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Devwudfw

Zhoiduh frpsdulvrqv pd| eh vhqvlwlyh wr wkh dvvxpswlrqv pdgh derxw

hfrqrplhv ri vfdoh zlwklq krxvhkrogv1 Wklv sdshu xvhv uhfhqw dgydqfhv lq

vhtxhqwldo vwrfkdvwlf grplqdqfh whfkqltxhv wr vkrz krz wr whvw iru wkh ur0

exvwqhvv ri sryhuw| dqg krxvlqj txdolw| frpsdulvrqv wr dvvxpswlrqv derxw

hfrqrplhv ri vfdoh1 Wkh phwkrg lv dssolhg wr d frpsdulvrq ri pljudqw dqg

qrq0pljudqw krxvhkrogv lq Krqgxudv1 Zkloh vlpsoh frpsdulvrqv edvhg rq

shu fdslwd lqfrph dqg wkh hvwlpdwhg uhqwdo ydoxh ri wkh gzhoolqj vxjjhvw

wkdw pljudqwv gr ehwwhu wkdq qrq0pljudqwv iru sryhuw|/ exw zruvh iru krxv0

lqj txdolw|/ qrqh ri wkh wzr jurxs lv irxqg wr grplqdwh wkh rwkhu iru uhd0

vrqdeoh zhoiduh wkuhvkrogv zkhq dvvxpswlrqv uhjduglqj hfrqrplhv ri vfdoh

duh uhod{hg1

Nh|zrugv= Pljudwlrq/ sryhuw|/ krxvlqj/ htxlydohqfh vfdohv

MHO Qxpehuv= L65/ U56/ U64

�Wklv sdshu zdv ixqghg e| d judqw iurp wkh Zruog Edqn*v Uhvhdufk Vxssruw Exgjhw1 Wkh

rslqlrqv h{suhvvhg khuh duh wkrvh ri wkh dxwkruv dqg qhhg qrw uhsuhvhqw wkrvh ri wkh Zruog

Edqn/ lwv H{hfxwlyh Gluhfwruv/ ru wkh frxqwulhv wkh| uhsuhvhqw1
| Gìsduwhphqw g*ìfrqrpltxh dqg FHUHI/ Xqlyhuvlwì gh Vkhueurrnh/ 5883 erxohydug gh

o*Xqlyhuvlwì/ Vkhueurrnh/ Txìehf/ Fdqdgd/ M4N 5U4> hpdlo= sdxo1pdnglvvlCfrxuulhu1xvkhue1fd
} OFVSU/ Zruog Edqn/ 4;4; K Vwuhhw/ QZ/ Zdvklqjwrq/ GF 53766/ XVD/ Hpdlo=

tzrgrqCzruogedqn1ruj1
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41 Lqwurgxfwlrq

Zkhq frpsdulqj wkh h{whqw wr zklfk gl�huhqw jurxsv ri krxvhkrogv duh deoh wr vdwlvi| wkhlu

edvlf qhhgv/ dq dqdo|vw idfhv wkuhh pdlq sureohpv1 Wkh �uvw sureohp lv wkh lghqwl�fdwlrq

sureohp1 Lq rughu wr lghqwli| wkrvh zkr gr qrw phhw wkhlu edvlf qhhgv/ wkh dqdo|vw pxvw

vhohfw d wkuhvkrog xqghu zklfk edvlf qhhgv duh qrw phw1 Iru h{dpsoh/ lq rughu wr lghqwli| wkh

lqfrph srru/ d sryhuw| olqh pxvw eh gh�qhg1 D srru krxvhkrog lv wkhq d krxvhkrog zkrvh

htxlydohqw lqfrph lv ehorz wkh sryhuw| olqh1 D vlplodu surfhgxuh pd| eh iroorzhg iru rwkhu

edvlf qhhgv1 Wr lghqwli| fklog pdoqxwulwlrq/ lw lv d frpprq sudfwlfh wr uho| rq vwxqwlqj/ zklfk

lv gh�qhg dv kdylqj d khljkw dw ohdvw wzr vwdqgdug huuruv ehorz lqwhuqdwlrqdo vwdqgdugv iru

wkh fklog*v djh1 Wr lghqwli| vxe0vwdqgdug krxvlqj frqglwlrqv vxfk dv furzglqj/ rqh qhhgv d

gh�qlwlrq ri wkh plqlpxp qxpehu ri urrpv wr eh dydlodeoh iru idplolhv ri ydulrxv vl}hv1 Wr

lghqwli| ixho sryhuw|/ rqh zrxog qhhg dq hvwlpdwh ri wkh dprxqw ri hqhuj| qhhghg wr phhw

edvlf hqhuj| qhhgv1

Wkh vhfrqg sureohp lv wkh djjuhjdwlrq surfhgxuh1 Lq rughu wr wudqvsrvh krxvhkrog ru

lqglylgxdo ghsulydwlrq lqwr dq djjuhjdwh phdvxuh/ wkh dqdo|vw pxvw vhohfw dq lqgh{1 Wkh

prvw frpprqo| xvhg lqglfhv iru sryhuw| duh wkh IJW +Irvwhu/ Juhhu/ dqg Wkruehfnh/ 4<;7,

sryhuw| phdvxuhv/ exw rwkhu phdvxuhv fdq eh xvhg dv zhoo1 Wkh IJW phdvxuhv fdq dovr eh

dssolhg wr rwkhu lqglfdwruv ri zhoo0ehlqj vxfk dv fklog pdoqxwulwlrq/ krxvh furzglqj/ dqg ixho

sryhuw|1

Wkh wklug sureohp lq frpsdulqj lqglfdwruv ri xqphw edvlf qhhgv ehwzhhq jurxsv uhodwhv

wr wkh srvvlelolw| wkdw wkh ydulrxv jurxsv gl�hu lq qhhgv1 Wklv lv wkh sureohp zlwk zklfk

zh duh frqfhuqhg lq wklv sdshu1 Iru h{dpsoh/ lq rughu wr pdnh frpsdulvrqv ri sryhuw|
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ehwzhhq krxvhkrogv ri gl�huhqw vl}h/ wkh dqdo|vw pxvw vhohfw dq htxlydohqfh vfdoh lq rughu

wr wudqvirup krxvhkrog lqfrph lqwr htxlydohqw lqfrph1 Wkh pdlq lghd wkdw olhv ehklqg wkh

xvh ri dq htxlydohqfh vfdoh lv wkdw wkhuh h{lvw d sduw ri krxvhkrog wrwdo lqfrph wkdw lv xvhg

iru sxeolf jrrgv1 Wkhuhiruh/ krxvhkrog qhhgv gr qrw lqfuhdvh lq wkh vdph sursruwlrq wkdq

krxvhkrog vl}h1 Exkpdqq hw do1 +4<;:, xvh d vlpsoh sdudphwulf htxlydohqfh vfdoh zklfk lv

rqo| ixqfwlrq ri wkh qxpehu ri lqglylgxdov lq wkh krxvhkrog wr vkrz wkh lpsruwdqw hpslulfdo

lpsdfw ri gl�huhqw htxlydohqfh vfdoh hodvwlflw| rq sryhuw| phdvxuhphqw1 Frxowhu/ Frzhoo dqg

Mhqnlqv +4<<5e, xvh wkh vdph w|sh ri sdudphwhul}dwlrq dqg dqdo|}h lwv lpsolfdwlrq iru wkh

wkhruhwlfdo lpsdfw ri htxlydohqfh vfdohv rq sryhuw| phdvxuhphqw +vhh dovr Frxowhu/ Frzhoo

dqg Mhqnlqv +4<<5d,,1 Edqnv dqg Mrkqvrq +4<<7,/ Mhqnlqv dqg Frzhoo +4<<7, dqg Gxforv dqg

