkh wlph ri wkh uhirupv1

Lq ghyhorslqj hfrqrplhv wkh vkdgrz frvw ri sxeolf ixqg lv kljkhu wkdq lq

ulfk frxqwulhv1 Vlpxowdqhrxvo| wkh iudqfklvh ihhv wkdw sulydwh hqwuhsuhqhxuv

duh uhdg| wr sd| iru d prqrsro| frqfhvvlrq duh/ hyhu| wklqj hovh ehlqj htxdo/

orzhu ehfdxvh ri wkh dgglwlrqdo ulvn ri grlqj exvlqhvv lq d srru frxqwu|1 Zlwk

lpshuihfw iudqfklvlqj/ sulydwl}dwlrq grplqdwhv uhjxodwlrq zkhq wkh frvw ri

sxeolf ixqgv ehorqjv wr wkh lqwhuydo d	b8 c �b8 o> iru orzhu dqg odujhu ydoxh ri

b uhjxodwlrq grplqdwhv sulydwl}dwlrq +vhh sursrvlwlrq 5 dqg �jxuh 4,1 Zh

frqfoxgh wkdw iru vlplodu pdunhwv/ wkh rswlpdo lqgxvwuldo srolf| pljkw gl�hu

zlgho| ghshqglqj rq zkhwkhu d frxqwu| lv zhdowk| ru qrw1 Ulfk frxqwulhv

duh deoh wr vhoo sxeolf dvvhwv h!flhqwo|/ wr uhjxodwh wkh qhzo| sulydwl}hg �upv

zkhq lw lv qhfhvvdu|/ dqg wr frpshqvdwh wkh srwhqwldo ghfuhdvh lq jryhuq0

phqw uhyhqxh e| dq lqfuhdvh lq wd{hv1 Ghyhorslqj frxqwulhv duh qrw deoh wr

gr wkh vdph1 Sulydwl}dwlrq ri sur�wdeoh sxeolf �upv lv qrw qhfhvvdulo| rswl0

pdo iru wkhp1 Wkh whohfrppxqlfdwlrq lqgxvwu| surylghv d jrrg looxvwudwlrq

ri wklv sureohp= �D SWW^Srvw dqg Whohfrppxqlfdwlrq Frpsdq|`*v |hduo|

uhyhqxhv +hvshfldoo| fkdujhv iurp lqwhuqdwlrqdo fdoo, zhuh xvhg e| jryhuq0

phqwv wr vxevlgl}h pdlo vhuylfh/ ru wr hdvh |hduo| exgjhw gh�flwv1 Jlyhq wklv
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sxeolf frqyhqlhqfh dqg qhfhvvlw|/ wkh lqwhuhvwv ri wklug zruog jryhuqphqwv duh

riwhq gldphwulfdoo| rssrvhg wr whohfrp srolflhv ri sulydwl}dwlrq dqg qhwzrun

ghuhjxodwlrq idyruhg e| zhdowk| qdwlrqv1� +Dqdqld 4<<5,1 Sulydwl}dwlrqv lq

pdq| ghyhorslqj frxqwulhv/ hvshfldoo| lq Diulfd/ wkhq uhpdlq frqwuryhuvldo1

Wkh| kdyh ehhq txdol�hg ri %hfrqrplf uhfrorql}dwlrq%1 Wr dyrlg ehlqj df0

fxvhg ri vhoolqj %qdwlrqdo dvvhwv%/ jryhuqphqwv uhvlvw wkh sulydwl}dwlrq ri wkh

sur�wdeoh vwdwh rzqhg hqwhusulvhv19 Iru lqvwdqfh Qdpleld lv rqh ri wkh ihz

frxqwu| zlwk qr sodqv wr sulydwl}h/ pdlqo| ehfdxvh lwv sxeolfv hqwhusulvhv duh

rshudwlqj dw d sur�w +Kduvfk 5335,1 Jryhuqphqwv dovr uhvlvw sulydwl}dwlrq ri

wkhlu sxeolf xwlolwlhv1 %Dw wkh hqg ri 4<<8/ qrw rqo| zhuh wkh odujhu hqwhusulvhv

lq Diulfd/ suhgrplqdqwo| xwlolwlhv/ qrw lqfoxghg lq sulydwl}dwlrq surjudpv/ lq

pdq| fdvhv wkh| zhuh vshfl�fdoo| h{foxghg1 Lq wkh srzhu vhfwru/ rqo| wzr xwlo0

lwlhv 0lq F÷wh g*Lyrluh dqg Jxqlhd0 kdg ehhq sulydwl}hg/ dowkrxjk wkhuh zhuh

wzr fdvhv +Jdpeld dqg Vdr Wrpì ) Sulqflsh, zkhuh pdqdjhphqw frqwudfwv

kdg ehhq hqwhuhg lqwr1 Wkhuh lv d orqj zd| wr jr iurp wkrvh irxu xwlolwlhv wr

sulydwl}lqj wkh uhpdlqlqj 86 srzhu xwlolwlhv dfurvv Diulfd1% +Vduele 4<<:,1

Sursrvlwlrq 5 frqwudvwv zlwk wkh uhvxowv rewdlqhg lq wkh pdlq vwudqg ri

wkh olwhudwxuh rq vriw0exgjhw frqvwudlqw +vhh iru lqvwdqfh Vfkplgw +4<<9e,/

Pdvnlq +4<<<, dqg Vhjdo +4<<;,,1 Lq wklv olwhudwxuh/ sulydwl}dwlrq lv vrfldoo|

h!flhqw ehfdxvh lw dyrlgv wkh wlph0lqfrqvlvwhqf| sureohp udlvhg e| uhjxod0

wlrq1 Wkdw lv/ xqghu uhjxodwlrq wkh �up dqwlflsdwhv wkdw vxevlglhv wr xqsuri0

lwdeoh �upv zloo eh judqwhg vlqfh vxfk vxevlglhv duh h{0srvw h!flhqw1 Khqfh/ d

�up zlwk orz sur�wdelolw| survshfwv zloo h{0dqwh gh dwh lwv lqyhvwphqw ohyho/

zklfk lv lqh!flhqw1 Khuh/ wkh lqyhvwphqw g lv �{hg dqg frpprq nqrzohgjh1

Wkh fkrlfh ehwzhhq wkh uhjxodwhg dqg wkh sulydwh uhjlph lv pdgh ehiruh wkh

9Rqh wklug ri wkh sulydwl}dwlrqv wr hqg 4<<9 lq Diulfd zhuh oltxlgdwlrqv ru dvvhw vdohv

ri xqsur�wdeoh �upv +Vduele 4<<:,1
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lqyhvwphqw lv uhdol}hg1 Wkhuhiruh/ wkh jryhuqphqw lv qrw doorzhg wr wdnh dg0

