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Devwudfw

Zh whvw zkhwkhu d qrq0elqglqj sulfh fhlolqj pd| vhuyh dv d irfdo srlqw iru wdflw frooxvlrq1 Zh

xvh gdwd iurp wkh fuhglw fdug pdunhw gxulqj wkh 4<;3v> lq rxu vdpsoh/ prvw fuhglw fdug lvvxhuv

idfh vwdwh0ohyho xvxu| fhlolqjv/ dqg zhoo ryhu kdoi pdwfk wkhlu fhlolqjv1 Rxu hpslulfdo prgho

h{solflwo| frqwurov iru wkh srvvlelolw| wkdw fhlolqjv pd| kdyh ehhq elqglqj1 Zh �qg hylghqfh

lq idyru ri wdflw frooxvlrq= d vwdwlvwlfdoo| vljql�fdqw sursruwlrq ri lvvxhuv pdwfk wkhlu fhlolqj

hyhq wkrxjk lw lv qrw elqglqj1 Wkh lvvxhu0ohyho suredelolw| ri wdflw frooxvlrq lv orzhu lq vwdwhv

zlwk kljkhu fhlolqjv/ kljkhu lq vwdwhv zlwk kljkhu frqfhqwudwlrq/ dqg kljkhu iru odujhu lvvxhuv1 Lw

dsshduv wkdw wdflw frooxvlrq zdv ohvv suhydohqw lq wkh odwh 4<;3v wkdq lq wkh hduo| 4<;3v/ srvvleo|

ehfdxvh ri lqwhqvl�hg frpshwlwlrq dw wkh qdwlrqdo ohyho1 Wkh uhvxowv kljkoljkw d srwhqwldoo|

shuyhuvh h�hfw ri sulfh fdsv1

Nh|zrugv= Irfdo Srlqwv/ Wdflw Frooxvlrq/ Sulfh Fhlolqjv/ Grxeoh Kxugoh1
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111Wkh Plfkljdq Flwl}hqv Oree| dvvhuwhg wkdw wkh idloxuh ri yluwxdoo| doo YLVD dqg

Pdvwhufdug lvvxhuv lq wkh vwdwh/ lqfoxglqj wkh 43 odujhvw/ wr uhgxfh wkhlu udwhv iurp

wkh pd{lpxp 4;( doorzhg e| odz pd| lqglfdwh _srwhqwldoo| loohjdo dfwlylwlhv1% _Vlqfh

vpdoohu edqnv kdyh dvvxuhg xv wkdw wkh| duh pdnlqj sur�wv fkdujlqj lqwhuhvw udwhv ri

48( dqg ehorz/ lw lv fohdu wkdw wklv xqliruplw| lv qrw mxvwl�hg e| dfwxdo frvwv1 Zh ihdu

wkh dowhuqdwlyh pd| eh wdflw ru h{solflw frooxvlrq/% vdlg wkh Flwl}hqv Oree| gluhfwru1

0 iurp Wkh Dphulfdq Edqnhu/ Pdufk 59/ 4<;:

� W?|hL_�U|�L?

Lw lv zhoo0nqrzq wkdw �upv pd| wdflwo| frooxgh wr dfklhyh frrshudwlyh rxwfrphv1 Lq pdq| fdvhv/

wkh prvw lpsruwdqw idfwru ghwhuplqlqj �upv* delolw| wr wdflwo| frooxgh lv wkhlu delolw| wr frruglqdwh

sulfh0vhwwlqj1 Wklv frruglqdwlrq lv w|slfdoo| hdvlhu zkhq wkh qxpehu ri �upv lv vpdoo> zkhq �upv

duh qrw wrr gl�huhqw lq whupv ri frvwv> zkhq wkh surgxfw lv idluo| krprjhqhrxv> zkhq wkh txdolw|

ri lqirupdwlrq lv yhu| kljk> dqg zkhq d vwdeoh vhw ri �upv lqwhudfwv ryhu d orqj shulrg ri wlph1

Jhqhudoo| vshdnlqj/ wkh hpslulfdo olwhudwxuh rq wdflw frooxvlrq vkrzv wkdw frooxvlrq vxffhhgv prvw

riwhq lq hqylurqphqwv wkdw idflolwdwh vxfhvvixo frruglqdwlrq ri sulfh0vhwwlqj1

Lq wklv sdshu/ zh frqvlghu wkh srvvlelolw| wkdw d qrq0elqglqj sulfh fhlolqj pd| vhuyh dv d irfdo

srlqw iru wdflwo| frooxvlyh sulfh0vhwwlqj1 Wkh qrwlrq wkdw irfdo srlqwv pd| idflolwdwh wdflw frooxvlrq

uhyroyhv durxqg wkh lghd wkdw wkh irfdo srlqw uhvroyhv wkh frruglqdwlrq sureohpv wkdw sodjxh jdphv

ri wdflw frooxvlrq1 Zkloh wklv lghd kdv uhfhlyhg frqvlghudeoh dqhfgrwdo vxssruw/ lw kdv ehhq gl�fxow

lq sudfwlfh wr irupdoo| whvw wkh irfdo srlqw k|srwkhvlv1 Vxfk whvwlqj uhtxluhv furvv0vhfwlrqdo ru

wlph0vhulhv yduldwlrq lq erwk wkh irfdo srlqw dqg �up ehkdylru/ lq rughu wr lghqwli| wkh idflolwdwlyh

srzhu ri wkh irfdo srlqw1

Zh whvw wkh irfdo srlqw k|srwkhvlv lq d vhwwlqj wkdw surylghv d qhdu0lghdo qdwxudo h{shulphqw=

wkh fuhglw fdug pdunhw gxulqj wkh 4<;3v1 Gxulqj wklv vdpsoh shulrg/ fuhglw fdug lqwhuhvw udwhv duh

h{wuhpho| _vwlfn|>% lvvxhuv fkdqjh wkhlu udwhv urxjko| rqfh hyhu| �yh |hduv1 Pruhryhu/ lqwhuhvw

udwhv glvsod| vljql�fdqw foxvwhulqj dw sduwlfxodu lqwhuhvw udwhv1 Iru h{dpsoh/ lq pdq| |hduv ri rxu

vdpsoh ryhu hljkw| shufhqw ri lvvxhuv pdlqwdlq dq lqwhuhvw udwh ri hljkwhhq shufhqw1 Wkh vwlfnlqhvv

dqg foxvwhulqj ri lqwhuhvw udwhv dwwudfwhg frqvlghudeoh dwwhqwlrq gxulqj wkh 4<;3v iurp odzpdnhuv/

dqwlwuxvw dxwkrulwlhv dqg dfdghplfv> doohjdwlrqv ri wdflw ru h{solflw frooxvlrq +vlplodu wr wkrvh lq

wkh txrwh deryh, zhuh qrw xqfrpprq1 Wkh vhwwlqj lv wkhuhiruh rqh lq zklfk zh pljkw dgplw wkh

srvvlelolw| ri wdflw frooxvlrq1
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Wkh hpslulfdo zrun ehjlqv zlwk wkh revhuydwlrq wkdw lqwhuhvw udwh foxvwhulqj rffxuv ryhuzkhop0

lqjo| dw vwdwh0ohyho fuhglw fdug xvxu| fhlolqjv1 Lq rxu vdpsoh/ qhduo| doo lvvxhuv idfh wkhvh fhlolqjv/

zklfk duh ohjdoo| elqglqj edvhg rq wkh lvvxhu*v vwdwh ri lqfrusrudwlrq1 Wkh prvw frpprq lqwhuhvw

udwh fhlolqj lv hljkwhhq shufhqw/ dqg lq vwdwhv zlwk wklv fhlolqj ryhu qlqhw| shufhqw ri lvvxhuv vhw

wkhlu lqwhuhvw udwh dw wkh fhlolqj1 Wkhuh lv vlplodu foxvwhulqj dw fhlolqjv rwkhu wkdq hljkwhhq shufhqw1

Wkh h{whqw ri wklv foxvwhulqj ydulhv dfurvv vwdwhv dqg ryhu wlph/ exw uhpdlqv vljql�fdqw hyhq dw wkh

hqg ri wkh vdpsoh shulrg1 Iru wkh vdpsoh dv d zkroh/ ryhu vl{w| shufhqw ri revhuyhg lqwhuhvw udwhv

pdwfk wkhlu fhlolqj1 Hyhq pruh lpsruwdqw/ ehfdxvh fhlolqjv dqg foxvwhulqj ydu| dfurvv vwdwhv dqg

wlph/ zh fdq frqgxfw whvwv ri wkh irfdo srlqw k|srwkhvlv1 Zh dovr kdyh gdwd iru d qxpehu ri lvvxhuv

lq vwdwhv zlwk qr fhlolqjv1 Wkhvh revhuydwlrqv uhsuhvhqw d xvhixo frqwuro jurxs/ dv lvvxhuv lq wkhvh

vwdwhv gr qrw idfh d irfdo srlqw1

Wkh qryhow| ri rxu hpslulfdo dssurdfk lv wkdw lw fdq vhsdudwho| lghqwli| wkh lqvwdqfh lq zklfk

dq lvvxhu pdwfkhv wkh fhlolqj ri lwv krph vwdwh ehfdxvh lw lv elqglqj/ dqg wkh lqvwdqfh lq zklfk lw

pdwfkhv wkh fhlolqj hyhq wkrxjk lw lv qrw elqglqj ~ d uhvxow wkdw zh lqwhusuhw dv wdflwo| frooxvlyh1 Wkh

olnholkrrg ixqfwlrq iru wkh gdwd h{solflwo| doorzv fhlolqjv wr eh elqglqj/ e| lqfrusrudwlqj ihdwxuhv

ri d vwdqgdug fhqvruhg uhjuhvvlrq prgho ri sulflqj1 Lw wkhq h{whqgv wkh prgho wr dgplw wdflw

frooxvlrq e| lqwurgxflqj dq lqghshqghqw suredelolw| wkdw lvvxhuv sulfh dw wkh fhlolqj hyhq zkhq lw

lv qrw elqglqj1 Rxu ixoo vshfl�fdwlrq xvhv lvvxhu0/ vwdwh0/ dqg wlph0vshfl�f fryduldwhv wr doorz wkh

suredelolw| ri wdflw frooxvlrq wr ydu| dfurvv lvvxhuv dqg wlph1

Wkh uhvxowv vxssruw wkh irfdo srlqw k|srwkhvlv1 Zh �qg wkdw d vwdwlvwlfdoo| vljql�fdqw shufhqwdjh

ri lvvxhuv pdwfk wkhlu fhlolqj hyhq wkrxjk lw lv qrw elqglqj1 Lq wkh hduo| |hduv ri wkh vdpsoh/ zh

hvwlpdwh wkdw wdflw frooxvlrq lv txlwh frpprq> ryhu kdoi ri wkh lvvxhuv iru zklfk wkh fhlolqj lv qrw

elqglqj pdwfk lw qrqhwkhohvv1 Wklv sursruwlrq idoov gudpdwlfdoo| e| wkh hqg ri wkh vdpsoh1 Zh

dovr �qg wkdw wkh lvvxhu0ohyho suredelolw| ri wdflw frooxvlrq lv d ghfuhdvlqj ixqfwlrq ri lwv fhlolqj/

dq lqfuhdvlqj ixqfwlrq ri frqfhqwudwlrq lq lwv krph vwdwh/ dqg dq lqfuhdvlqj ixqfwlrq ri lwv dxwr

ordq udwh1 Wkhvh uhvxowv vxjjhvw wkdw wkh idflolwdwlyh srzhu ri wkh fhlolqj glvvlsdwhv dw kljkhu ohyhov1

Wkh| dovr fruurerudwh wkh jhqhudo lqwxlwlrqv wkdw wdflw frooxvlrq lv hdvlhu lq frqfhqwudwhg pdunhwv/

dqg wkdw kljkhu0frvw �upv �qg wdflw frooxvlrq pruh dwwudfwlyh wkdq orzhu0frvw �upv1

2 6LU@* �L�?|t @?_ Ait|t Lu �L**�t�L?

Xqghu txlwh jhqhudo frqglwlrqv/ �upv pd| vxvwdlq vxshufrpshwlwlyh sulfhv e| lqwhudfwlqj uhshdwhgo|

dqg frqvwuxfwlqj vwudwhjlhv xqghu zklfk wkh| xvh wkh wkuhdw ri ixwxuh sxqlvkphqw wr vxvwdlq fxuuhqw
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frrshudwlrq1� Lq wklv frqwh{w/ wkh _Iron Wkhruhp% dvvhuwv wkdw iru vx�flhqwo| orz glvfrxqw udwhv

qhduo| dq| vhw ri sd|r�v pd| eh vxvwdlqhg dv wkh rxwfrph ri d uhshdwhg jdph12 Wkh Iron Wkhruhp

lv srzhuixo/ lq wkh vhqvh wkdw lw surylghv txlwh jhqhudo frqglwlrqv xqghu zklfk wdflw +ru h{solflw,

frooxvlrq pd| eh vxvwdlqdeoh1 Krzhyhu/ wklv jhqhudolw| ohdgv wr gl�fxow| lq frqgxfwlqj hpslulfdo

whvwv iru frooxvlrq ru wdflw frooxvlrq> zh glvfxvv wklv lv pruh ghwdlo ehorz1

Lq sudfwlfdo whupv/ wkh sureohp ri wdflw frooxvlrq riwhq uhgxfhv wr rqh ri frruglqdwlrq1 Ehfdxvh

�upv fdq vxvwdlq qhduo| dq| vhw ri vwudwhjlhv/ wkh prvw lpsruwdqw idfwru lv riwhq wkh frqvwuxfwlrq

ri d phfkdqlvp wkurxjk zklfk �upv fdq frruglqdwh wkhlu sulflqj1 Lq pdq| grfxphqwhg lqvwdqfhv

ri wdflw frooxvlrq/ �upv pdlqwdlq vxffhvvixo frooxvlyh duudqjhphqwv ehfdxvh wkh| exlog lqvwlwxwlrqv

wkdw pdnh frruglqdwlrq hdvlhu1 Lq wkh hduo| 4<<3v/ iru h{dpsoh/ dluolqhv xvhg wkhlu frpsxwhul}hg

uhvhuydwlrq v|vwhp wr frppxqlfdwh sulfh lqirpdwlrq dqg suh0dqqrxqfh sulfh lqfuhdvhv1� Lq d vlplodu

fdvh lqyroylqj wkh Hwk|o Frusrudwlrq/ �upv doohjhgo| xvhg sxeolfo| olvwhg sulfhv dqg sulfh suh0

dqqrxqfhphqwv wr dfklhyh wdflw frooxvlrq1e Lq d zhoo0nqrzq fdvh lqyroylqj Jhqhudo Hohfwulf dqg

Zhvwlqjkrxvh/ wkh wzr odujh pdqxidfwxuhuv ri wxuelqh hqjlqhv ghyhorshg d vwdqgdugl}hg phwkrg

ri sulflqj wkdw uhvroyhg wkh frruglqdwlrq sureohp1 Rwkhu h{dpsohv ri lqgxvwulhv lq zklfk wdflw

frooxvlrq pd| kdyh hphujhg lqfoxgh fljduhwwhv dqg vwhho1

Wkh wkhru| ri irfdo srlqwv vxjjhvwv dqrwkhu zd| lq zklfk �upv pd| frruglqdwh sulfhv1 Wkh

qrwlrq wkdw wkh h{lvwhqfh ri d irfdo srlqw iru sulfhv fdq uhvroyh wkh frruglqdwlrq sureohp gdwhv dw

ohdvw wr Vfkhoolqj +4<93,/ zkr qrwhg wkdw lq vlpsoh jdphv zlwk pdq| htxloleuld/ djhqwv fdq txlwh

riwhq uhfrjql}h d irfdo srlqw dqg xvh lw wr frruglqdwh1 Lq rqh ri klv pruh zhoo0nqrzq h{dpsohv/

Vfkhoolqj glvfxvvhv wkh sureohp ri wzr shrsoh vlpxowdqhrxvo| fkrrvlqj d frpprq orfdwlrq +lq zklfk

wr phhw, lq Qhz \run Flw|1 Jlyhq wkdw wkh jdph srvvhvvhv dq lq�qlwh qxpehu ri htxloleulxp

orfdwlrq0sdluv/ zh pljkw h{shfw wkh rggv ri vxffhvvixo frruglqdwlrq wr eh txlwh orz1 Krzhyhu/ lq

sudfwlfh prvw shrsoh zkr sod| wkh jdph fkrrvh d zhoo0nqrzq vsrw ~ vxfk dv Wlphv Vtxduh ru wkh

Vwdwxh ri Olehuw| ~ dqg fdq vxffhvvixoo| frruglqdwh1 Lq vlwxdwlrqv zkhuh �upv vhw sulfhv/ lw lv riwhq

vxjjhvwhg wkdw wkh _foxvwhulqj% ri sulfhv rffxuv dw fhuwdlq qdwxudo irfdo srlqwv +h1j1/ '<1<<,1
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Ehfdxvh �upv pd| vxvwdlq wdflw frooxvlrq xqghu d ydulhw| ri revhuydwlrqdoo| htxlydohqw phfkdqlvpv/

zh gr qrw dwwhpsw wr h{solflwo| prgho wkh surfhvv e| zklfk d irfdo srlqw idflolwdwhv wdflw frooxvlrq1

