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ABSTRACT 
 

Marriage and the City∗ 
 

Do people move to cities because of marriage market considerations? In cities singles can 
meet more potential partners than in rural areas. Singles are therefore prepared to pay a 
premium in terms of higher housing prices. Once married, the marriage market benefits 
disappear while the housing premium remains. We extend the model of Burdett and Coles 
(1997) with a distinction between efficient (cities) and less efficient (non-cities) search 
markets. One implication of the model is that singles are more likely to move from rural areas 
to cities while married couples are more likely to make the reverse movement. A second 
prediction of the model is that attractive singles benefit most from a dense market (i.e. from 
being choosy). Those predictions are tested with a unique Danish dataset.  
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4 Lqwurgxfwlrq
Wklv sdshu whvwv zkhwkhu flwlhv fdq eh ylhzhg dv pduuldjh pdunhwv1 Wkh lghd lv vlpsoh1Flwlhv duh ghqvh duhdv zkhuh vlqjohv fdq phhw pruh srwhqwldo sduwqhuv wkdq lq uxudo duhdv1Wr hqmr| wkhvh ehqh�wv/ wkh| duh zloolqj wr sd| d suhplxp lq whupv ri kljkhu krxvlqjsulfhv1 Rqfh pduulhg/ wkh ehqh�wv iurp phhwlqj pruh srwhqwldo sduwqhuv ydqlvk dqgfrqvhtxhqwo|/ wkh frxqwu|vlgh ehfrphv pruh dwwudfwlyh1 Zh h{whqg wkh prgho ri Exughwwdqg Frohv +4<<:, zlwk d glvwlqfwlrq ehwzhhq h!flhqw flwlhv dqg ohvv h!flhqw uxudo vhdufkpdunhwv1 Rqh reylrxv lpsolfdwlrq ri wkh prgho lv wkdw vlqjohv duh pruh olnho| wr pryhiurp uxudo duhdv wr flwlhv zkloh frxsohv duh pruh olnho| wr pdnh wkh uhyhuvh pryhphqw1Wklv lv h{dfwo| zkdw zh �qg lq wkh gdwd1 Qrwh wkdw wklv h{sodqdwlrq lpsolflwo| xvhv dqlqfuhdvlqj uhwxuqv wr vfdoh +LUV, dujxphqw/ qdpho| wkdw vhdufk lv pruh h!flhqw lq ghqvhduhdv1 Li wklv lv wkh fdvh dqg li xwlolw| lv qrq0wudqvihudeoh/ wkh deryh vwru| lv lq sduwlfxoduuhohydqw iru wkh prvw dwwudfwlyh w|shv ehfdxvh wkh| fdq eh prvw fkrrv| dqg wkhuhiruhehqh�w prvw iurp d kljk frqwdfw udwh1Zh xvh fdqrqlfdo fruuhodwlrqv wr fuhdwh dwwudfwlyhqhvv lqglfhv zklfk duh d olqhdu frp0elqdwlrq ri hgxfdwlrq/ lqfrph/ idwkhuv hgxfdwlrq dqg idwkhuv lqfrph1 Zh �qg wkdw +4,vlqjohv duh pruh olnho| wr pryh iurp wkh frxqwu|vlgh wr wkh flw| wkdq frxsohv/ +5, frxsohvkdyh wkh odujhvw suredelolw| wr pdnh wkh uhyhuvh pryhphqw dqg +6, dwwudfwlyh vlqjohv duhpruh olnho| wr pryh wr wkh flw| wkdq ohvv dwwudfwlyh vlqjohv zkhuh wkh h�hfwv duh pruhsurqrxqfhg iru ihpdohv1 Zh dovr whvw wkh vhqvlwlylw| ri rxu uhvxowv wr gl�huhqw gh�qlwlrqvri dwwudfwlyhqhvv dqg flwlhv1 Pruhryhu/ zh wdnh vxe0vdpsohv ri lqglylgxdov roghu wkdq 58wr holplqdwh d srwhqwldo froohjh0h�hfw dqg ri lqglylgxdov zkr qhyhu kdyh nlgv wr frqwuro iruwkh srvvlelolw| wkdw fkloguhq lq xhqfh wkh prylqj ghflvlrq1 Rxu pdlq uhvxowv duh urexvwiru wkrvh h{foxvlrqv1 Ilqdoo|/ zh kdyh uhshdwhg rxu dqdo|vlv iru lqglylgxdov zkr kdyh mxvwehhq glyrufhg dqg �qg wkdw wkh suredelolw| ri prylqj lqwr wkh flw| lv pxfk odujhu wkdqwkh suredelolw| wr pryh rxw ri wkh flw| iru wkrvh glyrufhhv1 Zh lqwhusuhw wkrvh uhvxowvdv hylghqfh wkdw rxu �qglqjv gr qrw rqo| uh hfw vwdqgdug olih f|foh prwlyhv/ l1h1 wkdwroghu kljk lqfrph lqglylgxdov kdyh vwurqjhu suhihuhqfhv iru vsdfh wkdq |rxqj orz lqfrphlqglylgxdov1 Li wklv zhuh wkh fdvh/ wkh| zrxog uhpdlq lq wkh frxqwu|vlgh diwhu d glyrufh1Wkhuh duh d qxpehu ri sdshuv uhodwhg wr rxuv1 Plqfhu +4<:;, dujxhv wkdw pduuldjhuhgxfhv prelolw| ehfdxvh wkh frvw duh kljkhu iru idplolhv1 Kh �qgv vxssruw iru wklv sdwwhuqlq XV gdwd1 Zh pxvw wkhuhiruh doorz vlqjohv dqg frxsohv wr kdyh gl�huhqw prylqj frvw1
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Frvwd dqg Ndkq +5333, dujxh wkdw kljkhu hgxfdwhg frxsohv +srzhu frxsohv, duh ryhu0uhsuhvhqwhg lq flwlhv1 Wkh lghd lv wkdw wkh frorfdwlrq sureohp +erwk kdyh wr olyh forvhwr wkhlu mre, lv sduwlfxoduo| vhyhuh iru kljkhu hgxfdwhg frxsohv1 Wkhlu prgho wkhuhiruhsuhglfwv wkdw kljkhu hgxfdwhg frxsohv duh pruh olnho| wr pryh lqwr wkh flw| dqg ohvv olnho|wr pryh rxw ri wkh flw|1 Lq whupv ri wkh odwwhu suhglfwlrq rxu prgho suhglfwv h{dfwo| wkhrssrvlwh1 Frvwd ) Ndkq +5333, xvh furvv0vhfwlrq gdwd iurp wkh X1V1 Uhfhqwo|/ Frpswrq) Sroodn +5337, wrrn dqrwkhu orrn dw wkh lvvxh1 Wkh| dujxh/ wkdw dqrwkhu h{sodqdwlrqiru wkh ryhuuhsuhvhqwdwlrq ri srzhu frxsohv lq wkh odujh flwlhv lv wkdw doo froohjh hgxfdwhglqglylgxdov/ pduulhg dqg xqpduulhg/ duh dwwudfwhg wr wkh dphqlwlhv dqg kljk uhwxuqv wrhgxfdwlrq ri wkh odujh flwlhv1 Dv d uhvxow ri wklv/ wkh irupdwlrq ri srzhu frxsohv lv pruholnho| wr rffxu lq odujhu wkdq vpdoohu phwursrolwdq duhdv1 Wkhlu h{sodqdwlrq lv uhodwhg wrrxu k|srwkhvlv1 Edvhg rq SVLG gdwd/ wkh| dqdo|}h wkh g|qdplf sdwwhuqv ri pljudwlrq/pduuldjh/ glyrufh/ dqg hgxfdwlrq lq uhodwlrq wr flw| vl}h dqg �qg wkdw srzhu frxsohv duhqrw pruh olnho| wr pljudwh wr wkh odujhvw flwlhv lq wkh X1V1 wkdq sduw0srzhu frxsohv rusrzhu vlqjohv1 Lqvwhdg/ wkh orfdwlrq wuhqgv duh ehwwhu h{sodlqhg e| wkh kljkhu udwh risrzhu frxsoh irupdwlrq lq odujhu phwursrolwdq duhdv1 Rxu uhvxowv duh lq olqh zlwk Frps0wrq ) Sroodn +5337,1 Zlwk wkh Gdqlvk gdwd zh dovr �qg wkdw wkh pduuldjh pdunhw urohri flwlhv lv pruh lpsruwdqw wkdq wkh frorfdwlrq ri mre rssruwxqlwlhv1 Kljk vnloohg vlqjohvpryh wr wkh flw| exw rqfh wkh| duh pduulhg wkh| duh pruh olnho| wr pryh rxw ri wkh flw|1Jroglq ) Ndw} +5335, glvfxvv krz wkh lqwurgxfwlrq ri wkh eluwk frqwuro sloo fkdqjhgwkh fduhhu dqg pduuldjh ghflvlrq ri zrphq1 Wkh| dujxh wkdw wkhuh lv d gluhfw dqg dqlqgluhfw h�hfw ri wkh sloo1 Wkh gluhfw h�hfw lv wkdw wkh sloo orzhuhg wkh frvwv ri hqjdjlqjlq orqj0whup fduhhu lqyhvwphqwv e| jlylqj zrphq pruh fhuwdlqw| uhjduglqj wkh suhjqdqf|frqvhtxhqfhv ri vh{1 Wkh lqgluhfw h�hfw zrunv wkurxjk wkh pduuldjh pdunhw1 Vlqfh djhri pduuldjh lqfuhdvhg lq wkh diwhupdwk ri wkh gl�xvlrq ri wkh sloo wkh pduuldjh pdunhwiru hgxfdwhg zrphq wklfnhqhg1 Wkh| zhuh pruh olnho| wr �qg vxlwdeoh sduwqhuv gxulqjwkhlu wlph lq froohjh ru wkhuhdiwhu1 Wkh sloo zdv dffruglqj wr Jroglq ) Ndw} +5335, dfuxfldo idfwru lq whupv ri doorzlqj zrphq wr wdnh dq hgxfdwlrq zlwkrxw orrvlqj rxw lq wkhpduuldjh pdunhw1 Lq idfw/ dv glvfxvvhg pruh wkrurxjko| lq Jroglq +4<<5,/ jrlqj wr froohjhdfwxdoo| lqfuhdvhg wkh fkdqfhv iru zrphq ri pduu|lqj d pruh hgxfdwhg dqg khqfh pruhzhdowk| kxvedqg1 Lq wklv uhvshfw froohjhv dqg xqlyhuvlwlhv sod| wkh vdph uroh dv flwlhv grlq rxu sdshu1
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Eodfn hw do1 +5335, vxjjhvw wkdw wkh uhdvrq d flw| olnh Vdq Iudqflvfr krvwv d glvsursru0wlrqdo kljk qxpehu ri jd|v lv gxh wkh kljk krxvlqj frvw ri olylqj wkhuh1 Vdq Iudqflvfr lvnqrzq dv rqh ri Dphulfd*v oryholhvw flwlhv1 Khqfh/ gxh wr kljk ghpdqg iru krxvlqj lq VdqIudqflvfr/ krxvlqj sulfhv duh kljk1 Jd| frxsohv idfh frqvwudlqwv wkdw pdnh kdylqj fklo0guhq pruh frvwo| iru wkhp wkdq iru vlplodu khwhurvh{xdo frxsohv1 Wklv iuhhv uhvrxufhv irurwkhu �jrrgv� vxfk dv krxvlqj lq kljk0dphqlw| orfdwlrqv1 Dowkrxjk zh gr qrw h{solflwo|frqvlghu wkh jd| pdwlqj pdunhw/ rxu prgho vxjjhvwv dq dowhuqdwlyh h{sodqdwlrq1 Vlqfh wkhpdunhw iru jd|v lv uhodwlyho| wklq/ wkh| jdlq d orw e| prylqj wr d ghqvh pdunhw olnh flwlhv1Lq dgglwlrq/ dq| duhd wkdw kdsshqv wr kdyh d odujh jd| frppxqlw| zloo dwwudfw pruh jd|vehfdxvh wkh pdwfklqj udwh ghshqgv qrw rqo| rq wkh frqwdfw udwh exw dovr rq wkh vkduh risrwhqwldo pdwhv1Hgoxqg +5337, dujxhv wkdw |rxqj zrphq rxwqxpehu |rxqj phq lq xuedq duhdv1 Wkhdujxphqw lv wkdw xuedq duhdv r�hu vnloohg zrunhuv ehwwhu oderu pdunhwv1 Dvvxplqj wkdwwkhuh duh pruh vnloohg pdohv wkdq ihpdohv/ wklv dorqh zrxog suhglfw d vxusoxv ri pdohv1Krzhyhu/ wkh suhvhqfh ri pdohv zlwk kljk lqfrphv pd| dwwudfw qrw rqo| vnloohg ihpdohv exwdovr xqvnloohg ihpdohv/ dqg wkxv d vxusoxv ri ihpdohv lq xuedq duhdv iurp wkh frpelqdwlrqri ehwwhu oderu dqg pduuldjh pdunhwv1 Zh gr qrw �qg hylghqfh iru wklv1Ilqdoo|/ Whxolqjv dqg Jdxwlhu +5337, dujxhg lq d oderu pdunhw frqwh{w zlwk wudqvihudeohxwlolw| wkdw flwlhv kdyh d frpsdudwlyh dgydqwdjh lq surgxflqj �vhdufk lqwhqvlyh� jrrgv/wkdw lv/ jrrgv wkdw uhtxluh d odujh pl{ ri oderu lqsxwv1Wkh sdshu lv rujdql}hg dv iroorzv1 Iluvw/ lq vhfwlrq 5 zh suhvhqw d vlpsoh pduuldjhpdunhw prgho1 Lq vhfwlrq 6 zh glvfxvv wkh gdwd1 Vhfwlrq 7 suhvhqwv wkh pdlq hvwlpdwlrquhvxowv1 Vhfwlrq 8 fduulhv rxw d qxpehu ri urexvwqhvv fkhfnv dqg vhfwlrq 9 frqfoxghv1
5 Wkh prgho
Wkh pduuldjh pdunhw wkdw zh frqvlghu lv lq wkh vslulw ri Exughww dqg Frohv +4<<:,1 Zhwuhdw pdohv dqg ihpdohv v|pphwulfdoo| wr vdyh rq qrwdwlrq1 Iru frqyhqlhqfh/ zh glvfxvv wkhpduuldjh ghflvlrq sureohp iurp wkh ihpdoh srlqw ri ylhz1 E| rxu v|pphwu| dvvxpswlrq/wkh vroxwlrq fduulhv ryhu wr pdohv1 Rxu hfrqrp| lv pdgh xs ri wzr uhjlrqv ru orfdwlrqv/wkh frxqwu|vlgh dqg wkh flw|1 Doo djhqwv kdyh lghqwlfdo suhihuhqfhv exw wkh| gl�hu lqwhupv ri wkhlu dwwudfwlyhqhvv dv d pduuldjh sduwqhu1 Glyrufhv duh uxohg rxw/ pduuldjh lv dqdevruelqj vwdwh1 Zh vwxg| wkh ehkdylru ri d frkruw ri vlqjoh ihpdohv hqwhulqj wkh pduuldjh
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pdunhw dw d sduwlfxodu srlqw lq wlph= zkhq gr wkh| pduu|B zlwk zkrp gr wkh| pduu|Bdqg �qdoo|/ zkhuh gr wkh| orrn iru d sduwqhuBOhw u eh wkh udqn rughu ri d shuvrq/ u ' � ehlqj wkh prvw dwwudfwlyh lqglylgxdo dqgu ' f ehlqj wkh ohdvw dwwudfwlyh lqglylgxdo dqg ohw d Eu� eh wkh dwwudfwlyhqhvv ri d shuvrqdv d ixqfwlrq ri klv ru khu udqn u1 E| frqvwuxfwlrq/ u lv glvwulexwhg xqlirupo| ehwzhhqf dqg � dprqj wkh lq rz ri vlqjohv14 Wkh ohyho ri lq rz ri vlqjoh zrphq lv qrupdol}hgwr rqh lq hdfk orfdwlrq1 Zh dvvxph d E�� wr eh vwulfwo| srvlwlyh/ vwulfwo| lqfuhdvlqj dqggl�huhqwldeoh1 Khqfh=
D� G d Ef� A fD2 G d�E�� A f