ydqwdjh ri dq| lqyhvwphqw vxqn e| wkh sulydwh vhfwru1 Vwloo/ sulydwl}dwlrq lv

vrfldoo| ghvludeoh gxh wr pdfur0hfrqrplf frqvlghudwlrqv1

7 Sulydwh dqg uhjxodwhg gxrsro|

Zh qh{w h{soruh lqgxvwu| vwuxfwxuh zkhq wkh �{hg frvw g ehfrphv vpdoohu

ru htxlydohqwo|/ zkhq wkh ydoxh ri rshudwlqj wkh �up diwhu lqyhvwphqw/ T /

ehfrphv odujhu1 Wklv lv lpsruwdqw ehfdxvh lq wkh odvw wzr ghfdghv vrph

lqgxvwulhv +h1j1/ whohfrppxqlfdwlrq, kdyh h{shulhqfhg gudpdwlf whfkqrorjlfdo

dqg2ru ghpdqg fkdqjhv uhvxowlqj erwk lq d ghfuhdvh lq �{hg frvwv dqg dq

lqfuhdvh lq ghpdqg1 Pruhryhu/ iru d jlyhq lqgxvwu| wkh ghpdqg lv jhqhudoo|

zhdnhu lq ghyhorslqj frxqwulhv wkdq lq lqgxvwuldol}hg frxqwulhv/ uhvxowlqj lq

orzhu T +l1h1/ iru wkh vdph srsxodwlrq vl}h/ erwk wkh qxpehu ri frqvxphuv

dqg wkhlu surshqvlw| wr sd| duh orzhu,1 Wklv gl�huhqfh pljkw lpso| djdlq

d gl�huhqw lqgxvwuldo srolf| ghshqglqj rq zkhwkhu wkh frxqwu| lv zhdowk| ru

qrw1 Iurp �jxuh 4/ lw lv hdv| wr vhh wkdw d sulydwh prqrsro| lv ohvv olnho| wr eh

suhihuuhg wr d uhjxodwhg prqrsro| dv g*T glplqlvkhv1 Krzhyhu wklv uhvxow

lv qrw frpsohwh1 Iru orzhu g*T / pruh wkdq rqh sulydwh �up pd| hqwhu wkh

pdunhw dqg wkh jryhuqphqw fdq lpsuryh zhoiduh e| vhwwlqj xs pruh wkdq rqh

uhjxodwhg �up1 Lq wkh qh{w vhfwlrq zh vwxg| wkh fdvh ri d sulydwh gxrsro|1

714 Sulydwh gxrsro|

Wr vlpsoli| wkh h{srvlwlrq zh uxoh rxw lq wklv vhfwlrq iudqfklvlqj= 8 ' f1

Wklv lv grqh zlwkrxw orvv ri jhqhudolw|1: Sulydwh gxrsro| +�( khuh diwhu,

:Frqvlghulqj I A 3 zrxog rqo| uhlqirufh wkh uhvxowv ri wkh sdshu ehfdxvh iudqfklvh ihhv

duh kljkhu zlwk d prqrsro| wkdq zlwk d gxrsro|1 Doorzlqj iru wkhp zrxog idyruv ixuwkhu
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lv prghohg dv Frxuqrw gxrsro| zlwk dv|pphwulf lqirupdwlrq ehwzhhq �upv1

Hdfk �up jhwv sulydwh lqirupdwlrq rq lwv rzq pdujlqdo frvw exw lw lv qrw

lqiruphg derxw wkh frpshwlwru*v pdujlqdo frvw1 Dv lq dq| Frxuqrw jdph/

hdfk �up pd{lpl}hv lwv sur�w wdnlqj wkh rwkhu �up*v rxwsxw dv jlyhq1 Wkh

wlplqj ri wkh jdph lv dv iroorzv= Iluvw erwk �upv � 5 i�c 2j vlpxowdqhrxvo|
pdnh wkh lqyhvwphqwv g1 Vhfrqg/ hdfk �up � ohduqv wkh uhdol}dwlrq ri lwv rzq

pdujlqdo frvw q� dqg fkrrvhv lwv surgxfwlrq ohyho ^�1

Wkh htxloleulxp frqfhsw lv Ed|hvldq Qdvk htxloleulxp=

^W� 5 @o}4@ 
^�

.q�

�
E@� KE^� n ^W� ��^� � q�^�

� ;� ' �c 2c � 9' �� +4<,

Gxh wr wkh olqhdu vkdshv ri wkh ghpdqg dqg frvw ixqfwlrqv/ �up �*v ehvw uh0

vsrqvh vwudwhj| lv htxdo wr ^W� Eq�� ' E2@n.q � �q�� *SK�
; Wkh h{lvwhqfh ri

d gxrsro| zlwk erwk �upv surgxflqj dw wkh htxloleulxp uhtxluhv wkdw @ ��
�7q �.q

�
*2czklfk lv wuxh xqghu dvvxpswlrq D41 Vxevwlwxwlqj E^W�Eq��c ^

W
2Eq2��

lq +7, dqg +8,/ zh frpsxwh wkh h{0dqwh �up sur�w dqg wkh lqgxvwu| zhoiduh

ri wkh Frxuqrw gxrsro|

.��( '
2

b
T n

D

�H

j2

2K
�gc +53,

.`�( '
H

b
T n

��

�H

j2

2K
� 2g� +54,

D gxrsro| lv sulydwho| ihdvleoh li wkh wzr �upv duh h{0dqwh sur�wdeoh1

Lw phdqv wkdw h{suhvvlrq +53, vkrxog eh srvlwlyh1 D sulydwh gxrsro| lv vr0

fldoo| ghvludeoh li lw eulqjv pruh zhoiduh wkdq d sulydwh prqrsro|1 Wkdw lv/

li .`�( � .`�� 1 Ohw g�(*�� eh wkh ohyho ri �{hg frvw vxfk wkdw wkh

jryhuqphqw lv lqgl�huhqw ehwzhhq d sulydwh gxrsro| dqg d sulydwh prqrsro|/

wkh sulydwh prqrsro| vwuxfwxuh1
;Iru pruh rq Frxuqrw frpshwlwlrq xqghu dv|pphwulf lqirupdwlrq vhh Vdndl +4<;8,/

