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Gr Uhqw Vhhnlqj dqg Fruuxswlrq Lpshgh Hfrqrplf

JurzwkB Hylghqfh iurp dq Dssolfdwlrq wr Exojduld

Ehdwul} Jdlwdq/ Xqlyhuvlw| ri Plqqhvrwd

Ihuglqdqg Sdyho/ Fhqwuh iru Zruog Irrg Vwxglhv

Whuu| Urh/ Xqlyhuvlw| ri Plqqhvrwd

Pd| 5334

Devwudfw

Wkh sursrvh ri wklv sdshu lv wr dvvhvv wkh vrfldo frvw ri �edg� jryhuqdqfh dqg

wr frpsduh wkhvh frwv zlwk zhoiduh orvvhv gxh wr glvwruwlrqv ri sulfhv1 Zh wkhuh0

iruh suhvhqw d jhqhudo htxloleulxp prgho zkhuh surgxfhuv ri �qdo jrrgv �qdqfh d

uhqw0vhhnlqj v|vwhp e| vhwwlqj wkh sulfh iru lqwhuphgldwh surgxfwv lq dq roljrsvrq0

lvw pdqqhu1 Wklv prgho lv dssolhg wr wkh Exojduldq hfrqrp|/ lq sduwlfxodu wr wkh

irrg fkdlq zkhuh zh �qg hylghqfh ri wklv w|sh ri pdunhw lpshuihfwlrq1 Iurp wklv

dssolfdwlrq zh �qg wkdw dv orqj dv uhvrxufhv duh doorfdwhg wrzdugv uhqw0vhhnlqj dfwly0

lwlhv/ wkhuh zloo eh qr vljql�fdqw zhoiduh jdlqv iurp iuhh wudgh1 Wkxv/ zh �qg �edg�

jryhuqdqfh wr eh d vwurqj lpshglphqw wr hfrqrplf jurzwk1

4 Lqwurgxfwlrq

Zklfk srolf| nlfnvwduwv hfrqrplf jurzwkB Wklv txhvwlrq kdv dozd|v ehhq rqh ri wkh

pdlq fkdoohqjhv iru ghyhorsphqw dqg wudgh hfrqrplvwv1 W|slfdoo|/ wkh lpsruwdqfh ri

wudgh kdv ehhq zlgho| uhfrjql}hg dqg ruglqdu| furvv frxqwu| uhjuhvvlrqv ryhuzkhoplqjo|

�qg d prghudwh srvlwlyh uhodwlrqvkls ehwzhhq wkh udwlr ri lpsruwv ru h{sruwv dqg JGS14

Krzhyhu/ wkhvh vwxglhv gr qrw uhdoo| surylgh dq dqvzhu wr wkh lqlwldo txhvwlrq vlqfh �uvw/

d vlpsoh uhjuhvvlrq ryhu wudgh dqg lqfrph vx�huv iurp hqgrjhqhlw|�frxqwulhv zlwk kljk

lqfrph ohyhov iru uhdvrqv rwkhu wkdq wudgh pd| wudgh pruh +Iudqnho dqg Urphu 4<<<,�

dqg vhfrqg/ wkh| gr qrw gluhfwo| lghqwli| d xqltxh/ srolf|0edvhg phfkdqlvp wkurxjk zklfk

h{sruw h{sdqvlrq d�hfwv jurzwk1 Fkdoohqjhg e| wkhvh vkruwfrplqjv/ Groodu +4<<5,/ Vdfkv

dqg Zduqhu +4<<8, ru Hgzdugv +4<<;,�dprqj rwkhuv�xvh phdvxuhv ri wudgh srolflhv dv

dq lqvwuxphqw iru lwv wudgh vkduh dqg �qg d vljql�fdqwo| lqyhuvh uhodwlrqvkls ehwzhhq wkh

h{whqg ri srolf|0fdxvhg eduulhuv wr wudgh dqg wkh ohyho ri hfrqrplf jurzwk1 Wkh srolf|

lpsolfdwlrq gudzq iurp wklv uhvxowv lv ixqgdphqwdo= nh| wr kljkhu jurzwk udwhv lv d olehudo

iruhljq wudgh uhjlph$ Gxulqj wkh sdvw ghfdgh/ wklv �qglqj kdv ehhq zlgho| uhfrjql}hg e|

hfrqrplvwv dv zhoo dv e| srolf| dgylvruv +vhh iru lqvwdqfh Nuxhjhu 4<<; dqg LPI 4<<:,1

Krzhyhu/ wkhuh uhpdlqv vfhswlflvp1 Urguljxh} dqg Urguln +4<<<, iru lqvwdqfh fulwlfl}h

wkdw wklv lqyhuvh uhodwlrqvkls grhv qrw lpphgldwho| vwdqg rxw lq wkh gdwd/ dw ohdvw qrw

li rqh vlpso| frpsduhv frxqwu| jurzwk udwhv zlwk vwdqgdug phdvxuhv ri srolf| lqgxfhg

wudgh eduulhuv15 Wkhuhiruh/ wkh| dujxh wkdw lqglfdwruv iru �rshqqhvv� dv xvhg lq wkhvh

vwxglhv duh �111sureohpdwlf dv phdvxuhv ri wudgh eduulhuv ru duh kljko| fruuhodwhg zlwk

4Vhh Hgzdugv +4<<6, iru d vxuyh| rq wklv olwhudwxuh,1
5Urguljxh} dqg Urguln +4<<<, xvh dyhudjh wdul� udwhv iurp wkh Zruog Edqn*v Zruog Ghyhorsphqw

Lqglfdwruv dqg dq lqgh{ iru qrq0wdul� eduulhuv wr wudgh1

4



rwkhu vrxufhv ri srru hfrqrplf shuirupdqfh� +s16,1 Ixuwkhupruh/ Iudqnho dqg Urphu

+4<<</ 6:<, dujxh wkdw �111frxqwulhv wkdw dgrsw iuhh0pdunhw wudgh srolflhv pd| dovr dgrsw

iuhh0pdunhw grphvwlf srolflhv dqg vwdeoh �vfdo dqg prqhwdu| srolflhv1 Vlqfh wkhvh srolflhv

duh dovr olnho| wr d�hfw lqfrph/ frxqwulhv* wudgh srolflhv duh olnho| wr eh fruuhodwhg zlwk

idfwruv wkdw duh rplwwhg iurp wkh lqfrph htxdwlrq1 Wkxv wkh| fdqqrw eh xvhg wr lghqwli|

wkh lpsdfw ri wudgh1� Iudqnho dqg Urphu vxjjhvw d phdvxuh ri wkh jhrjudsklf frpsrqhqw

ri frxqwulhv* wudgh zklfk vwloo vkrzv wkh vljql�fdqw srvlwlyh uhodwlrq ehwzhhq wudgh  rzv

dqg jurzwk ohyhov1 Krzhyhu/ zkloh wklv surfhhglqj pruh frqylqflqjo| dffrxqwv iru wkh

hqgrjhqhlw| ehwzhhq lqfrph dqg wudgh/ lw grhv qrw doorz iru dq| frqfoxvlrq dv wr zklfk

h{whqw dq lqfuhdvh lq wudgh  rzv lv h{solflwo| fdxvhg e| olehudo srolflhv udwkhu wkdq e|

rwkhu idfwruv vxfk dv fkdqjhv lq wudqvsruwdwlrq frvwv/ h{whuqdo vkrfnv/ hwf1

Pruh uhfhqwo|/ lqfuhdvlqj dwwhqwlrq kdv ehhq jlyhq wr wkh lpsdfw ri jryhuqdqfh txdolw|

dqg lqvwlwxwlrqdo hqylurqphqw rq hfrqrplf shuirupdqfh1 Edvhg rq zhoo0nqrzq dujxphqwv

e| Qruwk +4<<3,/ Kdoo dqg Mrqhv +4<<<, iru lqvwdqfh �qg hpslulfdoo| wkdw gl�huhqfhv lq

fdslwdo dffxpxodwlrq/ surgxfwlylw| dqg/ wkxv/ rxwsxw shu zrunhu dprqj frxqwulhv duh vlj0

ql�fdqwo| gulyhq e| gl�huhqfhv lq wkh lqvwlwxwlrqdo hqylurqphqw/ dq hqgrjhqrxv idfwru wr

zklfk wkh| uhihu dv �vrfldo lqiudvwuxfwxuh1� Vlploduo|/ Ndxipdqq hw do1 +4<<<, �qg d vlj0

ql�fdqw lpsdfw ri jryhuqdqfh txdolw|6 rq hfrqrplf shuirupdqfh iru erwk ghyhorslqj dqg

ghyhorshg frxqwulhv1 Edvhg rq wklv hylghqfh/ wkh txdolw| ri jryhuqdqfh kdv ehhq lqfuhdv0

lqjo| uhfrjql}hg dv rqh ri wkh pdlq suh0frqglwlrqv iru frxqwulhv wr h{shulhqfh vxvwdlqdeoh

hfrqrplf jurzwk +Wkh Zruog Edqn/ 5333,1

Wr zkdw h{whqw lv wkh lpsruwdqfh ri wudgh srolf| dqg jryhuqdqfh txdolw| uhfrjql}hg

lq hfrqrplf srolf| prgholqjB Zkloh glvwruwlrqv fdxvhg e| wudgh srolflhv kdyh dozd|v

ehhq ri kljk lqwhuhvwv/ wkh lpsruwdqfh ri lpsuryhphqwv lq jryhuqdqfh txdolw| kdv uduho|

ehhq dgguhvvhg lq dssolhg prgholqj vr idu17 Wkhuhiruh/ wkh remhfwlyh ri wklv sdshu lv

wr ghyhors dqg dsso| d prgho wkdw lqfoxghv doo wkuhh dvshfwv�wudgh/ jryhuqdqfh dqg

jurzwk�lq rughu wr hpslulfdoo| hydoxdwh wkh uhodwlyh lpsruwdqfh ri wudgh vwlpxodwlqj

yhuvxv jryhuqdqfh lpsurylqj srolflhv rq hfrqrplf jurzwk dqg shuirupdqfh1 Krzhyhu/

w|slfdo gh�qlwlrqv ri jryhuqdqfh +h1j1 �wkh ydulrxv wudglwlrqv dqg lqvwlwxwlrqv e| zklfk

dxwkrulw| lv h{huflvhg� Ndxipdqq hw do1/ 4<<</ s14, duh idluo| eurdg1 Wkxv/ gl�huhqw zd|v

duh srvvleoh wr wudqvodwh wkh lpsdfw ri orz jryhuqdqfh txdolw| lqwr zhoo0vshfl�hg ehkdylru1

Ixuwkhupruh/ �edg� jryhuqdqfh grhv qrw qhfhvvdulo| fuhdwh d xqltxh w|sh ri glvwruwlrq1

Wkxv/ ghshqglqj rq wkh w|sh ri ehkdylru wkdw grplqdwhv/ wkh h�hfwv rq zhoiduh dqg

jurzwk fdq eh dpeljxrxv18 Qhyhuwkhohvv/ lw lv rxu sxusrvh wr ghulyh �uvw0ehvw srolf|

lpsohphqwdwlrqv1 Frqvhtxhqwo|/ zh zloo frqfhqwudwh rxu dqdo|vlv rq wkh fdvh ri rqh vlqjoh

frxqwu|/ Exojduld/ dqg d vlqjoh vhfwru/ wkh djul0irrg fkdlq/ zkhuh zh fdq lghqwli| d fohdu

slfwxuh ri wkh suhydlolqj lqvwlwxwlrqdo idloxuh dqg wkh glvwruwlrqv lw fuhdwhv1

Wkh sdshu lv rujdql}hg dv iroorzv1 Lq vhfwlrq LL zh zloo suhvhqw d eulhi ryhuylhz ri uhfhqw

hfrqrplf ghyhorsphqwv lq Exojduld dqg ghvfuleh wkh vshfl�f ehkdylru ri irrg0surfhvvlqj

�upv lq uhvsrqvh wr wkh suhydlolqj/ orz ohyho ri jryhuqdqfh txdolw|1 Lq vhfwlrq LLL / zh zloo

ghyhors d jhqhudo htxloleulxp iudphzrun wkdw lqfrusrudwhv glvwruwlrqv fdxvhg e| wd{hv

6Ndxipdqq hw do1 +4<<<d/ s14, gh�qh jryhuqdqfh dv �wkh wudglwlrqv dqg lqvwlwxwlrqv e| zklfk dxwkrulw|

lq d frxqwu| lv h{huflvhg1 Wklv lqfoxghv +4, wkh surfhvv e| zklfk jryhuqphqwv duh vhohfwhg/ prqlwruhg dqg

uhsodfhg/ +5, wkh fdsdflw| ri wkh jryhuqphqw wr h�hfwlyho| irupxodwh dqg lpsohphqw vrxqg srolflhv/ dqg

+6, wkh uhvshfw ri flwl}hqv dqg wkh vwdwh iru wkh lqvwlwxwlrqv wkdw jryhuq hfrqrplf dqg vrfldo lqwhudfwlrqv

dprqj wkhp1�
7Fohduo|/ wudgh prghov ri lpshuihfw frpshwlwlrq lq wkh oljkw ri Kduulv +4<;7, dqg pdq| rwkhuv lqfru0

srudwh pdunhw srzhu dqg wkxv/ dvshfwv ri jryhuqdqfh1 Krzhyhu/ wkhvh vwxglhv h{foxvlyho| frqvlghu wkh

fdvh ri qdwxudo prqrsrolhv/ h1j1 fdxvhg e| �{hg vhwxs ru U)G frvwv1 Wkhuhiruh/ wkh| irfxv h{foxvlyho|

rq vwxg|lqj wkh uhvxowlqj lpshuihfwlrqv/ exw wkh| gr qrw frqvlghu d fkdqjh lq jryhuqdqfh lwvhoi1
8 Lq vhfwlrq 7 zh zloo glvfxvv wkhvh srlqwv lq pruh ghwdlo1 Iru d glvfxvvlrq ri vhyhudo frqwudglfwru| h�hfwv

ri uhqw vhhnlqj rq zhoiduh vhh h1j1 Eolvv dqg gl Whood +4<<:, dqg iru dq hpslulfdo vwxg| ri fruuxswlrq dqg

jurzwk vhh Pdxur +4<<8,1
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dqg wdul�v dv zhoo dv wkh qrq0frpshwlwlyh ehkdylru ri �upv1 Lpehgglqj wklv iudphzrun

lqwr d Udpvh|0prgho ri hfrqrplf jurzwk zloo hqdeoh xv wr dqdo|}h wkh frqvhtxhqfhv ri

