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 Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Fklfdjr1

Devwudfw

Wkh sdshu dqdo|}hv wkh h�hfw ri djulfxowxudo whqdqf| odzv wkdw r�hu vhfxulw| ri whqxuh

wr whqdqwv dqg uhjxodwh wkh vkduh ri rxwsxw wkh| vkrxog sd| wkh odqgorug dv uhqw rq idup

surgxfwlylw|1 Wkhruhwlfdoo|/ wkh qhw lpsdfw ri whqdqf| uhirup lv vkrzq wr eh d frpelqdwlrq

ri wzr h�hfwv1 D edujdlqlqj srzhu h�hfw whqgv wr lpsuryh wkh furs0vkduh ri whqdqwv dqg

khqfh lpsuryhv wkhlu lqfhqwlyhv lq jhqhudo1 D vhfxulw| ri whqxuh h�hfw whqgv wr hqfrxudjh

lqyhvwphqw e| wkh whqdqw rq rqh kdqg/ exw rq wkh rwkhu kdqg holplqdwhv wkh srvvlelolw| ri

xvlqj hylfwlrq wkuhdwv dv dq lqfhqwlyh ghylfh e| wkh odqgorug1 Dqdo|vlv ri hylghqfh rq krz

frqwudfwv dqg surgxfwlylw| fkdqjhg diwhu d whqdqf| uhirup surjudp zdv lpsohphqwhg lq

Zhvw Ehqjdo lq wkh odwh vhyhqwlhv vxjjhvwv wkdw whqdqf| uhirup glg sod| dq lpsruwdqw uroh

lq lqfuhdvlqj djulfxowxudo surgxfwlylw| wkhuh lq wkh vxevhtxhqw shulrg1

Nh|zrugv= Whqdqf| Uhirup/ Vkduhfursslqj/ Frqwudfwv/ Surshuw| Uljkwv1

M1H1O1 fodvvl�fdwlrq qxpehuv=G56/ G;5/ R45/ T48
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Zkloh wkhuh lv zlghvsuhdg vxssruw iru uhiruplqj djulfxowxudo surshuw| uljkwv/� wkhuh kdyh ehhq

ihz dwwhpswv wr hydoxdwh wkh surgxfwlylw| frqvhtxhqfhv12 Wklv lv sduwo| ehfdxvh wkhuh duh ihz

h{dpsohv ri odujh0vfdoh fkdqjhv lq surshuw| uljkwv wkdw zhuh qrw dffrpsdqlhg e| pdmru vrfldo

xquhvw1 Pruhryhu/ dqdo|}lqj wkh lpsdfw rq h�flhqf| lv gl�fxow ehfdxvh ri gdwd olplwdwlrqv

dqg wkh idfw wkdw wkh vwuxfwxuh ri surshuw| uljkwv lv lwvhoi hqgrjhqrxv1

Lq wklv sdshu zh vwxg| wkh h�hfw ri d pdmru fkdqjh lq surshuw| uljkwv rq djulfxowxudo

surgxfwlylw| lq wkh Lqgldq vwdwh ri Zhvw Ehqjdo1 Zlwklq d |hdu ri ehlqj hohfwhg lq 4<:: d

ohiw0zlqj dgplqlvwudwlrq odxqfkhg Rshudwlrq Edujd +RE,/ d surjudp ghvljqhg wr lpsohphqw

dqg hqirufh wkh orqj grupdqw djulfxowxudo whqdqf| odzv wkdw uhjxodwhg uhqwv dqg vhfxulw| ri

whqxuh ri vkduhfursshuv1� Xqghu wkhvh odzv/ li whqdqwv uhjlvwhuhg zlwk wkh Ghsduwphqw ri

Odqg Uhyhqxh wkh| zrxog eh hqwlwohg wr shupdqhqw dqg lqkhulwdeoh whqxuh rq wkh odqg wkh|

vkduhfursshg vr orqj dv wkh| sdlg wkh odqgorug dw ohdvw 58 shufhqw ri rxwsxw dv uhqw1 Lq wkh

ghfdgh iroorzlqj wkh odxqfklqj ri RE/ wkhuh zdv d vljql�fdqw lpsuryhphqw lq wkh whupv ri

whqdqwv* frqwudfwv dqg pruh vhfxuh whqxuh1 Pruhryhu/ djulfxowxudo surgxfwlylw| juhz idvwhu lq

Zhvw Ehqjdo frpsduhg wr rwkhu vwdwhv lq Lqgld/ hduqlqj wkh dgplqlvwudwlrq sudlvh iurp pdq|/

vrphwlphv xqh{shfwhg/ txduwhuv1e

Dq hydoxdwlrq ri wkh frqwulexwlrq ri RE wr wkh djulfxowxudo jurzwk lq Zhvw Ehqjdo surylghv

d uduh rssruwxqlw| wr h{dplqh wkh uhodwlrqvkls ehwzhhq surshuw| uljkwv dqg h�flhqf|1 Lw doorzv

xv wr uh0h{dplqh wkh txhvwlrq ri zkhwkhu wkhuh lv d qhfhvvdu| wudgh0r� ehwzhhq h�flhqf| dqg

htxlw| lq surjudpv wkdw wudqvihu surshuw| uljkwv iurp wkh ulfk wr wkh srru1 RE lv hvshfldoo|

lqwhuhvwlqj ehfdxvh lw lqyroyhg d olplwhg wudqvihu dv rssrvhg wr d ixoo wudqvihu ri surshuw| uljkwv

+h1j1 uhglvwulexwlqj odqg rzqhuvkls,1 Lw rqo| jdyh wkh lqfxpehqw whqdqw wkh uljkw wr fodlp d

kljkhu vkduh ri wkh rxwsxw dqg shupdqhqw whqxuh1 Zkloh d ixoo wudqvihu ri odqg rzqhuvkls wkdw

zrxog frpsohwho| holplqdwh djhqf| frvwv lv olnho| wr kdyh srvlwlyh h�hfwv rq surgxfwlylw|/ wkh

h�hfw ri d pruh olplwhg wudqvihu vxfk dv RE lv ohvv reylrxv1

Rxu wkhruhwlfdo dqdo|vlv vkrzv wkdw wkh lpsdfw rq surgxfwlylw| fdq eh ghfrpsrvhg lqwr

wzr h�hfwv= d edujdlqlqj srzhu h�hfw dqg d vhfxulw| ri whqxuh h�hfw1 Wkh edujdlqlqj srzhu

h�hfw frphv iurp wkh idfw wkdw diwhu wkh uhirup wkh ohjdo frqwudfw ehfrphv wkh whqdqw*v crxwvlgh

rswlrq*/ zklfk lqfuhdvhv klv edujdlqlqj srzhu ylv d ylv wkh odqgorug dqg irufhv wkh odqgorug wr

r�hu klp d kljkhu furs0vkduh/ zklfk wudqvodwhv lqwr vwurqjhu lqfhqwlyhv1

Vhfxulw| ri whqxuh kdv wzr gl�huhqw rssrvlqj h�hfwv1 Rq rqh kdqg/ wkh odqgorug pd| xvh
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i?|�|*i_ Rwiu| Bi|t �| +�}�|��

4



wkh wkuhdw ri hylfwlrq zkhq rxwsxw lv orz wr lqgxfh wkh whqdqw wr zrun kdughu1D Glvdoorzlqj

hylfwlrq uhvwulfwv wkh xvh ri vxfk lqfhqwlyhv dqg wkhuhiruh uhgxfhv h�flhqf|1 Rq wkh rwkhu kdqg/

juhdwhu vhfxulw| ri whqxuh hqfrxudjhv wkh whqdqw wr lqyhvw pruh vlqfh lw jlyhv klp wkh frq�ghqfh

wkdw kh zloo vwd| rq wkh odqg orqj hqrxjk wr hqmr| wkh iuxlwv ri klv lqyhvwphqw1 Pruhryhu/ klv

lqfuhdvhg edujdlqlqj srzhu phdqv wkdw wkh whqdqw qrz h{shfwv wr jhw d kljkhu vkduh ri wkh

dgglwlrqdo rxwsxw uhvxowlqj iurp lqyhvwphqw1

Zh dovr �qg hpslulfdo vxssruw iru wkh k|srwkhvlv wkdw wkh wudqvihu ri surshuw| uljkwv

xqghu RE srvlwlyho| d�hfwhg djulfxowxudo surgxfwlylw|1 Zh wdnh wzr dssurdfkhv wr phdvxulqj

wkh lpsdfw rq surgxfwlylw|1 Wkh �uvw lv d txdvl0h{shulphqwdo dssurdfk xvlqj wkh qhljkerulqj

frxqwu| ri Edqjodghvk/ zklfk lv vlplodu lq pdq| uhvshfwv wr Zhvw Ehqjdo exw glg qrw lpsohphqw

whqdqf| uhirup1 Wkh vhfrqg dssurdfk xvhv vkduhfursshu uhjlvwudwlrq dv phdvxuh ri surjudp

lqwhqvlw| dqg whvwv zkhwkhu surgxfwlylw| lv kljkhu lq duhdv zkhuh wkh surjudp zdv lpsohphqwhg

pruh lqwhqvlyho|1 Rxu uhvxowv vxjjhvw wkdw olplwhg lqwhuyhqwlrqv lq surshuw| uljkwv olnh RE/

zklfk hpsrzhu whqdqwv zlwkrxw jlylqj wkhp ixoo odqg rzqhuvkls/ fdq kdyh d srvlwlyh h�hfw

rq surgxfwlylw|1S Khqfh wkhuh lv qr qhfhvvdu| wudgh0r� ehwzhhq h�flhqf| dqg htxlw| lq vxfk

surjudpv1 Pruhryhu/ wkhvh vwudwhjlhv ri hpsrzhuphqw whqg wr eh srolwlfdoo| hdvlhu wr lpsohphqw

wkdq frqyhqwlrqdo odqg uhirupv1 Wkh| pd| wkhuhiruh r�hu d uhdo zd| rxw ri wkh vwdwxv txr lq

wkh uljkw frqwh{w1

Zh kdyh rujdql}hg wkh suhvhqwdwlrq dv iroorzv1 Lq vhfwlrq 5/ zh eulh�| ghvfuleh RE1 Lq vhf0

wlrq 6/ zh suhvhqw rxu wkhruhwlfdo dujxphqwv derxw krz RE lv olnho| wr kdyh d�hfwhg frqwudfwv

dqg lqfhqwlyhv/ dqg glvfxvv uhvxowv iurp d vxuyh| ri vkduhfursshuv wkdw zh fduulhg rxw rq krz

frqwudfwv dfwxdoo| fkdqjhg lq uhvsrqvh wr wkh uhirup1 Lq vhfwlrq 7 zh suhvhqw wkh dqdo|vlv ri

wkh lpsdfw ri RE rq surgxfwlylw| xvlqj glvwulfw0ohyho gdwd1 Vhfwlrq 8 frqfoxghv1

2 �Tih@|�L? �@h}@

Diwhu lqghshqghqfh/ Lqgld vrxjkw wr lpsuryh wkh olylqj vwdqgdugv ri vkduhfursshuv wkurxjk

whqdqf| uhirup1 Wkh Odqg Uhirupv Dfw ri 4<88 dqg lwv vxffhvvlyh dphqgphqwv kdyh wzr pdlq

fodxvhv=

� Vkduhfursshuv zloo kdyh shupdqhqw dqg lqkhulwdeoh lqfxpehqf| uljkwv wr odqg wkdw lv

uhjlvwhuhg lq wkhlu qdph surylghg wkdw wkh| sd| wkh ohjdoo| vwlsxodwhg vkduh wr wkh odqg0

orugv/ gr qrw ohdyh wkh odqg idoorz/ dqg gr qrw vxe0ohdvh wkh odqg1 H{fhsw lq vxfk fdvhv/

wkh vkduhfursshu zloo orvh klv uljkw wr wkh odqg rqo| li odqgorug zdqwv wr xvh wkh odqg iru

shuvrqdo fxowlydwlrq1 Wkhvh uljkwv duh lqkhulwdeoh exw qrw wudqvihudeoh1
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� Wkh vkduh wkdw wkh odqgorug fdq ghpdqg iurp d uhjlvwhuhg whqdqw zloo eh qr juhdwhu wkdq

58 shufhqw1.

Wklv skdvh ri whqdqf| uhirup lv zlgho| uhfrjql}hg dv d idloxuh +Dssx/ 4<:8,1 Orrskrohv lq

wkh odz doorzhg odqgorugv wr dexvh wkh shuvrqdo fxowlydwlrq h{hpswlrq dqg wr wkuhdwhq wr hylfw

wkh whqdqw zkhqhyhu kh wulhg wr uhjlvwhu1 Pruhryhu wkh whqdqw zdv uhvsrqvleoh iru uhjlvwhulqj

klpvhoi dqg wkh jryhuqphqw surylghg olwwoh lqvwlwxwlrqdo vxssruw iru klp wr gr vr1 E| yluwxh ri

wkhlu zhdowk dqg vxshulru fdvwh/ odqgorugv zlhoghg d orw ri srzhu zlwklq wkh yloodjh/ dqg/ zhuh

wkhuhiruh deoh wr lqwlplgdwh whqdqwv1 Wklv zdv frpsrxqghg e| wkh idfw wkdw wkh jryhuqphqw

xvxdoo| wrrn wkh odqgorug*v vlgh lq glvsxwhv1 Dv d uhvxow/ ehiruh RE yhu| ihz vkduhfursshuv

zhuh uhjlvwhuhg/ furs0vkduhv zhuh vljql�fdqwo| ehorz wkh ohjdo plqlpxp/ dqg whqxuh zdv zlgho|

shufhlyhg dv ehlqj lqvhfxuh +Edugkdq dqg Uxgud 4<;3,1

Lq 4<::/ wkh qhzo| hohfwhg jryhuqphqw sdvvhg wkh Zhvw Ehqjdo Odqg Uhirupv Dfw/ zklfk

forvhg prvw ri wkh orrskrohv lq wkh 4<88 Dfw1 Prvw lpsruwdqwo|/ lw vhw yhu| vwulqjhqw dqg

zhoo0gh�qhg frqglwlrqv xqghu zklfk wkh odqgorug frxog xwlol}h wkh shuvrqdo fxowlydwlrq fodxvh

wr hylfw d whqdqw1

Dw wkh vdph wlph/ wkh qhz jryhuqphqw odxqfkhg RE/ d pdvvlyh dqg zhoo0sxeolfl}hg yloodjh

wr yloodjh fdpsdljq wr uhjlvwhu whqdqwv dqg lqvxuh wkhlu uljkwv1 Xqghu wklv surjudp wkh surfhvv

xvhg wr uhjlvwhu whqdqwv zdv dowhuhg wr pdnh lw hdvlhu iru wkh vkduhfursshu wr uhjlvwhu1 RE

r�fldov vrxjkw rxw khvlwdqw vkduhfursshuv/ h{sodlqhg wkh odz/ dqg r�huhg wkhp wkh rssruwxqlw|

wr uhjlvwhu1 Pruhryhu/ wkh qhz jryhuqphqw xvhg lwv rzq yloodjh srolwlfdo rujdql}dwlrqv wr pdnh

vxuh wkdw odqgorugv glg qrw lqwlplgdwh whqdqwv/ wkdw whqdqwv zkr uhjlvwhuhg glg qrw idfh uhsulvdo

iurp wkh odqgorugv/ dqg wkdw glvsxwhv zhuh kdqgohg idluo| lq wkh frxuwv1 RE lv zlgho| uhjdughg

dv d vxffhvv1 E| 4<<6 pruh wkdq 98 shufhqw ri dq hvwlpdwhg 516 ploolrq vkduh0whqdqwv kdg ehhq

uhjlvwhuhg1
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Lq wklv vhfwlrq zh ghyhors d vlpsoh wkhruhwlfdo prgho ri d odqgorug0whqdqw uhodwlrqvkls edvhg

rq prudo kd}dug dqg olplwhg zhdowk ri whqdqwv1 Zh zloo xvh wklv prgho wr dqdo|}h wkh srwhqwldo

h�hfwv ri wkh uhirup rq wkh frqwudfwxdo uhodwlrqvkls ehwzhhq d jlyhq odqgorug dqg dq lqfxpehqw

whqdqw1

Wkhuh duh wzr zd|v lq zklfk wkh uhirup frxog kdyh dowhuhg wkh vhw ri srwhqwldo frqwudfwv

ehwzhhq wkh odqgorug dqg wkh whqdqw1 Iluvw/ lw fkdqjhg dq lqfxpehqw whqdqw*v rxwvlgh rswlrq1

Wkh idfw wkdw wkh odqgorug frxog qr orqjhu hylfw wkh whqdqw phdqw wkdw wkh whqdqw frxog dozd|v
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krog rxw iru klv ohjdo vkduh ri wkh rxwsxw1 Wkh odqgorug frxog qr orqjhu wkuhdwhq wr uhsodfh

klp zlwk dqrwkhu whqdqw li kh uhixvhg wr dffhsw d orzhu vkduh1 Wklv grhv qrw phdq wkdw

wkh frqwudfw ehwzhhq wkhp qhfhvvdulo| kdv wr eh wkh ohjdoo| vwlsxodwhg frqwudfw1 Xqghu vrph

frqglwlrqv wkhuh pd| eh d gl�huhqw frqwudfw wkdw vxlwv wkhp erwk ehwwhu/ exw wkh whqdqw vkrxog

qrw eh zruvh r� wkdq kh zrxog eh li kh vwxfn wr wkh ohwwhu ri wkh odz1

D vhfrqg srwhqwldo h�hfw ri wkh uhirup lv gluhfwo| uhodwhg wr wkh uhvwulfwlrqv rq hylfwlrq1

Xqghu wkh qhz odz/ wkh whqdqw frxog sodq wr furs wkh vdph slhfh ri odqg iru dv orqj dv kh zrxog

olnh wr zlwkrxw ihdulqj hylfwlrq1 Rq wkh rwkhu kdqg/ wkh odqgorug frxog qr orqjhu h{shfw wr xvh

wkh wkuhdw ri hylfwlrq dv d fuhgleoh lqfhqwlyh ghylfh1 Rqh zrxog h{shfw wkh rswlpdo frqwudfw

wr fkdqjh iru erwk wkhvh uhdvrqv1H

��� A�i �L_i*

Vxssrvh wkhuh lv dq lq�qlwho| olyhg odqgorug zkr rzqv d sorw ri odqg zklfk kh fdqqrw furs

klpvhoi1 Lq hdfk shulrg kh hpsor|v h{dfwo| rqh whqdqw wr furs wkh odqg1 Wkhuh lv d odujh

srsxodwlrq ri lghqwlfdo lq�qlwho| olyhg whqdqwv zkr duh doo zloolqj wr zrun iru wkh odqgorug dv

orqj dv wkh odqgorug sd|v wkhp wkhlu rxwvlgh rswlrq +ru/ uhvhuydwlrq sd|r�,/p lq wkdw shulrg

zklfk lv jlyhq h{rjhqrxvo|1 Wkh odqgorug dqg wkh whqdqwv vkduh wkh vdph glvfrxqw idfwru � ? 4=