Dvvxph wkdw xwlolw| lv qrq0wudqvihudeoh dqg wkdw wkh olihwlph xwlolw| ri d pduulhg shuvrq lvhtxdo wr wkh dwwudfwlyhqhvv d ri khu sduwqhu15 Wkh  rz xwlolw| ri d vlqjoh shuvrq lv htxdo wr}hur1 Khqfh/ Dvvxpswlrq D� vwdwhv wkdw qr w|sh vwulfwo| suhihuv wr eh vlqjoh1 DvvxpswlrqD2 vwdwhv wkdw hdfk ihpdoh*v xwlolw| lv lqfuhdvlqj lq khu sduwqhu*v dwwudfwlyhqhvv1 Ohw o ehwkh sodfh ri uhvlghqfh iru dq lqglylgxdo +f ' frxqwu|vlgh/ � ' flw|, Ohw Io eh wkh vwrfnri vlqjohv shu xqlw ri lq rz ri vlqjohv dw orfdwlrq o dqg ohw io Eu� eh wkh ghqvlw| ri udqnu vlqjohv dw orfdwlrq o1 Li doo udqnv u pduu| htxdoo| idvw/ dqg li doo udqnv duh glvwulexwhgsursruwlrqdoo| dfurvv erwk orfdwlrqv/ wkdq wklv ghqvlw| ixqfwlrq lv xqlirup= io Eu� ' � irudoo u dqg iru o ' f> �1 E| v|pphwu|/ wkh glvwulexwlrqv duh htxdo iru ihpdohv dqg pdohv1Wkh duulydo udwh ri pduuldjh rssruwxqlwlhv iru d ihpdoh ri udqn u zlwk pdohv ri udqn uplv �oIoioEup�/ zkhuh f ? �f ? ��1 Wklv duulydo udwh iroorzv iurp d txdgudwlf frqwdfwwhfkqrorj|/ zkhuh wkh qxpehu ri frqwdfwv lv sursruwlrqdo wr wkh surgxfw ri wkh qxpehuri pdohv dqg ihpdohv1 Wklv whfkqrorj| h{klelwv lqfuhdvlqj uhwxuqv wr vfdoh +LUV,16 Wklv
4Khqfh/ zh ghyldwh iurp d frpprq exw xqsohdvdqw vlpsol�fdwlrq lq wkh olwhudwxuh zklfk lv wkh forqlqjdvvxpswlrq= hdfk shuvrq zkr jhwv pduulhg lv lpphgldwho| uhsodfhg e| dqrwkhu shuvrq ri wkh vdph dw0wudfwlyhqhvv/ vhh h1j1 Eorfk dqg U|ghu +5333,1 Wkdw dvvxpswlrq �{hv wkh glvwulexwlrq ri dwwudfwlyhqhvvryhu wkh vwrfn lqvwhdg ri ryhu wkh lq rz15Xwlolw| ghshqgv rqo| rq wkh fkdudfwhulvwlfv ri rqh*v sduwqhu1 Vshfl�fdwlrqv zkhuh wkh rzq w|sh pdwwhuvlq dq dgglwlyh zd| gr qrw fkdqjh wkh uhvxowv/ l1h1 d ihpdoh zlwk dwwulfwlyhqhvv di pduulhg wr d pdoh dpuhfhlylqj xwlolw|/ x @ dp . k+di ,/ zlwk k3 A 31 Lq wkh zrugv ri Exughww dqg Frohv +4<<<,= �qduflvvp lvqrw qhfhvvdulo| uxohg rxw�16Rxu dujxphqw iru xvlqj d txdgudwlf frqwdfw whfkqrorj| zlwk LUV lv wkdw FUV kdv wkh xquhdolvwlfsurshuw| wkdw wkhuh zrxog eh frqjhvwlrq lq wkh pduuldjh rssruwxqlwlhv ri Eudg Slww li wkh dxwkruv ri wklvsdshu zrxog pryh wr Ehyhuo| Kloov1 Vhh Whxolqjv dqg Jdxwlhu +5337= 89:, iru d glvfxvvlrq ri wklv lvvxh lqwkh frqwh{w ri wkh oderu pdunhw1
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LUV ihdwxuh ri wkh frqwdfw whfkqrorj| pdnhv wkh frqwdfw udwh kljkhu lq wkh flw| wkdq rqwkh frxqwu|vlgh1 Dvvxph wkdw wkhuh duh qr prylqj frvw1 Ohw f eh wkh h{fhvv frvw ri xuedqolyh/ f A f/ dqg qrupdol}h wkh frvw ri uxudo olih wr f1 Wr nhhs wklqjv dv vlpsoh dv srvvleoh/zh dvvxph wkdw f hqwhuv dgglwlyho| lq wkh xwlolw|  rz ri d shuvrq1 Wklv dgglwlrqdo frvw fdqeh wkrxjkw ri dv wkh frvw ri olylqj lq d furzghg duhd gxh wr wkh uhqwv wkdw duh h{wudfwhge| wkh rzqhuv ri vfdufh uhdo hvwdwh lq wkh flw|1 Iru vlqjohv/ olylqj lq wkh flw| kdv wkhdgydqwdjh ri phhwlqj pruh srwhqwldo sduwqhuv1 Wklv dgydqwdjh pd| ru pd| qrw r�vhwf1 Krzhyhu/ frxsohv orrvh wkh ehqh�wv ri olylqj lq wkh flw| exw pxvw vwloo sd| wkh kljkhuuhqwv1 Wkhuhiruh/ wkh| pryh wr wkh frxqwu|vlgh gluhfwo| diwhu pduuldjh1 Ohw � eh wkh udwhri wlph suhihuhqfh1 Wkhq/ wkh Ehoopdq htxdwlrq iru wkh h{shfwhg olihwlph xwlolw|/ x Eu> o�/ri d vlqjoh ihpdoh ri udqn u olylqj lq orfdwlrq o uhdgv=
x Eu> o� ' #oIo

]
poEu� io Eup� d Eup� gup � of +4,

zkhuh #o � �o@� +khqfh= f ? #f ? #�, dqgpo Eu� lv wkh pduuldjh vhw frqvlvwlqj ri doo pdohudqnv iupj zlwk zkrp d ihpdoh ri w|sh u lv zloolqj dqg deoh wr pduu| zlwk1 D pduuldjhrssruwxqlw| lv rqo| uhdol}hg e| pxwxdo djuhhphqw1 Khqfh/ iru erwk sduwqhuv/ wkh olihwlphxwlolw| ri ehlqj pduulhg wr d sduwqhu ri udqn up pxvw eh juhdwhu wkdq wkh olihwlph xwlolw|ri ehlqj vlqjoh=
up 5 po Eu�/ up 5 po Eu�/F� G x Eu> o� ? d Eup� aF2 G x Eup> o� ? d Eu�

Wkhvh wzr frqglwlrqv uh hfw wkh qrq0wudqvihudelolw| ri xwlolw|= frqglwlrq F� vwdwhv wkdw dihpdoh ri udqn u pxvw eh zloolqj wr pduu| d pdoh ri udqn up/ F2 vwdwhv wkdw u pxvw ehdeoh wr pduu| up/ wkdw lv d pdoh ri udqn up pxvw eh zloolqj wr pduu| d ihpdoh ri udqn u1E| v|pphwu|/ wkh pduuldjh vhw ri d pdoh ri udqn up lv wkh vdph/ po Eup�Gh�qlwlrq 41 Htxloleulxp lq d orfdwlrq o lv d froohfwlrq ri pduuldjh vhwv po Eu� wkdwvdwlv�hv frqglwlrqv F� dqg F21Ehorz/ zh �uvw fkdudfwhul}h wkh htxloleulxp lq d vlqjoh orfdwlrq1 Wkhq/ zh wxuq rxudwwhqwlrq wr wkh fhqwudo wkhph ri wkh sdshu= wkh vruwlqj ri vlqjohv dqg frxsohv lqwr flwlhvdqg uxudo duhdv1
9



514 Fkdudfwhul}dwlrq ri wkh htxloleulxp
Wkh vkdsh ri wkh pduuldjh vhwv lv ghwhuplqhg e| d qxpehu ri vlpsoh revhuydwlrqv1 Iluvw/li d ihpdoh ri udqn u lv zloolqj wr pduu| d pdoh ri d sduwlfxodu udqn uWp/ wkhq vkh lv zloolqjwr pduu| zlwk dq| kljkhu udqnhg pdoh wkdq uWp1 Irupdoo|= li/ iru d sduwlfxodu u/ frqglwlrqF� lv vdwlv�hg iru uWp/ wkhq lw lv vdwlv�hg iru dq| up � uWp e| dvvxpswlrq D21 Vhfrqg/ wkhxwlolw| ri d vlqjoh x Eu> o� lv zhdno| lqfuhdvlqj lq u/ dv fdq eh vhhq iurp htxdwlrq +4,= e|rxu v|pphwu| dvvxpswlrq/ hdfk pdoh w|sh wkdw lv zloolqj wr pduu| zlwk d ihpdoh ri w|shu lv dovr zloolqj wr pduu| zlwk kljkhu u w|shv1 Khqfh/ wkh pdwfklqj vhw ri pruh dwwudfwlyhihpdohv lv dw ohdvw dv jrrg dv wkh pdwfklqj vhw ri ohvv dwwudfwlyh ihpdohv1 Wklug/ e| wkhsuhylrxv wzr dujxphqwv/ wkh pduuldjh vhw ri d ihpdoh ri w|sh u lv frqyh{/ zkhuh wkh orzhuerxqg u3o Eu� lv ghwhuplqhg e| wkh orzhvw pdoh w|sh wr zklfk wkdw ihpdoh lv zloolqj wrpduu| wr dqg zkhuh wkh xsshu erxqg uno Eu� lv ghwhuplqhg e| wkh kljkhvw pdoh w|sh wkdwlv zloolqj wr pduu| khu1 Lq rwkhu zrugv/ wkh orzhu erxqg lv wkh udqn up iru zklfk frqglwlrqF� lv mxvw ylrodwhg +l1h1 krogv e| htxdolw|,/ wkh xsshu erxqg lv wkh kljkhvw udqn up iruzklfk frqglwlrq F2 lv mxvw ylrodwhg +l1h1 krogv e| htxdolw|,1Khqfh/ wkh pduuldjh vhw ri d ihpdoh ri w|sh u lv gh�qhg dv iupj 5 ku3o Eu� > uno Eu�o1 Vlqfhwkhvh frqglwlrqv dsso| iru ihpdohv dqg pdohv v|pphwulfdoo|/ zh fdq ohdyh rxw wkh jhqghulqgh{ lq wkh xsshu dqg orzhu erxqg ixqfwlrqv1 E| wkh vdph dujxphqw/ d pdoh zlwk wkhvdph udqn dv d ihpdoh lv dozd|v sduw ri wkh pduuldjh vhw ri wkdw ihpdoh= u 5 ku3o Eu� > uno Eu�o1Li wkdw zrxog qrw eh wkh fdvh wkh frqglwlrq ri pxwxdo dssurydo zrxog qrw eh vdwlv�hg1Qrz/ frqvlghu wkh prvw dwwudfwlyh ihpdoh/ u ' �1 E| wkh suhylrxv dujxphqw/ doo pdohvduh zloolqj wr pduu| khu/ vr wkh xsshu erxqg ri khu pduuldjh vhw lv up ' �1 Wkh orzhuerxqg ri khu pduuldjh vhw/ ghqrwhg u�o / lv ghwhuplqhg e| wkh orzhvw udqnhg pdoh wkdw jlyhvkhu pruh xwlolw| wkdq vkh zrxog jhw zkhq uhpdlqlqj vlqjoh dqg nhhslqj wkh rswlrq ydoxhri frqwlqxhg vhdufk1 Frpelqlqj +4, dqg wkh htxdolw| yhuvlrq ri F� ghwhuplqhv u�o dv wkh�{hg srlqw ri= d �u�o � ' #oIo

] �
u�o io Eup� d Eup� gup � of +5,

Lw lv hdvlo| yhul�hg wkdw doo vlqjoh zrphq zlwk udqniuj 5 ku�o > �o vhw wkh orzhu erxqg ri wkhlupduuldjh vhw dw wkh vdph ydoxh dv wkh prvw dwwudfwlyh w|sh ehfdxvh wkh| vroyh h{dfwo| wkhvdph sureohp1 Khqfh/ doo wkhvh vlqjoh zrphq kdyh wkh vdph xwlolw|/ x Eu> o� ' x E�> o� > ;u 5ku�o > �o1 E| v|pphwu|/ wkh vdph dssolhv iru pdohv1 Wkh ihpdohv dqg pdohv zlwk udqn iuj
:



5 ku�o > �o irup d forvhg vhjphqw dqg pduu| zlwk hdfk rwkhu/ exw wkh| gr qrw pduu| zlwkdq|erg| hovh1 D zrpdq ri w|sh u�o fdq wkhuhiruh qrw pduu| zlwk d kljkhu w|sh1 Khu rzqw|sh lv wkh xsshu erxqg ri khu pduuldjh vhw1 Wkh zkroh orjlf wkdw dssolhv wr wkh kljkhvwvhjphqw wkhuhiruh fduulhv ryhu wr wkh qh{w vhjphqw1 Wkh orzhu erxqg ri wkh qh{w vhjphqw/u2o fdq eh fdofxodwhg lq d vlplodu zd| dv u�o 1
d �u2o � ' #oIo