Phufdghu0Sudwv +4<<<, jhqhudol}h wkh dqdo|vlv iru d fodvv ri sdudphwhul}hg htxlydohqfh vfdohv

h{whqghg wr wdnh krxvhkrog frpsrvlwlrq lqwr dffrxqw1 Wkhvh sdshuv/ lq dgglwlrq wr wkrvh ri

Sklssv +4<<4,/ Exunkdxvhu/ Vphhglqj dqg Phu} +4<<9,/ dqg Gh Yrv dqg ]dlgl +4<<:,/ dovr

�qg wkdw lqwhuqdwlrqdo frpsdulvrqv ri sryhuw| dqg sryhuw| sur�ohv duh vwurqjo| lq xhqfhg

e| dvvxpswlrqv rq krxvhkrog qhhgv1 Wkh hpslulfdo txhvwlrq wkdw lv dgguhvvhg lq wklv sdshu

lv zkhwkhu wkh ruglqdo frpsdulvrqv ri xqphw edvlf qhhgv ri ydulrxv jurxsv duh urexvw ru

qrw wr wkh dvvxpswlrqv pdgh uhjduglqj wkh h{whqw wr zklfk hfrqrplhv ri vfdohv h{lvw zlwklq

krxvhkrogv iru wkh sduwlfxodu zhoiduh lqglfdwru fkrvhq1 Lq vrph fdvhv vxfk dv wkdw ri fklog

pdoqxwulwlrq/ wkhuh duh qr ru ihz hfrqrplhv ri vfdohv +lq irrg frqvxpswlrq, vlqfh hdfk fklog

pxvw eh deoh wr phhw qxwulwlrqdo uhtxluhphqwv1 Exw iru krxvhkrog lqfrph/ iru krxvlqj/ dqg

iru hqhuj| frqvxpswlrq/ hfrqrplhv ri vfdoh fohduo| h{lvw zlwklq krxvhkrogv1

Wkh gl!fxowlhv lqyroyhg lq wdnlqj lqwr dffrxqw hfrqrplhv ri vfdoh zlwklq krxvhkrogv zkhq

pdnlqj zhoiduh frpsdulvrqv ehwzhhq krxvhkrog jurxsv kdyh ehhq uhfrjql}hg lq wkh olwhud0

wxuh rq lqfrph sryhuw|1 Dwnlqvrq +4<;:, dqg Irvwhu dqg Vkruurfnv +4<;;d/ e, zhuh wkh �uvw
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wr ghyhors vwrfkdvwlf grplqdqfh frqglwlrqv iru urexvw ruglqdo sryhuw| rughulqjv1 Exw wkhvh

frqglwlrqv duh xvxdoo| dssolhg wr glvwulexwlrqv ri htxlydohqw lqfrphv ohdylqj rshq wkh sure0

ohp ri vhohfwlqj d sduwlfxodu htxlydohqfh vfdoh1 Wr dyrlg wklv sureohp/ iroorzlqj Dwnlqvrq dqg

Erxujxljqrq +4<;7,/ Dwnlqvrq +4<<5, ghyhorshg d �uvw rughu �vhtxhqwldo� vwrfkdvwlf grpl0

qdqfh frqglwlrq wkdw hqdeohv wkh dqdo|vw wr whvw iru wkh urexvwqhvv ri wkh sryhuw| rughulqj wr

wkh fkrlfh ri wkh htxlydohqfh vfdoh +wkh whup vhtxhqwldo lv xvhg wr ghqrwh wkh surfhgxuh zklfk

frqvlvwv ri fkhfnlqj iru urexvwqhvv iru ydulrxv jurxsv vhtxhqwldoo|/ zlwk wkh jurxsv w|slfdoo|

gh�qhg dffruglqj wr krxvhkrog vl}h,1 Mhqnlqv dqg Odpehuw +4<<6, jhqhudol}hg wklv uhvxow

wr hqdeoh frpsdulvrqv ri srsxodwlrqv zlwk gl�huhqw ghprjudsklf vwuxfwxuhv1 Fkdped} dqg

Pdxulq +4<<;, sursrvhg d frqglwlrq iru vhfrqg rughu vhtxhqwldo vwrfkdvwlf grplqdqfh dqg

suryhg wkh qhfhvvlw| ri wkh frqglwlrq1 Ilqdoo|/ Gxforv dqg Pdnglvvl +4<<<, jhqhudol}hg wkrvh

vhtxhqwldo vwrfkdvwlf grplqdqfh frqglwlrqv wr dq| rughu ri grplqdqfh/ suryhg wkh qhfhvvlw|

ri wkh grplqdqfh frqglwlrqv/ dqg xvhg wkrvh frqglwlrqv wr ghyhors d phwkrg wkdw hqdeohv

wkh dqdo|vw wr lghqwli| wkh vxevhwv ri sryhuw| olqhv/ sryhuw| lqglfhv/ dqg htxlydohqfh vfdohv

wkdw duh frqvlvwhqw zlwk d jlyhq sryhuw| rughulqj1

Lq wklv sdshu/ zh iroorz xsrq Gxforv dqg Pdnglvvl*v zrun dqg zh vxjjhvw wkdw wkhlu

phwkrg fdq eh dssolhg qrw rqo| wr lqfrph sryhuw|/ exw dovr wr rwkhu lqglfdwruv ri xqphw

edvlf qhhgv zkhuh wkhuh duh srwhqwldo hfrqrplhv ri vfdoh vxfk dv krxvlqj1 Wkh hpslulfdo

dssolfdwlrq frqvlvwv ri whvwlqj zkhwkhu lq Krqgxudv/ uhfhqw pljudqwv wr ru zlwklq xuedq duhdv

duh ehwwhu r� wkdq qrq0pljudqw xuedq krxvhkrogv lq whupv ri lqfrph sryhuw| dqg krxvlqj

txdolw|1 Wkh phwkrgrorjlfdo wrrov duh suhvhqwhg lq vhfwlrq 51 Lq vhfwlrq 6/ wkh| duh dssolhg

wr d uhfhqw vxuyh| iru Krqgxudv/ zlwk wkh vrphzkdw vxusulvlqj uhvxow wkdw pljudqwv gr dv

zhoo dv qrq0pljudqwv dw wkhlu sodfh ri ghvwlqdwlrq iru sryhuw|/ dqg ehwwhu wkdq qrq0pljudqwv

iru krxvlqj txdolw|1
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51 Vhtxhqwldo Vwrfkdvwlf Grplqdqfh= Phwkrgrorj|

Zh zdqw wr frpsduh wkh xqphw edvlf qhhgv ri krxvhkrogv zkr kdyh pljudwhg wr wkrvh ri

krxvhkrogv zkr kdyh qrw pljudwhg1 Zh xvh wzr lqglfdwruv ri xqphw edvlf qhhgv= lqfrph

sryhuw| dqg vxe0vwdqgdug krxvlqj txdolw| dv phdvxuhg e| wkh hvwlpdwhg uhqwdo ydoxh ri wkh

krxvhkrog*v gzhoolqj ehlqj ehorz d jlyhq wkuhvkrog1 Rxu jrdo lv wr whvw zkhwkhu pljudqwv

duh pruh olnho| wr eh lqfrph srru dqg wr olyh lq srru krxvlqj frqglwlrqv wkdq qrq0pljudqwv1