Lq hdfk shulrg rxwsxw fdq wdnh rq wzr ydoxhv/ \M @ 4 +ckljk* ru cvxffhvv*, dqg \u @ 3 +corz* ru

cidloxuh*, zlwk suredelolw| h dqg 4� h uhvshfwlyho|1 Wkh uhdol}dwlrqv ri rxwsxw duh lqghshqghqw

ryhu wlph1 Wkh whqdqw fkrrvhv h/ +ch�ruw*,/ zklfk frvwv klp f+h,= Iru vlpsolflw|/ zh dvvxph

wkdw wkh frvw ixqfwlrq lv txdgudwlf = f+h, @ �
2fh

2= Iru uhdvrqv wkdw zloo ehfrph dssduhqw odwhu/

zh dvvxph f A 4=

Wkh nh| dvvxpswlrqv ri wklv prgho duh

� Rqo| wkh whqdqw*v h�ruw pdwwhuv iru rxwsxw1b

� Wkh whqdqw*v h�ruw fkrlfh h lv qrq0revhuydeoh dqg khqfh qrq0frqwudfwleoh1

� Sdvw dqg suhvhqw uhdol}dwlrqv ri rxwsxw duh frqwudfwleoh1 Vshfl�fdoo|/ zh dvvxph wkdw dw

wkh ehjlqqlqj ri hdfk shulrg wkh odqgorug fdq frpplw klpvhoi wr d rqh0shulrg frqwudfw

zklfk pdsv fxuuhqw dqg sdvw uhdol}dwlrqv ri rxwsxw lqwr +d, fxuuhqw sd|phqwv wr hdfk
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srwhqwldo whqdqw dqg +e, d ghflvlrq derxw zklfk whqdqw zloo zrun iru klp lq wkh qh{w

shulrg1

� Wkh odqgorug idfhv d olplwhg oldelolw| frqvwudlqw1�f Lq sduwlfxodu/ lq d jlyhq shulrg hdfk

whqdqw kdv d olplwhg dprxqw ri zhdowk z A 3> vr wkdw wkh ohdvw kh fdq jhw sdlg lv �z1��

� Erwk wkh whqdqw dqg wkh odqgorug duh ulvn qhxwudo1�2

Ehfdxvh erwk wkh odqgorug dqg wkh whqdqwv duh lq�qlwho| olyhg/ wklv gh�qhv dq lq�qlwh

h{whqvlyh0irup jdph ehwzhhq wkh odqgorug dqg wkh whqdqw zklfk/ lq sulqflsoh/ fdq kdyh pdq|

htxloleuld1 Khuh zh uhvwulfw rxuvhoyhv wr vwxg|lqj htxloleuld ri wklv jdph zkhuh wkh vwudwhjlhv lq

hdfk shulrg duh klvwru| lqghshqghqw h{fhsw iru wkh fkrlfh ri zkr lv jrlqj wr eh wkh odqgorug*v

fxuuhqw whqdqw1�� Ixuwkhupruh/ frqvlvwhqw zlwk wkh dvvxpswlrq wkdw wkhuh duh pdq| srwhqwldo

whqdqwv dqg rqh odqgorug/ zh zloo irfxv rq wkh htxloleulxp zklfk pd{lpl}hv wkh odqgorug*v

shu0shulrg sur�wv1

Lq wklv jdph wkhuh lv qr uhdvrq wr sd| wkrvh whqdqwv zkr duh qrw zrunlqj iru wkh odqgorug

lq wkh fxuuhqw shulrg 0 vr wkh frqwudfw rqo| qhhgv wr vshfli| sd|phqwv wr wkh whqdqw zkr lv

fxuuhqwo| zrunlqj iru wkh odqgorug1 Olnhzlvh/ wkh odqgorug kdv qr uhdvrq wr glvfulplqdwh dprqj

wkrvh zkr duh qrw zrunlqj iru klp lq wkh fxuuhqw shulrg1 Wkhuhiruh li dqg zkhq kh ghflghv

wr jhw d qhz whqdqw/ kh fdq vlpso| fkrrvh udqgrpo| iurp dprqj wkrvh zkr duh qrw zrunlqj

iru klp fxuuhqwo| +khuh zh pdnh xvh ri dvvxpswlrq wkdw wkhuh duh pdq| srwhqwldo whqdqwv>

rwkhuzlvh wkh odqgorug zrxog rqo| udqgrpl}h dprqj wkrvh zkr kdyh qhyhu zrunhg iru klp,1

Ixuwkhupruh/ e| wkh dvvxpswlrq ri klvwru| lqghshqghqfh/ wkh frqwudfw iru hdfk whqdqw zloo mxvw

ghshqg rq wkh fxuuhqw uhdol}dwlrq ri rxwsxw1 Wkhuhiruh/ wkh frqwudfw lq dq| jlyhq shulrg zloo

mxvw qhhg wr vshfli| irxu qxpehuv 0 wkh sd|phqw wr wkh whqdqw dqg wkh suredelolw| ri klv ehlqj

frqwlqxhg lq wkh mre zkhq wkh rxwsxw lv kljk +ghqrwhg uhvshfwlyho| e| k dqg *, dqg wkh vdph

wzr qxpehuv zkhq rxwsxw lv orz +o dqg #,1 Zh zloo �qg lw frqyhqlhqw wr uhihu wr k dqg o dv

vxffhvv dqg idloxuh zdjhv1 Qrwh wkdw zh frxog kdyh/ lqvwhdg/ frqgxfwhg rxu dqdo|vlv lq whupv

ri d olqhdu frqwudfw/ v\ � u> zlwk v ghqrwlqj wkh furs0vkduh ri wkh whqdqw dqg u> d �{hg0uhqw
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frpsrqhqw zlwk v @ k� o dqg u @ �o= Wklv lv ehfdxvh/ vlqfh rxwsxw wdnhv rqo| wzr ydoxhv lq

wklv prgho/ doo frqwudfwv fdq eh h{suhvvhg dv olqhdu frqwudfwv1

��2 �T|�4@* Ai?@?U) �L?|h@U|t ��|�L�| ,��U|�L?

Zh �uvw vroyh wkh odqgorug*v sureohp xqghu wkh dvvxpswlrq wkdw lqfxpehqw whqdqwv fdqqrw

eh hylfwhg dqg zloo wkhuhiruh frqwlqxh wr eh wkh whqdqw lq doo ixwxuh shulrgv1 Lq wklv fdvh wkh

sureohp uhgxfhv wr vroylqj wkh rqh0shulrg frqwudfwlqj sureohp1 Jlyhq wkh whqdqw*v rxwvlgh

rswlrq p dqg zhdowk ohyho z> wkh rswlpdo frqwudfw lv d vroxwlrq ri pd{lpl}lqj wkh odqgorug*v

h{shfwhg sd|r�=

pd{
tec�c,�

� @ h� ihk. +4� h,oj

vxemhfw wr wkh iroorzlqj frqvwudlqwv=

+l, Wkh olplwhg oldelolw| frqvwudlqw +OOF, uhtxluhv wkdw wkh dprxqw ri prqh| wkdw frxog

eh wdnhq dzd| iurp wkh whqdqw lq dq| vwdwh ri wkh zruog lv erxqg deryh e| klv zhdowk z dqg

uhdol}hg rxwsxw=

k � �+4 .z,> o � �z

+ll, Wkh sduwlflsdwlrq frqvwudlqw +SF, ri wkh whqdqw uhtxluhv wkdw wkh frqwudfw jxdudqwhhv

dq h{shfwhg sd|r� htxdo wr p wr wkh whqdqw=

y @ hk. +4� h,o �
4

5
fh2 �p

+lll, Wkh lqfhqwlyh0frpsdwlelolw| frqvwudlqw +LF, uhtxluhv wkdw wkh whqdqw fkrrvhv wkh h�ruw

ohyho h wr pd{lpl}h klv sulydwh sd|r�=

h @ duj pd{
eMdfc�o

�
hk. +4� h,o �

4

5
fh2
�
=

Qrwlfh wkdw wkh rswlpdo lqfhqwlyh frqwudfw +k> o, pxvw kdyh k A o ehfdxvh li k � o> wkhq

iurp wkh LF> h @ 3 dqg wkh odqgorug jhwv �o zkhuhdv iru wkh vdph o li kh vhwv 4 � k A o kh

jhwv hi4� +k� o,j� o � �o 1 Wklv dovr lpsolhv wkdw rqh ri wkh wzr olplwhg oldelolw| frqvwudlqwv/

k � �+4.z, fdqqrw elqg1 Wkh wrwdo h{shfwhg vxusoxv jhqhudwhg e| d surmhfw lv V @ h�fh2@51

Wkh �uvw ehvw ohyho ri h> qdpho| wkh rqh wkdw pd{lpl}hv V> lv �
S
? 4 +e| rxu dvvxpswlrq wkdw

f A 4,1 Vlqfh wkh frqvwudlqw wkdw h � 4 grhv qrw elqg dw wkh �uvw ehvw/ zh fdq vdiho| ljqruh lw=

Wklv dovr lpsolhv wkdw wkhuh lv qr uhdvrq wr fkrrvh k� o A 4 vlqfh wkh �uvw ohyho ri h�ruw dqg

rxwsxw lv dfklhyhg zkhq k� o @ 4= Khqfh wkh LF fdq eh uhzulwwhq dv

h @
k� o

f
5 +3> 4,=

Ohw xv vxevwlwxwh iru h xvlqj wkh LF dqg uhzulwh wkh rswlpdo frqwudfwlqj sureohp ri wkh

odqgorug dv=

pd{
t�c,�

�+k> o, @
k� o

f
�

+k� o,2

f
� o
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vxemhfw wr E�3,�2

2S . o �p dqg o � �z=

Frqvlghu �uvw wkh fdvh zkhuh wkh SF grhv qrw elqg1 Revhuyh wkdw lq wklv fdvh lw lv dozd|v

rswlpdo wr uhgxfh o grzq wr �z zkloh nhhslqj k� o xqfkdqjhg1 Zlwk o vhw dw �z> wkh ydoxh

ri k� o wkdw pd{lpl}hv sur�wv lv hdvlo| ghwhuplqhg e| gl�huhqwldwlqj wkh h{suhvvlrq iru � zlwk

uhvshfw wr k� o= Wklv |lhogv k� o @ �
2 > lpso|lqj h @ �

2S = Vxevwlwxwlqj wkhvh ydoxhv lqwr SF> zh

fdq zulwh lw dv 4@;f � p. z1 Dv orqj dv p dqg z duh orz hqrxjk wkdw wklv frqvwudlqw grhv

qrw elqg/ zh duh mxvwl�hg lq ljqrulqj wkh SF1 Iru wklv fdvh wkh rswlpdo ydoxh ri h lv wkhuhiruh>

hW @
4

5f
=

Qh{w frqvlghu wkh fdvh zkhuh 4@;f ? p. z1 Lq wklv fdvh SF zloo elqg1 Vxevwlwxwlqj wkh

ydoxh ri o iurp SF lqwr wkh h{suhvvlrq iru � jlyhv xv

�+k> o, @
k� o

f
�

+k� o,2

5f
�p=

Wklv h{suhvvlrq lv pd{lpl}hg zkhq k � o @ 4>zklfk uhsuhvhqwv d sxuh uhqw frqwudfw1�e Frq0

vhtxhqwo| h zloo eh dw lwv �uvw ehvw ohyho/ �
S
1 Frpelqlqj k � o @ 4 zlwk wkh idfw wkdw wkh SF

elqgv/ zh jhw wkh frqglwlrq o @ p � �
2S 1 Vlqfh wkh OOF uhtxluhv wkdw o � �z> zh frqfoxgh

wkdw wkh �uvw ehvw ohyho ri h zloo rqo| eh fkrvhq li p� �
2S � �z +rwkhuzlvh wkh OOF zloo elqg,/

zklfk lv htxlydohqw wr p.z � �
2S =

Ilqdoo| iru lqwhuphgldwh ydoxhv ri p . z/ l1h1 4@;f � p . z ? �
2S erwk wkh SF dqg wkh

OOF zloo elqg1 Vroylqj wkhvh wrjhwkhu zh jhw o @ �z dqg k� o @
s
5f+p.z, dqg xvlqj wkh

LF> zh jhw wkh rswlpdo ydoxh ri h>

hW @

v
5+p.z,

f
=

Wkhuh duh wzr uhvxowv iurp wklv dqdo|vlv wkdw duh uhohydqw lq vwxg|lqj wkh h�hfw ri wkh

uhirup=

Uhvxow 4= Wkh ydoxh ri h lpsolhg e| wkh rswlpdo frqwudfw ehwzhhq wkh odqgorug dqg

wkh whqdqw lv=

hW @ �
2S li p.z ? 4@;f

hW @
t

2E6n��
S

li 4@;f �p.z ? �
2S

hW @ �
S

li �
2S �p.z=

�eW| �t i@t) |L �ih�u) |�@| |��t UL?|h@U| T@)t |�i *@?_*Lh_ � �? ML|� t|@|it Lu |�i �Lh*_c 4@!�?} |�i |i?@?| @
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Khqfh dq lpsuryhphqw lq wkh lqfxpehqw whqdqw*v rxwvlgh rswlrq dozd|v +zhdno|,

lqfuhdvhv h�ruw1

Uhvxow 5= Wkh whqdqw*v sduwlflsdwlrq frqvwudlqw grhv qrw elqg dv orqj dvp.z ? �
HS

dqg khqfh kh hduqv uhqwv1

Wkhvh uhvxowv kdyh vlpsoh lqwxlwlrqv1 Wkh pdlq wudgh r� wkh odqgorug idfhv lq wklv prgho

lv ehwzhhq surylglqj lqfhqwlyhv dqg h{wudfwlqj vxusoxv iurp wkh whqdqw1 D �{hg uhqw frqwudfw/

zkhuh wkh whqdqw sd|v wkh vdph dprxqw zkhwkhu ru qrw klv rxwsxw lv kljk/ pd{lpl}hv wkh

whqdqw*v lqfhqwlyhv dqg zrxog dozd|v eh fkrvhq li wkh whqdqw zhuh zhdowk| hqrxjk1 Krzhyhu

vlqfh wkh whqdqw fdqqrw sd| pruh wkdq kh kdv/ wkh �{hg uhqw lv erxqghg deryh e| wkh whqdqw*v

zhdowk/ z +wklv lv doo kh kdv zkhq klv furs idlov,1 Wkhuhiruh/ li z lv vpdoo/ �{hg uhqw frqwudfwv

duh qrw lq wkh odqgorug*v lqwhuhvw1 Wkh odqgorug fdq gr ehwwhu zlwk d frqwudfw wkdw pdnhv

wkh whqdqw sd| pruh zkhq kh kdv pruh +l1h1/ zkhq klv rxwsxw lv kljk,1 Krzhyhu wklv fohduo|

wd{hv vxffhvv dqg wkhuhiruh zhdnhqv lqfhqwlyhv1 Wklv h{sodlqv zk| wkh rxwsxw lv ohvv wkdq �uvw

ehvw1 Krzhyhu dv wkh whqdqw ehfrphv pruh zhdowk| lw ehfrphv hdvlhu wr h{wudfw uhqwv iurp

klp zlwkrxw vdful�flqj lqfhqwlyhv dqg rxwsxw dssurdfkhv wkh �uvw ehvw1�D

Dq lqfuhdvh lq wkh rxwvlgh rswlrq ri wkh whqdqw/ p> irufhv wkh odqgorug wr sd| wkh whqdqw

pruh1 Vlqfh wkh whqdqw w|slfdoo| kdv wrr olwwoh lqfhqwlyhv/ wkh odqgorug zloo zdqw wr sd| klp

wklv h{wud dprxqw lq wkh irup ri dq h{wud erqxv iru vxffhvv/ zklfk zloo jlyh wkh whqdqw vwurqjhu

lqfhqwlyhv wr zrun kdug1 Wklv uhvxow irupv wkh edvlv ri zkdw zh fdoo wkh edujdlqlqj srzhu h�hfw

ri wkh uhirup = dq lqfuhdvh lq wkh whqdqw*v edujdlqlqj srzhu/ kroglqj hyhu|wklqj hovh frqvwdqw/

ohdgv wr dq lqfuhdvh lq klv vkduh dqg klv surgxfwlylw|1

Ilqdoo|/ wkh whqdqw pd| hduq uhqwv lq wklv prgho ehfdxvh li kh kdv yhu| olwwoh zhdowk dqg

klv rxwvlgh rswlrqv duh yhu| orz/ wkhq wkh rqo| zd| wkh odqgorug fdq h{wudfw wkh hqwluh vxusoxv

iurp wkh whqdqw +qhw ri p, lv e| wdnlqj dzd| doprvw doo ri wkh rxwsxw zkhq rxwsxw lv kljk1

Vlqfh wklv reylrxvo| kdv dgyhuvh lqfhqwlyh h�hfwv/ wkh odqgorug zloo w|slfdoo| qrw wu| wr h{wudfw

wkh hqwluh vxusoxv zkhq p lv yhu| orz1 Khqfh wkh odqgorug zloo qrw uhgxfh wkh vkduh ri wkh

whqdqw ehorz vrph plqlpxp ohyho luuhvshfwlyh ri p1�S

Wkh fxuyh DEFG lq �jxuh 4 vkrzv htxloleulxp h�ruw dv d ixqfwlrq ri wkh whqdqw*v rxwvlgh

rswlrq dqg zhdowk ohyho zkhq hylfwlrq wkuhdwv duh devhqw1
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Zh qrz wxuq wr wkh vlwxdwlrq zkhq wkh odqgorug fdq hylfw wkh whqdqw dw zloo1 Lq wklv fdvh

wkh odqgorug fdq w|slfdoo| gr ehwwhu wkdq r�hulqj wkh rqh0vkrw frqwudfw ghvfulehg deryh1 Rqh

ihdwxuh ri wkh rqh0vkrw frqwudfw lv wkh idfw wkdw wkh whqdqw hduqv uhqwv xqohvv klv rxwvlgh rswlrq

lv vx�flhqwo| jrrg= wklv phdqv wkdw wkh whqdqw zloo vwulfwo| suhihu wr frqwlqxh ehlqj d whqdqw>

wkhuhiruh/ wkh wkuhdw ri hylfwlqj klp li rxwsxw lv orz/ fdq eh xvhg dv dq lqfhqwlyh ghylfh1�.