] u�o
u2o io Eup� d Eup� gup � of

Wkh zkroh pdunhw idoov dsduw lq d qxpehu ri frqvhfxwlyh/ qrq ryhuodsslqj vhjphqwv1Djhqwv pduu| zlwk doo udqnv zlwklq wkhlu rzq vhjphqw dqg qhyhu pduu| rxwvlgh wkhluvhjphqw1 Wkh ixoo vhw ri xsshu dqg orzhu erxqgv fdq eh fdofxodwhg uhfxuvlyho| e| wkhiroorzlqj dojrulwkp=
ufo � �

d �ulo� ' #oIo
] ul3�o
ulo io Eup� d Eup� gup � of +6,

h{fhsw iru wkh orzhvw vhjphqw zklfk lv wuhdwhg vhsdudwho| ehorz1 Wkh �qdo vwhs lq wkhfkdudfwhul}dwlrq ri wkh htxloleulxp lv wkh ghulydwlrq ri wkh ghqvlw| ri vlqjoh pdohv io Eup�e| dq htxloleulxp  rz frqglwlrq=
� ' �oIoio Eup�] ul3�o

ulo Ioio Eu� gu> ;up 5 kulo > ul3�o o
Wkh okv lv wkh lq rz +zklfk zh qrupdol}hg wr 4,/ wkh ukv lv wkh rxw rz ri w|sh u1 Vlqfhdoo ihpdohv zlwklq d vhjphqw iroorz wkh vdph vwudwhj|/ wkhlu h{shfwhg vhdufk wlph ohqjwk lvwkh vdph/ dqg khqfh wkh ghqvlw| ri wkhlu udqnv lv wkh vdph1 Khqfh/ wkh lqwhjudo vlpsol�hvwr Ioio Eu� �ul3�o � ulo�1 E| wkh vdph dujxphqw/ dqg e| wkh v|pphwu| ehwzhhq pdohv dqgihpdohv/ io Eu� ' io Eup�/ iru u dqg up ehorqjlqj wr wkh vdph vhjphqw1 Khqfh=

io Eup� ' �Iot�o �ul3�o � ulo��3� > up 5 kulo > ul3�o o +7,
Io ' s�o3�

Wkh ghqvlw| lq vhjphqw l lv wkhuhiruh qhjdwlyho| uhodwhg wr wkh zlgwk ri wkh pduuldjh vhwul3�o � ulo / exw ohvv wkdq sursruwlrqdo/ vlqfh wkh orzhu ghqvlw| lwvhoi sduwldoo| r�vhwv wkh
;



qhjdwlyh lpsdfw ri wkh zlghu pdwfklqj vhw ehfdxvh lq d qrq ghqvh vhjphqw ihzhu w|shvjhw pduulhg1Wkh deryh dujxphqw ohdgv wr wkh iroorzlqj Sursrvlwlrq=
Sursrvlwlrq 4 Dq htxloleulxp lq wkh pduuldjh pdunhw lv d froohfwlrq ri frqqhfwhgqrq ryhuodsslqj vhjphqwv vxfk wkdw wkh orzhu erxqg ulo ri hdfk vhjphqw l dw uhjlrq o lvwkh xsshu erxqg ri wkh qh{w vhjphqw1 Wkh orzhu erxqgv/ ulo ri vhjphqwv l duh ghwhuplqhguhfxuvlyho| e| wkh iroorzlqj dojrulwkp=

ufo � �D Eu� � ] �
u d Eup� gup

x �ulo > o� � #oD Eulo��D �ul3�o �tul3�o � ulo � of +8,
d �ulo� � x �ulo > o�

zkhuh wkh lqhtxdolw| dssolhv rqo| li ulo ' f1 Dq htxloleulxp h{lvwv/ exw qhhg qrw eh xqltxh1Surri=Frpelqlqj htxdwlrqv +4, dqg +7, |lhogv htxdwlrq +8,1 Frqvlghu vhjphqw l1 Iru wklvvhjphqw/ ul3�o lv jlyhq +lpsolflwo|,/ hlwkhu e| htxdwlrq +8, iru vhjphqw l�� iru l A �/ ru e|ufo � � iru l ' �1 Frqvlghu wkh orzhu erxqg ulo 1 x Eulo > o� lv frqwlqxrxv lq ulo / x Eulo > o� ' f iruulo ' ul3�o / dqg x Eulo > o� A f iru ulo ? ul3�o 1 Khqfh/ hlwkhu x Eulo > o� lv htxdo wr d Eulo� iru vrphulo > f ? ulo ? ul3�o / |lhoglqj dq htxloleulxp/ ru lw lv qrw/ exw wkhq d Ef� A x Ef> o�/ vr wkdwulo ' f lv dq htxloleulxp1 Sduwldoo| gl�huhqwldwlqj htxdwlrq +8, zlwk uhvshfw wr ulo |lhogv=C dd Eulo�� x Eulo > o�oCulo ' d� �ulo�n #o2tul3�o � ulo
%2d �ulo�� D Eulo�� D �ul3�o �

ul3�o � ulo
&

Wkh �uvw whup dqg wkh �uvw whup ehwzhhq vtxduh eudfnhwv duh srvlwlyh e| Dvvxpswlrq D�dqg D21 Wkh vhfrqg whup ehwzhhq vtxduh eudfnhwv lv qhjdwlyh1 E| wkh gh�qlwlrq ri D E��/zh kdyh= d �ulo� ? D Eulo�� D �ul3�o �
ul3�o � ulo ? d �ul3�o �

Khqfh/ iru d vx!flhqwo| orz d� Eulo� dqg iru d ydoxh ri d �ul3�o � dw ohdvw wzlfh dv odujh dvd Eulo�/ wklv ghulydwlyh ehfrphv qhjdwlyh1 Wkhuhiruh/ wkhuh pd| eh pxowlsoh �{hg srlqwv1�
<



Wkh htxloleulxp lv looxvwudwhg lq Iljxuh 4 iru wkh fdvh wkdw wkhuh duh rqo| wkuhh vhj0phqwv1 Sdqho D vkrzv wkh vhjphqwv lq wkh udqn vsdfh ri pdohv dqg ihpdohv1 Wkh vhjphqwvduh jlyhq e| wkh vkdghg duhdv1 Sdqho E vkrzv wkh uhodwlrqvkls ehwzhhq d zrpdq*v dwwudf0wlyhqhvv dqg khu xwlolw| zkhq ehlqj vlqjoh1 E| v|pphwu|/ wkh uhodwlrq iru pdohv lv h{dfwo|wkh vdph1 Iru wklv �jxuh/ lw lv frqyhqlhqw wr gh�qh wkh erxqgdulhv lq whupv ri dwwudf0wlyhqhvv lqvwhdg ri udqn= dlo � d Eulo� dqg wr zulwh xwlolw| dv d ixqfwlrq ri dwwudfwlyhqhvv=x dd Eu� > oo � x Eu> o�1 Wkh h{shfwhg xwlolw| ri doo zrphq lq wkh �uvw vhjphqw/ l ' �/ lv htxdowr wkh dwwudfwlyhqhvv ri wkh ohdvw dwwudfwlyh zrpdq lq wkh vhjphqw/ d�o / ehfdxvh doo pdohvlq wkh �uvw vhjphqw duh lqgl�huhqw ehwzhhq pduu|lqj wklv zrpdq dqg uhpdlqlqj vlqjoh1Vlqfh e| v|pphwu|/ wkh xwlolw| ri wkh ohdvw dwwudfwlyh pdoh lq wkh vhjphqw lv htxdo wr wkhxwlolw| ri wkh ohdvw dwwudfwlyh ihpdoh/ wkh dwwudfwlyhqhvv ri wkh ohdvw dwwudfwlyh ihpdoh lvhtxdo wr khu xwlolw| dv d vlqjoh1 Lq d �Zdoudvldq� pduuldjh pdunhw zlwkrxw vhdufk frvw/wkh xwlolw| ri d vlqjoh htxdov khu dwwudfwlyhqhvv iru doo udqnv/ ehfdxvh hdfk udqn irupv dvhsdudwh vhjphqw dqg pduuldjh vhwv duh uhgxfhg wr vlqjohwrqv +Jdoh ) Vkdsoh|/ 4<95,1 Lqwhupv ri sdqho D/ doo pdwfkhv zloo eh rq wkh gldjrqdo1 Wkh vkdghg vxuidfh ehwzhhq wkhgldjrqdo x ' d dqg wkh dfwxdo xwlolw|/ x Ed> o� lq sdqho E fdq eh ylhzhg ri dv d phdvxuh riwkh frvw ri vhdufk iulfwlrqv1 Rqo| iru wkh ohdvw dwwudfwlyh vlqjoh zrpdq lq hdfk vhjphqwkhu xwlolw| lv htxdo wr zkdw lw zrxog eh lq d �Zdoudvldq� pdunhw1 Iru khu/ wkh frvw rizdlwlqj iru d vxlwdeoh pduuldjh sduwqhu lv h{dfwo| r�vhw e| wkh fkdqfh ri �qglqj d ehwwhusduwqhu wkdq vkh zrxog kdyh ehhq deoh wr �qg lq d �Zdoudvldq� pdunhw1 D voljkw fkdqjhlq wkh vhjphqwdwlrq zrxog wkhuhiruh pdnh khu zruvh r�/ vlqfh vkh zrxog qr orqjhu ehwkh ohdvw dwwudfwlyh zrpdq lq d khu vhjphqw/ dqg khqfh vkh zrxog jhw d orzhu sd| r�wkdq lq wkh �Zdoudvldq htxloleulxp�1 Khqfh/ wkhuh lv qr xqdpeljxrxv Sduhwr udqnlqj iruhtxloleuld zlwk d gl�huhqw qxpehu ri vhjphqwv1 Wklv ihdwxuh frpsolfdwhv wkh frpsdudwlyhvwdwlfv dqdo|vlv lq wkh qh{w vhfwlrq1 Krzhyhu/ wkhuh lv d rqh0wr0rqh uhodwlrq ehwzhhq wkhvl}h ri d vhjphqw dqg wkh xwlolw| ri wkh kljkhvw udqnhg zrpdq1 Vkh lv dozd|v sduw ri wkh�uvw vhjphqw1 Wkh pruh h{foxvlyh wklv vhjphqw/ wkh kljkhu wkh dwwudfwlyhqhvv ri wkh ohdvwdwwudfwlyh zrpdq lq wklv vhjphqw lv/ dqg dv d uhvxow/ wkh kljkhu lv wkh xwlolw| ri d vlqjoh lqwkdw vhjphqw1 Wkh qhjdwlyh uhodwlrq ehwzhhq vhjphqw vl}h dqg wkh xwlolw| ri ehlqj vlqjohdssolhv iru wkh �dyhudjh� frvw ri vhdufk dfurvv doo dwwudfwlyhqhvv ohyhov= wkh vpdoohu wkhvhjphqwv/ wkh vpdoohu wkh vxuidfh ehwzhhq wkh gldjrqdo dqg wkh dfwxdo xwlolw| lq Sdqho E/dqg wkh vpdoohu wkhuhiruh wkh frvw ri vhdufk1
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Iljxuh 4/ Pduuldjh pdunhw vhjphqwv
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Iljxuh 5 sorwv iru orfdwlrq o ' f wkh xwlolw| xEulf> f� ri d ihpdoh lq vhjphqw l dv d ixqfwlrqri wkh orzhu erxqg ulf ri wkdw vhjphqw +wkh �jxuh iru o ' � lv hvvhqwldoo| wkh vdph,1 Li wkhorzhu erxqg zhuh htxdo wr wkh xsshu erxqg/ lw zrxog wdnh wkh zrpdq iruhyhu wr �qg dpdoh ri wklv w|sh/ vr xEul3�> f� ' f1 Li vkh vhwv khu orzhu erxqg dw 3/ vkh zloo pduu| yhu|idvw exw srvvleo| ehorz khu ohdjxh/ xEf� � f1 Wkh dEul� fxuyh jlyhv wkh dwwudfwlyhqhvv riwkh orzhvw w|sh lq wkh vhjphqw zklfk lv vwulfwo| srvlwlyh dqg lqfuhdvlqj e| DvvxpswlrqD� dqg D21 Dq htxloleulxp uhtxluhv d Eulf� � xEulf> f�/ zkhuh wkh lqhtxdolw| fdq rqo| dsso|iru ulf ' f1 Wklv lv jhqhulfdoo| wkh fdvh iru wkh orzhvw vhjphqw lq wkh pdunhw1 Sdqho D/E/ dqg F vkrz wkuhh srvvleoh fdvhv1 Lq Sdqho D/ wkhuh lv d xqltxh lqwhulru htxloleulxp/srlqw H1 Lq Sdqho E/ wkhuh lv qr lqwhulru htxloleulxp/ vr wkdw ulf ' f1 Lq Sdqho F/ wkhuhduh pxowlsoh htxloleuld1
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Iljxuh 51 Htxloleuld
Wkh lqwxlwlrq iru wkh pxowlsolflw| ri htxloleuld lv wkdw li doo zrphq xvh d qrq0vhohfwlyhdffhswdqfh vwudwhj|/ zkhuh wkh| dovr pduu| zlwk xqdwwudfwlyh pdohv/ wkh| doo pduu| idvw1
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E| v|pphwu|/ wklv lpsolhv wkdw pdohv gr wkh vdph1 Khqfh/ hyhu|erg| pduulhv idvw dqg wkhvwrfn ri vlqjohv lv vpdoo1 Wklv uhgxfhv wkh suredelolw| ri �qglqj d uhdoo| dwwudfwlyh pdoh/dqg khqfh wkh qrq0vhohfwlyh dffhswdqfh vwudwhj| lv wkh udwlrqdo fkrlfh iru hdfk lqglylgxdo1Krzhyhu/ li wkh prvw dwwudfwlyh djhqwv lq wkh vhjphqw duh doo vhohfwlyh/ wkhq wkh| vwd|vlqjoh iru d orqjhu shulrg1 Wklv udlvhv wkh suredelolw| ri �qglqj dq dwwudfwlyh sduwqhu/dqg khqfh wkh vhohfwlyh vwudwhj| lv dq htxloleulxp dv zhoo1 E| wkh vzlwfk wr wklv pruhvhohfwlyh pduuldjh vwudwhj|/ vrph ohvv dwwudfwlyh djhqwv idoo rxw ri wkh vhjphqw/ dqg wkh|kdyh wr irup d qhz vhjphqw ri wkhlu rzq1 Vrph ri wkhp duh olnho| wr eh zruvh r�1 E|wkh pxwxdo djuhhphqw uhtxluhphqw iru pduuldjh/ wkh uroh ri wkhvh ohvv dwwudfwlyh zrphq lqwklv vwudwhj| vkliw lv hqwluho| sdvvlyh1 Wkhuh lv qrwklqj wkdw wkh| fdq gr wr vwrs wklv vkliw1Wkh h{lvwhqfh ri pxowlsoh htxloleuld lv gxh wr d vwdqgdug wklfn pdunhw h{whuqdolw|/ vhhGldprqg +4<;5,1 Wkh lqyhvwphqw lq vhdufk dfwlylwlhv e| dwwudfwlyh pdohv kdv d srvlwlyhh�hfw rq wkh vhdufk dfwlylwlhv ri dwwudfwlyh ihpdohv/ dqg wkh rwkhu zd| durxqg1 Khqfh/ liihpdohv lqyhvw pruh lq vhdufk/ vhdufk ehfrphv pruh dwwudfwlyh iru pdohv dqg ylfh yhuvd1Iru uhdvrqv glvfxvvhg ehiruh/ wkhuh lv qr xqdpeljxrxv Sduhwr udqnlqj ri wkh ydulrxvhtxloleuld lq Sdqho F1D sodqqhu zkr zrxog jlyh doo lqglylgxdov wkh vdph zhljkw zrxog vlpso| pd{lpl}hwkh wrwdo qxpehu ri pduuldjhv dqg zrxog fuhdwh rqh elj vhjphqw1 Wklv zrxog krzhyhueh wkh prvw xqidyrudeoh rxwfrph iru wkh prvw dwwudfwlyh w|shv1 Wkh| duh ehvw ri zkhqwkh vhjphqwv duh dv vpdoo dv srvvleoh1 Ehorz/ zh lqwurgxfh wkh qrwlrq ri klhudufklfdoh!flhqf|1Gh�qlwlrq 51 Dq klhudufklfdoo| h!flhqw htxloleulxp lv dq htxloleulxp zkhuh wkh h{0shfwhg xwlolw| ri qr vlqjoh zlwk udqn uW fdq eh lpsuryhg zlwkrxw pdnlqj d kljkhu udqnhgvlqjoh u A uW zruvh r�1Wkh klhudufklfdoo| h!flhqw htxloleulxp/ HD> lq Sdqho F lv wkh htxloleulxp zlwk wkhvpdoohvw vhjphqwv1 Wkh kljkhu ulf/ wkh kljkhu d Eulf�/ dqg khqfh wkh kljkhu wkh xwlolw| riwkh kljkhvw udqn lq wkh vhjphqw/ ul3�f 1 Lq zkdw iroorzv/ zh irfxv rq wklv klhudufklfdoo|h!flhqw htxloleulxp ehfdxvh wklv lv wkh rqo| htxloleulxp iru zklfk wkhuh h{lvwv qr sur�wdeohghyldwlrq ri d frdolwlrq ri djhqwv1 Lq doo rwkhu htxloleuld/ wkhuh h{lvwv vxfk d sur�wdeohghyldwlrq1 L1h1 lq He> wkh kljkhvw w|shv zrxog eh ehwwhu ri li wkh| zrxog doo eh pruhvhohfwlyh1Dv vkrzq lq Sdqho F/ wkh iroorzlqj ohppd dssolhv iru dq klhudufklfdoo| h!flhqw htxl0
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oleulxp=OhppdLq dq klhudufklfdoo| h!flhqw htxloleulxp/ zh kdyh=C dd Eulo�� x Eulo > f�oCulo � f
zkhuh vwulfw lqhtxdolw| krogv jhqhulfdoo|1Wkh qrq0dpeljxlw| ri wklv sduwldo ghulydwlyh zlwk uhvshfw wr ulo zloo eh khosixo iru wkhfrpsdudwlyh vwdwlfv wr eh glvfxvvhg lq wkh qh{w vhfwlrq17
515 Frpsdulqj wkh flw| wr wkh frxqwu|vlgh
Sursrvlwlrq 5 Frqvlghu dq klhudufklfdoo| h!flhqw htxloleulxp1 Wdnlqj wkh xsshu erxqgul3�o ri vhjphqw l dv jlyhq/ dq lqfuhdvh lq #o udlvhv wkh orzhu erxqg ulo ri vhjphqw l1Surri1 Wrwdoo| gl�huhqwldwlqj htxdwlrq +8, dqg uhduudqjlqj whupv |lhogv=C dd Eulo�� x Eulo > f�oCulo gulo � d Eulo� n of#o g#o ' f

