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Devwudfw

Lq d vhplqdo sdshu/ Gdylv dqg Kdowlzdqjhu +4<<3, ghprqvwudwhg wkdw uhfhvvlrqv duh
dvvrfldwhg zlwk dq lqfuhdvh lq mre uhdoorfdwlrq/ dw ohdvw lq wkh pdqxidfwxulqj vhfwru1 Wkh
frqyhqwlrqdo ylhz kdv lqwhusuhwhg wklv dv hylghqfh ri �fohdqvlqj�= ohvv surgxfwlyh mrev duh
ghvwur|hg lq uhfhvvlrqv/ dqg uhvrxufhv duh uhdoorfdwhg wrzdugv pruh surgxfwlyh xvhv1 Exw
hpslulfdo hylghqfh kdv idlohg wr �qg hylghqfh wkdw uhvrxufhv duh uhdoorfdwhg wrzdugv pruh
surgxflyh xvhv gxulqj uhfhvvlrqv1 Wklv sdshu surylghv dq h{sodqdwlrq iru zk| fhuwdlq ohvv
h!flhqw surmhfwv pljkw eh deoh wr vxuylyh uhfhvvlrqv hyhq li wkhlu pruh h!flhqw frxqwhusduwv
gr qrw1 Exloglqj rq d prgho ri Dfhprjox +4<<;,/ lw jhqhudwhv vhohfwlrq ri ohvv h!flhqw
surmhfwv dv dq htxloleulxp rxwfrph/ dqg surylghv vrph hpslulfdo vxssruw iru wkh fodlp wkdw
pruh h!flhqw surgxfwlrq duudqjhphqwv zloo eh pruh yxoqhudeoh wr fuhglw pdunhw frqvwudlqwv1

WL dp judwhixo wr Gdurq Dfhprjox/ Sdxo Ehdxgu|/ Ehqq| Hghq/ Qrex Nl|rwdnl/ Nlplqrul Pdwvx|dpd/ Jduh|
Udph|/ Mrho Zdwvrq/ Ryhg \rvkd/ dqg vhplqdu sduwlflsdqwv dw Qruwkzhvwhuq/ Xqlyhuvlw| ri Eulwlvk Froxpeld/
Vwdqirug/ Ihghudo Uhvhuyh Edqn ri Vdq Iudqflvfr/ XF Luylqh/ dqg XF Vdq Glhjr/ Kheuhz Xqlyhuvlw|/ dqg wkh
Zlqwhu lq Who Dyly frqihuhqfh iru khosixo frpphqwv1 L dp dovr lqghewhg wr wkh Qdwlrqdo Vflhqfh Irxqgdwlrq iru
vxssruw zkloh wklv uhvhdufk zdv fduulhg rxw1



Lqwurgxfwlrq

Uhfhqw hpslulfdo zrun e| Gdylv dqg Kdowlzdqjhu +4<<3, kdv uhqhzhg lqwhuhvw dprqj hfrqrplvwv

lq krz exvlqhvv f|fohv d�hfw wkh doorfdwlrq ri uhvrxufhv1 Gdylv dqg Kdowlzdqjhu �qg wkdw

mre uhdoorfdwlrq/ hyhq zlwklq qduurzo| gh�qhg lqgxvwulhv/ whqgv wr eh pruh frqfhqwudwhg lq

uhfhvvlrqv1 Wklv vxjjhvwv exvlqhvv f|fohv pljkw sod| dq lpsruwdqw uroh lq ghwhuplqlqj krz

vfdufh uhvrxufhv lq wkh hfrqrp| duh doorfdwhg dfurvv gl�huhqw xvhv1 Lq h{sodlqlqj zk| wklv

pljkw eh wkh fdvh/ ydulrxv dxwkruv kdyh dujxhg wkdw lqfuhdvhg uhdoorfdwlrq gxulqj uhfhvvlrqv

surylghv hylghqfh lq idyru ri wkh rog Vfkxpshwhuldq ylhz wkdw uhfhvvlrqv surprwh d pruh h!flhqw

doorfdwlrq ri uhvrxufhv1 Rqh yhuvlrq ri wklv k|srwkhvlv/ zklfk lv dgydqfhg lq Fdedoohur dqg

Kdpprxu +4<<7/ 4<<9, dqg Pruwhqvhq dqg Slvvdulghv +4<<7,/ hpskdvl}hv wkdw uhfhvvlrqv gulyh

rxw ru �fohdqvh� doo exw wkh prvw h!flhqw surgxfwlrq xqlwv/ vlqfh rqo| wkhvh duh vx!flhqwo|

sur�wdeoh wr vxuylyh gxulqj kdug wlphv1 Uhvrxufhv wkdw duh hpsor|hg lq ohvv h!flhqw xvhv sulru

wr wkh uhfhvvlrq zloo lqhylwdeo| guliw wr wkh pruh vxshulru duudqjhphqwv wkdw suhydlo1 D glvwlqfw

exw uhodwhg yhuvlrq ri wklv k|srwkhvlv/ dgydqfhg e| Kdoo +4<<4/ 5333,/ Frrshu dqg Kdowlzdqjhu

+4<<6,/ dqg Djklrq dqg Vdlqw Sdxo +4<<;,/ dujxhv wkdw uhfhvvlrqv hqfrxudjh djhqwv wr hqjdjh

lq h!flhqf|0hqkdqflqj dfwlylwlhv lqvwhdg ri surgxfwlrq ehfdxvh wkh uhwxuq wr wkh odwwhu dfwlylw|

ghfolqhv gxulqj uhfhvvlrqv1 Li h!flhqf|0hqkdqflqj dfwlylwlhv lqfoxgh vhhnlqj rxw pruh surgxfwlyh

xvhv iru uhvrxufhv/ uhfhvvlrqv zloo ohdg wr d pruh h!flhqw doorfdwlrq ri uhvrxufhv1 Zkloh wkhvh

h{sodqdwlrqv gr qrw qhfhvvdulo| lpso| wkdw wkhuh lv lqkhuhqw yluwxh lq edg wlphv/ dv vrph kdyh

frqfoxghg iurp wklv wkhru|/ wkh| gr lghqwli| uhfhvvlrqv dv dpholrudwlqj udwkhu wkdq h{dfhuedwlqj

wkh plvdoorfdwlrq ri hpsor|hg uhvrxufhv1

Ghvslwh wkh jurzlqj frqvhqvxv lq idyru ri wklv h{sodqdwlrq iru wkh lqfuhdvh lq mre uhdoorfdwlrq

gxulqj uhfhvvlrqv/ hpslulfdo zrun wkdw lqyhvwljdwhv zklfk mrev vxuylyh grzqwxuqv kdv idlohg wr

�qg hylghqfh lq vxssruw ri wklv ylhz1 Iru h{dpsoh/ Julolfkhv dqg Uhjhy +4<<8, dqg Edloh|/

Eduwhovpdq/ dqg Kdowlzdqjhu +4<<;, h{dplqh d sdqho gdwdvhw ri pdqxidfwxulqj sodqwv lq Lvudho

dqg wkh X1V1/ uhvshfwlyho|1 Iru hdfk sodqw/ wkh| xvh rxwsxw shu zrunhu dv d phdvxuh ri krz

surgxfwlyh uhvrxufhv duh dw wkdw vlwh1 Wkhlu �qglqjv surylgh rqo| zhdn vxssruw iru wkh fodlp

wkdw fkdqjhv lq wkh frpsrvlwlrq ri hpsor|phqw dfurvv sodqwv dfw wr lqfuhdvh djjuhjdwh sur0

gxfwlylw| lq grzqwxuqv/ dqg lq vrph lqgxvwulhv wkh h�hfw jrhv lq wkh zurqj gluhfwlrq1 Eduohy|

+4<<<, olnhzlvh idlov wr �qg vxssruw iru wkh fodlp wkdw mrev zklfk vxuylyh uhfhvvlrqv whqg wr eh

pruh surgxfwlyh xvlqj zdjh gdwd wr lghqwli| surgxfwlylw| dv dq dowhuqdwlyh wr dyhudjh rxwsxw

shu zrunhu1 Dgrswlqj d pruh klvwrulfdo shuvshfwlyh/ Euhvqdkdq dqg Ud� +4<<4, dqg Ehuwlq/

Euhvqdkdq/ dqg Ud� +4<<9, h{dplqh zklfk sodqwv vxuylyh wkh Juhdw Ghsuhvvlrq lq sduwlfxodu
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lqgxvwulhv1 Lq erwk wkh dxwrpreloh dqg wkh eodvw ixuqdfh lqgxvwu|/ wkh| �qg qr hylghqfh wkdw

dprqj wkrvh hvwdeolvkphqwv zklfk vxuylyh wkurxjk wkh Ghsuhvvlrq/ wkrvh zkr zhuh pruh sur0

gxfwlyh whqghg wr dwwudfw pruh uhvrxufhv1 Pruhryhu/ lq wkh eodvw ixuqdfh lqgxvwu|/ wkh| �qg

qr fruuhodwlrq ehwzhhq surgxfwlylw| dqg wkh surshqvlw| iru �upv wr vkxw grzq1 Dowkrxjk wkh|

gr �qg wkdw pruh surgxfwlyh sodqwv lq wkh dxwrpreloh lqgxvwu| zhuh pruh olnho| wr vxuylyh wkh

Ghsuhvvlrq/ Euhvqdkdq dqg Ud� +4<<;, vxevhtxhqwo| dujxh wkdw wkhvh sodqwv vkxw grzq ehfdxvh

ri dyrlgdeoh frvwv udwkhu wkdq ehfdxvh wkh| zhuh ohvv surgxfwlyh14 Hyhq ryhu orqjhu krul}rqv/

wkhuh lv olwwoh hylghqfh wkdw uhdoorfdwlrq lq uhfhvvlrqv lv dvvrfldwhg zlwk lpsuryhg surgxfwlyh

srwhqwldo1 Vfkxk dqg Wulhvw +4<<;, frpsduh jurzwk lq wrwdo idfwru surgxfwlylw| lq wkh �yh |hduv

diwhu d uhfhvvlrq zlwk jurzwk lq wkh vdph lqgxvwu| lq wkh �yh |hduv ehiruh d uhfhvvlrq1 Wkh| �qg

qr reylrxv uhodwlrqvkls ehwzhhq wkh h{whqw ri uhdoorfdwlrq gxulqj wkh uhfhvvlrq dqg vxevhtxhqw

surgxfwlylw| jurzwk dfurvv lqgxvwulhv1

Wkh deryh �qglqjv vxjjhvw zh qhhg dq dowhuqdwlyh h{sodqdwlrq iru lqfuhdvhg mre uhdoorfdwlrq

gxulqj uhfhvvlrqv wkdw grhv qrw suhglfw rqo| wkh prvw h!flhqw surgxfwlrq duudqjhphqwv vxuylyh

uhfhvvlrqv1 Wklv sdshu r�huv rqh vxfk h{sodqdwlrq zklfk uholhv rq fuhglw pdunhw iulfwlrqv1 L

ehjlq zlwk d vlpsoh h{dpsoh zklfk looxvwudwhv wkh uroh fuhglw pdunhw lpshuihfwlrqv frxog sod|

lq uhyhuvlqj wkh fohdqvlqj sdwwhuq ghvfulehg lq suhylrxv zrun1 Wkh h{dpsoh vkrzv wkh uhdvrq

suhylrxv prghov lpso| d fohdqvlqj sdwwhuq lv ehfdxvh wkh| dvvxph djhqwv duh jryhuqhg rqo|

e| sduwlflsdwlrq frqvwudlqwv1 Wklv dvvxpswlrq lpsolhv wkdw wkh ghflvlrq wr surgxfh klqjhv

rq zkhwkhu wkhuh lv hqrxjk vxusoxv wr nhhs djhqwv lqwhuhvwhg lq surgxfwlrq1 Frqvhtxhqwo|/

sduwlflsdwlrq frqvwudlqwv elqg �uvw iru wkrvh surmhfwv zklfk jhqhudwh wkh ohdvw dprxqw ri vxusoxv/

vr wkdw uhfhvvlrqv vhohfw wkh prvw h!flhqw surmhfwv zklfk jhqhudwh wkh prvw vxusoxv1 Exw wkh

vdph lqwxlwlrq qhhg qrw krog li zh lqwurgxfh rwkhu frqvwudlqwv lqwr wkh prgho1 Iru h{dpsoh/

wkhuh lv qr dqdorjrxv dujxphqw wkdw lqfhqwlyh frqvwudlqwv qhfhvvdulo| elqg �uvw iru surmhfwv

wkdw jhqhudwh ohvv vxusoxv> surmhfwv zklfk jhqhudwh pruh vxusoxv pljkw dovr r�hu sduwlflsdqwv

juhdwhu lqfhqwlyhv wr ghyldwh/ pdnlqj wkhp pruh iudjloh1 L looxvwudwh wklv lq d prgho zkhuh

lpshuihfw hqirufhdelolw| ri ordq frqwudfwv jlyhv djhqwv dq lqfhqwlyh wr ghidxow rq wkhlu ordqv1 Wkh

ghsduwxuh iurp wkh vwdqgdug fohdqvlqj sdwwhuq lq wklv h{dpsoh lv dqdorjrxv wr wkh phfkdqlvp

zklfk h{sodlqv zk| frfnurdfkhv duh pruh olnho| wr vxuylyh kduvk folpdfwlf hslvrghv wkdq rwkhu

dqlpdov1 Vshfl�fdoo|/ dowkrxjk frfnurdfkhv duh dujxdeo| qhlwkhu pruh h!flhqw dw �qglqj irrg

qru pruh surgxfwlyh dw jhqhudwlqj r�vsulqj wkdq rwkhu dqlpdov/ wkh| uhtxluh yhu| olwwoh uhvrxufhv

4Lq wkh vdph vslulw ri xvlqj klvwrulfdo fdvh vwxglhv/ Edghq0Ixoohu +4<;<, h{dplqhv h{lwv lq wkh Eulwlvk vwhho
fdvwlqjv lqgxvwu| gxulqj wkh 4<;3 uhfhvvlrq1 Kh frqvlghuv sodqw sur�wdelolw| udwkhu wkdq surgxfwlylw|/ dqg �qgv
wkdw vrph ri wkh ohvv sur�wdeoh sodqwv zhuh dprqj wkrvh zklfk vxuylyhg1

5



wr vxvwdlq wkhpvhoyhv1 Zkhq irrg ehfrphv vfdufh/ dqlpdov zklfk uhtxluh yhu| olwwoh ri lw duh

pruh olnho| wr vxuylyh/ lqghshqghqwo| ri h!flhqf| frqvlghudwlrqv1 Fuhglw lq p| prgho dfwv olnh

irrg lq wkdw uhjdug> gxulqj uhfhvvlrqv/ lw lv kdug wr �qg ohqghuv zloolqj wr h{whqg odujh dprxqwv

ri fuhglw/ dqg vr wkh surmhfwv wkdw uhtxluh ohvv fuhglw vxuylyh uhjdugohvv ri wkhlu xqghuo|lqj

h!flhqf|1 Vlqfh wkhuh lv qr d sulrul uhdvrq iru zk| pruh h!flhqw surgxfwlrq duudqjhphqwv zloo

uho| rq hlwkhu pruh ru ohvv fuhglw/ lqh!flhqw surmhfwv frxog lq sulqflsoh vxuylyh uhfhvvlrqv zkloh

pruh h!flhqw surmhfwv gr qrw1 Exloglqj rq wklv h{dpsoh/ L ghyhors d jhqhudo htxloleulxp prgho

lq zklfk wkh vxusoxv dvvrfldwhg zlwk gl�huhqw xvhv ri uhvrxufhv lv ghwhuplqhg hqgrjhqrxvo|1 Wkh

prgho jhqhudwhv dq hqgrjhqrxv uhodwlrqvkls ehwzhhq wkh h!flhqf| ri gl�huhqw surmhfwv dqg wkh

dprxqw ri fuhglw wkh| uhtxluh1 Lq sduwlfxodu/ ohvv h!flhqw surmhfwv uhtxluh vpdoohu dprxqwv

ri fuhglw lq htxloleulxp/ lpso|lqj wkh| zloo kdyh dq dgydqwdjh lq vxuylylqj grzqwxuqv1 Wkh

�qdo vhfwlrq ri wkh sdshu suhvhqwv vrph suholplqdu| hylghqfh zklfk vxjjhvwv �upv wkdw eruurz

pruh uhvrxufhv gr lq idfw dsshdu wr eh pruh surgxfwlyh dv wkh prgho suhglfwv/ dw ohdvw zkhq

surgxfwlylw| lv phdvxuhg lq whupv ri rxwsxw shu zrunhu1

L vkrxog qrwh wkdw dowkrxjk wkhuh lv douhdg| d odujh olwhudwxuh rq erwk fuhglw pdunhw iulfwlrqv

dqg rq wkh uroh ri lqfhqwlyh frqvwudlqwv lq prghov ri uhvrxufh doorfdwlrq/ lw grhv qrw dgguhvv

wkh lvvxhv udlvhg lq wklv sdshu1 Rq wkh rqh kdqg/ pdq| ri wkh fxuuhqw prghov ri fuhglw pdunhw

iulfwlrqv vxfk dv Nl|rwdnl dqg Prruh +4<<:, devwudfw iurp khwhurjhqhlw| lq surgxfwlyh h!0

flhqf| dfurvv hqwuhsuhqhxuv/ irfxvlqj lqvwhdg rq wkh uroh ri khwhurjhqhlw| lq qhw zruwk dprqj

hqwuhsuhqhxuv wkdw kdyh dffhvv wr wkh vdph whfkqrorj|1 Khqfh/ prvw prghov wkdw vwxg| fuhglw

pdunhw iulfwlrqv duh vlohqw rq zkhwkhu surgxfwlrq duudqjhphqwv wkdw idoo suh| wr �qdqflqj frq0

vwudlqwv uhsuhvhqw pruh h!flhqw xvhv ri uhvrxufhv1 Lq idfw/ wkh rqh prgho lq wklv olwhudwxuh wkdw

dvvxphv khwhurjhqhlw| lq surgxfwlylw|/ Ehuqdqnh dqg Jhuwohu +4<;<,/ lpsrvhv whfkqrorjlfdo dv0

vxpswlrqv wkdw lpso| wkh rssrvlwh fruuhodwlrq ehwzhhq wkh dprxqw ri eruurzlqj dqg surgxfwlyh

h!flhqf|/ vr wkdw fuhglw pdunhw iulfwlrqv frqwlqxh wr vhohfw wkh prvw h!flhqw xvhv ri uhvrxufhv1

Vlploduo|/ h{lvwlqj zrun wkdw lqwurgxfhv lqfhqwlyh frqvwudlqwv lqwr prghov ri uhvrxufh doorfdwlrq/

lqfoxglqj prvw uhfhqwo| Udph| dqg Zdwvrq +4<<:, dqg Fdedoohur dqg Kdpprxu +4<<;,/ kdyh

qrw lqyhvwljdwhg wkh srwhqwldo ri vxfk frqvwudlqwv wr uhyhuvh wkh fohdqvlqj sdwwhuq ghvfulehg

deryh1 Lqvwhdg/ wkh| lqyrnh prudo kd}dug wr dujxh wkdw mrev zklfk jhqhudwh srvlwlyh vxusoxv

pd| qhyhuwkhohvv eh ghvwur|hg gxulqj uhfhvvlrqv ehfdxvh djhqwv fdqqrw fuhgleo| frpplw qrw

wr ghyldwh rq wkhlu reoljdwlrqv1 Exw wkhvh prghov frqwlqxh wr lpso| rqo| wkh prvw h!flhqw

surgxfwlrq duudqjhphqwv uhpdlq dfwlyh lq uhfhvvlrqv1 Sxw dqrwkhu zd|/ wkhvh prghov xvh lqfhq0

wlyh frqvwudlqwv wr jhqhudwh h{fhvvlyh �fohdqvlqj� gxulqj uhfhvvlrqv � uhfhvvlrqv wkurz rxw vrph

edelhv dorqj zlwk wkh edwkzdwhu � exw wkh| vwloo suhglfw uhfhvvlrqv duh dvvrfldwhg zlwk fohdqvlqj
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lq wkhvh vhqvh wkdw doo exw wkh prvw h!flhqw xvhv ri uhvrxufhv duh vkxw grzq1 E| frqwudvw/ wklv

sdshu dujxhv uhfhvvlrqv frxog vwulnh dw wkh pruh h!flhqw xvhv ri uhvrxufhv dqg ohdyh lqwdfw ohvv

h!flhqw irupv ri surgxfwlrq1 Wklv glvwlqfwlrq lv srwhqwldoo| lpsruwdqw1 Iru h{dpsoh/ zhoiduh

fdofxodwlrqv edvhg rq wkh dvvxpswlrq wkdw rqo| wkh prvw h!flhqw xvhv ri uhvrxufhv vxuylyh uh0

fhvvlrqv zrxog xqghuhvwlpdwh wkh wuxh frvwv ri uhfhvvlrqv zkhq/ dv dsshduv wr eh wkh fdvh lq

wkh gdwd/ vrph ri wkh uhodwlyho| ohvv h!flhqw xvhv ri uhvrxufhv vxuylyh lqvwhdg1 Olnhzlvh/ srolf|

uhfrpphqgdwlrqv wkdw vhhn wr surwhfw mrev zklfk hphujh gxulqj uhfhvvlrqv pd| lqdgyhuwhqwo|

irvwhu wkh plvdoorfdwlrq ri uhvrxufhv udwkhu wkdq surprwlqj wkhlu h!flhqw xvh1

Wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 4 frqvwuxfwv d vlpsoh h{dpsoh zklfk looxvwudwhv

zk| lqfhqwlyh frqvwudlqwv qhhg qrw lpso| wkh vdph fohdqvlqj sdwwhuq dv prghov wkdw rqo| doorz

iru sduwlflsdwlrq frqvwudlqwv1 Vhfwlrq 5 ghyhorsv d jhqhudo htxloleulxp prgho wkdw jhqhudwhv

wkh dvvxpswlrq zklfk lqvxuh wkh vhohfwlrq ri ohvv h!flhqw surmhfwv gxulqj uhfhvvlrqv dv dq

hqgrjhqrxv htxloleulxp rxwfrph1 Vhfwlrq 6 glvfxvvhv hpslulfdo hylghqfh rq wkh uroh ri fuhglw

pdunhwv lq jhqhudwlqj wkh vhohfwlrq ri ohvv h!flhqw surmhfwv1 Vhfwlrq 7 frqfoxghv1