Vkdslur +4<;9, dqg Udlwk +4<<9,1
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l1h1 .`�( ' .`�� 1 Iurp +<, dqg +54,/ zh frpsxwh

g�(*�� '
D

�S
T n

��

�H

j2

2K
� +55,

Zdoudv +4<69, dqg Vshqfh +4<:9, kdyh vkrzq lq d frqwh{w ri v|pphwulf

lqirupdwlrq wkdw lqgxvwulhv zlwk lqfuhdvlqj uhwxuqv wr vfdoh zhuh fkdudfwhu0

l}hg e| h{fhvv hqwu|1 Sursrvlwlrq 6 vkrzv wkdw wkh suhvhqfh ri dv|pphwulf

lqirupdwlrq grhv qrw dowhu wklv uhvxow ri zdvwhixo frpshwlwlrq1

Sursrvlwlrq 6 Xqghu dv|pphwulf lqirupdwlrq wkhuh lv h{fhvvlyh hqwu|1

Sulydwho| ihdvleoh gxrsrolhv duh vrfldoo| xqghvludeoh zkhqhyhu D
�S
T n ��

�H
j2

2K
�

g � 2
b
T n D

�H
j2

2K
1

Xqghu wkh frqglwlrq lq Sursrvlwlrq 6/ zklfk lv qrw hpsw| vlqfh D
�S
T n

��
�H

j2

2K
	 2

b
T n D

�H
j2

2K
lv htxlydohqw wr @ : .q n

s
�j zklfk lv wuxh xqghu D4/

h{0dqwh zhoiduh lv kljkhu li d sulydwh prqrsro| lv ohjdoo| vhw dqg li hqwu| lv

suhyhqwhg1 Lqghhg/ �upv gr qrw lqwhuqdol}h wkh vrfldo frvw ri wkh lqyhvwphqw

gxsolfdwlrq lq wkhlu hqwu| ghflvlrq1 Dv d uhvxow wkh| hqwhu wrr riwhq lq wkh

lqgxvwu|1

715 Uhjxodwhg gxrsro|

Pdq| frqwulexwlrqv lq surfxuhphqw dqg uhjxodwlrq wkhru| hpskdvl}h wkdw gh0

vslwh vxe0dgglwlyh frvw ixqfwlrqv/ lw fdq eh rswlpdo wr kdyh vhyhudo surgxfhuv

lq d uhjxodwru| vhwwlqj1 D uhjxodwhg gxrsro| fdq eh ehwwhu wkdq d uhjxodwhg

prqrsro| ehfdxvh lw lqfuhdvhv wkh ydulhw| ri surgxfwv/ orzhuv wudqvsruwdwlrq

frvwv/ ru ehfdxvh lw uhgxfhv sulfhv wkurxjk +|dugvwlfn, frpshwlwlrq1 Lq wkh

suhvhqw prgho/ wkh �upv* pdujlqdo frvw duh lqghshqghqw dqg lghqwlfdoo| glv0

wulexwhg1 Wkh ehqh�w ri fkrrvlqj d uhjxodwhg gxrsro| ruljlqdwhv iurp wkh

vdpsolqj jdlq dv �uvw dqdo|}hg e| Dxulro0Od�rqw +4<<6,1
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71514 Wkh vdpsolqj h�hfw xqghu v|pphwulf lqirupdwlrq

Wkh wlplqj lv wkh vdph dv iru d uhjxodwhg prqrsro| zlwk wkh iroorzlqj gli0

ihuhqfhv= wkh lqyhvwphqw g lv pdgh lq wkh wzr uhjxodwhg �upv +khqfhiruwk

-(, dqg wkh pdujlqdo frvw sdudphwhuv q� zlwk � 5 i�c 2j duh lqghshqghqwo|
gudzq1

Xqghu v|pphwulf lqirupdwlrq wkh wudqvihuv |� wr wkh uhjxodwhg �upv � 5
i�c 2j zklfk duh vrfldoo| frvwo|/ duh uhgxfhg xqwlo �upv euhdn hyhq= |� '

�E@ � K'�^� n q�^� n g1 Vxevwlwxwlqj wklv h{suhvvlrq lqwr ` |lhogv wkh

remhfwlyh ixqfwlrq

4@ 
^�

`-( ' 7E'� n b� E'�'� E� n b�Eq�^� n q2^2 n 2g�� +56,

Wklv zhoiduh ixqfwlrq lv olqhdu lq ^� dqg ^21 Zh ghgxfh wkdw ^� ' '-( : f

li q� ' 6�?iq�c q2j dqg ^� ' f rwkhuzlvh1 Wkh rswlpdo surgxfwlrq ohyho

frlqflghv zlwk wkh ohyho ri wkh uhjxodwhg prqrsro| gh�qhg lq htxdwlrq +45,=

'-(Eq�c q2� ' '-�E6�?iq�c q2j�1 Prqlwrulqj d uhjxodwhg gxrsro| lv htxly0

dohqw wr prqlwrulqj d uhjxodwhg prqrsro| iru zklfk wkh lqyhvwphqw ohyho lv

2g dqg wkh pdujlqdo frvw lv glvwulexwhg dv q6�? ' 6�?iq�c q2j/ wkdw lv/ zlwk
wkh odz=

}6�?Eq� ' 2E��CEq��}Eq�� +57,

Wkh h{0dqwh zhoiduh ri wkh uhjxodwhg gxrsro| xqghu v|pphwulf lqirupd0

wlrq lv

.`-(Eb� ' E� n b�

�
� n b

� n 2b
T 6�? � 2g

�
+58,

zkhuh

T 6�? '

] 7q

q

E@� q�2

2K
}6�?Eq�_q� +59,
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Wkh idfwv wkdw }6�?E�� vwrfkdvwlfdoo| grplqdwhv }E�� dqg wkdw E@ � q�2*2K

ghfuhdvhv lq q lpso| wkdw T 6�? : T 1 Wkhq frpsdulqj +46, dqg +58,/ wkh

h{0dqwh zhoiduh lv odujhu xqghu d uhjxodwhg gxrsro| wkdq xqghu d uhjxodwhg

prqrsro| li wkh vdpsolqj jdlq/ phdvxuhg e| ET 6�? � T � E� n b� * E� n 2b�/

lv odujhu wkdq g/ wkh gxsolfdwhg lqyhvwphqw1<

71515 Dv|pphwulf lqirupdwlrq

Xqghu dv|pphwulf lqirupdwlrq/ wkh uhjxodwhg gxrsro| +khqfhiruwk -(U,

pxvw eh hqwlfhg wr uhyhdo wkhlu sulydwh lqirupdwlrq wr wkh jryhuqphqw1 E|

wkh uhyhodwlrq sulqflsoh/ wkh dqdo|vlv lv uhvwulfwhg wr gluhfw uhyhodwlrq phfk0

dqlvpv1 Wkh htxloleulxp lv gh�qhg dv wuxwkixo Ed|hvldq Qdvk htxloleulxp1

Hdfk �up � 5 i�c 2j vhwv lwv uhyhodwlrq vwudwhj| eq� vxfk wkdw lw pd{lpl}hv wkh
h{shfwhg sur�w jlyhq wkh frvw glvwulexwlrq ri wkh frpshwlwru � 9' �1 Ohw