Khqfh/ gulo@g#o A f1�Sursrvlwlrq 5 whoov xv wkdw pdunhw vhjphqwdwlrq lqfuhdvhv zkhq #o jrhv xs1 Wkh uhdvrqiru wklv skhqrphqrq lv reylrxv= zkhq vhdufk ehfrphv pruh h!flhqw/ shrsoh ehfrphpruh vhohfwlyh lq fkrrvlqj d pduuldjh sduwqhu1 Vlqfh #o lv odujhu lq wkh flw| wkdq lq wkhfrxqwu|vlgh/ rxu prgho suhglfwv wkdw pdunhw vhjphqwdwlrq zloo eh wljkwhu lq wkh flw| wkdqrq wkh frxqwu|vlgh1Sursrvlwlrq 61 Frqvlghu dq klhudufklfdoo| h!flhqw htxloleulxp1 Vxssrvh djhqwvfkrrvh uhfxuvlyho| zkhwkhu wr orfdwh lq wkh flw| ru lq wkh frxqwu|vlgh1 Wkdw lv/ �uvw/ wkhkljkhvw udqnv pdnh wkhlu orfdwlrq fkrlfh o ' f ru � dqg fkrrvh wkhlu dffhswdqfh wkuhvkrogiru d pduuldjh sduwqhu ri wkh rssrvlwh vh{/ u�o 1 Wkhq/ wkh qh{w kljkhvw udqnv u � u�o pdnhwkhlu fkrlfh/ dqg vr rq/ dqg vr iruwk/ wloo doo udqnv kdyh pdgh d orfdwlrq dqg wkuhvkrogfkrlfh1 Wkhq/ wkhuh h{lvwv d fulwlfdo udqn uW vxfk wkdw doo u � uW suhihu orfdwlrq o ' f dqgdoo u A uW suhihu orfdwlrq o ' �1
7Exughww dqg Frohv +4<<:, wdnh dq dowhuqdwlyh dssurdfk wr wklv sureohp e| ghulylqj frqglwlrqv rq d +�,iru d xqltxh htxloleulxp1
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Surri1 Vxssrvh wkdw wkh udqn ul3� +zh ohdyh rxw wkh orfdwlrq lqgh{ ri wkh suhylrxvvhjphqw/ vlqfh wkdw lv luuhohydqw dw wklv vwdjh, lv wkh kljkhvw udqn zkr kdv qrw ghflghg|hw zkhuh wr orfdwh +e| wkh uhfxuvlyh ghflvlrq pdnlqj/ kljkhu udqnv kdyh douhdg| ghflghge| wkh vdph surfhgxuh dv ghvfulehg khuh,1 Wklv udqn zloo fkrrvh orfdwlrq dffruglqj wrd Eul�� B d Eulf�1 Vxssrvh wkdw d Eul�� A d Eulf�/ dqg khqfh ul� A ulf/ vr wkdw udqn ul3� zloofkrrvh wkh orfdwlrq o ' �1 Wkhq/ doo udqnv u 5 kul3�> ul�o zloo fkrrvh orfdwlrq o ' � vlqfhwkdw jlyhv wkhp wkh kljkhvw xwlolw| d Eul�� = Iru wkhvh udqnv wr suhihu o ' �/ lw pxvw eh wuxhwkdw= f ? E#� � #f� D Eul��� D Eul3��sul3�� � ul � f +9,
Pxwdwlv pxwdqglv wkh vdph dssolhv iru wkh uhyhuvh fdvh d Eulf� A d Eul��=

f � E#� � #f� D Eulf��D Eul3��sul3�f � ul � f +:,
Dw wkh pdujlq wkhuh lv dq djhqw zkr lv mxvw lqgl�huhqw ehwzhhq o ' f ru �1 Lq wkdw fdvh/ulf ' ul� � uW/ dqg wkh deryh frqglwlrq krogv zlwk htxdolw|1 Vxevwlwxwlrq ri htxdwlrq +8,iru o ' f |lhogv dq lpsolflw vroxwlrq iru uW=#� � #f#f d EuW� ' f
Vlqfh d E�� lv prqrwrqlfdoo| lqfuhdvlqj e| Dvvxpswlrq D2/ wklv htxdwlrq fdq kdyh dw prvwrqh lqwhulru vroxwlrq1 Lw lv hdv| wr vhh wkdw iru dq| u A uW/ htxdwlrq +9, dssolhv/ dqgwkdw iru dq| u ? uW/ htxdwlrq +:, dssolhv1 Li wkhuh lv qr lqwhulru vroxwlrq iru u/ hlwkhuhyhu|erg| suhihuv wkh flw|/ ru hyhu|erg| suhihuv wkh frxqwu|vlgh/ zklfk grhv qrw ylrodwhwkh sursrvlwlrq1�Sursrvlwlrq 6 vkrzv wkdw wkh prvw dwwudfwlyh zrphq suhihu wkh flw| dqg wkh ohdvwdwwudfwlyh zrphq suhihu wkh frxqwu|vlgh xqohvv wkh flw| suhplxp lv vr orz wkdw hyhu|erg|suhihuv wkh flw| ru vr kljk wkdw hyhu|erg| suhihuv wkh frxqwu|vlgh1 Zh odeho wklv rxwfrphwkh holwh flw| rughulqj1 Wkh holwh suhihuv wkh h!flhqf| ri wkh flw| pduuldjh pdunhw deryhwkh fkhds frvw ri olylqj lq wkh frxqwu|vlgh/ ehfdxvh wkh| jdlq pruh e| d kljkhu frqwdfwudwh wkdq wkh orzhu w|shv1 Wkhlu kljk dwwudfwlyhqhvv doorzv wkhp wr pduu| zlwk dwwudfwlyhsduwqhuv1 Wklv udlvhv wkh h{shfwhg gl�huhqfh lq wkh xwlolw|  rz ri ehlqj pduulhg yhuvxvehlqj vlqjoh1 Khqfh/ wkh| kdyh d juhdwhu lqwhuhvw lq dq h!flhqw pduuldjh pdunhw wkdqwkh orzhu udqnv1 Qrwh/ krzhyhu/ wkdw wkh juhdwhu lqwhuhvw lq jhwwlqj pduulhg grhv qrw
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qhfhvvdulo| lpso| wkdw wkh| pduu| idvwhu1 Li wkh �vsuhdg� lq pduuldjh rssruwxqlwlhv lvjuhdwhu dprqj wkh holwh +wkdw lv/ d�� Eu�  f,/ wklv holwh zloo kdyh d odujh lqfhqwlyh wr ehvhohfwlyh lq wkhlu dffhswdqfh vwudwhj|/ dqg khqfh lw zloo wdnh wkhp d orqj wlph wr �qg dvxlwdeoh sduwqhu1Lw lv whpswlqj wr mxps iurp wklv uhvxow wr wkh jhqhudo frqfoxvlrq wkdw Holwh flw| rughulqjzloo dozd|v eh wkh qdwxudo rxwfrph1 Wklv lv qrw wkh fdvh vlqfh wkhuh pd| h{lvw pxowlsohhtxloleuld1 Iru h{dpsoh/ li doo dwwudfwlyh vlqjohv pryh wr wkh frxqwu|vlgh/ wkdq lw grhv qrwpdnh vhqvh iru dq lqglylgxdo dwwudfwlyh vlqjoh wr pryh wr wkh flw|/ vlqfh vkh zloo qrw �qgd vxlwdeoh pduuldjh sduwqhu wkhuh1 Lqghhg/ doo dwwudfwlyh vlqjohv zrxog jdlq li wkh| frxogfrruglqdwh rq prylqj wr wkh flw|/ exw iru dq lqglylgxdo zrpdq lw lv qrw udwlrqdo wr ghyldwhiurp wkh vwudwhj| ri wkh uhvw ri wkh vhjphqw1 Khqfh/ wkhuh duh vwdeoh htxloleuld wkdw grqrw �w wkh holwh flw| rughulqj1 Krzhyhu/ Sursrvlwlrq 6 ghvfulehv wkh rqo| htxloleulxp wkdwlv klhudufklfdoo| h!flhqw1Wkh holwh flw| rughulqj h{lvwv rqo| iru d vxlwdeoh ohyho ri f/ wkh h{fhvv frvw ri olylqj lqd flw|1 Li f lv wrr kljk/ hyhu|erg| suhihuv wkh frxqwu|vlgh vlqfh flwlhv duh wrr h{shqvlyh wrolyh lq1 Li f lv wrr orz/ hdfk vlqjoh suhihuv wkh flw| wr wdnh dgydqwdjh ri wkh kljkhu frqwdfwudwh1 Qrz wkh txhvwlrq uhpdlqv zkhwkhu wkhuh h{lvwv d phfkdqlvp wkdw jxdudqwhhv wkhydoxh f wr eh lq wklv fulwlfdo lqwhuphgldwh udqjhB Wkh dqvzhu lv= |hv/ wkhuh lv1 Sduw ri wkhh{fhvv frvw ri olylqj lq d flw| duh wkh uhqwv wkdw duh h{wudfwhg e| wkh rzqhuv ri uhdo hvwdwhlq wkh flw|1 Wkhvh rzqhuv duh deoh wr froohfw wkrvh uhqwv ehfdxvh wkh flw| lv d pruh h!flhqwsodfh wr �qg d pduuldjh sduwqhu1 Ehfdxvh wkh ydoxh ri d vxlwdeoh sduwqhu lv kljkhu iru wkhpruh dwwudfwlyh vlqjohv/ wklv jurxs ehqh�wv lq sduwlfxodu iurp prylqj wr wkh flw|1 Li wkhuhlv vrph fdsdflw| frqvwudlqw rq olylqj lq wkh flw|/ wkh odzv ri vxsso| dqg ghpdqg jxdudqwhhwkdw f vhwwohv dw d ohyho wkdw lqgxfhv rqo| wkh prvw dwwudfwlyh vlqjohv wr pryh wr wkh flw|1Zh fdq vxppdul}h wkh hpslulfdo suhglfwlrqv dv iroorzv1 Iluvw/ wr wkh h{whqw wkdw wkhuhlv qr vruwlqj ri dwwudfwlyhqhvv w|shv ehwzhhq orfdwlrqv/ wkh vhjphqwdwlrq ri wkh pduuldjhpdunhw lv frduvhu lq wkh flw| wkdq lq wkh frxqwu|vlgh/ ohdglqj wr d kljkhu udqn fruuhodwlrqri wkh dwwudfwlyhqhvv ohyhov ri pduulhg frxsohv1 Vhfrqg/ wkh frpsdudwlyh dgydqwdjh ri dflw| lv lwv kljkhu frqwdfw udwh1 Iru pduulhg frxsohv/ zkr kdyh qr sduwlfxodu uhdvrq wrsuhihu wkh flw| deryh wkh frxqwu|vlgh/ wkh h{fhvv frvw pdnhv flwlhv dq xqdwwudfwlyh sodfhwr eh1 Khqfh/ zh h{shfw vlqjohv wr pryh wr wkh flw| dqg pduulhg frxsohv wr pryh rxw1Wklug/ wklv suhglfwlrq krogv lq sduwlfxodu iru wkh prvw dwwudfwlyh vlqjohv/ zkr duh deoh wr
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pduu| wkh prvw dwwudfwlyh sduwqhuv dqg zkr duh wkhuhiruh prvw zloolqj wr sd| wkh kljkhufrvw ri olylqj1 Wkhuhiruh/ wklv jurxs lv prvw olnho| wr pryh wr wkh flw|1
6 Gdwd
Wkh gdwd wkdw zh xvh wr whvw wkh pdlq lpsolfdwlrqv ri wkh prgho frph iurp LGD +LqwhjudwhgGdwdedvh iru Oderu Pdunhw Uhvhdufk, fuhdwhg e| Vwdwlvwlfv Ghqpdun1 Wkh lqirupdwlrqfrphv iurp ydulrxv dgplqlvwudwlyh uhjlvwhuv wkdw duh phujhg lq Vwdwlvwlfv Ghqpdun1 WkhLGD vdpsoh xvhg khuh frqwdlqv +dprqj rwkhu wklqjv, lqirupdwlrq rq pduuldjh pdunhwfrqglwlrqv iru d udqgrpo| gudzq vxe0vdpsoh ri doo lqglylgxdov eruq ehwzhhq Mdqxdu| 4/4<88 dqg Mdqxdu| 4/ 4<981 Wkh lqglylgxdov duh iroorzhg iurp 4<;3 wr 4<<81 Wkh gdwdvhw hqdeohv xv wr lghqwli| lqglylgxdo wudqvlwlrqv ehwzhhq gl�huhqw vwdwhv rq wkh pduuldjhpdunhw rq dq dqqxdo edvlv1 Lq dgglwlrq zh kdyh lqirupdwlrq derxw fxuuhqw jhrjudsklfdoorfdwlrq1 Wklv lpsolhv wkdw zh revhuyh dq lqglylgxdo*v prelolw| sdwwhuq rq dq dqqxdo edvlv1Li wkh lqglylgxdo hqwhuv d uhodwlrqvkls zh dovr revhuyh wkh shuvrqdo fkdudfwhulvwlfv ri wkhsduwqhu1 Wkhuh duh 54;73 lqglylgxdov lq rxu vdpsoh1 Zh xvh wkh iroorzlqj yduldeohv=Hgxfdwlrq1 Zh gh�qh wkuhh w|shv ri lqglylgxdov dffruglqj wr wkhlu ohyho ri hgxfdwlrq1Vlqfh prvw ri wkh vdpsoh lv dftxlulqj hgxfdwlrq lq wkh vdpsoh shulrg zh zloo xvh ohyho rihgxfdwlrq lq 4<<8 +zkhq wkh |rxqjhvw shuvrq lq wkh vdpsoh zdv 63, dv wkh lqglfdwru iruohyho ri hgxfdwlrq +wr dyrlg sureohpv zlwk xq�qlvkhg hgxfdwlrq,1 Lqglylgxdov zlwk orzohyhov ri hgxfdwlrq kdyh qr hgxfdwlrq eh|rqg hohphqwdu| vfkrro> lqglylgxdov zlwk phglxpohyhov duh yrfdwlrqdoo| wudlqhg/ dqg lqglylgxdov zlwk kljk ohyhov ri hgxfdwlrq kdyh wdnhqvrph nlqg ri ixuwkhu hgxfdwlrq1Lqfrph1 Zh xvh +orj, jurvv lqfrph1 Wkh lqfrph �jxuhv duh doo lq whupv ri 4<;3sulfhv1 Wkh frqvxphu sulfh lqgh{ lv xvhg dv d gh dwru1 Iru lqglylgxdov zlwk plvvlqjlqfrphv zh �{ orj lqfrph dw 3 dqg lqfoxgh d gxpp| yduldeoh iru plvvlqj lqfrph1Flw|0 uxudo gh�qlwlrq1 Zh glylgh Ghqpdun lqwr flwlhv dqg uxudo duhdv1 Wkh �yhodujhvw Gdqlvk flwlhv duh Frshqkdjhq +lqfo1 Iuhghulnvehuj,/ Ddukxv/ Rghqvh/ Ddoeruj/ dqgHvemhuj1Wkh prvw ghqvh duhd lq Ghqpdun lv wkh Frshqkdjhq phwursrolwdq duhd1 451: ( riwkh srsxodwlrq olyhg wkhuh lq 4<<81 Wkh rwkhu flwlhv krvw 48( ri wkh srsxodwlrq lq 4<<81Wkh �yh flwlhv duh glvwulexwhg dfurvv wkh frxqwu| dv vkrzq lq Iljxuh 61 Zh wkhuhiruhfrqmhfwxuh wkdw wkh uhohydqw flw| gh�qlwlrq lv wr lqfoxgh wkh odujhvw flwlhv lq hdfk uhjlrq
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ri Ghqpdun1 Zh uhshdw rxu dqdo|vlv zlwk d gl�huhqw gh�qlwlrq ri ghqvh dqg qrq0ghqvhduhdv edvhg rq wkh srsxodwlrq ghqvlw|1 Wklv fkdqjhv wkh flw| gh�qlwlrq vrphzkdw1 Vrphvxexuev ri Frshqkdjhq duh pruh ghqvho| srsxodwhg wkdq wkh odujh flwlhv1 Lw wxuqv rxwkrzhyhu/ wkdw rxu pdlq uhvxowv duh urexvw wr fkdqjhv lq wkh flw| gh�qlwlrq1