Udwkhu/ zh ghyhors hpslulfdo lpsolfdwlrqv ri wkh irfdo srlqw k|srwkhvlv e| pdnlqj revhuydwlrqv

uhjduglqj wkh sdwwhuqv ri sulflqj wkdw zh zrxog revhuyh li d irfdo srlqw zhuh idflolwdwlqj wdflw

frooxvlrq1 Lq rxu fdvh/ wkh irfdo srlqw lv d sulfh fhlolqj> wklv frpsolfdwhv pdwwhuv e| lqwurgxflqj wkh

srvvlelolw| wkdw wkh fhlolqj lv elqglqj1 Zh wkhuhiruh glvfxvv rxu whvwv ri wkh irfdo srlqw k|srwkhvlv

lq wkh frqwh{w ri wklv dowhuqdwlyh k|srwkhvlv1

Wkh �uvw hpslulfdo lpsolfdwlrq ri wkh irfdo srlqw k|srwkhvlv lv wkdw li wkh irfdo srlqw idflolwdwhv

wdflw frooxvlrq/ zh vkrxog revhuyh juhdwhu foxvwhulqj dw wkh irfdo srlqw wkdq zrxog rwkhuzlvh eh

h{shfwhg1D Ehfdxvh wkh irfdo srlqw lv d sulfh fhlolqj/ zh pljkw h{shfw d fhuwdlq ghjuhh ri foxvwhulqj

hyhq devhqw wdflw frooxvlrq1 Wkh uhohydqw hpslulfdo whvw/ wkhq/ lv dq hvwlpdwh ri wkh h{whqw wr zklfk

�upv pdwfk wkh fhlolqj hyhq zkhq lw lv qrw elqglqj1 Zh rxwolqh wkh hfrqrphwulfv ri wklv whvw ehorz1

D vhfrqg lpsolfdwlrq ri wkh irfdo srlqw k|srwkhvlv lv wkdw doo hovh htxdo/ lw ehfrphv pruh gl�fxow

wr vxvwdlq wdflw frooxvlrq dv wkh irfdo srlqw ulvhv1S Wr vhh wkh lqwxlwlrq ehklqg wklv fodlp/ frqvlghu

�uvw wkh olplwlqj fdvh lq zklfk wkh irfdo srlqw lv htxdo wr d �up*v rqh0vkrw qrq0frrshudwlyh sulfh1 Lq

wklv lqvwdqfh/ lw lv wulyldoo| hdv| iru d �up wr pdlqwdlq frrshudwlrq dw wkh irfdo srlqw1 Dv wkh irfdo

srlqw ulvhv/ sur�wv iurp fkhdwlqj pxvw ulvh idvwhu wkdq sur�wv iurp frrshudwlrq> wklv pxvw eh wuxh

ehfdxvh sur�wv iurp fkhdwlqj uh�hfw xqfrqvwudlqhg uh0rswlpl}dwlrq/ zkloh sur�wv iurp frrshudwlrq

uh�hfw frqvwudlqhg ehkdylru1. Ehfdxvh fkhdwlqj ehfrphv uhodwlyho| pruh dwwudfwlyh dv wkh fhlolqj

ulvhv/ zh vkrxog eh ohvv olnho| wr revhuyh wdflw frooxvlrq lq pdunhwv zlwk kljkhu irfdo srlqwv iru

sulflqj1 Pruh suhflvho|/ wkh suredelolw| wkdw d jlyhq �up pdwfkhv d qrqelqglqj sulfh fhlolqj vkrxog

eh d ghfuhdvlqj ixqfwlrq ri wkh fhlolqj1

D uhodwhg lvvxh lv wkdw dv frvwv ulvh/ frrshudwlrq dw wkh fhlolqj ehfrphv hdvlhu wr pdlqwdlq1

Djdlq/ qrwh wkdw frrshudwlrq lv wulyldoo| hdv| zkhq frvwv duh vxfk wkdw wkh �up*v qrq0frrshudwlyh

sulfh htxdov wkh fhlolqj1 Dv frvwv idoo ehorz wklv ohyho/ sur�wv iurp fkhdwlqj ulvh pruh txlfno| wkdq

sur�wv iurp frrshudwlrq/ ehfdxvh wkh iruphu uh�hfw uh0rswlpl}dwlrq1 Wkxv/ kljk0frvw �upv zloo �qg

frrshudwlrq pruh dwwudfwlyh1
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Lq dgglwlrq wr wkh deryh lpsolfdwlrqv ri sulflqj dw irfdo srlqwv/ zh qrwh wzr jhqhudo hpslulfdo

lpsolfdwlrqv ri wdflwo| frooxvlyh sulflqj1 Wkh �uvw lv wkdw wdflw frooxvlrq lv jhqhudoo| ylhzhg dv hdvlhu

wr pdlqwdlq dprqj d orz qxpehu ri �upv1 Wkxv/ zh zloo eh pruh olnho| wr revhuyh vxffhvvixo wdflw

frooxvlrq zkhq pdunhw frqfhqwudwlrq lv kljk1 Wkh vhfrqg lv wkdw zh pljkw h{shfw odujhu �upv wr

eh pruh olnho| wr frrshudwh wkdq vpdoohu �upv1 Jlyhq wkdw fkhdwlqj lv dwwudfwlyh ehfdxvh lw vwhdov

exvlqhvv iurp rwkhu �upv/ d vpdoo �up zloo �qg wkh jdlqv iurp fkhdwlqj sursruwlrqdwho| odujhu wkdq

d odujhu �up1 Wklv lpsolhv wkdw wkh suredelolw| wkdw d �up pdwfkhv wkh fhlolqj hyhq wkrxjk lw lv

qrw elqglqj vkrxog eh dq lqfuhdvlqj ixqfwlrq ri �up vl}h1

2�2 Ait|�?} uLh �L**�t�L? @?_ A@U�| �L**�t�L?

Prvw hpslulfdo whvwv iru frooxvlrq ru wdflw frooxvlrq xvh rqh ri wzr dssurdfkhv1 Wkh �uvw dssurdfk

lqyroyhv whvwlqj zkhwkhu wkh glvwulexwlrq ri sulfhv wkrxjkw wr uh�hfw frooxvlrq ru wdflw frooxvlrq

lv gl�huhqw iurp d frqwuro glvwulexwlrq wkrxjkw wr uh�hfw qrq0frooxvlyh ehkdylru1 Lq vxfk whvwv/ d

fhqwudo txhvwlrq lv zkhwkhu wkh fdqglgdwh glvwulexwlrq ri frooxvlyh sulfhv fdq eh lghqwl�hg d sulrul

~ iru h{dpsoh/ ehfdxvh lw frphv iurp d jurxs ri �upv dffxvhg ru frqylfwhg ri frooxvlrq1 Zkhq

wkh fdqglgdwh dqg frqwuro glvwulexwlrqv fdq eh lghqwl�hg lq wklv zd|/ lw lv uhodwlyho| vwudljkwiruzdug

wr whvw iru htxdolw| ri wkh glvwulexwlrqv1 Uhmhfwlrq ri htxdolw| lv wdnhq dv hylghqfh ri wdflw ru

h{solflw frooxvlrq> pruh �qho| fkdudfwhul}hg whvwv fdq riwhq uxoh rxw sodxvleoh dowhuqdwlyh k|srwkhvhv1

H{dpsohv lq wklv olqh ri zrun lqfoxgh Sruwhu dqg ]rqd +4<<6/ 4<<<,1H

Zkhq wkh fdqglgdwh vhw ri frooxvlyh sulfhv fdq qrw eh lghqwl�hg d sulrul/ lw pd| eh srvvleoh

wr hqgrjhqrxvo| lghqwli| wkh frooxvlyh dqg qrq0frooxvlyh glvwulexwlrqv/ riwhq xvlqj vrph irup ri

pl{wxuh prgholqj1 Sruwhu +4<;6,/ iru h{dpsoh/ xvhv d vzlwfklqj uhjuhvvlrq wr hqgrjhqrxvo| fodvvli|

shulrgv ri sulflqj lqwr frooxvlyh dqg qrq0frooxvlyh uhjlphv1 Hoolvrq +4<<7, xvhv d vlplodu dssurdfk

wkdw gh�qhv wkh wudqvlwlrq suredelolwlhv ehwzhhq frooxvlyh dqg qrq0frooxvlyh shulrgv xvlqj d Pdunry

surfhvv1 Lq hdfk ri wkhvh fdvhv/ wkh gdwd fohduo| lghqwli| shulrgv ri frooxvlyh dqg qrq0frrshudwlyh

ehkdylru1

D vhfrqg dssurdfk wr whvwlqj iru wdflw frooxvlrq lv ohvv gluhfw1 Wklv olqh ri zrun w|slfdoo| whvwv

wkhruhwlfdo suhglfwlrqv uhjduglqj wkh vxvwdlqdelolw| ri wdflw frooxvlrq dv d ixqfwlrq ri h{rjhqrxv

idfwruv 0 vxfk dv ghpdqg/ frvwv/ ru wkh txdolw| ri lqirupdwlrq1 Iru h{dpsoh/ Eruhqvwhlq dqg Vkhsdug

+4<<<, �qg wkdw fxuuhqw uhwdlo jdvrolqh pdujlqv idoo zkhq h{shfwhg ixwxuh sur�wv idoo1 Wklv uhvxow lv
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frqvlvwhqw zlwk wkh Urwhpehuj dqg Vdorqhu +4<;9, dqg Kdowlzdqjhu dqg Kduulqjwrq +4<<4, prghov

ri wdflw frooxvlrq1 Sruwhu +4<;:, dqg Hoolvrq +4<<7, erwk whvw wkh suhglfwlrq wkdw xqdqwlflsdwhg

ghpdqg vkrfnv vkrxog wuljjhu sulfh zduv/ dv lq wkh prgho ri Juhhq dqg Sruwhu +4<;7,1 Doedhn hw

do1 +4<<:, vkrz wkdw sulfhv iru wzr judghv ri frqfuhwh lq Ghqpdun urvh e| 48053 shufhqw iroorzlqj

wkh lqvwlwxwlrq ri d uhjxoduo| sxeolvkhg olvw ri lqgxvwu| sulfhv1 Wkh| dujxh wkdw wkh olvw idflolwdwhg

wdflw frooxvlrq e| lpsurylqj wkh txdolw| ri sulfh lqirupdwlrq1

Rxu hpslulfdo dssurdfk srvvhvvhv ihdwxuhv ri hdfk dssurdfk phqwlrqhg deryh1 Zkloh zh gr

qrw ixoo| lghqwli| wkh revhuydwlrqv wkrxjkw wr uh�hfw qrq0frrshudwlyh ehkdylru/ zh gr pdlqwdlq wkh

dvvxpswlrq wkdw wdflw frooxvlrq fdq rqo| rffxu dw wkh irfdo srlqw1 Wkxv/ zh fdq uxoh rxw wdflw

frooxvlrq iru revhuydwlrqv zlwk sulfhv ehorz wkh fhlolqj +ru lvvxhuv wkdw idfh qr fhlolqj,1b Wklv |lhogv

d frqwuro jurxs ri revhuydwlrqv wkdw fdq eh h{sorlwhg lq d pdqqhu vlplodu wr wkdw lq Sruwhu dqg

]rqd*v zrun1

Iru �upv dw wkh fhlolqj wkh lvvxh lv pruh frpsoh{1 Zh pxvw dgplw wkh srvvlelolw| wkdw vrph

�upv pdwfk wkh fhlolqj ehfdxvh lw lv elqglqj1 Wkh suhvhqfh ri wkhvh revhuydwlrqv uhtxluhv d phdqv ri

hqgrjhqrxvo| vhsdudwlqj wkh revhuydwlrqv wkdw uh�hfw wdflwo| frooxvlyh ehkdylru iurp wkrvh wkdw gr

qrw1 Wklv sureohp lv vlplodu lq vslulw wr wkdw idfhg e| Sruwhu +4<;6, dqg Hoolvrq +4<<7,1 Krzhyhu/

lq wkhlu fdvh wkh sureohp lv vlpsol�hg e| wkh idfw wkdw wdflwo| frooxvlyh dqg qrq0frrshudwlyh uhjlphv

ohdg wr gl�huhqw revhuydwlrqv ri wkh ghshqghqw +sulfh, yduldeoh1 Wklv shuplwv d vzlwfklqj uhjuhvvlrq

wr hqgrjhqrxvo| lghqwli| frooxvlyh dqg qrq0frooxvlyh uhjlphv1

Lq rxu fdvh/ d jlyhq revhuydwlrq dw wkh fhlolqj pd| uh�hfw hlwkhu frooxvlyh ru qrq0frooxvlyh

ehkdylru1 Zh uhvroyh wklv frpsolfdwlrq e| xvlqj dq hfrqrphwulf vshfl�fdwlrq wkdw h{sdqgv xsrq

wudglwlrqdo prghov iru fhqvruhg gdwd1 Wkh vshfl�fdwlrq lqwurgxfhv dq lqghshqghqw suredelolw| wkdw

zh revhuyh d olplw revhuydwlrq +wkdw pdwfkhv wkh fhlolqj, hyhq iru revhuydwlrqv iru zklfk wkh wuxh

ydoxh ri wkh ghshqghqw yduldeoh vkrxog eh ehorz wkh olplw1 Wklv lqghshqghqw suredelolw| lv wkh

suredelolw| ri wdflw frooxvlrq iru �upv zkrvh qrq0frooxvlyh sulfh zrxog olh ehorz wkh fhlolqj1

Wkh �qdo frpsrqhqw ri rxu dssurdfk sdudoohov Eruhqvwhlq dqg Vkhsdug*v zrun1 Ehfdxvh rxu ixoo

vshfl�fdwlrq doorzv wkh suredelolw| ri wdflw frooxvlrq wr ydu| e| revhuydwlrq edvhg rq lvvxhu0 dqg

vwdwh0vshfl�f idfwruv/ zh fdq whvw k|srwkhvhv uhjduglqj wkh uhodwlrqvkls ehwzhhq wkh vxvwdlqdelolw|

ri wdflw frooxvlrq dqg h{rjhqrxv idfwruv wkrxjkw wr d�hfw wkh yldelolw| ri wdflw frooxvlrq= wkh ohyho

ri wkh fhlolqj/ �up0ohyho frvwv/ pdunhw frqfhqwudwlrq/ dqg �up vl}h1

Ehiruh rxwolqlqj wkh hpslulfdo dssurdfk lq pruh ghwdlo/ zh suhvhqw d vxppdu| ri rxu gdwd/ dqg
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glvfxvv wkh uhohydqw lqvwlwxwlrqdo ghwdlo1
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Lq 4<:</ prvw fuhglw fdug lvvxhuv idfhg vwdwh0ohyho fhlolqjv rq fuhglw fdug lqwhuhvw udwhv1�f Wdeoh

4 suhvhqwv gdwd ghvfulelqj wkh lqflghqfh ri fhlolqjv ehwzhhq 4<:< dqg 4<;<1 Wkh lqirupdwlrq rq

lqwhuhvw udwh fhlolqjv lv iurp Wkh Frvw ri Shuvrqdo Eruurzlqj lq wkh Xqlwhg Vwdwhv/ dq dqqxdo

frpshqglxp ri vwdwh0ohyho xvxu| odz1�� Wkh wrs urzv ri wkh wdeoh vkrz gdwd dyhudjhg ryhu doo

vwdwhv lq wkh vdpsoh/ zkloh wkh erwwrp urzv vkrz gdwd dyhudjhg ryhu lvvxhuv iru zklfk zh kdyh

lqwhuhvw udwh gdwd1�2 Wkh sdwwhuq iru wkh vwdwh0ohyho gdwd lv qhduo| lghqwlfdo wr wkdw iru wkh lvvxhu0ohyho

gdwd1��

Lq 4<:< fhlolqjv h{lvwhg lq ryhu qlqhw| shufhqw ri vwdwhv lq rxu vdpsoh1 Wkh fhlolqjv ydulhg dfurvv

vwdwhv/ exw wkh prvw frpprq fhlolqj zdv hljkwhhq shufhqw/ zklfk suhydlohg lq qhduo| hljkw| shufhqw

ri vwdwhv1 Lq 4<:< d ihz vwdwhv kdg fhlolqjv ehorz hljkwhhq shufhqw> xvxdoo| wkhvh fhlolqjv zhuh

lpsrvhg dw �iwhhq ru wzhoyh shufhqw1�e Lq uhvsrqvh wr kljk lq�dwlrq/ dqg dovr dv sduw ri d jhqhudo

wuhqg wrzdug ghuhjxodwlrq/ lq wkh hduo| 4<;3v pdq| vwdwhv fkrvh wr uhpryh ru udlvh wkhlu lqwhuhvw

udwh fhlolqjv1 Iurp 4<;4 wr 4<;7/ wkh shufhqwdjh ri vwdwhv zlwk qr fhlolqj ru d fhlolqj deryh hljkwhhq
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shufhqw urvh gudpdwlfdoo|1 E| 4<;6 qr vwdwh lq wkh vdpsoh kdg d fhlolqj ehorz hljkwhhq shufhqw1

Diwhu 4<;7/ wkh furvv0vhfwlrqdo sdwwhuq ri fhlolqjv uhpdlqv idluo| vwdwlf1

��2 �h�U�?} �? |�i �hi_�| �@h_ �@h!i|c �b.b��bHb

Wkhuh duh wzr vwulnlqj dvshfwv ri fuhglw fdug sulflqj gxulqj wkh 4<;3v1�D Wkh �uvw lv wkh h{whqw ri

_foxvwhulqj% dw fhuwdlq lqwhuhvw udwhv> zh glvfxvv wklv lq ghwdlo ehorz1 Wkh vhfrqg lv wkh lqiuhtxhqf|

zlwk zklfk fdug lvvxhuv dgmxvwhg wkhlu lqwhuhvw udwhv1 Iru h{dpsoh/ lq rxu vdpsoh wkh dyhudjh _vshoo%

gxulqj zklfk d jlyhq lvvxhu*v fuhglw fdug udwh uhpdlqv xqfkdqjhg lv pruh wkdq �yh |hduv1 Wkhvh

wzr idfwruv vhhp sx}}olqj/ ehfdxvh wkh| vhhp wr ghi| frqyhqwlrqdo qrwlrqv ri sulflqj lq frpshwlwlyh

pdunhwv1�S Lw lv fhuwdlqo| wuxh wkdw qr rwkhu ordq pdunhw glvsod|v vlplodu sulflqj sdwwhuqv gxulqj

wkh vdph wlph shulrg1

Dq h{dplqdwlrq ri lqwhuhvw udwh fhlolqjv dqg sulflqj uhyhdov wkdw erwk foxvwhulqj dqg vwlfnlqhvv

duh h{sodlqhg e| wkh idfw wkdw wkurxjkrxw wkh vdpsoh shulrg/ prvw lvvxhuv fkdujhg lqwhuhvw udwhv

htxdo wr wkh fhlolqj ri wkhlu krph vwdwh1 Wdeoh 5 ghvfulehv wklv eurdg sdwwhuq ri lqwhuhvw udwh

foxvwhulqj dw fhlolqjv1 Rxu lqwhuhvw udwh gdwd duh wdnhq iurp wkh _Txduwhuo| Uhsruw ri Udwhv ri

Vhohfwhg Gluhfw Frqvxphu Lqvwdoophqw Ordqv/% d vxuyh| froohfwhg txduwhuo| e| wkh Ihghudo Uhvhuyh

Erdug1 Edqnv yroxqwdulo| sduwlflsdwh lq wkh vxuyh|1�.