Ohw Y wr ghqrwh wkh h{shfwhg htxloleulxp olih0wlph xwlolw| ri dq lqfxpehqw whqdqw lq wkh qh{w

shulrg1 Ohw P ghqrwh wkh htxloleulxp olih0wlph h{shfwhg xwlolw| ri vrphrqh zkr lv fxuuhqwo|

qrw d whqdqw= P �p@+4��, zkhuh/ dv ehiruh/ p lv wkh shu0shulrg ydoxh ri wkh rxwvlgh rswlrq1

Wkh k|srwkhvlv ri klvwru| lqghshqghqfh lpsolhv wkdw wkh odqgorug fdqqrw suhfrpplw dq|wklqj

eh|rqg wkh fxuuhqw shulrg lqfhqwlyh frqwudfw/ +k> o,> dqg wkh fruuhvsrqglqj suredelolwlhv ri

hylfwlrq / +4 � *> 4 � #,= Lw dovr lpsolhv wkdw wkh whqdqw*v olihwlph xwlolw| iurp qh{w shulrg

rqzdugv/ �Y / lv wdnhq dv h{rjhqrxv lq wklv shulrg e| erwk sod|huv1

Jlyhq wkhvh dvvxpswlrqv/ wkh whqdqw*v h{shfwhg olihwlph xwlolw| lq wkh fxuuhqw shulrg iurp

fkrrvlqj d ohyho ri h�ruw h wrgd|/ Yf> pxvw vdwlvi| wkh Ehoopdq htxdwlrq=

Y f @Pd{teMdfc�o�

�
hk. �^*h. +4� h,#`+Y �P, . �P � +4� h,z �

4

5
fh2
�
=�H +4,

Gl�huhqwldwlqj wklv h{suhvvlrq zlwk uhvshfw wr h |lhogv wkh qhz LF=

k.z . �+Y �P,+*� #, @ fh= +5,

Frpsdulqj zlwk wkh LF lq wkh rqh0vkrw jdph zh vhh wkdw wkh h{lvwhqfh ri uhqwv dqg wkh whqdqw*v

iruhvljkw uhgxfhv wkh pdujlqdo frvw ri lpsohphqwlqj h e| wkh dprxqw �+Y �P,+*� #,=

Qh{w zh revhuyh wkdw * @ 4 dqg # @ 3 lq wkh rswlpdo g|qdplf frqwudfw1 Dv orqj dv

wkh whqdqw lv vwloo jhwwlqj pruh wkdq klv rxwvlgh rswlrq/ udlvlqj wkh suredelolw| ri hylfwlrq lv

suhihuuhg e| wkh odqgorug wkdq wr udlvh k iru jlylqj pruh lqfhqwlyhv ehfdxvh lw lv frvwohvv iurp

klv srlqw ri ylhz1 Qhlwkhu * ru # d�hfw wkh odqgorug*v sd|r� gluhfwo| +vr orqj dv wkh SF lv qrw

elqglqj,/ dqg wkh rqo| wklqj wkh| d�hfw lv wkh LF1 Khqfh iurp +5, zh vhh wkdw # vkrxog eh vhw

dw lwv plqlpxp srvvleoh ydoxh/ 3> wr jlyh wkh pd{lpxp sxqlvkphqw wr wkh whqdqw iru idloxuh1

Rq wkh rwkhu kdqg * vkrxog eh vhw dw lwv pd{lpxp srvvleoh ydoxh/ 4 wr pd{lpdoo| uhzdug wkh

whqdqw iru vxffhvv1

Wkxv +5, ehfrphv/

k.z . �+Y �P, @ fh= +6,
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Wkh qhz SF ri wkh whqdqw lv

Y f �P=�b

Lq d vwdwlrqdu| htxloleulxp �Yf @ �Y > dqg khqfh iurp +4, zh jhw=

�Y �P @
hk� +4� h,z � �

2fh
2 �p

4� �h
= +7,

Vxevwlwxwlqj +6, lq +7, zh jhw

�Y �P @
4

5
fh2 �z �p +8,

Lq dq| htxloleulxp lq zklfk hylfwlrq wkuhdwv duh xvhg/ wkh deryh h{suhvvlrq pxvw eh srvlwlyh1

Dvvxplqj wkdw lw lv srvlwlyh/ wkh odqgorug kdv wr pd{lpl}h/

Pd{tec�c,� h+4� k,� +4� h,o

vxemhfw wr wkh LF/ +6,> dqg wkh OOF1 Xvlqj wkhvh wzr frqvwudlqwv/ zh fdq uhzulwh wkh odqgorug*v

remhfwlyh ixqfwlrq dv

Pd{te� i4� fh. �+ �Y �P,jh.z= +9,

Pd{lpl}lqj wklv ohdgv wr wkh �uvw0rughu frqglwlrq

4� 5fh. �+ �Y �P, @ 3 +:,

zklfk fdq eh uhzulwwhq lq wkh irup

h @
4 . �+ �Y �P,

5f
= +;,

Zh fdq �qg wkh htxloleulxp ydoxhv ri h dqg �Y e| vroylqj wkh htxdwlrqv +8, dqg +;, vlpxowdqh0

rxvo|1 Lq �jxuh 5 DE dqg FG uhsuhvhqw htxdwlrqv +8, dqg +;,1 Wkhvh fxuyhv lqwhuvhfw dw wzr

srlqwv/ H� dqg H2= Wkh fxuyh DE lv vwulfwo| lqfuhdvlqj dqg frqyh{/ zkloh FG lv d srvlwlyho|

vorshg vwudljkw olqh1 Iru h @ �
2S > FG lqwhuvhfwv wkh krul}rqwdo d{lv1 Vr orqj dv �

HS �p�z A 3>

wkh fxuyh DE olhv deryh FG dw h @ �
2S = Dovr/ iru h @ 4> FG olhv deryh DE =2f Khqfh rqo|

wkh srlqw H�> zklfk fruuhvsrqgv wr d ydoxh ri h 5 + �
2S >

�
S
,> lv dq dgplvvleoh vroxwlrq vlqfh H2

fruuhvsrqgv wr d ydoxh ri h A 4= Dv p.z lqfuhdvhv +exw zlwk �
HS �p�z A 3 frqwlqxlqj wr

krog, / wkh fxuyh DE pryhv grzq/ dqg wkhuhiruh wkh htxloleulxp ydoxh ri h zloo dovr jr grzq1

Wklv lv lqwxlwlyh/ vlqfh wkh uhqwv dqg khqfh wkh irufh ri wkh wkuhdw ri hylfwlrq/ vkrxog eh vpdoohu

zkhq hlwkhu p ru z lv kljkhu1
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Wxuqlqj wr wkh rswlpdo vkduh ri wkh whqdqw/ kW � oW> vxevwlwxwlqj +6, lq +:, dqg xvlqj OOF

zh vhh wkdw

kW � oW @
4

5
� �

4

5
+�Y �P,

Vlqfh �Y �P jrhv grzq zkhq p.z jrhv xs/ kW � oW pxvw jr xs1

Iru wkh fdvh zkhuh �

HS�p�z ? 3> wkh fxuyhD�E� uhsuhvhqwv htxdwlrq +8, dqg lv rewdlqhg e|

d yhuwlfdo grzqzdug vkliw ri DE= Lq wklv fdvh lw lv fohdu wkdw wkh wzr srlqwv dw zklfk D�E� dqg

FG lqwhuvhfw lqyroyh h ? 3 dqg h A 4 dqg qrqh ri wkhp duh dgplvvleoh1 Lq wklv fdvh wkhuh lv qr

vroxwlrq wr wkh rswlpdo frqwudfwlqj sureohp zlwk hylfwlrq zkhuh wkh sduwlflsdwlrq frqvwudlqw

grhv qrw elqg +l1h1/ wkh htxloleulxp ydoxh ri �Y �P lv srvlwlyh,1 Vroylqj wkh sduwlflsdwlrq

htxdwlrq +8, zh jhw

hW @

v
5+p.z,

f
>

zklfk lv ri frxuvh h{dfwo| wkh ydoxh ri hW zh irxqg zkhq hylfwlrq zdv qrw dq rswlrq/ xqghu wkh

dvvxpswlrq wkdw �
2S � p . z � �

HS = Wkh rswlpdo fkrlfh ri wkh whqdqw*v vkduh/ kW � oW> lv dovr

h{dfwo| wkh vdph dv lq wkh qr0hylfwlrq fdvh1 Wklv lv dv zh zrxog h{shfw= zkhq wkh SF elqgv/

wkh idfw wkdw hylfwlrq lv dq rswlrq vkrxog eh luuhohydqw1

Wkh uxoh wkdw hW @
t

2E6n��
S

rqo| dssolhv dv orqj dv hW � �
S
l1h1/ dv orqj dv p . z � �

2S =

Iru p.z A �
2S > h�ruw zloo eh vhw dw lwv �uvw ehvw ohyho l1h1/ h

W @ �
S
/ kW � oW @ 4 dqg wkh OOF

frqvwudlqw zloo qr orqjhu elqg1 Wklv/ rqfh djdlq/ lv h{dfwo| dv lq wkh fdvh zlwkrxw hylfwlrq1

Wkh fxuyh D�EFG lq Iljxuh 4 vkrzv htxloleulxp h�ruw dv d ixqfwlrq ri wkh whqdqw*v rxwvlgh

rswlrq zkhq hylfwlrqv duh shuplwwhg1 Lw gl�huv iurp wkh fruuhvsrqglqj fxuyh DEFG iru wkh

rqh0shulrg prgho rqo| iru wkh udqjh ri ydoxhv ri p vxfk wkdw wkh whqdqw hduqv uhqwv +p.z ?

4@;f,1 Krzhyhu irup.z ? 4@;f/ hW lv ghfolqlqj ixqfwlrq rip zkhq hylfwlrq lv dq rswlrq/ zkloh

lw lv frqvwdqw zkhq hylfwlrq lv iruelgghq1 Pruhryhu vlqfh wkh wzr fxuyhv phhw dwp.z @ 4@;f/

lw iroorzv wkdw wkh vxsso| ri h�ruw lv vwulfwo| kljkhu zkhq hylfwlrq wkuhdwv duh srvvleoh/ iru

p.z ? 4@;f= Wkh deryh glvfxvvlrq lv vxppdul}hg lq=

Uhvxow 6= Zkhq hylfwlqj wkh whqdqw lv dq rswlrq/ wkh rswlpdo fkrlfh ri h dqg k� o

frlqflghv zlwk wkdw iru wkh qr hylfwlrq fdvh dv orqj dvp.z � �
HS = Iru p.z ? �

HS

wkh ydoxh ri h fkrvhq zlwk hylfwlrqv lv vwulfwo| kljkhu wkdq wkh fruuhvsrqglqj ydoxh

zlwkrxw hylfwlrqv1 Pruhryhu/ ryhu wklv udqjh/ d kljkhup lv dvvrfldwhg zlwk d orzhu

fkrlfh ri h exw d kljkhu ydoxh ri k� o=

Wklv uhvxow vkrzv zk| wkh h�hfw ri Rshudwlrq Edujd rq h�flhqf| frxog eh qhjdwlyh lq vslwh

ri wkh edujdlqlqj srzhu h�hfw ghvfulehg lq vhfwlrq 6151 Hylfwlrq wkuhdwv zloo whqg wr udlvh wkh

h�ruw ohyho ri yhu| srru whqdqwv/ dqg xqohvv wkh lqfuhdvh lq p lv odujh hqrxjk/ wkhlu h�ruw

zloo idoo dv d uhvxow ri wkh uhirup wkrxjk wkhvh whqdqwv zloo vwloo eh ehwwhu r�12� Krzhyhu/ wklv

2�W? @? i��U|�L? i^��*�Mh��4 � �t *L�ih @?_ e �t ��}�ih UL4T@hi_ |L |�i ?L�i��U|�L? i^��*�Mh��4c |�i |i?@?|<t

44



dqdo|vlv dssolhv rqo| wr whqdqwv zkr kdyh d odujh qxpehu ri forvh vxevwlwxwhv vr wkdw hylfwlrq

wkuhdwv duh fuhgleoh1 Wklv h{foxghv zhdowklhu dqg pruh deoh whqdqwv1

��e �Tih@|�L? �@h}@ @?_ �?�it|4i?| W?Ui?|��it

Wkh zd| zh kdyh prghohg wkh surgxfwlrq whfkqrorj| vr idu ljqruhv dq| uroh ri lqyhvwphqw1 Lw

lv riwhq dujxhg wkdw whqxuldo lqvhfxulw| glvfrxudjhv lqyhvwphqw e| wkh whqdqw dqg wklv xvxdoo|

irupv wkh vwurqjhvw h�flhqf| +dv rssrvhg wr uhglvwulexwlyh, dujxphqw lq idyru ri whqdqf| ru

odqg uhirup1 Wklv dujxphqw w|slfdoo| idlov wr whoo xv zk| wkh odqgorug klpvhoi fdqqrw xqghuwdnh

vxfk lqyhvwphqwv gluhfwo| +jlyhq wkdw kh lv ohvv olnho| wr eh fuhglw0frqvwudlqhg wkdq wkh whqdqw,/

ru lqgluhfwo|/ e| jlylqj lqfhqwlyhv wr wkh whqdqw wkurxjk vxlwdeoh frqwudfwxdo phdqv1 Lw lv fohdu

wkdw zkhq wkh lqyhvwphqw lv frqwudfwleoh +h1j1/ �dwwhqlqj wkh odqg/ exloglqj vrlo sduwlwlrqv/

sodqwlqj wuhhv/ dqg gljjlqj srqgv, wkh sureohp fdqqrw eh wkh whqdqw*v xqzloolqjqhvv wr lqyhvw

vlqfh wkh odqgorug fdq sd| wkh whqdqw wr lqyhvw1 Wkh sureohp lv udwkhu wkdw wkh odqgorug pd|

qrw zdqw wr lqyhvw dw wkh �uvw ehvw ohyho= jlyhq wkdw wkh whqdqw*v h�ruw lv ehorz wkh �uvw ehvw

ohyho iru djhqf| uhdvrqv/ wkh ydoxh ri dq| lqyhvwphqw wkdw lv frpsohphqwdu| wr wkh whqdqw*v

h�ruw zloo dovr eh ehorz wkh �uvw ehvw ohyho/ dqg dv d uhvxow/ wkh odqgorug zloo eh uhoxfwdqw wr

lqyhvw1 Lq wklv fdvh RE fdq lqfuhdvh lqyhvwphqw/ exw rqo| ehfdxvh lw lqfuhdvhv wkh whqdqw*v

zloolqjqhvv wr sxw lq h�ruw1

Qrq0frqwudfwleoh lqyhvwphqwv/ vxfk dv h{shulphqwdwlrq zlwk qhz whfkqltxhv/ wkh fduh dqg

pdlqwhqdqfh ri wkh odqg/ ru wkh xvh ri pdqxuh +wkh h�hfw ri zklfk odvwv pruh wkdq rqh shulrg,/

gl�hu iurp frqwudfwleoh lqyhvwphqwv ehfdxvh wkh| fuhdwh wkh srvvlelolw| ri d krog0xs sureohp

xqohvv wkh odqgorug fdq pdnh orqj whup frpplwphqwv122

Zh xvh d vlpsoh wzr0shulrg h{whqvlrq ri rxu ehqfkpdun prgho ri vhfwlrq 615 wr looxvwudwh

wkh srlqw1 Dvvxph wkdw lq wkh �uvw shulrg wkh prgho lv dv ehiruh/ exw qrz wkh whqdqw fdq

pdnh d odqg0vshfl�f lqyhvwphqw ri dprxqw { zklfk lqfuhdvhv wkh surgxfwlylw| ri wkh odqg lq

wkh vhfrqg shulrg lq wkh iroorzlqj zd| = rxwsxw lv \M @ 4 . { zlwk suredelolw| h dqg \u @ {

zlwk suredelolw| 4� h1 Wklv lqyhvwphqw frvwv �
2�{

2 wr wkh whqdqw1 Zh dvvxph iru vlpsolflw|

wkdw wkh vhfrqg shulrg*v sd|r� lv qrw glvfrxqwhg/ z @ 3> dqg p ? �
HS 1

Li { zdv frqwudfwleoh wkhq wkh odqgorug frxog vlpso| cex|* lw iurp wkh whqdqw dw wkh h�flhqw

ohyho/ �
�
= Hyhq li { lv qrw frqwudfwleoh/ wkh h�flhqw ohyho ri lqyhvwphqw fdq vwloo eh dfklhyhg

dv orqj dv wkh odqgorug fdq frpplw wr d wzr0shulrg frqwudfw zlwk wkh lqfxpehqw whqdqw1 Ohw

u� � \M � k dqg u, � \u � o ghqrwh wkh odqgorug*v sd|r� zkhq rxwsxw lv kljk dqg orz

uhvshfwlyho|1 Li lq wkh fxuuhqw shulrg wkh rswlpdo frqwudfw lv +u�> u,, wkhq e| frpplwwlqj wr
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uhwdlq wkh fxuuhqw whqdqw qh{w shulrg dqg wr lqfuhdvh wkh uhqw e| d �{hg dprxqw 7u lq wkh

qh{w shulrg luuhvshfwlyh ri rxwsxw/ wkh odqgorug fdq pdnh wkh whqdqw ixoo uhvlgxdo fodlpdqw ri

wkh iuxlwv ri klv lqyhvwphqw1

Wkh lqwhuhvwlqj fdvh ri wklv prgho lv zkhq { lv qrw frqwudfwleoh dqg lw lv dovr qrw srvvleoh

iru wkh odqgorug wr frpplw wr uhzdug wkh whqdqw li kh pdnhv wkh lqyhvwphqw1 Lq wklv fdvh

wkh whqdqw dqwlflsdwhv wkdw wkh odqgorug lv jrlqj wr h{sursuldwh wkh uhvxowv ri klv �uvw shulrg

lqyhvwphqw e| wkuhdwhqlqj wr �uh klp dw wkh ehjlqqlqj ri wkh vhfrqg shulrg1 Dv d uhvxow wkh

whqdqw zloo qrw lqyhvw dw doo/ dqg vr lq erwk shulrgv wkh rxwfrph zloo eh wkh vdph dv lq wkh

rqh0shulrg prgho/ l1h1/ h @ �
2S > u� @

�
2 dqg u, @ 3= Khqfh li wkh odqgorug fdqqrw suh0frpplw wr

ixwxuh frqwudfwv/ klv wrwdo +wzr0shulrg, h{shfwhg sd|r� lv �
2S dqg wkdw ri wkh whqdqw lv �

eS =

D srvvleoh ehqh�w ri RE lq wklv frqwh{w lv wkdw lw uxohv rxw doo hylfwlrqv dqg wkhuhiruh pdnhv

lw srvvleoh iru wkh odqgorug wr frqylqfh wkh whqdqw wkdw kh zloo qrw eh hylfwhg1 Lq wklv fdvh

erwk wkh odqgorug dqg wkh whqdqw zloo eh ehwwhu r�1

Lw lv dovr srvvleoh iru RE wr kdyh ehqh�fldo h�hfwv rq surgxfwlylw| zlwkrxw pdnlqj wkh

odqgorug ehwwhu r�1 Wklv zloo eh wkh fdvh li hylfwlrq wkuhdwv zhuh yhu| h�hfwlyh lq holflwlqj h{wud

h�ruw iurp wkh whqdqw ehiruh wkh uhirup1 Ohw U ghqrwh wkh uhqwv wr wkh whqdqw iurp vwd|lqj

lq wkh uhodwlrqvkls lq wkh vhfrqg shulrg1 Xqghu rxu dvvxpswlrqv U @ �
HS = Iurp wkh dqdo|vlv ri

vhfwlrq 616 zh nqrz wkdw li hylfwlrq wkuhdwv duh xvhg lq wkh �uvw shulrg/ wkhq lq wkdw shulrg

h @ �n-
2S dqg u� @

�n-
2 = Wkh vhfrqg shulrg ehlqj wkh odvw shulrg/ h @ �

2S dqg u� @
�
2 dv lq wkh

vwdwlf prgho1 Wkh odqgorug*v wrwdo h{shfwhg sur�w lv E�n-�2

eS . �
eS = Vxssrvh lqvwhdg wkh odqgorug

jxdudqwhhv whqxuh wr wkh whqdqw dqg suh0frpplwv wkh vhfrqg shulrg frqwudfw1 Lq wklv fdvh/ wkh

pd{lpxp dprxqw e| zklfk wkh odqgorug fdq lqfuhdvh wkh vhfrqg shulrg uhqw h{ dqwh lv htxdo

wr wkh qhw vrfldo vxusoxv iurp lqyhvwphqw/ �
2� = Khqfh klv wrwdo h{shfwhg sur�w lv �

2S .
�
2� = Lw

lv uhdglo| fkhfnhg wkdw li f lv orz dqg � lv kljk +zklfk phdqv wkdw lw lv uhodwlyho| fkhdshu wr

holflw h�ruw iurp wkh whqdqw frpsduhg wr lqyhvwphqw,/ wkh odqgorug zloo suhihu wr xvh hylfwlrq

dv d wkuhdw1 Lq wklv fdvh hyhq wkrxjk wkh ohjdo frqwudfw udlvhv lqyhvwphqw/ h�flhqf| dqg wkh

whqdqw*v sd|r�/ wkh odqgorug zloo eh zruvh r�1 Wkh revhuyhg qhjdwlyh odqgorug uhdfwlrq djdlqvw

wkh uhirup lq Zhvw Ehqjdo +Jkrvk/ 4<;4, vxjjhvwv wkdw wklv zdv pruh olnho| wr kdyh ehhq wkh

fdvh wkhuh1

Zh fdq vxppdul}h rxu dqdo|vlv dv=

Uhvxow 7= Dq lpsuryhphqw lq wkh whqdqw*v rxwvlgh rswlrq lqfuhdvhv wkh pdujlqdo

uhwxuq rq frqwudfwleoh lqyhvwphqwv zklfk duh frpsohphqwdu| zlwk h�ruw1 Vhfxulw|

ri whqxuh dqg d kljkhu furs vkduh lqgxfhv wkh whqdqw wr lqfuhdvh wkh vxsso| ri qrq0

frqwudfwleoh odqg0vshfl�f lqyhvwphqwv1
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Wkhruhwlfdoo| zh h{shfw Rshudwlrq Edujd +RE, wr kdyh lqfuhdvhg wkh rxwvlgh rswlrq ri whqdqwv

dqg wr kdyh pdgh hylfwlrq lpsrvvleoh1 Zh nqrz iurp wkh djjuhjdwh gdwd wkdw wkh whqdqwv

uhvsrqghg srvlwlyho| wr wkh uhirup= dffruglqj wr r�fldo hvwlpdwhv e| 4<<6 derxw 98( ri doo

vkduhfursshuv zhuh uhjlvwhuhg frpsduhg wr 48( ehiruh RE1 Krzhyhu wkh djjuhjdwh gdwd gr

qrw lqglfdwh zkhwkhu wkh uhirup dfwxdoo| d�hfwhg frqwudfwxdo whupv1 Lq rughu wr �oo wklv jds/

zh vxuyh|hg d vwudwl�hg udqgrp vdpsoh ri 7;3 vkduhfursshuv iurp 7; yloodjhv lq Zhvw Ehqjdo1

Wkh vxuyh| dvnhg hdfk iduphu ghwdlohg txhvwlrqv derxw ydulrxv dvshfwv ri wkh odqgorug0whqdqw

frqwudfwxdo uhodwlrqvkls ehiruh dqg diwhu wkh uhirup12�

Wkhvh gdwd vkrzv wkdw wkh uhirup juhdwo| lpsuryhg vhfxulw| ri whqxuh1 Lq wkh suh uhirup

shulrg/ whqxuh zdv qrw vhfxuh1 Vhyhqw|0irxu shufhqw ri whqdqwv vxuyh|hg vdlg wkdw lq wkh suh0

uhirup shulrg wkhlu ohdvhv zhuh ri xqvshfl�hg gxudwlrq vxemhfw wr duelwudu| whuplqdwlrq e| wkh

odqgorug1 Hljkw| shufhqw ri wkh whqdqwv uhsruwhg wkdw odqgorugv lq wkhlu yloodjh kdg xvhg hylfwlrq

wkuhdwv dqg wkluw| shufhqw uhsruwhg wkdw wkh| ru wkhlu idwkhuv zhuh dfwxdoo| wkuhdwhqhg12e Wkh

uhdvrqv flwhg iru wkh xvh ri hylfwlrq wkuhdwv lqfoxgh erwk orz surgxfwlrq +lq iruw| shufhqw ri wkh

fdvhv, dqg glvsxwhv zlwk wkh odqgorug +lq �iw|0�yh shufhqw ri fdvhv,1 Lq rwkhu zrugv/ hylfwlrq

zdv xvhg erwk dv dq lqfhqwlyh ghylfh dqg dv dq lqvwuxphqw iru edujdlqlqj1 Diwhu wkh uhirup/

hylfwlrq wkuhdwv kdyh doprvw glvdsshduhg1 Qlqhw|0vl{ shufhqw ri doo uhvsrqghqwv uhsruwhg wkdw

hylfwlqj uhjlvwhuhg whqdqwv lv gl�fxow ru lpsrvvleoh1 Vl{w|0vhyhq shufhqw dovr uhsruwhg wkdw lw

lv gl�fxow ru lpsrvvleoh wr hylfw hyhq xquhjlvwhuhg whqdqwv�odujho| ehfdxvh wkh| fdq uhjlvwhu

wkhpvhoyhv zkhqhyhu wkh| zdqw1 Ilqdoo|/ dfwxdo hylfwlrqv lq wkh srvw uhirup shulrg duh uduh=

rqo| 63 shufhqw ri uhvsrqghqwv vdlg wkdw wkh| nqrz ri d whqdqw zkr zdv hylfwhg lq wkh odvw whq

|hduv1

Vlqfh hylfwlrq wkuhdwv zhuh xvhg e| wkh odqgorug lq edujdlqlqj lq wkh suh0uhirup shulrg/

pdnlqj hylfwlrq gl�fxow ru lpsrvvleoh pxvw kdyh vwuhqjwkhqhg wkh whqdqw*v edujdlqlqj srvlwlrq=

lq rwkhu zrugv/ p vkrxog kdyh jrqh xs1 Rxu prgho vd|v wkdw wkh whqdqw*v vkduh ri wkh furs

vkrxog jr xs/ ru dw ohdvw qrw jr grzq/ zkhqp jrhv xs1 Rxu vxuyh| +dv zhoo dv vpdoohu vxuyh|v

e| Nrkol/ 4<;:/ dqg Fkdgkd dqg Ekdxpln/ 4<<5, frq�upv wkdw furs vkduhv lqfuhdvhg diwhu

wkh uhirup +vhh �jxuh 6,1 Iru h{dpsoh/ wkh sursruwlrq ri whqdqwv lq rxu vdpsoh jhwwlqj pruh

wkdq 83 shufhqw ri rxwsxw lqfuhdvhg iurp 4: shufhqw wr 6< shufhqw= Hylghqfh iurp rxu vxuyh|

vxjjhvwv wkdw zkloh vkduhv urvh iru erwk uhjlvwhuhg dqg xquhjlvwhuhg whqdqwv/ wkh lqfuhdvh zdv

juhdwhu iru uhjlvwhuhg whqdqwv1 Wr wkh h{whqw xquhjlvwhuhg whqdqwv idfhg vrph lqvhfxulw| ri

whqxuh/ wkhlu edujdlqlqj srzhu suhvxpdeo| lqfuhdvhg ohvv/ uhvxowlqj lq d vpdoohu lqfuhdvh lq wkh

vkduh12D
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Wklv hylghqfh/ krzhyhu/ xqghuhvwlpdwhv wkh h{whqw ri fkdqjh lq vkduhv1 Zh zhuh rqo| deoh

wr vxuyh| wkrvh zkr zhuh vwloo whqdqwv lq 4<<81 Wklv ohdyhv rxw doo wkrvh zkr vzlwfkhg iurp

ehlqj vkduhfursshuv wr ehlqj rzqhu iduphuv dv d uhvxow ri wkh surjudp1 Wklv kdsshqhg iru

wzr uhdvrqv1 Iluvw/ pdq| odqgorugv/ hvshfldoo| wkrvh zkr zhuh devhqwhh/ idfhg zlwk kdylqj wr

ghdo zlwk d uhjlvwhuhg vkduhfursshu suhihuuhg wr vhoo rxw dqg ohdyh1 Dv d uhvxow/ odqg sulfhv ihoo/

doorzlqj huvwzkloh vkduhfursshuv wr ex| odqg1 Vhfrqg/ hyhq lq fdvhv zkhuh wkh odqgorug glg

qrw vhoo rxw dqg ohdyh/ kh riwhq suhihuuhg wr duulyh dw dq duudqjhphqw zlwk klv whqdqw zkhuhe|

wkh whqdqw uhfhlyhg rzqhuvkls ri d sduw ri wkh odqg/ lq uhwxuq iru jlylqj xs klv fodlp rq wkh

uhvw12Sc2. Lq d ghwdlohg vwxg| ri wkh odqg pdunhw lq wzr yloodjhv lq Zhvw Ehqjdo Udzdo +4<<:,

irxqg wkdw ehwzhhq 4<:: wr 4<<8 dq dprxqw ri odqg frqvwlwxwlqj ryhu 63( ri wrwdo fxowlydwhg

duhd zdv vrog1 Wkh pdmru vhoohuv zhuh odujh ru devhqwhh odqgrzqhuv/ dqg wkh pdmru sxufkdvhuv

zhuh vpdoo rzqhu fxowlydwruv dqg vkduhfursshuv1 Wklv lv lq vkdus frqwudvw zlwk rwkhu Lqgldq

vwdwhv/ zhuh odqg pdunhwv duh yhu| wklq/ dqg wr wkh h{whqw dq| odqg wudqvihu wdnhv sodfh/ lw lv

iurp vpdoohu wr odujhu odqgrzqhuv1

��S 5�44@h)

Holplqdwlqj wkh srvvlelolw| ri hylfwlrq uhgxfhv h�ruw dqg rwkhu qrq0frqwudfwleoh fxuuhqw lqsxwv

dv orqj dvp lv khog �{hg lq rxu prgho1 Krzhyhu rqfh wkh srvvlelolw| ri hylfwlrq lv holplqdwhg/ d

kljkhu p whqgv wr lqfuhdvh wkh vxsso| ri wkhvh lqsxwv1 Vlqfh Rshudwlrq Edujd erwk holplqdwhg

hylfwlrqv dqg lqfuhdvhg p> lwv qhw h�hfw frxog eh srvlwlyh ru qhjdwlyh1 Dsduw iurp wkh srvlwlyh

lqyhvwphqw h�hfw/ wkhuh duh vhyhudo rwkhu uhdvrqv zk| zh pljkw h{shfw wkh qhw h�hfw ri wkh

uhirup wr eh srvlwlyh1 Iluvw/ rxu vxuyh| lqglfdwhv wkdw ehiruh wkh uhirup hylfwlrq wkuhdwv

zhuh qrw frpprqo| xvhg wr sxqlvk whqdqwv iru surgxflqj wrr olwwoh12H Vhfrqg/ li wkh qhjdwlyh

lqfhqwlyh h�hfw zdv lqghhg vljql�fdqw iru vrph whqdqw/ wkh odqgorug frxog pdnh klp d vlgh0

sd|phqw dqg vhoo r� wkh odqg wr dq rzqhu iduphu +ru fxowlydwh lw klpvhoi,1 Lqghhg/ vxfk vdohv

zhuh sduw ri wkh srvw0RE vfhqh1 Ilqdoo|/ wkh uhirup frxog kdyh kdg lqgluhfw h�hfwv wkdw jr

eh|rqg wkh frqwudfwxdo uhodwlrqvkls ehwzhhq odqgorugv dqg whqdqwv12b
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Rxu remhfwlyh lq wklv vhfwlrq lv wr hvwlpdwh wkh h�hfw ri wkh fkdqjh lq surshuw| uljkwv eurxjkw

derxw e| RE rq djulfxowxudo surgxfwlylw| lq Zhvw Ehqjdo1 Zh wdnh wzr dssurdfkhv1 Wkh

�uvw lv d txdvl0h{shulphqwdo dssurdfk wkdw xvhv Edqjodghvk dv d frqwuro1 Wkh vhfrqg xvhv

wkh qxpehu ri uhjlvwhuhg vkduhfursshuv lq d glvwulfw dv d phdvxuh ri surjudp lqwhqvlw|/ dqg

frpsduhv wkh jurzwk lq surgxfwlylw| lq glvwulfwv lq zklfk RE zdv lpsohphqwhg lqwhqvho| wr

glvwulfwv lq zklfk wkh surjudp zdv lpsohphqwhg ohvv lqwhqvho|1

e�� �@?}*@_it� �L4T@h�tL?

Edqjodghvk/ zklfk glg qrw lqwurgxfh whqdqf| uhirup/ surylghv d jrrg frpsdulvrq wr Zhvw

Ehqjdo1 Sulru wr Lqghshqghqfh/ Edqjodghvk dqg Zhvw Ehqjdo zhuh sduwv ri wkh vdph vwdwh lq

xqglylghg Lqgld1 H{fhsw iru uholjlrq dqg srolwlfdo erxqgdulhv/ wkh wzr uhjlrqv duh yhu| vlplodu lq

prvw uhvshfwv1 Wklv lqfoxghv djur0folpdwlf frqglwlrqv/ suhydohqfh ri whqdqf|/ dqg djulfxowxudo

whfkqrorj| +Er|fh/ 4<;:,1 Khqfh zh fdq h{shfw whfkqrorjlfdo vkrfnv wr djulfxowxudo |lhogv wr

eh vlplodu ehwzhhq wkhvh wzr uhjlrqv1

Wkh idfw wkdw RE zdv lpsohphqwhg lq Zhvw Ehqjdo exw qrw lq Edqjodghvk fdq eh odujho|

dwwulexwhg wr dq h{rjhqrxv vkrfn1 RE frxog eh lpsohphqwhg rqo| ehfdxvh d ohiw0zlqj jryhuq0

phqw xqh{shfwhgo| fdph lqwr srzhu lq Zhvw Ehqjdo lq 4<::1 Wklv zdv d uhvxow ri d qdwlrqzlgh

zdyh djdlqvw wkh Frqjuhvv Sduw|/ zklfk kdg uxohg lq prvw vwdwhv vlqfh lqghshqghqfh1 Lq wkh

plg0vhyhqwlhv d vhyhuh srolwlfdo fulvlv ohg wkh Frqjuhvv0grplqdwhg fhqwudo jryhuqphqw wr vxv0

shqg flylo olehuwlhv1 Lq wkh vxevhtxhqw hohfwlrqv lq 4<::/ wkh yrwhuv sxqlvkhg wkh Frqjuhvv iru

wklv= wkh ohiw lq Zhvw Ehqjdo zdv wkh ehqh�fldu| ri wklv dqwl0Frqjuhvv zdyh1 Wkxv/ wkh wlplqj

ri RE glg qrw uh�hfw zkdw zdv wkhq kdsshqlqj lq Zhvw Ehqjdo exw udwkhu zkdw zdv kdsshqlqj

lq wkh uhvw ri Lqgld1

Lq wkh shulrg ehiruh RE/ djulfxowxudo surgxfwlylw| zdv jurzlqj dw doprvw lghqwlfdo udwhv

lq wkh wzr vwdwhv1 Ulfh lv wkh pdlq frpsrqhqw ri djulfxowxudo surgxfwlrq lq Zhvw Ehqjdo dqg

Edqjodghvk dqg lv sodqwhg lq ryhu :3 shufhqw ri fursshg duhd1 Ehwzhhq 4<9< dqg 4<:;/ d shulrg

fryhulqj wkh ghfdgh ehiruh RE/ ulfh |lhogv lqfuhdvhg e| <16( lq Zhvw Ehqjdo dqg e| 44( lq

Edqjodghvk1 Lq wkh shulrg diwhu RE zdv lqwurgxfhg +4<:<04<<6,/ ulfh |lhogv lq Zhvw Ehqjdo

lqfuhdvhg e| 9<( frpsduhg wr 77( lq Edqjodghvk1�f Wklv fdq eh vhhq pruh fohduo| lq Iljxuh

7/ zklfk suhvhqwv ulfh |lhogv shu khfwduh ryhu wlph iru Zhvw Ehqjdo dqg Edqjodghvk1 Xqwlo

4<:</ wkh �uvw uhdo |hdu ri RE/ ulfh |lhogv duh dssur{lpdwho| wkh vdph iru wkh wzr frxqwulhv1 Lq

wkh srvw RE shulrg/ ulfh |lhogv lq Zhvw Ehqjdo duh vxevwdqwldoo| kljkhu lq doo |hduv/ h{shfw iru

4<;4 dqg 4<;5 zkhq Zhvw Ehqjdo h{shulhqfhg wzr vxffhvvlyh |hduv ri vhyhuh gurxjkwv/ dprqj
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wkh zruvw h{shulhqfhg lq wkh fhqwxu|1��

Gxulqj wkh vwxg| shulrg/ djulfxowxudo surgxfwlylw| lq erwk uhjlrqv +dqg pxfk ri Hdvwhuq

Lqgld, juhz lq sduw gxh wr wkuhh frpprq idfwruv1 Wkhvh zhuh wkh ehodwhg duulydo ri wkh Juhhq

Uhyroxwlrq shuplwwhg e| wkh vsuhdg ri d orfdoo| vxlwhg kljk |lhog ydulhw| +K\Y, ri ulfh/ d

idoo lq wkh sulfh ri ihuwlol}huv/ dqg dq lqfuhdvh lq vpdoo vfdoh sulydwh luuljdwlrq +Kduulv/ 4<<6,1

Krzhyhu/ hyhq wkrxjk wkh udwh ri dgrswlrq ri K\Y ulfh zdv idvwhu lq Edqjodghvk wkdq lq Zhvw

Ehqjdo/ wkh udwh ri jurzwk lq ulfh surgxfwlylw| zdv kljkhu lq Zhvw Ehqjdo1 Wklv gl�huhqfh lv

zkdw zh zloo dwwulexwh wr wkh lpsohphqwdwlrq ri RE1

71414 Phwkrgv

Zh phdvxuh wkh lpsdfw ri RE rq djulfxowxudo ulfh |lhogv xvlqj d gl�huhqfh0lq0gl�huhqfh hv0

wlpdwru zlwk glvwulfw0ohyho sdqho gdwd1 Wkh gl�huhqfh0lq0gl�huhqfh vshfl�fdwlrq frpsduhv wkh

fkdqjh +ehiruh dqg diwhu RE, lq |lhogv lq wuhdwphqw glvwulfwv +Zhvw Ehqjdo, zlwk wkh fruuh0

vsrqglqj fkdqjh lq frqwuro glvwulfwv +Edqjodghvk,1

Wkh gl�huhqfh0lq0gl�huhqfh prgho fdq eh vshfl�hg lq uhjuhvvlrq irup dv=

oq |_| @ �_ . #| . � � Wuhdwphqw_ � Srvw| .
[

!�[�_| . %_|=

Wkh ghshqghqw yduldeoh lv wkh orj ri wkh ulfh |lhog shu khfwduh lq glvwulfw g dqg |hdu w1 Wkh

uljkw kdqg vlgh yduldeohv lqfoxgh d �{hg h�hfw iru hdfk glvwulfw/ d �{hg h�hfw iru hdfk |hdu/ wkh

lqwhudfwlrq ri d yduldeoh lqglfdwlqj zkhwkhu wkh glvwulfw lv d wuhdwphqw +l1h1 lq Zhvw Ehqjdo,

dqg dq lqglfdwru ri zkhwkhu lw lv wkh srvw0uhirup shulrg1 Wkhuh duh dovr d vhulhv ri frqwuro

yduldeohv +wkh [� *v, wkdw ydu| ryhu wlph dqg dfurvv glvwulfwv1 Wkh glvwulfw �{hg0h�hfwv frqwuro

iru glvwulfw vshfl�f idfwruv wkdw duh �{hg ryhu wlph/ dqg wkh |hdu �{hg0h�hfwv frqwuro iru idfwruv

wkdw ydu| ryhu wlph exw duh frpprq dfurvv doo glvwulfwv 0 erwk wuhdwphqw dqg frqwuro1 Wkh

frh�flhqw � lv wkh gl�huhqfh0lq0gl�huhqfh hvwlpdwh ri wkh lpsdfw ri RE rq ulfh |lhogv1