Iljxuh 6 Pds ri Ghqpdun
Pduuldjh1 Lqglylgxdov fdq rffxs| rqh ri wkuhh vwdwhv lq wkh pduuldjh pdunhw= vlqjoh/frkdelwlqj/ ru pduulhg1 Lq wklv sdshu zh phujh frkdelwdwlrq dqg pduuldjh lqwr rqh jurxsdqg uhihu wr wklv jurxs dv pduulhg1 Frkdelwdwlrq dv hlwkhu d suhoxgh wr ru d vxevwlwxwh ripduuldjh lv yhu| frpprq lq Ghqpdun +vhh h1j1 Vyduhu/ 5337,1 Wkhuh duh vrph txdol�fd0wlrqv wr wklv gh�qlwlrq ri pduuldjh1 Vrph ri wkh frxsohv 0 suhvxpdeo| d vpdoo plqrulw|0 wkdw duh uhjlvwhuhg dv frkdelwlqj duh vlpso| vkdulqj d krxvlqj xqlw/ dqg gr qrw olyhwrjhwkhu dv d pduulhg frxsoh1Shuvrqdo fkdudfwhulvwlfv1 Lq dgglwlrq wr wkh lqirupdwlrq suhvhqwhg deryh zh dovrkdyh ghwdlohg lqirupdwlrq derxw wkh qxpehu ri nlgv lq wkh krxvhkrog1 Zh nqrz wkh
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oderu pdunhw vwdwxv ri wkh lqglylgxdov/ wkhlu djh dqg wkhlu lqfrph1 Lq dgglwlrq/ zh kdyhlqirupdwlrq rq wkh lqfrph dqg hgxfdwlrq ri wkh idwkhu ri hdfk lqglylgxdo lq wkh vdpsoh1
Wdeoh 4= Ghvfulswlyh vwdwlvwlfv +lq 4<;:,Flw| UxudoZrphq Phq Zrphq PhqQxpehu ri revhuydwlrqv 6945 6;48 :<53 ;658Vlqjoh +(, 7916 8817 5913 7713Fkloguhq +(, 6817 4<16 8915 6616Djh +lq |hduv, 5917 591: 5:13 591<Orz ohyho ri hgxfdwlrq +(, 771< 7319 6<1; 6718Phglxp ohyho ri hgxfdwlrq +(, 6716 7313 7913 8619Kljk ohyho ri hgxfdwlrq +(, 531; 4<17 4715 441<Jurvv lqfrph +lq 4/333 gnn, 4;;18 5791: 4:915 57<19Idwkhu*v jurvv lqfrph +lq 4/333 gnn, 48314 43<13 4571; 43719Plvvlqj lqfrph +(, 318 319 317 317Idwkhu kdv plvvlqj lqfrph +(, 681: 671; 6817 641:Glyrufhg odvw |hdu +(, 913 818 713 713Pryhg iurp uxudo wr flw| +(, 616Pryhg iurp flw| wr uxudo +(, :19Qrwh= Qxpehuv uhsuhvhqw shufhqwdjhv 0 xqohvv vwdwhg rwkhuzlvh1

Dv h{shfwhg zh vhh pruh vlqjoh lqglylgxdov lq wkh flw| dqg pruh shrsoh zlwkrxw nlgv1Wkh djh gl�huhqfh ehwzhhq wkh wzr uhjlrqv lv txlwh vpdoo/ wkrxjk1 Shrsoh whqg wr eh pruhhgxfdwhg lq wkh flw|1 Wkh iudfwlrq ri glyrufhhv lv voljkwo| odujhu lq wkh flw|1 Wdeoh 4 dovruhyhdov wkdw phq pduu| odwhu ehfdxvh wkh frkruw frqwdlqv uhodwlyho| pdq| vlqjoh phq1
61314 Frqvwuxfwlqj d phdvxuh ri dwwudfwlyhqhvv
Wkh prgho suhvhqwhg lq Vhfwlrq 5 vxjjhvwv wkdw pruh dwwudfwlyh vlqjohv duh pruh olnho|wr pryh wr wkh flw|1 Lqglylgxdo dwwudfwlyhqhvv suhvxpdeo| ghshqgv rq d zkroh udqjh rifkdudfwhulvwlfv olnh zhljkw/ khljkw/ djh/ lqwhooljhqfh/ kxpru/ sk|vlfdo dsshdudqfh/ lqfrphhwf1 Reylrxv gdwd olplwdwlrqv uhvwulfw xv iurp xvlqj d frpsohwh vhw ri shuvrqdo dwwulexwhv1Uhjuhwwdeo|/ slfwxuhv ri wkh lqglylgxdov lq wkh vdpsoh duh qrw dydlodeoh/ vr wkdw zh fdqqrwudqn lqglylgxdo dffruglqj wr wkhlu orrnv/ dv lq h1j1 Kdphuphvk ) Elggoh +4<<7,1 Zhwkhuhiruh iroorz Zrqj +5336, dqg Dqghuehuj +5337, dqg xvh lqfrph dqg hgxfdwlrq dvdwwudfwlyhqhvv frpsrqhqwv1 Lq dgglwlrq zh dovr h{sorlw lqirupdwlrq rq idwkhu*v ohyho ri
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hgxfdwlrq dqg lqfrph18 Ehorz/ zh h{sodlq krz zh ghwhuplqh wkhlu uhodwlyh lpsruwdqfh1 Lqd iulfwlrqohvv zruog/ wkh prvw dwwudfwlyh ihpdohv pduu| wkh prvw dwwudfwlyh pdohv/ uhvxowlqjlq d shuihfw fruuhodwlrq ehwzhhq pdoh dqg ihpdoh dwwudfwlyhqhvv1 Lq d zruog zlwk iulfwlrqvwklv fruuhodwlrq zloo qrw eh htxdo wr rqh exw lw zloo eh srvlwlyh1 Khuh/ zh frqmhfwxuh wkdwdwwudfwlyhqhvv iru erwk pdohv +DP , dqg ihpdohv +DI , lv d olqhdu ixqfwlrq ri wkh irxu idfwruvghvfulehg deryh dqg wkh gxpplhv iru plvvlqj lqfrph19
DI ' hgx � �� n *?Elqf� � �2 n ibhgx � �� n *?Eiblqf� � �enplvvblqf � �D n ibplvvblqf � �SDP ' hgx � �� n *?Elqf� � �2 n ibhgx � �� n *?Eiblqf� � �enplvvblqf � �D n ibplvvblqf � �S=

Zh hvwlpdwh wkh uhodwlyh lpsruwdqfh ri wkrvh idfwruv +wkh ��v dqg wkh ��v, e| fdqrqlfdofruuhodwlrq/ dv zdv douhdg| vxjjhvwhg e| Ehfnhu +4<:6,1 Fdqrqlfdo fruuhodwlrqv +vhh h1j1Mrkqvrq ) Zlfkhuq +4<<;,, frqvwuxfw vhyhudo lqglfhv ri DI dqg DP vxfk wkdw wkh fru0uhodwlrq ehwzhhq hdfk ri wkhp lv pd{lpl}hg vxemhfw wr wkh lqglfhv ehlqj ruwkrjrqdo wrhdfk rwkhu1 Lq wkh prgho zh dvvxph wkdw wkh wzr vhwv ri yduldeohv duh uhodwhg wr hdfkrwkhu rqo| wkurxjk d vlqjoh lqgh{1 Lq Wdeoh 5 zh suhvhqw wkh uhvxowv iurp wkh fdqrqlfdofruuhodwlrq dqdo|vlv1Doo hvwlpdwhg frh!flhqwv duh vljql�fdqwo| gl�huhqw iurp }hur1 Lq rughu wr ghwhuplqh wkhuhodwlyh lpsruwdqfh ri wkh xqghuo|lqj yduldeohv/ zh dovr uhsruw wkh fdqrqlfdo frh!flhqwvri wkh vwdqgdugl}hg yduldeohv1 Wkh vwdqgdugl}hg frh!flhqwv vkrz wkdw wkh dwwudfwlyhqhvvohyho lv pdlqo| ghwhuplqhg e| hgxfdwlrq1 Ixuwkhu/ qrwh wkdw idwkhu*v lqfrph lv pruhlpsruwdqw idfwru iru ihpdoh dwwudfwlyhqhvv wkdq iru pdohv zkloh wkh uhyhuvh krogv iru rzqlqfrph1 Wkh �uvw fdqrqlfdo urrw lv 3169 dqg dowkrxjk wkh vhfrqg lv vljql�fdqwo| srvlwlyhlw lv pxfk vpdoohu1 Khqfh/ wkh �uvw fdqrqlfdo fruuhodwlrq fdswxuhv prvw ri wkh fruuhodwlrqehwzhhq wkh wzr vhwv ri yduldeohv dqg zh fdq xvh d vlqjoh lqgh{1

8Li wkh frpprq zlvgrp wkdw ulfk pdohv pduu| dwwudfwlyh ihpdohv lv wuxh wkdq idwkhuv lqfrph zloo ehfruuhodwhg zlwk sk|vlfdo dwwudfwlyhqhvv19Zh glg qrw lqfoxgh djh ehfdxvh lw lv olnho| wkdw suhihuhqfhv duh edvhg rq djh gl�huhqfhv ehwzhhq rzq*vdqg sduwqhu*v w|sh udwkhu wkdq wkh devroxwh ydoxh ri djh1
54



Wdeoh 5= Uhvxowv iurp fdqrqlfdo fruuhodwlrqvFdqrqlfdo w0ydoxh Vwdqgdugl}hgfrh!flhqwv fdqrqlfdofrh!flhqwv�� G Pdq*v hgxfdwlrq 4135 5414 319<�2 G Pdq*v idwkhu*v hgxfdwlrq 3184 4318 3169�� G Pdq*v lqfrph 3176 914 3164�e G Pdq*v idwkhu*v lqfrph 3166 917 3159�D G Pdq kdv plvvlqj lqfrph 816< 71; 3157�S G Pdq*v idwkhu kdv plvvlqj lqfrph 61:: 619 3134�� G Zrpdq*v hgxfdwlrq 4136 5613 31:8�2 G Zrpdq*v idwkhu*v hgxfdwlrq 3174 ;19 315<�� G Zrpdq*v lqfrph 3155 61; 314;�e G Zrpdq*v idwkhu*v lqfrph 317: <14 3178�D G Zrpdq kdv plvvlqj lqfrph 6174 61: 314:�S G Zrpdq*v idwkhu kdv plvvlqj lqfrph 71<4 81< 315<41 fdqrqlfdo fruuhodwlrq ehwzhhq DP dqg DI 3169 671451 fdqrqlfdo fruuhodwlrq ehwzhhq DP dqg DI 313< :17& frxsohv: 9:87Qrwh= Doo zhljkwv duh vljql�fdqw gl�huhqw iurp 3 dw wkh 8( ohyho1
Edvhg rq wkh hvwlpdwhg zhljkwv zh frqvwuxfw dq dwwudfwlyhqhvv qxpehu iru hdfk lqgl0ylgxdo e| dgglqj xs wkh zhljkwhg ydoxhv ri wkhlu fkdudfwhulvwlfv1 Wkh vxppdu| vwdwlvwlfviru wkh dwwudfwlyhqhvv lqgh{ +vlqjohv rqo|, iru erwk flwlhv dqg uxudo duhdv duh=;
Wdeoh 6= Vxppdu| vwdwlvwlfv iru wkh vwdqgdugl}hg dwwudfwlyhqhvvphdvxuh VlqjohvPhdq Vwg1 Ghy1UxudoPdoh dwwudfwlyhqhvv 03143: 31<;9Ihpdoh dwwudfwlyhqhvv 031365 31<;5Flw|Pdoh dwwudfwlyhqhvv 31589 413<<Ihpdoh dwwudfwlyhqhvv 31699 41394Qrwh= D w0whvw fdqqrw uhmhfw wkdw dwwudfwlyhqhvv lv kljkhulq wkh flw| iru erwk jhqghuv dw wkh 4( ohyho1

:Iru vrph frxsohv idwkhuv hgxfdwlrq dqg lqfrph lv plvvlqj1 Wkhvh frxsohv duh gursshg lq wkh fdqrqlfdodqdo|vlv1;Wkh dwwudfwlyhqhvv phdvxuh lv frqvwuxfwhg edvhg rq 4<<8 revhuydwlrqv1 Wkh uhvxowv wkurxjkrxw wkhsdshu duh krzhyhu xqd�hfwhg li zh xvh hdfk |hdu*v lqfrph wr frqvwuxfw wkh phdvxuh1
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Wkh idfw wkdw kljkhu vlqjoh w|shv duh pruh olnho| wr olyh lq wkh flw| lv e| lwvhoi frqvlvwhqwzlwk rxu prgho exw dovr frqvlvwhqw zlwk pdq| rwkhu vwrulhv1 Lq wkh qh{w vhfwlrq zh wu| wrlvrodwh wkh pduuldjh pdunhw h�hfw iurp rwkhu prwlydwlrqv wr olyh lq wkh flw|1
7 Hvwlpdwlrq uhvxowv
Lq wklv vhfwlrq zh surylgh hylghqfh iru wkh pdlq lpsolfdwlrqv ri wkh prgho1 Zh doorz doodjhqwv zkr hqwhu wkh pduuldjh pdunhw wr kdyh lglrv|qfudwlf xwlolw|/ �f> iru wkh frxqwu|vlghdqg/ ��> iru wkh flw|1 Erwk duh dvvxphg wr eh lqghshqghqw ri rqh*v dwwudfwlyhqhvv1 Ohw[ ehd vhw ri frqwurov olnh djh/ kdylqj fkloguhq/ dqg zrunlqj ixoo0wlph1 D ghqrwhv dwwudfwlyhqhvv1Wr vdyh rq qrwdwlrq zh ohdyh rxw wkh vxevfulswv P dqg I khuh1 Zh lqfoxgh d furvv whupri dwwudfwlyhqhvv dqg vlqjoh vwdwxv/ V1 Ohw Xf/ wkh xwlolw| ri olylqj lq wkh frxqwu|vlgh ehghwhuplqhg e|= Xf ' ��[ n �2V n ��Dn �eV � Dn �f>dqg ohw X�/ wkh xwlolw| ri olylqj lq wkh flw|/ eh ghwhuplqhg e|=

X� ' "�[ n "2V n "�Dn "eV �Dn ��=
Wkh pdlq suhglfwlrq ri wkh prgho lv wkdw "2 lv srvlwlyh +ehlqj vlqjoh lqfuhdvhv wkh xwlolw| riolylqj lq wkh flw|, dqg wkdw "e lv srvlwlyh +lq sduwlfxodu dwwudfwlyh shrsoh pryh wr wkh flw|,1Zh doorz wkh prylqj frvw/ F/ hlwkhu iurp frxqwu|vlgh wr flw| ru iurp flw| wr frxqwu|vlghwr ghshqg rq shuvrqqho fkdudfwhulvwlfv dqg pdulwdo vwdwxv=