Lq vwdwhv zlwk fhlolqjv/ zhoo ryhu hljkw| shufhqw ri lvvxhuv pdwfkhg wkhlu fhlolqj lq wkh hduo| |hduv

ri wkh vdpsoh1 Wkh foxvwhulqj lv prvw surqrxqfhg lq vwdwhv zlwk fhlolqjv dw 4; shufhqw +wkh prvw

frpprq fhlolqj,1 Lw lv lqwhuhvwlqj wr qrwh wkdw lq wkh hduo| |hduv ri wkh vdpsoh/ foxvwhulqj lv pruh
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surqrxqfhg lq vwdwhv zlwk fhlolqjv dw 4; shufhqw wkdq lq vwdwhv zlwk fhlolqjv ehorz 4; shufhqw1 Hyhq

lq vwdwhv zlwk fhlolqjv deryh hljkwhhq shufhqw/ wkh pdmrulw| ri lvvxhuv pdwfk wkh fhlolqj lq wkh hduo|

sduw ri wkh vdpsoh1 Wkh h{whqw ri foxvwhulqj idoov ryhu wlph/ exw vwloo uhpdlqv ryhu iruw| shufhqw dw

wkh hqg ri wkh vdpsoh shulrg1

D fruroodu| ri wkh uhodwlrqvkls ehwzhhq foxvwhulqj dqg fhlolqjv lv wkh h{whqw wr zklfk vwdwh0

vshfl�f idfwruv h{sodlq furvv0vhfwlrqdo yduldwlrq lq lqwhuhvw udwhv1 Wkh erwwrp wzr urzv ri wkh wdeoh

vkrz wkh U0vtxduhg �jxuhv iurp d vhulhv ri |hdu0e|0|hdu furvv0vhfwlrqdo uhjuhvvlrqv zlwk wkh lvvxhu0

ohyho lqwhuhvw udwh dv wkh ghshqghqw yduldeoh1 Lq wkh �uvw urz/ wkh h{sodqdwru| yduldeohv duh d vhw ri

�{hg vwdwh h�hfwv1 Lq wkh vhfrqg/ wkh rqo| h{sodqdwru| yduldeoh lv wkh ohyho ri wkh lqwhuhvw udwh fhlolqj

idfhg e| wkh lvvxhu1�H Wkh U0vtxduhg phdvxuh lqfoxglqj rqo| wkh lqwhuhvw udwh fhlolqj lv urxjko|

3173 lq wkh hduo| |hduv ri wkh vdpsoh/ dqg idoov e| wkh hqg1�b Wkh U0vtxduhg iurp wkh uhjuhvvlrq

lqfoxglqj vwdwh h�hfwv lv vljql�fdqwo| kljkhu> lq prvw |hduv lw lv juhdwhu wkdq 31:3 dqg uhdfkhv d kljk

ri 31;81 Wklv lqglfdwhv wkdw zkloh lqwhuhvw udwhv fhlolqjv duh dq lpsruwdqw ghwhuplqdqw ri vwdwh0ohyho

yduldwlrq lq lqwhuhvw udwhv/ wkhuh duh rwkhu lpsruwdqw vwdwh0ohyho ghwhuplqdqwv ri lqwhuhvw udwhv1 Zh

zloo dwwhpsw wr frqwuro iru wkhvh vwdwh0vshfl�f idfwruv lq wkh hpslulfdo zrun1

Zh vkrxog qrwh wkdw wkh foxvwhulqj dqg vwlfnlqhvv ri udwhv glg dwwudfw wkh dwwhqwlrq ri odz0

pdnhuv/ dfdghplfv dqg dqwlwuxvw dxwkrulwlhv frqfhuqhg derxw wkh ohyho ri frpshwlwlrq dprqj fdug

lvvxhuv1 Phpehuv ri Frqjuhvv dw ydulrxv wlphv lpsolhg wkdw lvvxhuv zhuh hqjdjlqj lq wdflw ru h{solflw

frooxvlrq12f Dxvxeho +4<<4, qrwhg wkdw wkh vwlfnlqhvv ri lqwhuhvw udwhv pljkw lpso| d _idloxuh ri frp0

shwlwlrq1% Lq Fdoliruqld/ wkh vwdwh Dwwruqh| Jhqhudo eurxjkw sulfh0�{lqj fkdujhv djdlqvw wkuhh ri

wkh vwdwh*v odujhvw fuhglw fdug lvvxhuv1 Wkh vxlw doohjhg h{solflw frooxvlrq rq lqwhuhvw udwhv e| Iluvw

Lqwhuvwdwh Edqfrus/ Zhoov Idujr dqg Edqn ri Dphulfd ehwzhhq 4<;5 dqg 4<;91 Iluvw Lqwhuvwdwh

dqg Zhoov Idujr vhwwohg dqg djuhhg wr sd| '88 ploolrq lq gdpdjhv/ zkloh Edqn ri Dphulfd zdv

dftxlwwhg dw wuldo1 Dqrwkhu vxlw lq Fklfdjr/ djdlq doohjlqj gluhfw sulfh0�{lqj/ zdv glvplvvhg lq wkh

hduo| 4<;3v1

Lq vxppdu|/ wkh idfw wkdw lvvxhuv zhuh vhwwlqj lqwhuhvw udwhv htxdo wr wkhlu vwdwh0ohyho lqwhuhvw
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udwh fhlolqjv h{sodlqv erwk wkh foxvwhulqj ri fuhglw fdug lqwhuhvw udwhv dqg wkh uhodwlyh lq�h{lelolw| ri

udwhv gxulqj wkh 4<;3v1 Pruhryhu/ wkh h{whqw wr zklfk vwdwh0vshfl�f idfwruv h{sodlq furvv0vhfwlrqdo

yduldwlrq lq sulflqj vxjjhvwv wkdw wkh uhohydqw ohyho iru rxu dqdo|vlv lv wkh vwdwh1 Irfxvlqj rq wkh

vwdwh lv dovr vxjjhvwhg ehfdxvh lqwhuhvw udwh fhlolqjv 0 wkh srwhqwldo irfdo srlqw iru wdflw frooxvlrq

0 ydu| dw wkh vwdwh ohyho1 Lq dgglwlrq/ pxfk ri wkh uhjxodwru| dqg dqwlwuxvw dfwlylw| uhjduglqj

fuhglw fdug lvvxhuv gxulqj wklv shulrg +vxfk dv wkh vxlwv phqwlrqhg deryh, wrrn sodfh dw wkh vwdwh

ohyho1 Ilqdoo|/ zh vkrxog qrwh wkdw lq frqwudvw wr wkh vlwxdwlrq lq wkh 4<<3v/ gxulqj wkh 4<;3v wkh

ydvw pdmrulw| ri fuhglw fdug fxvwrphuv khog fdugv lvvxhg e| d edqn lq wkhlu krph vwdwh12� Wklv

pruh uhjlrqdo rulhqwdwlrq uh�hfwhg wkh uhvlgxdo lpsdfw ri lqwhuvwdwh edqnlqj uhvwulfwlrqv/ zklfk

vwloo dssolhg wr prvw edqnlqj vhuylfhv122 Zkloh d jurxs ri odujhu lvvxhuv glg pdunhw wkhlu fdugv

qdwlrqdoo|/ wkhlu djjuhjdwh pdunhw vkduh gxulqj wkh hduo| sduw ri wkh ghfdgh zdv vwloo idluo| vpdoo1

Lq rughu wr surylgh vrph suholplqdu| lqvljkw lqwr wkh uhodwlrqvkls ehwzhhq sulflqj dqg lqwhuhvw

udwh fhlolqjv/ lq wkh qh{w vhfwlrq zh glvfxvv vrph vxppdu| gdwd rq fuhglw fdug lqwhuhvw udwhv/ sulfh

fhlolqjv/ dqg rwkhu ordq udwhv1
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Zkloh wkh vxppdu| gdwd suhvhqwhg lq wklv vhfwlrq fdq qrw frqfoxvlyho| hvwdeolvk ru uxoh rxw wdflw

frooxvlrq/ wkh| gr vkhg oljkw rq sdwwhuqv ri sulflqj dfurvv vwdwhv dqg �upv1 Lq sduwlfxodu/ zh

fdq qrwh wkdw wkh prvw sodxvleoh dowhuqdwlyh h{sodqdwlrq iru _foxvwhulqj% dw fhlolqjv lv vlpso| wkdw

fhlolqjv duh elqglqj1 Doo hovh htxdo/ lq rxu vdpsoh wklv zrxog lpso| wzr sdwwhuqv lq sulfhv1 Iluvw/ li

foxvwhulqj uhsuhvhqwv d frqvwudlqw rq lvvxhu ehkdylru/ udwhv vkrxog eh orzhu lq vwdwhv zlwk fhlolqjv

wkdq lq vwdwhv zlwkrxw fhlolqjv1 Vhfrqg/ li kljk0frvw lvvxhuv duh pruh olnho| wr sulfh dw fhlolqjv wkdq

orz0frvw lvvxhuv ehfdxvh fhlolqjv elqg wkh kljk0frvw lvvxhuv/ lqwhuhvw pdujlqv vkrxog eh orzhu iru

lvvxhuv dw fhlolqjv +zkr kdyh kljkhu frvwv dqg duh frqvwudlqhg, wkdq iru lvvxhuv ehorz fhlolqjv1

Wdeoh 6 suhvhqwv dyhudjh lqwhuhvw udwh gdwd iru wkh vdpsoh shulrg1 Wkh �uvw urzv vkrz dyhudjh

fuhglw fdug lqwhuhvw udwh gdwd iru wkh edqnv lq rxu vdpsoh1 Wkhuh duh wzr eurdg sdwwhuqv1 Iluvw/ wkh

dyhudjh lqwhuhvw udwh ulvhv iurp 4<:< wr 4<;6/ wkh judgxdoo| idoov ryhu wkh uhpdlqghu ri wkh vdpsoh

shulrg1 Wkh lqfuhdvh lq wkh hduo| sduw ri wkh ghfdgh lv frqvlvwhqw zlwk wkh sdwwhuq ri ghuhjxodwlrq
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gxulqj wkdw wlph1 Wkh idoo odwhu lq wkh vdpsoh pd| eh gxh wr idoolqj lqwhuhvw udwhv lq wkh hfrqrp|

dv d zkroh1

Lq rughu wr dvvhvv wkh fodlp wkdw udwhv vkrxog eh orzhu lq vwdwhv zlwk fhlolqjv/ zh suhvhqw wkh

fuhglw fdug udwh gdwd vwudwl�hg e| ohyho ri fhlolqj +F,1 Qrw vxusulvlqjo|/ udwhv duh orzhvw lq wkh vwdwhv

zlwk wkh prvw uhvwulfwlyh fhlolqjv +F ? 4;(,1 Zkdw lv vrphzkdw vxusulvlqj lv wkdw iru pxfk ri wkh

vdpsoh shulrg/ udwhv duh vrphzkdw kljkhu lq vwdwhv zlwk uhodwlyho| kljk fhlolqjv +F A 4;(, wkdq lq

vwdwhv zlwkrxw dq| fhlolqj1 Zh zrxog h{shfw wkdw li fhlolqjv* rqo| h�hfw zhuh wr sodfh d frqvwudlqw

rq sulflqj/ wkdw doo hovh htxdo sulfhv zrxog eh +zhdno|, orzhu lq vwdwhv zlwk fhlolqjv wkdq zlwkrxw1

Wkh vhfrqg vhw ri urzv vkrzv dxwr ordq udwhv iru wkh edqnv lq rxu vdpsoh12� Dxwr ordqv wudfn

rwkhu lqwhuhvw udwhv lq wkh hfrqrp| txlwh forvho|/ lqfoxglqj wkh frvw ri ixqgv iru edqnv1 Lw lv wkhuhiruh

olnho| wkdw wklv dxwr ordq udwh fdswxuhv vwdwh0 dqg lvvxhu0vshfl�f frpsrqhqwv ri pdujlqdo frvw1 Wklv

doorzv xv wr xvh wkh fuhglw fdug2dxwr ordq pdujlq dv d sur{| iru wkh lvvxhu*v lqwhuhvw pdujlq rq

fuhglw fdugv1 Lw lv lpsruwdqw wr qrwh wkdw wkhuh lv olwwoh gl�huhqfh lq dxwr ordq udwhv dfurvv vwdwhv

zlwk gl�huhqw fhlolqjv1 Wkxv/ lw vhhpv xqolnho| wkdw fuhglw fdug udwhv duh kljkhu lq vwdwhv zlwk kljk

fhlolqjv vlpso| ehfdxvh lvvxhuv lq wkhvh vwdwhv kdyh kljkhu frvwv1

Wkh qh{w urzv uhsruw wkh jds ehwzhhq fuhglw fdug lqwhuhvw udwhv dqg dxwr ordq udwhv1 Djdlq/ li

wkh dxwr ordq udqn fdswxuhv lvvxhu0vshfl�f frvwv/ wklv jds vkrxog eh fruuhodwhg zlwk wkh lqwhuhvw udwh

pdujlq rq fuhglw fdugv1 Wkh sulpdu| urzv vkrz wkh dyhudjh jds lq vwdwhv zlwk fhlolqjv ri hljkwhhq

shufhqw/ lq vwdwhv zlwk fhlolqjv juhdwhu wkdq hljkwhhq shufhqw/ dqg lq vwdwhv zlwk qr fhlolqj12e Lq

qhduo| hyhu| |hdu/ wklv jds lv kljkhvw lq vwdwhv zlwk fhlolqjv juhdwhu wkdq hljkwhhq shufhqw1 Wkh jds

lv orzhu lq vwdwhv zlwk qr fhlolqj/ dqg vwloo orzhu lq vwdwhv zlwk dq hljkwhhq shufhqw fhlolqj1 Wklv

frqwudglfwv wkh qrwlrq wkdw wkh pdujlq vkrxog eh orzhu lq vwdwhv zlwk fhlolqjv wkdq lq vwdwhv zlwkrxw

fhlolqjv1

Wkh vxe0khdglqjv lq wkh odvw vhw ri urzv surylgh pruh lqirupdwlrq/ e| frpsdulqj wkh fuhglw

fdug0dxwr ordq jds iru lvvxhuv dw wkh fhlolqj +s @ F, wr wkh jds iru lvvxhuv sulflqj ehorz wkh

fhlolqj +s ? F,/ zlwklq vwdwhv zlwk d jlyhq fhlolqj1 Lq erwk fdvhv +F @ 4;( ru F A 4;(,/ wkh

jds lv vljql�fdqwo| kljkhu iru edqnv dw wkh fhlolqj wkdq iru edqnv ehorz wkh fhlolqj1 Djdlq/ wklv

lv vxusulvlqj1 Zh zrxog lpdjlqh wkdw li lqwhuhvw udwh fhlolqjv lpsrvhg d frqvwudlqw/ dqg wkh dxwr

ordq udwh fdswxuhg yduldwlrqv lq pdujlqdo frvw ryhu wlph dqg dfurvv lvvxhuv/ wkdw wkh jds zrxog eh