Wkh gl�huhqfh0lq0gl�huhqfh prgho pdnhv wkh frxqwhuidfwxdo dvvxpswlrq wkdw wkh wuhdwphqw

glvwulfwv zrxog jurz dw wkh vdph udwh dv wkh frqwuro glvwulfwv li wkhuh zhuh qr lqwhuyhqwlrq1 Zkloh

wklv dvvxpswlrq lv qrw gluhfwo| whvwdeoh/ zh fdq whvw zkhwkhu wkh wuhdwphqw glvwulfwv dqg wkh

frqwuro glvwulfwv zhuh jurzlqj dw wkh vdph udwh lq wkh suh0lqwhuyhqwlrq shulrg1 Li zh gr �qg

wkdw wkh| zhuh jurzlqj dw wkh vdph udwh/ lw zrxog vxjjhvw wkdw rxu frxqwhuidfwxdo dvvxpswlrq

lv olnho| wr eh fruuhfw1

Wklv dvvxpswlrq zrxog dovr eh ylrodwhg li wkhuh zhuh vrph rwkhu lqwhuyhqwlrq wkdw zdv

frqwhpsrudqhrxv zlwk RE dqg gl�huhqwldoo| lpsohphqwhg lq Zhvw Ehqjdo dqg Edqjodghvk1 Wr
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frqwuro iru wkh srvvlelolw| wkdw wkhuh zhuh rwkhu lqwhuyhqwlrqv frqwhpsrudqhrxv zlwk RE wkdw

frxog h{sodlq glyhujhqfh ehwzhhq Zhvw Ehqjdo dqg Edqjodghvk/ zh h{solflwo| lqyhvwljdwh wzr

lpsruwdqw djulfxowxudo srolflhv= sxeolf luuljdwlrq/ dqg dgrswlrq ri kljk |lhog ydulhw| +K\Y,

judlqv ri ulfh/ zklfk lv d phdvxuh ri wkh surjuhvv ri wkh juhhq uhyroxwlrq1 Wkhvh duh wkh lqwhu0

yhqwlrqv wkdw duh w|slfdoo| vhhq dv wkh pdmru whfkqrorjlfdo vrxufhv ri lqfuhdvhg surgxfwlylw|1

71415 Vlpsoh Gl�huhqfh0lq0Gl�huhqfh Uhvxowv

Lq wklv vxevhfwlrq zh hvwlpdwh d vlpsoh gl�huhqfh0lq0gl�huhqfh prgho zlwk qr wlph0ydu|lqj

frqwurov rq orj ulfh |lhogv iru wkh shulrg 4<9<0<61�2 Wkh gdwd duh glvwulfw0ohyho iurp 47 Zhvw

Ehqjdo dqg 48 Edqjodghvk glvwulfwv froohfwhg iurp ydulrxv r�fldo jryhuqphqw vrxufhv1�� Vxp0

pdu| vwdwlvwlfv iru wkh orj ri ulfh |lhogv iru Zhvw Ehqjdo dqg Edqjodghvk iru wklv shulrg duh

uhsruwhg lq wkh �uvw froxpq ri Wdeoh 41

Zh ehjlq e| whvwlqj wkh k|srwkhvlv wkdw jurzwk lq |lhogv lq Zhvw Ehqjdo glvwulfwv dqg

Edqjodghvk glvwulfwv zdv wkh vdph lq wkh suh0RE shulrg1 Wklv lv dq lqgluhfw whvw ri gl�huhqfh0

lq0gl�huhqfh dvvxpswlrq wkdw wkh fkdqjh lq wkh frqwuro glvwulfwv lv zkdw zrxog kdyh kdsshqhg

lq wkh wuhdwphqw glvwulfwv li wkhuh zhuh qr lqwhuyhqwlrq1 Wr frqgxfw wkh whvw zh uhjuhvv fkdqjhv

lq orj |lhogv ryhu wkh shulrg 4<9< wr 4<:; djdlqvw dq lqglfdwru ri wkh zkhwkhu wkh glvwulfw lv

lq Zhvw Ehqjdo/ dqg |hdu gxpplhv1 Wkh k|srwkhvlv lv uhmhfwhg li wkh frh�flhqw rq wkh Zhvw

Ehqjdo gxpp| lv vljql�fdqwo| gl�huhqw iurp }hur1 Wkh uhvxowv duh suhvhqwhg lq wkh �uvw froxpq

ri Wdeoh 51 Zh fdqqrw uhmhfw wkh k|srwkhvlv wkdw jurzwk zdv wkh vdph lq erwk frqwuro dqg

wuhdwphqw glvwulfwv lq wkh suh0RE shulrg1

Wkh frh�flhqw hvwlpdwhv iurp wkh vlpsoh gl�huhqfh0lq0gl�huhqfh prghov ri orj ulfh |lhog duh

suhvhqwhg lq froxpqv 5 dqg 6 ri wdeoh 5 iru wkh 4<9<0<61 Wkh nh| yduldeohv duh wkh lqwhudfwlrqv

ri dq lqglfdwru ri zkhwkhu wkh glvwulfw lv lq wkh wuhdwphqw duhd +Zhvw Ehqjdo, zlwk lqglfdwruv

ri zkhwkhu wkh |hdu zdv lq wkh srvw0uhirup shulrg1 Zh vsolw wkh srvw uhirup shulrg lqwr wkuhh

shulrgv ri htxdo ohqjwk wr dffrpprgdwh yduldwlrq lq wkh vshhg dw zklfk uhjlvwudwlrq surfhhghg/

dv zhoo dv odjv lq wkh rxwsxw uhvsrqvh wr RE +iru h{dpsoh/ ehfdxvh wkh h�hfw wkurxjk lqfuhdvhg

lqyhvwphqw zrxog wdnh wlph wr pdwhuldol}h,1 Wkh odvw shulrg uh�hfwv wkh ixoo h�hfw ri RE/ vlqfh

uhjlvwudwlrq zdv prvwo| frpsohwh e| wkhq dqg dq| uhvxowlqj lqyhvwphqwv duh olnho| wr kdyh

douhdg| d�hfwhg surgxfwlylw|1 Zh uh0hvwlpdwhg wkh prgho h{foxglqj 4<;4 dqg 4<;5 zkhq Zhvw

Ehqjdo h{shulhqfhg wzr vxffhvvlyh |hduv ri pdmru gurxjkwv1

Wkh �uvw wkuhh frh�flhqwv lq wkh vhfrqg dqg wklug froxpqv duh wkh gl�huhqfh lq gl�huhqfh
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hvwlpdwhv1 Lq wkh hduo| |hduv ri RE +4<:<04<;6, Zhvw Ehqjdo juhz vorzhu wkdq Edqjodghvk/

exw wklv h�hfw vhhpv wr eh hqwluho| gulyhq e| wkh suhvhqfh ri wkh wzr gurxjkw |hduv wkdw

glvsursruwlrqdwho| d�hfwhg Zhvw Ehqjdo1 Lq wkh qh{w wzr shulrgv +4<;70;; dqg 4<;;04<<6,/

ulfh |lhogv zhuh derxw 8 shufhqw kljkhu1 Wkhvh uhvxowv duh frqvlvwhqw zlwk wkh k|srwkhvlv wkdw

RE kdg d srvlwlyh lpsdfw rq surgxfwlylw|1

71416 Dgmxvwhg Gl�huhqfh0lq0Gl�huhqfh Uhvxowv

Lq wklv vxevhfwlrq/ zh dgmxvw wkh vlpsoh gl�huhqfh0lq0gl�huhqfh hvwlpdwhv iru wlph ydu|lqj

frqwurov1 Krzhyhu/ wkh gdwd rq wkh wlph ydu|lqj frqwurov rqo| h{lvwv iru wkh shulrg 4<::04<<4

iru erwk Edqjodghvk dqg Zhvw Ehqjdo1 Wkh gdwd dydlodeoh iru erwk uhjlrqv lqfoxgh lqirupdwlrq

rq ulfh surgxfwlrq dqg dyhudjh |lhog shu khfwduh/ d phdvxuh ri wkh dprxqw ri ulfh duhd xqghu

K\Y fxowlydwlrq/�e dqqxdo wrwdo udlqidoo/ dqg duhd fryhuhg e| sxeolf luuljdwlrq1�D Ghvfulswlyh

vwdwlvwlfv iru wkhvh gdwd duh uhsruwhg lq wdeoh 41 Zh vhh wkdw lq wkh srvw uhirup shulrg +4<:<0<6,

wkh vkduh ri K\Y ulfh lq wrwdo fxowlydwhg duhd lqfuhdvhg iurp 9 wr 4; shufhqw lq Zhvw Ehqjdo

dqg lw zhqw xs iurp < wr 58 shufhqw lq Edqjodghvk1 Ryhu wkh vdph shulrg duhd xqghu sxeolf

luuljdwlrq lqfuhdvhg e| 56 shufhqw lq Zhvw Ehqjdo dqg zkloh lw grxeohg lq Edqjodghvk1�S

Wkh dydlodelolw| ri gdwd rq wlph ydu|lqj frqwurov doorzhg xv wr hvwlpdwh d qxpehu ri gli0

ihuhqw vshfl�fdwlrqv wr whvw wkh urexvwqhvv ri wkh hvwlpdwhv1�. Wkh uhvxowv ri wklv h{huflvh duh

uhsruwhg lq wdeoh 61 Zh hvwlpdwhg d vlpsoh xqdgmxvwhg gl�huhqfh0lq0gl�huhqfhv +prgho 4,/

dqrwkhu frqwuroolqj iru sxeolf luuljdwlrq dqg udlqidoo +prgho 5,/ dqg dqrwkhu zklfk dgglwlrqdoo|

frqwuroohg iru K\Y vkduh +prgho 6,1

Wkh prghov vkrz wkdw/ h{fhsw iru wkh �uvw shulrg/ ulfh |lhogv juhz idvwhu lq Zhvw Ehqjdo

wkdq lq Edqjodghvk dqg wkh gl�huhqwldov jurz ryhu wlph1 Prgho 4/ zklfk uhshdwv wkh vlp0

soh gl�huhqfh0lq0gl�huhqfh dqdo|vlv iru wkh vkruwhu sdqho/ |lhogv uhvxowv vlplodu wr wkh vlpsoh

gl�huhqfh0lq0gl�huhqfh uhvxowv iru wkh orqj sdqho uhsruwhg lq wkh suhylrxv vxevhfwlrq1 Zkhq

wkh gurxjkw |hduv duh h{foxghg/ wkhuh lv qr gl�huhqfh ehwzhhq Zhvw Ehqjdo dqg Edqjodghvk

lq wkh hduo| shulrg/ 4<:<0;61 Wkh gl�huhqwldo lq wkh odwhu shulrgv +4<;70;:, dqg +4<;;04<<4,

jurzv zkhq wlph ydu|lqj frqwurov duh lqfoxghg lq wkh prgho1 Zkhq zh frqwuro iru udlqidoo/

sxeolf luuljdwlrq/ dqg K\Y vkduh/ wkh Zhvw Ehqjdo |lhogv duh hvwlpdwhg wr eh : shufhqw kljkhu
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ehwzhhq 4<;70;: dqg 4; shufhqw kljkhu ehwzhhq 4<;;0<41

Wkhvh hvwlpdwhg gl�huhqfhv duh dq dyhudjh ri vkduhfursshu dqg rzqhu fxowlydwru |lhogv1

Dvvxplqj wkdw RE kdg qr h�hfw rq rzqhu fxowlydwru surgxfwlylw|/ wkh h�hfw ri RE rq vkduh0

fursshu surgxfwlylw| lv hvwlpdwhg xvlqj wkh irupxod �
�

_�
_|

@ r
E�3r�

�
�J

_�r

_|
zkhuh D lv dyhudjh

surgxfwlylw|/ DJ lv wkh dyhudjh surgxfwlylw| ri rzqhu fxowlydwruv zkr duh qrw d�hfwhg e| wkh

uhirup/ D? lv wkh dyhudjh surgxfwlylw| ri vkduhfursshuv/ dqg v lv wkh dyhudjh duhd xqghu vkduh0

fursslqj1 �H

Wkhuh lv xqiruwxqdwho| vrph frqwuryhuv| derxw wkh dprxqw ri odqg xqghu vkduhfursslqj

lq Zhvw Ehqjdo1 Wkh pdlq uhdvrqv duh odfn ri uholdeoh odqg0uhfrugv/ wkh suhvhqfh ri frqfhdohg

whqdqf| wr hydgh whqdqf| odzv dqg sureohpv ri gh�qlwlrq ri whqdqf|1 Hvwlpdwhv ri wrwdo

fxowlydwhg duhd xqghu vkduhfursslqj lq Zhvw Ehqjdo ehiruh wkh uhirup zdv lqwurgxfhg surylghg

e| ydulrxv urxqgv ri vxuyh|v frqgxfwhg e| wkh Qdwlrqdo Vdpsoh Vxuyh| +Q1V1V1, duh frqvlghuhg

wr eh wkh prvw uholdeoh jlyhq wkhlu odujh vdpsoh edvh dqg phwkrgrorj|1 Wkhvh hvwlpdwhv idoo

zlwklq wkh udqjh ri 4;055( +vhh Edugkdq/ 4<:9/ Wdeohv 4 dqg 7,1 Wkh orzhu erxqg ri wklv

udqjh zklfk lv rewdlqhg iurp wkh Q1V1V1 vxuyh| ri 4<:30:4 lv frqvlghuhg wr eh dq xqghuhvwlpdwh

+Edugkdq/ 4<:9/ Od{plqdud|dq dqg W|djl/ 4<::,1 Wkh xsshu erxqg hvwlpdwh rewdlqhg iurp

wkh Q1V1V1 vxuyh| ri 4<86087 lv frqvlghuhg wr eh pruh uholdeoh lq wklv uhvshfw ehfdxvh lw zdv

frqgxfwhg ehiruh whqdqf| odzv zhuh hqdfwhg lq wkh frxqwu|1 Zh wdnh wkh hvwlpdwh ri 53( wkdw

lv dw wkh plggoh ri wklv udqjh1�b Jlyhq wkdw wrwdo duhd xqghu ulfh fxowlydwlrq lq Zhvw Ehqjdo

lv durxqg :3(/ dqg vkduhfursslqj lv revhuyhg suhgrplqdqwo| zlwk uhvshfw wr ulfh fxowlydwlrq/

wkh sursruwlrq ri ulfh duhd xqghu vkduhfursslqj lv kljkhu1 Dffruglqj wr d uhfhqw vwxg| ryhu

<3( ri odqg ohdvhg lq e| vkduhfursshuv zdv xqghu ulfh fxowlydwlrq +Ekdxpln/ 4<<6/ Wdeoh 915,1

Wklv jlyhv xv dq hvwlpdwh ri derxw d txduwhu ri ulfh duhd xqghu vkduhfursslqj1

Dvvxplqj wkdw wkhuh zdv qr gl�huhqwldo fkdqjh lq wkh |lhogv ri rzqhu fxowlydwruv ehwzhhq

Zhvw Ehqjdo dqg Edqjodghvk/ wkhq vkduhfursshu surgxfwlylw| lqfuhdvhg e| 84( gxulqj wkh odvw

shulrg +4<;;0<4,1ef Wklv shulrg jlyhv xv wkh fxpxodwlyh h�hfw ri wkh uhirup +l1h1/ lqfoxglqj wkh

h�hfw wkurxjk lqyhvwphqw,1

Rqh vwulnlqj uhvxow wkdw fdq eh vhhq iurp wdeoh 6 lv wkdw wkh hvwlpdwh ri wkh lpsdfw ri RE

rq surgxfwlylw| lqfuhdvhv zkhq zh frqwuro iru sxeolf luuljdwlrq dqg wkh Juhhq Uhyroxwlrq1 Wklv

vxjjhvwv wkdw Edqjodghvk h{sdqghg wkhvh sxeolf surjudpv idvwhu wkdq glg Zhvw Ehqjdo lq wkh

srvw0RE shulrg1 Wklv k|srwkhvlv lv frqvlvwhqw zlwk wkh ghvfulswlyh vwdwlvwlfv uhsruwhg lq Wdeoh

41 Zh irupdoo| whvw wklv k|srwkhvlv xvlqj wkh gl�huhqfh0lq0gl�huhqfh iudphzrun zlwk sxeolf
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luuljdwlrq dqg K\Y vkduh dv wkh ghshqghqw yduldeohv1 Wkh uhvxowv duh suhvhqwhg lq wdeoh 71 Wkh

uhvxowv vkrz wkdw erwk sxeolf luuljdwlrq dqg wkh vkduh ri K\Y h{sdqghg idvwhu lq Edqjodghvk

lq wkh srvw uhirup shulrg wkdq wkh| glg lq Zhvw Ehqjdo1

Wkh idfw wkdw Edqjodghvk h{sdqghg wkhvh sxeolf surjudpv ghvljqhg wr lpsuryh djulfxowxudo

surgxfwlylw| idvwhu wkdq Zhvw Ehqjdo lv lpsruwdqw iru lqwhusuhwlqj wkh uhvxowv1 D frqfhuq zlwk

wklv phwkrgrorj| lv wkdw wkhuh pd| eh xqrevhuyhg gl�huhqfhv lq jryhuqphqw surjudpv ehwzhhq

wkh wzr frxqwulhv1 Li wkhvh xqrevhuyhg surjudpv ehkdyhg olnh wkh revhuyhg surjudpv dqg dovr

h{sdqghg idvwhu lq Edqjodghvk lq wkh srvw RE shulrg/ rxu gl�huhqfh0lq0gl�huhqfh hvwlpdwhv ri

wkh lpsdfw ri RE rq djulfxowxudo surgxfwlylw| zrxog jlyh xv d orzhu erxqg hvwlpdwh1 Krz0

hyhu zh fdqqrw frpsohwho| uxoh rxw wkh srvvlelolw| wkdw wkhuh zhuh xqrevhuydeoh srolflhv wkdw

frqirxqg wkh hvwlpdwhg h�hfw1 Zh wkhuhiruh frpsohphqw wklv dqdo|vlv zlwk dq dowhuqdwlyh ds0

surdfk zkhuh zh hvwlpdwh wkh h�hfw ri RE xvlqj yduldwlrq lq surjudp lqwhqvlw| dfurvv glvwulfwv

zlwklq Zhvw Ehqjdo1e�

e�2 �hL}h@4 W?|i?t�|)