�edg� jryhuqdqfh dqg sulfh glvwruwlrqv rq zhoiduh dqg jurzwk1 Vhfwlrq LY zloo vwxg| wkuhh

h{shulphqwv= wkh sduwldo holplqdwlrq ri wdul� glvwruwlrqv/ wkh sduwldo vkliw wr frpshwlwlyh

ehkdylru�zh zloo fdoo wklv wkh vlpxodwlrq ri �jrrg� jryhuqdqfh�dqg wkh frpelqdwlrq

ri erwk vfhqdulrv1 Rxu uhvxowv zloo vkrz d vljql�fdqw lpsdfw ri erwk h{shulphqwv zlwk d

kljkhu lpsruwdqfh iru lpsuryhphqwv ri jryhuqdqfh txdolw|1 Krzhyhu/ wkh kljkhvw zhoiduh

h�hfw fdq rqo| eh dfklhyhg rqfh srolflhv dfw dw erwk pdujlqv1

5 Uhfhqw Ghyhorsphqwv lq Exojduld

Wkh surfhvv ri srvw0frppxqlvw wudqvlwlrq lq Exojduld vwduwhg lq wkh hduo| qlqhwlhv zlwk

wkh olehudol}dwlrq ri qhduo| doo sulfhv1 Wklv dfwlrq zdv iroorzhg e| d vkdus ghfolqh lq JGS

e| urxjko| 58 shu fhqw ehwzhhq 4<;< dqg 4<<51 Wkh qh{w wkuhh |hduv zhuh fkdudfwhul}hg

e| prghudwh jurzwk/ pdlqo| iurp odujh h{sruw0rulhqwhg �upv dqg d vpdoo exw jurzlqj

sulydwh vhfwru1 Lq 4<<8/ d vkdus ghfolqh lq djulfxowxudo rxwsxw djdlq ohg wr d frqwudfwlrq

ri JGS1 Zlwk wkh sduwldo uhlqwurgxfwlrq ri sulfh vhwwlqj srolflhv e| wkh jryhuqphqw dqg

wzr pdmru zdyhv ri lq dwlrq lq 4<<7 dqg 4<<9/ wkh hfrqrp| kdv vwdjqdwhg dw d ohyho idu

ehorz lwv lqlwldo shuirupdqfh1 Lq 4<<:/ wkh h{fkdqjh udwh shj wr wkh Ghxwvfkh Pdun kdv

ohg wr d vljql�fdqw vwdelol}dwlrq/ exw lw vwloo uhpdlqv wr eh vhhq zkhwkhu uhfhqw dwwhpswv wr

lpsuryh sulydwl}dwlrq dqg uhvwuxfwxulqj zloo eh deoh wr vxssruw wklv duwl�fldo vwdelol}dwlrq1

Wr nhhs irrg sulfhv dw d orz ohyho wkh jryhuqphqw hvwdeolvkhg sulfh fhlolqjv iru prvw

djulfxowxudo surgxfwv1 Wklv srolf|/ frpelqhg zlwk uhvwulfwlrqv rq h{sruwv/ doorzdeoh sulfh

pdujlqv dqg frvw0soxv sulflqj sudfwlfhv ri irrg surfhvvruv/ orzhuhg idup jdwh sulfhv/ exw

lw idlohg wr surylgh lqfhqwlyhv iru irrg surfhvvlqj hqwhusulvhv wr ghfuhdvh frvwv dqg wr

lqfuhdvh h!flhqf| +Gdylgryd 4<<7,1 Lqvwhdg/ lw vwurqjo| glvwruwhg surgxfwlrq lqfhqwlyhv

lq djulfxowxuh dqg wkxv/ hyhq fuhdwhg uhyhuvh hfrqrplf rxwfrphv vxfk dv d pdmru vkruwdjh

ri euhdg lq 4<<9 +RHFG0FHHW,1

Lq 4<<4/ wkh jryhuqphqw vwduwhg d jhqhudo sulydwl}dwlrq surfhvv exw ghvslwh wkhvh

h�ruwv/ odujh prqrsrolhv frqwlqxhg wr h{lvw/ lq sduwlfxodu lq zkrohvdoh/ iruhljq wudgh dqg

irrg surfhvvlqj1 Lq rughu wr sulydwl}h iruphu0vrfldolvw/ djur0lqgxvwuldo surgxfwlrq sodqwv/

d odqg odz uhvwruhg wkh uljkw ri iruphu rzqhuv +Wkh Zruog Edqn/ 4<<6,1 Krzhyhu/ gxh

wr hqruprxv ohjlvodwlyh dqg dgplqlvwudwlyh sureohpv/ wklv uhglvwulexwlrq uhvxowhg lq d

vhyhuh iudjphqwdwlrq ri odqg dqg srruo| hvwdeolvkhg surshuw| uljkwv wkdw glg qrw surylgh

d vx!flhqw edvlv iru d odqg0ohdvh v|vwhp1 Lq dgglwlrq/ iduphuv vx�huhg iurp olplwhg dffhvv

wr pdfklqhu| lq eduho| uhvwuxfwxuhg frrshudwlyhv dqg wkh zhdn vdqfwlrq phfkdqlvpv iru

frqwudfw hqirufhphqw1 Dv d frqvhtxhqfh/ wkh djulfxowxudo vhfwru kdv orvw prvw ri lwv

wdohqwhg shrsoh +Kdqlvfk dqg Sdyho/ 5333, dqg wkrvh zkr duh ohiw uho| rq wkh vpdoo slhfh

ri odqg wkdw ehorqjv +ru suhvxpdeoh ehorqjv, wr wkhp/ dqg duh wkxv xqdeoh wr surgxfh

lq odujh/ frvw0h!flhqw vfdohv1 Lq uhvsrqvh wr wkh vhyhuh hfrqrplf frqglwlrqv gxulqj wkh

odvw ghfdgh/ vxevlvwhqfh surgxfwlrq ri irrg lq vpdoo/ uxudo krxvhkrog sorwv kdv lqfuhdvhg

vxevwdqwldoo|1

Wr dqdo|}h wkh pdunhw vwuxfwxuh lq wkh djul0irrg fkdlq/ Exfnzhoo +4<<:, dujxhv wkdw

zkhq vwdwh prqrsrolhv duh wxuqhg lqwr sulydwh prqrsrolhv/ wkh pruh iudjphqwhg iduplqj

vhfwru lv vwloo lq odujh glvdgydqwdjh dqg li iduphuv fdq qrw fkrrvh wr zkrp wkh| vhoo wkhlu

surgxfwv/ wkhuh lv olwwoh vfrsh iru h{sorlwlqj wkh ehqh�wv ri d pdunhw hfrqrp|1 Wr phdvxuh

wkh h�hfwv ri lqfrph uhglvwulexwlrq xqghu vxfk lpshuihfwlrqv/ Lydqryd hw do1 +4<<8, dqg

Jruwrq hw do1 +4<<<, hvwlpdwh surwhfwlrq ohyhov iru iduphuv/ irrg surfhvvruv/ wudghuv dqg

frqvxphuv +wkh Surgxfhu dqg Frqvxphu Vxevlg| Htxlydohqwv/ SVHv2FVHv,1 Wkhlu �qglqj

lv wkdw ehwzhhq 4<<3 dqg 4<<9/ frqvxphuv glg qrw uhfhlyh wkh ehqh�wv iurp orz idup jdwh
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sulfhv dv wkh| zhuh dffuxhg e| surfhvvruv dqg wudghuv dw wkh h{shqvh ri djulfxowxudo

surgxfhuv1 Jruwrq hw do1 +4<<<, jhqhudoo| h{sodlq wkhlu revhuydwlrqv e| wkh kljk frvwv ri

wudqvdfwlrqv lq Exojduld1 Rwkhuv/ vxfk dv Ohdwk hw do1 +4<<6, ru Vzlqqhq +4<<;,/ vwuhvv wkh

lpsruwdqfh ri frooxvlyh uhqw0vhhnlqj ehkdylru e| fhuwdlq djhqwv lq wkh irrg fkdlq zkr kdyh

ehhq deoh wr frqwuro elj sduwv ri uhohydqw glvwulexwlrq fkdqqhov vxfk dv vwrudjh idflolwlhv

ru zkr kdyh uhglvwulexwhg �qdqfldo dvvhwv wkurxjk �wudqvihu sulflqj� ehwzhhq vwdwh0rzqhg

dqg sulydwh �upv1

Edvhg rq wkhvh revhuydwlrqv zh irupxodwh wkh iroorzlqj dvvhuwlrq=

Dvvhuwlrq 4= Wkh lqvwlwxwlrqdo hqylurqphqw lq zklfk irrg surfhvvruv rshudwh irufhv

wkhp wr xvh hfrqrplf uhvrxufhv wr sd| d fhuwdlq dprxqw ri wkhlu uhyhqxh�zklfk zh dv0

vxph wr eh �{hg dw wkh �up ohyho�wr fruuxsw uhqw0vhhnlqj djhqwv1
9

Lq wxuq/ wklv irufhv

hdfk �up wr jhqhudwh d vxusoxv1 Vlqfh wkh vfrsh iru qrq0frpshwlwlyh sulfh0vhwwlqj ehkdylru

rq wkh �qdo0jrrg vlgh lv olplwhg/
:
exw dw wkh vdph wlph/ vxssolhuv�djulfxowxudo iduphuv�

pdlqo| surgxfh lq vpdoo vfdoh dqg uho| rq vhfwru vshfl�f dvvhwv/ irrg surfhvvruv jhqhudwh

wklv sur�w e| vhwwlqj wkh sulfh ri lqwhuphgldwh djulfxowxudo udz surgxfwv lq dq roljrsvrqlvwlf

pdqqhu1
;

Lq wklv sdshu zh zloo uhihu wr wklv vlwxdwlrq dv �irrg surfhvvruv �qdqflqj d uhqw0vhhnlqj

v|vwhp1� Lq wkh qh{w vhfwlrq zh zloo suhvhqw d iudphzrun wkdw lqfrusrudwhv wklv dvvhuwlrq

lq dq dssolhg jhqhudo htxloleulxp prgho1

6 Wkh Prgho= Hqylurqphqw/ Htxloleuld dqg Dssolfd0

wlrq

Zh ghvfuleh dq rshq hfrqrp|1 Wkhuh lv d uhsuhvhqwdwlyh frqvxphu dqg wzr �qdo jrrg

vhfwruv +pdqxidfwxulqj +p, dqg irrg surfhvvlqj +i,,1 Wkh irrg surfhvvlqj vhfwru surfxuhv

dq lqwhuphgldwh jrrg iurp wkh djulfxowxudo vhfwru +d,1 Pdqxidfwxulqj dqg djulfxowxuh

ehkdyh frpshwlwlyho| lq erwk idfwru dqg rxwsxw pdunhwv/ exw irrg surfhvvruv ehkdyh qrq0

frpshwlwlyho| lq wkh surfxuhphqw ri djulfxowxuh*v rxwsxw1 Ilqdoo| wkhuh lv d �qdqfldo vhfwru

wkdw wudqvirupv lqwhuphgldwh lqsxwv lqwr xqlwv ri lqyhvwphqw jrrgv wkdw fdq eh xvhg wr

lqfuhdvh wkh fdslwdo vwrfn ri wkh hfrqrp| n1 Ohw V @ id> i> pj ghqrwh wkh vhw ri jrrgv

dqg vhfwruv lq wkh hfrqrp|1

614 Krxvhkrogv

Wkhuh lv dq lq�qlwho| olyhg uhsuhvhqwdwlyh frqvxphu zkr dw hdfk shulrg ri wlph w ghulyhv

vdwlvidfwlrq iurp wkh frqvxpswlrq ri djulfxowxudo jrrgv fd>w/ surfhvvhg irrg fi>wdqg pdq0

xidfwxuhg jrrgv fp>w1 Wkh frqvxphu kdv suhihuhqfhv ryhu grphvwlfdoo| surgxfhg jrrgv

+fvG>w, dqg lpsruwhg jrrgv +fvP>w, iru v 5 V zklfk vkh wuhdwv dv lpshuihfw vxevwlwxwhv

+Duplqjwrq dvvxpswlrq,1 Suhihuhqfhv duh jlyhq e|

4S
w@3

�
4

4.�

�w
f
4��
w �4

4��
> � A 3 +4,

fw @ f

�d
d>wf

�i

i>w
f

�p
p>w> 3 ? �v5V ? 4>

S
v5V

�v @ 4 +5,

fv>w @
�
�vf

�v
vG>w

. +4� �v, f
�v
vP>w

� 4

�v
> 3 ? �v ? 4> �v 8 4> v 5 V

9Wkhvh djhqwv fdq/ exw gr qrw qhfhvvdulo| kdyh wr eh rzqhuv ru vkduhkroghuv ri irrg0surfhvvlqj sodqwv1
:Iru Exojduld/ wklv lv pdlqo| gxh wr dq douhdg| kljk vkduh ri vxevlvwhqfh surgxfwlrq zklfk fdq eh

lqfuhdvhg ixuwkhu/ dqg wr vrph h{whqw gxh wr frpshwlwlrq wkurxjk lpsruwv1
;Wkh ylhz wkdw fruuxswlrq fdq jhqhudwh d vxusoxv zkhuh qrqh suhylrxvo| h{lvwhg lv wdnhq iurp�dprqj

rwkhuv�Eolvv dqg gl Whood +4<<:,1
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zkhuh � A 3 lv wkh udwh ri frqvxphu*v wlph suhihuhqfh1 fw ghqrwhv dq djjuhjdwh frpsrvlwh

jrrg zklfk hperglhv djulfxowxudo jrrgv/ surfhvvhg irrg dqg pdqxidfwxuhg jrrgv1 Wkhvh

wkuhh jrrgv duh lq wxuq frpsrvlwhv ri krph dqg iruhljq jrrgv1 Wkh uhsuhvhqwdwlyh frq0

vxphu kdv dq lqlwldo fdslwdo hqgrzphqw ri dvvhwv dqg dw hdfk shulrg vkh lv hqgrzhg zlwk

oderu �o dqg wkh djulfxowxudo vhfwru vshfl�f idfwru �y1 Wkh frqvxphu vroyhv wkh sureohp ri

pd{lpl}lqj +4, vxemhfw wr dq lqwhuwhpsrudo exgjhw frqvwudlqw

swfw . Vw @ zw +4� � o, �o. uw +4� �n, sn>wnw . ue>w +4� �n, ew . sy>w�y . Ww

zkhuh Vw @ sn>w +nw.4 � +4� �, nw, . ew.4 � ew lv wkh krxvhkrogv vdylqjv/ h{shqglwxuh swfw

lv gh�qhg dv

swfw � plq
[
v5V

sl>w +4 . � fl, fl>w

vxemhfw wr +5, > dqg/ wr holplqdwh wkh srvvlelolwlhv ri Srq}l jdphv/ wr wkh frqvwudlqw

ew @@ ��e iru vx!flhqwo| odujh �e A 3

dqg lqlwldo frqglwlrqv

n3 @ �n3 dqg e3 @ �e3

zkhuh ew.4 ghqrwhv wkh kroglqjv ri erqgv iurp shulrg w wr w.41 sw ghqrwhv wkh sulfh ri wkh

djjuhjdwh frqvxpswlrq frpsrvlwh fw> sn>w dqg uw duh wkh sulfh dqg lqwhuhvw udwh ri fdslwdo

uhvshfwlyho| +sn>wuw lv wkh uhqwdo udwh ri fdslwdo,/ �n lv d wd{ rq fdslwdo lqfrph dqg � lv wkh

frqvwdqw ghsuhfldwlrq udwh ri fdslwdo1 zw lv wkh oderu zdjh udwh dqg � o lv d wd{ rq oderu

lqfrph/ sy>w lv wkh uhqwdo udwh ri wkh vhfwru vshfl�f idfwru y/ wkh sulfh ri erqgv lv �{hg wr

xqlw| dqg ue>w lv wkh lqwhuhvw udwh ri erqgv dw shulrg w= Ww ghqrwhv d oxps0vxp wudqvihu1

sl>w lv wkh Duplqjwrq frpsrvlwh sulfh ri jrrg l dqg �fl lv d frqvxpswlrq wd{ rq jrrg l=