T -(UEb� '

] 7q

q

E@� �Eqc b��2

2K
}6�?Eq�_q� +5:,

Wkh iroorzlqj ohppd suhvhqwv wkh vwuxfwxuh ri surgxfwlrq dqg wkh zhoiduh

ohyho ri wkh gxrsro| xqghu dv|pphwulf lqirupdwlrq1

Ohppd 5 Xqghu dv|pphwulf lqirupdwlrq/ rqo| wkh �up zlwk wkh orzhvw

pdujlqdo frvw surgxfhv1 Rxwsxw dqg zhoiduh ohyhov duh wkh ohyhov rewdlqhg

<Rqo| rqh �up surgxfhv dw wkh htxloleulxp1 Wklv lv dq duwlidfw ri wkh dvvxpswlrq

ri frqvwdqw pdujlqdo frvwv zklfk lv xvhg wr lvrodwh wkh vdpsolqj h�hfw1 Prghov zlwk

qrq0frqvwdqw pdujlqdo frvwv |lhog dq rswlpdo vsolw ri surgxfwlrq ehwzhhq wkh wzr �upv/

zlwk wkh odujhu vkduh jrlqj wr wkh prvw h!flhqw1 Wkhvh prghov/ zklfk duh ohvv wudfwdeoh/

|lhog txdolwdwlyho| vlplodu uhvxowv +vhh Dxulro0Od�rqw 4<<6,1 Ilqdoo| zh dvvxph wkdw wkh

jryhuqphqw vkxwv grzq wkh ohdvw h!flhqw uhjxodwhg �up iru wkh vdnh ri uhdgdelolw|1 Lw

frxog lqvwhdg wudqvihu wkh ehvw whfkqrorj| wr doo uhjxodwhg �upv dqg vkduh wkh rswlpdo

surgxfwlrq TUG dprqj wkhp1 Wkh dqdo|vlv zrxog eh xqdowhuhg1
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xqghu v|pphwulf lqirupdwlrq hydoxdwhg dw wkh yluwxdo frvw=

'-(UEq�c q2� ' '-�
�
�Eq6�?c b�

�
c +5;,

.`-(UEb� ' E� n b�
� � n b

� n 2b
T -(UEb�� 2g

�
� +5<,

Surri= Wkh surri lv vlplodu dv lq Dxulro0Od�rqw +4<<6, Sursrvlwlrq 51

Prqlwrulqj d uhjxodwhg gxrsro| lv htxlydohqw wr prqlwrulqj d uhjxodwhg

prqrsro| iru zklfk wkh lqyhvwphqw ohyho lv 2g/ wkh pdujlqdo frvw lv �Eq6�?c b�

dqg q6�? lv glvwulexwhg dffruglqj wr }6�?E��1 Xqghu dv|pphwulf lqirupdwlrq/
wkh vdpsolqj jdlq lv phdvxuhg e|

�
T -(UEb�� T -�UEb�

�
E� n b� * E� n 2b�/

zklfk kdv srvlwlyh ydoxhv1 Wkh glvwulexwlrq ixqfwlrq }6�?Eq� vwrfkdvwlfdoo|

grplqdwhv }Eq� dqg E@ � �Eqc b��2*2K ghfuhdvhv lq q1 Wklv lpsolhv wkdw

T -(UEb� � T -�UEb�1 Krzhyhu wkh odujhu b lv/ wkh orzhu lv wkh lpsdfw ri

wkh vdpsolqj jdlq dqg wkh vpdoohu lv wkh jryhuqphqw*v suhihuhqfh iru uhjx0

odwhg gxrsro|1

8 Rswlpdo lqgxvwuldo srolf|

Xqghu frpsohwh lqirupdwlrq/ wkh jryhuqphqw fdq dozd|v uhsolfdwh wkh sur0

gxfwlrq ghflvlrqv ri sulydwh �upv vr wkdw sulydwl}dwlrq lv qhyhu rswlpdo1 Wkh

rswlpdo lqgxvwuldo srolf| ydulhv iurp qr surgxfwlrq/ uhjxodwhg prqrsro|

wr uhjxodwhg gxrsro| dffruglqj wr zkhwkhu wkh lqyhvwphqw frvw g lv odujh/

phglxp ru vpdoo1 Xqghu dv|pphwulf lqirupdwlrq wkh vriw0exgjhw frqvwudlqw

dowhuv wklv uhvxow1 Lq sduwlfxodu zh kdyh vhhq lq Vhfwlrq 6 wkdw sulydwh

prqrsro| fdq eh suhihuuhg1 E| h{whqvlrq/ sulydwh gxrsro| frxog dovr eh suh0

ihuuhg wr prqrsro| ru uhjxodwhg gxrsro|1 Krzhyhu/ h{fhvv hqwu| dqg zhdn

frpshwlwlrq lqwhqvlw| lq sulydwh gxrsro| zloo jhqhudoo| suhfoxgh wklv vwuxf0

wxuh iurp ehlqj vrfldoo| ghvludeoh1 Zh suhvhqw d vx!flhqw frqglwlrq wr uxoh
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rxw sulydwh gxrsrolhv lq wkh rswlpdo lqgxvwu| vwuxfwxuh1