41 D Vlpsoh H{dpsoh

L ehjlq zlwk d vlpsoh h{dpsoh wkdw frqyh|v wkh lqwxlwlrq iru zk| fuhglw pdunhw iulfwlrqv fdq

uhyhuvh wkh fohdqvlqj sdwwhuq ghvfulehg deryh1 Frqvlghu dq hfrqrp| zlwk d frqwlqxxp ri

djhqwv1 Kdoi duh hqgrzhg zlwk dq duelwudulo| odujh dprxqw ri d frqvxpswlrq jrrg1 Wkh rwkhu

kdoi/ zkrp L zloo uhihu wr dv hqwuhsuhqhxuv/ kdyh qr frqvxpswlrq jrrgv dw wkhlu glvsrvdo/ exw

kdyh dffhvv wr d whfkqrorj| wkdw fdq surgxfh frqvxpswlrq jrrgv1 Wklv whfkqrorj| fdq rqo| eh

fduulhg rxw lq lqglylvleoh xqlwv/ dqg hdfk djhqw fdq rshudwh dw prvw rqh surmhfw1 Krzhyhu/ qrw

doo djhqwv kdyh dffhvv wr wkh vdph whfkqrorj|1 Lqvwhdg/ wkhuh duh wzr w|shv ri surmhfwv/ lqgh{hg

e| m 5 i3> 4j/ dqg hdfk hqwuhsuhqhxu kdv dffhvv wr rqo| rqh w|sh ri surmhfw1 Surmhfw m uhtxluhv

d �{hg lqsxw ri n� xqlwv ri wkh frqvxpswlrq jrrg/ dqg |lhogv s� xqlwv ri wkh frqvxpswlrq jrrg

dv rxwsxw1 Wklv surgxfwlrq vwuxfwxuh lv frpprq nqrzohgjh dprqj doo ri wkh djhqwv lq wkh

hfrqrp|1 Pruhryhu/ hyhu|rqh fdq revhuyh zkdw whfkqrorj| hdfk djhqw kdv dffhvv wr1

Vlqfh hqwuhsuhqhxuv duh qrw hqgrzhg zlwk frqvxpswlrq jrrgv/ wkh| zloo kdyh wr eruurz lqsxwv

iurp wkrvh djhqwv zkr duh1 Vxssrvh lqlwldoo| wkdw ordq frqwudfwv duh shuihfwo| hqirufhdeoh/ vr

eruurzhuv fdq eh frpshoohg wr uhsd| wkhlu ghewv1 Frpshwlwlrq zloo gulyh grzq wkh sur�wv rq

ordqv wr }hur/ vr wkdw hqwuhsuhqhxuv zkr zlvk wr surgxfh qhhg rqo| surplvh wr uhsd| wkh vdph
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dprxqw n� zklfk wkh| eruurz1 Wkh sur�wv wr dq hqwuhsuhqhxu zkr surgxfhv xvlqj whfkqrorj|

m duh s� � n� / dqg dq hqwuhsuhqhxu zloo eruurz ixqgv dqg surgxfh li dqg rqo| li

s� � n� � 3 +414,

Frqglwlrq +414, lv mxvw d vwdqgdug sduwlflsdwlrq frqvwudlqw1 Lw lv dqdorjrxv wr wkh sduwlflsd0

wlrq frqvwudlqwv hpsor|hg lq suhylrxv prghov zklfk vwxg| wkh doorfdwlrq ri uhvrxufhv dfurvv

mrev/ dowkrxjk wkhvh prghov w|slfdoo| doorz iru pdwfklqj surfhvvhv lq zklfk pruh wkhuh duh

sduwlflsdwlrq frqvwudlqwv iru doo sduwlhv lqyroyhg lq surgxfwlrq udwkhu wkdq mxvw rqh1

Wkh vxusoxv iurp hdfk surmhfw ryhu wkh dowhuqdwlyh rswlrq ri qrw surgxflqj lv mxvw wkh qhw

rxwsxw ri wkh surmhfw s� � n� 1 L zloo uhihu wr d surmhfw wkdw |lhogv pruh vxusoxv dv d pruh

h!flhqw surmhfw/ vlqfh zh fdq dozd|v hqjlqhhu d Sduhwr lpsuryhphqw e| jlylqj dq hqwuhsuhqhxu

dffhvv wr d whfkqrorj| wkdw |lhogv kljkhu qhw rxwsxw1 Sxw dqrwkhu zd|/ vxfk d surmhfw lqyroyhv

d pruh h!flhqw xvh ri vfdufh hqwuhsuhqhxuldo uhvrxufhv15 Zlwkrxw orvv ri jhqhudolw|/ vxssrvh

s� � n� � sf � nf +415,

vr wkdw surmhfw 4 lv zhdno| pruh h!flhqw1 Wr ghwhuplqh zkdw w|sh ri surmhfwv duh pruh olnho|

wr vxuylyh uhfhvvlrqv/ vxssrvh wkh sdudphwhuv ri wkh wzr surgxfwlrq whfkqrorjlhv duh vxfk wkdw

hqwuhsuhqhxuv hqjdjh lq surgxfwlrq iru rqo| rqh w|sh ri surmhfw m 5 i3> 4j1 Vlqfh dq hqwuhsuhqhxu

zloo hpsor| uhvrxufhv iru surgxfwlrq li dqg rqo| li wkh sduwlflsdwlrq frqvwudlqw +414, krogv/ lw

iroorzv wkdw rqo| rqh surmhfw zloo eh fduulhg rxw li rqh surmhfw |lhogv srvlwlyh qhw rxwsxw dqg

wkh rwkhu |lhogv qhjdwlyh rxwsxw1 Dsso|lqj +415,/ lw iroorzv wkdw

s� � n� � 3 � sf � nf

Jhqhulfdoo|/ wkhq/ lw pxvw eh wkh fdvh wkdw li rqo| fhuwdlq surgxfwlrq duudqjhphqwv vxuylyh

uhfhvvlrqv/ lw zloo eh wkrvh zklfk duh pruh h!flhqw1 Wkh uhdvrq lv vwudljkwiruzdug= vlqfh

surgxfwlrq ghflvlrqv duh jryhuqhg rqo| e| sduwlflsdwlrq frqvwudlqwv/ d surmhfw zloo vxuylyh li

dqg rqo| li lw jhqhudwhv hqrxjk vxusoxv wr hqfrxudjh wkh hqwuhsuhqhxu wr sduwlflsdwh lq wkh

surmhfw1

5Wklv udlvhv dq lpsruwdqw srlqw derxw xvlqj surgxfwlylw| wr phdvxuh xqghuo|lqj h!flhqf|1 Dv qrwhg lq wkh
Lqwurgxfwlrq/ hpslulfdo dssolfdwlrqv w|slfdoo| xvh surgxfwlylw| phdvxuhv wr sur{| iru wkh h!flhqf| ri d jlyhq
surgxfwlrq duudqjhphqw1 Exw lw lv lpsruwdqw wr xvh wkh fruuhfw phdvxuh ri surgxfwlylw|/ qdpho| wkh surgxfwlylw|
ri wkh vfdufh lqsxw wkdw olplwv wkh vfdoh ri surgxfwlrq1 Lq wklv sduwlfxodu h{dpsoh/ wkhuh lv d olplwhg qxpehu ri
hqwuhsuhqhxuv exw dq h{fhvv vxsso| ri frqvxpswlrq lqsxwv1 Khqfh/ pruh h!flhqw surmhfwv duh wkrvh zklfk |lhog
pruh rxwsxw shu xqlw ri hqwuhsuhqhxuldo h�ruw udwkhu wkdq shu xqlw ri frqvxpswlrq lqsxw/ l1h1 doorfdwlyh h!flhqf|
lv phdvxuhg e| krz zhoo wkh vfdufh uhvrxufh lv hpsor|hg1
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Dowkrxjk wkh lqwxlwlrq wkdw rqo| wkh prvw h!flhqw surmhfwv vxuylyh vhhpv doprvw wdxwrorjlfdo/

lw grhv qrw qhfhvvdulo| krog rqfh zh doorz iru dgglwlrqdo frqvwudlqwv rq wkh surgxfwlrq surfhvv1

Wr looxvwudwh wklv/ frqvlghu wkh fdvh zkhuh ordqv duh qr orqjhu shuihfwo| hqirufhdeoh1 Lqvwhdg/

vxssrvh wkhuh lv rqo| olplwhg hqirufhdelolw|= dq hqwuhsuhqhxu fdq eh frpshoohg wr sd| edfn

klv ordq rqo| li kh xqghuwdnhv surgxfwlrq/ lq zklfk fdvh d wklug sduw| fdq wdnh frqwuro ri wkh

surmhfw dqg lqvxuh surshu uhsd|phqw ri wkh ordq1 Krzhyhu/ wkhuh lv qrwklqj wr suhfoxgh wkh

hqwuhsuhqhxu iurp uxqqlqj dzd| zlwk wkh rxwsxw kh eruurzv dqg gluhfwo| frqvxph lw +ru pruh

jhqhudoo| d iudfwlrq ri wkh rxwsxw kh eruurzv li zh dvvxph glyhuvlrq lv frvwo|,1 Xqghu wklv

vfhqdulr/ dq hqwuhsuhqhxu zloo jr dkhdg zlwk d surmhfw li dqg rqo| li lw qhwv klp pruh rxwsxw

wkdq wkh dprxqw kh eruurzv1 Irupdoo|/ wkh hqwuhsuhqhxu zloo surgxfh li dqg rqo| li wkh lqfhqwlyh

frqvwudlqw

s� � n� � n� +416,

lv vdwlv�hg1 Qrwh wkdw vlqfh n� � 3/ +416, lpsolhv +414,1 Li zh djdlq frqvlghu wkh fdvh lq zklfk

rqo| rqh surmhfw m vxuylyhv/ wkhq iru l 9@ m/ zh kdyh

s� � 5n� � 3 � s� � 5n�

Lq frqwudvw zlwk wkh suhylrxv fdvh/ frqglwlrq +415, lv qr orqjhu hqrxjk wr hvwdeolvk wkdw m @ 41

D vlpsoh fdofxodwlrq frq�upv wkdw li

n� � nf ? s� � sf ? 5 +n� � nf, +417,

surmhfw 4 zloo eh pruh h!flhqw/ lq olqh zlwk +415,/ exw rqo| surmhfw 3 zloo vdwlvi| wkh lqfhqwlyh

frqvwudlqw1 Wkh �uvw lqhtxdolw| lq +417, lqvxuhv surmhfw 4 lv pruh h!flhqw/ zkloh wkh vhfrqg

lqhtxdolw| lq +417, lqvxuhv wkh ohvv h!flhqw surmhfwv zloo eh wkrvh zklfk vdwlvi| wkh lqfhqwlyh

frqvwudlqw1 Lqwxlwlyho|/ wkh vhfrqg lqhtxdolw| uhtxluhv n� � nf wr eh vx!flhqwo| odujh/ l1h1 lw

uhtxluhv wkdw wkh pruh h!flhqw surmhfw ghshqgv rq d odujhu dprxqw ri eruurzhg ixqgv1 Vlqfh

wkh lqfhqwlyh iru djhqwv wr ghidxow rq ordqv lv lqfuhdvlqj zlwk ordq vl}h/ wklv ihdwxuh lpsolhv ohvv

h!flhqw surmhfwv zloo eh pruh olnho| wr vxuylyh1

Lw vkrxog eh hpskdvl}hg wkdw wkh deryh h{dpsoh grhv qrw uho| fuxfldoo| rq wkh dvvxpswlrq

ri olplwhg hqirufhphqw1 Udwkhu/ wkh nh| ihdwxuh ehklqg wklv h{dpsoh lv wkdw surmhfwv zklfk

uhtxluh pruh eruurzlqj duh pruh yxoqhudeoh wr lqfhqwlyh frqvwudlqwv1 Rwkhu iulfwlrqv lq wkh

fuhglw pdunhw frxog olnhzlvh jhqhudwh wkh uhvxow wkdw wljkw fuhglw frqvwudlqv �uvw d�hfw wkrvh

surmhfwv zklfk eruurz odujhu dprxqwv ri uhvrxufhv1 Iru h{dpsoh/ Ehuqdqnh dqg Jhuwohu +4<;<,

jhqhudwh wklv vdph sdwwhuq lq d frvwo| vwdwh yhul�fdwlrq prgho> odujhu dprxqwv ri fuhglw r�hu
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djhqwv juhdwhu lqfhqwlyh wr plvuhsuhvhqw wkhlu hduqlqjv/ dqg duh wkhuhiruh dvvrfldwhg zlwk odujhu

h{shfwhg djhqf| frvwv iru ohqghuv1 Olnhzlvh/ Nl|rwdnl dqg Prruh +4<<:, jhqhudwh wklv sdwwhuq

lq d prgho zkhuh eruurzhuv fdqqrw frpplw wr qrw uhqhjrwldwh ordq frqwudfwv dqg duh olplwhg e|

wkh dprxqw ri froodwhudo wkh| fdq r�hu1 Khqfh/ dv orqj dv surmhfwv zklfk uhtxluh pruh eruurzlqj

dovr kdsshq wr jhqhudwh pruh vxusoxv/ vwdqgdug lqfhqwlyh sureohpv lq wkh fuhglw pdunhw fdq

uhyhuvh wkh frqyhqwlrqdo suhglfwlrq wkdw uhfhvvlrqv vkdnh rxw doo exw wkh prvw h!flhqw xvhv

ri uhvrxufhv1 Krzhyhu/ wkh h{dpsoh deryh rqo| looxvwudwhv d wkhruhwlfdo srvvlelolw|/ rqh zklfk

uholhv rq d vhhplqjo| duelwudu| uhvwulfwlrq rq whfkqrorjlfdo sdudphwhuv jlyhq e| +417,1 Dw wklv

vwdjh/ lw gl!fxow wr dvvhvv wkh sodxvlelolw| ri wkh k|srwkhvlv wkdw lqfuhdvhg uhdoorfdwlrq gxulqj

uhfhvvlrqv frxog vhohfw ohvv h!flhqw surmhfwv lqvwhdg ri fohdqvlqj rxw doo exw wkh prvw h!flhqw1

Wrzdugv wklv hqg/ wkh qh{w vhfwlrq ghyhorsv d prgho lq zklfk wkh vxusoxv ri gl�huhqw surmhfwv lv

ghwhuplqhg hqgrjhqrxvo| dqg |lhogv frqglwlrq +417, dv dq htxloleulxp rxwfrph/ zkloh Vhfwlrq

6 suhvhqwv hpslulfdo hylghqfh wkdw surylghv vrph vxssruw iru wkh frqglwlrq +417,1

Dv d �qdo uhpdun/ wklv h{dpsoh uhdglo| looxvwudwhv wkh gl�huhqfhv ehwzhhq wklv sdshu dqg suhyl0

rxv zrun flwhg lq wkh Lqwurgxfwlrq wkdw lqfrusrudwhv lqfhqwlyh frqvwudlqwv lq prghov ri uhvrxufh

doorfdwlrq1 Wudqvodwhg lqwr wkh qrwdwlrq ri wklv h{dpsoh/ erwk Udph| dqg Zdwvrq +4<<:, dqg

Fdedoohur dqg Kdpprxu +4<<;, dvvxph d frqvwdqw frvw n iru doo surmhfwv zkloh pdlqwdlqlqj

wkh dvvxpswlrq wkdw vrph surmhfwv jhqhudwh pruh rxwsxw wkdq rwkhuv1 Wklv vshfl�fdwlrq lv

lqfrqvlvwhqw zlwk wkh vhfrqg lqhtxdolw| lq +417,/ dqg wkhuhiruh uxohv rxw wkh srvvlelolw| wkdw

pruh h!flhqw surmhfwv duh pruh olnho| wr vxuylyh16 Lq idfw/ frqglwlrq +417, fdq rqo| eh vdwlv�hg

li erwk wkh frvwv ri d surmhfw n� dqg wkh rxwsxw ri d surmhfw s� duh gl�huhqw dfurvv surmhfwv1

Vlqfh h{lvwlqj prghov dgrsw wkh frqyhqlhqw dvvxpswlrq wkdw hlwkhu lqsxw frvwv ru surgxfwlylw|

duh frqvwdqw dfurvv surmhfwv/ wkh| revfxuh wkh idfw wkdw lqwurgxflqj lqfhqwlyh frqvwudlqwv fdq

ryhuwxuq wkh suhglfwlrq wkdw rqo| wkh prvw h!flhqw surmhfwv vxuylyh uhfhvvlrqv1 Wklv lv �qh/

vlqfh erwk Udph| dqg Zdwvrq dqg Fdedoohur dqg Kdpprxu hpskdvl}h d gl�huhqw dvshfw ri

lqfhqwlyh frqvwudlqwv/ qdpho| wkdw d surmhfw pljkw eh ghvwur|hg hyhq zkhq lw |lhogv srvlwlyh qhw

rxwsxw/ l1h1 +416, pljkw eh ylrodwhg iru surmhfwv zlwk vwulfwo| srvlwlyh qhw rxwsxw/ l1h1 s��n A 31

Wklv suhglfwlrq lv dovr d ihdwxuh ri wkh h{dpsoh deryh/ vlqfh d surmhfw kdv wr jhqhudwh hqrxjk

vxusoxv wr vdwlvi| wkh lqfhqwlyh frqvwudlqw +416,1 Exw wkh qryho frqwulexwlrq ri wklv sdshu olhv lq

ghprqvwudwlqj wkdw uhfhvvlrqv frxog ghvwur| pruh h!flhqw xvhv ri uhvrxufhv zkloh ohdylqj ohvv

6Lq d vlplodu yhlq/ Ehuqdqnh dqg Jhuwohu +4<;<, dvvxph hqwhusuhqhxuv kdyh dffhvv wr surmhfwv wkdw |lhog dq
lghqwlfdo dprxqw ri rxwsxw R 
 �/ exw vrph surmhfwv duh pruh h!flhqw wkdq rwkhuv ehfxdvh wkh| uhtxluh ihzhu
lqsxwv wr surgxfh wklv xqlw ri rxwsxw/ l1h1 &� 	 &f1 Wklv vshfl�fdwlrq djdlq suhfoxghv wkh vhfrqg lqhtxdolw| lq
+417,/ dqg wkxv suhglfwv wkdw wkh prvw h!flhqw surmhfwv zloo vxuylyh lq grzqwxuqv1