Wkh Hxohu frqglwlrqv iru dq rswlpdo vroxwlrq wr wkh frqvxphu sureohp duh/ �uvw/ wkh

pdujlqdo udwh ri vxevwlwxwlrq ehwzhhq frqvxpswlrq dw wlph w dqg w.4/ zklfk htxdov

�
fw.4

fw

��

@
+4 . uw.4 � �,

+4 . �,

sn>w.4

sn>w

sw

sw.4

>

dqg vhfrqg/ wkh qrq0duelwudjh frqglwlrq ehwzhhq fdslwdo dqg erqgv/

ue>w.4 @
sn>w.4 � sn>w . +uw.4 � �, sn>w.4

sn>w
>

zklfk wrjhwkhu zlwk wkh wudqvyhuvdolw| frqglwlrq

olp
w$4

swnw.4 . ew.4

wT
v@3

+4 . ue>v.4,

@ 3

duh qhfhvvdu| dqg vx!flhqw iru d joredo pd{lpxp1

615 Frpshwlwlyh vhfwruv

Dw hdfk shulrg ri wlph vhfwruv d dqg p vroyh vwdwlf sur�w pd{lpl}dwlrq sureohpv1 Wkh

surgxfwlrq ri djulfxowxudo udz surgxfwv |d xvhv lqwhuphgldwh surgxfwv {v>d v 5 V zklfk

duh Duplqjwrq frpsrvlwhv ri grphvwlfdoo| surgxfhg {vG>d dqg iruhljq jrrgv {vP>d iru
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v 5 V/ dqg hpsor|v oderu od/ fdslwdo nd/ d vhfwru vshfl�f idfwru y dqg d qhvwhg frqvwdqw

hodvwlflw| ri vxevwlwxwlrq0Ohrqwlhi whfkqrorj|>

|d @ plq i�dn
�n
d
o�o
d
y�y > Ed>d{d>d> Ei>d{i>d> Ep>d{p>dj +6,

3 ? �l5in> o> yj ? 4>
[

�l
l5in> o> yj

@ 4 dqg �d> Ev>d A 3 iru v 5 V

{v>d @

�
�
v
{
�
v

vG>d
. +4� �

v
,{

�
v

vP>d

� 4

�
v > v 5 V

Wkh djulfxowxudo vhfwru vhoov udz djulfxowxudo jrrgv wr irrg surfhvvruv1 Shuihfw frpshwlwlrq

zlwklq djulfxowxuh lpsolhv wkdw lwv jurvv grphvwlf surgxfw/ JGSd> fdq eh vwdwhg dv=

syy @ JGSd @pd{

#
sdG|d � usnnd �zod�

[
v5V

sg
v
{v>d

$
+7,

vxemhfw wr +6, zkhuh sdG ghqrwhv wkh grphvwlf sulfh ri wkh djulfxowxudo frpprglw|/ dqg

sg
v
iru v 5 V lv d ghpdqg Duplqjwrq frpsrvlwh sulfh ri grphvwlf svG dqg lpsruw svP

sulfhv iru v 5 V1

Wkh qhw vxsso| ixqfwlrq ri djulfxowxudo jrrgv |qhw
d

htxdov wrwdo djulfxowxudo vxsso|

plqxv lqwhuphgldwh djulfxowxudo ghpdqg/ dqg lv jlyhq e|

|d � {dG>d @ |qhw
d

�
sdG> sdP > sg

i
> sg

p
> usn> z> y

�
+8,

Zh dvvxph wkdw djulfxowxudo surgxfhuv fdq qrw h{sruw wkhlu rxwsxw iurp wkh idup jdwh

exw lqvwhdg vhoo wkhlu rxwsxw wr grzq vwuhdp ghdohuv vxfk dv irrg surfhvvruv dqg uhwdlohuv1

Uhwdlohuv/ zklfk dfwlylw| lv prghohg dv sduw ri wkh irrg surfhvvruv dfwlylw|/ fduu| rq wkh

h{sruwv ri djulfxowxudo jrrgv1

Wkh surgxfwlrq ri pdqxidfwxuhv |p xvhv oderu op dqg fdslwdo np vhuylfhv dqg lqwhu0

phgldwh Duplqjwrq frpsrvlwhv vlplodu wr rqhv vshfl�hg iru wkh djulfxowxudo vhfwru dqg d

whfkqrorj| uhsuhvhqwhg e|

|p @ plq

�
�pn

�p
p

o4��p
p

> Ed>p{d>p> Ei>p{i>p> Ep>p{p>p

�
+9,

3 ? �p ? 4> dqg �p> Evp A 3> v 5 V

Wkh pdqxidfwxulqj vhfwru frpelqhv np> op dqg lqwhuphgldwh lqsxwv wr vroyh wkh sureohp

ri pd{lpl}lqj sur�wv/

pd{

%
sv
p
|p � usnnp �zop�

[
v5V

sg
v
{v>p

&
+:,

vxemhfw wr +9, = Iroorzlqj wkh vwdqgdug Duplqjwrq vshfl�fdwlrq lq wudgh prghov +vhh Gldr

hw do1 4<<;, wkh rxwsxw frpsrvlwh |p lv vshfl�hg dv dq djjuhjdwh ri jrrgv surgxfhg iru

grphvwlf |pG dqg h{sruw |p[ pdunhwv1 Dffruglqjo|/ wkh vxsso| sulfh idfhg e| vhfwru p

+sv
p
, lv d frpsrvlwh sulfh ri wkh grphvwlf spG dqg h{sruw sp[ sulfhv ri jrrg p1

616 Irrg surfhvvlqj dqg roljrsvrqlvw ehkdylru

Lq frqwudvw wr wkh djulfxowxudo dqg pdqxidfwxulqj vhfwruv/ wkh surfxuhuv ri djulfxowxudo

rxwsxw ehkdyh qrq0frpshwlwlyho| lq wkdw pdunhw1 Zh prgho wkh surfhvvlqj dfwlylw| dqg

dvvxph wkdw wkh uhwdlo dfwlylw| ri �up m frqvlvw ri rqo| ex|lqj dqg vhoolqj {d>um djulfxowxudo

jrrgv +h{sruwv soxv grphvwlf ghpdqg,/ dqg wkh pdujlqdo uhyhqxh plqxv wkh pdujlqdo frvw
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ri wklv dfwlylw| htxdov }hur1 Zh vshfli| wklv dfwlylw| e| xvlqj dq Duplqjwrq vshfl�fdwlrq

iru wkh vdohv lq wkh grphvwlf dqg iruhljq pdunhwv1

Wkhuh lv d �qlwh qxpehu ri irrg surfhvvlqj �upv lqgh{hg e| m zkr hqwhu dqg h{lw wkh

pdunhw xqwlo sur�wv htxdo }hur1 Wkh qxpehu ri �upv rshudwlqj dw shulrg w lv ghqrwhg e|

qw1 Ilup m frpelqhv fdslwdo nim dqg oderu oim vhuylfhv dqg lqwhuphgldwh jrrgv vshfl�hg dv

Duplqjwrq frpsrvlwhv ri grphvwlf dqg iruhljq jrrgv +vlplodu wr wkh rqhv vshfl�hg deryh,

dqg xvhv d whfkqrorj| ri wkh irup

|im @ plq

q
pd{

q
�i
�
nim � �nm

��i
�
oim � �om

�4��i
> 3

r
> Dd>i{d>im > Di>i{i>im > Dp>i{p>im

r
>

+;,

3 ? �i ? 4> �i > Dv>i A 3 iru v 5 V

wrwdo fdslwdo dqg oderu duh

nim @ nY
im
. nI

im
dqg oim @ oY

im
. oI

im

zkhuh sdudphwhuv �nm A 3 dqg �om A 3 fdxvh �upv wr lqfxu �{hg frvwv1 Wkdw lv/ dw hdfk

lqvwdqw ri wlph/ wkhvh uhvrxufhv pxvw eh frpplwwhg ehiruh surgxfwlrq fdq wdnh sodfh1

Iroorzlqj dvvhuwlrq 4/ zh wklqn ri wkhvh �{hg frvwv dv sd|phqwv wr uhqw0vhhnlqj djhqwv1

Wkxv/ wkh wrwdo �{hg frvw idfhg e| surfhvvlqj �up m htxdov

WIFm @ usnn
I

im
.zoI

im

dqg wkh wrwdo frvw dvvrfldwhg zlwk wkh hpsor|phqw ri fdslwdo dqg oderu e| �up m � wk lv

jim +usn> z, |im . usn�nm .z�om @ plq

�
usnnim . zoim

�
vxemhfw wr +;, = Lq wkh suhvhqfh ri �{hg frvwv/ pdujlqdo frvw sulflqj grhv qrw ohdg wr wrwdo

frvw uhfryhu|1 Wkxv/ irrg surfhvvruv duh suhvxphg wr kdyh vrph irup ri pdunhw srzhu1

Vlqfh irrg surfhvvruv idfh dq xszdug0vorslqj vxsso| fxuyh lq djulfxowxuh�dv wkh uhvxow ri

wkh djulfxowxudo vshfl�f idfwru� zh dvvxph wkdw dv wkh rqo| gluhfw ex|huv ri djulfxowxudo

jrrgv/ wkh| hqjdjh lq Frxuqrw frpshwlwlrq lq wkh surfxuhphqw ohyho ri djulfxowxudo jrrgv1

Xvlqj wkh Frxuqrw vshfl�fdwlrq lpsolhv wkdw hdfk �up eholhyhv wkdw wkh rwkhuv zloo qrw

fkdqjh wkhlu lqwhuphgldwh ghpdqg +vhh Iudqfrlv dqg Urodqg0Krovw 4<<:/ s1674, dv wkh

�up m fkdqjhv lwv lqwhuphgldwh ghpdqg/ wkdw lv �up m ehkdyhv dv li

C|qhw
d

C{dG>im

@ 4

Ilup m � wk> wdnlqj wkh ghflvlrq ri rwkhu djhqwv dv jlyhq/ vroyhv wkh sureohp ri pd{l0

pl}lqj sur�wv �im 1 Ilup m � wk gluhfw sur�w ixqfwlrq lv

�im @ +sv
i
|im � jim +usn>z, |im�

[
v5V

sg
v
{v>im � WIFm, +<,

zkhuh |im lv dq Duplqjwrq frpsrvlwh ri grphvwlf dqg h{sruw vdohv/ dqg sv
i
lv d frpsrvlwh

sulfh ri grphvwlf dqg h{sruw sulfhv vlplodu wr wkh rqh vshfl�hg iru wkh pdqxidfwxulqj

vhfwru1 Qr zdvwh rq lqwhuphgldwh lqsxwv lpsolhv |im @ Dd>i{d>im @ Di>i{i>im @ Dp>i{p>im
>

vxevwlwxwlqj lqwr sur�wv lpsolhv/

�im @

##
sv
i
Dd>i � jim +usn>z,Dd>i�

[
v5V

sg
v

Dd>i

Dv>i

$
{d>im � WIFm

$

:



zkhuh {d>im lv dq Duplqjwrq frpsrvlwh ri grphvwlfdoo| {dG>im surgxfhg dqg lpsruwhg

{dP>im djulfxowxudo jrrgv1 Ghqrwh wklv Duplqjwrq dv

{d>im @ {d>im
+{dG>im> {dP>im,

h{suhvvlqj wkh grphvwlf sulfh ri djulfxowxuh*v rxwsxw dv wkh lqyhuvh ri +8,

sdG @ |
�qhw

�
|
qhw

d
> sdP > s

g

i
> s

g

p
> usn> z> y

�
+43,

wkhq/ vxevwlwxwlqj lq iru wkh lqyhuvh ghpdqg ixqfwlrq dqg ehkdylqj dv lv Frxuqrw lq wkh

surfxuhphqw ri grphvwlfdoo| surgxfhg djulfxowxudo jrrgv/ �up m�wk fkrrvhv grphvwlfdoo|

surgxfhg dqg lpsruwhg djulfxowxudo jrrgv wr vroyh

pd{
{dG>im > {dP>im

+

3
C�sv

i
� j

im +usn> z,
�
Dd>i�

[
v@i>p

s
g

v

Dd>i

Dv>i

4
D{d>im

+{dG>im > {dP>im,

�|
�qhw

#
q[
l@4

�
{d>um . {dG>im

�
> sdP > s

g

i
> s

g

p
> usn> z> y

$
{dG>im � sdP{dP>im � WIFm,

pd{lpl}lqj wklv ixqfwlrq |lhogv wkh Ohuqhu frqglwlrq wkdw pdujlqdo uhyhqxh htxdov pdujlqdo

frvw= ��
sim � j

i +z> usn,
�
Ddi � sp

Ddi

Dpi

� si

Ddi

Dii

�
C{d>im +{dG>im> {dP>im,

C{dG>im

@ sdG .
C|
�qhw +�,

C|qhw
d

C|
qhw

d

C{dG>im

{dG>im

Iurp wkh �uvw rughu frqglwlrqv iru dq rswlpdo vroxwlrq wr surgxfhu m � wk sureohp dqg

dvvxplqj v|pphwu| dfurvv �upv zh rewdlq wkh sulfh sdG frqvlvwhqw zlwk roljrsvrqlvw

ehkdylru

sdG @

#�
s
v

i
� j

im +usn>z,
�
Dd>i�

S
v@i>p

s
g

v

Dd>i

Dv>i

$
C{d>im

+{dG>im > {dP>im ,

C{dG>imk
4 . 4

%sdG

4

q

l +44,

zkhuh %sdG lv wkh hodvwlflw| ri djulfxowxudo vxsso|1 Ohw wkh Duplqjwrq djjuhjdwh {d>im +{dG>im >
{dP>im, eh htxdo wr

{d>im
+{dG>im> {dP>im, @

�
�
i
+{dG>im,

�
i .