juhdwhu iru lvvxhuv ehorz wkh fhlolqj wkdq iru lvvxhuv dw wkh fhlolqj1

Dv d frqfoxglqj srlqw/ zkloh lw lv olnho| wkdw yduldwlrq lq wkh dxwr ordq udwh fdswxuhv d frpsrqhqw
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ri yduldwlrq lq pdujlqdo frvw dw wkh lvvxhu ohyho/ lw lv fhuwdlqo| srvvleoh wkdw wkhuh duh xqrevhuyhg

frpsrqhqwv ri pdujlqdo frvw wkdw duh gulylqj lvvxhuv wr wkh fhlolqj1 Zh dgguhvv wklv lvvxh pruh

ixoo| odwhu lq wkh sdshu/ exw zh qrwh dw wklv srlqw wkdw iru lw wr h{sodlq wkh revhuyhg gl�huhqfhv lq

pdujlqv/ wkh xqrevhuyhg frpsrqhqw ri frvwv zrxog kdyh wr eh odujh1

e 5TiU��U@|�L? Lu |�i �L_i*

Lq wklv vhfwlrq/ zh ghyhors wkh hpslulfdo iudphzrun iru rxu hpslulfdo whvwv1 Zh ehjlq e| vshfli|lqj

d vlpsoh uhgxfhg0irup htxdwlrq ghvfulelqj wkh lvvxhu*v rqh0vkrw sulfh1 Zh wkhq lqfrusrudwh wkh

srvvlelolw| wkdw dq lvvxhu pd| sulfh dw wkh fhlolqj ehfdxvh lw lv elqglqj/ e| doorzlqj revhuydwlrqv ri

wkh qrq0frrshudwlyh sulfh wr eh fhqvruhg dw wkh fhlolqj1 Lq rughu wr whvw iru wdflw frooxvlrq/ zh wkhq

h{whqg wkh prgho wr doorzlqj dq lvvxhu wr sulfh dw wkh fhlolqj hyhq zkhq lw lv qrw elqglqj1 Rxu ixoo

vshfl�fdwlrq hvwlpdwhv wkh lvvxhu0ohyho suredelolw| ri wdflw frooxvlrq/ e| doorzlqj wkh suredelolw| wr

ydu| edvhg rq lvvxhu0 dqg vwdwh0vshfl�f idfwruv1 Wklv dovr doorzv xv wr hvwlpdwh wkh uhodwlrqvkls

ehwzhhq wkhvh idfwruv dqg wkh vxvwdlqdelolw| ri wdflw frooxvlrq1 Diwhu suhvhqwlqj wkh hpslulfdo

iudphzrun/ zh ghvfuleh wkh yduldeohv lqfoxghg lq wkh uhjuhvvlrqv/ dqg glvfxvv vrph hfrqrphwulf

lvvxhv1

e�� �@ti*�?i 5TiU��U@|�L?t

Frqvlghu d uhgxfhg0irup sulflqj htxdwlrq ghvfulelqj dq lvvxhu*v qrq0frrshudwlyh lqwhuhvw udwh/ sW�|=

sW�| @ [�|� . %�|> zlwk % q Q+3> ��,= +4,

Wklv qrq0frrshudwlyh sulfh lv wkdw zklfk wkh lvvxhu zrxog vhw lq wkh devhqfh ri wdflw frooxvlrq

dw wkh irfdo srlqw1 Wkh yhfwru [�| lqfoxghv lvvxhu0 dqg vwdwh0vshfl�f frvw dqg ghpdqg yduldeohv/

pdunhw vwuxfwxuh yduldeohv/ dqg d vhw ri �{hg vwdwh dqg |hdu h�hfwv12D Iru lvvxhuv lq vwdwhv zlwkrxw

fhlolqjv/ rxu revhuydwlrq ri wkh gdwd zloo vlpso| eh s�| @ sW�|1
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Iru lvvxhuv lq vwdwhv zlwk fhlolqjv/ wkh fhlolqj pd| eh elqglqj1 Wklv zloo fhqvru wkh gdwd/ dowkrxjk

lw vkrxog qrw fkdqjh dq|wklqj hovh derxw wkh sulflqj uhodwlrqvkls=
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Frpelqlqj revhuydwlrqv iru lvvxhuv lq vwdwhv zlwk fhlolqjv dqg zlwkrxw fhlolqjv |lhogv wkh iroorz0

lqj olnholkrrg ixqfwlrq=
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Wklv edvholqh vshfl�fdwlrq frpelqhv d Wrelw prgho iru wkh revhuydwlrqv lq vwdwhv zlwk fhlolqjv/

dqg ruglqdu| ohdvw vtxduhv iru wkh revhuydwlrqv lq vwdwhv zlwkrxw fhlolqjv1 Wkh lqglfdwru LSe�,�| wdnhv

rq d ydoxh ri rqh iru lvvxhuv wkdw idfh sulfh fhlolqjv1

Lw lv zruwk qrwlqj wkdw wkh vwdqgdug Wrelw prgho lq wkh vshfl�fdwlrq deryh lpsolflwo| dvvxphv

wkdw wkh olplw revhuydwlrqv +wkrvh iru zklfk sW�| @ F�|, duh gudzq iurp wkh vdph glvwulexwlrq dv

wkh qrq0olplw revhuydwlrqv1 Li lq idfw vrph lvvxhuv dw wkh olplw duh wdflwo| frooxglqj +phdqlqj wkdw

wkhlu qrq0frrshudwlyh lqwhuhvw udwh sW�| ? F�|/ exw wkdw wkh| duh vhwwlqj s�| @ F�|,/ wkh frh�flhqwv

lq wkh Wrelw vshfl�fdwlrq zloo eh eldvhg1 D vlpsoh dowhuqdwlyh wkdw pd| eh ohvv yxoqhudeoh wr wklv

sureohp lv d wuxqfdwhg uhjuhvvlrq prgho ri sulflqj lq vwdwhv/ udwkhu wkdq d Wrelw12. Frpelqlqj wkh

wuxqfdwhg prgho zlwk ROV iru lvvxhuv lq vwdwhv zlwkrxw fhlolqjv |lhogv=
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Wklv prgho grhv qrw xvh dq| olplw revhuydwlrqv lq hvwlpdwlrq1 Lw zloo |lhog xqeldvhg hvwlpdwhv

ri wkh frh�flhqwv � hyhq li vrph lvvxhuv duh wdflwo| frooxglqj/ dv orqj dv wkh suredelolw| ri wdflw

frooxvlrq lv xqfruuhodwhg zlwk wkh uljkw0kdqg vlgh yduldeohv/ dqg wkh idfw wkdw rwkhu lvvxhuv duh

wdflwo| frooxglqj ohdyhv wkh qrq0frrshudwlyh sulflqj uhodwlrqvkls xqfkdqjhg1

D �qdo srlqw uhjduglqj rxu vshfl�fdwlrq ri wkh sulflqj htxdwlrq lv wkdw zh doorz iru wkh sulflqj

uhodwlrqvkls wr gl�hu dfurvv lvvxhuv lq vwdwhv zlwk dqg zlwkrxw fhlolqjv/ e| lqfoxglqj lq[�| d gxpp|

2.A�i |h�?U@|i_ hi}hitt�L? �tit L?*) ?L?�*�4�| LMtih�@|�L?t �? it|�4@|�L?c M�| @UUL�?|t uLh |�i ti*iU|�L? M�@t |�@|
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yduldeoh htxdo wr rqh li wkh lvvxhu idfhv dq lqwhuhvw udwh fhlolqj12H Doorzlqj wkh uhodwlrqvkls wr gl�hu

zloo fdswxuh wkh h�hfwv ri fhlolqjv rq lvvxhuv wkdw sulfh ehorz wkhlu fhlolqj1 Wkh suhglfwhg vljq ri

wkh gxpp| yduldeoh frh�flhqw lv lqghwhuplqdwh> lw ghshqgv rq wkh h{whqw wr zklfk fhlolqjv elqg

dqg2ru idflolwdwh wdflw frooxvlrq12b Li wkh h�hfwv ri wdflw frooxvlrq grplqdwh/ wkh frh�flhqw zloo eh

srvlwlyh/ zkloh li fhlolqjv duh sugrplqdqwo| elqglqj/ wkh frh�flhqw zloo eh qhjdwlyh1

e�2 �L_i*�?} A@U�| �L**�t�L?

Lq rughu wr doorz iru wkh srvvlelolw| wkdw lvvxhuv pd| wdflwo| frooxgh dw wkh fhlolqj/ zh h{whqg wkh

prgho1 Rxu dssurdfk doorzv iru wkh srvvlelolw| wkdw dq lvvxhu vhwv lwv udwh dw wkh fhlolqj s�| @ F�|

hyhq wkrxjk lwv qrq0frrshudwlyh sulfh iurp wkh sulflqj htxdwlrq lv ohvv wkdq wkh fhlolqj/ sW�| ? F�|1

Zh ehjlq e| gh�qlqj dq lqglfdwru ri wdflw frooxvlrq=

z�| @

;?
=

4 li lvvxhu l lv wdflwo| frooxglqj dw wlph w>

3 rwkhuzlvh1
+8,

Zh fdq ghvfuleh wkh gdwd0jhqhudwlqj surfhvv iru sulfhv lq wkh iroorzlqj zd|= Lq vwdwhv zlwkrxw

fhlolqjv/ hdfk lvvxhu vhwv d sulfh htxdo wr lwv qrq0frrshudwlyh sulfh/ s�| @ sW�| @ [�|�� . %��|1 Lq

vwdwhv zlwk fhlolqjv/ lvvxhuv iru zklfk wkh fhlolqj lv elqglqj + sW�| � F�|, pdwfk wkh fhlolqj1 Dprqj

wkh lvvxhuv iru zklfk wkh fhlolqj lv qrw elqglqj/ vrph lvvxhuv pd| wdflwo| frooxgh +z�| @ 4,/ dqg vhw

s�| @ F�|1 Wkh uhpdlqlqj lvvxhuv gr qrw wdflwo| frooxgh/ dqg vhw d sulfh htxdo wr wkhlu qrq0frrshudwlyh

sulfh1 Pruh irupdoo|/

s�| @

;AA?
AA=

sW�| li L
Se�,
�| @ 4/ sW�| ? F�|/ dqg z�| @ 3>

sW�| li L
Se�,
�| @ 3

F�| rwkhuzlvh1

+9,

D vlpsoh zd| wr doorz iru wdflw frooxvlrq lv wr prgho z�| dv wkh rxwfrph ri d odwhqw surfhvv

ghwhuplqlqj wkh dwwudfwlyhqhvv ri wdflw frooxvlrq1 Li wkh surfhvv lv frpsohwho| xqrevhuydeoh dqg

xqfruuhodwhg zlwk wkh revhuydeoh yduldeohv/ zh fdq prgho z�| dv d udqgrp yduldeoh wdnlqj rq wkh

ydoxh 4 zlwk suredelolw| � dqg 3 zlwk suredelolw| +4��,1 Grlqj vr |lhogv wkh frpelqhg olnholkrrg

ixqfwlrq iru wkh gdwd/
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Wkh prgho |lhogv dq hvwlpdwh ri � wkdw lv frqvwdqw dfurvv doo lvvxhuv dqg wlph shulrgv1 Wklv

prgho idoov zlwklq wkh fodvv ri _elyduldwh% dssurdfkhv wr Wrelw prgholqj/ lq zklfk wkh suredelolw|

ri revhuylqj d olplw revhuydwlrq lv ghwhuplqhg glvwlqfwo| iurp wkh ohyho ri wkh ghshqghqw yduldeoh

+sW�| lq rxu fdvh,1 Wkh sduwlfxodu vshfl�fdwlrq deryh lv nqrzq dv wkh _s0Wrelw% ehfdxvh lw hvwlpdwhv

d vlqjoh suredelolw| wkdw dq revhuydwlrq wkdw vkrxog eh ehorz wkh olplw lv lq idfw revhuyhg dw wkh

olplw1 Wkh prgho zdv �uvw suhvhqwhg e| Ghdwrq dqg Lulvk +4<;7, lq dq dwwhpsw wr h{sodlq wkh

xqghuuhsruwlqj ri Eulwlvk wredffr h{shqglwxuhv/ dqg kdv w|slfdoo| ehhq dssolhg lq vlplodu frqwh{wv

lq oderu hfrqrplfv1�f

Ehfdxvh zh gr srvvhvv revhuydeohv wkdw vkrxog eh fruuhodwhg zlwk wkh vxvwdlqdelolw| ri wdflw

frooxvlrq +h1j1/ frqfhqwudwlrq,/ zh dovr doorz � wr eh d ixqfwlrq ri fryduldwhv wkdw d�hfw wkh vxvwdlq0

delolw| ri wdflw frooxvlrq1 Wklv lqyroyhv hvwlpdwlqj d vhw ri vshfl�fdwlrqv xvlqj wkh _grxeoh0kxugoh%

prgho sursrvhg e| Fudjj +4<:4,/ lq zklfk wkh lqglfdwru z�| lv wkh elqrpldo revhuydwlrq ri d odwhqw

yduldeoh zW
�|/ zkhuh z

W
�| @ ]�|� .  �| dqg  �| q Q +3> 4,1 Wkh suredelolw| wkdw d jlyhq lvvxhu wdflwo|

frooxghv lv wkhq ��| @ �+�]�|�, = Lqfrusrudwlqj wklv lqwr wkh olnholkrrg ixqfwlrq deryh |lhogv=

O @
\

USe�,
�|

'�

5
7 \
R�|'��|

�
�

�
F�| �[�|�

��

�
.�+�]�|�,�

�
[�|� �F�|

��

��
+;,

�fA�i _i�i*LT4i?| @?_ @TT*�U@|�L? Lu T�ALM�| @?_ _L�M*i ��h_*i 4L_i*t �? *@MLh iUL?L4�Ut t|i4 uhL4 |�L ThLM*i4t

��|� UL?t�4ih i Ti?_�|�hi t�h�i) _@|@� A�i �ht| �t |�@| hitTL?_i?|t UL?t�t|i?|*) �?_ih�hiTLh| UL?t�4T|�L? Lu tL4i

}LL_t E@*UL�L* @?_ |LM@UUL Mi�?} ?L|@M*i i @4T*it�� W? |��t U@tic |�i RT�ALM�|� 4L_i* it|�4@|it |�i ThLM@M�*�|)

|�@| @ hitTL?_i?| _�_ �? u@U| UL?t�4i tL4i TLt�|��i E?L?�*�4�|� ^�@?|�|) Lu |�i }LL_c M�| hiTLh|i_ @ 3ihL E*�4�|�

^�@?|�|)� � tiUL?_ @TT*�U@|�L? Lu |�i RT�ALM�|� 4L_i* �t |L it|�4@|�L? Lu UL?t�4T|�L? u�?U|�L?t ��|� _�h@M*i }LL_t�

6Lh |�iti }LL_tc T�hU�@tit @hi �?uhi^�i?| @?_ |�i _@|@ ��** UL?|@�? 3ihL i Ti?_�|�hit uLh 4@?) �L�ti�L*_t ��|�

TLt�|��i UL?t�4T|�L? Lu |�i }LL_ �? ^�it|�L? Et@)c @? @�|L4LM�*i�� W? |��t �?t|@?Uic L?i U@? 4L_i* |�i ThLM@M�*�|)

�? |�i RT�|LM�|� 4L_i* @t |�i uhi^�i?U) Lu T�hU�@ti E@?_ tU@*i |�i L|�ih ULi��U�i?|t �? |�i UL?t�4T|�L? u�?U|�L?

M) k�� W? itti?Uic ML|� @TT*�U@|�L?t Lu |�i 4L_i* @hi _it�}?i_ |L �@?_*i t�|�@|�L?t �? ���U� |�ihi @hi R|LL 4@?)�

*�4�| LMtih�@|�L?t �? |�i _@|@� ��h t�|�@|�L? �t 4Lt| @?@*L}L�t |L |�i �ht| 4i?|�L?i_ @ML�i( �u �tt�iht |@U�|*) UL**�_ic

|�ihi ��** Mi R|LL 4@?)� �tt�iht 4@|U��?} |�i�h Ui�*�?}t� 5ii �@!� @?_ ��t��)@4@ E�bbS� @?_ �*�?_i** @?_ �i}��h

E�bH.� uLh @TT*�U@|�L?t Lu |�i RT�ALM�|� 4L_i*�



4:

�
\

R�|	��|

�3�� �+]�|�,!

�
s�| �[�|�

��

�68 �
\

USe�,
�|

'f

�3�� !