:



h!flhqw xvhv lqwdfw/ qrw lq ghprqvwudwlqj wkdw uhfhvvlrqv fdq eh dvvrfldwhg zlwk dq lqh!flhqwo|

kljk surgxfwlylw| wkuhvkrog wkdw mrev pxvw vdwlvi|1

51 D Jhqhudo Htxloleulxp Prgho

Wkh h{dpsoh lq wkh suhylrxv vhfwlrq h{sodlqv zk| lw lv srvvleoh iru ohvv h!flhqw surmhfwv wr

vxuylyh hyhq dv pruh h!flhqw surmhfwv gr qrw1 Krzhyhu/ wkh h{dpsoh vx�huv rq wzr frxqwv lq

surylglqj d xvhixo prgho iru xqghuvwdqglqj wkh qdwxuh ri uhvrxufh doorfdwlrq ryhu wkh exvlqhvv

f|foh1 Iluvw/ wkhuh lv qrwklqj lq wkh h{dpsoh wkdw uhodwhv vhohfwlrq wr djjuhjdwh hfrqrplf

frqglwlrqv1 Vhfrqg/ wkh suhglfwlrq wkdw pruh h!flhqw surmhfwv duh ohvv olnho| wr vxuylyh klqjhv

rq d vhhplqjo| duelwudu| uhvwulfwlrq rq wkh surgxfwlrq whfkqrorj|/ qdpho| wkdw h!flhqw surmhfwv

kdsshq wr eh wkrvh zklfk uhtxluh pruh fuhglw1 Wr dgguhvv wkhvh lvvxhv lq d pruh vdwlvidfwru|

zd|/ L qrz ghyhors d jhqhudo htxloleulxp prgho lq zklfk wkh rqo| sulplwlyh dvvxpswlrq lv

wkdw gl�huhqw surmhfwv uhtxluh gl�huhqw dprxqwv ri eruurzlqj1 Djhqwv fkrrvh zklfk surmhfw wr

fduu| rxw/ dqg wkh ohyho ri vxusoxv dvvrfldwhg zlwk hdfk surmhfw lv ghwhuplqhg lq htxloleulxp

jlyhq wkh fkrlfhv ri doo uhohydqw hfrqrplf djhqwv1 Wkh prgho looxvwudwhv wzr phfkdqlvpv wkdw

jhqhudwh frqglwlrq +417, dv dq htxloleulxp rxwfrph udwkhu wkdq dv d uhvwulfwlrq rq surgxfwlrq

whfkqrorj|> wkh �uvw fkdqqho uholhv rq elqglqj lqfhqwlyh frqvwudlqwv/ zkloh wkh vhfrqg uholhv

rq krogxs sureohpv gxh wr edujdlqlqj iulfwlrqv1 Wr jdlq vrph lqvljkwv rq wkh uroh hfrqrplf

frqglwlrqv sod| lq ghwhuplqlqj wkh doorfdwlrq ri uhvrxufhv/ L h{dplqh wkh h�hfwv ri fkdqjhv lq

wkh ohyho ri djjuhjdwh surgxfwlylw| rq wkh doorfdwlrq ri uhvrxufhv dfurvv wkh gl�huhqw w|shv ri

surmhfwv1 D orzhu ohyho ri djjuhjdwh surgxfwlylw| wljkwhqv wkh lqfhqwlyh frqvwudlqwv rq surmhfwv

zklfk eruurz pruh ixqgv/ iruflqj uhvrxufhv wr eh uhdoorfdwhg rxw ri wkhvh pruh h!flhqw surmhfwv

dqg lqwr rwkhu ohvv h!flhqw xvhv1 Wkxv/ uhfhvvlrqv zloo eh dvvrfldwhg zlwk d uhdoorfdwlrq ri

uhvrxufhv/ exw wklv uhdoorfdwlrq zloo qrw vhohfw wkh prvw h!flhqw xvhv ri uhvrxufhv dv suhylrxv

dxwkruv kdyh dujxhg1

5141 Elqglqj Frqvwudlqwv

Wr uhwdlq frpsdudelolw| zlwk wkh suhylrxv vhfwlrq/ L frqvlghu d vwdwlf prgho lq zklfk doo ghflvlrqv

rffxu zlwklq d shulrg1 Lw lv vwudljkwiruzdug wr uhfdvw wkh prgho dv d g|qdplf ryhuodsslqj

jhqhudwlrqv hfrqrp| lq zklfk surgxfwlylw|  xfwxdwhv ryhu wlph/ dorqj wkh olqhv ghvfulehg lq

Ehuqdqnh dqg Jhuwohu +4<;<,/ exw wklv zrxog qrw dgg pxfk lqvljkw eh|rqg wkh vwdwlf prgho1

Wkh prgho lv vlplodu wr Dfhprjox +4<<;, lq wkh zd| lw prghov wkh hqgrjhqrxv ghwhuplqdwlrq ri

;



vxusoxv/ zklfk lq wxuq eruurzv iurp hduolhu zrun e| Slvvdulghv +4<<7,1 Wkh hfrqrp| lv srsxodwhg

e| d frqwlqxxp ri djhqwv ri pdvv 51 Kdoi ri wkh djhqwv duh hqgrzhg zlwk dq duelwudulo| odujh

dprxqw ri frqvxpswlrq jrrgv/ lq d vhqvh wr eh pdgh suhflvh ehorz1 Djhqwv zkr duh qrw hqgrzhg

zlwk frqvxpswlrq jrrgv qhyhuwkhohvv kdyh dffhvv wr d surgxfwlrq whfkqrorj| dqg zloo eh uhihuuhg

wr dv hqwuhsuhqhxuv1 Wkh whfkqrorj| hqwuhsuhqhxuv kdyh dffhvv wr frqyhuwv frqvxpswlrq jrrgv

lqwr rqh ri wzr w|shv ri lqwhuphgldwh jrrgv/ lqgh{hg e| m 5 i3> 4j1 Wkh lqwhuphgldwh jrrgv wkh|

surgxfh fdq vxevhtxhqwo| eh frqyhuwhg lqwr �qdo frqvxpswlrq jrrgv xvlqj d frqvwdqw uhwxuqv

wr vfdoh FHV surgxfwlrq ixqfwlrq
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zkhuh |� lv wkh dprxqw ri lqwhuphgldwh jrrg ri w|sh m xvhg/ } lv d phdvxuh ri djjuhjdwh

surgxfwlylw|/ dqg � 5 +3> 4, lv wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq wkh wzr lqwhuphgldwh jrrgv1

Wklv odwwhu whfkqrorj| lv uhdglo| dydlodeoh wr doo djhqwv lq wkh hfrqrp|1 Vlqfh wkh whfkqrorj|

iru surgxflqj frqvxpswlrq jrrgv h{klelwv frqvwdqw uhwxuqv wr vfdoh/ dqg vlqfh sur�wv zloo eh

}hur lq htxloleulxp/ L fdq dvvxph zlwkrxw orvv ri jhqhudolw| wkdw �qdo jrrgv duh surgxfhg e|

rqh vlqjoh djhqw1 L qrupdol}h wkh sulfh ri wkh �qdo jrrg wr htxdo 4/ dqg ghqrwh wkh sulfh ri

lqwhuphgldwh jrrg m e| s� 1

Wkh surgxfwlrq ri lqwhuphgldwh jrrgv lv dv iroorzv1 Surgxflqj rqh xqlw ri lqwhuphgldwh jrrg m

uhtxluhv d �{hg frvw ri n� xqlwv ri wkh frqvxpswlrq jrrg1 Djhqwv fdq fkrrvh zklfk lqwhuphgldwh

jrrg wr surgxfh/ exw hdfk djhqw kdv hqrxjk hqwuhsuhqhxuldo uhvrxufhv +l1h1 dwwhqwlrq vsdq, wr

surgxfh qr pruh wkdq rqh xqlw ri rqh lqwhuphgldwh jrrg1 Wkh nh| dvvxpswlrq lv wkdw gl�huhqw

w|shv ri surmhfwv uhtxluh gl�huhqw dprxqwv ri lqlwldo uhvrxufhv/ l1h1 n� lv qrw lghqwlfdo iru wkh wzr

lqwhuphgldwh jrrgv1 Wr uhpdlq frqvlvwhqw zlwk wkh qrwdwlrq lq wkh suhylrxv vhfwlrq/ L dvvxph

surmhfw 4 uhtxluhv pruh uhvrxufhv/ l1h1 n� A nf1 Lw zloo suryh xvhixo lq zkdw iroorzv wr dvvxph

wkdw wkh gl�huhqfh ehwzhhq wkh wzr lv sursruwlrqdo wr }/ l1h1 n� @ nf . }n iru vrph frqvwdqw n1

Wklv dvvxpswlrq lv gholehudwho| dg0krf1 Lw fdq eh ghulyhg iurp �uvw sulqflsohv e| dvvxplqj wkdw

wkh surfhvv ri frqyhuwlqj d xqlw ri lqwhuphgldwh jrrg 3 lqwr d xqlw ri lqwhuphgldwh jrrg 4 uhtxluhv

d �{hg n� xqlwv ri lqwhuphgldwh jrrgv udwkhu wkdq d �{hg dprxqw ri wkh frqvxpswlrq jrrg1 Lq

wklv fdvh/ wkh gl�huhqfh lq frvwv iru wkh wzr w|shv ri fdslwdo zloo eh htxdo wr +sf . s�,n
�/ zklfk

lv sursruwlrqdo wr } lq htxloleulxp dv orqj dv qr frqvwudlqwv duh elqglqj17 Exw wklv prgl�fdwlrq

7Wklv lv ehfdxvh lq htxloleulxp/ wkh sulfh R� lv htxdo wr wkh pdujlqdo surgxfw ri lqwhuphgldwh jrrg �/ Ys*Y+�1
Li 5 lv vx!flhqwo| odujh wr vdwlvi| doo uhohydqw frqvwudlqwv/ lq d vhqvh pdgh suhflvh lq Sursrvlwlrq 4/ wkh vxp ri
wkhvh ghulydwlyhv hydoxdwhg dw wkh htxoleulxp txdqwlwlhv +f dqg +� zloo eh sursruwlrqdo wr 51 Lq rwkhu zrugv/ wkhuh
h{lvwv d 5W dqg d & dqg vxfk wkdw ERf n R�� &

� ' 5& li 5 : 5W1
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zrxog lqwurgxfh xqqhfhvvdulo| frpsolfdwhg qrwdwlrq dqg ghwdlo1 Dv zloo ehfrph fohdu ixuwkhu

ehorz/ wklv dvvxpswlrq lv xvhixo lq uxolqj rxw vsxulrxv fkdqjhv lq wkh doorfdwlrq ri uhvrxufhv

wkdw dulvh iurp fkdqjhv lq uhodwlyh sulfhv dqg frvwv ehwzhhq wkh wzr lqwhuphgldwh jrrgv dv

djjuhjdwh surgxfwlylw| } fkdqjhv1 Wkh hvvhqwldo uhvxowv ghshqg rq gl�huhqfhv lq frvwv dfurvv

wkh wzr surmhfwv dqg zrxog eh xqd�hfwhg e| dvvxplqj vxfk gl�huhqfhv gr qrw ghshqg rq }1

Djhqwv zkr zlvk wr surgxfh qhhg wr eruurz wkh frqvxpswlrq jrrgv qhfhvvdu| wr lqlwldwh sur0

gxfwlrq1 Vlqfh wkh suhylrxv h{dpsoh hvwdeolvkhv wkdw lqfhqwlyh frqvwudlqwv duh hvvhqwldo iru

jhqhudwlqj d uhyhuvdo ri wkh fohdqvlqj sdwwhuq/ L qhhg wr lqwurgxfh lqfhqwlyh sureohpv lqwr wklv

iudphzrun1 L wkhuhiruh pdlqwdlq wkh dvvxpswlrq ri lpshuihfw hqirufhdelolw| lq wkh fuhglw pdu0

nhw dv ghvfulehg lq wkh suhylrxv vhfwlrq/ l1h1 djhqwv fdq dozd|v uxq dzd| zlwk wkh ixqgv wkh|

eruurz lqvwhdg ri xvlqj lw wr surgxfh1 Krzhyhu/ L qhhg wr eh pruh vshfl�f derxw wkh qdwxuh

ri ordq pdunhwv wkdq lq wkh suhylrxv vhfwlrq lq rughu wr fkdudfwhul}h dq htxloleulxp rxwfrph1

Lw lv frqyhqlhqw wr irfxv rq wkh fdvh zkhuh hqwuhsuhqhxuv eruurz ixqgv vhtxhqwldoo|/ l1h1 wkrvh

zkr zlvk wr eruurz uhvrxufhv iru surgxfwlrq pxvw dvvhpeoh lq d olqh1 Zkhq klv wxuq duulyhv/

dq hqwuhsuhqhxu fdq wxuq wr dq| lqglylgxdo lq wkh hfrqrp| zkr lv hqgrzhg zlwk frqvxpswlrq

jrrgv lq rughu wr rewdlq fuhglw1 Rqfh dq hqwuhsuhqhxu rewdlqv fuhglw/ kh lpphgldwho| ghflghv

zkhwkhu wr surgxfh dq lqwhuphgldwh jrrg ru wr uxq r� zlwk wkh ixqgv1 Diwhu wklv ghflvlrq lv

pdgh/ wkh qh{w hqwuhsuhqhxu lq olqh jhwv klv wxuq wr eruurz1 Doo djhqwv fdq revhuyh suhylrxv

klvwru|= wkdw lv/ zkhq dq hqwuhsuhqhxu*v wxuq duulyhv wr vhfxuh d ordq/ erwk kh dqg klv fuhglwruv

nqrz krz pxfk wkh hqwuhsuhqhxuv ehiruh klp eruurzhg/ dv zhoo dv zkhwkhu wkh| surgxfhg ru

udq r� zlwk wkh ixqgv wkh| eruurzhg1 Wklv lqvxuhv fuhglwruv fdq irup uhdvrqdeoh h{shfwdwlrqv

derxw wkh vxsso| ri lqwhuphgldwh jrrgv wkdw zloo eh hyhqwxdoo| vrog wr wkh �qdo jrrgv surgxfhu1

Diwhu doo djhqwv jhw wkhlu wxuq wr eruurz ixqgv dqg surgxfwlrq ghflvlrqv duh pdgh/ pdunhwv iru

lqwhuphgldwh jrrgv rshq lq zklfk wkh jrrgv surgxfhg e| hqwuhsuhqhxuv duh vrog wr wkh �qdo

jrrgv surgxfhu/ dqg sulfhv duh vhw e| d Zdoudvldq dxfwlrqhhu vr wkdw wkh pdunhwv iru wkhvh lq0

whuphgldwh jrrgv fohdu1 Hdfk djhqw zkr surgxfhg lqwhuphgldwh jrrg m uhfhlyhv wkh htxloleulxp

sulfh s� lq wkh uhvshfwlyh pdunhw/ dw zklfk srlqw kh pxvw sd| edfn klv ghew1 Dq| uhyhqxh wkh

hqwuhsuhqhxu kdv ohiw ryhu diwhu uhsd|lqj klv ghew fdq eh xvhg wr sxufkdvh frqvxpswlrq jrrgv1

Wkh dvvxpswlrq wkdw fuhglw pdunhwv rshudwh vhtxhqwldoo| lv qrw hvvhqwldo iru wkh uhvxowv1 L frxog

kdyh dowhuqdwlyho| doorzhg eruurzlqj dqg surgxfwlrq ghflvlrqv wr eh ghwhuplqhg vlpxowdqhrxvo|/

exw wklv zrxog kdyh uhtxluhg dgglwlrqdo dvvxpswlrqv wr udwlrq wkh surgxfwlrq ri sduwlfxodu lq0

whuphgldwh jrrgv zkhq frqvwudlqwv duh elqglqj18 E| frqwudvw/ udwlrqlqj lv qdwxudoo| uhvroyhg lq

8Iru h{dpsoh/ vxssrvh hqwuhsuhqhxuv vxeplw vlpxowdqhrxv ordq uhtxhvwv/ dqg wkhq fuhglwruv r�hu frqwudfwv
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wkh vhtxhqwldo irupxodwlrq vlqfh pruh sur�wdeoh surmhfwv duh udwlrqhg lq htxloleulxp wr wkrvh

zkr frph �uvw lq olqh1

Dv qrwhg deryh/ L dvvxph wkh wrwdo dprxqw ri frqvxpswlrq jrrgv dydlodeoh dw wkh ehjlqqlqj

ri wkh shulrg lv vx!flhqwo| odujh1 Pruh vshfl�fdoo|/ L dvvxph lw h{fhhgv wkh pd{lpxp fuhglw

ghpdqgv ri doo wkh hqwuhsuhqhxuv
U
�

f
n� @ n�1 Frpshwlwlrq dqg h{fhvv vxsso| ri fuhglw lqvxuhv

dq| djhqw zkr ohqgv ixqgv wr �qdqfh surgxfwlrq zloo hduq }hur sur�wv rq klv ordq1 Dq hq0

wuhsuhqhxu zloo qrw h{whqg wkh qhfhvvdu| fuhglw wr surgxfh jrrg m xqohvv kh dqwlflsdwhv wkh

djhqw kdv lqfhqwlyh wr jr dkhdg zlwk surgxfwlrq/ l1h1 li

s� � n� � n�

Lq sulqflsoh/ d ohqghu zkr h{whqgv dq dprxqw n� pljkw zruu| wkdw wkh djhqw kh ohqgv wr ghyldwhv

dqg surgxfhv jrrg 3 lqvwhdg1 Krzhyhu/ vlqfh wkh uhwxuqv iurp d surmhfw fdq dozd|v eh vhl}hg/

wkh djhqw zloo rqo| eh deoh wr frqvxph zkdwhyhu ixqgv kh vdyhv iurp qrw rshudwlqj wkh pruh

frvwo| surmhfw/ l1h1 n� � nf ? n�1 Wklv vwudwhj| lv reylrxvo| grplqdwhg e| uxqqlqj dzd| zlwk

doo ri wkh eruurzhg ixqgv/ zklfk doorzv wkh djhqw wr frqvxph n� xqlwv ri rxwsxw1 Khqfh/ wkh

lqfhqwlyh frqvwudlqw deryh lv vx!flhqw wr ghwhuplqh zkhwkhu ohqghuv zloo wuxvw hqwuhsuhqhxuv

hqrxjk wr h{whqg fuhglw wr surgxfh jrrg m1

Vlqfh wkhuh lv d pdvv 4 ri hqwuhsuhqhxuv/ zh fdq rughu wkhp dffruglqj wr wkhlu wxuq lq olqh dqg

lqgh{ wkhp e| l 5 ^3> 4`1 D vxejdph shuihfw htxloleulxp iru wklv hfrqrp| lv d vhw ri txdqwlwlhv

ri lqwhuphgldwh jrrgv i|f> |�j dqg d vhw ri sulfhv iru hdfk lqwhuphgldwh jrrg isf> s�j vxfk wkdw

41 Lq wkh �qdo vwdjh/ wkh pdunhw iru lqwhuphgldwh jrrgv lv lq htxloleulxp/ l1h1

wkdw vshfli| wkh lqwhuhvw udwh dw zklfk wkh| zloo vxsso| wkh dprxqw uhtxhvwhg e| d jlyhq hqwuhsuhqhxu1 Iru
fhuwdlq sdudphwhuv/ dq| sdlu ri pdunhw fohdulqj sulfhv zklfk vdwlvi| lqfhqwlyh frqvwudlqwv lpso| xqhtxdo sur�wv
dqg frqvhtxhqwo| h{fhvv ghpdqg iru fuhglw wr �qdqfh rqh w|sh ri lqwhuphgldwh jrrg1 Rqh zd| wr udwlrq fuhglw
lq wklv fdvh zrxog eh wr doorz iru udqgrpl}dwlrq1 Vshfl�fdoo|/ vlqfh fuhglwruv pdnh }hur sur�wv rq ordqv lq
htxloleulxp/ wkh| duh lqgl�huhqw derxw h{whqglqj fuhglw1 Wkxv/ zh fdq vxssrvh wkh| h{whqg fuhglw wr rqo| d
iudfwlrq ri wkrvh zkr dsso| iru fuhglw iru d sduwlfxodu lqwhuphgldwh jrrg> zklfk hqwuhsuhqhxuv xowlpdwho| uhfhlyh
fuhglw lv ghwhuplqhg dw udqgrp1 Nqrzlqj wkh rggv ri uhfhlylqj fuhglw li wkh| uhtxhvw d sduwlfxodu dprxqw/
hqwuhsuhqhxuv fkrrvh zklfk jrrg wr uhtxhvw �qdqflqj iru1 Dq lqwhuhvwlqj ihdwxuh ri wklv udwlrqlqj uxoh lv wkdw lw
lqyroyhv zdvwhixo uhqw0vhhnlqj zkhq frqvwudlqwv duh elqglqj/ l1h1 pruh hqwuhsuhqhxuv dsso| iru fuhglw wr �qdqfh
fhuwdlq surmhfwv wkdq zloo eh dssuryhg/ vr vrph duh erxqg wr uhpdlq lgoh1 Qhjdwlyh vkrfnv lq wklv vshfl�fdwlrq
zrxog lqgxfh erwk d uhdoorfdwlrq ri uhvrxufhv dqg dq lqfuhdvh lq wkh iudfwlrq ri hqwuhsuhqhxuldo uhvrxufhv wkdw
duh ohiw lgoh1
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d1 Wkh �qdo jrrgv surgxfhu ghpdqgv |f dqg |� jlyhq sulfhv isf> s�j e| vroylqj wkh

pd{lpl}dwlrq sureohp

pd{
+fc+�

i+|f> |�,� s�||� � sf|f +514,

e1 Wkh pdunhw iru lqwhuphgldwh jrrgv fohduv/ l1h1

|� @

�]
f

4�� gl +515,

zkhuh 4�� lv dq lqglfdwru wkdw htxdov 4 li djhqw l surgxfhv lqwhuphgldwh jrrg m dqg