�
4� �

i

�
+{dP>im,

�
i

� 4

�
i +45,

wkh grphvwlf lqwhuphgldwh ghpdqg ri jrrg d lv=<

{dG>im @
4

C|�qhw+�,
C|qhw

d

+

%�
s
v

i
� j

im +usn>z,
�
Dd>i�

S
v@i>p

s
g

v

Dd>i

Dv>i

&

sdP

#
�

4

4��i

i
s

�
i

4��i

dP
.
�
4 . 4

%sdG

4
q

� �i

4��i
�
4� �

i

� 4

4��i s

�
i

4��i

dG

$�i�
4

�
i

�sdG,

+46,

dqg wkh lqwhuphgldwh ghpdqg ri lpsruwhg djulfxowxudo jrrgv lv jlyhq e|

{dP>im @ {dG>im

�
4� �i

�i

sdG

sdP

�
4 .

4

%

4

q

�� 4

4��i

+47,

<Dvn dxwkruv iru wkh ghulydwlrq ri wklv uhvxow e| h0pdlolqj wr jdlw3338Cwf1xpq1hgx
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Qxpehu ri �upv Vxevwlwxwlqj +46, lqwr wkh sur�wv ri �up m> xvlqj +44, > +47, dqg
vhwwlqj sur�wv htxdo wr }hur zh fdq rewdlq lpsolflwo| dq h{suhvvlrq iru wkh qxpehu ri
�upv q

q
�
sdP > s

v
i > s

g
i > s

g
p> usn> z> y> WIFm

�

617 Jryhuqphqw

Qh{w zh lqwurgxfh d jryhuqphqw djhqw zkr uhfhlyhv lqfrph iurp wd{hv dqg wdul�v/ sur0

ylghv sxeolf jrrgv dqg vhuylfhv dw d jlyhq ohyho J= Lq wkh surylvlrq ri sxeolf jrrgv wkh

jryhuqphqw hpsor|v d Ohrqwlhi whfkqrorj| xvlqj lqwhuphgldwh Duplqjwrq frpsrvlwhv Jl>w

vlplodu wr wkh rqhv vshfl�hg deryh1 Ilqdoo|/ lw sd|v d wudqvihu WJ wr wkh uhsuhvhqwdwlyh

frqvxphu1 Wkh sxeolf exgjhw frqvwudlqw/ lv jlyhq e|

[

v5V

sl>wJl>w . WJ
w @

[

v5V

� flsl>wfl>w.
[

v5V

wLPl sLPl>w LPl>w . �O�O. �Nuwnw iru doo w +48,

zkhuh sLPl>w dqg LPl ghqrwh wkh lpsruw suh0wdul� sulfh dqg wrwdo lpsruwv ri frpprglw| l

dqg wLPl lv wkh lpsruw wdul� udwh iru frpprglw| l1 Vlqfh zh gr qrw frqvlghu h{solflwo| wkh

lpsdfw ri sxeolf jrrgv surylvlrq rq frqvxphuv* zhoiduh/ lq rxu vlpxodwlrqv/ zh hqgrjhql}h

wkh udwh ri frqvxpswlrq wd{ +�fl, vxemhfw wr dq htxdo |lhog frqvwudlqw +Jw @ �J,1 Wkxv/

dq| fkdqjh lq wdul� ru wd{ srolf| d�hfwv wkh frqvxpswlrq wd{ udwhv vxfk wkdw wkh uhdo

ydoxh ri jryhuqphqw h{shqglwxuhv uhpdlqv frqvwdqw1

618 Lqyhvwphqw

Lq rxu prgho/ lqyhvwphqw lv vshfl�hg dv lq Gldr hw do1 +4<<:,1 Wr rewdlq d vkdgrz

sulfh ri wkh lqyhvwphqw jrrg zh vhsdudwh sulflqj ghflvlrqv iru lqyhvwphqw dqg fdslwdo

iurp frqvxphuv* frqvxpswlrq dqg vdylqjv ghflvlrqv1 Wkhuhiruh/ dq lqghshqghqw lqyhvwru

ghflghv rq lqyhvwphqw dqg sdvvhv sur�wv wr wkh uhsuhvhqwdwlyh frqvxphu1 Wkh sureohp ri

wklv lqyhvwru lv wr pd{lpl}h glvfrxqwhg sur�wv ryhu wkh lq�qlwh krul}rq=

pd{

4[

w@4

+uwsn>wnw � �wlqyw,
wT

v@3

+4 . uv � �,

+49,

vxemhfw wr wkh frqvwudlqw wkdw fdslwdo vwrfn lq w.4 htxdov fdslwdo vwrfn lq w plqxv ghsuh0

fldwlrq soxv lqyhvwphqw1

nw.4 @ +4� �, nw . lqyw +4:,

zkhuh �w lv wkh ydoxh ri rqh xqlw ri wkh lqyhvwphqw jrrg dw wlph w1 Qhz sk|vlfdo fds0

lwdo +lqyw, lv surgxfhg e| d Ohrqwlhi whfkqrorj| xvlqj lqwhuphgldwh {l>lqy>w Duplqjwrq

frpsrvlwhv iru l 5 V= Dw htxloleulxp/ iru lqyw A 3/ wkh ydoxh ri hdfk xqlw ri fdslwdo htxls0

phqw htxdov lwv xqlw frvw slqyw

�
�wlqyw @ slqyw lqyw

�
1 iurp wkh �uvw rughu frqglwlrqv wr wklv

sureohp zh rewdlq wkh qrq duelwudjh frqglwlrq

uws
lqy
w�4 @ uwsn>w . �

�
slqyw�4 � slqyw

�
. slqyw � slqyw�4 +4;,

Wkxv/ lq htxloleulxp/ wkh uhwxuq iurp rqh lqyhvwphqw jrrg dw wlph w � 4 +uws
lqy
w�4, htxdov

wrwdo uhwxuqv iurp rqh xqlw ri fdslwdo dw wlph w1 Wklv uhwxuqv lqfoxgh �glylghqgv� iurp

fdslwdo rzqhuvkls lq w +uwsnw, plqxv orvvhv iurp ghsuhfldwlrq +�slqyw�4 � �slqyw , soxv dq

dgglwlrqdo fdslwdo jdlq li frvwv wr surgxfh fdslwdo fkdqjh ryhu wlph +slqyw � slqyw�4,1

<



619 Pdunhw fohdulqj

Wkh hfrqrp| pxvw vdwlvi| wkh iroorzlqj ihdvlelolw| frqglwlrqv1 Lq idfwruv ri surgxfwlrq

oderu

od>w.

qw[

m@4

oim >w . op>w @ �o +4<,

fdslwdo

nd>w.

qw[

m@4

nim >w . np>w @ nw +53,

Lq �qdo jrrgv dqg lqwhuphgldwh jrrg d/ wkh wrwdo vxsso| ri jrrg l +Tl, htxdov sulydwh/
sxeolf soxv lqwhuphgldwh ghpdqg

Tl>w @ fl>w .Jl>w.
[

v5id>pj

{l>v>w.

qw[

m@4

{l>im>w . {l>lqy>w iru l 5 V +54,

Wkh fdslwdo vwrfn dw w.4 htxdov

nw.4 @ +4� �, nw . lqyw +55,

dqg wkh oxps0vxp wudqvihu wr frqvxphuv htxdov

Ww @ WJ

w
. WI

w
@ WJ

w
.

qw[

m@4

WIFm +56,

zh lpsrvh d edodqfh ri sd|phqwv frqvwudlqw/ vxfk wkdw h{sruwv H[l ri jrrg l plqxv
lpsruwv htxdov vdylqjv plqxv lqyhvwphqw soxv vhuylfh rq iruhljq ghew43 >

Vw � sn>w +nw.4 . +4� �, nw, . ue>wIGw @
[

l

sl[>wH[l>w�

[

l

sLP
l>w

�
4 . wLP

l

�
LPl>w +57,

zkhuh vdylqjv htxdo>

Vw @ sn>wnw.4 � +4� �, sn>wnw . +ew.4 � ew,

IG ghqrwhv iruhljq ghew1 D qhjdwlyh ew lqglfdwhv d srvlwlyh qhw fodlpv ri iruhljqhuv rq
wkh grphvwlf hfrqrp|/ zkloh d srvlwlyh ew lqglfdwhv qhw fodlpv ri qdwlrqdov lq iruhljq
frxqwulhv441

43Iru d vwhdg| vwdwh vroxwlrq zh dovr lpsrvh wkh frqglwlrqv=

7| ' Bg|

dqg

oKc|8(|n

[
�

RU��c|n�

�
� n |U��

�
U��c|n�3

[
�

R�c|n�.f�c|n� ' f

44Ghvslwh wkh iuhh fdslwdo pdunhwv dvvxpswlrq/ rxu prgho fdq vwloo h{klelw wudqvlwlrqdo g|qdplfv udwkhu

wkdq lpphgldwh frqyhujhqfh wr wkh vwhdg| vwdwh diwhu lpsrvlqj d vkrfn1 Wklv lv ehfdxvh vwulfwo| vshdnlqj/

dvvxplqj krph dqg iruhljq jrrgv wr eh lpshuihfw vxevwlwxwhv jlyhv vrph pdunhw srzhu hyhq wr wkh

vpdoohvw frxqwu|1 Wkxv/ wkh pdujlqdo ydoxh ri fdslwdo lv qrw ghwhuplqhg e| zruog pdunhw sulfhv rqo|

exw dovr ehfrphv d ixqfwlrq ri grphvwlf frpprglw| sulfhv +vhh Gldr hw do1 4<<: iru d ixuwkhu vwxg| ri

wudqvlwlrq g|qdplfv xqghu wkh Duplqjwrq vshfl�fdwlrq,1

43



61: Htxloleuld

Lq wklv vhfwlrq zh gh�qh d vhtxhqwldo pdunhwv dqg dq htxloleulxp zhuh yduldeohv kdyh

fhdvhg wr fkdqjh +d vwhdg| vwdwh htxloleulxp,

Gh�qlwlrq 4 D vhtxhqwldo pdunhwv htxloleulxp lv d vhtxhqfh ri txdqwlwlhv
q
a[w

r
4

w@3
@ iafw>

afd>w> afi>w> afp>w> anw.4> aew.4> ia|d>w> a|p>w> ia|im>wj
aqw
m@4j> i

and>w> anp>w> ianim>wj
aqw
m@4j> i

aod>w> aop>w>

iaoim>wj
aqw
m@4j> ia{v>d>w a{v>p>w> ia{v>im>wj

aqw

m@4
> {l>lqy>wjv5Vj4w@3 / sulfhv

q
aSw

r
4

w@3
@ iasw> asd>w> asi>w>

asp>w> asn>w> > asy>w> auw> aue>w> azwj4w@3 wkh qxpehu ri �upv iaqwj4w@3 dqg wudqvihu i aWwj4w@3> vxfk
wkdw=

41 Jlyhq sulfhv/ dqg oxps vxp wudqvihu aWw/ wkh vhtxhqfh ri txdqwlwlhv iafw> afd>w> afi>w> afp>w>

anw.4> aew.4j4w@3 vroyhv wkh uhsuhvhqwdwlyh frqvxphu*v xwlolw| pd{lpl}dwlrq sureohp +4, >

51 Dw wlph w jlyhq sulfhv/ txdqwlwlhv a|d>w/ and>w/ aod>w/ ia{v>d>wjv5V vroyh wkh djulfxowxudo

vhfwru JGSd pd{lpl}dwlrq sureohp +7, >

61 Dw wlph w jlyhq sulfhv/ txdqwlwlhv op>w/ op>w/ ia{v>p>wjv5V vroyh wkh pdqxidfwxulqj

vhfwru sur�w pd{lpl}dwlrq sureohp +:,

71 Dw wlph w jlyhq sulfhv/ txdqwlwlhv nim>w/ oim>w> ia{v>im>wjv5V vroyh wkh sur�w pd{lpl}d0

wlrq sureohp +<, ri �up m iru m @ 4> ===> aqw>

81 Wkh qxpehu ri �upv aqw surgxflqj surfhvvhg irrg lv vxfk wkdw wkh sur�wv ri hdfk �up

htxdov }hur>

91 Wkh vhtxhqfh iafw> afd>w> afi>w> afp>w> anw.4> aew.4> ia|d>w> a|p>w> ia|im>wj
aqw
m@4j> i

and>w> anp>w>

ianim>wj
aqw
m@4j> i

aod>w> aop>w> iaoim>wj
aqw

m@4j> ia{v>d a{v>p> ia{v>imj
aqw

m@4
jv5V > aqw> aWwj4w@3 vdwlv�hv

wkh ihdvlelolw| frqglwlrqv +4<, � +57,1

Gh�qlwlrq 5 Dq vwhdg| vwdwh htxloleulxp duh txdqwlwlhv fvv> fvvd > fvv
i
> fvvp > nvv> evv> i|vvd >

|vvp > i|vvimj
q
vv

m@4j> in
vv
d > nvvp > invvimj

q
vv

m@4j> io
vv
d > ovvp > iovvimj

q
vv

m@4j> i{
vv
v>d {vvv>p>

q
{vvv>im

rq
vv

m@4
jv5V /

sulfhv svv> svvd > svv
i
> svvp > svv

n
> svvy > uvv> uvv

e
> zvv wkh qxpehu ri �upv qvv dqg wudqvihu W vv>

vxfk wkdw/ iru vrph lqlwldo n3/ htxloleulxp txdqwlwlhv i a[w> aqw> aWwj4w@3/ dqg htxloleulxp

sulfhv

q
aSw

r
4

w@3
vdwlvi| wkh gh�qlwlrq ri vhtxhqwldo pdunhwv htxloleulxp deryh dqg duh frq0

vwdqw iru doo w1

61; Hpslulfdo Dssolfdwlrq

Wr frpsxwh wkh prgho zh xvh wkh Jhqhudo Dojheudlf Prgholqj V|vwhp +JDPV,1 Zh iroorz

dq lpsohphqwdwlrq ri Udpvh|0w|sh jurzwk prghov zlwk dssur{lpdwlrq wr wkh lq�qlwh wlph

krul}rq dv sursrvhg e| Odx hw do1 +4<<:,1 Wkh prgho lv fdoleudwhg wr d Vrfldo Dffrxqwlqj