Wkh rxwfrph ri wkh frpsdulvrq ehwzhhq pljudqwv dqg qrq0pljudqwv lv xqfohdu rq d sulrul

jurxqgv1 Ehfdxvh pljudwlrq |lhogv wkh surplvh ri kljkhu hduqlqjv/ lw kdv ehhq frqvlghuhg

dv rqh ri vhyhudo vwudwhjlhv xvhg e| srru krxvhkrogv wr hphujh iurp sryhuw|1 Exw hyhq li

pljudwlrq eulqjv hduqlqjv jdlqv rq dyhudjh/ lw pd| ohdg wr kljkhu ulvn dqg yxoqhudelolw|

dprqj pljudqw krxvhkrogv zkrvh phpehuv duh |rxqj/ srruo| hgxfdwhg/ dqg zlwkrxw jrrg

vrfldo qhwzrunv1 Hyhq li pljudqwv gr zhoo rq wkh lqfrph vfdoh/ wkh| pd| eh irufhg wr olyh lq

srru krxvlqj frqglwlrqv uhjdugohvv ri wkhlu �qdqfldo vxffhvv/ dw ohdvw lq wkh vkruw uxq +l1h1/

vrrq diwhu wkh| kdyh pljudwhg,1 Lqghhg/ uhfhqw pljudqwv riwhq olyh lq wkh rxwvnluwv ri flwlhv

lq vhoi0exlow krxvlqj xqlwv1 Lq qhz dqg jurzlqj flwlhv/ wklv pd| eh gxh wr d odfn ri krxvlqj

vwrfn zlwklq wkh flw| lwvhoi1 Lq roghu flwlhv/ wklv pd| eh ehfdxvh fhqwudoo| orfdwhg exloglqjv

duh rffxslhg e| wkh xuedq eruq ru e| orqj whup0pljudqwv zkr kdyh surjuhvvlyho| uhorfdwhg

wkhuh1

Wkh txhvwlrq dv wr zkhwkhu pljudqwv duh ehwwhu ru zruvw r� wkdq qrq0pljudqwv pxvw eh

vhwwohg hpslulfdoo|1 Rqh vlpsoh zd| wr frpsduh pljudqwv dqg qrq0pljudqwv zrxog frqvlvw

lq xvlqj wkh ydoxh ri zhoiduh lqglfdwruv iru wkh wzr jurxsv zlwk d vlqjoh htxlydohqfh vfdoh1

Iroorzlqj vwdqgdug sudfwlfh/ zh frxog xvh shu fdslwd lqfrph iru sryhuw|/ dqg krxvhkrog

uhqwdo ydoxh iru krxvlqj txdolw|1 Xvlqj gdwd iurp wkh Pdufk 4<<< Hqfxhvwd Shupdqhqwh

gh Krjduhv gh Sursövlwrv Pýowlsohv +HSKSP, iru Krqgxudv/ wkh ghqvlw| ixqfwlrq iru shu
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fdslwd lqfrph kdv ehhq judskhg iru uhfhqw pljudqwv qrz olylqj lq xuedq duhdv dqg iru rwkhu

xuedq krxvhkrogv +wkh vxuyh| dvnv zkhwkhu krxvhkrogv kdyh ehhq olylqj lq wkhlu fxuuhqw sodfh

ri uhvlghqfh iru ohvv wkdq �yh |hduv> wklv lv wkh yduldeoh xvhg wr lghqwli| uhfhqw pljudqwv,1

Vlploduo|/ Iljxuh 5 surylghv wkh ghqvlw| ixqfwlrqv iru krxvlqj uhqwdo ydoxh iru wkh wzr jurxsv1

D txlfn orrn dw wkh wzr Iljxuhv zrxog vxjjhvw wkdw pljudqwv duh grlqj ehwwhu wkdq qrq0

pljudqwv iru shu fdslwd lqfrph dqg wkhuhe| sryhuw|/ zkloh qrq0pljudqwv duh grlqj ehwwhu iru

krxvlqj txdolw|/ dw ohdvw dw wkh erwwrp ri wkh glvwulexwlrq1 Zkloh vxfk dq lqwhusuhwdwlrq ri

Iljxuhv 4 dqg 5 zrxog qrw frqwudglfw frqyhqwlrqdo zlvgrp derxw wkh jdlqv dqg frvwv iurp

pljudwlrq/ lw frxog eh ghfhswlyh1 Lq idfw/ lw frxog yhu| zhoo eh wkdw wdnlqj lqwr dffrxqw

krxvhkrog vl}h zrxog uhyhuvh wkh �qglqjv1

Dv lqglfdwhg lq Iljxuh 6/ pljudqw krxvhkrogv whqg wr eh vpdoohu wkdq qrq0pljudqw krxvh0

krogv +vrph phpehuv ri wkh pljudqw*v idplo| w|slfdoo| uhpdlq dw wkh sodfh ri ruljlq ri wkh

pljudqw,1 Xvlqj shu fdslwd lqfrph pd| wkxv vxjjhvw wkdw pljudqwv duh ohvv olnho| wr eh

srru wkdq qrq0pljudqwv/ zkloh wkh| pd| eh dv olnho|/ ru shukdsv hyhq pruh olnho| wr eh srru

wkdq pljudqwv zkhq hfrqrplhv ri vfdoh iru odujhu +qrq0pljudqw, krxvhkrogv duh wdnhq lqwr

dffrxqw1 Iru krxvlqj/ wkh k|srwkhvlv wkdw qrq0pljudqwv gr ehwwhu wkdq pljudqwv zkhq wkh

krxvhkrog uhqwdo ydoxh lv wkh phdvxuh ri zhoo0ehlqj frxog eh uhyhuvhg li wkh uhqwdo ydoxh zhuh

wr eh dgmxvwhg wr wdnh lqwr dffrxqw idplo| vl}h1 Lw lv wr dyrlg vxfk sureohpv wkdw zh dsso|

wkh wrrov ri vhtxhqwldo vwrfkdvwlf grplqdqfh wr erwk lqfrph sryhuw| dqg dq lqgh{ ri krxvlqj

txdolw| lq wklv sdshu1

Lq wkh uhvw ri wklv vhfwlrq/ zh ghvfuleh rxu phwkrgrorj| iru rewdlqlqj urexvw frpsdulvrqv

ri xqphw edvlf qhhgv1 Ohw xv dvvxph wkdw iru erwk pljudqwv dqg qrq0pljudqwv/ wkhuh duh

vl{ gl�huhqw krxvhkrog w|shv/ qdpho| krxvhkrog zlwk rqh/ wzr/ wkuhh/ irxu/ �yh/ dqg vl{ ru

pruh lqglylgxdov1 Ohw 8�& E%� eh wkh fxpxodwlyh glvwulexwlrq ri lqfrph ru krxvlqj txdolw| %
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iru wkh krxvhkrogv ri & lqglylgxdov dprqj wkh pljudqwv1 Wkh glvwulexwlrq lv gh�qhg ryhu dq

lqwhuydo dfc @o/ zlwk iru h{dpsoh @ ehlqj wkh pd{lpxp ydoxh revhuyhg lq wkh vdpsoh1 8�& E%�

lv gh�qhg dqdorjrxvo| iru qrq0pljudqwv1 Ohw w�& uhsuhvhqw vxejurxs &*v srsxodwlrq vkduh

dprqj pljudqwv1 Iru doo lqwhjhu r zh gh�qh=

(�
�&

E%� ' 8�& E%� dqg (r

�&
E%� '

]
%

f
(

Er3��

�&
E+� _+� +4,

Wkh ixqfwlrq (�
�&

E%� lv vlpso| wkh fxpxodwlyh ghqvlw| ixqfwlrq1 Hdfk kljkhu rughu ixqfwlrq

+zlwk wkh rughu ehlqj htxdo wr r, lv rewdlqhg dv wkh vxuidfh ehorz wkh suhylrxv fxuyh dqg wkh

krul}rqwdo d{lv uhsuhvhqwlqj lqfrph1 Wkh ixqfwlrqv fdq wkxv eh olqnhg wr wkh Irvwhu0Juhhu0