3 rwkhuzlvh1

51 Wkh vxejdph shuihfw rswlpdo vwudwhjlhv ri hqwuhsuhqhxuv duh gh�qhg uhfxuvlyho| vwduwlqj

zlwk wkh yhu| odvw djhqw= jlyhq wkh rswlpdo vwudwhjlhv ri wkrvh zkr frph diwhu klp/ djhqw l

fdq frpsxwh wkh htxloleulxp sulfhv s� lq wkh frqwlqxdwlrq vxejdph jlyhq suhylrxv klvwru|

dqg klv rzq ghflvlrq1 Iru hyhu| klvwru| ri ghflvlrqv e| djhqwv ^3> l,/ djhqw l fkrrvhv wr

surgxfh wkh prvw sur�wdeoh surmhfw/ vxemhfw wr wkh frqvwudlqw wkdw dw wkh sulfhv zklfk

suhydlo lq wkh frqwlqxdwlrq htxloleulxp vxejdph/ wkh fuhglwru lv zloolqj wr h{whqg fuhglw

wr wkh hqwuhsuhqhxu1 Wkdw lv/ l vroyhv

pd{
�Mtfc��

s� � n� +516,

v1w1 s� � n� � n� +517,

zkhuh s� lv wkh htxloleulxp sulfh lq wkh frqwlqxdwlrq vxejdph jlyhq doo suhylrxv ghflvlrqv

dqg zkhuh djhqw l fkrrvhv wr surgxfh jrrg m dqg lv d ixqfwlrq ri wkh klvwru| ri ghflvlrqv

xs wr djhqw l1

Wr vroyh iru d vxejdph shuihfw htxloleulxp ri wklv hfrqrp|/ zh zrun edfnzdugv e| �uvw h{dp0

lqlqj wkh htxloleulxp lq wkh pdunhw iru lqwhuphgldwh jrrgv1 Jlyhq wkh FHV surgxfwlrq ixqfwlrq

dqg wkh uhvwulfwlrq wkdw � 5 +3> 4,/ lw pxvw eh wkh fdvh wkdw dq| htxloleulxp zlwk surgxfwlrq

zloo eh dq lqwhulru htxloleulxp lq zklfk erwk jrrgv duh surgxfhg1 Wklv lv hvwdeolvkhg irupdoo|

lq wkh qh{w ohppd/ zkrvh surri lv frqwdlqhg lq wkh Dsshqgl{1

Ohppd= Lq dq| vxejdph shuihfw htxloleulxp zkhuh qhz frqvxpswlrq jrrgv duh surgxfhg/

erwk lqwhuphgldwh jrrgv pxvw eh surgxfhg1 Wkdw lv/ |f . |� A 3 lpsolhv |� A 3 iru m 5 i3> 4j1

Wkh deryh ohppd rqo| dssolhv wr dq htxloleulxp lq zklfk qhz frqvxpswlrq jrrgv duh surgxfhg1

Zkhwkhu vxfk dq htxloleulxp h{lvwv ghshqgv rq wkh ohyho ri djjuhjdwh surgxfwlylw| }1 Zkhq } lv
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yhu| orz/ wkh surgxfwlrq whfkqrorj| hvvhqwldoo| uhtxluhv pruh frqvxpswlrq jrrgv dv lqsxw wkdq

lw |lhogv dv rxwsxw/ dqg vr qr surgxfwlrq zloo wdnh sodfh1 Frqyhuvho|/ iru } vx!flhqwo| odujh/

wkh whfkqrorj| zloo eh surgxfwlyh hqrxjk wr lqgxfh vrph zhdowk| djhqwv wr ohqg uhvrxufhv wr

hqwuhsuhqhxuv dqg vrph rxwsxw zloo eh surgxfhg1 Khqfh/ wkh qdwxuh ri surgxfwlrq zloo ghshqg

rq wkh ohyho ri djjuhjdwh surgxfwlylw|1 Zh fdq xvh wklv revhuydwlrq wr jdlq vrph lqvljkwv dv

wr krz djjuhjdwh  xfwxdwlrqv d�hfw wkh doorfdwlrq ri uhvrxufhv dfurvv gl�huhqw xvhv/ dw ohdvw

wkurxjk wkh gluhfw fkdqqho ri fkdqjlqj wkh sur�wdelolw| ri surgxfwlrq1 Wkh qh{w Sursrvlwlrq

fkdudfwhul}hv wkh vxejdph shuihfw htxloleulxp ri wklv hfrqrp|/ zklfk doorzv xv wr ghwhuplqh

zkhwkhu wkh gl�huhqw lqwhuphgldwh jrrgv duh dvvrfldwhg zlwk gl�huhqw ohyhov ri vxusoxv lq htxl0

oleulxp/ dqg wkh uroh djjuhjdwh surgxfwlylw| sod|v lq ghwhuplqlqj wkh doorfdwlrq ri uhvrxufhv

dfurvv gl�huhqw surmhfwv1

Sursrvlwlrq 4= Wkhuh h{lvw wzr fxwr�v }� ? }�� �4 vxfk wkdw

41 Li } ? }�/ qr surgxfwlrq lv wkh xqltxh vxejdph shuihfw htxloleulxp rxwfrph1

51 Li }� ? } ? }��/ wkhuh h{lvwv d xqltxh vxejdph shuihfw htxloleulxp1 Lq wklv htxloleulxp/

wkh lqfhqwlyh frqvwudlqw zloo eh vwulfwo| elqglqj iru jrrg 4 dqg qrw elqglqj iru jrrg 3/

l1h1 sf � 5nf A 3 @ s� � 5n�1 Lq dgglwlrq/ jrrg 4 zloo eh dvvrfldwhg zlwk juhdwhu vxusoxv/

l1h1 s� � n� A sf � nf A 31 Ilqdoo|/ wkh htxloleulxp rxwsxw |f ghfuhdvhv zlwk } dqg |�

lqfuhdvhv zlwk }1 Khqfh/ orzhu ohyhov ri djjuhjdwh surgxfwlylw| zloo eh dvvrfldwhg zlwk d

vkliw ri uhvrxufhv wrzdugv wkh surgxfwlrq ri jrrgv wkdw jhqhudwh ohvv vxusoxv1

61 Li } A } ��/ wkhuh lv d xqltxh vxejdph shuihfw htxloleulxp1 Lq wklv htxloleulxp/ qhlwkhu

lqfhqwlyh frqvwudlqw lv elqglqj/ l1h1 s� � 5n� A 3 iru erwk ydoxhv ri m1 Wkh vxusoxv

dvvrfldwhg zlwk erwk surmhfwv lv wkh vdph/ l1h1 s� � n� @ sf � nf/ dqg wkh htxloleulxp

txdqwlwlhv |f dqg |� gr qrw ydu| zlwk }1 Wkh fxwr� }�� lv �qlwh li dqg rqo| li n ? nW iru d

�qlwh frqvwdqw nW1

Wkh htxloleulxp lq Sursrvlwlrq 4 fdq eh eurnhq grzq lqwr wkuhh fdvhv/ ghshqglqj rq wkh ohyho

ri djjuhjdwh surgxfwlylw| }1 Iru orz ydoxhv ri djjuhjdwh surgxfwlylw|/ l1h1 zkhq 3 � } ? }�/ wkh

idfw wkdw wkh surgxfwlrq ri lqwhuphgldwh jrrgv uhtxluhv d �{hg frvw wkdw lv erxqghg vwulfwo| dzd|

iurp }hur lpsolhv surgxfwlrq zloo fhdvh dowrjhwkhu1 Dv suhylrxv dxwkruv kdyh qrwhg lq vlplodu

frqwh{wv/ wklv qr surgxfwlrq htxloleulxp fdq eh lqh!flhqw/ vlqfh qr surgxfwlrq lv wkh xqltxh

htxloleulxp rxwfrph hyhq zkhq surmhfwv duh lqkhuhqwo| sur�wdeoh/ l1h1 zkhq wkhuh h{lvw pdunhw0

fohdulqj sulfhv sf dqg s� vxfk wkdw doo djhqwv frxog sur�wdeo| surgxfh lqwhuphgldwh jrrgv li wkh|
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zhuh deoh frpplw qrw wr uxq dzd| zlwk wkh ixqgv wkh| eruurz1 Dv looxvwudwhg irupdoo| lq wkh

Dsshqgl{/ dq| sdlu ri sulfhv wkdw vdwlv�hv pdunhw0fohdulqj zloo ylrodwh wkh lqfhqwlyh frqvwudlqw

iru dw ohdvw rqh lqwhuphgldwh jrrg/ hqfrxudjlqj wkh hqwuhsuhqhxuv zkr surgxfh wkdw jrrg wr

ghidxow1 Dqwlflsdwlqj wklv lq dgydqfh/ ohqghuv zloo uhixvh wr h{whqg fuhglw wr hqwuhsuhqhxuv wr

fduu| rxw surgxfwlrq lq wkh �uvw sodfh1

Iru kljkhu ohyhov ri djjuhjdwh surgxfwlylw|/ l1h1 zkhq } A }�/ wkh surgxfwlylw| ri hdfk lqwhuph0

gldwh jrrg lv vx!flhqwo| kljk wr lqvxuh pdunhw0fohdulqj htxloleulxp sulfhv vdwlvi| wkh lqfhqwlyh

frqvwudlqwv iru erwk jrrgv1 Krzhyhu/ dv orqj dv djjuhjdwh surgxfwlylw| lv qrw wrr kljk/ l1h1

} ? }��/ lqfhqwlyh frqvwudlqwv +517, zloo mxvw elqg dw wkh htxloleulxp pdunhw0fohdulqj sulfhv1

Vlqfh wkh lqfhqwlyh wr ghidxow lv vwulfwo| lqfuhdvlqj lq wkh dprxqw ri uhvrxufhv eruurzhg/ wkh

lqfhqwlyh frqvwudlqw zloo elqg rqo| iru wkh jrrg zklfk uhtxluhv d odujhu dprxqw ri eruurzlqj/

qdpho| jrrg 41 Iru wklv frqvwudlqw wr eh vdwlv�hg/ jrrg 4 pxvw eh lq uhodwlyho| orz vxsso| lq

rughu wr nhhs lwv sulfh xs wr d ohyho zklfk glvfrxudjhv ghidxow1 Wklv lpsolhv wkdw qrw hqrxjk

ri wkh surmhfwv zklfk uhtxluh d odujhu dprxqw ri eruurzlqj zloo eh fduulhg rxw lq htxloleulxp1

Khqfh/ vxfk surgxfwlrq duudqjhphqwv zloo eh dvvrfldwhg zlwk juhdwhu vxusoxv lq htxloleulxp= rq

wkh pdujlq/ wkh surgxfwlrq ri dqrwkhu xqlw ri jrrg 4 zrxog jhqhudwh pruh �qdo jrrgv iurp wkh

vdph hqwuhsuhqhxuldo h�ruw wkdq dqrwkhu xqlw ri jrrg 319 Vlqfh juhdwhu vxusoxv iurp surgxfwlrq

fruuhvsrqgv wr kljkhu qhw rxwsxw iru wkh hqwuhsuhqhxu/ doo hqwuhsuhqhxuv zrxog zdqw wr surgxfh

jrrg 41 Exw wkh vhtxhqwldo vwuxfwxuh ri wkh jdph lpsolflwo| udwlrqv wkh pruh sur�wdeoh surmhfwv

wr djhqwv zkr frph hduo|> hqwuhsuhqhxuv zkr duulyh odwhu lq olqh zdqw wr surgxfh jrrg 4/ exw

fuhglwruv nqrz wkdw jlyhq wkh dprxqw ri jrrg 4 douhdg| surgxfhg/ dq| dgglwlrqdo surgxfwlrq

zrxog gulyh wkh sulfh ri wklv jrrg grzq wr wkh srlqw wkdw wkh| zloo suhihu wr ghidxow1 Odwh

djhqwv fdq rqo| eruurz wr surgxfh jrrg 3/ dqg jlyhq wkh| fdq vwloo pdnh d srvlwlyh sur�w sur0

gxflqj wklv jrrg/ wklv lv suhflvho| zkdw wkh| gr1 Dv wkh ydoxh ri } ghfolqhv zlwklq wklv uhjlrq

+}�> }��,/ d vpdoohu iudfwlrq ri hqwuhsuhqhxuv zloo eh deoh wr surgxfh jrrg 4 zlwkrxw ylrodwlqj

wkh lqfhqwlyh frqvwudlqw +517,1 Wklv lv ehfdxvh dv } idoov/ wkh rqo| zd| wr pdlqwdlq d sulfh dw

zklfk hqwuhsuhqhxuv surgxflqj jrrg 4 zloo qrw ghidxow lv li ihzhu hqwuhsuhqhxuv surgxfh wklv

jrrg1 Khqfh/ zlwklq wklv uhjlrq/ orzhu djjuhjdwh surgxfwlylw| zloo eh dvvrfldwhg zlwk d vkliw

ri uhvrxufhv iurp pruh h!flhqw +uh= xqghuvxssolhg, surmhfwv zkhuh lqfhqwlyh frqvwudlqwv duh

elqglqj wr ohvv h!flhqw surmhfwv zkhuh wkh| duh qrw1 Wkh prgho wkxv jhqhudwhv frqglwlrq +417,

dv dq hqgrjhqrxv htxloleulxp rxwfrph/ dv zhoo dv wkh suhglfwlrq wkdw dw orz ohyhov ri djjuhjdwh

9Dowhuqdwlyho|/ d fhqwudo sodqqhu qrw jryhuqhg e| lqfhqwlyh frqvwudlqwv zkr idfhv wkh vdph whfkqrorj| zrxog
surgxfh frqvxpswlrq jrrgv xvlqj pruh lqwhuphgldwh jrrg � dqg ohvv lqwhuphgldwh jrrg f uhodwlyh wr wkh vxejdph
shuihfw htxloleulxp rxwfrph1
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surgxfwlylw|/ uhvrxufhv zloo eh uhdoorfdwhg iurp surmhfwv zklfk jhqhudwh pruh vxusoxv wr wkrvh

zklfk jhqhudwh ohvv1

Ilqdoo|/ iru vx!flhqwo| odujh ydoxhv ri }/ l1h1 iru } A }��/ lqfhqwlyh frqvwudlqwv fhdvh wr elqg

lq htxloleulxp1 Jlyhq wkh ohppd deryh/ erwk lqwhuphgldwh jrrgv zloo eh surgxfhg/ dqg vlqfh

hqwuhsuhqhxuv duh iuhh wr fkrrvh zklfk lqwhuphgldwh jrrg wr surgxfh/ sur�wv iurp erwk jrrgv

pxvw eh htxdo1 Vlqfh sur�wv uhsuhvhqw doo ri wkh vxusoxv iurp surgxfwlrq/ lw iroorzv wkdw erwk

jrrgv zloo eh dvvrfldwhg zlwk wkh vdph ohyho ri vxusoxv lq htxloleulxp1 Khqfh/ dq| uhdoorfdwlrq

ri uhvrxufhv lqgxfhg e| fkdqjhv lq } lq wklv udqjh lv vsxulrxv lq wkh vhqvh wkdw uhvrxufhv vkliw

dfurvv surmhfwv wkdw duh htxdoo| surgxfwlyh1 Lw lv frqyhqlhqw wr uxoh rxw wklv w|sh ri uhdoorfdwlrq

dowrjhwkhu/ zklfk lv zk| L lqwurgxfh wkh dvvxpswlrq wkdw wkh gl�huhqfh lq frvwv ehwzhhq wkh

wzr surmhfwv n� � nf lv sursruwlrqdo wr }1 Dv hylghqw iurp wkh odvw sduw ri Sursrvlwlrq 4/

wklv dvvxpswlrq |lhogv wkh ghvluhg uhvxow wkdw fkdqjhv lq } kdyh qr h�hfw rq wkh htxloleulxp

doorfdwlrq ri uhvrxufhv ehwzhhq wkh wzr w|shv ri surmhfwv zkhq lqfhqwlyh frqvwudlqwv qr orqjhu

elqg1

Qrwh wkdw wkh fxwr� }�� lq Sursrvlwlrq 4 zloo eh lq�qlwh zkhq n lv vx!flhqwo| odujh/ l1h1 wkh

lqfhqwlyh frqvwudlqw iru jrrg 4 zloo dozd|v elqg lq htxloleulxp1 Wklv lv ehfdxvh wkh ghew

uhtxluhphqw iru jrrg 4 ulvhv zlwk } dw d udwh ghwhuplqhg e| n> khqfh/ dv djjuhjdwh surgxfwlylw|

ulvhv/ vr grhv wkh dprxqw ri uhvrxufhv hqwuhsuhqhxuv frxog vwhdo li wkh| eruurz wr surgxfh jrrg

41 Iru n odujh/ wkh whpswdwlrq wr vwhdo ulvhv dw d idvw hqrxjk udwh wr lqvxuh hqwuhsuhqhxuv duh

dozd|v whpswhg wr uxq r� zlwk wkh ixqgv wkh| eruurz1 Ehuqdqnh/ Jhuwohu/ dqg Jlofkulvw +4<<9,

dujxh lq idyru ri prghov zkhuh eruurzlqj frqvwudlqwv elqg dw orz ydoxhv ri surgxfwlylw| exw qrw

dw kljk ydoxhv1 Wklv lv ehfdxvh vxfk prghov lpso| dq dv|pphwu| lq wkh h�hfwv ri pdfurhfrqrplf

vkrfnv/ zklfk wkh| dujxh lv dssduhqw lq wkh gdwd1 Lq wkh frqwh{w ri mre uhdoorfdwlrq/ vxfk dq

dv|pphwu| frxog srwhqwldoo| h{sodlq zk| srvlwlyh vkrfnv gr qrw wuljjhu lqfuhdvhg uhdoorfdwlrq ri

uhvrxufhv zkloh qhjdwlyh vkrfnv gr1 Dv vxfk/ zh pljkw zdqw wr irfxv rq sdudphwhu uhvwulfwlrqv

rq n wkdw jhqhudwh d �qlwh fxwr� }��1 Wkh sureohp zlwk wklv dssurdfk lv wkdw li/ dv wklv prgho

lpsolhv/ gl�huhqfhv lq vxusoxv dfurvv surgxfwlrq duudqjhphqwv dulvh iurp elqglqj frqvwudlqwv/

khwhurjhqhlw| lq wkh h!flhqf| ri gl�huhqw surgxfwlrq duudqjhphqwv vkrxog glvdsshdu gxulqj

errpv1 Wklv suhglfwlrq lv xquhdolvwlf/ vxjjhvwlqj zh pljkw zdqw wr orrn iru dowhuqdwlyh vrxufhv

ri khwhurjhqhlw| wkdw suhydlo hyhq zkhq fuhglw frqvwudlqwv duh qrw elqglqj1 Wklv wdvn lv wdnhq

xs lq wkh qh{w vxevhfwlrq1 Lw looxvwudwhv dq dowhuqdwlyh vrxufh ri khwhurjhqhlw| lq vxusoxv wkdw

shuvlvwv zkhq lqfhqwlyh frqvwudlqwv qr orqjhu elqg/ exw zklfk frqwlqxhv wr lpso| frqglwlrq +417,

dv dq htxloleulxp rxwfrph1
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5151 Krogxs Sureohpv

Frqvlghu wkh iroorzlqj prgl�fdwlrq wr wkh prgho deryh1 Wr surgxfh rqh xqlw ri lqwhuphgldwh

jrrg m/ dq hqwuhsuhqhxu qhhgv n� xqlwv ri wkh frqvxpswlrq jrrg dorqj zlwk rqh xqlw ri oderu/ l1h1

surgxfwlrq ri lqwhuphgldwh jrrgv lv Ohrqwlh� lq oderu dqg frqvxpswlrq jrrg lqsxwv1 Wr doorz iru

oderu vxsso| lq wkh prgho/ vxssrvh wkhuh lv dq dgglwlrqdo jurxs ri djhqwv lq wkh hfrqrp| ri pdvv

4 zkr duh hdfk hqgrzhg zlwk rqh xqlw ri oderu dqg qrwklqj hovh1 Li oderu lv sulfhg frpshwlwlyho|/

wkh prgho zrxog eh wkh vdph dv ehiruh/ h{fhsw wkdw wkh frvw ri surgxfwlrq n� .z qrz lqfoxghv

oderu sd|phqwv1 Exw li oderu lv qrw sulfhg frpshwlwlyho| ehfdxvh ri vrph xqghuo|lqj iulfwlrqv

lq wkh oderu pdunhw/ wkh ohyho ri vxusoxv dvvrfldwhg zlwk gl�huhqw lqwhuphgldwh jrrgv frxog

gl�hu1 Lq zkdw iroorzv/ L h{soruh iulfwlrqv wkdw dulvh iurp elodwhudo edujdlqlqj lq wkh devhqfh

ri elqglqj zdjh frqwudfwv1 Wkh prgho lpsolhv wkdw surmhfwv wkdw uhtxluh pruh lqsxwv zloo eh

dvvrfldwhg zlwk kljkhu ohyhov ri vxusoxv lq htxloleulxp li lqsxwv duh douhdg| vxqn dw wkh wlph

oderu lv kluhg1 Wklv jhqhudwhv dq hqgrjhqrxv uhodwlrqvkls ehwzhhq wkh dprxqw ri lqsxwv wkdw

jr lqwr surgxfwlrq dqg wkh ohyho ri vxusoxv dvvrfldwhg zlwk surgxfwlrq hyhq zkhq lqfhqwlyh

frqvwudlqwv duh qrw elqglqj1: Vlqfh wkh prgho dvvxphv doo surgxfhuv kdyh wkh vdph qhw zruwk/

surmhfwv wkdw uhtxluh pruh lqlwldo lqsxwv zloo dovr uhtxluh pruh ghew1 Khqfh/ wklv h{sodqdwlrq

lpsolhv surmhfwv wkdw uhtxluh pruh fuhglw zloo dovr eh pruh h!flhqw lq htxloleulxp/ exw rqo|

dprqj surgxfhuv zlwk vlplodu ohyhov ri qhw zruwk1;