Pdwul{ +VDP, ri wkh Exojduldq hfrqrp| ri 4<<71 Wkhvh gdwd uhsruw wudgh pdujlqv ri

uhwdlohuv lq wkh irrg dffrxqw dqg lqfoxgh dgmxvwphqwv iru klgghq hfrqrp| dfwlylwlhv1 Ixu0

wkhupruh/ wkh| h{solflwo| uhsruw surgxfwlrq dqg frqvxpswlrq ri vxevlvwhqfh irrg vr wkdw

zh qhhg wr h{whqg rxu prgho iudphzrun1 Zh wkhuhiruh dvvxph wkdw djulfxowxudo rxwsxw

lqfoxghv djulfxowxudo udz surgxfwv dv zhoo dv irrg iru rzq frqvxpswlrq ru iru vdohv rq orfdo

pdunhwv1 Wr fdswxuh wklv vlpxowdqhrxv surgxfwlrq zh vshfli| wrwdo rxwsxw lq djulfxowxuh

dv d frqvwdqw0hodvwlflw|0ri0vxevwlwxwlrq frpsrvlwh ri udz surgxfwv |d dqg irrg vxevlvwhqfh

44



|vxe1 Zh prgli| wkh frqvxphuv suhihuhqfh vr wkdw wkh| dovr lqfoxgh vxevlvwhqfh irrg e|

lqwurgxflqj d frpsrvlwh jrrg ehwzhhq vxevlvwhqfh irrg fvxe dqg fi +irrg surgxfhg e|

grphvwlf irrg surfhvvruv dqg lpsruwhg irrg, dqg dgmxvw wkh exgjhw frqvwudlqw vr dv wr

uh hfw wkh h{shqglwxuh rq vxevlvwhqfh irrg1 Ixuwkhupruh/ pdunhw fohdulqj rq vxevlvwhqfh

irrg uhtxluhv=

|vxe @ fvxe=

Lq jhqhudo/ wkh fdoleudwlrq iroorzv vwdqgdug surfhgxuhv lq dssolhg jhqhudo htxloleulxp

prghov +vhh Sdyho 5334 iru ghwdlov,1 Wr fdoleudwh wkh wzr sdudphwhuv wkdw fdxvh irrg0

surfhvvlqj �upv wr lqfxu �{hg frvwv/ �nm dqg �om/ zh uhfdoo wkdw�ehfdxvh ri wkh }hur0

sur�w/ iuhh0hqwu| frqglwlrq�wkhvh sdudphwhuv ghwhuplqh wkh vxusoxv iurp roljrsvrqlvw

ehkdylru�zklfk lv xvhg wr �qdqfh wkh uhqw0vhhnlqj v|vwhp�dw wkh �up ohyho1 Wr hvwlpdwh

wklv vxusoxv/ zh iroorz Dvvhuwlrq 4 dqg dvvxph wkdw sduw ri wkh srvlwlyh uhqwv wr irrg

surfhvvruv zklfk Jruwrq hw do1 +4<<<, �qg duh gxh wr roljrsvrqlvw pdunhw srzhu1 Wr

vwduw zlwk d fduhixo jxhvv/ zh dvvxph wkdw lq wkh ehqfkpdun htxloleulxp/ wkh irrg vhfwru

jhqhudwhv d vxusoxv ri �iwhhq shufhqw ri lwv grphvwlf vdohv ydoxh +zklfk fruuhvsrqgv wr dq

lqfrph orvv iru iduphuv ri derxw plqxv whq shufhqw,1
45

Qh{w/ zh glylgh wkh vxusoxv lqwr

frvwv ri oderu dqg fdslwdo xvlqj wkh fdslwdo ydoxh vkduh lq wkh irrg vhfwru +zlwk sulfhv

htxdo xqlw|,1 Wkhq/ zh glylgh wkhvh vhfwru ydoxhv e| wkh qxpehu ri �upv +q, wr rewdlq

wkh ydoxhv ri sdudphwhuv �nm dqg �om iru wkh uhsuhvhqwdwlyh �up m1

Ilqdoo|/ zh hvwlpdwh wkh yduldeoh frvwv ri oderu dqg fdslwdo lq irrg surgxfwlrq +

qS

m@4

nim

dqg

qS

m@4

oim , e| vxewudfwlqj q � �nm dqg q � �om iurp idfwru uhwxuq dv jlyhq lq wkh VDP1

7 Srolf| vlpxodwlrqv

Lq wkh suhylrxv vhfwlrq/ zh ghyhorshg d prgho wkdw h{solflwo| frqvlghuv sulfh glvwruwlrqv

gxh wr wdul�v dqg wd{hv dv zhoo dv lpshuihfw frpshwlwlrq1 Wkh sxusrvh ri wklv vhfwlrq lv wr

vwxg| dqg frpsduh wkh lpsdfw ri sulfh srolflhv zlwk wkdw ri lqvwlwxwlrqdo uhirup srolflhv

wkdw uhvxow lq wkh lpsuryhphqw ri jryhuqdqfh txdolw|1 Zkdw gr zh h{shfw iurp wkhvh

srolflhvB

Olehudol}dwlrq ri wdul�v dqg wd{hv kdv ehhq zlgho| uhfrpphqghg iru ghyhorslqj frxq0

wulhv dv zhoo dv iru hfrqrplhv lq wudqvlwlrq1 Wkh xqghuo|lqj frpprq zlvgrp lv wkdw wudgh

olehudol}dwlrq lqfuhdvhv zhoiduh dqg idyruv hfrqrplf jurzwk1 Wkh uhgxfwlrq ri wdul�v orz0

huv grphvwlf frqvxpswlrq sulfhv dqg lqgxfhv dq lqfrph dqg d vxevwlwxwlrq h�hfw1 Wkh

iruphu dulvhv iurp wkh orzhu sulfh ohyho lwvhoi/ wkh odwwhu iurp wkh vxevwlwxwlrq ri grphv0

wlf jrrgv e| fkhdshu lpsruwv1 Ixuwkhupruh/ wklv h�hfw dovr uhgxfhv wkh grphvwlf frvwv ri

fdslwdo jrrgv/ zkdw pd| ohdg wr dq lqfuhdvh lq lqyhvwphqw dqg wkxv/ kljkhu ixwxuh jurzwk

udwhv1 Ilqdoo|/ prghov zlwk lpshuihfw frpshwlwlrq vxfk dv Kduulv +4<;7, vxjjhvw wkdw di0

whu olehudol}dwlrq/ d ihzhu qxpehu ri �upv surgxfh wkh vdph dprxqw ri rxwsxw1 Khqfh/

iruphuo| �{hg uhvrxufhv ehfrph dydlodeoh wr wkh uhvw ri wkh hfrqrp|1 Wklv uhgxfhv wkh

fruuhvsrqglqj ghdgzhljkw orvvhv dqg wkhuhiruh/ jhqhudwhv dgglwlrqdo zhoiduh jdlqv1

Krzhyhu/ wudgh olehudol}dwlrq dovr ehduv vrph vkruwfrplqjv1 Iluvw/ wdul� uhyhqxh kdv

ehfrph d pdmru vrxufh ri sxeolf lqfrph iru pdq| ghyhorslqj frxqwulhv1 Wkhuhiruh/ ole0

hudol}dwlrq hlwkhu uhtxluhv wkh uhgxfwlrq ri sxeolf h{shqglwxuhv/ ru d vx!flhqw uhyhqxh

uhsodfhphqw srolf|/ ru erwk1 Vlqfh lq pdq| fdvhv/ d uhgxfwlrq ri sxeolf vshqglqj/ iru

h{dpsoh wkurxjk �ulqj ri flylo vhuydqwv ru orzhulqj vrfldo frqwulexwlrq sd|phqwv/ lv qrw

srolwlfdoo| ihdvleoh/ wkh prvw frpprqo| xvhg uhsodfhphqw srolf| lv wr ulvh grphvwlf wd{hv1

45 Lq vhfwlrq 716/ zh zloo dovr whvw iru wkh vhqvlwlylw| ri wklv dvvxpswlrq1

45



Wklv/ krzhyhu/ lpsolhv lpsruwdqw wudgh0r�v zlwk wkh h!flhqf| jrdov ri olehudol}dwlrq/ iru

lqvwdqfh/ zkhq wkh srvlwlyh lqfrph h�hfw lv r�vhw e| d ulvh ri grphvwlf frqvxpswlrq wd{hv1

Zkdw duh wkh h{shfwhg zhoiduh h�hfwv iurp lqvwlwxwlrqdo uhirup srolflhvB Uhfhqw frq0

wulexwlrqv wr wkh lpsdfw ri uhqw vhhnlqj dqg jurzwk vxfk dv Urphu +4<<7,/ Pdxur +4<<8,

dqg Vkohlihu dqg Ylvkq| +4<<;, glvfxvv ydulrxv fkdqqhov wkurxjk zklfk wkh suhvhqfh ri

uhqw0vhhnlqj dfwlylwlhv pd| d�hfw hfrqrplf jurzwk1 Wkh| doo frqfoxgh wkdw wkhvh dfwlylwlhv

duh idluo| kdupixo wr jurzwk dv wkh| glvwruw lqfhqwlyhv dqg wkh doorfdwlrq ri idfwruv dqg

dvvhwv1 Lq rxu prgho/ wkh qhjdwlyh h�hfw ri uhqw0vhhnlqj dfwlylwlhv lv eurxjkw derxw e| wkh

�{hg frvwv zklfk fdxvh ghdgzhljkw orvvhv dqg uhgxfh rxwsxw vlqfh idfwruv duh �zdvwhg�

iru xqsurgxfwlyh dfwlylwlhv1 Frqvhtxhqwo|/ zh h{shfw wkdw lpsurylqj jryhuqdqfh txdolw|

frphv dorqj zlwk d vljql�fdqw lpsuryhphqw ri zhoiduh dqg hfrqrplf shuirupdqfh146

714 H{shulphqwv

Wr vwxg| wkh sduwldo lpsdfw ri erwk nlqgv ri glvwruwlrqv rq surgxfwlrq dqg zhoiduh zh

vwduw zlwk olehudol}lqj wkh hfrqrp| xqghu wkh suhvhqw ohyho ri �edg� jryhuqdqfh dqg

wkxv/ lpshuihfw frpshwlwlrq1 Wkhq/ zh vlpxodwh d �jrrg� jryhuqdqfh/ vwurqj surshuw|

uljkwv dqg d vzlwfk wr shuihfw frpshwlwlrq xqghu wkh lqlwldo ohyho ri srolf| glvwruwlrqv

e| holplqdwlqj wkh �{hg h{shqglwxuh lq wkh irrg vhfwru1 Ilqdoo|/ lq rughu wr fdswxuh wkh

ixoo srwhqwldo ri h{foxglqj doo nlqgv ri glvwruwlrqv/ zh uxq d wklug vlpxodwlrq zlwk dq

xqglvwruwhg hfrqrp|1 Wkhvh h{shulphqwv duh gh�qhg dv iroorzv=

41 wudgh olehudol}dwlrq= zh olehudol}h iruhljq wudgh e| vhwwlqj wdul�v htxdo wr }hur

dqg uhsodfh frqvxpswlrq wd{ udwhv e| frpprglw| zlwk d xqlirup udwh1

51 �jrrg� jryhuqdqfh= zh holplqdwh roljrsvrqlvw frpshwlwlrq lq wkh irrg fkdlq xqghu

suh0h{lvwlqj wd{ dqg wdul� udwhv e| vhwwlqj wkh �{hg frvwv htxdo wr }hur1

61 wrwdo uhirup= zh frpelqh vfhqdulrv 4 dqg 51

Lq doo wkuhh vfhqdulrv zh vkrfn wkh prgho lq wkh �uvw shulrg dqg gr qrw frqvlghu dq|

h{rjhqrxv vkrfnv lq odwwhu shulrgv1 Wkxv/ wkh hqgrjhqrxv yduldeohv mxps wr d qhz ohyho

dqg wkhq/ pryh dorqj wkh wudqvlwlrq sdwk wrzdugv wkhlu qhz vwhdg| vwdwh1 Wkh lqwhqwlrq

iru wkh fkrlfh ri wklv vwudwhj| lv wr kljkoljkw wkh h�hfwv rq jurzwk dqg doorfdwlrq iroorzlqj

dq xqdqwlflsdwhg uhirup1 Zh eholhyh wkdw wklv vwudwhj| uh hfwv wkh vshfl�f vlwxdwlrq ri

wkh Exojduldq fdvh/ zkhuh ydulrxv fkdqjhv ri srolflhv dqg jryhuqphqwv lq wkh 4<<3v kdyh

fdxvhg d kljk ghjuhh ri xqfhuwdlqw| derxw ixwxuh srolf| gluhfwlrqv1

715 Uhvxowv

Wdeoh 4 doorzv iru d �uvw dvvhvvphqw ri rxu h{shulphqwv1 Zh vwduw zlwk glvfxvvlqj wkh

h�hfwv rq zhoiduh/ JGS dqg rxwsxw1 Xqghu wudgh olehudol}dwlrq/ zhoiduh lqfuhdvhv e| rqh

shufhqw/ zkhuhdv wkh qhz vwhdg| vwdwh ohyho ri JGS vkrzv d voljkw ghfolqh1 Rxwsxw lq wkh

djulfxowxudo vhfwru dovr lqfuhdvhv/ krzhyhu mxvw wr d vpdoo h{whqw/ zkhuhdv zh revhuyh d gurs

lq rxwsxw iru qrqirrg surgxfwlrq1 Vrphkrz vxusulvlqjo|/ wkh rxwsxw ri irrg surfhvvruv

lqfuhdvhv vljql�fdqwo|/ dowkrxjk lqlwldo wdul�v rq irrg lpsruwv duh wkh kljkhvw lq rxu prgho