Wkh dssurdfk wdnhq lq wklv vxevhfwlrq xvhv wkh glvwulfw vkduhfursshu uhjlvwudwlrq udwh dv d

phdvxuh ri surjudp lqwhqvlw| dqg wkhq h{dplqhv zkhwkhu surgxfwlylw| ulvhv idvwhu lq duhdv lq

zlwk juhdwhu surjudp lqwhqvlw|1 Zh kdyh gdwd rq wkh qxpehu ri uhjlvwhuhg whqdqwv lq Zhvw

Ehqjdo iru wkh shulrg 4<:;0<6 zlwk 4<:; ehlqj wkh |hdu zkhq RE zdv odxqfkhg1e2 RE zdv

odxqfkhg lq 4<:; dqg dw wkh ehjlqqlqj ri 4<:; dyhudjh ohyho ri uhjlvwudwlrq iru Zhvw Ehqjdo

zdv 48(1 Lq 4<<6 uhjlvwudwlrq vwrrg dw 98( ri wkh wrwdo qxpehu ri vkduhfursshuv1 Zh dxjphqw

wkh vhw ri wlph ydu|lqj frqwurov iru Zhvw Ehqjdo xvhg lq wkh suhylrxv vhfwlrq e| gdwd rq wkh

ohqjwk ri urdgv frqvwuxfwhg dqg pdlqwdlqhg e| wkh sxeolf zrunv ghsduwphqw1e�

Zh ehjlq e| irupdoo| ghulylqj wkh hpslulfdo vshfl�fdwlrq/ zklfk uhodwhv |lhogv wr wkh uhjlv0

wudwlrq udwh dqg rwkhu fryduldwhv iurp wkh surgxfwlrq surfhvv1 Krzhyhu/ zh gr qrw kdyh gdwd

derxw wkh surgxfwlylw| ri lqglylgxdo vkduhfursshuv1 Zkdw zh kdyh duh glvwulfw0ohyho |lhogv

jhqhudwhg e| dyhudjlqj dfurvv uhjlvwhuhg vkduhfursshuv/ xquhjlvwhuhg vkduhfursshuv/ dqg rzqhu

fxowlydwruv1 Lq rughu wr lqwhusuhw wkh frh�flhqwv fruuhfwo|/ lq wkh qh{w vhfwlrq zh djjuhjdwh wkh

lqglylgxdo ohyho prgho wr jhqhudwh d glvwulfw ohyho prgho1
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71514 Vshfl�fdwlrq

Lqglylgxdo Idup Surgxfwlylw|

Rxu vwduwlqj srlqw lv d uhgxfhg0irup surgxfwlylw| htxdwlrq ghulyhg iurp d vwuxfwxudo sur�w0

pd{lpl}lqj prgho ri d whqdqw iduphu1 Surgxfwlrq ghshqgv rq wkh whqdqw*v qrq0frqwudfwleoh

lqsxwv +h1j1 h�ruw,/ frqwudfwleoh lqsxwv +h1j1 ihuwlol}hu dqg vhhgv,/ sxeolfo| surylghg lqsxwv +h1j1

luuljdwlrq dqg urdgv,/ dqg udlqidoo1 Iduphuv fkrrvh h�ruw dqg frqwudfwleoh lqsxwv wr pd{lpl}h

sur�wv vxemhfw wr wkh djulfxowxudo surgxfwlrq ixqfwlrq/ wkh sdudphwhuv ri wkh whqdqf| frqwudfw/

sulfhv/ sxeolf lqsxwv dqg udlqidoo1 Zh dvvxph d Free0Grxjodv vshfl�fdwlrq iru idup l*v sur�w0

pd{lpl}lqj rxwsxw shu khfwduh +|lhog, dw wlph w=
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zkhuh D lv wkh [0h�flhqf| ri wkh idup/ f�| lv d yhfwru ri frqwudfw sdudphwhuv +h1j1/ furs0vkduh/

suredelolw| ri hylfwlrq iru gl�huhqw ydoxhv ri rxwsxw hwf1,/ �� uhsuhvhqwv �{hg fkdudfwhulvwlfv

ri wkh whqdqw dqg wkh idup +h1j1 zhdowk/ delolw|/ odqg txdolw|,/ wkh S�| duh pdunhw sulfhv ri

frqwudfwleoh lqsxwv +zh vhw wkh rxwsxw sulfh htxdo wr 4,/ wkh [&�| duh sxeolfo| dydlodeoh lqsxwv

surylghg e| wkh jryhuqphqw +h1j1 fdqdo luuljdwlrq dydlodeoh iru wkh idup dqg urdgv iru wudqvsruw

ri surgxfh wr pdunhw,/ u�| lv wkh dprxqw ri udlqidoo rq wkh idup gxulqj shulrg w/ dqg %�| lv d

}hur phdq udqgrp surgxfwlylw| vkrfn1

Wkh fkdqjh lq wkh [0h�flhqf| sdudphwhu D fdswxuhv wkh qhw h�hfw ri wkh wzr frqwudfwxdo

uhvsrqvhv wr wkh uhirupv1 Wkh �uvw lv wkh h�hfw ri lpsuryhg furs vkduh ri whqdqwv rq wkh

vxsso| ri qrq0frqwudfwleoh lqsxwv +h1j1/ h�ruw,1 Wkh vhfrqg lv wkh qhw h�hfw ri wkh shupdqhqf|

ri whqxuh rq wkh fkrlfh ri lqsxwv +erwk fxuuhqw lqsxwv dqg lqyhvwphqwv,1

Lq vhfwlrq 618 zh irxqg wkdw whqdqwv uhqhjrwldwhg wkhlu frqwudfwv dqg rewdlqhg ehwwhu whupv

diwhu wkh| kdg wkh rssruwxqlw| wr uhjlvwhu hyhq zkhq wkh| glg qrw uhjlvwhu1 Wkhuhiruh/ zh

qhhg wr dffrxqw iru erwk w|shv ri whqdqw iduphuv lq wkh dqdo|vlv1 Ohw D? ghqrwh wkh h�flhqf|

ri d whqdqw0idup lq wkh suh0uhirup shulrg1 Ixuwkhu/ ohw Do dqg D� ghqrwh wkh h�flhqf| ri

whqdqw0idupv zkrvh frqwudfwv zhuh uhqhjrwldwhg diwhu wkh uhirup/ zlwk wkh iruphu uhihuulqj wr

d idup fxowlydwhg e| d uhjlvwhuhg whqdqw dqg wkh odwwhu/ wr d idup fxowlydwhg e| d whqdqw zkr

glg qrw uhjlvwhu hyhq wkrxjk kh kdg wkh rssruwxqlw| wr gr vr1 Dv srlqwhg rxw ehiruh/ wkh odwwhu

fdwhjru| lqfoxghv erwk wkrvh zkr uhpdlqhg d whqdqw dqg wkrvh zkr ehfdph rzqhuv1 Ilqdoo|/

ohw DJ eh wkh h�flhqf| ri dq rzqhu0fxowlydwhg idup/ zklfk vkrxog eh xqd�hfwhg e| wkh uhirup1

Glvwulfw Surgxfwlylw|

Vlqfh wkh gdwd rq wrwdo rxwsxw duh dw wkh glvwulfw0ohyho/ zh kdyh wr djjuhjdwh wkh lqglylgxdo

idup surgxfwlylw| prgho wr wkdw ohyho1 Wklv uhtxluhv djjuhjdwlqj dfurvv uhjlvwhuhg vkduhfurs0

shuv/ xquhjlvwhuhg vkduhfursshuv dqg rzqhu fxowlydwruv1 Ryhu wlph wkh qxpehu ri uhjlvwhuhg

vkduhfursshuv urvh dqg xquhjlvwhuhg vkduhfursshuv ihoo dv RE zdv lpsohphqwhg1
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Wkh uhirupv uhdfkhg whqdqwv lq wkh irup ri rssruwxqlwlhv wr uhjlvwhu zlwk wkh odqg exuhdx0

fudf|1 Lq rughu wr hqirufh wkh whqdqf| odzv/ wkh whqdqw kdg wr uhjlvwhu klv vwdwxv zlwk wkh Odqg

Uhyhqxh R�fh1 Odqg0uhyhqxh r�fldov zhqw yloodjh0e|0yloodjh wr fuhdwh dqg xsgdwh whqdqf|

uhjlvwudwlrq1 Wkh jryhuqphqw/ krzhyhu/ frxog qrw pdnh wkh rssruwxqlw| wr uhjlvwhu dydlodeoh

wr doo whqdqwv dw wkh vdph wlph zlwklq dqg dfurvv glvwulfwv ehfdxvh ri uhvrxufh frqvwudlqwv dqg

orjlvwlfdo sureohpv1 Lqvwhdg/ uhjlvwudwlrq rssruwxqlwlhv h{sdqghg wkurxjk glvwulfwv ryhu wlph

rq d yloodjh0e|0yloodjh edvlv1

Wkhuhiruh/ dyhudjh glvwulfw [0h�flhqf| dw dq| srlqw lq wlph ghshqgv rq wkh sursruwlrq

ri iduphuv zkr zhuh whqdqwv/ wkh sursruwlrq ri whqdqwv zkr kdg wkh rssruwxqlw| wr uhjlvwhu/

dqg wkh sursruwlrq ri shrsoh zkr fkrvh wr uhjlvwhu +khqfhiruwk/ wkh wdnh xs udwh,1 Ehfdxvh lw

zrxog wdnh vrph wlph iru wkh sduwlhv wr uhqhjrwldwh wkh frqwudfwv dqg iru wkdw wr kdyh dq h�hfw

rq |lhogv/ hvshfldoo| wkurxjk lqyhvwphqw lqfhqwlyhv/ zh xvh wkh sursruwlrq ri whqdqwv zkr kdg

wkh rssruwxqlw| wr uhjlvwhu odjjhg e| rqh shulrg1ee Irupdoo|/ ohw v_ eh wkh vkduh ri odqg wkdw

lv fxowlydwhg e| vkduhfursshuv lq glvwulfw g/ y_| eh wkh vkduh ri vkduhfursshuv zkr kdyh ehhq

r�huhg wkh rssruwxqlw| wr uhjlvwhu lq glvwulfw g dw wlph w/ dqg �_ eh wkh wdnh0xs udwh1 Wkhq

wkh dyhudjh [0h�flhqf| ri glvwulfw g lq shulrg w lv=
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Lq sulqflsoh zh zrxog olnh wr lghqwli| wkh h�hfw ri wkh uhirup e| h{dplqlqj wkh h�hfw ri

uhjlvwudwlrq rssruwxqlwlhv rq glvwulfw ohyho surgxfwlylw|1 Krzhyhu/ wkhuh lv qr lqirupdwlrq rq

wkh sursruwlrq ri whqdqwv zkr zhuh r�huhg vxfk rssruwxqlwlhv1 Zh zloo wkhuhiruh xvh wlph

vshfl�f lqirupdwlrq rq wkh sursruwlrq ri whqdqwv zkr dfwxdoo| uhjlvwhuhg/ dv d sur{| iru wkh

vkduh ri wkrvh zkr zhuh r�huhg uhjlvwudwlrq rssruwxqlwlhv1 Zh uhzulwh +43, lq whupv ri wkh

sursruwlrq ri whqdqwv zkr kdyh uhjlvwhuhg/ e_|3� @ �_y_|3� wr jhw=
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Uhduudqjlqj whupv dqg wdnlqj wkh orj zh jhw=
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Vlqfh oq+4 . {, * { zkhq { lv vpdoo/ zh uhzulwh +<, lq orj irup dv=
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Wkh frh�flhqw � phdvxuhv wkh h�hfw ri wkh uhirup rq djulfxowxudo surgxfwlylw|1 Wkh qx0

phudwru ri wkh frh�flhqw lv wkh dyhudjh [0h�flhqf| ri vkduhfursshuv r�huhg uhjlvwudwlrq rs0

sruwxqlwlhv plqxv wkh[0h�flhqf| ri vkduhfursshuv qrw r�huhg uhjlvwudwlrq rssruwxqlwlhv1 Wklv

lv mxvw wkh pdujlqdo lqfuhdvh lq surgxfwlylw| dulvlqj iurp uhjlvwudwlrq rssruwxqlwlhv1 Wkh pdu0

jlqdo lqfuhdvh lv phdvxuhg uhodwlyh wkh [0h�flhqf| ri rzqhu0fxowlydwhg idupv1 Wkh pdujlqdo

lqfuhdvh lv dovr zhljkwhg e| rqh ryhu wkh wdnh xs udwh1 Wklv frqyhuwv wkh xqlwv iurp fkdqjh lq

surgxfwlylw| gxh wr d fkdqjh lq uhjlvwudwlrq rssruwxqlwlhv wr fkdqjh lq surgxfwlylw| gxh wr d

fkdqjh lq wkh uhjlvwudwlrq udwh1eD

D olplwdwlrq rq wkh dqdo|vlv lv wkdw glvwulfw0zlvh gdwd rq rxwsxw sulfhv dqg lqsxw sulfhv duh

rqo| dydlodeoh iru d olplwhg qxpehu ri |hduv1 Wkurxjkrxw rxu dqdo|vlv zh lqfoxgh |hdu gxpp|

yduldeohv wr fdswxuh wkh frpprq pryhphqwv ri sulfhv ryhu wlph lq wkh glvwulfwv1 Wklv vhhpv

wr eh d uhdvrqdeoh dssur{lpdwlrq ehfdxvh wkh vwdwh dqg ihghudo jryhuqphqwv frqwuro erwk

lqsxw dqg rxwsxw sulfhv dqg khqfh wkhlu pryhphqwv ryhu wlph duh qrw yhu| gl�huhqw dfurvv

glvwulfwv1eS Krzhyhu/ wr fkhfn wkh urexvwqhvv ri rxu uhvxowv zh dovr hvwlpdwh wkh prgho iru wkh

vkruwhu vdpsoh iru zklfk zh kdyh glvwulfwzlvh gdwd rq ulfh sulfhv dqg uhdo zdjhv1 Wkhuhiruh

wkh htxdwlrq wr eh hvwlpdwhg lv=
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zkhuh #| duh wkh |hdu0vshfl�f lqwhufhswv1 Qrwlfh wkdw wkh |hdu �{hg0h�hfwv dovr frqwuro iru

dq| rwkhu xqrevhuyhg wlph0ydu|lqj idfwruv wkdw duh frpprq wr glvwulfwv vxfk dv fkdqjhv lq

whfkqrorj|/ ru jryhuqphqw srolflhv1

71515 Lghqwl�fdwlrq

Lq wklv vhfwlrq zh frqvlghu lvvxhv uhodwlqj wr wkh lghqwl�fdwlrq ri wkh prgho1 Wkh remhfwlyh

ri wkh h{huflvh lv wr phdvxuh wkh lpsdfw ri wkh uhirup rq djulfxowxudo surgxfwlylw| xvlqj wkh

uhjlvwudwlrq udwh dv d phdvxuh ri surjudp lqwhqvlw|1 Krzhyhu/ wkh uhjlvwudwlrq udwh pd|eh

fruuhodwhg zlwk xqrevhuyhg surgxfwlylw| vkrfnv iru wzr uhdvrqv1 Iluvw/ wkh uhjlvwudwlrq udwh lv

d frpelqdwlrq ri wkh vxsso| ri uhjlvwudwlrq rssruwxqlwlhv dqg wkh ghpdqg iru vxfk rssruwxql0

wlhv1 Dovr/ wkh vhtxhqfh ri yloodjhv r�huhg uhjlvwudwlrq zdv qrw qhfhvvdulo| fkrvhq dw udqgrp1

Vhfrqg/ wkh surjuhvvlrq ri uhjlvwudwlrq rssruwxqlwlhv frxog kdyh ehhq fruuhodwhg zlwk wkh sur0

juhvvlrq ri rwkhu +rplwwhg, surjudpv1 Wkh lghdo uhvsrqvh wr wkhvh sureohpv zrxog eh wr xvh
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dq lqvwuxphqwdo yduldeohv dssurdfk1 Krzhyhu vlqfh dq|wklqj wkdw d�hfwv uhjlvwudwlrq lv olnho|

wr dovr d�hfw surgxfwlylw| gluhfwo|/ wkhuh duh qr sodxvleoh lqvwuxphqwv1 Zh wkhuhiruh wdnh wkh

dssurdfk ri frqwuroolqj iru d udqjh ri wlph ydu|lqj idfwruv wkdw duh olnho| wr kdyh lq�xhqfhg

surgxfwlylw|1 Ehorz zh glvfxvv lq ghwdlo wkhvh lpsruwdqw lvvxhv dqg krz zh kdqgoh wkhp1

Vrxufhv ri Yduldwlrq lq wkh Uhjlvwudwlrq Udwh

Wkh yloodjh0e|0yloodjh ylvlwv e| Odqg0uhyhqxh r�fldov wr xsgdwh whqdqf| uhjlvwudwlrq zhuh

d fuxfldo ghwhuplqdqw ri wkh uhjlvwudwlrq udwh1 Zkloh lw zdv srvvleoh wr uhjlvwhu dw d wlph rwkhu

wkdq gxulqj d ylvlw/ lw zdv pxfk pruh gl�fxow +Fkdwwrsdgk|d| hw do/ 4<;7 dqg Edqg|rsdgk|d|/

4<<:,1 Lq idfw/ :9 shufhqw ri wkh uhjlvwhuhg uhvsrqghqwv wr rxu vxuyh| ri vkduhfursshuv lqglfdwhg

wkdw wkh Odqg uhyhqxh r�fldo ylvlwv zdv wkh vlqjoh0prvw lpsruwdqw idfwru ohdglqj wr wkhlu

uhjlvwudwlrq ghflvlrq1

Wkh vxsso| ri uhjlvwudwlrq rssruwxqlwlhv vsuhdg dw gl�huhqwldo udwhv dfurvv glvwulfwv +Jkrvk/

4<;9,1e. Wkh glvwulfwv kdg gl�huhqw exuhdxfudwlf uhvrxufhv/ dqg sk|vlfdo lqiudvwuxfwxuhv wudqv0

odwlqj lqwr gl�huhqwldo h�flhqflhv ri wkh rshudwlrq ri ylvlwv +Fkdwwrsdgk|d| hw do/ 4<;7> Jkrvk/

4<;9,1 Wkhuh zhuh qdwxudo vkrfnv wr wkh surfhvv ri uhjlvwudwlrq vxfk dv �rrgv +Olhwhq/ 4<<5,1