�
s�| �[�|�

��

�

Qrwh wkdw zh fdq ylhz wkh s0Wrelw prgho dv mxvw d vshfldo fdvh ri wkh grxeoh0kxugoh/ lq zklfk

� @ �+�,/ zkhuh � lv d frqvwdqw1��

Wr vxppdul}h/ rxu prgho ehjlqv zlwk d vlpsoh irupxodwlrq ri dq lvvxhu*v qrq0frrshudwlyh sulfh1

Lw doorzv wklv sulflqj htxdwlrq wr gl�hu iru lvvxhuv lq vwdwhv zlwk fhlolqjv dqg zlwkrxw fhlolqjv1 Zh

wkhq doorz iru wkh srvvlelolw| wkdw wkh gdwd pd| eh fhqvruhg ehfdxvh lvvxhuv idfh fhlolqjv wkdw

duh elqglqj1 Hvwlpdwlqj wklv prgho xvlqj d Wrelw vshfl�fdwlrq pdlqwdlqv wkh dvvxpswlrq wkdw

wdflw frooxvlrq lv qrw rffxuulqj/ zkloh hvwlpdwlqj lw xvlqj wkh wuxqfdwhg uhjuhvvlrq prgho grhv qrw

pdlqwdlq wklv dvvxpswlrq1 Ilqdoo|/ zh eurdghq wkh prgho wr h{solflwo| doorz iru wdflw frooxvlrq/ dqg

wr hvwlpdwh wkh suredelolw| wkdw d jlyhq lvvxhu lv wdflwo| frooxglqj1 Zh qrz ghvfuleh wkh yduldeohv

lqfoxghg lq wkh uhjuhvvlrqv/ dqg glvfxvv vrph hfrqrphwulf lvvxhv1

e�� V@h�@M*it

Lq wklv vhfwlrq/ zh rxwolqh wkh yduldeohv lqfoxghg lq wkh sulflqj htxdwlrq/ [�|/ dqg dovr wkh yduldeohv

lqfoxghg lq wkh yhfwru ]�|1 Wdeoh 7 frqwdlqv vxppdu| vwdwlvwlfv iru wkhvh yduldeohv1 Lw suhvhqwv wkh

gdwd vwudwl�hg edvhg rq zkhwkhu wkh revhuydwlrq frphv iurp d vwdwh zlwk ru zlwkrxw d fhlolqj1�2

Wkh yhfwru [�| lq wkh sulflqj htxdwlrq lqfoxgh yduldeohv wkdw fdswxuh ghpdqg/ frvw/ dqg pdunhw

vwuxfwxuh1 Wkh sulpdu| lvvxhu0vshfl�f frvw sur{| lv wkh lvvxhu*v dxwr ordq udwh1 Zh dovr lqfoxgh wkh

vwdwh0ohyho ghidxow udwh rq fuhglw fdug ghew dv dq dgglwlrqdo frqwuro iru vwdwh0ohyho frvwv1 Wkh [�|

yhfwru dovr lqfoxghv wzr vwdwh0ohyho ghprjudsklf yduldeohv1 Wkh �uvw lv dyhudjh zhhno| lqfrph shu

fdslwd/ dgmxvwhg iru lq�dwlrq1 Wkh vhfrqg lv wkh vwdwh0ohyho xqhpsor|phqw udwh1 Wkhvh yduldeohv

duh jhqhudoo| lqwhqghg wr fdswxuh vwdwh0vshfl�f yduldwlrqv lq ghpdqg1 Ilqdoo|/ wkh [�| yhfwru dovr

lqfoxghv d vhw ri dqqxdo wlph gxpp| yduldeohv/ dqg d vhw ri �{hg vwdwh h�hfwv1 Wkhvh yduldeohv duh

lqwhqghg wr slfn xs wkh h�hfwv ri xqrevhuyhg yduldeohv wkdw d�hfw sulfhv lghqwlfdoo| iru doo lvvxhuv

zlwklq d |hdu/ ru doo lvvxhuv zlwklq d vwdwh gxulqj wkh hqwluh vdpsoh shulrg1
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Zh dovr lqfoxgh lq [�| wkh vwdwh0ohyho Khu�qgdko lqgh{ lq fuhglw fdugv1�� Jlyhq wkh pruh

uhjlrqdo qdwxuh ri frpshwlwlrq gxulqj wklv wlph/ wklv yduldeoh pd| fdswxuh furvv0vwdwh yduldwlrq lq

wkh frpshwlwlyh hqylurqphqw1�e Dqrwkhu yduldeoh lqfoxghg lq[�| lv wkh rxwvwdqglqj fuhglw fdug ordqv

phdvxuhg dw wkh lvvxhu ohyho/ dgmxvwhg iru lq�dwlrq1 Wklv yduldeoh lv vrphzkdw gl�fxow wr lqwhusuhw

ehfdxvh ordqv pd| eh srvlwlyho| ru qjdwlyho| fruuhodwhg zlwk lvvxhu0ohyho frvwv> odujhu lvvxhuv whqg

wr kdyh kljkhu ghidxow udwhv/ exw wkhuh duh dovr vljql�fdqw vfdoh hfrqrplhv lq fuhglw fdug rshudwlrqv1

Lw lv dovr srvvleoh wkdw odujhu lvvxhuv pd| kdyh pdunhw srzhu1�D Wkhvh frq�lfwlqj h�hfwv lpso| wkdw

zh vkrxog h{huflvh fdxwlrq lq wkh lqwhusuhwdwlrq ri wkh frh�flhqw rq ordqv1 Ehfdxvh erwk wkh KKL

dqg wkh fuhglw fdug ordqv yduldeohv duh kljko| vnhzhg/ zh lqfoxgh wkh orjdulwkp ri hdfk lq wkh [�|

yhfwru1

Wkh ]�| yhfwru lqfoxghv yduldeohv wkdw vkrxog d�hfw wkh vxvwdlqdelolw| ri wdflw frooxvlrq1 Lw

lqfoxghv wkh ohyho ri wkh lqwhuhvw udwh fhlolqj idfhg e| wkh lvvxhu1 Xqghu wkh irfdo srlqw k|srwkhvlv/

wdflw frooxvlrq lv pruh gl�fxow wr vxvwdlq xqghu kljkhu fhlolqjv1 Wkh ]�| yhfwru dovr lqfoxghv wkh

lvvxhu*v dxwr ordq udwh1 Wkh dxwr ordq udwh lv d sur{| iru lvvxhu0vshfl�f frvwv> wkh kljkhu duh wkhvh

frvwv/ wkh hdvlhu lv wdflw frooxvlrq dw wkh fhlolqj1 Wkh ]�| yhfwru dovr lqfoxghv wkh vwdwh0ohyho KKL

lq fuhglw fdugv1 Wklv whvwv zkhwkhu wdflw frooxvlrq lv hdvlhu wr vxvwdlq lq pdunhwv zlwk juhdwhu

frqfhqwudwlrq1 Zh dovr lqfoxgh wkh lvvxhu*v fuhglw fdug ordqv lq ]�|/ wr whvw wkh k|srwkhvlv wkdw

odujhu lvvxhuv duh pruh olnho| wr wdflwo| frooxgh1 Ilqdoo|/ zh dovr lqfoxgh lq ]�| d yhfwru ri wlph

gxpplhv/ wr fdswxuh dq| v|vwhpdwlf lq�xhqfhv rq wkh vxvwdlqdelolw| ri wdflw frooxvlrq +edvhg rq

frpshwlwlrq iurp wkh qdwlrqdo pdunhw/ iru h{dpsoh,1�S

71614 Hfrqrphwulf Lvvxhv

Ri wkh yduldeohv lq [�| dqg ]�|/ zh zrxog h{shfw wkdw wkh lvvxhu*v lqwhuhvw udwh pljkw d�hfw erwk

wkh lvvxhu*v fuhglw fdug ordqv dqg wkh Khu�qgdko Lqgh{> wklv udlvhv hqgrjhqhlw| frqfhuqv1 Wr ghdo

zlwk wklv lvvxh/ zh lqvwuxphqw iru fuhglw fdug ordqv xvlqj wkh lvvxhu*v wrwdo dvvhwv1 Vlploduo|/ zh

lqvwuxphqw iru wkh vwdwh0ohyho KKL lq fuhglw fdug ordqv xvlqj wkh vwdwh0ohyho KKL lq wrwdo dvvhwv1�.
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Zkhuh wkh revhuydwlrq lv plvvlqj d ydoxh iru fuhglw fdug ordqv/ zh �oo wkh plvvlqj ydoxh iru wkh

yduldeoh xvlqj wkh �uvw0vwdjh uhjuhvvlrq frqwdlqlqj wkh wrwdo dvvhwv lqvwuxphqw1�H

Lq xquhsruwhg uhvxowv/ zh dovr frqvlghu wkh srvvlelolw| wkdw wkh sulfh fhlolqj lwvhoi lv hqgrjhqrxv1

Wklv zrxog eh wuxh li fhlolqjv zhuh lpsrvhg lq uhdfwlrq wr wkh vwdwh0ohyho frpshwlwlyh hqylurqphqw lq

fuhglw fdugv1 Zkloh wklv vhhpv xqolnho|/ li lw zhuh wuxh zh pljkw revhuyh d fruuhodwlrq ehwzhhq sulfhv

dqg sulfh fhlolqjv hyhq devhqw wdflw frooxvlrq1 Wr dffrxqw iru wklv/ zh lqvwuxphqw iru wkh ohyho ri

wkh sulfh fhlolqj xvlqj d yhfwru ri edqnlqj uhjxodwlrq yduldeohv1�b Uhvxowv iurp wkhvh vshfl�fdwlrqv

duh qhduo| lghqwlfdo wr wkrvh uhsruwhg ehorz1

e�e +it�*|t

Wdeoh 8 suhvhqwv wkh uhvxowv ri uhjuhvvlrqv xvlqj rxu edvholqh vshfl�fdwlrqv ~ wkh Wrelw dqg wuxqfdwhg

uhjuhvvlrq prghov1 Zh suhvhqw uhvxowv iurp vshfl�fdwlrqv lqfoxglqj dqg h{foxglqj wkh gxpp|

yduldeoh LSe�,�| 1 Wkh frh�flhqwv rq wkh rwkhu yduldeohv gr qrw fkdqjh zkhq LSe�,�| lv lqfoxghg1

Wkh Wrelw dqg wuxqfdwhg uhjuhvvlrq frh�flhqwv duh jhqhudoo| vlplodu> wkh h{fhswlrq lv wkdw wkh

frvw yduldeohv +dxwr udwh dqg ghidxow, duh qrw vljql�fdqw lq wkh Wrelwv/ exw srvlwlyh dqg vljql�fdqw

+frqvlvwhqw zlwk h{shfwdwlrqv, lq wkh wuxqfdwhg uhjuhvvvlrqv1 Wklv vxjjhvwv wkdw wkh Wrelw pd| eh

srruo| vshfl�hg uhodwlyh wr wkh wuxqfdwhg uhjuhvvlrqv1 Wklv lv zruwk qrwlqj/ ehfdxvh li wkh olplw

revhuydwlrqv duh gudzq iurp wkh vdph glvwulexwlrq dv wkh qrq0olplw revhuydwlrqv wkh Wrelw dqg

wuxqfdwhg uhjuhvvlrqv zrxog |lhog lghqwlfdo uhvxowv1 Wklv lv suholplqdu| hylghqfh wkdw wkh olplw

revhuydwlrqv duh gudzq iurp d gl�huhqw glvwulexwlrq1

Wkh frh�flhqw rq fuhglw fdug ordqv lv srvlwlyh dqg vljql�fdqw lq hyhu| vshfl�fdwlrq> wklv lv

frqvlvwhqw zlwk rwkhu zrun h{dplqlqj wkh uhodwlrqvkls ehwzhhq lvvxhu vl}h dqg lqwhuhvw udwhv1 Wkh

vl}h ri wkh frh�flhqw lpsolhv wkdw d grxeolqj ri lvvxhu vl}h lv dvvrfldwhg zlwk dq lqwhuhvw udwh urxjko|

47 edvlv srlqwv kljkhu> wklv pd| vhhp vpdoo/ exw lq rxu vdpsoh odujhu lvvxhuv pd| eh pruh wkdq
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rqh kxqguhg wlphv odujhu wkdq vpdoohu lvvxhuv1 Wkh frh�flhqwv rq wkh ghprjudsklf +xqhpsor|phqw

dqg lqfrph, yduldeohv vxjjhvw wkdw udwhv duh kljkhu lq vwdwhv zlwk zhdnhu hfrqrplf hqylurqphqwv1ef

Lq erwk wkh Wrelw dqg wuxqfdwhg uhjuhvvlrqv/ wkh frh�flhqw rq LSe�,�| lv srvlwlyh dqg vwdwlvwlfdoo|

vljql�fdqw1 Wklv vxjjhvwv wkdw sulfhv duh kljkhu lq vwdwhv zlwk fhlolqjv wkdq lq vwdwhv zlwkrxw fhlolqjv1

Uhfdoo wkdw wklv frh�flhqw zloo fdswxuh wkh qhw h�hfw ri wdflw frooxvlrq dqg elqglqj fhlolqjv1 Wkh

srvlwlyh frh�flhqw lpsolhv wkdw wkh h�hfwv ri wdflw frooxvlrq r�vhw wkh h�hfwv ri elqglqj fhlolqjv1

Wdeoh 9 vkrzv uhvxowv iurp wkh s0Wrelw dqg grxeoh0kxugoh vshfl�fdwlrqv1 Zh hvwlpdwh wkh

s0Wrelw prgho e| vshfli|lqj d grxeoh0kxugoh prgho lq zklfk � @ !+�,/ zkhuh � lv d frqvwdqw>

wkh uhjuhvvlrq uhvxowv vkrz wkh hvwlpdwh ri �1e� Wkh vhfrqg froxpq vkrzv uhvxowv iurp grxeoh0

kxugoh vshfl�fdwlrq wkdw lqfoxghv rqo| d yhfwru ri wlph gxpplhv/ l1h1 �| @ !+�|,1 Wklv doorzv

wkh suredelolw| ri wdflw frooxvlrq wr ydu| ryhu wkh vdpsoh shulrg1 Wr pdnh wklv odwwhu prgho pruh

sduvlprqlrxv/ zh uhvwulfw hdfk frqvhfxwlyh sdlu ri |hdu gxpplhv wr kdyh htxdo frh�flhqwv> wkxv/

wkh _|hdu gxpplhv% shuwdlq wr 4<;304/ 4<;506/ hwf1e2 Lq jhqhudo/ wkh sdwwhuq ri frh�flhqwv lq wkh

sulflqj htxdwlrq lv vlplodu wr wkdw lq wkh Wrelw dqg wuxqfdwhg uhjuhvvlrq prghov1 Lqwhuhvwlqjo|/

ghidxow lv qr orqjhu vwdwlvwlfdoo| vljql�fdqw lq wkhvh vshfl�fdwlrqv1 Zh dovr qrwh wkdw lq wkh ixoohu

vshfl�fdwlrqv wkh frh�flhqw rq LSe�,�| lv qr orqjhu vljql�fdqw +dowkrxjk lwv w0vwdwlvwlf lv juhdwhu wkdq

rqh,> wkxv/ zh fdq qrw uhmhfw wkh k|srwkhvlv ri htxdolw| lq wkh sulflqj htxdwlrq dfurvv vwdwhv zlwk

dqg zlwkrxw fhlolqjv1

Lq wkh �uvw froxpq/ zh hvwlpdwh wkdw wkh vdpsoh0zlgh suredelolw| � ri wdflw frooxvlrq lv urxjko|

qlqh shufhqw1e� Zh gr qrw sodfh pxfk hpskdvlv rq wkh hfrqrplf lqwhusuhwdwlrq ri wklv frh�flhqw1