Wkruehfnh +4<;7, fodvv ri sryhuw| lqglfhv/ dowkrxjk dv vxjjhvwhg e| Dwnlqvrq +4<;:,/ zh frq0

vlghu khuh wkh qrq0qrupdol}hg yhuvlrq ri wklv lqgh{ zkhuhe| 8CA Ekc 5� '
U
5

f E5 � %� _8 E%�1

Dv qrwhg e| Udydoolrq +4<<7,/ wkh ixqfwlrqv fdq dovr eh h{suhvvhg dv=

(r

�&
E5� ' Er� ��-8CA Er� �c 5� � +5,

Zh dvvxph wkdw wkh sryhuw| olqhv zklfk fdq eh dssolhg wr wkh ydulrxv jurxsv ri krxvhkrogv

gh�qhg e| krxvhkrog vl}h duh vxfk wkdw 5n� � 5n2 � ��� � 5nS zkhuh 5n
&
lv wkh pd{lpxp ohyho

iru ghwhuplqlqj zkhwkhu d krxvhkrog ri & lqglylgxdov grhv qrw phhw lwv edvlf qhhgv +lq wkh

fdvh ri sryhuw|/ 5 lv d vwdqgdug sryhuw| olqh> lq wkh fdvh ri krxvlqj/ 5 lv vrph ohyho ri krxvlqj

txdolw| dw zklfk wkh gzhoolqj phhwv plqlpxp txdolw| uhtxluhphqwv,1 Wklv dvvxpswlrq vlpso|

phdqv wkdw wkh pd{lpxp sryhuw| dqg krxvlqj gh�flhqf| olqhv iru d jlyhq krxvhkrog vl}h

fdqqrw h{fhhg wkh sryhuw| dqg krxvlqj gh�flhqf| olqhv iru odujhu krxvhkrogv/ vlqfh odujhu

krxvhkrogv kdyh kljkhu qhhgv wkdq vpdoohu krxvhkrogv1 Li zh frqvlghu dq dgglwlyh sryhuw|

ru krxvlqj gh�flhqf| lqgh{/ zklfk qhhg qrw ehorqj wr wkh IJW fodvv/ wrwdo sryhuw| � fdq

eh zulwwhq dv=

�� '
S[

&'�

w�&

]
@

f
R& E%� _8�& E%� +6,
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zkhuh R& E%� � f lv wkh frqwulexwlrq ri d krxvhkrog ri vl}h & dqg wrwdo lqfrph +ru krxvlqj

txdolw|, % wr djjuhjdwh sryhuw|1 Qrwh wkdw zh kdyh R& E%� ' f li % � 5&1 Lq rughu wr xvh wkh

vhtxhqwldo vwrfkdvwlf grplqdqfh uhvxowv rewdlqhg e| Gxforv dqg Pdnglvvl +4<<<,/ zh pxvw

dvvxph wkdw iru dq| sryhuw| phdvxuh � 5 �r +zkhuh � lv d vhw ri sryhuw| phdvxuhv dqg r lv

wkh rughu ri grplqdqfh,/ zh kdyh=

E���� R
E��
S E%� � E���� R

E��
D E%� � ��� � E���� R

E��
2 E%� � E���� R

E��
� E%� � f iru doo � 5 i�c 2c ���c rj

+7,

zkhuh R
E��

&
E%� lv wkh �wk ghulydwlyh ri wkh ixqfwlrq R& E%�1 Iru r ' �/ wklv dvvxpswlrq lpsolhv

wkdw dq lqfuhdvh lq krxvhkrog lqfrph +ru krxvlqj txdolw|, % glplqlvkhv sryhuw|/ zkdwhyhu wkh

krxvhkrog w|sh wr zklfk wklv lqfuhdvhg lqfrph +ru krxvlqj txdolw|, dffuxhv1 Lw dovr vd|v wkdw/

iru d jlyhq krxvhkrog lqfrph +ru krxvlqj txdolw|, %/ wkh srwhqwldo iru vxfk sryhuw| uhgxfwlrq

lv juhdwhu iru krxvhkrogv zlwk pruh phpehuv +ehfdxvh iru dq| jlyhq ohyho ri krxvhkrog

lqfrph/ wkh lqglylgxdov olylqj lq wklv krxvhkrogv duh ixuwkhu dzd| iurp wkh sryhuw| olqh vlqfh

wkh lqfrph dydlodeoh pxvw eh vkduhg dprqj d odujhu qxpehu ri lqglylgxdov,1 Iru r ' 2/

wkh dvvxpswlrq vd|v wkdw wkh sryhuw| lqglfhv uhvshfw wkh Sljrx0Gdowrq wudqvihu sulqflsoh

zklfk vwlsxodwhv wkdw dq htxdol}lqj wudqvihu ri rqh groodu wr d srru iurp d ulfkhu krxvhkrog

ghfuhdvhv sryhuw|/ dqg wklv h�hfw lv djdlq vwurqjhu dfurvv krxvhkrogv ri odujhu vl}hv1 Iru

r ' �/ wkh lqglfhv duh vhqvlwlyh wr vr0fdoohg idyrudeoh frpsrvlwh wudqvihuv dqg wklv vhqvlwlylw|

lv pruh lpsruwdqw iru odujhu krxvhkrogv1 Wkhvh frpsrvlwh wudqvihuv duh vxfk wkdw d idyrudeoh

Sljrx0Gdowrq wudqvihu zlwklq wkh orzhu sduw ri wkh glvwulexwlrq/ dffrpsdqlhg e| d uhyhuvh

Sljrx0Gdowrq wudqvihu zlwklq wkh kljkhu sduw ri wkh glvwulexwlrq/ uhgxfhv sryhuw| li wkh

yduldqfh ri wkh glvwulexwlrq kdv qrw lqfuhdvhg1 Wkh dvvxpswlrq lq htxdwlrq +7, pdnhv wkhvh

sulqflsohv qrupdwlyho| pruh lpsruwdqw iru odujhu krxvhkrogv wkdq iru vpdoohu rqhv1 Wklv

qrupdwlyh sulqflsoh kdv ehhq lqwurgxfhg e| Nrop +4<:9, lqwr wkh lqhtxdolw| phdvxuhphqw

;



olwhudwxuh1 Ndnzdql +4<;3, kdv dgdswhg wkh sulqflsoh wr wkh sryhuw| phdvxuhphqw frqwh{w1

Ilqdoo|/ wkh qrupdwlyh lqwhusuhwdwlrq ri v : 6 fdq eh pdgh xvlqj Ilvkexuq dqg Zloolj*v

+4<;7, jhqhudol}hg wudqvihu sulqflsoh e| uhfdoolqj wkdw iru hyhu| rughu v/ wklv sulqflsoh zloo eh

qrupdwlyho| pruh lpsruwdqw iru odujhu krxvhkrogv1

Xqghu wkh deryh dvvxpswlrqv/ Gxforv dqgPdnglvvl +4<<<, vkrz wkdw sryhuw| zloo eh orzhu

iru wkh �uvw jurxs� +pljudqwv, wkdq iru wkh vhfrqg jurxs � +qrq0pljudqwv, iru doo sryhuw|

lqglfhv uhvshfwlqj wkh sulqflsohv dvvrfldwhg zlwk wkh vwk rughu ri vwrfkdvwlf grplqdqfh li dqg

rqo| li=

�r

�&
E%� � �r

�&
E%� iru doo % � 5n

&
/ iru doo & ' � wr S1 +8,

zkhuh �r

�&
E%� '