Dv ehiruh/ vxssrvh surgxfhuv vwdqg lq d olqh dqg rewdlq fuhglw vhtxhqwldoo|1 Rqfh wkh| rewdlq

fuhglw/ wkh| pxvw lqvwdqwo| ghflgh zkhwkhu wr lqyhvw wkh ixqgv wkh| eruurz ehiruh wkh qh{w

surgxfhu duulyhv wr rewdlq fuhglw1 Rqfh hqwuhsuhqhxuv frpplw wr surgxfwlrq/ l1h1 rqfh wkh

uhvrxufhv wkh| duh vxqn/ wkh hqwuhsuhqhxu lv sdluhg zlwk d zrunhu1 Dvvxplqj uhqhjrwldwlrq lv

dozd|v srvvleoh/ hqwuhsuhqhxuv fdqqrw frpplw wr zdjh sd|phqwv wr wkhlu zrunhuv> lqvwhdg/ zdjh

sd|phqwv zloo eh ghwhuplqhg wkurxjk elodwhudo edujdlqlqj ryhu wkh vxusoxv diwhu wkh lqwhuphgldwh

:Wklv uhvxow uholhv rq erwk wkh devhqfh ri elqglqj zdjh frqwudfwv dqg wkh dvvxpswlrq wkdw lqsxwv duh vxqn
ehiruh oderu lv kluhg1 Krzhyhu/ wkhvh dvvxpswlrqv rqo| lqvxuh wkdw surmhfwv zklfk eruurz pruh uhvrxufhv uhsuhvhqw
pruh h!flhqw xvhv ri uhvrxufhv hyhq zkhq lqfhqwlyh frqvwudlqwv duh qr orqjhu elqglqj1 Li hlwkhu frqglwlrq lv uhod{hg/
wkh prgho zrxog suhglfw lghqwlfdo zdjhv iru zrunhuv surgxflqj wkh wzr w|shv ri jrrgv/ lq zklfk fdvh wkh prgho
lv htxlydohqw wr wkh suhylrxv vxevhfwlrq exw zlwk d frvw ri surgxfwlrq ri &� n �1 Prgli|lqj hlwkhu dvvxpswlrq
zrxog wkhuhiruh qrw jhqhudwh wkh rssrvlwh uhodwlrqvkls ehwzhhq wkh dprxqw ri fuhglw d surmhfw uhtxluhv dqg wkh
dprxqw ri vxusoxv lw jhqhudwhv1

;Vlploduo|/ iru wkh prgho lq wkh suhylrxv vxevhfwlrq/ wkh suhglfwlrq wkdw hqwuhsuhqhxuv zkr eruurz pruh ixqgv
duh pruh h!flhqw krogv rqo| dprqj hqwuhsuhqhxuv zlwk vlplodu ohyhov ri qhw zruwk1 Djhqwv zlwk pruh qhw zruwk
pljkw zrxog suhvxpdeo| �qg lw hdvlhu wr fduu| rxw surmhfwv zklfk duh xqghuvxssolhg lq htxloleulxp zlwkrxw
kdylqj wr eruurz pruh uhvrxufhv1
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jrrg lv surgxfhg1 Diwhu doo hqwuhsuhqhxu0zrunhu sdluv frpphqfh surgxfwlrq/ wkhlu lqwhuphgldwh

jrrgv duh vrog wr �qdo jrrgv surgxfhuv dw pdunhw fohdulqj sulfhv dqqrxqfhg e| d Zdoudvldq

dxfwlrqhhu1 Wkh zrunhu dqg surgxfhu uhfhlyh wkh uhyhqxh s� hduqhg rq lqwhuphgldwh jrrg m dqg

pxvw djuhh rq krz wr glylgh wklv uhyhqxh1 Wkh uhyhqxh s� lv htxlydohqw wr wkh wrwdo dydlodeoh

vxusoxv wkh sduwlhv fdq vkduh dv orqj dv surgxfhuv kdyh hqrxjk uhvrxufhv wr uhsd| wkhlu ghew

hyhq li wkh| idlo wr uhdfk dq djuhhphqw/ l1h1 dv orqj dv wkh lqsxw frvw n� lv wuhdwhg dv vxqn e|

wkh sduwlhv1 Iru h{dpsoh/ vxssrvh hqwuhsuhqhxuv uhfhlyh dq dprxqw N ri frqvxpswlrq jrrgv

diwhu doo surgxfwlrq kdv frpphqfhg1 Dv orqj dv N A n� / surgxfhuv fdq dozd|v eh frpshoohg

wr uhsd| wkhlu ghew rxw ri wklv hqgrzphqw/ dqg wkh sduwlhv zloo wuhdw n� dv d vxqn frvw zkhq

frqvlghulqj wkh rxwvlgh rswlrq ri qrw uhdfklqj djuhhphqw rq krz wr glylgh wkh uhyhqxh1 L

khqfhiruwk pdlqwdlq wkh dvvxpswlrq wkdw wkhuh h{lvwv d sxqlvkphqw phfkdqlvp wkdw fdq jduqlvk

dowhuqdwlyh vrxufhv ri lqfrph iurp wkrvh hqwuhsuhqhxuv zkr hqjdjh lq surgxfwlrq exw gr qrw

uhsd| wkhlu ordqv/ l1h1 surgxfhuv fdqqrw xvh idloxuh wr uhdfk djuhhphqw zlwk wkhlu zrunhuv dv d

zd| wr jhw rxw ri uhsd|lqj wkhlu ghewv1< Dv lv vwdqgdug lq wkh olwhudwxuh/ L dvvxph wkh wzr sduwlhv

jhw wr pdnh dowhuqdwlqj r�huv zklfk wkh rwkhu sduw| fdq dffhsw ru uhmhfw1 Elqpruh/ Uxelqvwhlq/

dqg Zrolqvn| +4<;8, vkrz wkdw lq wkh xqltxh htxloleulxp ri wklv edujdlqlqj jdph/ wkh zrunhu

uhfhlyhv d vkduh � ri wkh vxusoxv/ zkhuh � ghshqgv rq wkh xqghuo|lqj uxohv ri wkh jdph vxfk

dv wkh dprxqw ri wlph wkdw wudqvsluhv ehwzhhq r�huv ru wkh suredelolw| wkdw d euhdngrzq lq

edujdlqlqj rffxuv1 Wklv lpsolhv wkh surgxfhu fdq h{shfw wr hduq +4� �, s� � n� lq sur�wv iurp

surgxfwlrq/ zkloh wkh zrunhu fdq h{shfw wr uhfhlyh d zdjh ri ds� 1

Dv douhdg| srlqwhg rxw lq d vlplodu prgho e| Dfhprjox +4<<;,/ wkh idfw wkdw lqsxwv duh vxqn

ehiruh oderu lv kluhg dqg wkdw hqwuhsuhqhxuv fdqqrw frpplw wr zdjh frqwudfwv fuhdwhv d krogxs

sureohp zklfk fdxvhv wkh pruh frvwo| lqwhuphgldwh jrrg wr eh xqghuvxssolhg lq htxloleulxp1

Wkh uhdvrq lv wkdw dffruglqj wr wkh ohppd deryh/ erwk lqwhuphgldwh jrrgv pxvw eh surgxfhg lq

htxloleulxp1 Vlqfh surgxfhuv duh iuhh wr fkrrvh zklfk jrrg wr surgxfh/ lw pxvw eh wkh fdvh wkdw

wkh sur�wv iurp surgxflqj wkh wzr jrrgv duh wkh vdph1 Krzhyhu/ wkh idfw wkdw jrrg 4 lv pruh

frvwo| wr surgxfh uhtxluhv wkdw wkh uhyhqxh iurp surgxflqj jrrg 4 lq htxloleulxp eh kljkhu1

Wklv jlyhv zrunhuv juhdwhu srzhu lq kroglqj xs surgxfwlrq rq surmhfwv zlwk odujhu vxqn frvwv1

Lqwxlwlyho|/ wkh zrunhu*v frqwulexwlrq lv pruh ydoxdeoh rq surmhfwv zklfk jhqhudwh pruh uhyhqxh

vlqfh zlwkkroglqj oderu vhuylfhv zrxog lqfxu d juhdwhu orvv wr wkh hqwuhsuhqhxu1 Wklv doorzv

zrunhuv wr h{wudfw d juhdwhu zdjh zkhq surgxflqj wklv lqwhuphgldwh jrrg/ l1h1 wkh zdjh rq mrev

surgxflqj jrrg 4 zloo eh kljkhu wkdq wkh zdjh rq mrev surgxflqj jrrg 31 Frqvhtxhqwo|/ wkh

<Djdlq/ uhod{lqj wklv dvvxpswlrq zrxog lpso| zrunhuv uhfhlyh wkh vdph zdjh uhjdugohvv ri zklfk jrrg wkh|
khos wr surgxfh/ lq zklfk fdvh wkh prgho lv htxlydohqw wr wkdw ri wkh suhylrxv vxevhfwlrq1
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wrwdo vxusoxv iurp surgxflqj lqwhuphgldwh jrrg m ryhu wkh dowhuqdwlyh ri qr surgxfwlrq/ zklfk

lv mxvw wkh vxp ri sur�wv dqg zdjhv/ zloo eh kljkhu iru lqwhuphgldwh jrrg 4= sur�wv iru surgxfhuv

zloo eh wkh vdph/ exw zdjhv zloo eh kljkhu iru zrunhuv zkr khos wr surgxfh jrrg 41 Wkh idfw

wkdw surgxfwlrq ri lqwhuphgldwh jrrg 4 |lhogv juhdwhu vxusoxv kdv wkh vdph lqwhusuhwdwlrq dv

ehiruh/ l1h1 zh fdq jhqhudwh d Sduhwr lpsuryhphqw e| vkliwlqj vrph ri wkh uhvrxufhv xvhg wr

surgxfh jrrg 3 lqwr surgxflqj jrrg 41 Lqwxlwlyho|/ wkh krogxs sureohp fuhdwhv dq h{whuqdolw|

wkdw ohdgv wr dq lqh!flhqw doorfdwlrq ri uhvrxufhv= dq hqwuhsuhqhxu*v ghflvlrq uhjduglqj zklfk

lqwhuphgldwh jrrg wr surgxfh kdv dq h�hfw rq wkh zrunhu kh lv sdluhg zlwk/ exw wkh hqwuhsuhqhxu

zloo qrw wdnh wklv lqwr dffrxqw zkhq kh pdnhv klv fkrlfh1 Frqvhtxhqwo|/ jrrgv zlwk juhdwhu

vxqn frvwv zloo eh xqghuvxssolhg lq htxloleulxp dqg wkxv dvvrfldwhg zlwk juhdwhu wrwdo vxusoxv1

Vlqfh doo hqwuhsuhqhxuv duh dvvxphg wr kdyh wkh vdph qhw zruwk/ lw iroorzv wkdw wkrvh surmhfwv

zklfk uhtxluh pruh eruurzlqj zloo dovr eh wkrvh zklfk duh pruh h!flhqw1 Wklv lv irupdol}hg

lq wkh qh{w Sursrvlwlrq/ zklfk fkdudfwhul}hv wkh vxejdph shuihfw htxloleulxp ri wkh hfrqrp|

zlwk edujdlqlqj iulfwlrqv=

Sursrvlwlrq 5= Wkhuh h{lvw wzr fxwr�v }� ? }�� �4 vxfk wkdw

41 Li } ? }�/ qr surgxfwlrq lv wkh xqltxh vxejdph shuihfw htxloleulxp rxwfrph1

51 Li } ? }��/ wkhuh h{lvwv d xqltxh vxejdph shuihfw htxloleulxp1 Lq wklv htxloleulxp/ wkh

lqfhqwlyh frqvwudlqw zloo eh vwulfwo| elqglqj iru jrrg 4 dqg qrw elqglqj iru jrrg 3/ l1h1

+4� �, sf � 5nf A 3 @ +4� �, s� � 5n�1 Jrrg 4 zloo eh dvvrfldwhg zlwk d odujhu vxusoxv/

l1h1 s� � n� A sf � nf A 31 Ilqdoo|/ wkh htxloleulxp rxwsxw |f ghfuhdvhv zlwk } dqg |�

lqfuhdvhv zlwk }1 Khqfh/ orzhu ohyhov ri djjuhjdwh surgxfwlylw| zloo eh dvvrfldwhg zlwk d

vkliw ri uhvrxufhv wrzdugv surmhfwv wkdw jhqhudwh ohvv vxusoxv1

61 Li } A } ��/ wkhuh lv d xqltxh vxejdph shuihfw htxloleulxp1 Lq wklv htxloleulxp/ qhlwkhu

lqfhqwlyh frqvwudlqw lv elqglqj/ / l1h1 s� � 5n� A 3 iru erwk ydoxhv ri m1 Wkh vxusoxv

dvvrfldwhg zlwk jrrg 4 zloo eh odujhu/ l1h1 s� � n� A sf � nf/ dqg wkh htxloleulxp rxwsxw

|f dqg |� gr qrw ydu| zlwk }1 Wkhuh h{lvwv d �qlwh fxwr� nW vxfk wkdw }�� ?4 li dqg rqo|

li n ? nW1

Wklv prgho frqwlqxhv wr jhqhudwh frqglwlrq +417, dv dq hqgrjhqrxv htxloleulxp rxwfrph udwkhu

wkdq dv dq dvvxpswlrq rq wkh surgxfwlrq whfkqrorj|1 Wkh htxloleulxp lq Sursrvlwlrq 5 lv lghqwl0

fdo wr wkh rqh lq wkh suhylrxv vxevhfwlrq/ h{fhsw wkdw hyhq zkhq } A }�� dqg lqfhqwlyh frqvwudlqwv
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duh qr orqjhu elqglqj/ surmhfwv zklfk uhtxluh pruh uhvrxufhv dv lqsxw zloo frqwlqxh wr eh dv0

vrfldwhg zlwk juhdwhu ohyhov ri vxusoxv1 Vlqfh krogxs sureohpv gr qrw ghshqg rq wkh suhvhqfh

ri lqfhqwlyh frqvwudlqwv/ khwhurjhqhlw| lq vxusoxv dfurvv gl�huhqw surgxfwlrq duudqjhphqwv zloo

frqwlqxh wr suhydlo hyhq dw kljk ohyhov ri djjuhjdwh surgxfwlylw|1

Wr vxppdul}h/ wkh h{dpsoh lq Vhfwlrq 4 ghprqvwudwhg wkdw li surmhfwv zklfk jhqhudwh pruh

vxusoxv dovr uhtxluh pruh fuhglw/ lqfhqwlyh frqvwudlqwv frxog ohdg wr wkh uhdoorfdwlrq ri uhvrxufhv

wkdw uxqv frxqwhu wr wkh wudglwlrqdo Vfkxpshwhuldq ylhz lq zklfk uhfhvvlrqv vkdnh rxw doo

exw wkh prvw h!flhqw surgxfwlrq duudqjhphqwv1 Wkh wzr prghov suhvhqwhg deryh jhqhudwh d

uhodwlrqvkls ehwzhhq wkh dprxqw ri fuhglw dq hqwuhsuhqhxu zlwk d jlyhq qhw zruwk xqghuwdnhv

dqg wkh h!flhqf| ri wkh surgxfwlrq duudqjhphqw kh xqghuwdnhv hqgrjhqrxvo|/ dqg looxvwudwhv

wkdw hqwuhsuhqhxuv zkr uhtxluh pruh fuhglw zloo jhqhudwh pruh vxusoxv lq htxloleulxp1 Wklv

rffxuv hlwkhu ehfdxvh surmhfwv zklfk eruurz pruh uhvrxufhv duh pruh olnho| wr eh frqvwudlqhg

dqg wkxv xqghuvxssolhg/ ru ehfdxvh surmhfwv zklfk eruurz pruh uhvrxufhv duh olnho| wr eh

dvvrfldwhg zlwk krogxs sureohpv dqg iru wklv uhdvrq xqghuvxssolhg1 Ehiruh wxuqlqj wr hpslulfdo

hylghqfh wr yhuli| zkhwkhu fuhglw ghpdqgv duh lq idfw fruuhodwhg zlwk xqghuo|lqj h!flhqf| dv

wkh prgho suhglfwv/ L hqg zlwk d ihz revhuydwlrqv derxw vrph ri wkh sduwlfxodu ihdwxuhv ri wkh

prgho dgydqfhg lq wklv vhfwlrq1 Iluvw/ wkh prgho lqyhvwljdwhv wkh h�hfwv ri fkdqjhv lq djjuhjdwh

surgxfwlylw| rq uhvrxufh doorfdwlrq/ l1h1 rq wkh doorfdwlrq ri zrunhuv dfurvv xvhv1 Krzhyhu/

wkh gdwd rq uhdoorfdwlrq ryhu wkh f|foh ghvfulehg lq Gdylv dqg Kdowlzdqjhu +4<<3, frqfhuqv

mre uhdoorfdwlrq/ l1h1 wkh doorfdwlrq ri uhvrxufhv dfurvv sk|vlfdo orfdwlrqv vxfk dv sodqwv ru

hvwdeolvkphqwv1 Wkh idfw wkdw uhvrxufhv duh vkliwhg lqwr gl�huhqw xvhv grhv qrw qhfhvvdulo|

lpso| d vkliw dfurvv orfdwlrqv> hpsor|huv fdq vzlwfk wr gl�huhqw surgxfwlrq phwkrgv xvlqj

wkh vdph uhvrxufhv/ lq zklfk fdvh uhvrxufhv zloo eh uhdoorfdwhg wr qhz xvhv zlwkrxw kdylqj wr

ghvwur| dq| mrev1 Exw lw lv qrw gl!fxow wr lqwurgxfh dvvxpswlrqv wkdw zloo htxdwh fkdqjhv lq wkh

doorfdwlrq ri uhvrxufhv zlwk fkdqjhv lq wkh sk|vlfdo orfdwlrq zkhuh uhvrxufhv duh hpsor|hg> iru

h{dpsoh/ li frqyhuvlrq frvwv duh vx!flhqwo| kljk uhodwlyh wr wkh frvwv ri fuhdwlqj d mre dw d qhz

orfdwlrq/ uhvrxufh uhdoorfdwlrq zloo eh dfklhyhg wkurxjk mre uhdoorfdwlrq dfurvv sodqwv udwkhu

wkdq uhdoorfdwlrq zlwklq sodqwv1 Krzhyhu/ prghoolqj wklv irupdoo| zrxog uhtxluh d g|qdplf

udwkhu wkdq vwdwlf iudphzrun lq zklfk mrev h{lvw iru dw ohdvw wzr shulrgv1

Zkloh wkh vwdwlf qdwxuh ri wkh prgho suhfoxghv d uljrurxv glvfxvvlrq ri mre uhdoorfdwlrq shu vh/

lw dovr uxohv rxw rwkhu lpsruwdqw frqvlghudwlrqv wkdw frxog dulvh xqghu g|qdplf hqylurqphqwv1

Dv qrwhg suhylrxvo|/ rqh frxog lqwurgxfh vrph g|qdplfv e| uhlqwhusuhwlqj wkh prgho dv dq

ryhuodsslqj jhqhudwlrqv hfrqrp| lq zklfk surgxfwlrq rffxuv lq rqh shulrg ri olih/ mxvw dv lq wkh
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prgho ri Ehuqdqnh dqg Jhuwohu +4<;<,1 Wkh dqdo|vlv zrxog uhpdlq hvvhqwldoo| xqfkdqjhg/ exw

wkh g|qdplf vwuxfwxuh zrxog doorz xv wr vwxg| wkh sursdjdwlrq ri vkrfnv ryhu wlph1 Doorzlqj iru

surgxfwlrq lq pruh wkdq rqh shulrg zrxog vxevwdqwldoo| frpsolfdwh wkh dqdo|vlv e| lqwurgxflqj

d ulfkhu g|qdplf frqwudfwlqj sureohp djhqwv idfh1 Vxfk g|qdplf frqwudfwlqj sureohpv kdyh

ehhq vwxglhg e| Jhuwohu +4<<5,/ Doextxhutxh dqg Krshqkd|q +4<<:,/ dqg Prqjh +4<<<,/ dprqj

rwkhuv1 Jhuwohu +4<<5, hpskdvl}hv wkdw pdq| ri wkh txdolwdwlyh uhvxowv ri rqh shulrg prghov fdq

h{whqg wr rswlpdo g|qdplf frqwudfwv lq pxowl0shulrg vhwwlqjv/ dqg xqghu fhuwdlq dvvxpswlrqv/

lw lv srvvleoh wr lqvxuh wkdw eruurzhuv duh dozd|v �qdqfldoo| frqvwudlqhg dv sduw ri wkh rswlpdo

g|qdplf frqwudfw1 Dowkrxjk kdugo| d wulyldo h{huflvh/ wkh suhglfwlrq ri wklv prgho wkdw surmhfwv

zklfk uhtxluh pruh fuhglw zloo eh xqghuvxssolhg lq htxloleulxp ehfdxvh wkh| klw djdlqvw wkh

lqfhqwlyh frqvwudlqw lv olnho| wr h{whqg wr pxowl0shulrg vhwwlqjv/ lpso|lqj wkhvh surmhfwv zloo

|lhog juhdwhu vxusoxv1 Wkh dqdo|vlv ri wkhvh pruh frpsolfdwhg exw pruh uhdolvwlf prghov lv ohiw

iru ixwxuh uhvhdufk1

Ilqdoo|/ dowkrxjk wkh prgho hvwdeolvkhv wkdw uhfhvvlrqv vhohfw ohvv h!flhqw surmhfwv vlqfh wkhvh

duh ohvv ghshqghqw rq fuhglw/ rqh vkrxog qrw wdnh dzd| wkh phvvdjh wkdw uhfhvvlrqv zloo vhohfw

rqo| wkh ohdvw h!flhqw surmhfwv1 Vxfk d suhglfwlrq zrxog qrw eh frqvlvwhqw zlwk wkh hpslulfdo

hylghqfh ghvfulehg lq wkh Lqwurgxfwlrq/ zklfk vxjjhvwv uhfhvvlrqv duh dvvrfldwhg zlwk lqfuhdvhg

mre uhdoorfdwlrq wkdw grhv qrw idyru hlwkhu ohvv surgxfwlyh ru pruh surgxfwlyh xvhv ri uhvrxufhv1