Wkh jhrjudsklf glvwulexwlrq ri vkduhfursshuv zlwklq d glvwulfw ydulhg dfurvv glvwulfwv dqg dv d

uhvxow/ wkh pdujlqdo frvw ri pdnlqj uhjlvwudwlrq rssruwxqlwlhv dydlodeoh wr whqdqwv ydulhg dfurvv

glvwulfwv1

Zkloh vxsso|0vlgh iulfwlrqv h{sodlq pxfk ri wkh yduldwlrq lq wkh uhjlvwudwlrq udwh/ wkh glvwul0

exwlrq ri uhjlvwudwlrq rssruwxqlwlhv pd| qrw kdyh ehhq udqgrp1 Li wkh jryhuqphqw lqwurgxfhg

uhjlvwudwlrq rssruwxqlwlhv lq glvwulfwv ri kljk ru orz surgxfwlylw| �uvw/ wkhq wkh uhjlvwudwlrq

udwh zrxog eh fruuhodwhg zlwk xqrevhuyhg surgxfwlylw| fkdudfwhulvwlfv dqg rxu hvwlpdwhv zrxog

eh lqfrqvlvwhqw1 Krzhyhu/ li doorfdwlrqv zhuh edvhg rq lqlwldo surgxfwlylw|/ zklfk duh wlph0

lqyduldqw idfwruv/ wkh glvwulfw �{hg h�hfwv frqwuro iru wklv vrxufh ri eldv1 Rq wkh rwkhu kdqg/ li

wkh jryhuqphqw g|qdplfdoo| doorfdwhg uhjlvwudwlrq rssruwxqlwlhv edvhg rq fxuuhqw surgxfwlylw|

lq wkh glvwulfw/ wkhq wkh �{hg h�hfwv hvwlpdwh zloo eh eldvhg1 D vlplodu sureohp frxog rffxu li

wkh rughu ri yloodjhv vhohfwhg zlwklq d glvwulfw zdv edvhg rq surgxfwlylw|1

Zkloh wkh iulfwlrq0gulyhq yduldwlrqv lq wkh vxsso| ri uhjlvwudwlrq rssruwxqlwlhv zhuh fohduo|

lpsruwdqw/ uhjlvwudwlrq lv xowlpdwho| d fkrlfh1 D whqdqw*v ghflvlrq wr uhjlvwhu lv olnho| wr eh

d�hfwhg e| klv delolw|/ zhdowk dqg uhodwlrqv zlwk wkh odqgorug/ dqg rwkhu fkdudfwhulvwlfv wkdw

duh dvvrfldwhg zlwk klv ghshqghqfh rq wkh odqgorug +h1j1/ iru ordqv, ru klv edujdlqlqj srzhu1

Wkh zhdowklhu/ pruh deoh dqg pruh hqwhusulvlqj whqdqwv duh olnho| wr eh pruh surgxfwlyh dqg

dgrsw surgxfwlylw| hqkdqflqj whfkqrorj|1 Wkhvh lqglylgxdov pd| dovr eh pruh olnho| wr uhjlvwhu1

Wkhuhiruh d glvwulfw zlwk d kljkhu sursruwlrq ri pruh surgxfwlyh whqdqwv lv olnho| wr kdyh kljk

rxwsxw dv zhoo dv kljk uhjlvwudwlrq1 Krzhyhu dv orqj dv wkhvh lqglylgxdo fkdudfwhulvwlfv duh
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frqvwdqw ryhu wlph/ wkh| vkrxog qrw eh d sureohp vr orqj dv zh doorz iru glvwulfw �{hg0h�hfwv1

Ilqdoo|/ d sruwlrq ri uhjlvwudwlrq ghflvlrqv frxog eh gulyhq e| lglrv|qfudwlf vkrfnv wkdw

ydu| dfurvv wlph dqg glvwulfw1 Iru h{dpsoh/ d gurxjkw ru �rrg zrxog d�hfw surgxfwlylw| dqg

wkhuhiruh wkh ghflvlrq wr uhjlvwhu1 Zkloh zh h{solflwo| frqwuro iru wrwdo dqqxdo udlqidoo/ wkhuh

frxog vwloo eh vrph rwkhu glvwulfw0vshfl�f surgxfwlylw| vkrfnv +vxfk dv wkh wlplqj ri udlqidoo,

ru lqwurgxfwlrq ri qhz whfkqrorj| wkdw d�hfw wkh uhjlvwudwlrq fkrlfh1

Rplwwhg Surjudpv

Dqrwkhu srwhqwldo vrxufh eldv frphv iurp wkh srvvlelolw| wkdw wkhuh zhuh sxeolf surjudpv

wkdw zhuh lpsohphqwhg ru vwuhqjwkhqhg dw wkh vdph wlph dqg lq wkh orfdwlrqv dv RE1 Zkloh

RE lwvhoi glg qrw surylgh dq| rwkhu vhuylfhv rwkhu wkdq uhjlvwudwlrq rssruwxqlwlhv dqg wkh

hqirufhphqw ri wkh whqdqf| odzv/ wkhuh zhuh fohduo| rwkhu surjudpv wkdw zhuh sduw ri wkh

jryhuqphqw*v ryhudoo uhirup sdfndjh1 Lw lv qrw lqfrqfhlydeoh wkdw wkh lpsohphqwdwlrq ri wkhvh

surjudpv zdv srvvleo| fruuhodwhg zlwk wkh lpsohphqwdwlrq ri RE1 Ehorz zh glvfxvv ydulrxv

dowhuqdwlyh surjudpv dqg wr zkdw h{whqw zh frqwuro iru wkhp1

Iluvw/ wkhuh zdv vrph h{sdqvlrq ri lqiudvwuxfwxuh lq Zhvw Ehqjdo1 Zh sduwo| frqwuro iru

sxeolf lqyhvwphqw lq lqiudvwuxfwxuh e| lqfoxglqj phdvxuhv ri wkh dydlodelolw| ri sxeolf luuljdwlrq

dqg urdgv zlwklq glvwulfwv1

Vhfrqg/ wkh xvh ri K\Y judlqv vsuhdg gxulqj wklv shulrg +wkh juhhq uhyroxwlrq, vsxuuhg

sduwo| e| jryhuqphqw h{whqvlrq surjudpv1 Zh frqwuro iru wklv e| lqfoxglqj wkh vkduh ri jurvv

fursshg duhd sodqwhg zlwk K\Y vhhgv1

Wklug/ lw lv olnho| wkdw RE zdv ehwwhu lpsohphqwhg lq duhdv zkhuh wkh ohiw iurqw dqg lwv shdv0

dqw rujdql}dwlrqv kdyh juhdwhu srolwlfdo vwuhqjwk1 Gxulqj wklv shulrg wkh uroh ri yloodjh0ohyho

orfdo jryhuqphqwv +sdqfkd|dwv, zdv vljql�fdqwo| hqkdqfhg lq wkh lpsohphqwdwlrq ri ydulrxv

sxeolf surjudpv1 RE dqg rwkhu sxeolf surjudpv pd| kdyh ehhq ehwwhu lpsohphqwhg lq glv0

wulfwv wkdw kdg pruh dfwlyh orfdo jryhuqphqwv/ hvshfldoo| wkrvh grplqdwhg e| srolwlfdo sduwlhv

ehorqjlqj wr wkh Ohiw Iurqw1 Wr frqwuro iru wklv zh lqwurgxfh d ohiw0iurqw pdmrulw| glvwulfw +lq

4<::, gxpp| yduldeoh lqwhudfwhg zlwk wlph eH dv dgglwlrqdo frqwurov1

Irxuwk/ wkh vrxwk ri Zhvw Ehqjdo lv forvhu wr wkh dgplqlvwudwlyh fhqwhu/ Fdofxwwd/ dqg iru

wklv uhdvrq pd| kdyh kdg ehwwhu dffhvv wr d udqjh ri jryhuqphqw surjudpv lqfoxglqj RE1

Fdofxwwd ehlqj wkh phwursrolwdq fhqwhu dqg wkh odujhvw flw| lq hdvwhuq Lqgld lw lv srvvleoh wkdw

glvwulfwv forvhu wr lw zrxog dovr h{shulhqfh gl�huhqw sdwwhuqv ri pdunhw ru whfkqrorjlfdo vkrfnv

+iru h{dpsoh/ shrsoh pd| eh pruh h{srvhg wr qhz lghdv ru whfkqrorjlhv,1 Wr frqwuro iru wkhvh

srvvlelolwlhv zh lqwurgxfh wkh lqwhudfwlrq ri d vrxwkhuq glvwulfw gxpp| yduldeoh zlwk wlph/ dv

dgglwlrqdo frqwurov1

Iliwk/ uhjlvwudwlrq pd| kdyh ehhq wdujhwhg wrzdugv duhdv zlwk d kljk frqfhqwudwlrq ri vkduh0

fursshuv1 Wklv frxog ohdg wr d vsxulrxv fruuhodwlrq li wkh hyroxwlrq ri srsxodwlrq fkdudfwhulvwlfv
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dqg rssruwxqlwlhv dprqj vkduhfursshuv zdv gl�huhqw wkdq lq wkh uhvw ri wkh srsxodwlrq1 Zh

frqwuro iru wklv e| lqfoxglqj wkh lqlwldo h{whqw ri vkduhfursslqj lqwhudfwhg zlwk wlph gxpplhv

dv dgglwlrqdo h{sodqdwru| yduldeohv1

Vl{wk/ wkhuh frxog eh vrph frqfhuq wkdw RE frxog eh slfnlqj xs vrph jhqhudo htxloleulxp

h�hfwv rq zdjhv dqg sulfhv1 Iru wkh olplwhg qxpehu ri |hduv +4<:<0;:, iru zklfk zh kdyh

glvwulfwzlvh gdwd ri zdjhv dqg sulfhv zh lqfoxgh wkhp dv frqwurov wr dgguhvv wklv lvvxh1

Ilqdoo|/ wkhuh duh wzr rwkhu surjudpv wkdw zh gr qrw h{solflwo| frqwuro iru exw duh xqolnho|

wr d�hfw rxu uhvxowv1 Wkh jryhuqphqw vwduwhg d vxevlgl}hg ordq surjudp iru uhjlvwhuhg vkduh0

fursshuv1 Krzhyhu/ wkh surjudp kdg yhu| olplwhg lpsdfw ehfdxvh ri exuhdxfudwlf olplwdwlrqv

+Nrkol/ 4<;:,1 Lqghhg/ ;: shufhqw ri wkh uhvsrqghqwv wr rxu vxuyh| lqglfdwhg wkdw wkh| qhyhu

uhfhlyhg d ordq iurp hlwkhu d jryhuqphqw ru d frpphufldo ohqglqj lqvwlwxwlrq1 Lq dgglwlrq/ wkh

dgplqlvwudwlrq dovr uhglvwulexwhg d olplwhg dprxqw ri odqg wr wkh odqgohvv dqg srru shdvdqwv1

Krzhyhu/ prvw ri wkh uhglvwulexwlrq kdg ehhq frpsohwhg ehiruh wkh lpsohphqwdwlrq ri RE

+Jd}gdu dqg Vhqjxswd/ 4<<:,1 Ryhu wkh hqwluh vdpsoh shulrg +4<::0<6, ri rxu dqdo|vlv/ wkh

odqg glvwulexwhg lq wklv pdqqhu frqvwlwxwhg durxqg 6( ri wkh qhw fursshg duhd ri wkh vwdwh1

71516 Uhvxowv

Wdeoh 8 uhsruwv wkh uhvxowv iru wkh orj ulfh |lhog prghov uhjuhvvhg djdlqvw wkh uhjlvwudwlrq udwh

dqg frqwurov1 Wkh �uvw froxpq uhsruwv wkh �{hg0h�hfwv uhvxowv zlwk qr rwkhu frqwurov dqg lq wkh

qh{w irxu froxpqv zh vxffhvvlyho| lqwurgxfh d qxpehu ri frqwurov1 Doo wkhvh prghov vkrz wkdw

wkh uhjlvwudwlrq udwh zdv vljql�fdqwo| srvlwlyho| dvvrfldwhg zlwk |lhogv1 Wkh rwkhu vljql�fdqw

frh�flhqw hvwlpdwhv duh dv h{shfwhg= h{sdqglqj urdgv lqfuhdvhv surgxfwlylw|/ ulfh |lhogv zhuh

kljkhu lq glvwulfwv wkdw sodqwhg d juhdwhu vkduh ri K\Y judlq1 Lq dgglwlrq/ vrxwkhuq glvwulfwv

dqg wkrvh zlwk d Ohiw Iurqw pdmrulw| lq 4<:: juhz vljql�fdqwo| idvwhu1 Lq wdeoh 9 zh suhvhqw

wkh uhvxowv zlwk zdjhv dqg sulfhv dv dgglwlrqdo frqwurov iru wkh vkruwhu vdpsoh +4<:<0;:,1 Zh

�qg wkdw wkh| gr qrw pdwwhu vljql�fdqwo| gluhfwo|/ ru iru wkh hvwlpdwhg frh�flhqwv ri rwkhu

uljkw kdqg vlgh yduldeohv lqfoxglqj uhjlvwudwlrq vr orqj dv zh frqwuro iru |hdu0vshfl�f vkrfnv1

Wkh pdjqlwxgh ri wkh h�hfw ri RE rq surgxfwlylw| lv hvwlpdwhg e| pxowlso|lqj wkh frh�flhqw

rq wkh uhjlvwudwlrq udwh zlwk wkh fkdqjh lq uhjlvwudwlrq ryhu wkh shulrg1 Iru wkh ixoo vdpsoh/

xvlqj wkh prgho wkdw lqfoxgh wkh ixoo vhw ri frqwurov +prgho 8 ri wdeoh 8, wkh �{hg0h�hfwv

hvwlpdwh lv wkdw RE udlvhg dyhudjh surgxfwlylw| ri ulfh lq Zhvw Ehqjdo e| 53 shufhqw1eb Wkh

lpsdfw rq vkduhfursshu surgxfwlylw| lv rewdlqhg e| vroylqj wkh htxdwlrq iru � +iurp htxdwlrq
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Wkh ohiw kdqg vlgh ri wklv h{suhvvlrq lv wkh shufhqwdjh fkdqjh lq wkh dyhudjh surgxfwlylw|

ri vkduhfursshuv r�huhg uhjlvwudwlrq uhodwlyh wr wkrvh qrw r�huhg uhjlvwudwlrq1 Pxowlso|lqj

wkh srlqw hvwlpdwh ri wkh h�hfw ri RE +3169, e| wkh wdnh xs udwh gxh wr RE +318;, dqg wkh

uhodwlyh lpsruwdqfh ri vkduhfursslqj
�
�3r_

r_
@ 6

�
zh jhw dq hvwlpdwhg h�hfw ri 95( ri RE rq

vkduhfursshu |lhogv1 Wklv lv forvh wr wkh hvwlpdwh ri 85( surylghg e| wkh gl�huhqfh0lq0gl�huhqfh

dssurdfk xvlqj Edqjodghvk1

e�� #�tU�tt�L?

Rxu hvwlpdwhv ri wkh h�hfw ri RE rq vkduhfursshu surgxfwlylw| xvlqj ydulrxv dssurdfkhv duh

uhdvrqdeo| frqvlvwhqw zlwk rwkhu vwxglhv ri wkh lpsdfw ri fkdqjlqj lqfhqwlyhv rq djulfxowxudo

surgxfwlylw|1 Wkh wzr prvw forvho| uhodwhg vwxglhv duh Vkdedq +4<;:, dqg Od�rqw dqg Pdwrxvvl

+4<<8,1 Vkdedq dqdo|}hg idup0ohyho gdwd iurp hljkw Lqgldq yloodjhv dqg hvwlpdwhg wkdw frq0

wuroolqj iru odqg txdolw| fkdqjlqj wkh frqwudfwxdo vwdwxv ri d idup iurp vkduhfursshu fxowlydwhg

wr rzqhu0fxowlydwhg zrxog lqfuhdvh surgxfwlylw| e| 49 shufhqw1Df Od�rqw dqg Pdwrxvvl +4<<8,

xvh idup0ohyho gdwd iurp Wxqlvld wr vkrz d vkliw iurp vkduhfursslqj wr �{hg uhqw whqdqf| ru

rzqhu fxowlydwlrq udlvhv rxwsxw e| 66 shufhqw dqg prylqj iurp d vkruw whup whqdqf| frqwudfw

wr d orqjhu whup frqwudfw lqfuhdvhg rxwsxw e| 5:18(1D� Zkloh rxu hvwlpdwhv duh gh�qlwho|

kljkhu/ lw lv zruwk hpskdvl}lqj wkdw wkh <8( frq�ghqfh lqwhuydo ri rxu hvwlpdwh jrhv iurp

48( wr 438(/ dqg wkhuhiruh lqfoxghv doo wkh h{lvwlqj hvwlpdwhv1 Dovr/ zh vkrxog suredeo| h{0

shfw vrphzkdw kljkhu hvwlpdwhv ehfdxvh rxu phdvxuhg h�hfw lqfoxghv wkh h�hfw ri dgglwlrqdo

lqyhvwphqw uhvxowlqj iurp wkh vkliw lq surshuw| uljkwv1 Vkdedq*v hvwlpdwh jrhv xs wr 6519(

zkhq kh grhv qrw frqwuro iru odqg txdolw|1 Wklv lqfuhdvh lq klv hvwlpdwh vkrxog dw ohdvw sduwo|

eh lqwhusuhwhg dv d phdvxuh ri wkh h�hfw ri lqyhvwphqwv lq odqg txdolw|1

D �L?U*�t�L?