F ' *�[ n *2V n h
Ohw Pf� ' X��Xf�F/ eh wkh qhw ehqh�w ri prylqj iurp wkh frxqwu|vlgh wr wkh flw| dqgohwP�f ' Xf�X��F/ eh wkh qhw ehqh�w ri prylqj iurp wkh kh flw| wr wkh frxqwu|vlgh1 LiPf� A f/ lqglylgxdov pryh iurp wkh frxqwu|vlgh wr wkh flw| zkloh li P�f A f/ lqglylgxdovpryh iurp wkh flw| wr wkh frxqwu|vlgh1 Zh wkhq hvwlpdwh wkh iroorzlqj htxdwlrqv

Pf� ' �f�� [ n �f�2 V n �f�� Dn �f�e V � Dn �f� +;,P�f ' ��f� [ n ��f2 V n ��f� Dn ��fe V � Dn ��f +<,
zkhuh �f� ' ����f�h/ dqg ��f ' �f����h duh w|sh040h{wuhph0ydoxh glvwulexwhg udqgrpyduldeohv1 Lqglylgxdov zlwk d kljk �f� dqg d orz ��f kdyh vwurqj lglrv|qfudwlf suhihuhqfhv
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iru wkh flw| zkloh lqglylgxdov zlwk d orz �f� dqg d kljk ��f kdyh vwurqj lglrv|qfudwlfsuhihuhqfhv iru wkh frxqwu|vlgh1 Lqglylgxdov zkr kdyh erwk d orz �f� dqg d orz ��fduhlppreloh1 Li zh zrxog rqo| frqvlghu +;,/ wkhq d srvlwlyh ydoxh iru �f�2 zrxog eh rqo| zhdnhylghqfh iru rxu prgho ehfdxvh lw whoov xv wkdw hlwkhu dwwudfwlyh vlqjohv kdyh suhihuhqfhv iruwkh flw| ru frxsohv kdyh kljkhu prylqj frvw1 Krzhyhu li zh �qg wkdw �f�2 A f dqg ��f2 ? fwklv zrxog eh vwurqj hylghqfh lq idyru ri rxu prgho ehfdxvh lw lpsolhv wkdw X��Xf A f iruvlqjohv dqg X��Xf ? f iru frxsohv1 Ehorz zh vxppdul}h wkh suhglfwlrqv ri rxu prgho= l,�f�2 A f ll, ��f2 ? f lll, �f�e A f ly, ��fe ? f= Dwwudfwlyh vlqjohv duh prvw olnho| wr pryh wr wkhflw| dqg ohdvw olnho| wr ohdyh wkh flw|1 Wkh prgho kdv qr suhglfwlrqv rq zkhwkhu dwwudfwlyhpduulhg lqglylgxdov duh pruh olnho| wr pryh wkdq ohvv dwwudfwlyh pduulhg lqglylgxdov1Zh whvw wkrvh suhglfwlrqv zlwk d vhw ri orjlwv hvwlpdwlqj wkh suredelolw| ri prylqjiurp wkh frxqwu|vlgh wr wkh flw| dqg wkh uhyhuvh pryhphqw/ frqglwlrqdo rq pduuldjhpdunhw vwdwxv/ ohyho ri dwwudfwlyhqhvv/ djh/ suhvhqfh ri fkloguhq/ hpsor|phqw vwdwxv dqg dqlqwhudfwlrq whup ehwzhhq ehlqj vlqjoh dqg ohyho ri dwwudfwlyhqhvv1 Iru wkh �uvw suhglfwlrqzh fdq vlpso| orrn dw wkh vljq dqg vljql�fdqfh ri wkh hvwlpdwhg lqglfdwru yduldeoh iruehlqj vlqjoh1 Lq whupv ri hydoxdwlqj/ zkhwkhu pruh dwwudfwlyh vlqjohv duh pruh olnho| wrpryh wr wkh flw| wkdq ohvv dwwudfwlyh vlqjohv zh kdyh wr eh d elw pruh fduhixo1 Vlqfh wkhorjlw prgho lv e| lwvhoi douhdg| qrq0olqhdu lw pdnhv qr vhqvh wr pdnh lqihuhqfh rq wkhlqwhudfwlrq whup ehwzhhq vlqjoh dqg ohyho ri dwwudfwlyhqhvv1 Dv srlqwhg rxw e| h1j1 Dldqg Qruwrq +5336, wkh fruuhfw zd| wr pdnh lqihuhqfh lq wklv vlwxdwlrq lv wr hydoxdwh wkhfurvv ghulydwlyh ri wkh h{shfwhg ydoxh ri wkh ghshqghqw yduldeoh1 Lq rxu dssolfdwlrq wkhghshqghqw yduldeoh wdnhv wkh ydoxh 4 li d wudqvlwlrq ehwzhhq wkh wzr jhrjudsklfdo orfdwlrqlv revhuyhg dqg 3 rwkhuzlvh1 Lq wkh orjlw prgho wkh suredelolw| ri d wudqvlwlrq lv prghoohgdv �hE\ ' �mV>D>[� ' i TE�VV n �DDn �DVDV n �[�� n i TE�VV n �DDn �DVDV n �[� ' S
zkhuh[ frqwdlqv wkh rwkhu h{sodqdwru| yduldeohv1 Lq rxu dssolfdwlrq zkhuh wkh lqwhudfwlrqwhup frqvlvwv ri dq lqglfdwru yduldeoh dqg d frqwlqxrxv yduldeoh wkh furvv ghulydwlyh lv{CSCD{V ' E�D n �DV� dS EE�D n �DV�Dn �V n[��� E�� S EE�D n �DV�Dn �V n[���o��D dS EE�DDn[��� E�� S EE�DDn[���o =
Reylrxvo|/ wklv lv qrw htxdo wr �DV 1 Dl dqg Qruwrq +5336, dovr surylghv frqvlvwhqw dv0|pswrwlf vwdqgdug huuruv iru wkh lqwhudfwlrq whupv edvhg rq wkh ghowd phwkrg1 Wkh furvv
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ghulydwlyh ghshqgv rq wkh ydoxhv ri wkh rwkhu fryduldwhv dqg frqvhtxhqwo|/ wkh lqwhudfwlrqwhup gl�huv dfurvv lqglylgxdov1 Ehorz zh wkhuhiruh suhvhqw erwk �DV dqg wkh hvwlpdwhg}0vwdwlvwlfv sorwwhg djdlqvw wkh suhglfwhg suredelolw| ri prylqj wr pdnh lqihuhqfh ri wkhlqwhudfwlrq whupv1Iluvw/ zh suhvhqw wkh uhvxowv iru wkh uxudo wr flw| pryhphqw1 Iru erwk phq dqg zrphqzh vhh wkdw wkh prelolw| sdwwhuq lv h{dfwo| dv wkh prgho suhglfwv dowkrxjk iru ihpdohv wkhh�hfwv duh pruh surqrxqfhg1 Vlqjoh shrsoh duh prvw olnho| wr pryh wr wkh flw|1 Lq dgglwlrqwkhuh lv d vwurqj h�hfw ri ohyho ri dwwudfwlyhqhvv rq wkh prelolw| iurp uxudo wr flw|1 Wklvh�hfw frxog wr vrph h{whqw eh gulyhq e| lqglylgxdov dwwhqglqj vfkrrov dqg xqlyhuvlwlhv1 Zhzloo uhwxuq wr wklv lvvxh lq vhfwlrq 8 zkhq zh h{dplqh d vdpsoh frqvlvwlqj ri lqglylgxdovderyh 58 |hduv rog1
Wdeoh 7= Orjlw iru wudqvlwlrq iurp uxudo wr flw|<Phq ZrphqFrh�1 vwg1 Frh�1 vwg1 Frh�1 vwg1 Frh�1 vwg1Vlqjoh 313::WW 31373 3137: 31386 31:3:W 31374 318<<W 31385Dwwudfwlyhqhvv 317:4W 3136: 31684W 3136;Vlqjoh-dwwudfwlyhqhvv 03137: 31378 031336 31379& Revhuydwlrqv ;579< :895;Qrwh= W +WW, ghqrwhv vljql�fdqw gl�huhqw iurp 3 dw wkh 8( +43(, ohyho1

Lq Iljxuh 7 zh sorw wkh ]0vwdwlvwlfv ri wkh furvv ghulydwlyh djdlqvw wkh suhglfwhg ydoxh1D srvlwlyh +qhjdwlyh, ]0vwdwlvwlf lpsolhv wkdw wkh furvv ghulydwlyh lv srvlwlyh +qhjdwlyh, dqgd ydoxh zklfk lq devroxwho| whupv lv juhdwhu wkdq 41<9 lpsolhv wkdw wkh furvv ghulydwlyhlv vljql�fdqwo| gl�huhqw iurp 3 dw d 8( ohyho ri vljql�fdqfh1 Iru zrphq zh vhh wkdw iruwkh juhdw pdmrulw| ri revhuydwlrqv/ wkh lqwhudfwlrq whup lv lqghhg srvlwlyh dqg vljql�fdqw1Iru phq zh gr qrw �qg vljql�fdqw lqwhudfwlrq whupv lq wkh uhohydqw udqjh1
<Qrwh/ wkdw lq wklv dqg doo vxevhtxhqw wdeohv zh dovr frqglwlrq rq djh/ suhvhqfh ri fkloguhq dqghpsor|phqw vwdwxv1
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Iljxuh 7= Lqwhudfwlrq ri vlqjoh dqg dwwudfwlyhqhvv 0 wudqvlwlrq iurp uxudo wr flw|1
Qh{w/ zh frqvlghu wkh wudqvlwlrq iurp flw| wr uxudo duhdv1 Djdlq/ wkh prgho*v suhglf0wlrqv duh vxssruwhg e| wkh uhvxowv 0 pduulhg lqglylgxdov duh pruh olnho| wr pryh wr uxudoduhdv1Wkh uhvxowv lq Wdeoh 8 dovr vxjjhvw wkdw wkh uhdvrq shrsoh pryh wr wkh flw| lv qrw rqo|wr rewdlq kljkhu zdjhv1 Pruh dwwudfwlyh shrsoh dovr kdyh kljkhu ohyhov ri hgxfdwlrq1 Liwkhuh lv d kljkhu uhwxuq wr hgxfdwlrq lq wkh flw| wkdw frxog h{sodlq zk| kljko| hgxfdwhgshrsoh pryh wkhuh exw qrw zk| kljko| hgxfdwhg shrsoh pryh rxw ri wkh flw| dv zh �qg1Qrwh/ wkdw iru zrphq wkh pduuldjh pdunhw suhglfwlrq lv vwurqjo| vxssruwhg1 Lq Iljxuh 8zh vhh wkdw wkh suredelolw| ri prylqj iurp wkh flw| wr wkh frxqwu|vlgh lv hvshfldoo| orzhuiru wkh prvw dwwudfwlyh vlqjohv1 Iru phq/ wkh lqwhudfwlrq h�hfw dovr srlqwv wrzdugv wklvgluhfwlrq exw wkh h�hfw lv lqvljql�fdqw dw frqyhqwlrqdo ohyhov1 Wkh uhvxowv dovr vkrz wkdwiru erwk wkh wudqvlwlrq lqwr wkh flw| dqg rxw ri wkh flw| pruh dwwudfwlyh shrsoh duh pruhpreloh1 Wklv lv frqvlvwhqw zlwk rwkhu vwxglhv rq lqglylgxdo prelolw| +h1j1/ Juhhqzrrg/4<<: dqg Frpswrq ) Sroodn/ 5337,1 Kljkhu hgxfdwhg lqglylgxdov duh pruh olnho| wr ehjhrjudsklfdoo| preloh1 Lq vhfwlrq 8 zh fduu| rxw d qxpehu ri urexvwqhvv fkhfnv1
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Wdeoh 8= Orjlw iru wudqvlwlrq iurp flw| wr uxudoPhq ZrphqFrh�1 vwg1 Frh�1 vwg1 Frh�1 vwg1 Frh�1 vwg1Vlqjoh 0315;5W 31374 031593W 31389 031693W 3136< 031659W 31383Dwwudfwlyhqhvv 3143;W 3135; 313;6W 3135:Vlqjoh-dwwudfwlyhqhvv 031367 31375 03147;W 31375& Revhuydwlrqv 6493: 63356Qrwh= W ghqrwhv vljql�fdqwo| gl�huhqw iurp 3 dw wkh 8( ohyho1

Iljxuh 8= Lqwhudfwlrq ri vlqjoh dqg dwwudfwlyhqhvv 0 flw| wr uxudo1

Wkh uhvxowv lq Wdeohv 7 dqg 8 vxjjhvw wkdw wkh prelolw|  rzv zrun lq idyru ri rxupduuldjh pdunhw k|srwkhvlv1 Lq rughu wr vkhg ixuwkhu oljkw rq wkh prelolw| sdwwhuqv zhorrn lq wdeoh 9 dw wkh glvwulexwlrq ri lqglylgxdov ehwzhhq uxudo dqg flw| frqglwlrqdo rqwkhlu ohyho ri dwwudfwlyhqhvv dw gl�huhqw olih vwdjhv1
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Wdeoh 9= Jhrjudsklfdo orfdwlrq ri lqglylgxdov edvhg rq dwwudfwlyhqhvvdw gliihuhqw olih0vwdjhvIudfwlrq olylqj lq flw|Ohyho ri dwwudfwlyhqhvv Dw djh 4; Dw pduuldjh Diwhu 8 |hduv ri pduuldjh? �vw txduwloh 3155 315; 3153ehwzhhq4vw dqg 5qg txduwloh 3153 315: 314;ehwzhhq 5qg dqg 6ug txduwloh 3156 3166 3155A �ug txduwloh 314; 3183 3165
Wdeoh 9 vkrzv wkdw dw djh 4; +zkhq lqglylgxdov duh w|slfdoo| qrw |hw rshudwlqj rq wkhpduuldjh pdunhw dqg riwhq vwloo olyh zlwk wkhlu sduhqwv, prvw shrsoh olyh lq uxudo duhdvdqg wkhuh lv qrw d orw ri gl�huhqfh ehwzhhq lqglylgxdov dw wkh kljk dqg wkh orz hqg ri wkhdwwudfwlyhqhvv glvwulexwlrq1 Krzhyhu/ dw wkh wlph ri pduuldjh/ pdq| ri wkhp olyh lq wkhflw|1 Lq sduwlfxodu/ d odujh vkduh ri wkh lqglylgxdov deryh wkh wklug txduwloh kdyh pryhgwr wkh flw| dqg pduulhg wkhuh1 Dprqjvw wkh lqglylgxdov zkr vwd| pduulhg iru 8 |hduv zhvhh wkdw d vljql�fdqw iudfwlrq kdv pryhg edfn wr wkh uxudo duhdv1 Wkh uhodwlyh iudfwlrqvorfdwhg lq wkh frxqwu|vlgh dqg wkh flw| lv qrz yhu| forvh wr wkh sdwwhuq dw djh 4;1 Rqo|/wkh prvw dwwudfwlyh lqglylgxdov suhihu wr olyh lq wkh flw|/ dowkrxjk dovr iru wklv jurxs zhvhh wudqvlwlrqv iurp flw| wr uxudo xsrq pduuldjh1

