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Vhswhpehu :/ 4<<<

WWkh dxwkruv zrxog olnh wr wkdqn wkh Lqvwlwxwh ri Vwdwlvwlfdo/ Vrfldo dqg Hfrqrplf Uh0
vhdufk +LVVHU, dw wkh Xqlyhuvlw| ri Jkdqd iru surylglqj d yleudqw dqg vwlpxodwlqj uhvhdufk
hqylurqphqw1 Zh wkdqn M1N1 Dpdnwdnsru/ Iuhg Pdjgr�/ Irvwhu Phqvdk/ Hgzlq J|dvl/ Nrmr
Dpdqru dqg vhplqdu sduwlflsdqwv dw LVVHU dqg LISUL iru ydoxdeoh frpphqwv1 Ydoxdeoh uh0
vhdufk dvvlvwdqfh dw \doh zdv surylghg e| Ulnklo Ekdyqdql1 Zh wkdqn wkh Qdwlrqdo Vflhqfh
Irxqgdwlrq +VEU0<94:9<7,/ wkh Ixoeuljkw Frpplvvlrq/ wkh Zruog Edqn Uhvhdufk Frpplw0
whh/ wkh Lqwhuqdwlrqdo Irrg Srolf| Uhvhdufk Lqvwlwxwh/ wkh Lqvwlwxwh iru wkh Vwxg| ri Zruog
Srolwlfv/ wkh Vrfldo Vflhqfh Uhvhdufk Frxqflo/ dqg wkh Lqvwlwxwh ri Lqgxvwuldo Uhodwlrqv/ XF
Ehunhoh| iru ixqglqj wklv uhvhdufk1 Prvw ri wkh uhvhdufk zdv frqgxfwhg zkloh erwk dxwkruv
zhuh ylvlwlqj ihoorzv dw LVVHU dqg wkh vhfrqg dxwkru zdv dw wkh Qruwkzhvwhuq Xqlyhuvlw|
Hfrqrplfv Ghsduwphqw1 Zh rzh d juhdw ghew wr wkh gdwd froohfwlrq whdp/ zklfk zdv ohdg
e| Huqhvw Dssldk dqg frqvlvwhg ri Urehuw Huqhvw Dihgrh/ Sdwulfn Vhorup Dplkhuh/ Hvwkhu
Dnx Vdutxdk/ Nzdehqd Prvhv Dj|dsrqj/ Hvwkhu Qdqd \dd Dgrir/ Plfkdho Nzdph Duklq/
Pdujduhw Kduulhw \herdk/ Lvvdf \dz Rpdqh/ Shwhu Dqvrqj0Pdqx/ Lvkpdholqd Erugh0Nrx�h/
Rzxvx Iudqn Derud/ dqg Ulwd Doorwh|1
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4 Lqwurgxfwlrq

Wkh doohyldwlrq ri uxudo sryhuw| dqg wkh hqkdqfhphqw ri irrg vhfxulw| duh fhqwudo
srolf| jrdov lq vxe0Vdkdudq Diulfd1 Whfkqrorjlfdo lqqrydwlrq dqg djulfxowxudo
lqwhqvl�fdwlrq duh lpsruwdqw dvshfwv ri doprvw dq| vwudwhj| ghvljqhg wr phhw
wkhvh jrdov1 Dv whfkqrorjlhv fkdqjh dqg odqg xvh lqwhqvl�hv/ iduphuv pxvw pdnh
ghflvlrqv uhjduglqj wkh pdqdjhphqw ri wkhlu odqg uhvrxufhv1 Wklv sdshu ehjlqv
dq h{dplqdwlrq ri wkh lqfhqwlyhv idfhg e| lqglylgxdo iduphuv dv wkh| pdqdjh
wkh ihuwlolw| ri wkhlu odqg lq d uhjlrq fkdudfwhul}hg e| hqylurqphqwdo vwuhvv dqg
udslg whfkqrorjlfdo fkdqjh lq djulfxowxuh1