Wklv lv ehfdxvh lq fdvhv zkhuh wkh wuxh ydoxh ri � lv wkrxjkw wr ydu| e| revhuydwlrq/ hvwlpdwhv wkdw

uhvwulfw � wr eh htxdo dfurvv doo revhuydwlrqv duh w|slfdoo| pxfk orzhu wkdq wkh dyhudjh ydoxh ri �

lq vshfl�fdwlrqv +vxfk dv wkh grxeoh0kxugoh, wkdw doorz � wr ydu| e| revhuydwlrq1ee Wklv lv eruqh
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rxw e| wkh uhvxowv iurp wkh |hdu0gxpp| grxeoh0kxugoh prgho lq wkh qh{w froxpq1 Lq 4<:</ wkh

|hdu0gxpp| grxeoh kxugoh prgho |lhogv dq hvwlpdwh ri � @ 3=;51 E| 4<;506 wkh suredelolw| idoov

wr wzhqw|0vhyhq shufhqw/ dqg e| 4<;90: wr mxvw ryhu hljkw shufhqw1 Wkhuh lv d fohdu grzqzdug wuhqg

lq wkh suredelolw| ri frooxvlrq ryhu wkh vdpsoh shulrg1

Wkh odvw wzr froxpqv ri Wdeoh 9 vkrz uhvxowv iurp wkh ixoo grxeoh kxugoh prghov1 Wkhvh

vshfl�fdwlrqv lqfoxgh wkh yhfwru ri yduldeohv lq ]�| wkdw vkrxog lq�xhqfh wkh vxvwdlqdelolw| ri wdflw

frooxvlrq/ dv zhoo dv wkh wlph gxpplhv1 Wkh ]�| yhfwru frh�flhqwv vkrz d sdwwhuq wkdw lv jhqhudoo|

frqvlvwhqw zlwk rxu glvfxvvlrq ri idfwruv d�hfwlqj wkh vxvwdlqdelolw| ri wdflw frooxvlrq1 Lq hyhu|

froxpq/ wkh frh�flhqw rq wkh ohyho ri wkh sulfh fhlolqj lv qhjdwlyh dqg vljql�fdqw/ vxjjhvwlqj wkdw

wkh idflolwdwlyh srzhu ri wkh fhlolqj glvvlsdwhv dv kljkhu ohyhov1 Wkh frh�flhqw rq wkh KKL lv srvlwlyh

dqg vljql�fdqw/ vxjjhvwlqj wkdw vxvwdlqlqj wdflw frooxvlrq dw wkh fhlolqj lv hdvlhu lq vwdwhv zlwk kljkhu

frqfhqwudwlrq1 Dqg/ wkh frh�flhqw rq wkh dxwr ordq udwh lv srvlwlyh dqg vljql�fdqw +lq Prgho 8,/

vxjjhvwlqj wkdw kljk0frvw lvvxhuv duh pruh olnho| wr wdflwo| frooxgh1 Wklv lv dovr frqvlvwhqw zlwk rxu

h{shfwdwlrqv1 Wkh frh�flhqw rq ordqv lv qrw vljql�fdqw lq hlwkhu froxpq1

Dq lqwhuhvwlqj ihdwxuh ri wkh uhvxowv lq wklv wdeoh lv wkdw zkhq wkh fryduldwhv lq ]�| duh lqfoxghg/

wkh frh�flhqwv rq wkh wlph gxpplhv fkdqjh1 Wkhuh duh hvvhqwldoo| qr fkdqjhv lq wkh ohyho ri wkh

lqwhufhsw ehwzhhq 4<:< dqg 4<;8/ dqg d vxgghq grzqzdug vkliw lq 4<;90: wkdw frqwlqxhv xqwlo wkh

hqg ri wkh vdpsoh1 Wklv grzqzdug vkliw uhgxfhv � dw wkh phdqv iurp �iw| shufhqw wr xqghu wzhqw|

shufhqw1

Lq vxppdu|/ wkh uhvxowv surylgh �duo| vwurqj vxssruw iru wkh irfdo srlqw k|srwkhvlv1 D vwdwlv0

wlfdoo| dqg hfrqrplfdoo| vljql�fdqw sursruwlrq ri lvvxhuv iru zklfk fhlolqjv duh qrw elqglqj pdwfk

wkhp qrqhwkhohvv1 Ixuwkhupruh/ wkh sdwwhuq ri pdwfklqj lv frqvlvwhqw zlwk rxu h{shfwdwlrqv= lw lv

ohvv olnho| lq vwdwhv zlwk kljk fhlolqjv/ pruh olnho| lq frqfhqwudwhg vwdwhv/ dqg pruh olnho| iru lvvxhuv

zlwk kljk frvwv1 Zh dovr �qg wkdw lqvwdqfhv ri wdflw frooxvlrq ehfrph ohvv olnho| wkurxjkrxw wkh

vdpsoh shulrg 0 pdunhgo| vr diwhu 4<;91 Lq wkh qh{w vhfwlrq zh h{sdqg xsrq wkhvh srlqwv1

e�D 5L4i 6�h|�ih #i|@�* L? |�i ,UL?L4�U W4T*�U@|�L?t Lu |�i +it�*|t

Wr kljkoljkw wkh hfrqrplf vljql�fdqfh ri wkh yduldeohv lq ]/ zh suhvhqw lq Wdeoh : wkh suhglfwhg

suredelolw| � e| |hdu/ fhlolqj/ frqfhqwudwlrq/ dqg dxwr ordq udwh1 Wkh fdwhjrulhv _kljk% dqg _orz%

uhihu wr �jxuhv rqh vwdqgdug ghyldwlrq deryh wkh phdq1eD Dv wkh wdeoh lqglfdwhv/ frqfhqwudwlrq
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dqg lvvxhu vl}h kdyh d idluo| vpdoo lpsdfw rq wkh suredelolw| ri wdflw frooxvlrq> prylqj iurp _Kljk

DOU/ Kljk KKL% wr _Orz DOU/ Orz KKL% uhgxfhv wkh suredelolw| ri wdflw frooxvlrq e| ihzhu wkdq

whq edvlv srlqwv lq hyhu| fdvh1 Wkh |hdu dqg lqwhuhvw udwh fhlolqj h�hfwv duh pxfk odujhu1 Zlwklq

d jlyhq |hdu/ prylqj iurp d fhlolqj ri hljkwhhq shufhqw wr d fhlolqj ri wzhqw|0irxu shufhqw uhgxfhv

� e| d idfwru ri �yh ru whq1 Dfurvv |hduv/ wkh ryhudoo ohyho ri � idoov iurp ryhu qlqhw| shufhqw wr

xqghu wzhqw| shufhqw> prvw ri wklv ghfolqh rffxuv ehwzhhq 4<;8 dqg 4<;91

Wr kljkoljkw wkh hfrqrplf lpsdfw ri fhlolqjv/ lq Wdeoh ; zh surylgh vrph phdvxuhv ri wkh wkhlu

ryhudoo h�hfwv1 Wr wklv srlqw/ zh kdyh glvfxvvhg rqo| wkh h{whqw wr zklfk fhlolqjv idflolwdwhg wdflw

frooxvlrq1 Exw wkh fhlolqjv fohduo| zhuh elqglqj iru pdq| lvvxhuv dv zhoo1 Wkh ryhudoo h�hfwv ri

fhlolqjv rq sulfhv pljkw eh srvlwlyh ru qhjdwlyh/ edvhg rq wkh uhodwlyh pdjqlwxghv ri wkhvh rssrvlqj

lq�xhqfhv1 Wr frqvwuxfw wkh wdeoh/ zh xvh wkh frh�flhqwv iurp wkh sulflqj htxdwlrq lq Wdeoh 9 wr

frqvwuxfw �wwhg ydoxhv as iru lvvxhu lqwhuhvw udwhv1eS Iru doo lvvxhuv zlwk revhuyhg udwhv dw fhlolqjv

+s @ F,/ zh fodvvli| wkrvh zlwk suhglfwhg udwhv ehorz wkh fhlolqj +as ? F, dv kdylqj z @ 4/ zklfk

lqglfdwhv wkdw wkh lvvxhu lv wdflwo| frooxglqj1 Lvvxhuv iru zklfk +as � F, duh fodvvl�hg dv kdylqj

z @ 31 Wkh wdeoh vkrzv wkh dyhudjh srvlwlyh sulfh h�hfw iru lvvxhuv zlwk z @ 4/ wkh dyhudjh

qhjdwlyh sulfh h�hfw iru lvvxhuv zlwk z @ 3/ dqg wkh qxpehu ri lvvxhuv lq hdfk fdwhjru|1 Dv wkh

wdeoh lqglfdwhv/ lq wkh hduo| |hduv ri wkh vdpsoh wkh h�hfwv ri wdflw frooxvlrq grplqdwh1 Fhlolqjv

ohdg wr kljkhu sulfhv ryhudoo iurp 4<:<0;4/ dqg dw wkh hqg ri wkh vdpsoh shulrg1 Wkh ryhudoo h�hfw lv

qhjdwlyh lq wkh plggoh |hduv ri wkh vdpsoh shulrg1 Wklv sdwwhuq lv gulyhq lq odujh sduw e| wkh h{whqw

wr zklfk fhlolqjv ehfdph elqglqj +dqg wkhuhiruh ohg wr orzhu sulfhv, lq wkh hduo| 4<;3v> ehiruh dqg

diwhu wklv shulrg/ wkh h�hfwv ri wdflw frooxvlrq r�vhw wkh h�hfwv ri elqglqj fhlolqjv1 Dv zrxog eh

h{shfwhg/ orzhu fhlolqjv duh pruh olnho| wr eh elqglqj wkdq kljkhu fhlolqjv1e. Wkxv/ wkh ryhudoo sulfh

h�hfw ri fhlolqjv lv txlwh pl{hg/ dv zrxog eh wkh h�hfw rq frqvxphu zhoiduh1 Zh fdq vd| zlwk idlu

fhuwdlqw|/ krzhyhu/ wkdw wkh frqvxphu zhoiduh h�hfwv ri kljk fhlolqjv +F A 4;(, duh qhjdwlyh1

Dv d �qdo srlqw/ lw lv zruwk uhpdunlqj rq rxu �qglqj ri d pdunhg grzqzdug vkliw lq wkh

suredelolw| ri wdflw frooxvlrq diwhu 4<;81 Wklv uhvxow lv lq idfw frqvlvwhqw zlwk dqhfgrwdo hylghqfh
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uhjduglqj fkdqjhv lq wkh frpshwlwlyh hqylurqphqw lq fuhglw fdugv gxulqj wklv wlph1eH Lq 4<;9/

pdq| ri wkh odujhvw qdwlrqdoo| pdunhwhg lvvxhuv fxw wkhlu udwhv/ pryhv wkdw vljqdohg khljkwhqhg

frpshwlwlrq dw wkh qdwlrqdo ohyho1 Wklv pd| kdyh uhgxfhg wkh vwdwh0ohyho lqfhqwlyhv wr wdflwo|

frooxgh1eb Pdq| odujhu lvvxhuv lqwhqvl�hg wkhlu pdlorxw fdpsdljqv dv zhoo/ zklfk zrxog kdyh kdg

vlplodu h�hfwv1 Dffrxqwlqj gdwd iurp wklv wlph shulrg dovr vkrz d vkdus gurs lq uhwxuq rq dvvhwv

iurp 4<;8 wr 4<;9/ gxh wr kljkhu ghidxow udwhv dqg orzhu lqwhuhvw udwhv1 Ilqdoo|/ fdug pdqdjhuv

uhsruwhg gxulqj 4<;9 wkdw lqfuhdvhg sxeolflw| derxw kljk fuhglw fdug lqwhuhvw udwhv kdg lqfuhdvhg

frqvxphu vhqvlwlylw| wr kljk udwhv1 Lq frqfhuw/ doo ri wkhvh idfwruv zrxog kdyh sodfhg lqfuhdvhg

frpshwlwlyh suhvvxuh rq lvvxhuv dw wkh vwdwh ohyho1Df

D #�tU�tt�L?

Lq wklv vhfwlrq zh glvfxvv vrph dowhuqdwlyh h{sodqdwlrqv iru wkh uhvxowv1 Lq hvvhqfh/ rxu uhvxowv lghq0

wli| wzr glvwlqfw sulfh glvwulexwlrqv iru lvvxhuv 0 edvhg rq rxu vshfl�fdwlrq ri wkh sulflqj htxdwlrq1

Zh k|srwkhvl}h wkdw wkh glvwulexwlrq zlwk d orzhu phdq uh�hfwv qrq0frooxvlyh ehkdylru/ zkloh wkh

glvwulexwlrq zlwk d kljkhu phdq uh�hfwv wdflwo| frooxvlyh ehkdylru1 Wkh uhvxowv ri wkh grxeoh kxugoh

prgho fruurerudwh wklv k|srwkhvlv/ ehfdxvh zh �qg wkdw _vzlwfklqj% dfurvv wkhvh glvwulexwlrqv lv

frqvlvwhqw zlwk wkhrulhv ri wdflw frooxvlrq dw irfdo srlqwv1

Ghvslwh wkhvh �qglqjv/ rqh pljkw wklqn wkdw d sodxvleoh dowhuqdwlyh h{sodqdwlrq iru wkh uhvxowv

zrxog eh wkdw rxu sulflqj uhodwlrqvkls lv vxemhfw wr phdvxuhphqw huuru ru rplwv lpsruwdqw yduldeohv1

Wklv pljkw ohdg wr wkh vsxulrxv lghqwl�fdwlrq ri vhsdudwh sulfh glvwulexwlrqv1 Lq sudfwlfh/ krzhyhu/

wklv lv xqolnho|1 Ohw xv �uvw frqvlghu wkh srvvlelolw| wkdw wkh ghshqghqw yduldeoh 0 sulfh 0 lv phdvxuhg

zlwk huuru1 Wklv pljkw rffxu lq wzr zd|v1 Iluvw/ rxu phdvxuhg lqwhuhvw udwh iru hdfk lvvxhu pd| qrw

frpsohwho| phdvxuh wkh _sulfh% ri fduu|lqj d fuhglw fdug ehfdxvh lw grhv qrw lqfoxgh wkh lvvxhu*v

dqqxdo ihh1 Li lvvxhuv wudghg kljkhu lqwhuhvw udwhv iru orzhu dqqxdo ihhv/ zh zrxog plv0lghqwli| lvvxhuv

zlwk orz dqqxdo ihhv dv hqjdjlqj lq wdflw frooxvlrq1D� Krzhyhu/ wklv lv xqolnho|1 Rwkhu gdwd iurp
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wkh fuhglw fdug pdunhw jhqhudoo| vkrz d srvlwlyh uhodwlrqvkls dfurvv lvvxhuv ehwzhhq lqwhuhvw udwhv

dqg dqqxdo ihhv1 Wkxv/ lw lv olnho| wkdw wkrvh lvvxhuv wkdw zh lghqwli| dv hqjdjlqj lq wdflw frooxvlrq

+ehfdxvh wkhlu lqwhuhvw udwhv duh gudzq iurp d kljkhu glvwulexwlxrq, dovr fkdujh kljkhu dqqxdo ihhv1

Zh dovr qrwh wkdw iru wklv wr h{sodlq wkh uhvxowv ri wkh grxeoh kxugoh uhjuhvvlrqv/ lvvxhuv* surshqvlw|

wr r�hu dqqxdo ihhv +frqglwlrqdo rq wkhlu lqwhuhvw udwh, zrxog kdyh wr eh fruuhodwhg zlwk wkhlu dxwr

ordq udwh/ wkhlu fhlolqj/ dqg wkh vwdwh0ohyho KKL1 Dv wkh odwwhu wzr yduldeohv duh h{rjhqrxv dw wkh

lvvxhu ohyho/ wklv vhhpv xqolnho|1

D vhfrqg zd| lq zklfk sulfhv pd| eh phdvxuhg zlwk huuru lv wkurxjk lqwud0�up sulfh yduld0

wlrqv1 Vrph lvvxhuv fkdujh gl�huhqw lqwhuhvw udwhv wr gl�huhqw fxvwrphuv/ sulpdulo| edvhg rq fuhglw

zruwklqhvv1 Zh pljkw plv0fodvvli| lvvxhuv zlwk revhuyhg udwhv ehorz wkhlu _wuxh% udwhv dv hqjdjlqj

lq wdflw frooxvlrq1 Iluvw/ zh qrwh dv d sudfwlfdo pdwwhu wkdw wklv vruw ri lqwud0�up sulfh yduldwlrq

zdv olwwoh0xvhg lq wkh 4<;3v/ sduwlfxoduo| lq wkh hduolhu sduw ri wkh ghfdgh +zkhq zh revhuyh wdflw

frooxvlrq prvw riwhq,1Vhfrqg/ zh uhlwhudwh wkdw wklv lvvxhu0ohyho phdvxuhphqw huuru zrxog kdyh wr

eh fruuhodwhg zlwk ordq udwhv/ fhlolqjv/ dqg KKL lq rughu wr dffrxqw iru wkh uhvxowv ri wkh grxeoh

kxugoh prgho1

Zh pljkw dovr frqvlghu wkh srvvlelolw| wkdw wkhuh duh xqrevhuyhg frpsrqhqwv ri frvwv wkdw duh

gulylqj wkh uhvxowv1 Wklv dujxphqw zrxog eh wkdw zh plv0fodvvli| �upv zlwk kljkhu xqrevhuyhg

frvwv dv wdflwo| frooxglqj1 Wklv dovr lqfrqvlvwhqw zlwk wkh uhvxowv/ iru wkuhh uhdvrqv1 Wkh �uvw zdv

glvfxvvhg hduolhu lq wkh sdshu> dq| xqrevhuyhg frpsrqhqw ri frvwv zrxog kdyh wr eh odujh uhodwlyh wr

wkh revhuydeoh frpsrqhqwv ri frvwv wr dffrxqw iru wkh uhvxowv1 D vhfrqg uhdvrq lv pruh ixqgdphqwdo>

li lq idfw wkh wuxh xqghuo|lqj frvw glvwulexwlrq zhuh qrupdo/ wkh idfw wkdw kljk0frvw lvvxhuv sulfh dw

wkh fhlolqj zrxog eh fdswxuhg zlwklq wkh vwdqgdug Wrelw prgho1 Wkh wuxh xqghuo|lqj glvwulexwlrq ri

frvwv zrxog kdyh wr eh qrq0qrupdo lq rughu wr gulyh wkh revhuyhg uhvxowv1 Wkhuh lv qr hylghqfh wkdw

wklv vruw ri frvw vwuxfwxuh h{lvwv lq wkh fuhglw fdug pdunhw1 Ilqdoo|/ zh qrwh djdlq wkdw xqrevhuyhg

frvwv zrxog kdyh wr eh fruuhodwhg zlwk wkh yduldeohv lq ]�|/ lq rughu wr h{sodlq wkh uhvxowv lq Wdeoh