714 Vl}h ri wkh vhjphqwvWkh prgho kdv qr suhglfwlrqv rq wkh fruuhodwlrq ehwzhhq DP dqg DI 1 Wkhuh duh wzrrssrvlqj h�hfwv1 Flwlhv kdyh pruh dqg vpdoohu vhjphqwv zklfk lqfuhdvhv wkh fruuhodwlrqexw wkh idfw wkdw wkh dwwudfwlyhqhvv glvwulexwlrq lv pruh vnhzhg wr wkh uljkw43 frpelqhgzlwk wkh idfw wkdw wkh prvw dwwudfwlyh vlqjohv olyh lq wkh flw| pdnhv wkh fruuhodwlrq vpdoohu1Wkh odwwhu h�hfw edvlfdoo| pdnhv wkh pdunhw iru wkh kljk w|shv pruh khwhurjhqhrxv1Lq wklv vhfwlrq zh suhvhqw hylghqfh rq wkh vl}h ri wkh pduuldjh pdunhw vhjphqwv lqflwlhv dqg uxudo duhdv1 Iluvw/ zh lqyhvwljdwh zkhwkhu gl�huhqfhv lq rxu dwwudfwlyhqhvvphdvxuh ehwzhhq sduwqhuv gl�hu ehwzhhq wkh flw| dqg uxudo duhdv1 Wkhq/ zh gr wkh vdphiru djh1 Wkh xqghuo|lqj dvvxpswlrq lv khuh wkdw djhqwv suhihu wr pduu| sduwqhuv zlwklqwkhlu frkruw1Wr whvw zkhwkhu frxsohv duh pruh dolnh lq flwlhv/ zh uxq irxu uhjuhvvlrqv dw wkh vwduw riwkh uhodwlrqvkls1 Lq wkh �uvw zh uhjuhvv wkh vtxduhg gl�huhqfh ehwzhhq wkh dwwudfwlyhqhvv
43Wkh vnhzqhvv ri wkh vwdqgdugl}hg dwwudfwlyhqhvv glvwulexwlrq lv 314351
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ri phq dqg zrphq rq +l, d flw| gxpp| +ll, wkh ohyho ri dwwudfwlyhqhvv dqg d flw| gxpp|1Zh lqfoxgh wkh ohyho ri dwwudfwlyhqhvv wr fruuhfw iru ohyho h�hfwv1 Lq dgglwlrq/ wr dffrxqw iruvnhzqhvv/ zh uxq d uhjuhvvlrq zkhuh zh wdnh wkh vtxduhg gl�huhqfh ehwzhhq wkh shufhqwlohvri phq dqg zrphq lq wkh glvwulexwlrq dqg uhjuhvv lw rq ohyho ri dwwudfwlyhqhvv dqg d flw|gxpp|1
Wdeoh := Krprjhqhlw| ri pdwfkhv zuw1 dwwudfwlyhqhvvGhshqghqw yduldeoh=EDP � DI �2 Frh�1 Vwg1 huu1 Frh�1 Vwg1 huu1Flw| 3145: 313:; 31637W 31389Zrpdq*v dwwudfwlyhqhvv 05156W 31359Pdq*v dwwudfwlyhqhvv 41;9W 3135;Ghshqghqw yduldeoh=EDPS � DIS �2Flw| 0::174W 671<6 0:714<W 671<36Zrpdq*v dwwudfwlyhqhvv/ shufhqwloh 031:3 3193;Pdq*v dwwudfwlyhqhvv/ shufhqwloh 0515;W 31949& Revhuydwlrqv 57;45Qrwh= W ghqrwhv vljql�fdqw gl�huhqw iurp 3 dw wkh 8( ohyho1

Wkh vtxduhg gl�huhqfh ehwzhhq wkh dwwudfwlyhqhvv ri phq dqg zrphq lv qrw orzhu lqwkh flw|1 Krzhyhu/ ehfdxvh wkh dwwudfwlyhqhvv glvwulexwlrq lv uljkw vnhzhg wkh glvwdqfhehwzhhq wzr lqglylgxdov lq wkh kljk hqg ri wkh dwwudfwlyhqhvv glvwulexwlrq lv srwhqwldoo|odujhu wkdq ehwzhhq wzr lqglylgxdov lq wkh orz hqg ri wkh glvwulexwlrq1 Vlqfh dwwudfwlyhshrsoh duh pruh olnho| wr olyh lq wkh flw| wklv eldvhv wkh frh!flhqw rq wkh flw| gxpp|xszdug1 Wr ryhufrph wklv lvvxh zh dovr orrn dw wkh vtxduhg gl�huhqfh ri wkh shufhqwlohvri wkh dwwudfwlyhqhvv glvwulexwlrqv1 Lq wklv uhjuhvvlrq lqglylgxdov duh sodfhg lq shufhqwlohvdqg wkh gl�huhqfh lq shufhqwlohv vtxduhg lv wkh ghshqghqw yduldeoh1 Lq wklv uhjuhvvlrq wkhvtxduhg gl�huhqfh lv vljql�fdqwo| orzhu lq wkh flw|1 Vxjjhvwlqj wkdw pdunhw vhjphqwdwlrqlv lqghhg wljkwhu lq wkh flw|1Qh{w/ zh wxuq wr djh1 Frqvlghu wkh iroorzlqj h{suhvvlrq=
{ ' �DjhP �DjhI �H �DjhP �DjhI��2 =

Li vhdufk iulfwlrqv duh vpdoohu lq wkh flw| dqg shrsoh suhihu wr pduu| lq wkhlu rzq frkruwwkdq wkh vhjphqwv pxvw eh vpdoohu dv zhoo1 Wdeoh ; suhvhqwv wkh uhvxowv iru djh dw wkhwlph wkh uhodwlrqvkls vwduwv=
5<



Wdeoh ;= Krprjhqhlw| ri pdwfkhv zuw1 djhFlw| UxudoPhdq Vwg1 huuru Phdq Vwg1 huuru{ 55186 3186 591:5 3176& Revhuydwlrqv ;<67 48;:;Gl�huhqfh lq phdqv lv 0714< zlwk d vwdqgdug huuru ri 31:31
Lq flwlhv/ djh gl�huhqfhv ehwzhhq pduulhg frxsohv duh vljql�fdqwo| vpdoohu wkdq lq wkhuxudo duhdv zklfk lv vxssruwlqj wkh suhglfwlrq iurp rxu wkhruhwlfdo prgho wkdw pdwfklqjlv pruh wljkw lq wkh flw|1

8 Dowhuqdwlyh h{sodqdwlrqv dqg urexvwqhvv fkhfnv44
Lq wklv vhfwlrq zh fduu| rxw d qxpehu ri vhqvlwlylw| fkhfnv dqg whvw zkhwkhu rxu uhvxowvfdq eh gulyhq e| rwkhu idfwruv1 Iluvw zh whvw zkhwkhu wkh lq rz ri vlqjohv lqwr wkh flw|phuho| uh hfwv d �froohjh h�hfw�/ vhfrqg zh h{shulphqw zlwk gl�huhqw dwwudfwlyhqhvv dqgflw| gh�qlwlrqv/ wklug zh whvw zkhwkhu wkh idfw wkdw frxsohv pryh rxw ri wkh flw| lv pdlqo|gxh wr wkh suhvhqfh ri fkloguhq dqg �qdoo| zh whvw zkhwkhu rxu uhvxowv frxog eh gulyhq e|olih f|foh prwlyhv1
814 Jrlqj wr wkh flw| wr jhw d froohjh hgxfdwlrq
Lq Ghqpdun/ prvw xqlyhuvlwlhv duh orfdwhg lq wkh elj flwlhv vr zh pxvw zruu| derxw zkhwkhurxu uhvxowv duh gulyhq e| |rxqjvwhuv zkr pryh lqwr wkh flw| wr jhw dq hgxfdwlrq/ jhw pdu0ulhg dqg wkhq pryh edfn wr wkh frxqwu|vlgh1 Iluvw/ wklv vwru| lv qrw qhfhvvdu| lqfrqvlvwhqwzlwk rxu pduuldjh pdunhw prgho ehfdxvh froohjhv dqg xqlyhuvlwlhv duh jrrg pduuldjhpdunhwv wkhpvhoyhv ehfdxvh wkh| vhohfw d idluo| krprjhqhrxv jurxs ri kljko| hgxfdwhglqglylgxdov +vhh h1j1 Jroglq/ 4<<5 dqg Jroglq ) Ndw}/ 5335,1 Qhyhuwkhohvv/ lw lv vwloo xvhixowr fkhfn zkhwkhu rxu prgho zrxog dovr zrun lq wkh devhqfh ri froohjhv1 Zh fdq gr wklve| uhvwulfwlqj wkh vdpsoh wr lqglylgxdov zkr duh roghu wkdq 58 |hduv1 Wkh prwlydwlrq iruwkrvh lqglylgxdov wr pryh wr wkh flw| fdqqrw eh wkh suhvhqfh ri froohjhv1 Wkh uhvxowv riwklv h{huflvh duh suhvhqwhg lq Wdeoh < dqg 43 dqg lq Iljxuh 9 dqg :1

44Lq doo wkh wdeohv lq wklv vhfwlrq zh dovr frqglwlrq rq djh/ suhvhqfh ri fkloguhq dqg zkhwkhu wkhlqglylgxdo zrunv ixoo0wlph1
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Wdeoh <= Orjlw iru wudqvlwlrq iurp uxudo wr flw|/ roghu wkdq 58Phq ZrphqFrh�1 vwg1 Frh�1 vwg1 Frh�1 vwg1 Frh�1 vwg1Vlqjoh 316::W 31387 316<4W 313:6 41466W 31393 413;:W 313;5Dwwudfwlyhqhvv 317::W 3137; 31635W 3138:Vlqjoh-dwwudfwlyhqhvv 031378 31395 3139: 313:7& Revhuydwlrqv 83;65 78<:<Qrwh= W ghqrwhv vljql�fdqw gl�huhqw iurp 3 dw wkh 8( ohyho1

Iljxuh 9= Lqwhudfwlrq ri vlqjoh dqg dwwudfwlyhqhvv iru lqglylgxdov deryh 58 |hduv rog 0wudqvlwlrq iurp uxudo wr flw|1
Wdeoh 43= Orjlw iru wudqvlwlrq iurp flw| wr uxudo/ roghu wkdq 58Phq ZrphqFrh�1 vwg1 Frh�1 vwg1 Frh�1 vwg1 Frh�1 vwg1Vlqjoh 031594W 3137< 03158;W 3139; 031783W 3137< 0316:8W 3139:Dwwudfwlyhqhvv 3146;W 31365 31459W 31366Vlqjoh-dwwudfwlyhqhvv 031376 31383 031494W 31389& revhuydwlrqv 53;84 4;;73Qrwh= W ghqrwhv vljql�fdqw gl�huhqw iurp 3 dw wkh 8( ohyho1
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Iljxuh := Lqwhudfwlrq ri vlqjoh dqg dwwudfwlyhqhvv iru lqglylgxdov deryh 58 |hduv rog 0wudqvlwlrq iurp flw| wr uxudo1

Wkh uhvxowv duh qrz pxfk fohdqhu lq idyrxu ri rxu prgho lq whupv ri ghvfulelqj wkhwudqvlwlrq iurp flw| wr uxudo1 Wklv vxjjhvw wkdw wkh prelolw| ri lqglylgxdov wr wkh odujhflwlhv lv qrw h{sodlqhg vroho| e| hgxfdwlrqdo fkrlfhv1
815 Rwkhu dwwudfwlyhqhvv dqg flw| phdvxuhv
Vlqfh hgxfdwlrq lv wkh prvw lpsruwdqw frpsrqhqw lq rxu dwwudfwlyhqhvv phdvxuh zh kdyhuhshdwhg rxu dqdo|vlv zlwk hgxfdwlrq rqo|1 Zh rqo| suhvhqw wkh uhvxowv iurp uhjuhvvlrqvzlwk doo yduldeohv1
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Wdeoh 44= Orjlw iru wudqvlwlrq ehwzhhq uxudo dqg flw|Uxudo wr flw| Flw| wr uxudoPhq Zrphq Phq ZrphqFrh�1 vwg1 Frh�1 vwg1 Frh�1 vwg1 Frh�1 vwg1Vlqjoh 317:<W 31488 31;34W 314:6 031477 31394 31339 3146:Hgxfdwlrq 316<<W 31388 31539W 31393 31564W 31368 3153:W 31367Vlqjoh-hgxfdwlrq 03137: 313:4 31493W 313:< 031388 31388 031553W 31393& Revhuydwlrqv ::6:: :8;9< 66<<7 648;;Qrwh= W ghqrwhv vljql�fdqw gl�huhqw iurp 3 dw wkh 8( ohyho1
Wklv grhv qrw fkdqjh dq| ri rxu frqfoxvlrqv1

Iljxuh ;= Lqwhudfwlrq ri vlqjoh dqg hgxfdwlrq 0 wudqvlwlrq iurp uxudo wr flw|1

66



Iljxuh <= Lqwhudfwlrq ri vlqjoh dqg ohyho ri hgxfdwlrq 0 wudqvlwlrq irup flw| wr uxudo1

Lq dgglwlrq/ zh kdyh uhshdwhg rxu dqdo|vlv iru ghqvh dqg qrq0ghqvh duhdv +phdvxuhge| shrsoh shu vtxduh ploh, udwkhu wkdq iru wkh odujhvw flwlhv yhuvxv wkh frxqwu|vlgh dqgdjdlq/ wklv grhv qrw d�hfw rxu uhvxowv1Ehorz zh suhvhqw uhvxowv iru wkh prgho zkhuh flw| lv gh�qhg dv pxqlflsdolwlhv zlwk dsrsxodwlrq ghqvlw| deryh 833 shuvrqv shu vtxduh nlorphwhu1 Qrz 69 ( ri wkh srsxodwlrqolyhv lq wkh flw|1 Wklv gh�qlwlrq lpsolhv wkdw d qxpehu ri wkh vxexuev ri Frshqkdjhq lvdovr lqfoxghg lq wkh flw| gh�qlwlrq1
Wdeoh 45= Orjlw iru wudqvlwlrq iurp uxudo wr flw|+A833 shuvrqv shu np2,Phq ZrphqFrh�1 vwg1 Frh�1 vwg1 Frh�1 vwg1 Frh�1 vwg1Vlqjoh 314;:W 3137; 31584W 31396 31:::W 31379 319;;W 3138;Dwwudfwlyhqhvv 317;;W 31377 316;:W 31375Vlqjoh-dwwudfwlyhqhvv 31368 31386 3134: 31385& Revhuydwlrqv :5<43 9:38<Qrwh= W ghqrwhv vljql�fdqw gl�huhqw iurp 3 dw wkh 8( ohyho1
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Iljxuh 43= Lqwhudfwlrq ri vlqjoh dqg dwwudfwlyhqhvv 0 wudqvlwlrq iurp uxudo wr flw| +A833shuvrqv shu np2�=
Wdeoh 46= Orjlw iru wudqvlwlrq ehwzhhq flw|+A833 shuvrqv shu np2, dqguxudoPhq ZrphqFrh�1 vwg1 Frh�1 vwg1 Frh�1 vwg1 Frh�1 vwg1Vlqjoh 0314<;W 3137; 031563W 31397 03159<W 31377 031599W 31389Dwwudfwlyhqhvv 313;7W 31366 31349 31364Vlqjoh-dwwudfwlyhqhvv 0313<4W 3137; 031478W 3137:& Revhuydwlrqv 74499 6;8<5Qrwh= W ghqrwhv vljql�fdqw gl�huhqw iurp 3 dw 8( ohyho1

68



Iljxuh 44= Lqwhudfwlrq ri vlqjoh dqg dwwudfwlyhqhvv 0 wudqvlwlrq iurp flw| +A833 shuvrqvshu np2, dqg uxudo1