Ohwg
-(U*�(

Eb� eh wkh ydoxh ri wkh �{hg frvw vxfk wkdw uhjxodwhg gxrsrolhv

duh htxlydohqw wr sulydwh gxrsrolhv= .`-(UEb� ' .`�(1 Wkh jryhuqphqw

suhihuv d uhjxodwhg gxrsro| wr d sulydwh gxrsro| li g � g
-(U*�(

Eb�1 Rq

wkh rwkhu kdqg/ li g � g
�(*��

gh�qhg lq htxdwlrq +55,/ wkh jryhuqphqw

suhihuv d sulydwh prqrsro| wr d sulydwh gxrsro|1 Wkh iroorzlqj frqglwlrq F4

jxdudqwhhv wkdw d sulydwh gxrsro| lv qhyhu suhihuuhg e| wkh jryhuqphqw=

F4 g
-(U*�(

Eb� � g
�(*��

Xqghu frqglwlrq F4 uhjxodwhg gxrsrolhv duh dozd|v suhihuuhg wr sulydwh

gxrsrolhv zkhq wkh odwwhu duh suhihuuhg wr sulydwh prqrsrolhv1 Wkh iroorzlqj

ohppd vxppdul}hv wklv dujxphqw dqg surylghv vx!flhqw frqglwlrqv iru F4

wr krog1

Ohppd 6 Xqghu wkh frqglwlrq F4/ wkh rswlpdo lqgxvwuldo srolf| qhyhu

lqyroyhv sulydwh gxrsrolhv1 Pruhryhu/ wkh frqglwlrq F4 krogv +l, li wkh gh0

pdqg sdudphwhu @ lv qrw wrr vpdoo/ dqg pruh sduwlfxoduo| +ll, li sdudphwhu

@ vdwlv�hv wkh dvvxpswlrq D4 dqg li frvw sdudphwhu q� E� ' �c 2� lv xqlirupo|

glvwulexwhg ryhu ^3/q` �

Surri= Vhh Dsshqgl{ 61

Wkh frqglwlrq F4 lpsolhv wkdw rqo| sulydwh prqrsro|/ uhjxodwhg prqrsro|

dqg uhjxodwhg gxrsro| fdq ehfrph rswlpdo vwuxfwxuhv1 Ohw g
-�U

Eb� eh wkh

ydoxh ri wkh �{hg frvw vxfk wkdw wkh jryhuqphqw lv lqgl�huhqw ehwzhhq d

uhjxodwhg prqrsro| dqg qr surgxfwlrq/ l1h1 .`-�UEb� ' f1

g
-�U

Eb� '
� n b

� n 2b
T -�UEb�� +63,

5:



Dovr/ ohw g
-�U*��

Eb� eh wkh ydoxh ri wkh �{hg frvw vxfk wkdw wkh jryhuqphqw

lv lqgl�huhqw ehwzhhq d uhjxodwhg prqrsro| dqg d sulydwh prqrsro|/ l1h1

.`-�UEb� ' .`��Eb�1

g
-�U*��

Eb� '
E� n b�2

bE� n 2b�
T -�UEb�� �T

eb
� +64,

Rqh fdq fkhfn wkdw g
-�U

Eb� : g
-�U*��

Eb�1 Ohw �qdoo| g
-�U*-(U

Eb� eh

wkh ydoxh ri wkh �{hg frvw vxfk wkdw wkh jryhuqphqw lv lqgl�huhqw ehwzhhq d

uhjxodwhg prqrsro| dqg d uhjxodwhg gxrsro|/ l1h1 .`-�UEb� ' .`-(UEb�1

g
-�U*-(U

Eb� '
� n b

� n 2b

�
T -(UEb�� T -�UEb�

�
+65,

Xvlqj wkh idfw wkdw }6�?Eq� � 2}Eq�/ lw lv vwudljkwiruzdug wr fkhfn wkdw

T -(UEb� 	 2T -�UEb�/ dqg wkxv wkdw g
-�U

Eb� : g
-�U*-(U

Eb�1

Sxwwlqj doo wkh slhfhv wrjhwkhu/ zh ghgxfh wkh qh{w sursrvlwlrq1

Sursrvlwlrq 7 Xqghu frqglwlrq F4/ wkh rswlpdo lqgxvwuldo srolf| xqghu

dv|pphwulf lqirupdwlrq lv wr vhw=

� qr surgxfwlrq li g � 4@ 
q
T
2
cg

-�U
Eb�
r
(

� d sulydwh prqrsro| li g
-�U*��

Eb� 	 g � T
2
(

� d uhjxodwhg prqrsro| li g
-�U*-(U

Eb� 	 g � 4�?
q
g

-�U*��
Eb�c T

2

r
ru

li T
2
� g 	 g

-�U
Eb�(

� d uhjxodwhg gxrsro| li g � g
-�U*-(U

Eb��

Iljxuh 5= Rswlpdo Lqgxvwuldo Srolf| xqghu Dv|pphwulf Lqirupdwlrq1

5;
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Figure 2: Optimal Industrial Policy
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Iljxuh 5 looxvwudwhv Sursrvlwlrq 7 lq Ebcg� vsdfh1 Iluvw/ wkhuh lv wkh fdvh

ri qr surgxfwlrq +ghslfwhg e| wkh duhd >, zkhq d uhjxodwhg prqrsro| lv qrw

ghvludeoh ehfdxvh ri lqirupdwlrqdo frvwv zkloh d sulydwh prqrsro| lv qrw ihd0

vleoh ehfdxvh ri wkh sur�wdelolw| frqvwudlqw1 Vhfrqg/ wkhuh duh fdvhv zkhuh

sulydwh prqrsro| lv suhihuuhg vlpso| ehfdxvh lw lv ihdvleoh zkhuhdv uhjxodwhg

prqrsro| lv qrw +wklv fruuhvsrqg wr wkh duhd deryh wkh fxuyh g
-�U

,1 E|

frqwlqxlw| sulydwh prqrsro| grplqdwhv uhjxodwhg prqrsro| iru orzhu ydo0

xhv ri wkh �{hg frvw1 Wklv vlwxdwlrq lv ghqrwhg �� dqg lv uhsuhvhqwhg e|

wkh kdwfkhg duhd deryh wkh fxuyh g
-�U*��

1 Wklug/ iru orzhu ydoxhv ri wkh

�{hg frvw/ uhjxodwhg prqrsro| lv suhihuuhg wr sulydwh prqrsro|1 Uhjxodwhg

prqrsro| lv dovr suhihuuhg wr qr surgxfwlrq iru g : T*21 Uhjxodwhg pr0

qrsrolhv wkdw duh ghvludeoh xqghu dv|pphwulf lqirupdwlrq duh ghslfwhg e|

wkh zklwh duhd ghqrwhg -�U1 Ilqdoo|/ iru wkh orzhvw ydoxhv ri g/ uhjxodwhg

gxrsrolhv duh suhihuuhg wr uhjxodwhg prqrsrolhv1 Wklv fdvh lv ghslfwhg e| wkh

kdwfkhg duhd ehorz wkh fxuyh g
-�U*-(U

ghqrwhg -(U1

Sursrvlwlrq 7 lpsolhv wkdw li wkh vkdgrz frvw ri sxeolf ixqg lv orz +l1h1/

orzhu wkdq 	b lq �jxuh 5,/ sulydwl}dwlrq ri qrq frpshwlwlyh lqgxvwu| lv qhyhu

rswlpdo1 Ghshqglqj rq wkh udwlr T*g/ wkh rswlpdo lqgxvwuldo srolf| lv hl0

wkhu d uhjxodwhg prqrsro| ru d uhjxodwhg gxrsro|1 Sulydwl}dwlrq ri qdwxudo

prqrsrolhv ehfrphv rswlpdo zkhq wkh vkdgrz frvw ri sxeolf ixqg lqfuhdvhv

dqg uhdfkhv wkh fulwlfdo ohyho 	b1 Li lq sudfwlfh 	b lv yhu| kljk/ sulydwl}dwlrq

lv qhyhu rswlpdo1 Lw lv lpsruwdqw wr hydoxdwh wkh plqlpdo ydoxh 	b iru zklfk

odlvvh}0idluh ehfrphv dwwudfwlyh1 Lq jhqhudo wklv zloo uhtxluh hpslulfdo vwxg0

lhv1 \hw xqghu rxu wkhruhwlfdo iudphzrun lw kdsshqv wr eh ihdvleoh zlwkrxw

dq|143

43Krzhyhu wkh ydolglw| ri wkh vlpxodwlrqv uholhv rq wkh dvvxpswlrqv +4, dqg +6, ri wkh