46Wklv uhvxow/ krzhyhu/ lv qrw qhfhvvdulo| wkh fdvh li zh dsso| hfrqrplf wkhru| wr dfwlylwlhv vxfk dv

fruuxswlrq ru uhqw vhhnlqj1 Wdnh iru lqvwdqfh wkh fdvh ri dq hfrqrp| zlwk roljrsrolvwlf frpshwlwlrq dqg

iuhh hqwu|1 Wkhq/ uhqw0vhhnlqj dfwlylwlhv wkdw vlpso| uh0glvwulexwh h{lvwlqj sur�wv zloo qrw fdxvh dq| fkdqjh

lq doorfdwlrq dqg surgxfwlrq ghflvlrqv dqg wkxv/ zloo kdyh qr lpsdfw rq zhoiduh dw doo1 Pruhryhu/ li uhqw

vhhnlqj ohdgv wr h{lwv ri �upv dv lw ghpdqgv vrph ri wkhlu sur�wv/ wklv fdq hyhq kdyh srvlwlyh zhoiduh

h�hfwv li wkhuh kdv ehhq dq h{fhvv qxpehu ri �upv ehiruh +vhh Eolvv dqg gl Whood/ 4<<:,1 Krzhyhu/ wkh

lqwhqwlrq ri wklv uhpdun lv qrw wr dujxh lq idyru ri uhqw vhhnlqj/ exw udwkhu wr vwuhvv wkh lpsruwdqfh ri

wkh vshfl�f vhwwlqj ri wkh prgho/ zklfk kdv wr eh mxvwl�deoh e| hpslulfdo hylghqfh dqg revhuydwlrqv1
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trade liberalization "good" governance total reform

welfare
1

1.10 6.30 6.70
GDP -0.78 5.57 4.68

output of...

...agriculture
2

1.46 12.20 13.81
...subsistence -12.95 -25.74 -34.17
...food

3
17.81 53.18 69.49

...nonfood -3.21 -3.36 -6.85
1
  equivalent variation in income

2
  raw products

3
  output of food processing firms (domestic sales + exports)

source: own projections

(deviation in percent)

Wdeoh 4= zhoiduh/ JGS dqg rxwsxw +vwhdg| vwdwh h�hfwv,

dqg wkxv/ irrg surgxfwlrq lv wkh prvw surwhfwhg dfwlylw|1 Krzhyhu/ wklv lv gxh wr d gurs

lq ghpdqg iru +dqg wkxv/ surgxfwlrq ri, vxevlvwhqfh irrg iroorzlqj wkh uhgxfwlrq ri sulfhv

diwhu olehudol}dwlrq1

Lq wkh jrrg jryhuqdqfh vfhqdulr zh revhuyh pxfk vwurqjhu h�hfwv1 Zkhq srolf| uxohv

rxw uhqw0vhhnlqj dfwlylwlhv/ iruphuo| �{hg idfwruv ehfrph dydlodeoh wr wkh prvw h!flhqw lq0

gxvwulhv1 Wklv lqgxfhv gudpdwlf srvlwlyh rxwsxw h�hfwv iru irrg +e| pruh wkdq 83 shufhqw,

dqg djulfxowxuh dv zhoo dv d vljql�fdqw uhgxfwlrq ri vxevlvwhqfh surgxfwlrq zklfk h{fhhgv

wkh rqh lq wkh suhylrxv h{shulphqw1 Ixuwkhupruh/ rxwsxw lq qrqirrg lqgxvwulhv ghfuhdvhv

rqo| e| derxw wkuhh shufhqw vxfk wkdw zh �qdoo| revhuyh dq hfrqrp|0zlgh lqfuhdvh lq

JGS e| doprvw vl{ shufhqw +wdeoh D04,1 Wkh frpelqdwlrq ri wkh wzr suhylrxv vfhqdulrv lq

wrwdo uhirup/ wkdw lv wkh vlpxodwlrq ri d xqglvwruwhg/ ixoo frpshwlwlyh hfrqrp|/ frpelqhv

wkh uhvxowv ri wkh wzr suhylrxv h{shulphqwv1 Zhoiduh/ JGS dqg djulfxowxudo rxwsxw fkdqjh

voljkwo| frpsduhg zlwk wkh pdunhw vfhqdulr/ dqg rxwsxw lq wkh qrqirrg vhfwru ghfolqhv e|

derxw wzlfh wkh ohyho ri wkh suhylrxv uxqv1 Wkh dssduhqwo| prvw vljql�fdqw h�hfw krzhyhu

lv wkh gudpdwlf ulvh lq rxwsxw ri pdunhwhg irrg zkhuh wzr h�hfwv pdwwhu1 Iluvw/ }hur wdul�v

uhgxfh grphvwlf irrg sulfhv zklfk fdxvhv d gurs lq wkh ghpdqg ri vxevlvwhqfh irrg xs wr

d ohyho zklfk lv hqwluho| edvhg rq frqvxphuv suhihuhqfhv1 Vhfrqg/ dovr wkh vkliw wrzdugv d

frpshwlwlyh htxloleulxp kdv d vljql�fdqw lpsdfw rq surgxfwlrq lq wkh irrg lqgxvwu|1

Wr xqghuvwdqg wkhvh uhvxowv/ zh orrn dw wkh wudqvlwlrqdo g|qdplfv iru wkh �uvw 58 sh0

ulrgv dv zhoo dv rq wkh vwhdg| vwdwh h�hfwv ri frqvxpswlrq +�jxuh D04, dqg djjuhjdwh

lqyhvwphqwv +�jxuh D05,1 Kljk frqvxpswlrq dqg lqfuhdvlqj lqyhvwphqw ohyhov duh frqvlv0

whqw zlwk odujh h�hfwv rq zhoiduh dqg JGS +jrrg jryhuqdqfh,/ zkhuhdv orz frqvxpswlrq

dqg ghfolqlqj lqyhvwphqw ohyhov h{sodlq wkh vpdoo h�hfwv rq zhoiduh dqg wkh qhjdwlyh lp0

solfdwlrq iru JGS lq wkh wudgh olehudol}dwlrq h{shulphqw1 Krzhyhu/ orrnlqj dw wkh sdwwhuqv

ri sulfhv wkdw ghwhuplqh wkhvh yduldeohv/ wkh uhvxowv dsshdu wr eh frqwudglfwru|1 Dffrug0

lqj wr �jxuh D06/ wkh Frqvxpswlrq Sulfh Lqgh{ +FSL, ghfuhdvhv iru doo vfhqdulrv/ dqg

wklv ghfolqh lv hyhq vwurqjhu lq wkh wudgh olehudol}dwlrq wkdq lq wkh jrrg jryhuqdqfh h{shul0

phqw1 Ixuwkhupruh/ lw dsshduv wr eh vwulnlqj wkdw wkh sulfh iru lqyhvwphqw jrrgv lqfuhdvhv

zkhq wdul�v duh derolvkhg +wudgh olehudol}dwlrq, dqg wkxv/ lpsruwv ehfrph fkhdshu +�jxuh

D07,1 Pruhryhu/ zk| gr djjuhjdwh lqyhvwphqwv idoo lq wkh wudgh olehudol}dwlrq exw ulvh lq

wkh jrrg jryhuqdqfh vfhqdulr +�jxuh D05, dowkrxjk iru erwk h{shulphqwv/ wkh sulfh iru

lqyhvwphqw jrrgv h{fhhgv lwv ehqfkpdunB Wr xqghuvwdqg wklv sx}}oh/ zh qhhg wr uhfdoo
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wkdw wkh prgho lv edvhg rq dq lqwhuwhpsrudo xwlolw| ixqfwlrq dqg wkh k|srwkhvlv ri shuihfw

iruhvljkw1 Wkxv/ wkhvh uhvxowv duh gulyhq e| lqfrph0w|sh ri ehkdylru1 Dffruglqjo|/ uhdo

lqfrph ri uhsuhvhqwdwlyh krxvhkrogv ghshqgv qrw rqo| rq frqvxpswlrq sulfhv/ exw dovr rq

sulfhv ri idfwru hqgrzphqwv/ rq wkh grphvwlf fdslwdo vwrfn dv zhoo dv rq wkh kroglqjv ri

iruhljq fdslwdo dvvhwv1 Frqvhtxhqwo|/ wkh dqvzhu wr wkh sx}}oh olhv lq wkh shuirupdqfh ri

wkhvh yduldeohv1

Djjuhjdwh lqyhvwphqwv ghshqg rq wkh sulfh iru wkh lqyhvwphqw frpsrvlwh dqg wkh

uhqwdo udwh ri fdslwdo 1 Xqghu wudgh olehudol}dwlrq/ wkh sulfh ri lqyhvwphqw jrrgv lqfuhdvhv

ghvslwh }hur wdul�v ehfdxvh wkh jryhuqphqw*v exgjhw frqvwudlqw fdxvhv frqvxpswlrq wd{

udwhv wr lqfuhdvh lq rughu wr uhsodfh wkh orvvhv iurp wdul� uhyhqxh1 Wklv lqfuhdvhv wkh

sulfh ri wkh qrqirrg frpsrvlwh jurvv ri frqvxpswlrq wd{/ dqg vlqfh djjuhjdwh lqyhvwphqw

jrrgv pdlqo| frqvlvwv ri qrqirrg frpprglwlhv/ lw dovr h{sodlqv wkh lqfuhdvh lq wkhlu sulfh1

Ixuwkhupruh/ wkh wudqvlwlrqdo sdwwhuq ri wklv sulfh ghwhuplqhv wkh uhqwdo udwh ri fdslwdo

vlqfh qrq0duelwudjh frqglwlrqv iru lqyhvwphqwv lpso| wkdw dv wkh sulfh ri lqyhvwphqw jrrgv

ghfolqhv dorqj wkh wudqvlwlrq sdwk/ wkdq�dw d frqvwdqw zruog lqwhuhvw udwh�wkh uhqwdo

udwh ri fdslwdo lq shulrg w kdv wr eh deryh wklv sulfh1 Dv �jxuhv 8 dqg 9 frq�up/ wklv

frqglwlrq krogv iru doo wkuhh vfhqdulrv1 Wkh lqfhqwlyh ru glvlqfhqwlyh wr lqyhvw dulvhv iurp

wkh gl�huhqfh ri erwk sulfhv= dv orqj dv wkh sulfh ri lqyhvwphqw frpsrvlwhv lv kljkhu +orzhu,

wkdq wkh uhqwdo udwh ri fdslwdo/ wkhuh lv qr +d vwurqj, lqfhqwlyh wr ixuwkhu lqyhvw dqg wkxv/

wkh fdslwdo vwrfn ghfuhdvhv +lqfuhdvhv, dv lw lv wkh fdvh iru wkh wudgh olehudol}dwlrq +jrrg

jryhuqdqfh, h{shulphqw +�jxuh D0:,1 Dv d uhvxow/ lqfrph iurp fdslwdo ghfolqhv xqghu wudgh

olehudol}dwlrq dqg lqfuhdvhv zlwk jrrg jryhuqdqfh1 Ixuwkhupruh/ orz lqfhqwlyhv iru qhz

lqvwdoodwlrq ri fdslwdo +wudgh olehudol}dwlrq, dovr uhgxfh lpsruw ghpdqg vxfk wkdw wkh wudgh

gh�flw idoov ehorz lwv lqlwldo ohyho +�jxuh D0;,1 Wklv lq wxuq doorzv krxvhkrogv wr h{sdqg

wkhlu kroglqjv ri iruhljq fdslwdo dvvhwv +�jxuh D0<, vlqfh wkh| kdyh qr lqfhqwlyh wr h{sdqg

wkh grphvwlf fdslwdo vwrfn1 Krzhyhu/ dorqj wkh wudqvlwlrq sdwk/ wkh kljkhu uhwxuqv iurp

wkhvh fdslwdo dvvhwv lqfuhdvhv lpsruw ghpdqg vxfk wkdw wkh wudgh gh�flw lq wkh qhz vwhdg|

vwdwh hyhq h{fhhgv lwv ehqfkpdun ohyho1 Lq wxuq/ wkh rssrvlwh h�hfw uhgxfhv wkh vwhdg|

vwdwh ohyhov ri iruhljq fdslwdo dvvhwv dqg wkh wudgh gh�flw zkhq lqyhvwphqw lqfhqwlyhv duh

vwurqjhu +jrrg jryhuqdqfh,1

Zkloh wklv surylghv d vx!flhqw h{sodqdwlrq iru wkh ghyhorsphqw ri djjuhjdwh lqyhvw0

phqwv/ fdslwdo dqg JGS/ lqfrph h�hfwv iurp hqgrzphqwv ri grphvwlf dqg iruhljq fdslwdo

duh dpeljxrxv dqg wkxv/ gr vwloo qrw surylgh d vwudljkwiruzdug h{sodqdwlrq iru wkh orz

zhoiduh h�hfwv ri wudgh olehudol}dwlrq zkhq frpsduhg zlwk wkh jrrg jryhuqdqfh h{shul0

phqw1 Krzhyhu/ orrnlqj dw wkh rxwsxw h�hfwv lq dq xqglvwruwhg hfrqrp| +wrwdo uhirup,/

zh �qg d frpsdudwlyh dgydqwdjh lq oderu lqwhqvlyh +djulfxowxuh, udwkhu wkdq lq fdslwdo

lqwhqvlyh surgxfwlrq +qrqirrg,1 Pruhryhu/ wkh olehudol}dwlrq ri wkh iruhljq wudgh uhjlph

dovr orzhuv wkh sulfh iru djulfxowxudo udz surgxfwv/ zkhuhdv zkhq irrg surfhvvruv r�hu

d frpshwlwlyh sulfh lq wkh pdunhw dqg wkh wrwdo uhirup h{shulphqw/ wkh sulfh lqfuhdvhv