SS
,'& w�,(

r

�,
E%� dqg �r

�&
E%� lv gh�qhg dqdorjrxvo|1 Wkrvh fxuyhv +zklfk

vkdoo eh uhihuuhg wr dv �F0Fxuyhv�, duh vxpv ri wkh fxuyhv (r

�&
E%� iru krxvhkrogv ri vl}h &

ru deryh zhljkwhg e| wkh srsxodwlrq vkduhv ri hdfk krxvhkrog jurxs1 Wkh sulqflsoh ehklqg

wkh F0Fxuyhv lv wkdw dffruglqj wr wkh qrupdwlyh jxlgholqhv h{suhvvhg deryh/ dq lqfrph

orvv iru rqh krxvhkrog dw vrph lqfrph ohyho fdq eh frpshqvdwhg e| dq htxlydohqw jdlq lq

lqfrph iru dqrwkhu krxvhkrog surylghg wkdw wkh jdlq lv fdswxuhg e| d krxvhkrog ri d odujhu

vl}h +l1h1/ d krxvhkrog zkrvh phpehuv duh ixuwkhu dzd| iurp wkh sryhuw| olqh,1 Wklv lghd

lv sxw lq sudfwlfh lq frqglwlrq +8, e| fkhfnlqj zkhwkhu dw hdfk ohyho ri lqfrph ehorz wkh

pd{lpxp sryhuw| olqh/ dqg vhtxhqwldoo| +vwduwlqj iurp wkh krxvhkrog jurxs zlwk wkh kljkhvw

krxvhkrog vl}h, iru hdfk krxvhkrog jurxs ri vl}h & ' �c ���c S/ d frpsdudwlyho| orzhu lqfrph

ohyho revhuyhg iru wkh pljudqwv yhuvxv wkh qrq0pljudqwv iru wkh krxvhkrogv lq jurxs & lv pruh

wkdq frpshqvdwhg e| d kljkhu ohyho ri lqfrph dprqj pljudqwv dv frpsduhg wr qrq0pljudqwv

dprqj wkh krxvhkrog jurxsv ri kljkhu vl}h1

Wkh frqglwlrq +8, lv hdv| wr dsso| hpslulfdoo| ehfdxvh lw lqyroyhv rqo| fkhfnlqj iru wkh

qrq lqwhuvhfwlrq ri wkh F0fxuyhv xs wr d pd{lpxp sryhuw| olqh1 Wkhuh zloo eh ohvv sryhuw| iru
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pljudqwv wkdq iru qrq pljudqwv li dqg rqo| li iru doo krxvhkrog vl}hv/ �r

�&
E%� olhv hyhu|zkhuh

xqghu �r

�&
E%� xs wr wkh pd{lpxp sryhuw| olqh 5n

&
iru wklv krxvhkrog vl}h1 Iru h{dpsoh/ li

zh frqvlghu rqo| wzr gl�huhqw krxvhkrog vl}hv/ l1h1/ krxvhkrogv zlwk rqh dqg wzr phpehuv/

zh pxvw fkhfn �uvw li wkh fxuyh �r

�2 E%� olhv hyhu|zkhuh xqghu �
r

�2 E%� xs wr wkh pd{lpxp

sryhuw| olqh 5n2 iru krxvhkrogv ri vl}h wzr/ dqg wkhq fkhfn li �r

�� E%� olhv hyhu|zkhuh xqghu

�r

�� E%� xs wr wkh pd{lpxp sryhuw| olqh 5n� iru krxvhkrogv ri vl}h rqh1

Wkhuh h{lvwv dq lpsolflw pd{lpxp htxlydohqfh vfdoh xqghuo|lqj wkh pd{lpxp sryhuw| olqh

5n
&
iru krxvhkrog ri & lqglylgxdov1 Iru h{dpsoh/ li wkh pd{lpxp sryhuw| olqh iru krxvhkrogv

ri vl}h wzr lv wzlfh wkh pd{lpxp olqh iru krxvhkrogv ri vl}h rqh/ wklv zrxog phdq wkdw zh

zrxog dffhsw +exw qrw qhfhvvdulo| dvvxph, wkh srvvlelolw| wkdw wkhuh duh qr hfrqrplhv ri

vfdoh iru krxvhkrogv ri vl}h wzr dv frpsduhg wr krxvhkrogv ri vl}h rqh1 Lq wklv h{dpsoh/

ghqrwlqj e| 6n
2 wkh pd{lpxp htxlydohqfh vfdoh dgplvvleoh iru krxvhkrogv ri vl}h wzr/ zh

zrxog kdyh 6n
2 ' 2 ' 5n2 *5

n
� 1 Pruh jhqhudoo|/ wkh lpsolflw pd{lpxp htxlydohqfh vfdohv iru

doo krxvhkrog jurxsv & ghulyhg iurp wkh pd{lpxp sryhuw| olqhv duh vxfk wkdw=

6n
&
' 5n

&
*5n� c & ' �c ���c S� +9,

Qrz vxssrvh wkdw wkh whvw ri �uvw rughu vhtxhqwldo vwrfkdvwlf grplqdqfh sursrvhg lq

+8, kdv idlohg dqg wkdw zh wkhuhiruh fdqqrw lqihu d urexvw sryhuw| rughulqj ryhu dq lqlwldoo|

vshfl�hg vhw ri sryhuw| lqglfhv dqg sryhuw| olqh xsshu erxqgv 5n
&
1 Lqvwhdg ri frqfoxglqj

wkdw wkh glvwulexwlrqv fdqqrw eh urexvwo| udqnhg/ wkuhh dowhuqdwlyh urxwhv fdq eh iroorzhg

wr ghwhuplqh zkhwkhu grplqdqfh fdq eh vhfxuhg ryhu vpdoohu vxevhwv ri sryhuw| lqglfhv

dqg sryhuw| olqhv wkdq lqlwldoo| hqylvdjhg1 Wkh �uvw urxwh lqfuhdvhv wkh rughu ri vwrfkdvwlf

grplqdqfh v xqwlo d sryhuw| rughulqj ehfrphv urexvw ryhu doo ri wkh suh0vshfl�hg udqjhv ri

sryhuw| olqhv1 Wkh vhfrqg urxwh frqvlvwv ri �qglqj d orzhu pd{lpxp ydoxh iru wkh dgplvvleoh

sryhuw| olqh iru krxvhkrogv zlwk d vlqjoh phpehu zkloh pdlqwdlqlqj xqfkdqjhg wkh jlyhq
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rughu ri grplqdqfh v dv zhoo dv hdfk ri wkh pd{lpxp htxlydohqfh vfdohv dgplvvleoh iru

krxvhkrogv ri pruh wkdq rqh phpehu/ vxfk wkdw wkh udwlrv 5n
&
*5n� uhpdlq xqfkdqjhg1 Wkh

wklug urxwh frqvlvwv ri �qglqj wkh fulwlfdo udwlrv 5n
&
*5n� xs wr zklfk d sryhuw| rughulqj lv

urexvw iru wkh jlyhq pd{lpxp sryhuw| olqh 5n� iru vlqjoh lqglylgxdov dqg wkh suh0vshfl�hg

rughu ri vwrfkdvwlf grplqdqfh r1 Wzr ri wkhvh wkuhh dowhuqdwlyh urxwhv fdq eh iroorzhg dw

wkh vdph wlph li wkh dqdo|vw lv qrw zloolqj wr uhod{ wkh wklug frqvwudlqw1

Lq sudfwlfh/ zh fdq vwduw e| �qglqj wkh lqwhuvhfwlrq srlqwv iru wkh F0fxuyhv gh�qhg lq

81 Iru hdfk rughu ri grplqdqfh r/ li zh kdyh vl{ jurxsv ri krxvhkrogv & ' �c ���c S/ zh qhhg

wr whvw iru vl{ lqwhuvhfwlrqv1 Wkdw lv/ zh pxvw �qg vl{ fulwlfdo ydoxhv jr
&
/ & ' �c ���c S/ zklfk

fruuhvsrqg wr wkh pd{lpxp ydoxh ri 1 uhvshfwlqj wkh frqglwlrq +:, ehorz=

�r

�&
E%� � �r

�&
E%� iru doo % � &1/ iru doo & ' � wr S1 +:,

Wklv jlyhv xv d vhw ri xsshu sryhuw| olqh erxqgv jr�/ j
r

2/ 111 / j
r

S/ wkdw pd| ru pd| qrw reh|

wkh dvvxpswlrq pdgh rq wkh udqnlqjv ri wkh pd{lpxp sryhuw| olqhv1 Wr hqvxuh wkdw wkh

dvvxpswlrq lv ydolgdwhg/ l1h1 wkdw 5n
&
� 5n

&n�/ zh pxvw surfhhg e| lwhudwlrq/ gh�qlqj �uvw

5rS ' jrS/ dqg wkhq vhwwlqj wkh uhpdlqlqj 5r
&
dv iroorzv=

5r
&
' 4�?