sdshu1 Whvwlqj wkhvh dvvxpswlrqv lv dq hpslulfdo lvvxh1

5<



Wr frpsxwh wkh fulwlfdo ydoxhv ri 	b zh dvvxph wkdw q lv xqlirupo| glv0

wulexwhg ryhu dqc qo1 Krzhyhu wkh frqfoxvlrqv ri wkh vlpxodwlrq duh urexvw wr

rwkhu vwdwlvwlfdo vshfl�fdwlrqv ri wkh prgho +h1j1 qrupdo glvwulexwlrqv,1 Xq0

ghu wkh xqlirup vshfl�fdwlrq wkh ghpdqg lqwhufhsw @ vdwlv�hv D4 li @ � 2q1

E| gh�qlwlrq wkh orzhvw ydoxh ri wkh vkdgrz frvw/ eb/ iru zklfk odlvvh}0idluh

ehfrphv dwwudfwlyh lv vxfk wkdw g-�U*�� Eb� ' T
2
+vhh �jxuh 5,1 Rqh fdq

hdvlo| fkhfn wkdw eb ghshqgv rq q*@ dqg 7q*@ rqo|1 Wdeoh 4 glvsod|v eb iru wkh

ydulrxv dgplvvleoh ydoxhv ri q*@ dqg 7q*@ +D4 lpsrvhv f � q*@ 	 q*@ � f�D,1

eb q*@ ' 313 314 315 316 317

7q*@ ' f�� 4143 0 0 0 0

f�2 31:4 4143 0 0 0

f�� 3185 3199 31<< 0 0

f�e 3175 317; 319 31<3 0

f�D 3168 316; 3177 3187 31;4

Wdeoh 4= Plqlpdo vkdgrz frvwv eb iru zklfk sulydwl}dwlrq ehfrphv suhihuuhg1

Wkh uhvxowv ri Wdeoh 4 looxplqdwh wkh uhodwlrqvkls ehwzhhq sulydwl}dwlrq

dqg vkdgrz frvwv ri sxeolf ixqgv1 Dffruglqj wr rxu wkhruhwlfdo h{huflfh/ wkh

fulwlfdo ohyhov duh lq wkh udqjh ri wkrvh ri lqgxvwuldo frxqwulhv dw wkh wlph

ri wkh sulydwl}dwlrq uhirupv1 Pruhryhu/ zh vhh wkdw sulydwl}dwlrq lv pruh

olnho| dv whfkqrorjlfdo xqfhuwdlqw| +l1h1/ Eq�q�*@, lqfuhdvhv1 Odujhu exvlqhvv
xqfhuwdlqw| lpsolhv vwurqjhu lqirupdwlrq dv|pphwu| ehwzhhq �upv dqg jry0

huqphqw dqg khqfh odujhu lqirupdwlrq frvw lq wkh uhjxodwhg vwuxfwxuhv1 Dv

h{sodlqhg deryh wkh ydolglw| ri wklv uhvxow uholhv rq wkh dvvxpswlrqv ri olq0

hdu ghpdqg dqg frvw ixqfwlrqv dqg xqlirup glvwulexwlrq ri pdujlqdo frvwv144

44Wkh fkrlfh ri xqlirup frvw glvwulexwlrq/ wkdw lv pdgh khuh iru wkh vdnh ri vlpsolflw|/ lv
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Wklv lv dq hpslulfdo txhvwlrq wkdw kdv wr eh whvwhg hfrqrphwulfdoo|1 Srolf|

lpsolfdwlrqv ri wkh sdshu qhhg wr eh txdol�hg e| wklv surylvr1

Wkh suhvhqw prgho doorzv wr frqvlghu wkuhh w|shv ri pdunhw vwuxfwxuhv

iru qdwxudo prqrsrolhv1 Iluvw/ zkhq T*2 lv forvh wr g/ pdunhw r�huv orz

h{0dqwh survshfwv wr �upv1 Dv suhvhqwhg lq wkh sursrvlwlrq 5 dqg dv vkrzq

lq �jxuh 5/ wkh rswlpdo lqgxvwuldo srolf| lv prqrwrqh lq wkh vkdgrz frvw

ri sxeolf ixqgv1 Lw lv uhjxodwlrq li b � 	b dqg sulydwl}dwlrq rwkhuzlvh1 Eh0

fdxvh ghyhorslqj frxqwulhv kdyh odujhu vkdgrz frvwv ri sxeolf ixqgv/ wkhvh

frxqwulhv pd| lpsohphqw lqgxvwuldo srolflhv wkdw vwurqjo| gl�hu iurp wkh srol0

flhv lq ghyhorshg frxqwulhv1 Lq idfw/ sulydwl}dwlrq fdq eh zhoiduh lpsurylqj

lq ghyhorslqj frxqwulhv zkloh lw lv zhoiduh uhgxflqj lq ghyhorshg frxqwulhv1

Iru lqvwdqfh pdq| ghyhorslqj frxqwulhv sodjxhg e| �qdqfldo sureohpv kdyh

vwduwhg exlog0rshudwh0dqg0wudqvihu +ERW, surjudpv1 Lq vxfk surjudpv/ d

sulydwh �up �qdqfhv wkh vxqn frvw ri vrph lqiudvwuxfwxuh/ iru lqvwdqfh d

kljkzd|/ lq h{fkdqjh iru d 43063 |hduv olfhqfh wr h{sorlw lw lq d prqrsro|

srvlwlrq1 Fohduo|/ d sulydwho| rzqhg dqg rshudwhg lqiudvwuxfwxuh lv d ehwwhu

vroxwlrq wkdq qr lqiudvwuxfwxuh dw doo/ zklfk lq wkh devhqfh ri d sxeolf �0

qdqflqj/ lv wkh dowhuqdwlyh wr sulydwl}dwlrq1 Zdwhu vxsso|/ zklfk w|slfdoo| lv

surylghg zruogzlgh wkurxjk sxeolf rzqhuvkls/ frxog eh d jrrg fdqglgdwh iru

wkh sulydwl}dwlrq dowhuqdwlyh1 Wklv lv dw ohdvw zkdw lv dgyrfdwhg e| Eurrn0

Frzhq dqg Frzhq +4<<;,1 Lq ghyhorslqj frxqwulhv wdul�v duh vr orz wkdw rq

dyhudjh wkh| gr qrw fryhu pruh wkdq 63 shufhqw ri wkh wrwdo frvw +Zruog Edqn

4<<7,1 Wklv suhfoxghv sxeolf lqyhvwphqw/ dqg odujh iudfwlrq ri wkh srsxodwlrq

lq flwlhv +xs wr :8 shufhqw lq Mdnduwd lq 4<<4, kdv qr irupdo zdwhu krrn0xs1

Lq wklv frqwh{w vrph frxqwulhv kdyh fkrvhq wr lpsohphqw ERW frqwudfwv1

qrw fuxfldo1 Vlpxodwlrqv zlwk rwkhu frvw glvwulexwlrqv ohdg wr vlplodu uhvxowv1 Olqhdul}dwlrq