Zh irfxv rq vrxwkhuq Jkdqd1 Dv lq pdq| djulfxowxudo v|vwhpv/ idphuv khuh
hqjdjh lq d v|vwhp ri vkliwlqj fxowlydwlrq1 Wkhvh iduphuv dovr idfh wkh rssruwx0
qlw| wr surgxfh srwhqwldoo| sur�wdeoh fursv iru h{sruw1 Wkh| duh zrunlqj zlwk
odqg zkhuh wkh qdwxudo uhvrxufh edvh dqg wkh klvwrulfdo sdwwhuq ri djulfxowxudo
kdv fuhdwhg d iudjloh djur0hfrorjlfdo hqyylurqphqw1 Wkh| dovr idfh iudfwxuhg
fuhglw pdunhwv/ zlwk wkh qhdu devhqfh ri irupdo ohqglqj dqg vfdwwhuhg dqg gli0
ixvh lqirupdo vrxufhv ri fuhglw1 Surshuw| uljkwv fdq eh xqfhuwdlqerwk zlwklq
dqg dfurvv krxvhkrogv1 Wklv sdshu r�huv d suholplqdu| h{dplqdwlrq ri iduphuv*
ghflvlrq pdnlqj zlwk uhvshfw wr ihuwlolw| pdqdjhphqw zlwklq wklv hqylurqphqw1

414 Djulfxowxuh lq Dnzdslp

Klvwrulfdoo|/ wkh iduplqj v|vwhpv ri wkh vwxg| duhd kdyh xqghujrqh d vhulhv ri
vljql�fdqw fkdqjhv1 Lq wkh 4<wk fhqwxu|/ rlo sdop surgxfwlrq vsdunhg wkh �uvw
lq rz ri pljudwlrq wr wkh duhd1 Wklv glvwulfw zdv dw wkh khduw ri Jkdqd*v frfrd
uhyroxwlrq dw wkh wxuq ri wkh 53wk fhqwxu| +Kloo/ 4<96,1 Lq 4<63/ vzroohq vkrrw
glvhdvh ghydvwdwhg frfrd surgxfwlrq dqg iduphuv dgrswhg d v|vwhp edvhg rq
lqwhufursshg fdvvdyd dqg pdl}h1 Prvw uhfhqwo| +vlqfh wkh hduo| 4<<3*v,/ iduphuv
lq wkh duhd kdyh pryhg wrzdugv lqwhqvlyh slqhdssoh surgxfwlrq iru h{sruw1 Zkloh
slqhdssoh surylghv pxfk kljkhu fdvk hduqlqjv/ wkh pdmrulw| ri idupv lq wkh duhd
duh vwloo sodqwhg wr wkh vwdsoh irrg fursv ri pdl}h dqg fdvvdyd1

Wkurxjkrxw wkhvh vkliwv lq furs hpskdvlv/ wkh lqwhqvlw| ri djulfxowxudo dfwly0
lw| kdv lqfuhdvhg1 Wkh hqwluh vrxwkhuq Jkdqdldq iruhvw0vdydqqd wudqvlwlrq }rqh/
ri zklfk wkh vxuyh| duhd lv sduw/ kdv vhhq d gudpdwlf uhgxfwlrq lq iruhvw fryhu
vlqfh wkh 4<:3v +wkh hylghqfh lv iurp dhuldo skrwrjudsk| +J|dvl hw do1 4<<7,
dqg vdwhoolwh lpdjhu| +Kdzwkruqh dqg Dex0Mxdp 4<<8,,/ lpsruwdqw uhgxfwlrqv
lq idoorz ohqjwkv ryhu wkh vdph shulrg +J|dvl hw do1 4<<7/ Dpdqru 4<<7,/ dqg
lqfuhdvhg hylghqfh ri vrlo ghwhulrudwlrq dqg lqihvwdwlrq e| shvwv +sduwlfxoduo|
wkh yluxohqw zhhg nqrzq orfdoo| dv dn|hdpsrqj, +J|dvl 4<<3> Dpdqru 4<<7,1
Wkhuh lv dovr hylghqfh +Dpdqru 4<<7, wkdw sdwwhuqv ri udlqidoo lq wkh uhjlrq
kdyh fkdqjhg/ exw wklv lv glvsxwhg e| pdq| jhrjudskhuv1 Dprqj wkh sulpdu|
fkdoohqjhv lq wkh wudqvlwlrq wr pruh lqwhqvlyh h{sruw furs surgxfwlrq/ dffrug0
lqj wr wkh iduphuv dqg wkhlu h{whqvlrq djhqwv/ lv �qglqj whfkqltxhv zklfk zloo
pdlqwdlq vrlo ihuwlolw| xqghu wkh qhz fursslqj v|vwhp1