Wkh prgho lqvwhdg looxvwudwhv rqh phfkdqlvp wkdw fdq h{sodlq zk| fhuwdlq ohvv h!flhqw surmhfwv

pljkw eh vhohfwhg1 Li lq dgglwlrq wr wklv fkdqqho/ vrph surgxfhuv lq wkh hfrqrp| duh vrphkrz

frqvwudlqhg wr xvlqj ohvv h!flhqw whfkqrorjlhv/ h1j1 wkh| duh suhyhqwhg iurp xvlqj ehwwhu sur0

gxfwlrq whfkqltxhv ehfdxvh ri sdwhqwv ru e| surklelwlyh frvwv ri dgrswlqj vxfk whfkqrorjlhv/ d

ghfolqh lq djjuhjdwh surgxfwlylw| pljkw uhqghu wkhlu whfkqrorjlhv xqsurgxfwlyh dqg irufh wkhp

wr vkxw grzq ru xsjudgh/ dv frqvlvwhqw zlwk wkh fohdqvlqj k|srwkhvlv1 Lq uhdolw|/ erwk fkdqqhov

duh olnho| wr rshudwh1 Wkh phvvdjh ri wklv sdshu/ wkhq/ lv qrw wkdw uhfhvvlrqv qhfhvvdulo| irvwhu

rqo| lqh!flhqw surgxfwlrq duudqjhphqwv> lqvwhdg/ lw lv wkdw uhfhvvlrqv frxog glvfrxudjh vrph

hqwuhsuhqhxuv iurp hqjdjlqj lq fhuwdlq kljko| surgxfwlyh xvhv ri uhvrxufhv zlwkrxw suhfoxglqj

wkhlu delolw| wr hqjdjh lq rwkhu/ ohvv surgxfwlyh duudqjhphqwv1 Wklv srlqw/ zklfk hphujhv txlwh

qdwxudoo| rxw ri wkh prgho deryh/ vhhpv wr kdyh ehhq orvw dprqj wkh uhfhqw wkhruhwlfdo prghov

lq zklfk lw lv dozd|v wkh ohdvw h!flhqw xvhv ri uhvrxufhv zklfk duh ghvwur|hg lq uhfhvvlrqv dqg

rqo| wkh prvw h!flhqw xvhv ri uhvrxufhv vxuylyh1
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61 Hpslulfdo Hylghqfh

Dv wkh h{dpsoh lq Vhfwlrq 4 looxvwudwhv/ wkh suhglfwlrq wkdw uhfhvvlrqv vhohfw ohvv udwkhu wkdq

pruh h!flhqw xvhv ri uhvrxufhv uholhv rq wkh suhplvh wkdw surmhfwv zklfk eruurz pruh uhvrxufhv

� dqg duh wkhuhiruh pruh yxoqhudeoh wr lqfhqwlyh frqvwudlqwv � uhsuhvhqw pruh h!flhqw xvhv ri

uhvrxufhv1 Zkloh wkh prgho lq Vhfwlrq 5 surylghv d wkhruhwlfdo mxvwl�fdwlrq iru zk| wklv frxog

rffxu dv dq htxloleulxp rxwfrph/ wklv lv xowlpdwho| dq hpslulfdo txhvwlrq= dprqj �upv zlwk

vlplodu ohyhov ri qhw zruwk/ lv lw wkh fdvh wkdw �upv zklfk eruurz pruh ixqgv whqg wr hpsor|

uhvrxufhv lq d pruh h!flhqw pdqqhuB Pruhryhu/ lv lw wkh fdvh wkdw �upv zklfk eruurz pruh

ixqgv duh pruh vhyhuho| d�hfwhg e| uhfhvvlrqv/ vr wkdw grzqwxuqv lqgxfh d uhdoorfdwlrq ri dw

ohdvw vrph uhvrxufhv lqwr ohvv h!flhqw xvhvB Wklv vhfwlrq uhylhzv h{lvwlqj hpslulfdo hylghqfh

wkdw ehduv xsrq wkhvh txhvwlrqv/ dqg suhvhqwv qhz hylghqfh rq zkhwkhu �upv zklfk eruurz

pruh ixqgv dovr whqg wr hpsor| uhvrxufhv pruh surgxfwlyho|1

Wxuqlqj �uvw wr wkh txhvwlrq ri zkhwkhu �upv zklfk eruurz pruh ixqgv duh pruh frqvwudlqhg

gxulqj uhfhvvlrqv/ ydulrxv dxwkruv kdyh douhdg| h{dplqhg zkhwkhu ohqghuv dsshdu wr idyru sdu0

wlfxodu w|shv ri eruurzhuv lq uhfhvvlrqv1 D qlfh vxuyh| ri wklv olwhudwxuh lv frqwdlqhg lq d uhfhqw

sdshu e| Ehuqdqnh/ Jhuwohu/ dqg Jlofkulvw +4<<9,1 Dv wkh| srlqw rxw/ wklv zrun kdv irfxvhg

rq wkh txhvwlrq ri zkhwkhu wkhuh lv d  ljkw wr vdihw| gxulqj uhfhvvlrqv/ l1h1 zkhwkhu grzqwxuqv

duh dvvrfldwhg zlwk d vkliw wrzdugv eruurzhuv zkr duh remhfwlyho| ohvv olnho| wr ghidxow rq wkhlu

ordqv143 Iru h{dpsoh/ Odqj dqg Qdndpxud +4<<8, frqvwuxfw d sdqho gdwdvhw ri frpphufldo edqn

ordqv iurp wkh Ihghudo Uhvhuyh Vxuyh| ri Whupv ri Edqn Ohqglqj dqg �qg wkdw wkh iudfwlrq

ri ordqv pdgh wr fxvwrphuv dw d pdunxs ri 4( ryhu wkh sulph udwh ru ohvv lqfuhdvhv gxulqj

uhfhvvlrqv1 Li wkh pdunxs ryhu wkh sulph udwh uh hfwv ulvn suhpld iru wkh suredelolw| ri ghidxow/

wklv zrxog lqglfdwh d vkliw dzd| iurp �qdqflqj ulvn| surmhfwv gxulqj uhfhvvlrqv1 Dgglwlrqdo

hylghqfh frphv iurp Ndvk|ds/ Vwhlq/ dqg Zlofr{ +4<<6,/ zkr �qg wkdw wkh udwlr ri frpphufldo

sdshu wr edqn ordqv lv frxqwhuf|folfdo1 Vlqfh kljk0judgh eruurzhuv duh pruh olnho| wr eh deoh

wr lvvxh frpphufldo sdshu/ wklv wrr fdq eh vhhq dv hylghqfh ri d  ljkw wr vdihw| gxulqj uhfhv0

vlrqv1 Ilqdoo|/ Jhuwohu dqg Jlofkulvw +4<<6/ 4<<7, dujxh wkdw wkh udwlr ri edqn ordqv wr vpdoo

pdqxidfwxulqj �upv uhodwlyh wr odujh pdqxidfwxulqj �upv ghfolqhv gxulqj frqwudfwlrqv1 Vlqfh

wkh odwwhu fdq r�hu pruh froodwhudo dqg duh ohvv olnho| wr ghidxow/ wklv wrr dsshduv wr frq�up d

43Suhylrxv olwhudwxuh kdv w|slfdoo| uhihuuhg wr wklv skhqrphqrq dv d  ljkw wr txdolw|1 Wklv whup lv vrphzkdw
xqiruwxqdwh/ vlqfh wkh zkroh suhplvh ri wklv sdshu lv wkdw vdih surmhfwv wkdw uh hfw kljk txdolw| iurp wkh shuvshf0
wlyh ri fuhglwruv duh dovr dvvrfldwhg zlwk ohvv h!flhqw surgxfwlrq duudqjhphqwv dqg wkxv uhsuhvhqw orz txdolw|
xvhv ri uhvrxufhv iurp vrflhw|*v shuvshfwlyh1 L pdlqwdlq wkh whup  ljkw wr vdihw| wr plqlpl}h frqixvlrq1
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 ljkw wr vdihw| lq grzqwxuqv1

Dw �uvw jodqfh/ wkh hylghqfh rq wkh  ljkw wr vdihw| vhhpv dw rggv zlwk wkh fodlp wkdw uhfhvvlrqv

vkliw uhvrxufhv wrzdugv surgxfwlrq duudqjhphqwv wkdw uho| rq vpdoohu dprxqwv ri fuhglw> diwhu

doo/ uhfhvvlrqv lqgxfh d  ljkw wrzdugv odujh �upv wkdw suhvxpdeo| eruurz pruh ixqgv1 Krzhyhu/

rqh kdv wr eh fduhixo lq lqwhusuhwlqj wklv sdwwhuq dv hylghqfh djdlqvw wkh phfkdqlvp rxwolqhg

lq wkh prgho1 Uhfdoo wkdw wkh prgho lpsolhv d vkliw wrzdugv vpdoohu ordqv dprqj eruurzhuv

zlwk d vlplodu ohyho ri qhw zruwk1 Vlqfh odujh �upv duh olnho| wr kdyh kljkhu qhw zruwk/ d vkliw

wrzdugv odujh �upv grhv qrw qhfhvvdulo| frqwudglfw wkh fodlp wkdw fuhglw gxulqj uhfhvvlrqv lv

uhdoorfdwhg wrzdugv xvhv wkdw uhtxluh ihzhu ixqgv dprqj rwkhuzlvh vlplodu hqwuhsuhqhxuv1 Hyhq

li wkh frpsrvlwlrq ri fuhglw vkliwv lq idyru ri odujhu �upv/ lw frxog vwloo vkliw lq idyru ri wkrvh

odujh �upv zklfk uhtxluh vpdoohu dprxqwv ri fuhglw1 Hylghqfh lq vxssruw ri wklv lqwhusuhwdwlrq

lv surylghg lq d uhfhqw sdshu e| Dvhd dqg Eorpehuj +4<<;,1 Xvlqj wkh vdph Vxuyh| ri Whupv

ri Edqn Ohqglqj/ wkh| h{soruh wkh hyroxwlrq ri ydulrxv edqn ohqglqj sudfwlfhv ryhu wkh exvlqhvv

f|foh/ lqfoxglqj dyhudjh ordq vl}h1 Wkh| �qg wkdw dyhudjh ordq vl}h ghfolqhv zlwk djjuhjdwh

hfrqrplf frqglwlrqv dv phdvxuhg e| djjuhjdwh xqhpsor|phqw144 Wklv lpsolhv wkdw wkh  ljkw wr

odujh �upv gxulqj uhfhvvlrqv lv frqvlvwhqw zlwk d  ljkw wr vpdoo ordqv> lq wkhlu txhvw iru vdihw|/

edqnv dsshdu wr vhhn rxw �upv wkdw uhtxluh rqo| vpdoo dprxqwv ri ixqgv/ ru dw ohdvw fxw edfn

fuhglw wr wkh �upv wkh| xowlpdwho| ohqg wr1

Wkh idfw wkdw uhfhvvlrqv dsshdu wr idyru vpdoohu ordqv udlvhv wkh txhvwlrq ri zkhwkhu uhgxfhg

eruurzlqj lv dvvrfldwhg zlwk ohvv h!flhqw xvhv ri uhvrxufhv dv wkh prgho suhglfwv1 Lq sulqflsoh/ zh

vkrxog eh deoh wr uhvroyh wklv e| orrnlqj dw wkh uhodwlrqvkls ehwzhhq ordq vl}h dqg surgxfwlyh

h!flhqf| lq d furvv vhfwlrq ri �upv/ frqwuroolqj iru wkh qhw zruwk ri hdfk �up1 Krzhyhu/

hvwdeolvklqj wklv lq d vdwlvidfwru| zd| suryhv wr eh d udwkhu gdxqwlqj wdvn1 Iluvw/ lw uhtxluhv

ghwdlohg �qdqfldo gdwd iru d uhsuhvhqwdwlyh vdpsoh ri �upv dorqj zlwk gdwd wkdw fdq eh xvhg

wr lghqwli| wkh h!flhqf| ri surgxfwlrq dw wkdw �up1 Rewdlqlqj vxfk gdwd lv gl!fxow/ vlqfh

�upv mhdorxvo| jxdug wkh vhqvlwlyh �qdqfldo lqirupdwlrq wkdw lv qhfhvvdu| iru fduu|lqj rxw wklv

dqdo|vlv/ dqg gdwd vrxufhv vxfk dv dgplqlvwudwlyh uhfrugv zklfk uhfrug �qdqfldo gdwd w|slfdoo|

surylgh hlwkhu djjuhjdwhg gdwd ru hovh idlo wr lqfoxgh qhfhvvdu| lqirupdwlrq lq rughu wr pdlqwdlq

frq�ghqwldolw|1 Devwudfwlqj iurp lvvxhv ri gdwd dydlodelolw|/ phdvxulqj wkh h!flhqf| dvvrfldwhg

44Dvhd dqg Eorpehuj hvwlpdwh d pruh vrsklvwlfdwhg wzr0vwdwh Pdunry vzlwfklqj prgho lq zklfk wkh vhqvlwlylw|
ri ohqglqj wr djjuhjdwh xqhpsor|phqw fdq gl�hu dfurvv wzr vwdwhv1 Dq lqfuhdvh lq xqhpsor|phqw lv dvvrfldwhg
zlwk d eljjhu ghfolqh lq dyhudjh ordq vl}h zkhq xqhpsor|phqw lv kljk/ exw wkh h�hfw lv vljql�fdqw rqo| lq wkh
uhjlph zkhuh xqhpsor|phqw lv ghfolqlqj1
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zlwk gl�huhqw �upv lv lq lwvhoi txlwh gl!fxow1 Wkh qrwlrq wkdw rxwsxw shu zrunhu lv d xvhixo sur{|

iru h!flhqf|/ dv vrph suhylrxv dxwkruv kdyh dvvxphg/ lv rqo| zduudqwhg xqghu fhuwdlq dx{loldu|

dvvxpswlrqv1 D frpshoolqj hpslulfdo fdvh wkdw vdih surmhfwv dovr uhsuhvhqw ohvv h!flhqw xvhv

ri uhvrxufhv zrxog uhtxluh whvwv ri dx{loldu| dvvxpswlrqv wkdw lqvxuh kljkhu rxwsxw shu zrunhu

uh hfwv pruh h!flhqw surgxfwlrq1 Wklv lv eh|rqg wkh vfrsh ri wklv sdshu1 Lqvwhdg/ L wdnh d

prghvw �uvw vwhs e| wdnlqj wkh uhohydqfh ri rxwsxw shu zrunhu iru judqwhg/ dqg vkrzlqj wkdw

zlwklq qduurzo| gh�qhg lqgxvwu| fdwhjrulhv/ �upv wkdw eruurz pruh uhvrxufhv dsshdu wr kdyh

kljkhu rxwsxw shu zrunhu1 Zkloh wklv grhv qrw hvwdeolvk wkdw uhfhvvlrqv vhohfw ohvv h!flhqw xvhv

ri uhvrxufhv dv wkh prgho sxusruwv/ lw frxog dw wkh yhu| ohdvw h{sodlq zk|/ dv ghvfulehg lq wkh

Lqwurgxfwlrq/ suhylrxv uhvhdufkhuv kdyh idlohg wr �qg d surqrxqfhg vkliw ri uhvrxufhv gxulqj

uhfhvvlrqv wrzdugv hvwdeolvkphqwv zlwk kljk rxwsxw shu zrunhu> �upv zlwk kljkhu rxwsxw shu

zrunhu dsshdu wr kdyh odujhu fuhglw ghpdqgv/ dqg duh wkhuhiruh srwhqwldoo| pruh yxoqhudeoh wr

fuhglw frqvwudlqwv wkdq �upv zlwk orzhu rxwsxw shu zrunhu1

Lq dvvhpeolqj gdwd wr vwxg| wkh uhodwlrqvkls ehwzhhq rxwsxw shu zrunhu dqg eruurzlqj dfurvv

�upv/ L gudz rq wkh Frpsxvwdw gdwdedvh1 Frpsxvwdw surylghv ghwdlohg lqirupdwlrq rq doo

sxeolfo| olvwhg frpsdqlhv lq wkh Xqlwhg Vwdwhv ehwzhhq 4<83 wr 4<<;1 Vlqfh olvwhg frpsdqlhv

duh erxqg e| sxeolf glvforvxuh odzv/ wkh| duh uhtxluhg wr surylgh vhqvlwlyh �qdqfldo gdwd wkdw lv

w|slfdoo| nhsw frq�ghqwldo1 Pruhryhu/ Frpsxvwdw kdv wkh dgydqwdjh wkdw lw frqwdlqv lqirupdwlrq

rq vdohv/ lqyhqwrulhv/ dqg hpsor|phqw iru hdfk �up wkdw fdq eh xvhg wr hvwlpdwh rxwsxw shu

zrunhu1 Wklv pdnhv lw suhihudeoh wr rwkhu gdwd vrxufhv vxfk dv wkh Txduwhuo| Ilqdqfldo Uhsruw

ri Pdqxidfwxulqj Ilupv zklfk grhv qrw surylgh wkh qhfhvvdu| hpsor|phqw gdwd1 Krzhyhu/ wkh

vdph ihdwxuh ri wkh Frpsxvwdw gdwdedvh zklfk pdnhv lw dwwudfwlyh srvhv lwv eljjhvw sureohp=

vlqfh rqo| sxeolfo| olvwhg �upv duh lqfoxghg lq wkh Frpsxvwdw gdwdedvh/ lw lv qrw d uhsuhvhqwdwlyh

vdpsoh1 Txlwh wr wkh frqwudu|/ lw frqwdlqv wkrvh �upv zklfk duh ohdvw olnho| wr hqfrxqwhu fuhglw

frqvwudlqwv1 Ilupv lq wkh Frpsxvwdw gdwdedvh duh w|slfdoo| txlwh odujh zlwk hqrxjk qhw zruwk

wr r�hu dv froodwhudo lq wkh fdvh ri ghidxow1 Wkh phuh idfw wkdw �upv duh sxeolfo| olvwhg lpsolhv

wkh| kdyh dowhuqdwlyh vrxufhv ri �qdqflqj rwkhu wkdq ghew1 L wu| wr fruuhfw iru wklv e| h{dplqlqj

zkhwkhu wkh uhvxowv duh pruh surqrxqfhg zkhq uhvwulfwlqj wkh vdpsoh wr vpdoohu �upv zlwklq

wkh Frpsxvwdw srsxodwlrq/ vlqfh wkhvh duh pruh olnho| wr kdyh gl!fxow| eruurzlqj1 Vwloo/ hyhq

wkhvh vpdoohu �upv duh idluo| odujh/ dqg pd| suhvhqw d glvwruwhg slfwxuh ri wkh uroh ri fuhglw dv

dq lqsxw iru surgxfwlylw| iru wkh w|slfdo vpdoo �up145

45Lq dgglwlrq/ vlqfh hyhq vpdoo �upv lq wkh Frpsxvwdw gdwdedvh duh txlwh odujh/ wkh| duh ohvv olnho| wr ghshqg
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Jlyhq wkdw surgxfwlrq dqg �qdqflqj hyroyh ryhu wlph dqg ryhu wkh frxuvh ri d �up*v olih f|0

foh/ L olplw p| dqdo|vlv wr d sdqho ri �upv wkdw fryhuv rqo| 43 |hduv lq rughu wr plqlpl}h wkh

srvvlelolw| ri slfnlqj xs vsxulrxv wlph h�hfwv146 Wr pd{lpl}h wkh vl}h ri p| vdpsoh/ L irfxv

rq wkh prvw uhfhqw 43 |hdu shulrg zklfk frqwdlqv gdwd rq d uhodwlyho| odujhu qxpehu ri �upv1

Vlqfh sulfh gh dwruv e| lqgxvwu| duh dydlodeoh iurp wkh QEHU surgxfwlylw| gdwdedvh rqo| xs wr