91 Jlyhq wkdw KKL dqg fhlolqj duh phdvxuhg dw wkh vwdwh udwkhu wkdq wkh lvvxhu ohyho/ lw lv xqolnho|

wkdw wkh| zrxog eh fruuhodwhg zlwk lvvxhuv* frvwv lq d pdqqhu frqvlvwhqw zlwk wkh grxeoh kxugoh

uhvxowv1 Iru h{dpsoh/ lw lv gl�fxow wr vhh wkdw d jlyhq lvvxhu*v xqrevhuyhg frvwv zrxog eh qhjdwlyho|

fruuhodwhg zlwk wkh lqwhuhvw udwh fhlolqj zlwklq wkdw lvvxhu*v krph vwdwh1D2
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D vrphzkdw gl�huhqw dowhuqdwlyh h{sodqdwlrq iru wkh uhvxowv pljkw eh wkdw lvvxhuv idfh phqx

frvwv lq fkdqjlqj wkhlu udwhv1 Li lvvxhuv zhuh irufhg wr wkh fhlolqj zkhq lw zdv elqglqj/ wkh| pljkw

pdlqwdlq udwhv dw wkhlu fhlolqj zkhq wkhlu rqh0vkrw udwh kdg idoohq ehorz wkh fhlolqj1 Wklv vhhpv

sodxvleoh jlyhq wkdw udwhv lq wkh hfrqrp| zhuh jhqhudoo| idoolqj gxulqj rxu vdpsoh shulrg1 Wkh

vrxufh ri phqx frvwv dovr vhhpv sodxvleoh1 Gxulqj rxu vdpsoh/ lvvxhuv dssolhg udwh fxwv wr doo

fxuuhqw rxwvwdqglqj edodqfhv/ dv zhoo dv dq| ixwxuh edodqfhv1 Wkxv/ wkh frvw ri fxwwlqj udwhv zrxog

eh wkh irujrqh lqwhuhvw lqfrph rq fxuuhqw rxwvwdqglqj edodqfhv1 Djdlq/ wkh phqx frvw dujxphqw

vhhpv lpsodxvleoh edvhg rq wkh uhvxowv iurp wkh grxeoh kxugoh uhjuhvvlrqv1 Wkhuh lv qr uhdvrq wr

eholhyh wkdw lvvxhuv lq pruh frqfhqwudwhg vwdwhv/ ru idflqj kljkhu fhlolqjv/ zrxog kdyh idfhg kljkhu

dgmxvwphqw frvwv +kroglqj edodqfhv frqvwdqw,1

S �L?U*�t�L?t

Wkh qrwlrq wkdw d qrq0elqglqj sulfh fhlolqj pd| idflolwdwh wdflw frooxvlrq kdv lpsruwdqw srolf|

lpsolfdwlrqv1D� Wkh srvvlelolw| wkdw vxfk fdsv pljkw idflolwdwh wdflw frooxvlrq lv odujho| ljqruhg lq

prvw ghedwhv uhjduglqj wkhlu zhoiduh h�hfwv1 Rxu uhvxowv vxjjhvw wkdw fdsv fdq lqghhg idflolwdwh

wdflw frooxvlrq1 Pruh jhqhudoo|/ rxu uhvxowv fdxwlrq djdlqvw wkh lpsrvlwlrq ri uhjxodwlrqv wkdw pd|

doorz �upv wr frruglqdwh wkhlu ehkdylru1 Dv lq wkh _frqfuhwh fdvh% lq Ghqpdun glvfxvvhg hduolhu lq

wkh sdshu/ lw dsshduv wkdw zhoo0lqwhqwlrqhg jryhuqphqw lqwhuyhqwlrq pd| idflolwdwh frruglqdwlrq lq

d zlghu vhw ri flufxpvwdqfhv wkdq suhylrxvo| wkrxjkw1

Wkh sduwlfxodu uhohydqfh ri rxu uhvxowv wr wkh fuhglw fdug pdunhw lv wkdw wkh| h{sodlq d orqj0

vwdqglqj sx}}oh lq fuhglw fdug sulflqj 0 wkh vwlfnlqhvv ri lqwhuhvw udwhv gxulqj wkh 4<;3v/ dqg foxv0

whulqj dw sduwlfxodu udwhv1De Lw lv lqwhuhvwlqj wr qrwh wkdw wklv vwlfnlqhvv kdv doo exw glvdsshduhg

vlqfh wkh hduo| 4<<3v1 Prvw fdugv qrz xvh _yduldeoh udwh% sulflqj xqghu zklfk wkh udwh lv shjjhg wr

wkh sulph udwh1 Wkh pdunhw lv dovr fkdudfwhul}hg e| zlghvsuhdg sulfh glvfulplqdwlrq dqg sulfh glv0

shuvlrq/ dqg qrq0sulfh fdug fkdudfwhulvwlfv duh pxfk pruh frpsoh{1 Wklv uhjlph fkdqjh lq sulflqj

lv idluo| glvfuhwh> lw fdq eh wudfhg wr 4<<4 dqg 4<<51 D krvw ri idfwruv dsshdu wr kdyh frqwulexwhg

wr lw/ dprqj wkhp wkuhdwhqhg lpsrvlwlrq ri qdwlrqdo udwh fds/ fkdqjhv lq wkh whfkqrorj| ri fuhglw

vfurlqj/ dqg wkh hqwu| e| odujh qrqedqn lvvxhuv vxfk dv DW)W1 Jlyhq wkh vwdelolw| ri sulflqj xs
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wr wkdw srlqw/ wkh vxgghqqhvv ri wkh fkdqjh hyrnhv wkh lghd wkdw d wdflwo| frooxvlyh htxloleulxp zdv

eurnhq1

Ilqdoo|/ zh vkrxog qrwh wkdw rxu sdshu lq vrph vhqvh rqo| h{dplqhg kdoi ri wkh irfdo srlqw

lvvxh1 Zh odujho| ljqruh wkh surfhvv e| zklfk �upv frruglqdwh wr pryh iurp rqh wdflwo| frooxvlyh

htxloleulxp wr dqrwkhu/ ru dfklhyh vxfk dq htxoleulxp lq wkh �uvw sodfh1 Lq rxu fdvh/ zh vlpso|

vhhn wr hvwdeolvk wkh h{lvwhqfh ri wdflw frooxvlrq/ dv rssrvhg wr wkh dfkhlyhphqw ri wdflw frooxvlrq1

Zh qrwh vrph vxjjhvwlyh hylghqfh rq wklv srlqw/ krzhyhu1 Lq suholplqdu| zrun zh kdyh h{dplqhg

fkdqjhv lq fuhglw fdug udwhv/ lq erwk vwdwhv wkdw holplqdwhg fhlolqjv dqg vwdwhv wkdw vlpso| udlvhg

wkhlu fhlolqjv1 Frqwuroolqj iru fkdqjhv lq dxwr ordq udwhv/ zh �qg wkdw udwhv ulvh e| pruh lq vwdwhv

wkdw udlvh wkhlu fhlolqjv wkdq lq vwdwhv wkdw holplqdwh wkhp hqwluho|1DD Wklv vxjjhvwv wkdw ixwxuh

zrun pd| eh deoh wr fdswxuh vrph g|qdplfv ri wdflw frooxvlrq dw irfdo srlqwv1
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^4` Deuhx/ Glols/ Shdufh/ Gdylg/ dqg Hqqlr Vwdffkhwwl/ _Wrzdug d Wkhru| ri Glvfrxqwhg Uhshdwhg

Jdphv zlwk Lpshuihfw Prqlwrulqj/% Hfrqrphwulfd 8;+8,/ Vhswhpehu 4<<3/ 4374043961

^5` Doedhn/ Vyhqg/ Shwhu Proojddug dqg Shu E1 Ryhujddug/ _Jryhuqphqw0Dvvlvwhg Roljrsro| Fr0

ruglqdwlrqB D Frqfuhwh Fdvh/% Mrxuqdo ri Lqgxvwuldo Hfrqrplfv [OY +7,/ Ghfhpehu 4<<:/

75<07771

^6` Dpho/ Ghdq/ dqg Nhdqh/ Gdqlho J1/ _Vwdwh Odzv D�hfwlqj Frpphufldo Edqnlqj Eudqfklqj/

Pxowledqn Kroglqj Frpsdq| H{sdqvlrq/ dqg Lqwhuvwdwh Edqnlqj/% Lvvxhv lq Edqn Uhjxodwlrq/

43+5,/ Dxwxpq 4<;9/ ss1 630731

^7` O1 P1 Dxvxeho/ _Wkh Idloxuh ri Frpshwlwlrq lq wkh Fuhglw Fdug Pdunhw/% Dphulfdq Hfrqrplf

Uhylhz/ ;4+Pdufk 4<<4,1

^8` Eoxqghoo/ Ulfkdug dqg Frvwdv Phjklu/ _Elyduldwh Dowhuqdwlyhv wr wkh Wrelw Prgho/% Mrxuqdo ri

Hfrqrphwulfv 67/ 4<;:/ ss1 4:<05331

^9` Eruhqvwhlq/ Vhyhulq/ dqg Dqguhd Vkhsdug/ _G|qdplf Sulflqj lq Uhwdlo Jdvrolqh Pdunhwv/%

UDQG Mrxuqdo ri Hfrqrplfv 5:+6,/ Dxwxpq 4<<9/ ss1 75<07841

^:` Fudjj/ Mrkq J1/ _Vrph Vwdwlvwlfdo Prghov iru Olplwhg Ghshqghqw Yduldeohv zlwk Dssolfdwlrq

wr wkh Ghpdqg iru Gxudeoh Jrrgv/% Hfrqrphwulfd 6<+8,/ Vhswhpehu 4<:4/ ss1 ;5<0;771

^;` Ghdwrq/ Dqjxv dqg Pdujduhw Lulvk/ _Vwdwlvwlfdo Prghov iru ]hur H{shqglwxuhv lq Krxvhkrog

Exgjhwv/% Mrxuqdo ri Sxeolf Hfrqrplfv 56/ 4<;7/ ss1 8<0;31

^<` Hoolvrq/ Johqq/ _Wkhrulhv ri Fduwho Vwdelolw| dqg wkh Mrlqw H{hfxwlyh Frpplwwhh/% UDQG

Mrxuqdo ri Hfrqrplfv 58+4,/ Vsulqj 4<<7/ ss1 6:08:1

^43` Ixghqehuj/ Guhz dqg Mhdq Wluroh/ Jdph Wkhru|1 PLW Suhvv/ 4<<41

^44` Juhhq/ Hgzdug M1 dqg Urehuw K1 Sruwhu/ _Qrqfrrshudwlyh Frooxvlrq xqghu Lpshuihfw Sulfh

Lqirupdwlrq/% Hfrqrphwulfd> 85+4,/ Mdqxdu| 4<;7/ ;:04331

^45` Kdowlzdqjhu/ Mrkq dqg Mrvhsk H1 Kduulqjwrq/ Mu1/ _Wkh Lpsdfw ri F|folfdo Ghpdqg Pryhphqwv

rq Frooxvlyh Ehkdylru/% Udqg Mrxuqdo ri Hfrqrplfv 55+4,/ Vsulqj 4<<4/ ;<04391

^46` Nurv}qhu/ Udqgdoo V1/ dqg Sklols H1 Vwudkdq/ _Zkdw Gulyhv GhuhjxodwlrqB Hfrqrplfv dqg

Srolwlfv ri wkh Uhod{dwlrq ri Edqn Eudqfklqj Uhvwulfwlrqv/% Txduwhuo| Mrxuqdo ri Hfrqrplfv

447+7,/ Qryhpehu 4<<</ 476:0479:1
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^47` Nzrnd/ Mrkq dqg Odzuhqfh M1 Zklwh/ Wkh Dqwlwuxvw Uhyroxwlrq/ 6ug hglwlrq> R{irug Xqlyhuvlw|

Suhvv/ 4<<<1

^48` Pdnl/ Dwvxvkl dqg Vkljhux Qlvkl|dpd/ _Dq Dqdo|vlv ri Xqghu0Uhsruwlqj iru Plfur0Gdwd Vhwv=

Wkh Plvuhsruwlqj ru Grxeoh0Kxugoh Prgho/% Hfrqrplfv Ohwwhuv 85/ 4<<9/ ss1 54405531

^49` Sruwhu/ Urehuw K1/ _D Vwxg| ri Fduwho Vwdelolw|= wkh Mrlqw H{hfxwlyh Frpplwwhh/ 4;;304;;9/%

Ehoo Mrxuqdo ri Hfrqrplfv/ 4<;6/ ss1 63406471

^4:` Sruwhu/ Urehuw K1/ _Rq wkh Lqflghqfh dqg Gxudwlrq ri Sulfh Zduv/% Mrxuqdo ri Lqgxvwuldo

Hfrqrplfv/ [[[LLL qr1 7/ Mxqh 4<;8/ ss1 74807591

^4;` Sruwhu/ Urehuw K1 dqg Grxjodv M1 ]rqd1 _Ghwhfwlrq ri Elg Uljjlqj lq Surfxuhphqw Dxfwlrqv/%

Mrxuqdo ri Srolwlfdo Hfrqrp|/ 434+6,/ Mxqh 4<<6/ ss1 84;06;1

^4<` Sruwhu/ Urehuw K1 dqg Grxjodv M1 ]rqd1 _Rklr Vfkrro Plon Pdunhwv= Dq Dqdo|vlv ri Elgglqj/%

UDQG Mrxuqdo ri Hfrqrplfv/ 63+5,/ Vxpphu 4<<</ ss1 5960;;1

^53` Urwhpehuj/ Mxolr M1 dqg Jduwk Vdorqhu/ _D Vxshujdph0Wkhruhwlf Prgho ri Sulfh Zduv gxulqj

Errpv/% Dphulfdq Hfrqrplf Uhylhz :9+6,/ Mxqh 4<;9/ 6<3073:1

^54` Vodgh/ Pdujduhw/ _Lqwhu�up Ulydou| lq d Uhshdwhg Jdph= Dq Hpslulfdo Whvw ri Wdflw Froox0

vlrq/% Mrxuqdo ri Lqgxvwuldo Hfrqrplfv> 68+7,/ Mxqh 4<;:/ 7<<08491

^55` Vodgh/ Pdujduhw/ _Ydqfrxyhu*v Jdvrolqh0Sulfh Zduv= Dq Hpslulfdo H{huflvh lq Xqfryhulqj

Vxshujdph Vwudwhjlhv/% Uhylhz ri Hfrqrplf Vwxglhv> 8<+5,/ Dsulo 4<<5/ 58:0:91

^56` Vwdqjr/ Ylfwru/ _Frpshwlwlrq dqg Sulflqj lq wkh Fuhglw Fdug Pdunhw/% Uhylhz ri Hfrqrplfv

dqg Vwdwlvwlfv/ Dxjxvw 5333/ ;5+6,= 7<<083;1

^57` Wluroh/ Mhdq/ Lqgxvwuldo Rujdql}dwlrq1 PLW Suhvv/ 4<<51
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Lq wklv vhfwlrq/ zh vkrz vrph jhqhudo uhvxowv uhjduglqj wkh vxvwdlqdelolw| ri wdflw frooxvlrq dw d

irfdo srlqw1 Rxu h{dpsoh vlpsol�hv pdwwhuv e| frqvlghulqj frpshwlwlrq ehwzhhq wzr �upv1 Zh

dovr dvvxph wkdw PF @ 3 iru erwk �upv1 Wkh uhvxowv vkrxog hdvlo| jhqhudol}h wr vhwwlqjv zlwk

pxowlsoh �upv dqg qrq0}hur pdujlqdo frvw1

Zh ehjlq zlwk vrph qrwdwlrq1 Iluvw/ gh�qh wkh jhqhudo sur�w ixqfwlrq

��+s�> s2,

wkdw lqglfdwhv wkdw �up 4*v sur�wv duh d ixqfwlrq ri lwv rzq sulfh dqg wkh sulfh fkdujhg e|

rwkhuv1 Zh fdq dovr zulwh

��+s�> s2, @ s�G�+s�> s2,

Zh lpsrvh wkuhh frqglwlrqv rq sur�wv dqg ghpdqg=

+4, Frqfdylw| ri wkh sur�w ixqfwlrq=

C2�+s�> s2,

Cs2�
? 3

+5, Wkh wzr jrrgv duh vxevwlwxwhv=

CG�+s�> s2,

Cs2
A 3

+6, Rzq0sulfh hodvwlflw| ri ghpdqg lv juhdwhu lq devroxwh ydoxh wkdq furvv0sulfh hodvwlflw| ri

ghpdqg=

CG�+s�> s2,

Cs2
? �CG�+s�> s2,

Cs�

Wkh vxvwdlqdelolw| ri wdflw frooxvlrq zloo ghshqg rq=

d1 Wkh sur�wv xqghu wdflw frooxvlrq dw wkh sulfh fhlolqj/

��+F>F,

zkhuh wkh dujxphqwv lqglfdwh wkdw wkh ixqfwlrq lv hydoxdwhg zkhuh erwk �upv fkdujh sulfhv

htxdo wr wkh irfdo srlqw1
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e1 Wkh sur�wv iurp xqlodwhudo ghihfwlrq

�+sW�+F,> F,

zkhuh

sW�+F, @ dujpd{
R�

�+s�> F,

wkh dujxphqw vlpso| lqglfdwhv wkdw �up 4*v rswlpdo sulfh lv d ixqfwlrq ri �up 5*v sulfh1

f1 Wkh qrqfrrshudwlyh sur�wv +rewdlqhg zkhq erwk �upv sod| wkhlu vkruw0uxq ehvw uhvsrqvhv,1

Iru vlpsolflw| zh dvvxph wkdw wkhvh duh }hur1

��� ��@?}it �? |�i 5�t|@�?@M�*�|) Lu A@U�| �L**�t�L?