+�jxuh D043,1 Wkhuhiruh/ zh fdq h{sodlq wkh gurs ri wkh zdjh udwh ehorz wkh ehqfkpdun

lq wkh wudgh olehudol}dwlrq vfhqdulr dqg wkh ulvh lq wkh jrrg jryhuqdqfh dqg wkh wrwdo uhirup

vfhqdulr +�jxuh D044, e| d Vwroshu0Vdpxhovrq h�hfw1 Vlqfh wkh oderu hqgrzphqw lv e|

idu wkh eljjhvw vrxufh ri sulydwh lqfrph/ wklv hyhqwxdoo| ghwhuplqhv uhdo lqfrph vxfk wkdw

lw doprvw r�vhwv wkh srvlwlyh lqfrph h�hfw uhvxowlqj iurp orzhu grphvwlf sulfhv lq srolf|/

zkhuhdv lw vxssruwv orz sulfhv iru wkh pdunhw dqg wkh wrwdo uhirup h{shulphqw1

716 Vhqvlwlylw| Dqdo|vlv

Lq krz idu gr wkhvh uhvxowv uho| rq fulwlfdo dvvxpswlrqvB Wdeoh D04 vkrzv wkh vwhdg| vwdwh

h�hfwv ri vhohfwhg yduldeohv xqghu gl�huhqw ohyhov ri Duplqjwrq dqg vxevlvwhqfh hodvwlflwlhv

+wkh juh| froxpqv lq wkh plggoh vkrzv uhvxowv ri sdudphwhu ydoxhv dv xvhg lq wkh suhylrxv
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glvfxvvlrq,1 Wkh �jxuhv vxjjhvw wkdw dowkrxjk wkh ohyhov ri yduldeohv lq wkh prgho fkdqjh

ghshqglqj rq wkh fkrlfh ri ydulrxv hodvwlflwlhv/ wkh udqnlqj ri wkh wkuhh vfhqdulrv lq whupv

ri zhoiduh dqg rxwsxw h�hfwv uhpdlqv frqvwdqw1 Lq rwkhu zrugv/ dowkrxjk wkh dvvxphg

hodvwlflwlhv kdyh d vljql�fdqw lpsdfw rq wkh vwhdg| vwdwh ohyhov ri wkh yduldeohv lq rxu prgho/

zh gr qrw revhuyh fkdqjhv lq wkh uhodwlyh lpsdfw ri rqh srolf| iru gl�huhqw frpelqdwlrqv

ri hodvwlflwlhv1 Lw lv lq sduwlfxodu uhpdundeoh wkdw qrw rqo| iru zhoiduh/ exw dovr iru doprvw

doo rwkhu yduldeohv/ vwhdg| vwdwh h�hfwv duh vwdeoh uhodwlyh wr wkh rwkhu vfhqdulrv1

Ixuwkhupruh/ zh kdyh vkrzq wkdw rxu uhvxowv duh pdlqo| gulyhq e| Vwroshu0Vdpxhovrq

olnh h�hfwv rq zdjhv wkdw dulvh iurp wkh vzlwfk wr shuihfw frpshwlwlrq1 Vlqfh wkh vshfl�0

fdwlrq ri wkh lqlwldo uhglvwulexwlrq ri lqfrph lq wkh djul0irrg fkdlq lv udwkhu vw|ol}hg/ lw lv

lpsruwdqw wr dqdo|}h wkh vwdelolw| ri rxu uhvxowv zlwk uhjdug wr fkdqjhv ri wkhvh uhqwv1 Lql0

wldoo|/ zh kdyh dvvxphg wkdw irrg surfhvvruv dqg wudghuv uhfhlyh d uhqw ri �iwhhq shufhqw ri

wkhlu grphvwlf vdohv ydoxh1 Wkhuhiruh/ zh qrz uh0frpsxwh rxu vlpxodwlrqv iru dowhuqdwlyh

lqlwldo ohyhov ri lqfrph wudqvihuv iru dq lqwhuydo ehwzhhq }hur dqg wzhqw| shufhqw1 Dv wkh

pdlq lqwhqwlrq ri wklv vwxg| lv wr rewdlq d vwdeoh udqnlqj ri wkh wkuhh srolflhv ghshqglqj

rq wkhlu uhohydqw zhoiduh h�hfwv/ zh irfxv wkh iroorzlqj glvfxvvlrq rq wkh gl�huhqw zhoiduh

lpsolfdwlrqv zklfk zh fdofxodwh iru gl�huhqw ohyho ri lqlwldo lqfrph wudqvihuv1 Iljxuh 4

vxppdul}hv wkh uhvxowv1 Rxu �uvw �qglqj lv wkdw zhoiduh h�hfwv iru doo wkuhh vfhqdulrv

lqfuhdvh zlwk wkh dvvxphg ohyho ri lqlwldo lqfrph wudqvihuv1 Iru wudgh olehudol}dwlrq/ wklv

lv ehfdxvh ri udwlrqdol}dwlrq jdlqv vlplodu wr wkh rqhv suhglfwhg e| rwkhu vwxglhv ri wudgh

olehudol}dwlrq dqg lpshuihfw frpshwlwlrq lq d jhqhudo htxloleulxp vhwwlqj1 Wkh jhqhudo

lqwhqwlrq lv wkdw zkhq wdul�v duh holplqdwhg/ ihzhu �upv duh qhfhvvdu| wr surgxfh d jlyhq

dprxqw ri rxwsxw dqg wkh kljkhu wkh lqlwldo ohyho ri lpshuihfw frpshwlwlrq/ wkh kljkhu

wkh jdlqv iurp olehudol}dwlrq 1 Iru wkh jrrg jryhuqdqfh vfhqdulr/ wkh srvlwlyh lpsdfw rq

zhoiduh lv gulyhq e| wkh Vwroshu0Vdpxhovrq h�hfw rq zdjhv dv glvfxvvhg deryh1 Wkh kljkhu

wkh lqlwldo lqfrph wudqvihu/ wkh kljkhu wkh lqlwldo sulfh glvfulplqdwlrq djdlqvw djulfxowxudo

udz surgxfwv exw dovr/ wkh kljkhu wkh ulvh ri wklv sulfh zkhq uhqw vhhnlqj lv holplqdwhg

dqg wkxv/ wkh odujhu wkh Vwroshu0Vdpxhovrq h�hfw rq wkh zdjh udwh1 Wklv lq wxuq ulvhv

frqvxphuv* lqfrph1 Ilqdoo|/ wkh +dozd|v, kljkhu zhoiduh jdlqv lq wkh wrwdo uhirup h{shul0

phqw duh fdxvhg e| d frpelqdwlrq ri wkh wzr suhylrxv h�hfwv1 Dv �jxuh 5 fohduo| vkrzv/

erwk/ wkh pdunhw dv zhoo dv wkh wrwdo uhirup vfhqdulr douhdg| ohdg wr kljkhu zhoiduh jdlqv

wkdq wkh srolf| h{shulphqw zkhq wkh lqlwldo ohyho ri lqfrph wudqvihuv dffrxqwv iru rqo|

518 shufhqw1 Wkxv/ zlwk uhjdug wr wkh dvvxpswlrq zklfk zh whvw lq wklv vhfwlrq +�iwhhq

shufhqw, zh frqfoxgh/ wkdw rxu zhoiduh edvhg srolf| udqnlqj lv vwdeoh iru d idluo| zlgh

udqjh durxqg rxu lqlwldo dvvxpswlrq1

8 Frqfoxvlrqv

Wkh irfxv ri wklv sdshu lv rq dvvhvvlqj wkh frqwulexwlrq ri olehudol}dwlrq dqg jryhuqdqfh

lpsuryhphqwv rq hfrqrplf jurzwk1 Wr gr vr/ zh wxuq wr d vshfl�f fdvh vwxg|/ wkh djul0irrg

fkdlq lq Exojduld/ iru zklfk zh dujxh wkdw xqghu orz jryhuqdqfh txdolw|/ irrg surfhvv0

lqj �upv qhhg wr �qdqfh d uhqw0vhhnlqj v|vwhp dqg wkdw wkhvh �upv duh deoh wr jhqhudwh

srvlwlyh sur�wv iurp roljrsvrqlvwlf frpshwlwlrq wr pdnh xs iru uhqw0vhhnlqj h{shqglwxuhv1

Dowkrxjk wklv vshfl�fdwlrq grhv qrw h{solflwo| vlpxodwh wkh xqghuo|lqj uhqw0vhhnlqj eh0

kdylru/ lw vwloo doorzv xv wr lqfrusrudwh wkh frqvhtxhqfhv iru zhoiduh dqg doorfdwlrq1 Zh

lqfoxgh lw lqwr d g|qdplf jhqhudo htxloleulxp prgho dqg xvh lw wr dvvhvv wkh sduwldo lpsdfw

ri srolflhv vxfk dv wudgh olehudol}dwlrq ru lqvwlwxwlrqdo uhirupv rq hfrqrplf jurzwk1 Wkh

uhvxowv ghprqvwudwh wkdw wkh lqlwldo glvwruwlrqv fdxvhg e| uhglvwulexwlyh dfwlylwlhv duh idluo|

odujh dqg wkdw wkh| sxvk uhvrxufhv rxw ri dfwlylwlhv zkhuh wkh hfrqrp| kdv d frpsdudwlyh

dgydqwdjh1 Ixuwkhupruh/ zh �qg wkdw jlyhq wkh orz txdolw| ri jryhuqdqfh/ wkhuh zloo eh qr
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Iljxuh 4= zhoiduh fkdqjhv e| gl�huhqw ohyhov ri lqlwldo lqfrph wudqvihuv

vljql�fdqwo| srvlwlyh lpsdfw iurp olehudol}dwlrq rq zhoiduh dqg jurzwk1 Pruhryhu/ vlqfh

wkhvh srolflhv orzhu lqfhqwlyhv wr lqyhvw lq wkh frxqwu|/ wkh| fdxvh dq rxw rz ri fdslwdo dv

zhoo dv d ghfolqh ri JGS dqg wkh grphvwlf fdslwdo vwrfn1 Ilqdoo|/ zh �qg wkdw dprqj wkh

dqdo|}hg srolflhv rqo| wkh ehwwhuphqw ri jryhuqdqfh dqg wkh lqvwlwxwlrqdo iudphzrun fdq

srwhqwldoo| ohdg wr d vljql�fdqw lpsuryhphqw lq wkh doorfdwlrq ri uhvrxufhv dqg wkxv/ wr d

srvlwlyh h�hfw rq zhoiduh1 Zh h{sodlq wkhvh uhvxowv e| wkh gudpdwlf lpsdfw ri roljrsvrqlvw

ehkdylru ri irrg surfhvvruv wkdw glvwruwv wkh htxloleulxp zdjh udwh ri oderu/ wkh eljjhvw

hqgrzphqw lq wkh hfrqrp|/ wkurxjk d Vwroshu0Vdpxhovrq h�hfw1 Frqvhtxhqwo|/ dv orqj

dv uhqw0vhhnlqj dfwlylwlhv dqg roljrsvrqlvwlf frpshwlwlrq suhydlo/ wkhuh zloo eh qr vljql�0

fdqw lpsuryhphqw lq zhoiduh dqg jurzwk1 Ilqdoo|/ edvhg rq d vhqvlwlylw| dqdo|vlv zh �qg

rxu uhvxowv wr eh vwdeoh zlwk uhjdug wr fkdqjhv lq fulwlfdo dvvxpswlrqv ri wkh fdoleudwlrq

surfhgxuh1

Wkh sdshu surylghv dq lghd derxw wkh sulrulw| ri gl�huhqw dvshfwv ri uhirup srolflhv

edvhg rq d irupdo iudphzrun1 Krzhyhu/ dvvxplqj wkh uxohv ri wkh uhqw0vhhnlqj jdph dv

h{rjhqrxvo| jlyhq e| d �{hg frvwv fhuwdlqo| uhsuhvhqwv dq lpsruwdqw gudzedfn1 Lqvwhdg/ d

pruh fduhixo vshfl�fdwlrq ri wkh ehkdylru ri wkh ehqh�fldulhv ri uhqw vhhnlqj dqg fruuxswlrq

vkrxog frqvlghu dq hqgrjhql}dwlrq ri wkh uxohv ri wkh jdph1 Vrph h{dpsohv krz wklv

fdq eh dfklhyhg duh Jurvvpdq dqg Khospdq +4<<7,/ zkr prgho wkh rswlpdo ohyho ri

surwhfwlrq/ Jurvvpdq dqg Nlp +4<<8, zkr hqgrjhql}h dwwhpswv wr vhfxuh rzq surshuw|/

ru Dqjhohwrv dqg Nroolqw}dv +5333, zkr vroyh iru wkh rswlpdo ohyho ri fruuxswlrq lq wkh

vslulw ri Jurvvpdq dqg Khospdq1 Krzhyhu/ doo wkhvh vxjjhvwlrqv duh uhodwhg wr yhu|

vshfl�f fdvhv/ dqg zh kdyh dujxhg wkdw hfrqrplf wkhru|�mxvw dv uhdolw|�grhv qrw surylgh

d xqltxh shuvshfwlyh rq fruuxswlrq/ uhqw vhhnlqj/ dqg rwkhu dfwlylwlhv zklfk whqg wr eh

ehqh�fldo xqghu orz jryhuqdqfh txdolw|1 Lq prgholqj whupv/ vhyhuh sureohpv vxfk dv qrq0

frqyh{lwlhv lq wkh remhfwlyh ixqfwlrqv duh olnho| wr rffxu dqg wr glvwruw wkh h{sodqdwru|

srzhu ri jhqhudo dssurdfkhv1 Iru wklv uhdvrq/ zh kdyh olplwhg rxu vwxg| wr dq h{rjhqrxv

w|sh ri ehkdylru dqg ohdyh d ixuwkhu hqgrjhql}dwlrq ri rxu vshfl�f fdvh xs wr ixwxuh

uhvhdufk1

Iurp srolf| pdnhuv* ylhz/ rxu uhvxowv vxjjhvw wkdw iru wkh fdvh ri Exojduld/ lw zrxog

uhtxluh pxfk ghhshu uhirupv wkdq d vlpsoh olehudol}dwlrq wr dfklhyh dq lpsuryhphqw ri hfr0

qrplf shuirupdqfh dqg vxvwdlqdeoh jurzwk udwhv1 Lqvwhdg/ srolf| pdnhuv vkrxog vwurqjo|
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irfxv rq wkh lpsuryhphqw ri jryhuqdqfh txdolw| wkurxjk wkh holplqdwlrq ri qrqfrpshwl0

wlyh ehkdylru dqg pdunhw lpshuihfwlrqv1 Iru lqvwdqfh/ d vx!flhqw ohjdo iudphzrun dqg dq

lqghshqghqw mxulvglfwlrq zlwk vwurqj frxuwv duh qhfhvvdu| wr vwuhqjwkhq surshuw| uljkwv

ru wr hqirufh frqwudfwv1 Ixuwkhupruh/ dq h!flhqw dqwl0fruuxswlrq djhqf| exw dovr vhyhudo