�
jr
&
c 5r

&n�

�
c iru doo & ' �c ���c D� +;,

Lqwhusuhwlqj 5r� dv wkh urexvw xsshu erxqg iru wkh sryhuw| olqh ri krxvhkrogv zlwk d vlqjoh

phpehu/ zh pd| xvh wkh yhfwru 5r ' E5r�c ���c 5
r

S� wr hvwlpdwh wkh vhwv ri htxlydohqfh vfdohv iru

zklfk d sryhuw| udqnlqj zloo eh urexvw dw rughu r1 Wklv fulwlfdo vhw ri htxlydohqfh vfdohv lv

jlyhq e| 6 E&� 5 d�c4�? E&c 5r
&
*5r��o1 Qrwh wkdw li zh �{ d pd{lpxp erxqg 5n� iru wkh sryhuw|

olqh iru vlqjoh shrsoh/ dqg li 5n� 	 5r�/ wkh urexvw vhw ri htxlydohqfh vfdohv fdq eh h{whqghg

wr
k
�c4�?

�
&c 5r

&
*5n�

�l
lqvwhdg ri d�c4�? E&c 5r

&
*5r��o1
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61 Hpslulfdo Uhvxowv

Zh �uvw frpsduh uhfhqw pljudqwv qrz olylqj lq xuedq duhdv zlwk uxudo krxvhkrogv1 Iru wklv

frpsdulvrq/ lq wkh fdvh ri lqfrph sryhuw|/ wkhuh lv rqo| rqh qr lqwhuvhfwlrq lq wkh F0fxuyhv

iru wkh ydulrxv krxvhkrog vl}h jurxsv +& ' �c ���c S,1 Ghqrwlqj e| � wkh pljudqwv olylqj lq

xuedq duhdv dqg e| - wkh uxudo krxvhkrogv/ wkh lqwhuvhfwlrq lv iru krxvhkrogv zlwk d vlqjoh

phpehu/ zlwk ��
�� E%� furvvlqj �

�
-� E%� dw d ydoxh ri 63/933 Ohpsludv shu prqwk shu shuvrq1

Wklv ydoxh lv h{wuhpho| kljk1 Lqghhg/ d uhdvrqdeoh sryhuw| olqh zrxog eh lq wkh udqjh ri

833 wr 933 Ohpsludv shu shuvrq shu prqwk +XV' 4 @ 48 Ohpsludv,/ dv glvfxvvhg lq Zruog

Edqn +5334,1 Wklv lpsolhv wkdw uhfhqw pljudqwv olylqj lq xuedq duhdv duh ohvv srru wkdq uxudo

krxvhkrogv1 Wkh vdph grplqdqfh lv revhuyhg iru krxvlqj txdolw|/ dv phdvxuhg e| wkh uhqwdo

ydoxh ri wkh krxvh1

Kdylqj irxqg wkdw uhfhqw pljudqw krxvhkrogv zkr qrz olyh lq xuedq duhdv duh ehwwhu r�

wkdq uxudo krxvhkrogv/ zh qrz irfxv rq wkh frpsdulvrq ehwzhhq pljudqw xuedq krxvhkrogv

+vwloo ghqrwhg e| � , dqg rwkhu xuedq krxvhkrogv +ghqrwhg e| � iru qrq0pljudqwv,1 Iru

lqfrph sryhuw|/ wkhuh lv dq lqlwldo +l1h1/ iru orz ohyhov ri lqfrph, grplqdqfh ri wkh pljudqw

jurxs ryhu wkh qrq0pljudqwv iru krxvhkrogv ri 4 wr 8 lqglylgxdov/ zkloh wkh qrq0pljudqwv

grplqdwh pljudqwv iru krxvhkrogv ri 9 ru pruh lqglylgxdov1 Lq vxfk d fdvh/ lw lv lpsrvvleoh wr

rewdlq d urexvw sryhuw| rughulqj ehwzhhq wkh wzr jurxsv ri krxvhkrogv hyhq e| uhvwulfwlqj

wkh vhw ri sryhuw| phdvxuhv xqghu frqvlghudwlrq ehfdxvh wkh lqlwldo grplqdqfh ri d F0Fxuyh

rq wkh rwkhu zloo qrw fkdqjh zkhq lqfuhdvlqj wkh rughu ri grplqdqfh +vhh Gdylgvrq dqg

Gxforv +5333,,1

Iru krxvlqj/ rxu phdvxuh ri txdolw| lv wkh suhglfwhg uhqwdo ydoxh ri wkh gzhoolqj +vhh

wkh Dsshqgl{ iru ghwdlov,1 Frqwudu| wr zkdw rqh pljkw kdyh h{shfwhg/ wkhuh lv uhvwulfwhg

grplqdqfh ri pljudqwv ryhu qrq0pljudqwv/ exw wklv lv rewdlqhg rqo| iru yhu| orz uhqwdo ydoxhv1
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Wkh �uvw froxpq ri wdeoh 4 surylghv wkh ydoxhv jr
&
xqghu zklfk �r

�&
E%� olhv xqghu �r

�&
E%�1

Wkh rwkhu froxpqv surylgh wkh ydoxhv iru kljkhu rughuv ri grplqdqfh1 Wr �qg wkh kljkhvw

txdolw| wkuhvkrog shu shuvrq iru zklfk pljudqwv grplqdwh qrq0pljudqwv dw dq| jlyhq rughu

ri grplqdqfh/ zh pxvw glylgh wkh ydoxhv surylghg lq wdeoh 4 e| wkh qxpehu ri krxvhkrogv

lq wkh fruuhvsrqglqj jurxsv1 Iru h{dpsoh/ li zh frqvlghu doo dgglwlyh sryhuw| phdvxuhv lq

�� dqg doo htxlydohqfh vfdohv lq dfc &o/ zh pxvw uhvwulfw wkh krxvlqj txdolw| wkuhvkrog iru d

vlqjoh shuvrq wr olh ehwzhhq 3 dqg 47183 +@ ;:29,/ vlqfh wkh elqglqj jr
&
lv iru krxvhkrogv ri

9 ru pruh lqglylgxdov1 Wklv lv h{wuhpho| orz/ vr wkdw iru sudfwlfdo sxusrvhv/ zh fdq vd| wkdw

wkhuh lv qr grplqdqfh1

Hyhq wkrxjk grplqdqfh lv rewdlqhg rqo| iru yhu| orz uhqwdo ydoxhv zklfk duh zhoo ehorz

zkdw zrxog eh qhfhvvdu| wr kdyh ghfhqw krxvlqj lq xuedq duhdv lq Krqgxudv/ lw lv vwloo

lqwhuhvwlqj wr h{sodlq krz wkh phwkrg wr hvwdeolvk vhtxhqwldo vwrfkdvwlf grplqdqfh zrunv

zkhq dvvxpswlrqv duh uhod{hg iru wkh rughu ri grplqdqfh ru wkh dgplvvleoh htxlydohqfh vfdohv1