ri frvw dqg ghpdqg ixqfwlrqv lv pruh lpsruwdqw1
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Fklqd/ Pdod|vld/ Wkdlodqg lpsohphqwhg lw lq zdwhu/ dqg Fkloh/ Ph{lfr/ lq

vdqlwdwlrq +Zruog Edqn 4<<:,1 Lqghhg/ sulydwl}dwlrq lv d jrrg dowhuqdwlyh wr

wkh devhqfh ri edvlf sxeolf vhuylfh1 Lw lv qrw d jrrg dowhuqdwlyh wr h!flhqw

uhjxodwlrq/ wkrxjk1

Wkh vhfrqg fdvh rffxuv zkhq/ T*2 ehlqj odujhu wkdq g/ pdunhwv r�hu

jrrg h{0dqwh survshfwv wr rqh �up1 Dv dujxhg lq wkh suhylrxv vhfwlrq/ sul0

ydwl}dwlrq lv rswlpdo iru lqwhuphgldwh ydoxhv ri vkdgrz frvw ri sxeolf ixqgv/

uhjxodwlrq lv suhihuuhg rwkhuzlvh1 Edvhg rq wkh vlpxodwlrq ri wkh prgho

zh frqfoxgh wkdw wkh rswlpdo lqgxvwuldo srolf| ghshqgv qrq0wulyldoo| rq wkh

sxeolf �qdqfh ri d frxqwu|1 Sulydwl}dwlrq fdq eh rswlpdo lq ghyhorshg frxq0

wulhv zlwk lqwhuphgldwh ydoxhv ri vkdgrz frvw ri sxeolf ixqgv1 Krzhyhu/ lq

ghyhorslqj frxqwulhv zlwk yhu| kljk ydoxhv ri vkdgrz frvw ri sxeolf ixqgv/

sulydwl}dwlrq lv grplqdwhg e| uhjxodwlrq1

Ilqdoo|/ zkhq T*2 lv pxfk odujhu wkdq g/ pdunhwv r�hu jrrg h{0dqwh

survshfwv wr pruh wkdq rqh �up1 Sursrvlwlrq 7 wkhq vkrzv wkdw sulydwl}d0

wlrq lv qhyhu dq rswlpdo srolf|1 Wkh qhjdwlyh lpsdfwv ri pdunhw srzhu dqg

h{fhvvlyh hqwu| lq sulydwh Frxuqrw roljrsrolhv lv ryhufrph e| wkh srvlwlyh

h�hfwv +khuh wkh cvdpsolqj jdlqv*, ri d uhjxodwhg gxrsro|1 Wkh dgydqwdjh ri

sulydwh vwuxfwxuhv glvdsshduv rqfh wkh pdunhw doorzv wkh hqwu| ri pruh wkdq

rqh �up1 Zh frqfoxgh wkdw wkh rswlpdo lqgxvwuldo srolf| lv qrq prqrwrqh

lq � / wkh qxpehu ri �upv dfwlyh lq wkh pdunhw1 Wklv uhvxow pd| orrn dw

rggv zlwk wkhrulhv zkhuh sulydwh vwuxfwxuhv shuirup ehwwhu zkhq wkh pdu0

nhw doorzv iru d odujhu qxpehu ri hqwu| +vhh iru lqvwdqfh Ylfnhuv dqg \duurz

+4<<4, dqg Vhjdo +4<<;,,1 D edvlf gl�huhqfh lq rxu prgho olhv lq wkh lq0

whqvlw| ri frpshwlwlrq wkdw h{lvwv zlwklq sulydwh dqg uhjxodwhg vwuxfwxuhv1

Xqghu odlvvh}0idluh/ wkh sulydwh �upv idfh d Frxuqrw frpshwlwlrq1 Lq frq0

wudvw/ xqghu wkh uhjxodwlrq uhjlph/ wkh jryhuqphqw lv deoh wr lpsohphqw d

65



vhfrqg sulfh dxfwlrq ehwzhhq wkh �upv +zkhuh wkh frvw dqqrxqfhphqwv duh

wkh �upv* vwudwhjlhv,1 Dv d uhvxow ri wklv frpshwlwlrq/ wkh lqirupdwlrq frvw

gursv zkhq d vhfrqg �up lv dgghg lq wkh uhjxodwhg pdunhw145 Wkh frvw ri

lqirupdwlrq dqg vriw0exgjhw frqvwudlqwv xqghu uhjxodwlrq lv vpdoohu wkdq wkh

frvw ri h{fhvvlyh sulfhv dqg hqwu| xqghu sulydwh gxrsro| vwuxfwxuh1

Sursrvlwlrq 7 vkhgv vrph oljkw rq wkh olqn ehwzhhq pdunhw olehudol}d0

wlrq/ rq wkh rqh kdqg/ dqg whfkqrorjlfdo dqg2ru surgxfw ghpdqg fkdqjhv/

rq wkh rwkhu kdqg1 Pdunhw olehudol}dwlrq/ riwhq uhihuuhg wr dv *ghuhjxodwlrq*/

fruuhvsrqgv wr wkh glyhvwlwxuh ri wkh klvwrulfdo prqrsro|/ zklfk lv riwhq sul0

ydwl}hg zkhq lw zdv sxeolf/ dqg wkh lqwurgxfwlrq ri qhz hqwudqwv1 Krzhyhu

wklv olehudol}dwlrq lv qrw htxlydohqw wr odlvvh}0idluh1 Lq sudfwlfh sulfhv dqg hq0