QJRv frxog khos wr uhgxfh wkh h{whqg ri xqsurgxfwlyh dqg uhglvwulexwlyh dfwlylwlhv1 Krz0

hyhu/ euhdnlqj xs d zhoo hvwdeolvkhg uhqw0vhhnlqj v|vwhp zloo fhuwdlqo| fdxvh wkh uhvlvwdqfh

ri lwv ehqh�fldulhv dqg wkxv/ zloo eh d idluo| gl!fxow wdvn wr dfklhyh1 Wkhuhiruh/ lw fdq

qrw mxvw eh vhhq dv wkh wdvn ri vrph srolf| pdnhuv ru wkh jryhuqphqw exw zloo lqvwhdg

uhtxluh wkh jhqhudo frpplwphqw ri wkh vrflhw| dv d zkroh1 Wr dfklhyh wklv/ Khoopdq hw do1

+5333, vxjjhvw wr pdnh wkh vrfldo frvwv dw zklfk vxfk d v|vwhp rshudwhv wudqvsduhqw wr

wkh srsxodwlrq/ sur0uhirup jurxsv dqg QJRv1 Lq wklv frqwh{w/ rxu uhvxowv frxog sod| dq

lpsruwdqw uroh iru wkh fdvh ri Exojduld dv wkh| vkrz wkdw wkh vrfldo frvwv ri uhqw0vhhnlqj

dfwlylwlhv �qdqfhg e| wkh irrg fkdlq duh derxw vl{ wlphv kljkhu wkdq wkh zhoiduh orvvhv

gxh wr hfrqrp|0zlgh srolf| glvwruwlrqv1

Uhihuhqfhv

^4` Dqjhohwrv/ J10P1 dqg Nroolqw}dv/ W1 +5333,1 Uhqw Vhhnlqj2Fruuxswlrq dqg Jurzwk= d

Vlpsoh Prgho1 FHSUZrunlqj Sdshu Qr1 57971 Fhqwuh iru Hfrqrplf Srolf| Uhvhdufk=

Orqgrq1

^5` Eolvv/ F1 dqg gl Whood/ U1 +4<<:,1 Grhv Frpshwlwlrq Nloo FruuxswlrqB Mrxuqdo ri

Srolwlfdo Hfrqrp| +Yro1 438,/ ss14334043561

^6` Exfnzhoo/ D1 +4<<:,1 Hfrqrplf wudqvlwlrq lq Fhqwudo dqg Hdvwhuq Hxursh1 Lqwhuqd0

wlrqdo Djulfxowxuh Wudgh Uhvhdufk Frqvruwlxp V|psrvlxp/ Ehuolq/ Mxqh 45047/ 4<<:1

^7` Gdylgryd/ V1 +4<<7,1 Fkdqjhv lq Djulfxowxudo Srolflhv dqg Uhvwuxfwxulqj ri Exojduldq

Djulfxowxuh= dq Ryhuylhz1 lq= Vzlqqhq/ M1I1P1 +hg1, Srolf| dqg Lqvwlwxwlrqdo Uhirup

lq Fhqwudo Hxurshdq Djulfxowxuh1 OLFRV Vwxglhv rq wkh Wudqvlwlrq lq Fhqwudo dqg

Hdvwhuq Hxursh/ Qr1 41 Doghuvkrw> Dyhexu|/ ss1640::1

^8` Gldr/ [1/ \hoghq/ H1 dqg Urh/ W1 +4<<:,1 D Vlpsoh G|qdplf Dssolhg Jhqhudo Htxlole0

ulxp Prgho ri dq Rshq Hfrqrp|= Wudqvlwlrqdo G|qdplfv dqg Wudgh Srolf|1 Mrxuqdo

ri Hfrqrplf Ghyhorsphqw +Yro1 56,/ ss1::04341

^9` Groodu/ G1 +4<<5,1 Rxwzdug0Rulhqwhg Ghyhorslqj Hfrqrplhv Uhdoo| Gr Jurz Pruh

Udslgo|= Hylghqfh Iurp <8 OGFv/ 4<9:0;81 Hfrqrplf Ghyhorsphqw dqg Fxowxudo

Fkdqjh/ ss185608771

^:` Hgzdugv/ V1 +4<<6,1 Rshqhvv/ Wudgh Olehudol}dwlrq dqg Jurzwk lq Ghyhorslqj Frxq0

wulhv1 Mrxuqdo ri Ghyhorsphqw Hfrqrplfv1 Yro1 681 ss16408:1

^;` Hgzdugv/ V1 +4<<;,1 Rshqqhvv/ Surgxfwlylw| Dqg Jurzwk= Zkdw Gr Zh Uhdoo|

NqrzB Hfrqrplf Mrxuqdo1 Yro 43;/ ss16;606<;1

^<` Iudqfrlv/ M1I1 dqg Urodqg0Krovw/ G1V1 +4<<:,1 Vfdoh Hfrqrplhv dqg Lpshuihfw Frpsh0

wlwlrq1 Lq= Iudqfrlv/ M1I1 dqg Uhlqhuw/ N1D1 +hgv1, Dssolhg Phwkrgv iru Wudgh Srolf|

Dqdo|vlv 0 d Kdqgerrn1 Fdpeulgjh= Xqlyhuvlw| Suhvv1

^43` Iudqnho/ M1D1 dqg G1 Urphu +4<<<,1 Grhv Wudgh Fdxvh JurzwkB Wkh Dphulfdq

Hfrqrplf Uhylhz1 Yro1;</ ss16:<06<<1

^44` Jruwrq/ P1/ Exfnzhoo/ D1 dqg Gdylgryd/ V1 +4<<<,1 Wudqvihuv dqg Glvwruwlrqv dorqj

FHHF Irrg Vxsso| Fkdlqv1 Zrunlqj Sdshu 523<1 Xqlyhuvlw| ri Orqgrq/ Z|h Froohjh1

4;



^45` Jurvvpdq/ J1P1 dqg Khospdq/ H1 +4<<7,1 Surwhfwlrq iru Vdoh1 Wkh Dphulfdq Hfr0

qrplf Uhylhz +Yro1 ;7,/ ss1;660;831

^46` Jurvvpdq/ K1L1 dqg Nlp/ P1 +4<<8,1 Vzrugv ru SorzvkduhvB D Wkhru| ri wkh Vhfxulw|

ri Fodlpv wr Surshuw|1 Mrxuqdo ri Srolwlfdo Hfrqrp| +Yro1 436,/ ss145:8045;;1

^47` Kdoo/ U1 dqg Mrqhv/ F1 +4<<<,1 Zk| Gr Vrph Frxqwulhv Surgxfh Vr Pxfk Pruh

Rxwsxw Shu Zrunhu Wkdq RwkhuvB Txduwhuo| Mrxuqdo ri Hfrqrplfv +Yro1 447,/ ss1;60

4491

^48` Kdqlvfk/ P1 dqg Sdyho/ I1 +4<<<,1 D Uhqw Vhhnlqj Prgho iru Dqdo|}lqj d Idlohg Djul0

fxowxudo Uhirup 0 Wkh Exojduldq Fdvh1 Sdshu suhsduhg iru wkh [[LY Lqwhuqdwlrqdo

Frqihuhqfh ri Djulfxowxudo Hfrqrplvwv/ Ehuolq 4604; Dxjxvw 53331

^49` Kduulv/ U1 +4<;7,1 Dssolhg Jhqhudo Htxloleulxp Dqdo|vlv ri Vpdoo Rshq Hfrqrplhv

zlwk Vfdoh Hfrqrplhv dqg Lpshuihfw Frpshwlwlrq1 Wkh Dphulfdq Hfrqrplf Uhylhz

+Yro1 :7,/ ss14349043651

^4:` Khoopdq/ M1V1/ Mrqhv/ J1 dqg Ndxipdqq/ G1 +5333,1 Vhl}h wkh Vwdwh/ Vhl}h wkh Gd|=

Vwdwh Fdswxuh/ Fruuxswlrq dqg Lq xhqfh lq Wudqvlwlrq1 Sdshu suhsduhg iru wkh Zruog

Ghyhorsphqw Uhsruw 5334 Zrunvkrs1 Zdvklqjwrq/ G1F1 4:04< Mxo| 53331

^4;` LPI +4<<:,1 Zruog Hfrqrplf Rxworrn1 Zdvklqjwrq/ G1F1

^4<` Lydqryd/ Q1/ Olqjdug/ M1/ Exfnzhoo/ D1 dqg Exuuhoo/ D1 +4<<8,1 Lpsdfw ri Fkdqjhv

lq Djulfxowxudo Srolf| rq wkh Djur0Irrg Fkdlq lq Exojduld1 Hxurshdq Uhylhz ri

Djulfxowxudo Hfrqrplfv +Yro1 55,1 ss168706:41

^53` Ndxipdqq/ G1/ Nudd|/ D1/ dqg ]rlwr0Oredwq*~r�q/ S1 +4<<<,1 Jryhuqdqfh Pdwwhuv1

SUG Zrunlqj Sdshu Qr1 54<91 Wkh Zruog Edqn= Zdvklqjwrq/ G1F1

^54` Nuxhjhu/ D1R1 +4<<;,1 Zk| Wudgh Olehudol}dwlrq Lv Jrrg Iru Jurzwk1 Wkh Hfrqrplf

Mrxuqdo1 Yro143;/ ss14846048551

^55` Odx/ P1/ Sdkonh D1/ dqg W1 Uxwkhuirug +4<<:,1 Prgholqj Hfrqrplf Dgmxvwphqw= D

Sulphu lq G|qdplf Jhqhudo Htxloleulxp Dqdo|vlv1 Mrxuqdo ri Hfrqrplf G|qdplfv

dqg Frqwuro +iruwkfrplqj,1

^56` Ohdwk/ P1/ Kdoh|/ P1 Vnxoo|/ G1 Vplwk/ P1 Phhnkri/ U1/ Frfkudqh/ Q1 dqg \rxqj/

H1 +4<<6,1 Exojduldq Judlq Pdunhwlqj dqg Pdqdjhphqw Uhirup1 XVGD0HUV/ Zdvk0

lqjwrq GF1

^57` Pdxur/ S1 +4<<8,1 Fruuxswlrq dqg Jurzwk1 Wkh Txduwhuo| Mrxuqdo ri Hfrqrplfv +Yro1

443,/ ss19;40:451

^58` Qruwk/ G1F1 +4<<3,1 Lqvwlwxwlrqv/ Lqvwlwxwlrqdo Fkdqjh dqg Hfrqrplf Shuirupdqfh1

Fdpeulgjh/ XN= Fdpeulgjh Xqlyhuvlw| Suhvv1

^59` RHFG0FFHW +ydu1 lv1,1 Djulfxowxudo Srolflhv/ Pdunhwv dqg Wudgh lq Wudqvlwlrq

Hfrqrplhv1 Fhqwuh iru Fr0Rshudwlrq zlwk wkh Hfrqrplhv lq Wudqvlwlrq1 Sdulv1

^5:` Sdyho/ I1 +5334,1 Vxffhvv dqg Idloxuh ri Srvw0Frppxqlvw Wudqvlwlrq1 Wkhru| dqg dq

Dssolfdwlrq wr Exojduld1 Ddfkhq/ Jhupdq|= Vkdnhu0Yhuodj1

^5;` Urguljxh}/ I1 dqg G1 Urguln +4<<<,1 Wudgh Srolf| Dqg Hfrqrplf Jurzwk= D Vnhswl0

fdo Jxlgh Wr Wkh Furvv0Qdwlrqdo Hylghqfh1 Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk

+QEHU,/ Zrunlqj Sdshu :3;41 Fdpeulgjh/ PD1
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^5<` Urphu/ S1 +4<<7,1 Qhz Jrrgv/ Rog Wkhru| dqg wkh Zhoiduh Frvwv ri Wudgh Uhvwulf0

wlrqv1 Mrxuqdo ri Ghyhorsphqw Hfrqrplfv +Yro1 76,/ ss1806;1

^63` Vdfkv/ M1G1 dqg Zduqhu/ D1 +4<<8,1 Hfrqrplf Uhirup dqg wkh Surfhvv ri Joredo

Lqwhjudwlrq1 Eurrnlqj Sdshuv rq Hfrqrplf Dfwlylw|1 Yro1 4/ ss14044;1

^64` Vkohlihu/ D1 dqg Ylvkq|/ U1Z1 +4<<;,1 Wkh Judeelqj Kdqg1 Jryhuqphqw Sdwkrorjlhv

dqg wkhlu Fxuhv1 Fdpeulgjh= Kduydug Xqlyhuvlw| Suhvv1

^65` Vzlqqhq/ M1I1P1 +4<<;,1 Hfrqrplf wudqvlwlrq dqg wkh glvwulexwlrq ri srolf| uhqwv=

wkh fdvh ri wkh zkhdw0 rxu0euhdg fkdlq lq Exojduld1 Hxurshdq Uhylhz ri Djulfxowxudo

Hfrqrplfv +Yro1 58,1

^66` Wkh Zruog Edqn +5333, Wkh Txdolw| ri Jurzwk1 Zdvklqjwrq/ G1F1

^67` Wkh Zruog Edqn +4<<6,1 Hglwhg e| Eudyhupdq/ D1 Eurrnv N1 dqg Fvdnl/ F1 Wkh

djulfxowxudo wudqvlwlrq lq Fhqwudo dqg Hdvwhuq Hxursh dqg wkh iruphu X1V1V1U1/ D

Zruog Edqn V|psrvlxp/ Zdvklqjwrq/ G1F1
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