4<<7/ wklv olplwv wkh vdpsoh wr wkh shulrg ehwzhhq 4<;704<<71 Wr uhwdlq frpsdudelolw| zlwk wkh

vwxglhv uhsruwhg lq wkh Lqwurgxfwlrq/ L uhvwulfw dwwhqwlrq wr �upv lq wkh pdqxidfwxulqj vhfwru1 L

ixuwkhu olplw wkh vdpsoh wr qrqgxudeoh pdqxidfwxulqj �upv/ l1h1 wkrvh zkrvh irxu gljlw lqgxvwu|

fodvvl�fdwlrq frghv udqjh ehwzhhq 533305<<<> wkh surgxfwlrq ghflvlrqv ri gxudeoh jrrgv surgxf0

huv duh pruh olnho| wr lqfrusrudwh g|qdplf frqvlghudwlrqv/ dqg vwdwlf phdvxuhv ri surgxfwlylw|

vxfk dv fxuuhqw rxwsxw shu zrunhu pd| lqdghtxdwho| fkdudfwhul}h wkh xqghuo|lqj h!flhqf| ri

surgxfwlrq1 Diwhu ghohwlqj revhuydwlrqv lq zklfk gdwd zhuh xqdydlodeoh/ L frqvwuxfwhg d vdpsoh

ri urxjko| 4333 revhuydwlrqv shu |hdu/ zlwk d voljkwo| odujhu iudfwlrq ri wkh revhuydwlrqv frplqj

iurp wkh odvw wzr |hduv ri wkh vdpsoh1

Iru hdfk revhuydwlrq/ L frpsxwhg qrplqdo rxwsxw dv wkh vxp ri vdohv +lwhp 45, dqg wkh fkdqjh lq

lqyhqwrulhv +lwhp 5, iurp wkh suhylrxv |hdu1 Revhuydwlrqv lq zklfk wklv lpsolhg rxwsxw phdvxuh

zdv }hur ru qhjdwlyh zhuh gursshg1 Wr duulyh dw d phdvxuh ri uhdo rxwsxw/ L xvh lqgxvwu| sulfh

gh dwruv iurp wkh QEHU surgxfwlylw| gdwdvhw147 L wkhq glylghg wklv �jxuh e| wkh qxpehu ri

hpsor|hhv lq hdfk �up +lwhp 5<, wr duulyh dw d phdvxuh ri uhdo rxwsxw shu zrunhu1 Wkhuh duh

vhyhudo glvfuhsdqflhv ehwzhhq wklv surgxfwlylw| phdvxuh dqg wkh phdvxuhv wkdw kdyh ehhq xvhg

e| suhylrxv dxwkruv wkdw vkrxog eh srlqwhg rxw1 Iluvw/ vrph ri wkh zrun lq wkh Lqwurgxfwlrq

xvhv rxwsxw shu krxuv zrunhg ru shu surgxfwlrq hpsor|hhv/ lq frqwudvw wr p| phdvxuh zklfk

uhsruwv rxwsxw glylghg e| wkh wrwdo hpsor|phqw zlwklq wkh �up1 Krzhyhu/ Edloh|/ Eduwhovpdq/

rq edqnv iru fuhglw1 Wklv djdlq pdnhv wkh Frpsxvwdw gdwdvhw ohvv wkdq lghdo lq uhodwlqj lwv uhvxowv wr wkh �qglqjv
ri Dvhd dqg Eorpehuj +4<<;, frqfhuqlqj fkdqjhv lq edqn ordq sudfwlfhv ryhu wlph1 Krzhyhu/ dv orqj dv wkh  ljkw
wr vdihw| lv frpprq wr doo irupv ri ghew udwkhu wkdq mxvw edqn ordqv/ wkh vdph sdwwhuqv vkrxog dsshdu iru pruh
jhqhudo fdwhjrulhv ri ghew1

46L dovr h{shulphqwhg zlwk hvwlpdwlqj wkh uhodwlrqvkls ehwzhhq fuhglw dqg surgxfwlylw| |hdu e| |hdu/ dv zhoo
dv zlwk xvlqj wkh ixoo 4<8<0<7 shulrg iru zklfk sulfh gh dwruv duh dydlodeoh iurp wkh QEHU1 Hvwlpdwhv rq d |hdu
e| |hdu edvlv zhuh jhqhudoo| frqvlvwhqw zlwk wkh 43 |hdu vdpsoh/ sduwlfxoduo| iru wkh vshfl�fdwlrqv wkdw xvh orj
rxwsxw shu zrunhu/ dowkrxjk wkh srlqw hvwlpdwhv zhuh yrodwloh dqg vwdwlvwlfdoo| vljql�fdqw lq rqo| vrph ri wkh
|hduv1 Iru wkh hqwluh 68 |hdu vdpsoh/ wkh srlqw hvwlpdwhv zhuh djdlq txlwh frpsdudeoh wr wkrvh iurp rqo| wkh 43
|hdu vdpsoh1

47Lq wkrvh fdvhv zkhuh wkh Frpsxvwdw lqgxvwu| fodvvl�fdwlrq fruuhvsrqghg wr d 6 gljlw VLF frgh wkdw zdv frduvhu
wkdq wkdw surylghg e| wkh QEHU gdwdvhw/ L frpsxwhg dq dyhudjh sulfh gh dwru xvlqj wkh ydoxh ri vklsphqwv dv
zhljkwv dfurvv wkh gl�huhqw 7 gljlw VLF frghv1
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dqg Kdowlzdqjhu +4<<;, uhsruw wkdw rxwsxw shu zrunhu dqg rxwsxw shu krxu |lhog yhu| vlplodu

uhvxowv lq wkhlu gdwdvhw/ vr wkh devhqfh ri pruh vshfl�f hpsor|phqw gdwd lq wkh Frpsxvwdw

gdwdedvh vkrxog qrw eh d vhyhuh olplwdwlrq1 D pruh fuxfldo gl�huhqfh lv wkdw suhylrxv zrun

uh hfwv rxwsxw shu zrunhu e| sodqw/ zkhuhdv wkh suhvhqw zrun phdvxuhv rxwsxw shu zrunhu e|

�up1 Krzhyhu/ wr wkh h{whqw wkdw vpdoohu hvwdeolvkphqwv duh pruh olnho| wr rshudwh rqo| d vlqjoh

sodqw/ glvfuhsdqflhv gxh wr wklv gl�huhqfh frxog eh dpholrudwhg zkhq L uhvwulfw wkh vdpsoh wr

vpdoohu �upv1 Dv lv frqyhqwlrqdo lq zrun lqyroylqj wkh Frpsxvwdw gdwdvhw/ L wulpphg 4( ri wkh

revhuydwlrqv zklfk kdg wkh kljkhvw ydoxh ri rxwsxw shu zrunhu wr plqlpl}h wkh srvvlelolw| wkdw

uhvxowv duh gulyhq e| rxwolhuv ru gdwd hqwu| plvwdnhv1 Lqfoxglqj wkhvh rxwolhuv grhv qrw vhhp wr

d�hfw wkh gluhfwlrq ri wkh hvwlpdwhv/ exw lw grhv d�hfw wkh suhflvlrq dqg pdjqlwxghv iru vrph

ri wkh vshfl�fdwlrqv1 Wkh revhuydwlrqv wkdw zhuh uhpryhg fdph qhduo| xqlirupo| iurp wkh 43

gl�huhqw |hduv/ dowkrxjk d voljkwo| odujhu vkduh fdph iurp wkh odvw wzr |hduv ri wkh vdpsoh1

Iru p| phdvxuh ri qhw zruwk/ L xvh wkh gl�huhqfh ehwzhhq dvvhwv +lwhp 9, dqg oldelolwlhv +lwhp

4;4, gh dwhg e| wkh surgxfhu sulfh lqgh{1 Vlqfh wkh prgho dvvxphv fuhglw lv xvhg wr sxufkdvh

ri lqsxwv/ wklv zrxog vhhp wr eh wkh uhohydqw sulfh zlwk zklfk wr gh dwh qhw zruwk1 Dujxdeo|/

wkh wuxh lqsxw sulfh lqgh{ zloo ydu| e| lqgxvwu|1 Krzhyhu/ vlqfh L olplw p| dqdo|vlv wr d 43 |hdu

shulrg lq zklfk lq dwlrq zdv prghudwh/ xvlqj d gl�huhqw sulfh gh dwru vkrxog qrw vxevwdqwldoo|

d�hfw wkh uhvxowv1 Dv d phdvxuh ri qhz ghew d �up xqghuwdnhv hdfk |hdu/ L xvh wkh vxp ri

fxuuhqw ghew oldelolwlhv +lwhp 67,/ zklfk uhsuhvhqwv wkh dprxqw ri ghew d �up kdv wkdw lv gxh lq

rqh |hdu/ dqg wkh fkdqjh lq orqj whup wrwdo ghew +lwhp <, iurp wkh suhylrxv |hdu1 Li wkh �up glg

qrw wdnh rq dq| qhz ghew lq wkh fxuuhqw |hdu dqg sdlg lwv ghew rq vfkhgxoh/ wklv phdvxuh zloo

htxdo }hur= wkh ghfolqh lq orqj0whup ghew zloo eh uh hfwhg rqh0iru0rqh lq lqfuhdvhg fxuuhqw ghew

oldelolwlhv1 Li wkh �up ghflghg wr uhsd| lwv ghew dkhdg ri vfkhgxoh/ wklv phdvxuh zloo eh qhjdwlyh1

Krzhyhu/ vlqfh wkh suhglfwlrqv ri wkh prgho rqo| frqfhuq wkh uroh ri dgglwlrqdo ghew/ zkhqhyhu

L lqfoxghg revhuydwlrqv lq zklfk wkh �up glg qrw wdnh rq qhz ghew/ L pdgh qr glvwlqfwlrq

ehwzhhq d �up wkdw uhwluhv lwv ghew rq vfkhgxoh dqg rqh wkdw uhwluhv lw dkhdg ri wkh vfkhgxoh e|

dvvljqlqj erwk }hur qhz ghew1 Wklv lv qrw lpsruwdqw iru wkh uhvxowv L suhvhqw ehorz/ vlqfh wkhvh

irfxv rqo| rq wkrvh revhuydwlrqv lq zklfk d �up wrrn rq d srvlwlyh dprxqw ri ghew1 L gh dwhg

ghew rqfh djdlq e| wkh surgxfhu sulfh lqgh{ wr duulyh dw d uhdo phdvxuh wkdw lv frpsdudeoh ryhu

wlph1

Wdeoh 4 uhsruwv vxppdu| vwdwlvwlfv iru ghew/ qhw zruwk/ rxwsxw/ hpsor|phqw/ dqg rxwsxw shu

zrunhu lq wkh vdpsoh ri �upv wkdw L xvh lq p| vxevhtxhqw dqdo|vlv1 Lq sduwlfxodu/ wkh vwdwlvwlfv

lq Wdeoh 4 duh edvhg rq d vdpsoh zklfk h{foxghv revhuydwlrqv wkdw udqn lq wkh wrs 4( lq whupv
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ri uhdo rxwsxw shu zrunhu1 Pruhryhu/ vlqfh �upv zklfk wdnh rq }hur dgglwlrqdo ghew frxog hlwkhu

eh vhyhuho| frqvwudlqhg ru qrw ghshqghqw rq ghew dw doo/ L irfxv rqo| rq revhuydwlrqv zkhuh wkh

�up uhsruwhg wdnlqj rq d srvlwlyh dprxqw ri ghew> dffruglqjo|/ wkh vwdwlvwlfv lq Wdeoh 4 h{foxgh

revhuydwlrqv lq zklfk wkh �up glg qrw wdnh rq dq| dgglwlrqdo ghew zlwklq wkdw |hdu1 Rqh ri

wkh vwulnlqj ihdwxuhv ri wkh wdeoh lv krz odujh wkh w|slfdo �up lq wkh Frpsxvwdw gdwdedvh lv1

Wkh dyhudjh �up hpsor|v pruh wkdq 44/833 zrunhuv dqg surgxfhv doprvw '5 eloolrq +phdvxuhg

lq 4<;: grooduv, zruwk ri rxwsxw1 Wkhvh qxpehuv duh qrw gulyhq e| d ihz glvsursruwlrqdwho|

odujh rxwolhuv> pruh wkdq 83( ri wkh vdpsoh hpsor| dw ohdvw 4/:33 zrunhuv dqg kdg dw ohdvw '4;;

ploolrq lq vdohv1 Vlqfh L hyhqwxdoo| uhvwulfw p| dqdo|vlv wr vpdoohu �upv/ L dovr uhsruw vdpsoh

prphqwv iru vpdoohu �upv/ zkhuh L iroorz Jhuwohu dqg Jlofkulvw +4<<6/ 4<<7, lq fodvvli|lqj

�up vl}h dffruglqj wr dvvhw kroglqjv1 Wkh fxwr�v ri '833 ploolrq dqg '83 ploolrq lq dvvhwv +lq

4<;: grooduv, duh vrphzkdw duelwudu|/ exw duh fkrvhq urxjko| wr uhpryh wkh wrs wklug dqg wzr

wklugv ri wkh vdpsoh/ uhvshfwlyho|148 Ilupv zlwk vpdoohu dvvhw kroglqjv duh vpdoohu dorqj doo

ri wkh glphqvlrqv ghvfulehg lq Wdeoh 4/ dowkrxjk wkh| duh vwloo uhodwlyho| odujh= qhduo| 93( ri

doo revhuydwlrqv lq wkh erwwrp wklug ri dvvhw rzqhuvkls +l1h1 zlwk dvvhwv ri qr pruh wkdq '83

ploolrq, hpsor| dw ohdvw 433 zrunhuv/ dqg doo exw 43( surgxfh dw ohdvw '4 ploolrq zruwk ri

rxwsxw1

Kdylqj dvvhpeohg wkh gdwd/ L qrz wxuq wr wkh txhvwlrq ri zkhwkhu �upv zlwk vlplodu lqlwldo

ohyhov ri qhw zruwk wkdw eruurz pruh ixqgv dsshdu wr eh dvvrfldwhg zlwk kljkhu rxwsxw shu

zrunhu1 Vlqfh rxwsxw shu zrunhu pljkw gl�hu v|vwhpdwlfdoo| dfurvv lqgxvwulhv dqg ryhu wlph

iru uhdvrqv wkdw duh xquhodwhg wr wkh lvvxhv dgguhvvhg e| wkh prgho/ L orrn iru wklv uhodwlrqvkls

zlwklq lqgxvwu|0|hdu fhoov1 Wkdw lv/ L uhjuhvv rxwsxw shu zrunhu rq wkh dprxqw ri ghew wkh

�up xqghuwrrn lq wkh vdph |hdu/ frqwuroolqj iru qhw zruwk lq wkh suhylrxv |hdu dqg d vhw ri

lqgxvwu|0|hdu gxpp| yduldeohv1 Lw lv lpsruwdqw wr hpskdvl}h wkdw wkhvh uhjuhvvlrqv vkrxog qrw

eh lqwhusuhwhg dv uhgxfhg0irup hvwlpdwhv/ vlqfh wkh prgho lv wrr vw|ol}hg wr vxjjhvw ixqfwlrqdo

irupv rq krz rxwsxw shu zrunhu zloo ghshqg rq wkh dprxqw eruurzhg1 Lqvwhdg/ wkhvh uhjuhvvlrqv

vkrxog eh ylhzhg dv d wrro iru frpsxwlqj sduwldo fruuhodwlrqv ehwzhhq ghew dqg surgxfwlylw|1

Wkh uhvxowv duh uhsruwhg lq Wdeoh 51 Vlqfh wlplqj lv dq lvvxh/ L dovr frqvlghuhg wkh fruuhodwlrq

ehwzhhq surgxfwlylw| dqg odjjhg ghew/ frqvhtxhqwo| frqwuroolqj iru qhw zruwk odjjhg e| wzr

|hduv udwkhu wkdq rqh1 Wklv vshfl�fdwlrq lv uhsruwhg lq Wdeoh 6/ dqg |lhogv srlqw hvwlpdwhv wkdw

48Iru urexvwqhvv/ L dovr h{shulphqwhg zlwk uhprylqj �upv zklfk hyhu kdg dvvhwv wkdw h{fhhghg 833 ru 83
ploolrq grooduv1 Wkh uhvxowv zhuh vlplodu/ frq�uplqj wkdw p| uhvxowv duh qrw d�hfwhg e| �upv zklfk vwudggoh
erwk vlghv ri wkh fxwr�v ryhu wlph1 Jhuwohu dqg Jlofkulvw +4<<6/ 4<<7, fodvvli| �upv dv vpdoo li wkhlu dvvhw kroglqjv
idoo ehorz d fxwr� wkdw olhv vrphzkhuh ehwzhhq '433 dqg 583 ploolrq lq 4<;: grooduv1
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duh txlwh vlplodu wr wkrvh lq Wdeoh 51 Hvwlpdwhv duh edvhg rq rqo| wkrvh revhuydwlrqv lq zklfk

�upv wrrn rq srvlwlyh ghew> lqfoxglqj wkrvh revhuydwlrqv zkhuh �upv glg qrw wdnh rq qhz ghew

|lhog vrphzkdw vpdoohu srlqw hvwlpdwhv iru wkh frh!flhqw rq ghew wkdq wkrvh uhsruwhg Wdeoh 5/

exw zlwk urxjko| wkh vdph pdjqlwxgh dqg vlplodu vwdqgdug huuruv1

Wkh �uvw froxpq lq erwk Wdeoh 5 dqg Wdeoh 6 uhsruwv wkh frh!flhqwv rq ghew dqg qhw zruwk xvlqj

doo ri wkh revhuydwlrqv lq zklfk wkh �up wrrn rq dgglwlrqdo ghew1 Wkh uhvxowv idlo wr vxssruw wkh

pdlq suhglfwlrq ri wkh prgho= dowkrxjk wkh frh!flhqw rq wkh ghew yduldeoh lv srvlwlyh/ rxwsxw

shu zrunhu zlwklq lqgxvwulhv grhv qrw dsshdu wr eh vljql�fdqwo| fruuhodwhg zlwk wkh dprxqw ri

ixqgv eruurzhg1 Wklv lv qrw hqwluho| vxusulvlqj/ vlqfh pdq| ri wkh odujh �upv lq wkh vdpsoh duh

xqolnho| wr eh ghew frqvwudlqhg/ dqg vr zh vkrxog qrw h{shfw wr vhh d fruuhodwlrq ehwzhhq wkh

ghew wkh| wdnh rq dqg wkhlu surgxfwlylw|1 Exw dv wkh vhfrqg froxpq lq wkh wdeoh looxvwudwhv/

uhprylqj wkh �upv zlwk wkh wklug odujhvw dvvhw kroglqjv uhyhdov d vwdwlvwlfdoo| vljql�fdqw sduwldo

fruuhodwlrq ehwzhhq wkh ohyho ri ghew dqg rxwsxw shu zrunhu1 Wklv fruuhodwlrq lv hyhq pruh

surqrxqfhg dprqj wkh �upv zlwk dvvhw kroglqjv ri '83 ploolrq ru ohvv/ zklfk lv uhsruwhg lq

wkh wklug froxpq ri Wdeoh 51 Wkh srlqw hvwlpdwhv lpso| wkdw dprqj �upv zlwk d frpprq qhw

zruwk ohyho zlwklq d sduwlfxodu lqgxvwu| |hdu fhoo/ dq dgglwlrqdo '4333 zruwk ri eruurzlqj lv

dvvrfldwhg zlwk dq dgglwlrqdo '5176 lq rxwsxw shu zrunhu shu |hdu1 Wr wkh h{whqw wkdw rxwsxw

shu zrunhu uh hfwv wkh h!flhqf| ri surgxfwlrq/ wkhq/ wkh uhvxowv dsshdu frqvlvwhqw zlwk wkh

fodlp wkdw hqwuhsuhqhxuv zkr eruurz pruh ixqgv duh pruh h!flhqw/ dw ohdvw zkhq zh uhvwulfw

dwwhqwlrq wr vpdoohu �upv wkdw duh olnho| wr eh �qdqfldoo| frqvwudlqhg1

Wr dvvhvv zkhwkhu wkh hvwlpdwhv deryh duh urexvw wr dowhuqdwlyh ixqfwlrqdo irupv/ wkh odvw

wkuhh froxpqv lq Wdeohv 5 dqg 6 uhshdw wkhvh uhjuhvvlrqv xvlqj wkh orj ri rxwsxw shu zrunhu

dqg ghew lqvwhdg ri ohyhov1 Wklv vshfl�fdwlrq kdv vhyhudo dgydqwdjhv1 Iluvw/ wkh frh!flhqw rq

ghew fdq eh lqwhusuhwhg dv dq hodvwlflw| dqg lv wkhuhiruh vfdoh0lqghshqghqw1 Vhfrqg/ wkh orj

vshfl�fdwlrq lv ohvv vhqvlwlyh wr phdvxuhphqw huuru lq sulfh gh dwruv/ vlqfh wkhvh zrxog mxvw

hqwhu dv frqvwdqwv iru hdfk lqgxvwu|0|hdu fhoo dqg wkxv zrxog eh devruehg lq zlwk wkh �{hg

h�hfw1 Wkh orj vshfl�fdwlrq uhyhdov d vwdwlvwlfdoo| vljql�fdqw fruuhodwlrq ehwzhhq wkh dprxqw

ri ghew dqg rxwsxw shu zrunhu hyhq iru wkh hqwluh vdpsoh1 Rqfh djdlq/ wkh frh!flhqw rq qhz

ghew lv eljjhu dqg pruh vljql�fdqw zkhq L uhvwulfw wkh vdpsoh wr vpdoohu �upv1 Iru revhuydwlrqv

zkhuh dvvhw ydoxhv olh ehorz '83 ploolrq/ wkh gdwd vxjjhvwv wkdw d �up zklfk wdnhv rq 43( pruh

ghew wkdq frpsdudeoh �upv zlwklq wkh vdph lqgxvwu| dqg zlwk d vlplodu lqlwldo ohyho ri qhw
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zruwk lv dvvrfldwhg zlwk rxwsxw shu zrunhu wkdw lv urxjko| 4( kljkhu149