wu| uhpdlq jhqhudoo| uhjxodwhg +wkurxjk sulfh fdsv dqg olfhqfhv iru lqvwdqfh,

wr dyrlg frooxvlrq ru suhgdwru| ehkdylru1 Dffruglqj wr rxu dqdo|vlv/ vxfk d

pdunhw olehudol}dwlrq zlwk sulfh uhjxodwlrq pxvw eh prwlydwhg e| d gurs ri

udwlr g*T 1 Wkdw lv/ e| vpdoohu �{hg frvwv dqg e| odujhu surgxfw ghpdqg1

Lq �jxuh 5 wklv fruuhvsrqgv wr d grzqzdug vkliw/ zkhuh lqgxvwu| vwuxfwxuhv

pryh iurp uhjxodwhg prqrsrolhv wr uhjxodwhg gxrsrolhv1 Wkh whohfrppxql0

fdwlrq lqgxvwu| pd| surylgh dq h{dpsoh ri vxfk pdunhw olehudol}dwlrq1 Lq

wklv lqgxvwu|/ wkh lqwurgxfwlrq ri qhz whfkqrorjlhv kdv vljql�fdqwo| uhgxfhg

wkh �{hg frvwv wr rshudwh qhwzrunv zkhuhdv wkh ghpdqg iru frppxqlfd0

wlrq kdv vwhdglo| lqfuhdvhg1 Frqvlvwhqwo| zlwk rxu prgho/ pdq| ghyhorshg

dqg ghyhorslqj frxqwulhv kdyh ghuhjxodwhg wkhlu grphvwlf whohfrppxqlfdwlrq

prqrsro|1 Qhyhuwkhohvv pruh wkdq :3 shufhqw ri doo frxqwulhv vwloo pdlqwdlq

d prqrsro| lq edvlf vhuylfhv/ zkloh pruh wkdq kdoi doorz frpshwlwlrq lq pr0

45Li zh kdg frqvlghuhg wkdw �upv rshudwlqj lq wkh vdph lqgxvwu| kdyh fruuhodwhg frvwv/

zh zrxog kdyh xvhg wklv fruuhodwlrq wr lpsohphqw |dugvwlfn frpshwlwlrq/ uhgxflqj ixuwkhu

wkh frvw ri lqirupdwlrq uhyhodwlrq +vhh Dxulro0Od�rqw 4<<6,1
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eloh vhuylfh +LWX 4<<<,1 Zdoovwhq +5333,/ zkr vwxglhg whohfrp uhirupv lq

Diulfd dqg Odwlq Dphulfd/ irxqg wkdw uhjxodwhg frpshwlwlrq +phdvxuhg dv

wkh qxpehu ri preloh rshudwruv qrw rzqhg e| wkh lqfxpehqw, |lhogv qhwzrun

lpsuryhphqwv dqg wkdw zkloh sulydwl}dwlrq e| lwvhoi grhv qrw |lhog lpsuryh0

phqwv/ sulydwl}dwlrq frpelqhg zlwk dq lqghshqghqw uhjxodwru grhv1 Wkh

ohvvrq wr eh gudzq khuh lv wkdw sulydwl}dwlrq/ ehlqj gh�qhg dv d pryh wr

odlvvh}0idluh/ lv qrw rswlpdo zkhq wkh udwlr g*T lv orz1 Uhjxodwlrq vkrxog

wkhq eh d nh| frpsrqhqw ri vwuxfwxudo uhirupv1

9 Frqfoxvlrq

Wklv sdshu glvfxvvhv wkh rswlpdo lqgxvwulhv srolf| lq pdunhwv fkdudfwhul}hg e|

lqfuhdvlqj uhwxuqv wr vfdoh1 Frqvlghulqj wkh jryhuqphqw exgjhw frqvwudlqw/

wkh sdshu frpsduhv xwlolwduldq zhoiduh ohyhov xqghu uhjxodwlrq dqg odlvvh}0

idluh1 Xqghu wkh uhjxodwlrq srolf|/ wkh jryhuqphqw frqwurov wkh sulfhv dqg wkh

hqwu| ri uhjxodwhg �upv1 Dv d frqvhtxhqfh/ lw dovr dvvxphv wkh uhvsrqvlelolw|

iru sur�wv dqg orvvhv ri wkhvh �upv1 Wklv fuhdwhv d vriw0exgjhw frqvwudlqw

iurp zklfk wkh uhjxodwhg �upv pd| ehqh�w1 E| frqwudvw/ xqghu odlvvh}0idluh/

wkh jryhuqphqw wdnhv qr uhvsrqvlelolw| iru wkh �qdqfldo uhvxowv ri wkh sulydwh

�upv/ zklfk uxohv rxw wkh sureohp dvvrfldwhg zlwk wkh vriw0exgjhw frqvwudlqw1

Zh vkrz wkdw ulvlqj ydoxhv ri wkh vkdgrz frvw ri sxeolf ixqgv fdq eh frq0

vlghuhg dv d prwlydwlrq iru sulydwl}dwlrq1 Wklv dujxphqw lv frqvlvwhqw zlwk

hpslulfdo vwxglhv dqg lv sduwlfxoduo| fulwlfdo wr pdq| ghyhorslqj hfrqrplhv

lq zklfk jryhuqphqwv* exgjhw frqvwudlqwv duh lqfuhdvlqjo| wljkwhqhg e| zruv0

hqlqj pdfur0hfrqrplf frqglwlrqv dqg srruo| h!flhqw wd{ v|vwhpv1 Zh dovr

vkrz wkdw wkh dgydqwdjh ri sulydwh vwuxfwxuhv lv olnho| wr glvdsshdu rqfh wkh

pdunhw doorzv wkh hqwu| ri pruh wkdq rqh �up1 Lqghhg/ zkhq d vhfrqg �up lv
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lqwurgxfhg/ wkh frvw ri lqirupdwlrq dqg vriw0exgjhw frqvwudlqwv lq uhjxodwhg

�upv duh olnho| wr glplqlvk pruh wkdq wkh frvw ri h{fhvvlyh sulfhv dqg hqwu|

xqghu odlvvh}0idluh1 Zh xowlpdwho| vkrz krz whfkqlfdo ru ghpdqg fkdqjhv

pljkw h{sodlq wkh ghvwlwxwlrq ri iruphu uhjxodwhg prqrsrolhv1 Vpdoohu �{hg

frvwv dqg odujhu surgxfw ghpdqgv lqghhg idyru wkh olehudol}dwlrq ri pdunhwv

zkloh kroglqj vrph irup ri sulfh uhjxodwlrq1

: Dfnqrzohgjhphqw

Slhuuh Slfdug*v zrun kdv ehhq vxssruwhg e| d judqw �Dfwlrqv gh Uhfkhufkh

Frqfhuwìhv� q� <62<;0495 ri wkh Plqlvwu| ri Vflhqwl�f Uhvhdufk ri wkh Eho0

jldq Iuhqfk Vshdnlqj Frppxqlw|1 Zh duh judwhixo wr Dplu U1 dqg Plfkdho

Zduowhuv iru lpsuryhphqwv ri wkh sdshu1 Dq| uhpdlqlqj huuruv duh rxu rzq1
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