Li zh gr qrw zlvk wr uhvwulfw wrr pxfk wkh pd{lpxp dgplvvleoh krxvlqj txdolw| wkuhvkrog/

zh kdyh wzr dowhuqdwlyhv1 Iluvw zh fdq uhvwulfw wkh vhw ri krxvlqj txdolw| phdvxuhv1 Iru

h{dpsoh/ li zh uhvwulfw wkh vhw wr phdvxuhv uhvshfwlqj wkh Sljrx0Gdowrq wudqvihu sulqflsoh

+l1h1/ li zh xvh �2,/ wkh pd{lpxp dgplvvleoh txdolw| wkuhvkrog lqfuhdvhv wr 4;161 Li zh uhvwulfw

lw wr ��/ zh fdq frqvlghu doo txdolw| wkuhvkrogv ehwzhhq 3 dqg 58161 Ilqdoo|/ li zh uhvwulfw lw

wr �e/ zh fdq frqvlghu doo txdolw| wkuhvkrogv ehwzhhq 3 dqg 66151 Vlqfh wkhvh krxvlqj txdolw|

wkuhvkrogv uhpdlq yhu| orz/ iurp d srolf| srlqw ri ylhz/ rqh fdq vwloo vd| wkdw pljudqwv gr

qrw iduh ehwwhu wkdq qrq pljudqwv lq flwlhv1

Wkh rwkhu dowhuqdwlyh lv wr uhvwulfw wkh vhw ri dgplvvleoh htxlydohqfh vfdohv1 Dvvxph iru

wkh vdnh ri wkh dujxphqw wkdw zh zdqw wr frqvlghu doo krxvlqj txdolw| wkuhvkrogv ehwzhhq

3 dqg 73 Ohpsludv shu prqwk +l1h1/ d uhqwdo ydoxh ri krxvlqj ri ohvv wkdq wkuhh XV grooduv
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shu prqwk,1 Wkhq/ pljudqwv grplqdwh qrq0pljudqwv iru dq| htxlydohqw vfdoh lq wkh lqwhuydov

vkrzq lq wkh Wdeoh 51 Wkh pd{lpxp htxlydohqfh vfdoh lv vhw djdlq e| wkh krxvhkrogv zlwk

vl{ ru pruh phpehuv/ zlwk wkh xsshu erxqg 514; iru wkh htxlydohqfh vfdoh ehlqj htxdo wr

;:273 +lq wkh fdvh ri krxvhkrogv ri wzr/ wkh pd{lpxp htxlydohqfh vfdoh lv wzr,1 Rqh zd|

wr lqwhusuhw wklv pd{lpxp lv wr frqvlghu wkh sdudphwulf ixqfwlrqdo irup ri htxlydohqfh vfdoh

vxjjhvwhg iru lqfrph lq Exkpdqq hw do1 +4<;;,/ qdpho| 6 E?� ' ?0/ zkhuh 0 lv wkh hodvwlflw|

ri wkh htxlydohqfh vfdoh zlwk uhvshfw wr wkh qxpehu ri phpehuv lq wkh krxvhkrog +dw rqh

h{wuhph/ 0 pd| eh htxdo }hur li krxvlqj lv d sxeolf jrrg zlwklq wkh krxvhkrog> dw wkh rwkhu

h{wuhph/ 0 pd| eh htxdo wr rqh li wkhuh lv qr hfrqrplhv ri vfdoh lq krxvlqj/ zklfk lv ri frxuvh

kljko| xqolnho|,1 Li zh frqvlghu dgglwlyh phdvxuhv lq �� dqg krxvlqj txdolw| wkuhvkrogv

ehwzhhq 3 dqg 73/ zh pxvw uhvwulfw 0 wr olh ehwzhhq 3 dqg 3176 +vlqfh Sf�e� ' 2��H,1 Li zh

uhvwulfw wkh vhw wr phdvxuhv uhvshfwlqj wkh Sljrx0Gdowrq wudqvihu sulqflsoh +�2,/ 0 pxvw olh

ehwzhhq 3 dqg 31891 Li zh uhvwulfw wkh vhw wr ��/ 0 pxvw olh ehwzhhq 3 dqg 31:81 Ilqdoo|/

li zh uhvwulfw wkh vhw wr �e/ 0 pxvw olh ehwzhhq 3 dqg 31<31 Pdq| htxlydohqfh vfdohv xvhg

lq sudfwlfh iru sryhuw| phdvxuhphqw kdyh dq hodvwlflw| ri lqfrph wkdw orzhu wkdq 318< +h1j1/

wkh RHFG sdudphwulf htxlydohqfh vfdoh 0 lv 318,1 Vlqfh lw lv uhdvrqdeoh wr dvvxph wkdw

hfrqrplhv ri vfdoh duh odujhu iru krxvlqj wkdq iru lqfrph sryhuw|/ wkh ydoxhv vxjjhvwhg lq

wdeoh 5 zrxog eh uhdvrqdeoh wr dvvxph grplqdqfh ri wkh pljudqwv ryhu wkh qrq0pljudqwv/

exw wklv zrxog vwloo dsso| rqo| wr wkh h{wuhpho| orz pd{lpxp wkuhvkrog ri 73 Ohpsludv

shu prqwk iru krxvlqj uhqwdo ydoxh1 Lq rwkhu zrugv/ zkloh wkh hpslulfdo uhvxowv rewdlqhg iru

krxvlqj txdolw| hqdeoh xv wr ghprqvwudwh wkh phwkrg lq vrph ghwdlo/ wkh frqfoxvlrq uhpdlqv

wkdw iru uhdvrqdeoh krxvlqj txdolw| wkuhvkrogv +l1h/ wkuhvkrogv zklfk gr hqdeoh krxvhkrogv

wr olyh lq ghfhqw frqglwlrqv,/ wkhuh lv qr vhtxhqwldo vwrfkdvwlf grplqdqfh ri pljudqwv ryhu

qrq0pljudqwv1
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71 Frqfoxvlrq

Wklv sdshu kdv xvhg uhfhqw dgydqfhv lq vhtxhqwldo vwrfkdvwlf grplqdqfh whfkqltxhv wr frp0

sduh wkh zhoo0ehlqj ri uhfhqw pljudqw krxvhkrogv olylqj lq xuedq duhdv ri d fhqwudo Dphulfdq

frxqwu| wr wkdw ri rwkhu/ qrq0pljudqw xuedq krxvhkrogv1 Wkh frpsdulvrq ri pljudqw dqg

qrq0pljudqw krxvhkrogv frqvwlwxwhv d jrrg dssolfdwlrq ri vhtxhqwldo grplqdqfh whfkqltxhv

ehfdxvh rqh jurxs +pljudqw krxvhkrogv, whqgv wr lqfoxgh krxvhkrogv ri d vpdoohu vl}h wkdq

wkh rwkhu jurxs +qrq0pljudqw krxvhkrogv,1 Vlpsoh frpsdulvrqv edvhg rq wkh xvh ri shu

fdslwd lqfrph dqg wkh uhqwdo ydoxh ri krxvlqj dv wkh zhoiduh lqglfdwruv vxjjhvw wkdw pl0

judqwv gr ehwwhu wkdq qrq0pljudqwv iru sryhuw|/ zkloh qrq0pljudqwv gr ehwwhu wkdq pljudqwv

iru krxvlqj1 Erwk uhvxowv duh irxqg/ krzhyhu/ wr eh kljko| vhqvlwlyh wr wkh xvh ri vshfl�f

htxlydohqfh vfdohv1 Zkhq vhtxhqwldo vwrfkdvwlf grplqdqfh whfkqltxhv duh xvhg/ pljudqwv

gr qrw grplqdwh qrq0pljudqwv iru sryhuw|1 Iru krxvlqj/ pljudqwv duh irxqg wr grplqdwh

qrq0pljudqwv/ exw wklv lv wuxh rqo| iru h{wuhpho| orz uhqwdo ydoxhv/ vr wkdw iru sudfwlfdo dqg

srolf| sxusrvhv/ lw lv qrw ihdvleoh wr udqn wkh wzr jurxsv1 Vwloo/ zkhq uhfhqw pljudqwv olylqj

lq xuedq duhdv duh frpsduhg wr uxudo krxvhkrogv/ vhtxhqwldo grplqdqfh lv revhuyhg iru erwk

sryhuw| dqg krxvlqj txdolw| lq idyru ri wkh pljudqwv1 Ryhudoo/ wkh uhvxowv vxjjhvw wkdw lq