Djdlq/ zh �qg qr vljql�fdqw fkdqjhv lq rxu frqfoxvlrqv1 Lq idfw/ wkh lqwhudfwlrq h�hfwlv qrz hyhq pruh lq idyru ri wkh pduuldjh pdunhw k|srwkhvlv/ vlqfh iru erwk zrphq dqgphq zh �qg vljql�fdqwo| srvlwlyh h�hfwv iru wkh wudqvlwlrq iurp uxudo wr flw|1
816 Wkh uroh ri fkloguhq
Dowkrxjk zh frqwuro iru kdylqj fkloguhq/ pduulhg frxsohv frxog vwloo pryh wr uxudo duhdvehfdxvh wkh| h{shfw wr jhw nlgv1 Lq wkdw fdvh/ wkh uhdvrq wr pryh wr wkh frxqwu|vlghuh hfwv pruh ri d vkliw wrzdugv pruh vsdfh dqg qrw wkh idfw wkdw rqh orrvhv wkh ehqh�wvri orzhu vhdufk0frvwv1 Lq rughu wr lvrodwh wkh vhdufk prwlydwlrq/ zh rqo| frqvlghu wkhvxevhw ri frxsohv zkr qhyhu jhw fkloguhq1 Xqghu wkh dvvxpswlrq wkdw kdylqj qr nlgvuh hfwv suhihuhqfhv udwkhu wkdq frqvwudlqwv/ wklv jurxs pxvw kdyh rwkhu prwlyhv wkdq nlgvwr pryh wr wkh frxqwu|vlgh1
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Wdeoh 47= Orjlw iru wudqvlwlrq iurp flw| wr uxudo/ Qr nlgv vdpsohPhq ZrphqFrh�1 vwg1 Frh�1 vwg1 Frh�1 vwg1 Frh�1 vwg1Vlqjoh 031655W 313;: 03175;W 31463 031678W 313<8 0316:6W 31467Dwwudfwlyhqhvv 031586W 3143: 31354 313<<Vlqjoh-dwwudfwlyhqhvv 31666W 31456 03148< 3145;& Revhuydwlrqv 9458 76;6Qrwh= W ghqrwhv vljql�fdqw gl�huhqw iurp 3 dw wkh 8( ohyho1
Wkh devhqfh ri nlgv grhv qrw fkdqjh wkh sdwwhuq wkdw pduulhg shrsoh duh pruh olnho|wr pryh wr wkh frxqwu|vlgh wkdq wkhlu xqpduulhg frxqwhusduwv1

Iljxuh 45= Lqwhudfwlrq ri vlqjoh dqg dwwudfwlyhqhvv 0 wudqvlwlrq iurp uxudo wr flw| iru qrnlgv vdpsoh1
817 Olih f|foh prwlyhv iru ohdylqj wkh flw|
Shukdsv/ wkh prelolw| sdwwhuq wkdw zh �qg fdq eh ghvfulehg e| �ruglqdu|� olih f|fohehkdylru1 Shrsoh hqwhu wkh flw| zkhq wkh| duh |rxqj dqg kdyh uhodwlyho| vwurqj suhihuhqfhv
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iru eduv/ foxev/ flqhpdv dqg rwkhu flw| dphqlwlhv dqg wkhq ohdyh wkh flw| zkhq wkh| duhroghu dqg ulfkhu dqg kdyh vwurqjhu suhihuhqfhv iru odqg1 Rqh zd| wr �lvrodwh� wkh vhdufkh�hfw lv wr frqvlghu wkh prelolw| sdwwhuqv ri frxsohv zkr kdyh pryhg wr wkh frxqwu|vlwh dqg zkr jrw glyrufhg wkhuh1 Li wkh| pryhg wr wkh frxqwu|vlgh iru olih f|foh prwlyhvrwkhu wkdq wkh pduuldjh pdunhw/ zh h{shfw wkhp wr vwd| lq wkh frxqwu|vlgh diwhu glyrufhzkhuhdv dffruglqj wr wkh pduuldjh pdunhw prgho wkh| vkrxog pryh edfn wr wkh flw| rqfhwkh| ehfrph vlqjoh djdlq1 Zh �qg wkdw rxu prgho vwloo krogv1 Vlqfh wkh revhuydwlrqv zhxvh duh dqqxdo/ zh rqo| nqrz wkdw d glyrufh kdv rffxuuhg gxulqj wkh |hdu exw qrw wkhh{dfw gdwh1 Zh wkhuhiruh suhvhqw uhvxowv iru erwk lqglylgxdov zkr duh glyrufhg 4 |hdu dqgwkrvh zkr duh vwloo glyrufhg diwhu 5 |hduv1
Wdeoh 48= Orjlw iru wudqvlwlrq iurp uxudo wr flw|Phq ZrphqFrh�1 Vwg Frh�1 Vwg Frh�1 Vwg1 Frh�1 Vwg1Glyrufhg/ 4 |hdu 31:98W 31394 3199:W 313;8 41474W 3138< 4138<W 313:;Dwwudfwlyhqhvv 3177:W 31354 3168<W 31356Glyrufhg�dwwudfwlyhqhvv 031448 313;9 3135: 313:8Glyrufhg/ 5 |hduv 317::W 313;7 317;9W 31448 317<:W 313<: 31787W 3145:Dwwudfwlyhqhvv 3176:W 31354 31686W 31355Glyrufhg�dwwudfwlyhqhvv 31356 31447 3143; 3144<& Revhuydwlrqv ;579< :895;Qrwh= W ghqrwhv vljql�fdqw gl�huhqw iurp 3 dw wkh 8( ohyho1
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Iljxuh 46= Lqwhudfwlrq ri glyrufhh iru 4 |hdu dqg dwwudfwlyhqhvv 0 wudqvlwlrq iurp uxudo wrflw|1

Iljxuh 47= Lqwhudfwlrq ri glyrufhh iru 5 |hduv dqg dwwudfwlyhqhvv 0 wudqvlwlrq iurp uxudowr flw|1
6<



Wdeoh 49= Orjlw iru wudqvlwlrq iurp flw| wr uxudoPhq ZrphqFrh�1 Vwg1 Frh�1 Vwg1 Frh�1 Vwg1 Frh�1 Vwg1Glyrufhg/ 4 |hdu 31:67W 31396 31:7:W 313;: 31964W 31396 31:59W 313:<Dwwudfwlyhqhvv 313<:W 31355 31365 31355Glyrufhg�dwwudfwlyhqhvv 3138: 313:9 031353 313:4Glyrufhg/ 5 |hduv 3145: 313<5 31435 3145; 0316:7W 31445 03159:WW 3146;Dwwudfwlyhqhvv 3143:W 31354 3135< 31354Glyrufhg�dwwudfwlyhqhvv 031548W 3144; 03146: 3145:& Revhuydwlrqv 6493: 63356Qrwh= W ghqrwhv vljql�fdqw gl�huhqw iurp 3 dw wkh 8( ohyho1

Iljxuh 48= Lqwhudfwlrq ri glyrufhh iru 4 |hdu dqg dwwudfwlyhqhvv 0 wudqvlwlrq iurp flw| wruxudo1
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Iljxuh 49= Lqwhudfwlrq ri glyrufhh iru 5 |hduv dqg dwwudfwlyhqhvv 0 wudqvlwlrq iurp flw| wruxudo1
Qrw vxusulvlqjo|/ ehfdxvh ri wkh qdwxuh ri d glyrufh/ glyrufhhv duh pruh olnho| wr pryh1Wkhuhiruh zh pxvw frpsduh wkh olnholkrrg wr pryh wr wkh flw| zlwk wkh olnholkrrg wr pryhrxw ri wkh flw|1 Iru phq/ wkhuh lv qr odujh gl�huhqfh diwhu wkh �uvw |hdu ri glyrufh1 Lqwkh vhfrqg |hdu diwhu glyrufh wkh| duh krzhyhu pruh olnho| wr pryh wr wkh flw|/ exw qrwwr wkh uxudo duhdv frpsduhg wr wkh uhihuhqfh jurxs1 Iru zrphq/ wkh surshqvlw| ri wkhglyrufhg wr pryh wr wkh flw| lv odujhu wkdq wr pryh rxw ri wkh flw|451 Wklv sdwwhuq lvhyhq pruh surqrxqfhg diwhu 5 |hduv ri glyrufh dqg fdq eh h{sodlqhg e| wkh idfw wkdw lw lvw|slfdoo| kdughu wr �qg d sodfh wr olyh lq wkh flw| wkdq rq wkh frxqwu|vlgh1 Wklv vxssruwvwkh pduuldjh pdunhw k|srwkhvlv1

9 Frqfoxvlrq
Lq wklv sdshu zh h{whqg wkh Exughww0Frohv +4<<:, pduuldjh pdunhw prgho zlwk d glvwlqf0wlrq ehwzhhq h!flhqw pduuldjh pdunhwv +flwlhv, dqg ohvv h!flhqw vhdufk pdunhwv +uxudo

45Dowkrxjk wklv lv hylghqw iurp wkh vl}h ri wkh frh!flhqwv zh kdyh dovr lqyhvwljdwhg wkh pdujlqdo h�hfwvri ehlqj glyrufhg1 Wkh pdujlqdo h�hfwv +dydlodeoh xsrq uhtxhvw, vxssruwv wkh fodlp1
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duhdv, dqg ghulyh krz lqglylgxdov vruw lqwr wkrvh pdunhwv1 Rxu prgho suhglfwv wkdw vlq0johv dqg lq sduwlfxodu dwwudfwlyh vlqjohv pryh wr wkh flw| zkloh frxsohv pryh rxw ri wkhflw|1 Wkrvh suhglfwlrqv duh frq�uphg e| wkh gdwd1 Zh �qg wkdw lq sduwlfxodu iru ihpdohv/wkh furvv sduwldo ri vlqjoh dqg dwwudfwlyhqhvv rq wkh suredelolw| ri prylqj lv srvlwlyh dqgvwdwlvwlfdoo| vljql�fdqw1 Zk| wkh furvv h�hfw lv ohvv surqrxqfhg iru pdohv lv vwloo dq rshqlvvxh1Lq wklv sdshu zh vroho| irfxvvhg rq pduuldjh ghflvlrqv dqg devwudfwhg iurp glyrufhv1Rqh lqwhuhvwlqj prwlydwlrq iru pduulhg frxsohv wr pryh wr d uxudo duhd lv wkdw lw lv dqh!flhqw zd| wr pdnh d frpplwphqw1 Exughww hw do1 +5337, vkrzhg wkdw li rqh ri wkhsduwqhuv lv olnho| wr frqwlqxh vhdufklqj �rq wkh mre�/ wklv e| lwvhoi vwlpxodwhv wkh rwkhusduwqhu wr frqwlqxh vhdufk dv zhoo1 Jlyhq wkh pdq| orqj whup lqyhvwphqwv wkdw duhuhtxluhg/ olnh udlvlqj fkloguhq dqg ex|lqj d krxvh/ zklfk doo uhtxluh d vwdeoh uhodwlrqvkls/lw fdq eh h!flhqw wr pryh wr dq lqh!flhqw vhdufk pdunhw wr olplw �rq wkh mre� vhdufk1
Uhihuhqfhv
^4` Dl/ F/ dqg H1F1 Qruwrq +5336,1 �Lqwhudfwlrq Whupv lq Orjlw dqg Surelw Prghov�/Hfrqrplfv Ohwwhuv/ ;3/ 456045<1
^5` Dqghuehuj/ G1 +5337,1 �Jhwwlqj Klwfkhg= Wkh Htxloleulxp Pduuldjh Pdunhw Eh0kdylrxu ri d Eulwlvk Frkruw�/ Pdqxvfulsw/ Ur|do Kroorzd| Xqlyhuvlw| ri Orqgrq1
^6` Ehfnhu/ J +4<:6,1 �D Wkhru| ri Pduuldjh= Sduw L�/ Mrxuqdo ri Srolwlfdo Hfrqrp|/;5+7,/ ;460;791
^7` Eorfk I1 dqg K1 U|ghu +5333,/ �Wzr0Vlghg Vhdufk/ Pduuldjhv/ dqg Pdwfkpdn0huv�/ Lqwhuqdwlrqdo Hfrqrplf Uhylhz/ 74+4,/ <604481
^8` Exughww/ N1 dqg P1 J1 Frohv +4<<:,1 �Pduuldjh dqg Fodvv�/ Txduwhuo| Mrxuqdori Hfrqrplfv/ 445/ 474049;1
^9` Exughww/ N1 dqg P1 J1 Frohv +4<<<,1 �Orqj0whup Sduwqhuvkls Irupdwlrq= Pdu0uldjh dqg Hpsor|phqw�/ Hfrqrplf Mrxuqdo/ 43</ 63:06671
^:` Exughww/ N1/ U1 Lpdl dqg UZuljkw +5337,1 �Xqvwdeoh Uhodwlrqvklsv�/ Iurqwlhuvri Pdfurhfrqrplfv/ 4 +4,/ Duwlfoh 41
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^;` Eodfn/ G1/ J1 Jdwhv/ V1 Vhqghuv dqg O1 Wd|oru +5335,1 �Zk| Gr Jd| PhqOlyh lq Vdq IudqflvfrB�/ Mrxuqdo ri Xuedq Hfrqrplfv/ 84/ 870:91
^<` Frpswrq/ M1 dqg U1 Sroodn +5337,1 �Zk| duh Srzhu Frxsohv Lqfuhdvlqjo| Frq0fhqwudwhg lq Odujh Phwursrolwdq DuhdvB�/ QEHU Zrunlqj Sdshu Qr1 43<4;1
^43` Frvwd/ G1 O1 dqg P1 H1 Ndkq +5333,1 �Srzhu Frxsohv= Fkdqjhv lq wkh OrfdwlrqdoFkrlfh ri wkh Froohjh Hgxfdwhg/ 4<7304<<3�/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 45;:046481
^44` Gldprqg S1D1 +4<;5,1 �Zdjh Ghwhuplqdwlrq dqg H!flhqf| lq Vhdufk Htxloleulxp�/Uhylhz ri Hfrqrplf Vwxglhv/ 54:055:1
^45` Hgoxqg/ O1 +5337,1 �Vh{ dqg wkh Flw|�/ Iruwkfrplqj Vfdqglqdyldq Mrxuqdo ri Hfr0qrplfv1
^46` Jdoh/ G1 dqg O1 Vkdsoh| +4<95,1 �Froohjh Dgplvvlrq dqg wkh Vwdelolw| ri Pdu0uldjh�/ Dphulfdq Pdwkhpdwlfdo Prqwko|/ 9</ <0481
^47` Jroglq/ F1 +4<<5,1 �Wkh Phdqlqj ri Froohjh lq wkh Olyhv ri Dphulfdq Zrphq= WkhSdvw Rqh0Kxqguhg \hduv�/ QEHU Zrunlqj Sdshu Qr1 73<<1
^48` Jroglq/ F1 dqg O1 Ndw} +5335,1 �Wkh Srzhu ri wkh Sloo= Rudo Frqwudfhswlyhvdqg Zrphq*v Fduhhu dqg Pduuldjh Ghflvlrqv�/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ 443/:630::31
^49` Juhhqzrrg/ P1M1 +4<<:,1 �Lqwhuqdo Pljudwlrq lq Ghyhorshg Frxqwulhv�/ Kdqgerrnri Srsxodwlrq dqg Idplo| Hfrqrplfv/ hg1 P1 Urvhq}zhlj ) R1 Vwdun/ Yro1 4E/ 97:0:531
^4:` Kdphuphvk/ G1 dqg M1 Elggoh +4<<7,1 �Ehdxw| dqg wkh Oderxu Pdunhw�/ Dphu0lfdq Hfrqrplf Uhylhz/ ;7/ 8/ 44:7044<71
^4;` Mrkqvrq/ U1D1 dqg G1 Z1 Zlfkhuq +4<<;,1 Dssolhg Pxowlyduldwh VwdwlvwlfdoDqdo|vlv/ 7wk hglwlrq/ Suhqwlfh Kdoo/ Qhz Mhuvh|1
^4<` Plqfhu/ M1 +4<:;,1 �Idplo| Pljudwlrq Ghflvlrqv�/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ ;9/:7<0::61
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^53` Vplwk/ O1 +4<<:,/ �Wkh Pduuldjh Prgho zlwk Vhdufk Iulfwlrqv�/ plphr Xqlyhuvlw|ri Plfkljdq1
^54` Vyduhu/ P1 +5337,1 �Lv \rxu Oryh lq YdlqB Dqrwkhu Orrn dw Suhpdulwdo Frkdelwd0wlrq dqg Glyrufh�/ Mrxuqdo ri Kxpdq Uhvrxufhv/ 6<+5,/ 85608691
^55` Whxolqjv F1Q1 dqg S1D1 Jdxwlhu +5337,1 �Wkh Uljkw Pdq iru wkh Mre�/ Uhylhzri Hfrqrplf Vwxglhv/ :405/ 88608;31
^56` Zrqj/ O1 +5336,1 �Vwuxfwxudo Hvwlpdwlrq ri Pduuldjh Prghov�/ Mrxuqdo ri OderuHfrqrplfv/ 54+6,/ 9<<0:5:1
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