Lq wkh fxuuhqw v|vwhp ri slqhdssoh ru pdl}h dqg fdvvdyd/ lqlwldo dqdo|vlv
ri rxu gdwd lqglfdwhv wkdw slqhdssoh lv vljql�fdqwo| pruh sur�wdeoh wkdq wkh
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vwdsoh fursv1 Wdeoh rqh lqglfdwhv wkdw slqhdssoh sorwv |lhog forvh wr 419 ploolrq
fhglv shu khfwduh pruh ryhu d |hdu dqg d kdoi shulrg wkdq frpshudeoh sorwv
soqdwhg wr pdl}h dqg fdvvdyd14 Qrw rqo| lv slqhdssoh pruh sur�wdeoh/ exw
wkhuh lv qr hylghqfh wkdw lw lv pruh ulvn| wr fxowlydwh wkdq pdl}h ru fdvvdyd
+Jrogvwhlq dqg Xgu| 4<<<,1 Wkh h{sruw pdunhw iru slqhdssoh lq Jkdqd kdv
jurzq vljql�fdqwo| lq wkh odvw ihz |hduv dqg wkhuh lv lqglfdwlrq wkdw wkh ghpdqg
iru iuxlw iru grphvwlf surfhvvlqj lv dovr jurzlqj15

415 Fdslwdo Pdunhwv

Odqg lv d yhvvho= lw lv �oohg zlwk qxwulhqwv/ wkhq wkrvh qxwulhqwv duh h{wudfwhg
lq wkh irup ri fursv1 Wklv dqdorj| +uhodwhg e| Pdufho Idifkdpsv, lv fohduo|
xqghuvwrrg e| iduphuv lq wkh vwxg| duhd1 Lq lqirupdo lqwhuylhzv/ pdq| iduphuv
h{solflwo| dujxhg wkdw wkh| zhuh gudzlqj grzq vrlo ihuwlolw| lq rughu wr h{sdqg
surgxfwlrq1 cPlqlqj wkh vrlo* lv ixqgdphqwdo wr dq| iduplqj v|vwhp edvhg rq
f|fohv ri idoorz dqg fxowlydwlrq/ dv lq wkh vwxg| duhd1 Ghflvlrqv uhjduglqj wkh
pdlqwhqdqfh ri vrlo ihuwlolw| kdyh dq lqwhuwhpsrudo glphqvlrq/ vr wkh| duh di0
ihfwhg e| wkh fdslwdo pdunhw hqylurqphqw zlwklq zklfk iduphuv rshudwh1