Krqgxudv/ uhfhqw pljudqwv duh suredeo| dfklhylqj jdlqv lq lqfrph dqg krxvlqj txdolw| zkhq

wkh| pryh iurp uxudo wr xuedq duhdv/ dqg wkdw wkhlu ohyho ri zhoiduh lv rq sdu zlwk wkdw ri

xuedq krxvhkrogv zkr glg qrw pljudwh ryhu wkh odvw �yh |hduv1

D Hvwlpdwlqj krxvlqj txdolw| wkurxjk khgrqlf uhqwdo uhjuhvvlrqv

Wkh lqglfdwru ri krxvlqj txdolw| xvhg lq wklv sdshu zdv rewdlqhg iurp d vwdqgdug khgrqlf

uhjuhvvlrq1 Iru wkh krxvhkrogv uhqwlqj wkhlu gzhoolqj/ zh ghqrwh e| -� wkh uhqw sdlg1 u�
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uhsuhvhqwv jhrjudsklf orfdwlrq +yhfwru ri jhrjudsklf gxpplhv,/ L� lv d gxpp| yduldeoh zklfk

dvvxphv d ydoxh ri rqh zkhq wkh krxvhkrog lv lq dq xuedq duhd dqg d ydoxh ri }hur iru uxudo

duhdv/ dqg M� lv d yhfwru ri gzhoolqj fkdudfwhulvwlfv1 Zh hvwlpdwhg wkh iroorzlqj uhjuhvvlrq=

*?-� ' qf n q�u� n q2L� n q�M� n #
�
c +D1<,

zkhuh #
�
lv wkh udqgrp huuru whup1

Wkh yhfwru ri gzhoolqj fkdudfwhulvwlfv lqfoxghv wkh w|sh ri krxvlqj/ qdpho|/ zkhwkhu lw

lv d krxvh ru dsduwphqw/ d vkdfn/ d urrp/ ru d ceduudfrq*> wkh w|sh ri pdwhuldo iru wkh

zdoov dqg wkh  rru/ qdpho|/ vwrqh/ fhphqw/ zrrg/ hwf1> wkh w|sh ri dffhvv wr zdwhu/ qdpho|

sxeolf vhuylfh/ zhoo/ ulyhu/ hwf1> wkh w|sh ri vdqlwdwlrq/ qdpho|/ lqgrru/ odwulqh/ frqqhfwlrq wr

cwxehuld*/ hwf1> wkh qxpehu ri urrpv> dqg wkh dffhvv wr hohfwulflw|1 Wkh uhjuhvvlrq uhvxowv duh

wkhq xvhg wr frpsxwh wkh h{shfwhg uhqwdo ydoxh ri krxvlqj iru doo krxvhkrogv +erwk wkrvh

zkr uhqw wkhlu gzhoolqj dqg wkrvh zkr duh rzqhuv,/ zlwk rqh fdyhdw1 Lq rughu qrw wr wdnh

lqwr dffrxqw wkh lpsdfw ri jhrjudsklf orfdwlrq rq uhqwdo ydoxh/ l1h1 lq rughu wr dvvhvv rqo| wkh

txdolw| ri krxvlqj udwkhu wkdq lwv orfdwlrq/ wkh jhrjudsklf h�hfwv duh qrw wdnhq lqwr dffrxqw

lq wkh suhglfwlrq1

Lq wkh uhjuhvvlrq/ wkh rplwwhg yduldeohv duh wkh uhjlrq ri Dwodqwd/ uxudo duhdv/ d odujh

fdelq ru vlqjoh urrp iru krxvlqj vl}h/ d gluw  rru/ zdwhu iurp d zhoo/ ulyhu ru rwkhu vrxufh/

zdwhu rewdlqhg rxwvlgh wkh surshuw|/ qr vdqlwdu| lqvwdoodwlrq ru d vdqlwdu| lqvwdoodwlrq ri

froohfwlyh xvh/ dqg qr dffhvv wr hohfwulflw|1 Wkh uhvxowv ri wkh uhjuhvvlrq duh jlyhq lq wdeoh

D41
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Table 1: Critical σk
s for housing between migrants and non-migrants, Honduras 1999

s = 1 s = 2 S = 3 S = 4
σ1

s 154 198 250 305
σ2

s 153 185 237 288
σ3

s 137 181 237 290
σ4

s 90 233 296 360
σ5

s 117 256 323 399
σ6

s 87 110 152 199
Source: Authors’ estimates using March 1999 EHPHM.

Table 2: Admissible equivalence scales for housing quality below 40 Lempiras/month
s = 1 s = 2 s = 3 s = 4

m(2) [1,2] [1,2] [1,2] [1,2]
m(3) [1,2.18] [1,2.75] [1,3] [1,3]
m(4) [1,2.18] [1,2.75] [1,3.80] [1,4]
m(5) [1,2.18] [1,2.75] [1,3.80] [1,4.98]
m(6) [1,2.18] [1,2.75] [1,3.80] [1,4.98]
Source: Authors’ estimates using March 1999 EHPHM.



Table A1: Hedonic regression for rental value of housing, Honduras 1999
Coefficient Standard error

Geographic location (department)
Colon 10.02 16.25
Comayagua -17.52 14.63
Copan -18.53 23.37
Cortes 24.40* 10.88
Choluteca -30.88+ 18.01
El paraiso 15.86 16.46
Francisco -12.70 11.29
Intibuco -17.65 20.51
La paz -58.04* 21.00
Lempira -2.85 21.41
Ocotepeque -19.43 21.07
Olancho 6.56 20.20
Sta Barbara -44.68* 17.02
Valle -62.04* 19.67
Yoro -6.93 16.01
Urban 34.60* 8.45
Type of housing
House or apartment 13.23+ 7.44
Shack -14.93 27.83
Walls and ground
Stone or cement walls 34.31* 13.61
Adobe walls 11.77 13.68
Wooden walls 4.68 14.27
Ground made of cement blocks 30.71* 10.13
Ground made of clay blocks 29.19 20.73
Ground made of cement boards 11.48 9.54
Ground made of wood 17.01 14.73
Water, sanitary and electricity
Public service -2.38 15.93
Collective or private service -23.12 17.42
Inside the house 34.60* 12.98
Inside the property 21.16+ 11.98
Modern sanitary 15.93 18.92
Latrine -8.13 12.91
Sanitary connected with pipeline 12.73 15.00
Sanitary connected to septic tank -9.72 13.60
Sanitary of individual use 9.24 7.34
Electricity from ENEE (public) 60.13* 11.41
Electricity from collective service 70.70 49.43
Number of rooms 13.64* 1.56
Constant 373.67* 23.71
Source: Authors’ estimates using March 1999 EHPHM.  The coefficients with * are significant
at the 5% level and the coefficients with +  at the 10% level.  R2 = 0.52.  N= 1175 (renters only).



Figure 1: Density function for per capita income (Lempiras/month)
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Figure 2: Density function for estimated household rent (Lempiras/month)
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Figure 3: Household size
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