Zh frqfoxghg iurp rxu wkhruhwlfdo dqdo|vlv wkdw whqdqf| odzv wkdw ohdg wr lpsuryhg furs

vkduhv dqg kljkhu vhfxulw| ri whqxuh iru whqdqwv fdq kdyh d srvlwlyh h�hfw rq surgxfwlylw|1

Hylghqfh iurp wkh Lqgldq vwdwh ri Zhvw Ehqjdo vxjjhvwv wkdw wkh whqdqf| uhirup surjudp

fdoohg Rshudwlrq Edujd h{sodlqv durxqg 5; shufhqw ri wkh vxevhtxhqw jurzwk ri djulfxowxudo

surgxfwlylw| wkhuh1 Zh fdqqrw frpsohwho| uxoh rxw wkh srvvlelolw| wkdw rxu hvwlpdwhv frqirxqg

wkh h�hfwv ri vrph rplwwhg surjudpv zlwk wkh h�hfw ri RE1 Wr jhw d pruh suhflvh hvwlpdwh zloo

uhtxluh plfur0ohyho gdwd1 Wklv lv wkh qh{w vwhs ri rxu uhvhdufk surmhfw1
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^4` Dfnhuehuj/ G1 dqg P1 Erwwlflql +4<<<, = _Hqgrjhqrxv Pdwfklqj dqg Hpslulfdo Ghwhupl0

qdqwv ri Frqwudfwxdo Irup%/ Plphr1 Ervwrq Xqlyhuvlw|1

^5` Dssx/ S1 V1 ^4<:8`= _Whqdqf| uhirup lq Lqgld%1 Hfrqrplf dqg Srolwlfdo Zhhno|/ Vshfldo

Qxpehu/ Dxjxvw1

^6` Edqglhud/ R1 +4<<<, = _Rq wkh vwuxfwxuh ri whqdqf| frqwudfwv = Wkhru| dqg Hylghqfh iurp

4<wk Fhqwxu| Uxudo Vlflo|% Plphr1 Orqgrq Vfkrro ri Hfrqrplfv1

^7` Edqg|rsdgk|d|/ G1 ^4<<:` = Wudqvfulsw ri shuvrqdo lqwhuylhz zlwk Pdlwuhhvk Jkdwdn/

Frqgxfwhg lq Dsulo/ 4<<:1

^8` Edqhumhh/ D1Y1 dqg P1 Jkdwdn ^4<<9` = _Hpsrzhuphqw dqg H�flhqf| = Wkh Hfrqrplfv

ri Whqdqf| Uhirup% Plphr1 P1L1W1 dqg Kduydug Xqlyhuvlw|1

^9` Edugkdq/ S1 ^4<:9`= _Yduldwlrqv lq H{whqw dqg Irupv ri Djulfxowxudo Whqdqf| = Dqdo|vlv ri

Lqgldq Gdwd Dfurvv Uhjlrqv dqg Ryhu Wlph%/ Hfrqrplf dqg Srolwlfdo Zhhno|/ Vhswhpehu

44 dqg 4;1

^:` Edugkdq/ S1 dqg D1 Uxgud ^4<;7`= _Whupv dqg Frqglwlrqv ri Vkduhfursslqj Frqwudfwv =

Dq Dqdo|vlv ri Yloodjh Vxuyh| Gdwd lq Lqgld%/ Fkdswhu </ Odqg/ Oderu dqg Uxudo Sryhuw|=

Hvvd|v lq Ghyhorsphqw Hfrqrplfv1 Froxpeld Xqlyhuvlw| Suhvv/ Qhz \run1

^;` Ehvoh|/ W1 ^4<<8` = _Surshuw| uljkwv dqg lqyhvwphqw lqfhqwlyhv= wkhru| dqg hylghqfh iurp

Jkdqd%/ Mrxuqdo ri Srolwlfdo Hfrqrp|1

^<` Elqvzdqjhu/ K1S1/ N1 Ghlqlqjhu dqg J1 Ihghu ^4<<8`= _Srzhu Glvwruwlrqv/ Uhyrow/ dqg

Uhirup lq Djulfxowxudo Odqg Uhodwlrqv%1 Iruwkfrplqj lq wkh Kdqgerrn ri Ghyhorsphqw

Hfrqrplfv/ Yro1 6/ M1 Ehkupdq dqg W1Q1 Vulqlydvdq +hg1,1

^43` Er|fh/ M1 N1 ^4<;:`= Djuduldq Lpsdvvh lq Ehqjdo 0 Lqvwlwxwlrqdo Frqvwudlqwv wr Whfkqrorj0

lfdo Fkdqjh1 R{irug Xqlyhuvlw| Suhvv1

^44` Fkdgkd J1 N1/ dqg V1 Ekdxpln ^4<<5`= _Fkdqjlqj whqdqf| uhodwlrqv lq Zhvw Ehqjdo%1

Hfrqrplf dqg Srolwlfdo Zhhno| ri Lqgld/ Pd| <0491

^45` Fkdwwrsdgk|d|/ E1/ P1 Jkdwdn/ D1 Pdmxpgdu/ E1 Pxnkhumhh/ P1 Vlqkd Ur|/ V1 Pxnkhumhh

dqg rwkhu phpehuv ri wkh FUHVVLGD uhvhdufk whdp ^4<;7`= _Whqdqf| Uhirup/ wkh Srzhu

Vwuxfwxuh dqg wkh Uroh ri wkh Dgplqlvwudwlrq 0 Dq Hydoxdwlrq ri Rshudwlrq Edujd%1

Wudqvdfwlrqv/ 61

^46` Gdv/ S1N1 ^4<<8` = Wkh Prqvrrqv1 Wkh Qdwlrqdo Errn Wuxvw/ Qhz Ghokl= Lqgld1
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^47` Gdwwd/ S1N1 ^4<;4` = _Vwdwlvwlfv ri Edujdgduv dqg H{whqw ri Edujd Fxowlydwlrq lq Zhvw

Ehqjdo = Dq Dqdo|wlfdo Vwxg|%/ Gluhfwrudwh ri Odqg Uhfrugv dqg Vxuyh|/ Jryhuqphqw ri

Zhvw Ehqjdo1

^48` Gdwwd/ S1N1 ^4<;;` = Odqg Uhirupv Dgplqlvwudwlrq lq Zhvw Ehqjdo1 Gd|d Sxeolvklqj

Krxvh/ Qhz Ghokl= Lqgld1

^49` Gxwwd E1/ G1 Ud| dqg N1 Vhqjxswd ^4<;<`= _Frqwudfwv zlwk hylfwlrq lq lq�qlwho| uhshdwhg

sulqflsdo0djhqw uhodwlrqvklsv% lq S1 Edugkdq +hg1, Wkh Hfrqrplf Wkhru| ri Djuduldq Lq0

vwlwxwlrqv/ Foduhqgrq Suhvv/ R{irug1

^4:` Hvzdudq/ P1 dqg D1 Nrwzdo ^4<;8`= _D wkhru| ri frqwudfwxdo vwuxfwxuh lq djulfxowxuh%1

Dphulfdq Hfrqrplf Uhylhz/ :81

^4;` Ixghqehuj G1/ dqg M1 Wluroh ^4<<4`= Jdph Wkhru|1 PLW Suhvv1

^4<` Jd}gdu/ K1 dqg V1 Vhqjxswd ^4<<:` = _Djuduldq Srolwlfv dqg Uxudo Ghyhorsphqw lq Zhvw

Ehqjdo% lq M1 Guh}h dqg D1 Vhq +hg1v,/ Lqgldq Ghyhorsphqw = Vhohfwhg Uhjlrqdo Shuvshf0

wlyhv/ Qhz Ghokl dqg Qhz \run/ R{irug Xqlyhuvlw| Suhvv1

^53` Jkrvk/ U1 ^4<;4`= _Djuduldq Surjudp ri Ohiw Iurqw Jryhuqphqw1%Hfrqrplf dqg Srolwlfdo

Zhhno| ri Lqgld/ Uhylhz ri Djulfxowxuh/ Mxqh1

^54` Jryhuqphqw ri Zhvw Ehqjdo ^4<::04<<6`= Hfrqrplf Uhylhz1

^55` Jryhuqphqw ri Zhvw Ehqjdo ^4<;<`= Vwdwlvwlfdo Devwudfw1

^56` Jryhuqphqw ri Zhvw Ehqjdo ^4<<5`= Zhvw Ehqjdo Odqg Uhirupv Dfw/ 4<881

^57` Kduulv/ M1 ^4<<6` = Zkdw lv kdsshqlqj lq uxudo Zhvw EhqjdoB% Hfrqrplf dqg Srolwlfdo

Zhhno| ri Lqgld/ Mxqh 451

^58` Kduw R1 dqg E1 Kropvwurp ^4<;:`= _Wkh wkhru| ri frqwudfwv%1 Lq Dgydqfhv lq Hfrqrplf

Wkhru|/ +hg1, W1 Ehzoh|1 Fdpeulgjh Xqlyhuvlw| Suhvv1

^59` Mrkqvrq/ G1 J1 ^4<83`= _Uhvrxufh doorfdwlrq xqghu vkduh frqwudfwv%1 Mrxuqdo ri Srolwlfdo

Hfrqrp|/ 8;1

^5:` Nrkol/ D1 ^4<;:`= Wkh Vwdwh dqg Sryhuw| lq Lqgld = Wkh Srolwlfv ri Uhirup1 Fdpeulgjh

Xqlyhuvlw| Suhvv1

^5;` Od�rqw/ M0M1 dqg P1V1 Pdwrxvvl ^4<<8` = _Prudo kd}dug/ �qdqfldo frqvwudlqwv dqg Vkduh0

fursslqj lq HO Rxomd%/ Uhylhz ri Hfrqrplf Vwxglhv1
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^5<` Olhwhq/ J1 N1 ^4<<5`= Frqwlqxlw| dqg Fkdqjh lq Uxudo Zhvw Ehqjdo1 Vdjh Sxeolfdwlrqv/

Ghokl1

^63` Olq / M1 ^4<<5` = _Uxudo uhirupv dqg djulfxowxudo jurzwk lq Fklqd%/ Dphulfdq Hfrqrplf

Uhylhz1

^64` Prrnkhumhh/ G1 ^4<<:d`= _Lqirupdwlrqdo uhqwv dqg surshuw| uljkwv lq odqg%/ lq M1 Urhphu

+hg1, Surshuw| Uljkwv/ Lqfhqwlyhv/ dqg Zhoiduh/ Orqgrq = Pdfploodq Suhvv1

^65` Prrnkhumhh/ G1 dqg G1 Ud| ^5333`= _Frqwudfwxdo vwuxfwxuh dqg zhdowk dffxpxodwlrq%/

Plphr1 Ervwrq Xqlyhuvlw| dqg Qhz \run Xqlyhuvlw|1

^66` Udzdo/ Y1 ^4<<:` = _Djuduldq Uhirup dqg Odqg Pdunhwv= D Vwxg| ri Odqg Wudqvdfwlrqv

lq Wzr Yloodjhv ri Zhvw Ehqjdo/ 4<::0<8%1 Plphr1 L1J1L1G1U1/ Pxpedl1

^67` Vdkd/ D1 dqg P1 Vzdplqdwkdq ^4<<7`= _Djulfxowxudo jurzwk lq Zhvw Ehqjdo 0 D glvdjjuh0

jdwlrq e| glvwulfwv dqg fursv%1 Hfrqrplf dqg Srolwlfdo Zhhno|/ Pdufk 591

^68` Vkdedq/ U1 D1 ^4<;:`= _Whvwlqj ehwzhhq dowhuqdwlyh prghov ri vkduhfursslqj%1 Mrxuqdo ri

Srolwlfdo Hfrqrp|/ <81

^69` Vkdslur/ F1 dqg M1 Vwljolw} ^4<;7` = Htxloleulxp Xqhpsor|phqw dv d Zrunhu Glvflsolqh

Ghylfh1 Dphulfdq Hfrqrplf Uhylhz1 Yro1 :71

^6:` Vwljolw}/ M1 H1 ^4<:7`= _Lqfhqwlyhv dqg ulvn0vkdulqj lq vkduhfursslqj%1 Uhylhz ri Hfrqrplf

Vwxglhv/ 741

^6;` Zruog Edqn ^4<<7`= Wkh Hdvw Dvldq Pludfoh 0 Hfrqrplf Jurzwk dqg Sxeolf Srolf|1 Zruog

Edqn Srolf| Uhvhdufk Uhsruw1 R{irug Xqlyhuvlw| Suhvv1
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Table 1: Summary Statistics 

 Log (Rice Yield per 
Hectare) 

 

HYV 
Share  

Proportion of 
Registered 
Tenants 1 

Log (Area 
under 
Public 

Irrigation) 

Log 
(Road 

Length)  2 

Log 
(Rainfall) 

Years  1969-
1993 

1977-
1993 

1977-
1993 1978-1992 1977-

1993 
1977-
1993 

1977-
1993 

West Bengal  (Annual Observations on 14 districts)  

Grand Mean 7.24 7.32 0.11 0.49 10.01 6.99 7.42 

S.D. (Overall) 0.31 0.31 0.09 0.23 1.80 0.39 0.41 

S.D. (Within) 0.23 0.22 0.05 0.18 0.30 0.07 0.24 

Mean in 1969 7.06 - - - - - - 

Mean in 1977 7.20 7.20 0.06 - 9.91 6.93 7.24 

Mean in 1979 7.07 7.07 0.06 0.15 9.92 6.94 7.17 

Mean in 1993 7.60 7.60 0.18 0.65 10.13 7.02 7.58 

Bangladesh  (Annual Observations on 15 districts)  

Grand Mean 7.22 7.30 0.15 0 11.36 - 7.69 

S.D. (Overall) .23 0.20 0.11 0 0.89 - 0.35 

S.D. (Within) 0.19 0.15 0.07 0 0.43 - 0.21 

Mean in 1969 7.05 - - - - - - 

Mean in 1977 7.16 7.16 0.09 0 11.00 - 7.62 

Mean in 1979 7.14 7.14 0.09 0 11.06 - 7.64 

Mean in 1993 7.51 7.51 0.253 0 11.76 - 7.84 

 
 

                                                           
1 Registration data are relevant only for West Bengal and are available for the period 1978-93.  
2 This information is not available as a continuous series for Bangladesh during the period of analysis. 
3 Information on HYV share for Bangladesh is available up to 1991, so this number is for 1991. 



Table 2: Difference-in-Difference Models of Log of Rice Yield (1969-93) 4 

Log (Rice Yield Per Hectare)  Difference Level 

  1969-78 1969-93 Exclude 
1981-82 

West Bengal (=1)   0.004          
(0.17) 

-- -- 

West Bengal × (1979-83)  -- - 0.09*** 
(3.75)  

 - 0.01 
(0.38) 

West Bengal × (1984-88)   --  0.05**  
(1.99) 

 0.05**  
(2.00) 

West Bengal × (1988-93)  --  0.05*  
(1.77) 

 0.05*  
(1.78) 

District FE F-Statistic  -- 44.55   42.61 

Year FE F-Statistic   4.26  29.75  31.81 

R-Squared   0.12  0.80  0.81 

Sample Size   256  717  659 

 

Table 3: Difference in Difference Models of Log of Rice Yield (1977-91) 

  Whole Sample  Exclude Drought Yr.s 1981-82 

  Model 1 Model 2 Model 3  Model 1 Model 2 Model 3 

West Bengal × (1979-83)  - 0.08***    
(-2.43) 

-0.07**    
(-2.05) 

- 0.05      
(-1.58) 

 0.001 
(0.01) 

0.002 
(0.06) 

0.015 
(0.47) 

West Bengal × (1984-87)  0.04 
(1.17) 

0.05 
(1.47) 

0.07** 
(2.04) 

 0.04 
(1.24) 

0.04 
(1.26) 

0.06** 
(1.93) 

West Bengal × (1988-91)  0.08** 
(2.20) 

0.12*** 
(3.28) 

0.18*** 
(5.11) 

 0.07** 
(2.33) 

0.11*** 
(2.97) 

0.17*** 
(4.95) 

Log (Rainfall)  --- 0.01 
(0.40) 

0.007 
(0.32) 

 --- 0.019 
(0.70) 

0.01 
(0.46) 

Log (Public Irrigation)  --- 0.122*** 
(7.22) 

0.07*** 
(4.27) 

 --- 0.103 
(5.77) 

0.04*** 
(2.69) 

HYV Share of GC Area  --- --- 1.04*** 
(8.18) 

 --- --- 1.05*** 
(8.21) 

District FE F-Statistic  40.02*** 20.14*** 14.76***  41.43*** 18.8*** 14.64*** 

Year FE F-Statistic  20.18*** 12.14*** 7.73***  21.67*** 12.41*** 6.04*** 

R-Squared  0.82 0.85 0.87  0.83 0.85 0.88 

Sample Size  424 424 424  367 367 367 

 

                                                           
4 In all the tables t-statistics are in parentheses.  Also, ***,**, and * denote significance at 1%, 5% and 10% level 
respectively.   



Table 4: Difference in Difference Models of Other Public Policies (1977-91) 
 

  Log (Public Irrigation)  HYV Share 

  Whole 
Sample 

Exclude 
1981-82 

 Whole 
Sample 

Exclude 
1981-82 

West Bengal × (1979-1983)  - 0.24**      
(-2.28) 

- 0.18        
(-1.61) 

 - 0.03**      
(-2.25) 

-0.022       
(-1.45) 

West Bengal × (1984-1987)  - 0.27***      
(-2.44) 

- 0.24**      
(-2.18) 

 - 0.014*      
(-1.88) 

- 0.029**     
(-1.95) 

West Bengal × (1988-1991)  - 0.57***      
(-4.97) 

- 0.53***      
(-4.69) 

 - 0.083***     
(-5.25) 

- 0.085***     
(-5.58) 

Log (Rainfall)  0.06     
(0.82) 

0.005     
(0.06) 

 0.006    
(0.56) 

0.007     
(0.67) 

District Fixed Effects F-Statistic  250.66*** 227.98***  55.32*** 49.21*** 

Year Fixed Effects F-Statistic  8.68*** 9.51***  29.65*** 31.22*** 

R-Squared  0.96 0.96  0.85 0.85 

Sample Size  424 367  424 367 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table 5: The Effect of Registration on the Log of Rice Yield in West Bengal (1979-93) 
 

        

  Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 

Sharecropper Registration   0.43*** 
(3.46) 

0.42*** 
(3.44) 

0.43*** 
(3.55) 

0.35*** 
(2.69) 

0.36*** 
(2.64) 

0.36*** 
(2.63) 

Log (Rainfall)  --- - 0.07*   
(-1.67) 

- 0.08*   
(-1.82) 

- 0.07    
(-1.59) 

- 0.08*   
(-1.74) 

- 0.08*   
(-1.77) 

Log (Public Irrigation)  --- 0.02 
(1.01) 

0.01 
(0.70) 

0.01 
(0.60) 

0.02 
(0.83) 

0.02 
(0.79) 

Log (Roads)  --- 0.28*** 
(2.75) 

0.25** 
(2.46) 

0.21** 
(1.99) 

0.19 
(1.55) 

0.22 
(1.54) 

HYV Share of GC Area  --- --- 0.57*** 
(2.85) 

0.45** 
(2.10) 

0.47** 
(2.16) 

0.47** 
(2.16) 

South  × Time             F-Statistic  --- --- --- 4.73*** 4.36*** 4.38*** 

Left Front × Time        F-Statistic  --- --- --- --- 2.64** 2.65** 

Sharecropper × Time F-Statistic  --- --- --- --- --- 0.12 

District Fixed Effects  F-Statistic  72.23*** 15.10*** 8.99*** 9.01*** 8.47*** 7.68*** 

Year Fixed Effects      F-Statistic  28.31*** 27.67*** 21.60*** 17.63*** 17.83*** 12.17*** 

R-Squared  0.91 0.92 0.92 0.92 0.92 0.92 

Sample Size  210 210 210 210 210 210 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table 6: The Effect of Registration on the Log of Rice Yield in West Bengal (1979- 87) 
 

        

  Model 1a Model 1b Model 2a Model 2b Model 3a Model 3b 

Sharecropper Registration   0.44*** 
(2.71) 

0.46*** 
(2.73) 

0.46*** 
(2.41) 

0.48*** 
(2.89) 

0.40** 
(2.34) 

0.41** 
(2.29) 

Log (Real Wages)  --- 0.11 
(1.07) 

--- 0.05 
(0.55) 

--- 0.03 
(0.31) 

Log (Price of Rice)  --- -0.11      
(-0.98) 

--- -0.04      
(-0.40) 

--- 0.001 
(0.01) 

Log (Rainfall)  --- --- -0.08*     
(-1.65) 

- 0.08      
(-1.52) 

- 0.08     
(-1.45) 

-0.08      
(-1.41) 

Log (Public Irrigation)  --- ---  0.10** 
(2.34) 

0.09** 
(2.30) 

0.09** 
(2.19) 

0.09** 
(2.14) 

Log (Roads)  --- --- 0.10 
(0.82) 

0.10 
(0.78) 

0.08 
(0.47) 

0.08 
(0.50) 

HYV Share of GC Area  --- --- 0.66** 
(2.14) 

0.59* 
(1.77) 

0.49 
(1.45) 

0.47 
(1.34) 

South  × Time  --- --- --- --- 1.04 0.81 

Left Front  × Time   --- --- --- --- 0.31 1.88 

Sharecrp. × Time  --- --- --- --- 0.01 0.01 

District Fixed Effects F-Statistic  40.93*** 29.34*** 6.08*** 10.20*** 4.51** 3.98** 

Year Fixed Effects F-Statistic  24.39*** 20.20***   17.71*** 4.36** 14.12*** 11.29*** 

R-Squared  0.89 0.89 0.90 0.90 0.90 0.90 

Sample Size  126 126 126 126 126 126 

 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: Crop share of tenants before and after the reform 
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Figure 4: Rice Yield in West Bengal and Bangladesh 1969-93.
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