Wkhuh duh vhyhudo rwkhu qrwhzruwk| ihdwxuhv derxw wkh uhjuhvvlrqv lq Wdeohv 5 dqg 61 Iluvw/

dv wkh vdpsoh lv uhvwulfwhg wr vpdoohu dqg vpdoohu �upv/ wkh uroh ri fuhglw ehfrphv pruh sur0

qrxqfhg zkloh wkh uroh ri odjjhg qhw zruwk ehfrphv ohvv lpsruwdqw1 Iru �upv zlwk dvvhwv ri 83

ploolrq ru ohvv/ rxwsxw shu zrunhu lv qrw vljql�fdqwo| fruuhodwhg zlwk qhw zruwk> iru prvw ri wkh

vshfl�fdwlrqv/ lq idfw/ wkh frh!flhqw rq qhw zruwk lv qhjdwlyh/ dowkrxjk qrw vwdwlvwlfdoo| vljqli0

lfdqw1 Vhfrqg/ lq uhvwulfwlqj wkh vdpsoh wr vpdoohu �upv/ yduldwlrq lq rxwsxw shu zrunhu dfurvv

lqgxvwulhv dqg ryhu wlph sod|v dq lqfuhdvlqjo| ohvv lpsruwdqw uroh1 Iru revhuydwlrqv zlwk dvvhw

kroglqjv ri '83 ploolrq ru ohvv/ lqgxvwu|0|hdu gxpplhv surylgh doprvw qr h{sodqdwru| srzhu/

dv looxvwudwhg e| wkh orz ydoxh ri wkh ehwzhhq U2 vwdwlvwlf1 Lq rwkhu zrugv/ v|vwhpdwlf gl�hu0

hqfhv lq rxwsxw shu zrunhu dfurvv lqgxvwulhv0|hdu fhoov frph rqo| iurp �upv zlwk odujh dvvhw

kroglqjv1 Dprqj vpdoohu �upv/ olwwoh ri wkh yduldwlrq lq rxwsxw shu zrunhu lv gxh wr gl�huhqfhv

ryhu wlph +iru wklv sduwlfxodu 43 |hdu shulrg, ru dfurvv lqgxvwu|1 Wkh idfw wkdw qhz ghew lv wkh

rqo| yduldeoh wkdw uhpdlqv vljql�fdqwo| fruuhodwhg zlwk rxwsxw shu zrunhu dprqj vpdoo �upv lv

vwurqjo| vxjjhvwlyh wkdw wklv fruuhodwlrq lv qrw gxh wr vsxulrxv idfwruv vxfk dv �up vl}h/ djh/ ru

vrxufhv ri fuhglw= wkhvh fkdudfwhulvwlfv duh olnho| wr gl�hu dfurvv lqgxvwulhv/ dqg wkxv vkrxog eh

fdswxuhg e| wkh lqgxvwu|0|hdu gxpplhv1 Khqfh/ dowkrxjk wkhvh hpslulfdo uhvxowv duh edvhg rq

d kljko| vhohfwhg vdpsoh ri �upv dqg vkrxog eh frq�uphg rqfh gdwd iru d pruh uhsuhvhqwdwlyh

vdpsoh ri �upv ehfrphv dydlodeoh/ wkh| gr dsshdu wr surylgh vxssruw iru wkh qrwlrq wkdw pruh

h!flhqw surgxfwlrq duudqjhphqwv duh srwhqwldoo| pruh yxoqhudeoh wr fuhglw pdunhw iulfwlrqv/ dw

ohdvw dprqj vpdoo �upv/ dqg wkxv ohvv olnho| wr vxuylyh fuhglw wljkwhqlqj gxulqj uhfhvvlrqv1

71 Frqfoxvlrq

Vlqfh wkh hvvhqwldo lqvljkwv ri wkh sdshu duh douhdg| odlg rxw lq wkh glvfxvvlrq deryh/ L glvshqvh

zlwk wkh xvxdo vxppdu| ri wkh uhvxowv dqg frqfoxgh lqvwhdg zlwk d ihz uhpdunv rq krz wklv

prgho uhodwhv wr wkh h{lvwlqj olwhudwxuh1 Suhylrxv zrun rq fuhglw pdunhw iulfwlrqv kdv douhdg|

srlqwhg rxw wkdw lq wkh suhvhqfh ri lpshuihfwlrqv lq wkh pdunhw iru ordqdeoh ixqgv/ d ghfolqh

lq djjuhjdwh hfrqrplf frqglwlrqv frxog fdxvh lqfhqwlyh frqvwudlqwv rq eruurzhuv wr wljkwhq/

olplwlqj wkh h{whqw ri hfrqrplf dfwlylw| wkdw fdq eh fduulhg rxw1 Lw lv dovr zhoo xqghuvwrrg wkdw

49L dovr h{shulphqwhg zlwk orj0ohyho dqg ohyho0orj vshfl�fdwlrqv1 Wkhvh djdlq |lhog d vwdwlvwlfdoo| vljql�fdqw
srvlwlyh fruuhodwlrq ehwzhhq dprxqw ri ghew dqg rxwsxw shu zrunhu/ dowkrxjk wkhvh vshfl�fdwlrqv surylgh zruvh
�wv lq whupv ri -2 wkdq wkh ohyho0ohyho dqg orj0orj vshfl�fdwlrqv lq Wdeohv 5 dqg 61
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wklv wljkwhqlqj zloo jhqhudoo| eh lqh!flhqw/ vlqfh lw lpsolhv surgxfwlyh xvhv ri uhvrxufhv zloo

qrw eh fduulhg rxw1 Wkh srlqw ri wkh sdshu lv qrw wr uhkdvk wklv idploldu whuulwru|1 Lqvwhdg/ lw

dgguhvvhv wkh pruh vshfl�f txhvwlrq ri zklfk surgxfwlrq duudqjhphqwv duh olnho| wr idoo ylfwlp

wr lqfhqwlyh frqvwudlqwv gxulqj uhfhvvlrqv1 Frqwudu| wr frqyhqwlrqdo zlvgrp zklfk dujxhv wkdw

rqo| wkh prvw h!flhqw xvhv ri uhvrxufhv vxuylyh gxulqj grzqwxuqv/ wklv sdshu looxvwudwhv wkdw lw

lv srvvleoh/ dujxdeo| hyhq olnho|/ wkdw uhfhvvlrqv zloo kdyh d pruh vhyhuh lpsdfw rq vrph ri wkh

pruh h!flhqw xvhv ri uhvrxufhv zkloh vsdulqj wkrvh zklfk duh uhodwlyho| ohvv h!flhqw1 Lq rwkhu

zrugv/ wkh suhvhqfh ri fuhglw pdunhw iulfwlrqv lpsolhv wkdw wkh delolw| wr vxuylyh d uhfhvvlrq qhhg

qrw srlqw wr lqkhuhqw h!flhqf| dv frqyhqwlrqdo zlvgrp glfwdwhv1

Wkh idfw wkdw lw lv uhodwlyho| hdv| wr jhqhudwh h{dpsohv lq zklfk wkh uhdoorfdwlrq ri uhvrxufhv

gxulqj uhfhvvlrqv ylrodwhv wkh fohdqvlqj h�hfw vkrxog qrw glplqlvk iurp wkh frqwulexwlrq ri wklv

sdshu1 Iluvw/ h{lvwlqj olwhudwxuh kdv wkxv idu idlohg wr dssuhfldwh wkh srvvlelolw| wkdw uhfhvvlrqv

frxog kxuw ohvv h!flhqw surgxfwlrq duudqjhphqwv zkloh vsdulqj wkrvh zklfk duh ohvv h!flhqw1 Iru

h{dpsoh/ wkh olwhudwxuh rq fuhglw frqvwudlqwv kdv odujho| ljqruhg wklv lvvxh/ dqg li dq|wklqj wkh

prvw surplqhqw prghov lq wklv olwhudwxuh kdyh khoshg wr sursdjdwh wkh rssrvlwh qrwlrq1 Hyhq

wkh whuplqrorj| lq wklv olwhudwxuh hyrnhv wkh qrwlrq wkdw fuhglw pdunhw iulfwlrqv vhohfw surmhfwv

zklfk duh pruh h!flhqw> diwhu doo/ wkh fodlp wkdw wkhuh lv d � ljkw wr txdolw|� gxulqj uhfhvvlrqv

kdugo| vrxqgv olnh d uhexnh ri wkh fodlp wkdw uhfhvvlrqv �fohdqvh� rxw lqh!flhqw prghv ri sur0

gxfwlrq1 Olnhzlvh/ dprqj uhvhdufkhuv zkr wu| wr h{sodlq wkh lqfuhdvh lq mre uhdoorfdwlrq gxulqj

uhfhvvlrq/ hyhq prghov zklfk kdyh lqfrusrudwhg lqfhqwlyh frqvwudlqwv lqwr prghov ri uhdoorfdwlrq

kdyh h�hfwlyho| uxohg rxw wkh fdvh lq zklfk pruh h!flhqw surmhfwv duh pruh olnho| wr vxuylyh

lqfhqwlyh frqvwudlqwv1 Dv vxfk/ hyhq wkh vlpsoh h{dpsoh lq Vhfwlrq 4 uhsuhvhqwv d vljql�fdqw

ghsduwxuh iurp fxuuhqw wklqnlqj derxw zkdw lqfuhdvhg mre uhdoorfdwlrq gxulqj uhfhvvlrqv uhs0

uhvhqwv1 Krzhyhu/ zkdw pdnhv wkh dujxphqw djdlqvw fohdqvlqj ghyhorshg lq wklv sdshu pruh

frpshoolqj lv wkdw rqh frxog ghulyh wklv sdwwhuq qrw mxvw iurp dg0krf dvvxpswlrqv rq wkh qdwxuh

ri surgxfwlrq exw dv dq hqgrjhqrxv htxloleulxp rxwfrph lq prghov zkhuh wkh vxusoxv dvvrfl0

dwhg zlwk gl�huhqw xvhv ri uhvrxufhv lv ghwhuplqhg hqgrjhqrxvo|1 Pruhryhu/ wkh suholplqdu|

hpslulfdo hylghqfh lv frqvlvwhqw zlwk wkh qhfhvvdu| frqglwlrq wr jhqhudwh wklv sdwwhuq/ qdpho|

wkdw surmhfwv zklfk eruurz pruh ixqgv duh dvvrfldwhg zlwk kljkhu surgxfwlylw|/ dw ohdvw zkhq

phdvxuhg lq whupv ri rxwsxw shu zrunhu1

Wkh qrwlrq ri lqh!flhqw uhrujdql}dwlrq gxulqj uhfhvvlrqv dgydqfhg lq wklv sdshu kdv dw ohdvw

wzr lpsruwdqw lpsolfdwlrqv lq wkh vwxg| ri uhdoorfdwlrq ryhu wkh exvlqhvv f|foh1 Iluvw/ suhylrxv

zrun wkdw kdv dwwhpswhg wr fdoleudwh wkh frvwv ri uhfhvvlrqv/ lqfoxglqj Udph| dqg Zdwvrq
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+4<<:,/ ghq Kddq/ Udph| dqg Zdwvrq +4<<:,/ dqg Fdedoohur dqg Kdpprxu +4<<;,/ duh edvhg

rq wkh dvvxpswlrq wkdw uhfhvvlrqv ghvwur| pdujlqdo �upv/ l1h1 wkrvh zklfk jhqhudwh wkh ohdvw

dprxqw ri vxusoxv dqg duh wkhuhiruh rq wkh pdujlq ri ghvwuxfwlrq1 Wkhvh prghov wkhuhiruh

plqlpl}h wkh dprxqw ri rxwsxw orvw ehfdxvh ri lqfuhdvhg ghvwuxfwlrq gxulqj uhfhvvlrqv vlqfh e|

dvvxpswlrq lw lv wkh ohvv surgxfwlyh xvhv ri uhvrxufhv wkdw duh vfudsshg1 Krzhyhu/ lqwurgxflqj

dvvxpswlrqv xqghu zklfk uhfhvvlrqv vwulnh dw vrph ri wkh pruh h!flhqw xvhv ri zrxog ohdg

wr odujhu frvwv ri uhfhvvlrqv/ srwhqwldoo| e| d vljql�fdqw dprxqw1 Wklv lv pruh wkdq mxvw d

wkhruhwlfdo srvvlelolw|> dv qrwhg lq wkh Lqwurgxfwlrq/ hpslulfdo zrun frq�upv wkdw vrph ri wkh

�upv zklfk vxuylyh uhfhvvlrqv duh lq idfw ohvv surgxfwlyh dqg ohvv sur�wdeoh wkdq wkrvh zklfk

duh ghvwur|hg/ vxjjhvwlqj wkdw h{lvwlqj prghov duh lq idfw olnho| wr xqghuvwdwh wkh wuxh lpsdfw

ri uhfhvvlrqv1 Zkloh wkh prgho ghyhorshg khuh lv wrr vw|ol}hg wr fdoleudwh dqg frpsxwh pruh

d vhqvleoh frvw ri uhfhvvlrqv/ lqfrusrudwlqj wkh hohphqwv lw kljkoljkwv lq pruh uhdolvwlf prghov

dqg fdoleudwlqj wkhp frxog ohdg wr odujhu frvwv ri uhfhvvlrqv wkdq wkrvh frpsxwhg e| suhylrxv

dxwkruv1

Ilqdoo|/ wkh qrwlrq wkdw uhfhvvlrqv jhqhudwh uhdoorfdwlrq zklfk idyruv vrph ri wkh ohvv h!flhqw

surgxfwlrq duudqjhphqwv frxog kdyh lpsruwdqw lpsolfdwlrqv iru srolf|pdnhuv1 Wkh frqyhqwlrqdo

Vfkxpshwhuldq ylhz zklfk dujxhv wkdw rqo| wkh prvw h!flhqw surgxfwlrq duudqjhphqwv vxuylyh

gxulqj uhfhvvlrqv ohqgv lwvhoi wr srolf| lpsolfdwlrqv wkdw wkhvh surgxfwlrq duudqjhphqwv vkrxog

eh hqfrxudjhg1 Lq sduwlfxodu/ wkhuh pljkw eh whpswdwlrq iru srolf|pdnhuv wr vdyh �upv zklfk

kdyh suryhq wkhpvhoyhv �wrr jrrg wr idlo� e| pdlqwdlqlqj surgxfwlrq gxulqj djjuhjdwh frqwudf0

wlrqv1 Krzhyhu/ li surgxfwlrq duudqjhphqwv zklfk vxuylyh uhfhvvlrqv uhsuhvhqw ohvv h!flhqw xvhv

ri uhvrxufhv wkdw zrxog eh wkuhdwhqhg rqfh djjuhjdwh frqglwlrqv lpsuryh/ vxfk dq lqwhuyhqwlrq

pljkw surwhfw lqh!flhqw xvhv ri uhvrxufhv wkdw duh vlpso| ohvv yxoqhudeoh wr lqfhqwlyh frqvwudlqwv

wkdw elqg gxulqj uhfhvvlrqv1 Wkh idfw wkdw lw lv qrw qhfhvvdulo| wuxh wkdw rqo| wkh ehvw vxuylyh

gxulqj uhfhvvlrqv vkrxog pdnh xv pruh uhoxfwdqw wr dgrsw srolflhv zklfk vxevlgl}h dqg surwhfw

wkh fuhdwlrq ri qhz pdwfkhv gxulqj uhfhvvlrqv1
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Variable Mean Median SD

All firms, 1984-94 Total: 9,362
Debt > 0: 6,696

Net Worth t-1 (millions) 766.12 51.70 2,813.33
New Debt (millions) 181.55 8.96 684.68
Output (millions) 2,006.46 188.07 6,497.05
Employees 11,523 1,745 28,702
Output/Worker 158,209 120,610 138,452

Assets < 500 Total: 6,620
Debt > 0: 4,468

Net Worth t-1 (millions) 41.88 18.66 59.08
New Debt (millions) 11.42 3.13 24.32
Output (millions) 150.38 57.49 233.18
Employees 1,462 504 2,198
Output/Worker 131,768 104,189 111,872

Assets < 50 Total: 3,530
Debt > 0: 2,294

Net Worth t-1 (millions) 7.86 4.69 9.41
New Debt (millions) 2.51 1.11 3.88
Output (millions) 23.22 13.85 27.25
Employees 278 140 385
Output/Worker 116,972 90,000 107,168

Table 1: Sample Means

The sample includes all observations from Compustat for which data was available, omitting the observations with the top 100 values of output per
worker. The bottom two panels limit this sample to firms with asset values (deflated by the Producer Price Index to 1987 dollars) below the specified
range. Summary statistics are reported only for observations where the firm took on a positive amount of new debt in the current period. Net worth
and new debt are deflated by the PPI, while output is deflated by an industry specific shipment deflator from the NBER productivity database. Net
worth reported above is lagged by one period, since lagged net worth is used in the subsequent regressions.



Debt > 0 Debt > 0 Debt > 0 Debt > 0 Debt > 0 Debt > 0
Assets < 500 Assets < 50 Assets < 500 Assets < 50

Dependent Variable Y/L Y/L Y/L ln(Y/L) ln(Y/L) ln(Y/L)

New Debt 0.0020 0.2610 2.4237
0.0024 0.0661 0.5752

ln(New Debt) 0.0565 0.0619 0.0796
0.0038 0.0067 0.0124

Net Worth t-1  0.0074 0.0558 0.0885 0.00002 0.0006 -0.0004
0.0006 0.0282 0.2246 0.000004 0.0002 0.0023

Years 1984-94 1984-94 1984-94 1984-94 1984-94 1984-94
N 6696 4468 2294 6696 4468 2294
Number of Industry/Years 868 816 638 868 816 638

R squared within 0.042 0.008 0.011 0.052 0.031 0.025
               between 0.267 0.011 0.001 0.186 0.040 0.000
               overall 0.171 0.012 0.009 0.132 0.048 0.028

Table 2: Regression Results

Columns 1-3 report the coefficients from a regression of output per worker on new debt, lagged net worth, and industry year dummy variables (the
number of industry-year categories is reported in the table). The samples correspond to the samples reported in Table 1, i.e. excluding observations
with the top 100 values of output per worker and observations where the firm did not take on a positive amount of debt in the current year. Variables
have been scaled so that debt and net worth are measured in terms of $1000 in 1987 dollars. Column 2 restricts the sample to observations with real
asset values of no more than 500 million in 1987 dollars, and column 3 to reall asset values of no more than 50 million. Columns 4-6 are similar,
excpet that the dependent variable is log output per worker, and the debt variable is replaced with log debt.  



Debt > 0 Debt > 0 Debt > 0 Debt > 0 Debt > 0 Debt > 0
Assets < 500 Assets < 50 Assets < 500 Assets < 50

Dependent Variable Y/L Y/L Y/L ln(Y/L) ln(Y/L) ln(Y/L)

New Debt t-1  0.0045 0.3624 2.2851
0.0025 0.0663 0.5859

ln(New Debt t-1) 0.0549 0.0658 0.0868
0.0038 0.0069 0.0133

Net Worth t-2  0.0066 0.0050 -0.0804 0.00001 0.0003 -0.0026
0.0006 0.0307 0.2487 0.000004 0.0003 0.0024

Years 1984-94 1984-94 1984-94 1984-94 1984-94 1984-94
N 6078 3975 1967 6078 3975 1967
Number of Industry/Years 863 809 611 863 809 611

R squared within 0.040 0.011 0.011 0.052 0.034 0.030
               between 0.276 0.011 0.002 0.199 0.030 0.000
               overall 0.188 0.015 0.007 0.141 0.047 0.034

Table 3: Regression Results

Table 3 is identical to Table 2 except for the timing assumptions; specifically, debt and log debt are replaced with lagged debt and log of lagged debt,
while lagged net worth is replaced with net worth lagged by two periods.  For additional information, see the notes associated with Table 2.
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wkdw sur�wv duh htxdo lq htxloleulxp iru } A }33/ exw qrw iru }3 ? } ? }331 Lq wkh odwwhu fdvh/ sur�wv zloo eh
kljkhu iru jrrg 4 lq htxololeulxp/ dqg djhqwv iroorz wkh vwudwhj| ri surgxflqj wklv pruh jrrg li srvvleoh1
Wkh rqo| gl�huhqfh lv wkdw sur�wv +4� �, sm � nm duh qr orqjhu htxdo wr vxusoxv sm � nm1 Wr fkdudfwhul}h
wkh odwwhu/ L vroyh iru wkh frqglwlrq zklfk fkdudfwhul}hv htxdo sur�wv lq wkh wzr vhfwruv/ l1h1
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Wklv lpsolhv wkdw lq htxloleulxp/ s4 A s3/ ru ! ? 4

5
1 Xvlqj wkh idfw wkdw sur�wv iurp surgxflqj jrrg

4 duh juhdwhu wkdq ru htxdo wr wkh sur�wv iurp surgxflqj jrrg 3 iru doo } A }3/ zklfk iroorzv iurp wkh
surri ri Sursrvlwlrq 4/ lw iroorzv wkdw

�s4 . +4� �, s4 � n4 � �s3 . +4� �, s3 � n3

zklfk hvwdeolvkhv wkh ghvluhg fodlp1