Zh nqrz wkdw li frooxvlrq lv vxvwdlqdeoh dw wkh fxuuhqw glvfrxqw udwh/ lw zloo ehfrph _ohvv vxvwdlqdeoh%

li dw dq| F/

g�+sW�+F,> F,

gs2
A

g�+F>F,

gs2

Zh surfhhg lq wzr vwhsv1

L1 Zh nqrz wkdw

g�+sW�+QF,>QF,

gs2
A

g�+QF>QF,

gs2

zkhuhQF lv wkh qrq0frrshudwlyh sulfh1 Wklv pxvw eh wuxh ehfdxvh wkh OKV doorzv uh0rswlpl}dwlrq1

LL1 Wkhq/ zh nqrz wkdw

g2�+sW� +F,> F,

gs22
A

g2�+F>F,

gs22

iru dq| F A QF1
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Zh fdq vhh wkdw wklv lv wuxh e| zulwlqj wkh vhfrqg ghulydwlyhv ri wkh sur�w ixqfwlrqv xqghu

frooxvlrq dqg fkhdwlqj1 Wkh �uvw lv=

g2�+sW�+F,> F,

gs22
@

CsW�
Cs2

CG�+=,

Cs2
. sW�

C2G�+=,

Cs22

zkhuh zh qrwh wkdw vrph whupv kdyh gursshg rxw ehfdxvh dw wkh vkruw0uxq ehvw uhvsrqvh/

C�+sW�+F,> F,

Cs�
@ 3

Wkh rwkhu vhfrqg ghulydwlyh lv=

g2�+F>F,

gs22
@ F

�
C2G�+=,

Cs2�
. 5

C2G�+=,

Cs�Cs2
.

C2G�+=,

Cs22

�
. 5

�
CG�+=,

Cs2
.

CG�+=,

Cs�

�

Khuh zh pdnh wkh vlpsoli|lqj dvvxpswlrq wkdw wkh vhfrqg ghulydwlyhv ri ghpdqg duh vpdoo +}hur,

uhodwlyh wr wkh �uvw ghulydwlyhv1 Wklv lv wuxh/ iru h{dpsoh/ zkhq ghpdqg lv olqhdu1

Li wkh vhfrqg ghulydwlyhv ri ghpdqg duh }hur/
_2�ERW

�
E��c��

_R2
2

lv srvlwlyh ehfdxvh
YRW

�

YR2
dqg Y(�E��

YR2

duh erwk srvlwlyh1 Wkh vhfrqg h{suhvvlrq _2�E�c��
_R2

2

lv vwulfwo| qhjdwlyh/ ehfdxvh Y(�E��
YR2

. Y(�E��
YR�

? 31

+Wklv kdv wr eh wuxh li wkh rzq0sulfh hodvwlflw| ri ghpdqg lv juhdwhu wkdq wkh furvv0sulfh hodvwlflw|

ri ghpdqg,1 Wkxv/
g2�+sW� +F,> F,

gs22
A

g2�+F>F,

gs22

Frpelqlqj wkh wzr frqglwlrqv lpsolhv wkdw

g�+sW� +F,> F,

gs2
A

g�+F>F,

gs2

iru dq| F A QF=
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Wdeoh 4= Fuhglw Fdug Lqwhuhvw Udwh Fhlolqjv/ 4<:<04<;<

\hdu 4<:< ;3 ;4 ;5 ;6 ;7 ;8 ;9 ;: ;; ;<

Q +Vwdwhv,= 69 73 6< 68 66 67 68 6: 68 65 66

Vkduh ri Vwdwhv=

Qr Fhlolqj 9( 8( 43( 56( 66( 6;( 6:( 6;( 6:( 67( 66(

F A 4;( 6( 8( 48( 56( 63( 5<( 6:( 6;( 67( 67( 66(

F @ 4;( ;4( ;6( 9<( 84( 69( 65( 59( 57( 5<( 64( 66(

F ? 4;( 44( :( 8( 6( ~ ~ ~ ~ ~ ~ ~

Q +Lvvxhuv,= 4:8 4:9 498 439 46: 469 458 45: 449 447 434

Vkduh ri Lvvxhuv=

Qr Fhlolqj 5( 5( :( 49( 59( 66( 66( 68( 67( 66( 68(

F A 4;( 6( 9( 4<( 58( 63( 64( 66( 65( 65( 63( 63(

F @ 4;( ;5( ;3( 9:( 89( 77( 69( 67( 66( 67( 6:( 68(

F ? 4;( 46( 46( ;( 7( ~ ~ ~ ~ ~ ~ ~

Vrxufhv= Wkh Frvw ri Shuvrqdo Eruurzlqj lq wkh Xqlwhg Vwdwhv dqg Txduwhuo| Uhsruw ri Udwhv

ri Vhohfwhg Gluhfw Frqvxphu Lqvwdoophqw Ordqv/ ydulrxv lvvxhv1



66

Wdeoh 5= Fuhglw Fdug Sulflqj dqg Lqwhuhvw Udwh Fhlolqjv

4<:< ;3 ;4 ;5 ;6 ;7 ;8 ;9 ;: ;; ;<

Vkduh ri Lvvxhuv dw Fhlolqj=

Doo Idflqj Fhlolqj ;6( ;6( ;8( ;8( :6( 9:( 98( 93( 7;( 73( 76(

F @ 4;( ;;( <4( <5( <8( <3( ;7( ;9( :7( 95( 78( 7:(

F A 4;( 3( <( 46( 4<( 57( 59( 5<( 55( <( <( :(

F ? 4;( 9;( 97( ;9( 83( ~ ~ ~ ~ ~ ~ ~

U0Vtxduhg=

Il{hg Vwdwh H�hfwv 3194 319< 31:5 31;8 31:< 31;6 31;7 31:9 31:9 319< 3196

Ohyho ri Fhlolqj 316: 3178 3174 3198 3174 3179 3179 315; 3164 3158 3154

Qrwhv= Wdeoh h{foxghv revhuydwlrqv iurp vwdwhv zlwkrxw fhlolqjv1 U0vtxduhg �jxuhv duh iurp

|hdu0e|0|hdu uhjuhvvlrqv xvlqj lvvxhu lqwhuhvw udwh dv wkh ghshqghqw yduldeoh1 Il{hg vwdwh h�hfwv

vshfl�fdwlrq lqfoxghv d gxpp| yduldeoh iru hdfk vwdwh lq wkh vdpsoh1 Ohyho ri fhlolqj vshfl�fdwlrq

lqfoxghv d frqvwdqw whup dqg wkh ohyho ri wkh lqwhuhvw udwh fhlolqj lq wkh lvvxhu*v krph vwdwh1
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Wdeoh 6= Dyhudjh Lqwhuhvw Udwhv e| Fhlolqj

4<:< ;3 ;4 ;5 ;6 ;7 ;8 ;9 ;: ;; ;<

Dyj FF Udwh +(,=

F @ 4;( 4:17 4:19 4:1: 4:1< 4:1: 4:1: 4:1: 4:17 4:14 4:13 4:14

F A 4;( 4:18 4;19 4;1: 4<16 4<1: 4<1: 4<1: 4<15 4;19 4;17 4;16

Qr Fhlolqj 4913 4913 4;1: 4;1< 4<18 4<13 4<14 4<14 4;18 4;14 4;14

Dyj Dxwr Udwh +(,=

F @ 4;( 441; 4619 4913 491< 4718 4614 4615 4515 4319 431: 441;

F A 4;( 4415 451; 4916 4:18 4816 461; 461: 4519 4317 431; 441<

Qr Fhlolqj 441; 461< 491< 4;15 4719 4614 4617 4515 4316 431; 441<

Dyj Jds +(,=

F @ 4;( 819 713 41: 413 615 719 718 815 919 916 816

s @ F 914 717 513 414 618 71< 71; 81; :1; :18 917

s ? F 419 316 0413 0417 315 51; 615 619 71: 816 716

F A 4;( 916 81: 517 41; 717 81< 913 91: ;15 :19 917

s @ F ~ ~ :1; 814 91< ;14 ;15 ;1< 4413 431; ;16

s ? F 916 81: 418 413 619 815 814 913 :1< :16 915

Qr Fhlolqj 715 514 41; 31: 71< 81< 81: 91< ;15 :16 915

Vrxufhv= Wkh Frvw ri Shuvrqdo Eruurzlqj lq wkh Xqlwhg Vwdwhv dqg Txduwhuo| Uhsruw ri Udwhv

ri Vhohfwhg Gluhfw Frqvxphu Lqvwdoophqw Ordqv/ ydulrxv lvvxhv1
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Wdeoh 7= Ghvfulswlyh vwdwlvwlfv iru wkh yduldeohv xvhg lq wkh uhjuhvvlrqv

Hqwluh Vdpsoh LSe�, @ 3 LSe�, @ 4

Phdq Vwg Ghy Plq Pd{ Phdq Vw Ghy Phdq Vw Ghy

Fuhglw Fdug Udwh 4:1<; 41;3 44183 55133 4;1:7 4197 4:1:; 41:;

Sulfh Fhlolqj_ 4<146 5184 45133 58133 � � 4<146 5184

Dxwr Udwh 46158 515< :133 56133 451;5 5157 4616: 515<

KKL lq Fuhglw Fdugv 4:8; 47<8 536 <<7< 4;78 4;9< 4:68 46:;

FF Ordqvh+'4333v, 797 4867 3 5;4;7 8:9 5936 845 46<3

Ghidxow Udwh 5154 31;7 3186 8168 41;< 319; 515< 31;9

Xqhpsor|phqw Udwh :164 5173 5173 4;133 91;4 5156 :176 5176

Zhhno| Lqfrphh +'433v, 81;< 3148 8183 9164 81<5 3146 81;< 3148

Vdpsoh Vl}h 47:; 645 4499

|Phdq ri revhuydwlrqv iru zklfk LSe�, @ 41 } Uhsruwhg lq 4<;604<;7 grooduv1
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Wdeoh 8= Wrelw dqg Wuxqfdwhg Uhjuhvvlrq Prghov ri Fuhglw Fdug Udwhv

Wrelw Wuxqfdwhg

Prgho 4d Prgho 4e Prgho 5d Prgho 5e

Dxwr Udwh 3136: 3139: 314;6WWW 31569WWW

+3=394, +3=398, +3=3:4, +3=3:4,

KKL 315:4WW 315;4W 3143; 031477
+3=46;, +3=49;, +3=3;9, +3=443,

FF Ordqv 31538WWW 31537WWW 314;9WWW 3146;WWW

+3=374, +3=377, +3=36:, +3=37:,

Ghidxow Udwh 0313<3 0313;: 315;:WWW 316:3WWW

+3=43;, +3=46<, +3=3<9, +3=467,

Xqhpsor|phqw 031665WWW 031649WWW 31494WWW 315:<WWW

+3=3::, +3=3:5, +3=395, +3=3:5,

Lqfrph �43=94WWW �43=83WWW �4=;;:WWW �5=<79WWW

+4=7:, +5=57, +3=:4<, +3=;7<,

LSe�, 3198<WW 31576WWW

+3=646, +3=397,

� 41;9WWW 41;9WWW 4193WWW 4193WWW

0Q0 47:; :6<

Vshfl�fdwlrqv lqfoxgh �{hg |hdu dqg vwdwh h�hfwv +qrw vkrzq,1
W ghqrwhv vljql�fdqw dw wkh 3143 ohyho/ WW vljql�fdqw dw wkh 3138 ohyho dqg
WWW vljql�fdqw dw wkh 3134 ohyho1
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Wdeoh 9= Grxeoh Kxugoh Prghov ri Fuhglw Fdug Udwhv dqg Wdflw Frooxvlrq

Prgho 6 Prgho 7 Prgho 8 Prgho 9

Sulflqj Htxdwlrq=

Dxwr Udwh 313:9W 31499WWW 31435W 31393WWW

+3=379, +3=3:8, +3=397, +3=357,

KKL 3=566W 3=474W 313<5 3=438
+3=46<, +3=3:<, +3=3:;, +3=457,

FF Ordqv 3153:WWW 31493WWW 3144;WWW 31494WWW

+3=376, +3=366, +3=366, +3=368,

Ghidxow Udwh �31388 �3=368 31463 �3=397
+3=469, +3=47:, +3=3<:, +3=3<;,

Xqhpsor|phqw �3=65:WWW �31645WWW 3146<WWW �3=5<7WWW

+313:3, +31379, +31385, +313:8,
Lqfrph �;=3:: 3=<;3W �4=;6<WWW 4=478

+5=653, +3=938, +3=8:5, +41;36,

LSe�, 3=;94WWW 317:< 4133< 3=;45
+3=655, +3=595, +3=;8:, +31::9,

Suredelolw| ri Wdflw Frooxvlrq=

Frqvwdqw �4=63:WWW 31<33WWW 91<38WWW 9157:WWW

+3=58<, +3=3;:, +3=9:3, +3=;44,
Sulfh Fhlolqj �3=765WWW �3=677WWW

+3=365, +3136;,
Dxwr Udwh 3=447WWW 3=389

+3=35<, +3=377,
KKL 31466W 313:;W

+3=39;, +3=375,
FF Ordqv �3=359 �31334

+3=368, +3=337,
4<;3/4<;4 �3=<<4WWW �3166:

+3=4:6, +3=589,

4<;5/4<;6 �4=834WWW �3=855
+3=4:;, +3=746,

4<;7/4<;8 �4=95;WWW �3=96:
+3=4;:, +3=93:,

4<;9/4<;: �5=5;:WWW �4=776WWW

+3=549, +3=576,

4<;;/4<;< �5=545WWW �4=84<WWW

+3=5;9, +31637,
� 4177WWW 415<WWW 4156WWW 41;5WWW

0Q0 47:;

Sulflqj htxdwlrq lqfoxghv �{hg |hdu dqg vwdwh h�hfwv1
W ghqrwhv vljql�fdqw dw wkh 3143 ohyho/ WW vljql�fdqw dw wkh 3138 ohyho dqg
WWW vljql�fdqw dw wkh 3134 ohyho1
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Wdeoh := Hvwlpdwhv ri � e| Fhlolqj/ Dxwr Ordq Udwh/ dqg Frqfhqwudwlrq

4<:< 4<;30;4 4<;50;6 4<;70;8 4<;90;: 4<;;0;<

Ryhudoo 31<5 31;9 31:3 3183 314< 3149

F@4; 31<3 31;; 31;9 31:: 3178 316;

Kljk DOU/ Kljk KKL 31<5 31<4 31;; 31;3 3185 3175

Orz DOU/ Orz KKL 31;: 31;8 31;6 31:6 3174 3168

F@53 31:5 319< 3198 3185 3154 3149

Kljk DOU/ Kljk KKL 31:9 31:6 319< 3189 3159 314<

Orz DOU/ Orz KKL 319; 3196 3193 317: 314; 3147

F@55 3179 3175 316; 3159 313: 3138

Kljk DOU/ Kljk KKL 3183 317: 3176 3163 313< 3139

Orz DOU/ Orz KKL 3174 316: 3166 3155 3138 3137

F@57 3154 314< 3149 313< 3134 3134

Kljk DOU/ Kljk KKL 3158 3156 314< 3144 3135 3134

Orz DOU/ Orz KKL 314; 3148 3146 313: 3134 3134

1

Qrwhv= Hvwlpdwhv ri � duh �wwhg ydoxhv iurp Prgho 91 Ryhudoo urz ydoxhv duh �wwhg xvlqj zlwklq0

froxpq phdqv ri yduldeohv lq ]1 Rwkhu urz ydoxhv duh �wwhg dw wkh phdq ohyho ri ordqv1 _Kljk%

dqg _Orz% duh rqh vwdqgdug ghyldwlrq iurp wkh phdq/ phdvxuhg zlwklq froxpqv1
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Wdeoh ;= Dyhudjh Sulfh H�hfwv ri Fhlolqjv

4<:< 4<;30;4 4<;50;6 4<;70;8 4<;90;: 4<;;0;<

Doo Lvvxhuv 5137 +475, 316; +58;, 0418; +45;, 03174 +434, 03168 +9:, 3167 +74,

z@3 041:< +<, 04158 +435, 041;8 +44:, 04185 +9;, 04154 +7<, 0318: +63,

z@4 515< +466, 4179 +489, 4169 +44, 41;< +66, 41<; +4;, 51;6 +44,

F@4; 5144 +45:, 3184 +55:, 031<3 +444, 03199 +:;, 0318; +88, 3149 +69,

z@3 0517< +8, 04153 +;5, 04134 +439, 04175 +93, 0414: +78, 0318< +5;,

z@4 5163 +455, 417: +478, 4185 +8, 41;9 +4;, 5143 +43, 51;3 +;,

FA4; ~ 04178 +8, 031<7 +48, 3179 +56, 319< +45, 4195 +8,

z@3 ~ 041<7 +7, 0516; +<, 0515: +;, 04194 +7, 0315< +5,

z@4 ~ 3184 +4, 4154 +9, 41<5 +48, 41;7 +;, 51;< +6,

F?4; 4176 +48, 03168 +59, 0416: +5, ~ ~ ~

z@3 031<4 +7, 0416: +49, 0416: +5, ~ ~ ~

z@4 515< +44, 415< +43, ~ ~ ~ ~

Qrwhv= Wdeoh lqfoxghv rqo| revhuydwlrqv iru zklfk s�| @ F�|1 Lvvxhuv zlwk as�| ? F�| duh dvvljqhg

z @ 4/ dqg lvvxhuv zlwk as�| � F�| duh dvvljqhg z @ 31 Qxpehuv lq sduhqwkhvhv duh qxpehu ri lvvxhuv

lq fdwhjru|1 Xqlwv duh kxqguhgv ri edvlv srlqwv1