Wkhuh duh d ydulhw| ri fdslwdo pdunhwv dydlodeoh wr fxowlydwruv lq wkh vwxg|
duhd1 Yluwxdoo| qr rqh lqwhuylhzhg gxulqj wkh suholplqdu| �hogzrun wudqvdfwhg
zlwk irupdo vhfwru �qdqfldo lqvwlwxwlrqv/ exw pdq| eruurzhg ru ohqw lqiru0
pdoo|1 Lqirupdo �qdqfldo wudqvdfwlrqv rffxu lq pdq| irupv 0 ehwzhhq idplo|
dqg iulhqgv/ zlwk vxvx froohfwruv ru vxvx frpsdqlhv/ dqg +wr d olplwhg h{whqw,
zlwk phufkdqwv dqg prqh|ohqghuv +Du|hhwh| 4<<6/ Du|hhwh| dqg Xgu| 4<<8,1
Wkhuh lv dovr d ghjuhh ri frqwudfw iduplqj lq slqhdssoh fxowlydwlrq +dqg uduhu
iruzdug vdohv ri rqlrq dqg wrpdwr,/ zklfk pd| frqwdlq d fuhglw frpsrqhqw1
Wkh vwuxfwxuh ri frqwudfwv lq wkh vwxg| duhd/ krzhyhu/ dsshduv wr gl�hu iurp
wkdw irxqg lq rwkhu Diulfdq frqwudfw iduplqj vfkhphv +Jurvk 4<<5/ Olwwoh dqg
Zdwwv 4<<7/ Pdfnlqwrvk 4<;</ Sruwhu dqg Skloolsv0Krzdug 4<<8, ehfdxvh idup0
huv lq wkh vwxg| duhd fodlp wkdw wkh frqwudfw rqo| surylghv d jxdudqwhhg sulfh/
zlwk yluwxdoo| qr fuhglw +wkh rqo| lqsxw surylghg e| wkh h{sruwhu lv d vsud|lqj
ri d iruflqj djhqw +QDD,,1 Lq idfw/ prvw slqhdssoh h{sruwhuv dftxluh wkh iuxlw
iurp iduphuv rq d frqvljqphqw edvlv/ uhvxowlqj lq d odujh qhw  rz ri �qdqfh
iurp slqhdssoh iduphuv wr h{sruwhuv1 Grhv wkh gl�xvh dqg iudfwxuhg qdwxuh
ri wkh fuhglw pdunhw d�hfw wkh ihuwlolw| pdqdjhphqw ghflvlrqv ri wkh lqglylgxdo
iduphuvB

416 Surshuw| Uljkwv dqg wkh Krxvhkrog

Wkhuh lv d forvh uhodwlrqvkls ehwzhhq surshuw| uljkwv ryhu sduwlfxodu sorwv dqg lq0
fhqwlyhv wr dsso| whfkqltxhv iru vrlo ihuwlolw| pdlqwhqdqfh1 Rqo| lq uduh flufxp0

4Wkh phgldq sorw vl}h lv dssur{lpdwho| rqh txduwhu khfwduh/ dqg lqglylgxdov idup dq dy0
hudjh ri derxw irxu sorwv1 Wkh 41: ploolrq fhgl gl�huhqfh lq phgldq sur�wv jhqhudwhg e| wkh
fkrlfh wr fxowlydwh slqhdssoh rq doo wkh sorwv iduphg e| dq lqglylgxdo lv urxjko| wzr dqg d
kdoi wlphv Jkdqd*v shu fdslwd JGS1

5Wkh pdunhw lv fxuuhqwo| vpdoo exw d vhw ri qhz hqwudqwv pd| ohdg wr lqfuhdvhg ghpdqg1
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vwdqfhv duh uljkwv ryhu d sorw ri odqg lq wkh vwxg| duhd yhvwhg lq d frqyhqwlrqdoo|0
gh�qhg krxvhkrog1 Pruhryhu/ ghflvlrqv uhjduglqj wkh dssolfdwlrq ri ihuwlolw|0
hqkdqflqj whfkqltxhv wr sduwlfxodu sorwv duh pdgh e| wkh lqglylgxdo fxowlydwlqj
wkdw sorw1 Li wkh h!flhqw krxvhkrog prgho lv qrw fruuhfw/ wkhq wkhvh lqglylgxdo
ghflvlrqv duh frqglwlrqhg e| lqglylgxdo dv zhoo dv krxvhkrog/ hfrqrplf flufxp0
vwdqfhv1

Zh qrz wxuq wr rxu h{dplqdwlrq ri krz wkhvh idfwruv lpsdfw wkh ihuwlolw|
pdqdjhphqw ghflvlrqv ri wkh lqglylgxdo iduphuv1 Rxu jrdov lq wklv sdshu duh
wr=

41 grfxphqw wkh dydlodeoh gdwd dqg glvfxvv wkh vxuyh| uhvhdufk phwkrgrorj|
+vhfwlrq 5,>

51 ghvfuleh wkh uhohydqw hfrqrplf dqg djurqrplf frqwh{w/ dqg wr glvfxvv
wkh pdlq sdwwhuqv lq wkh gdwd uhjduglqj vrlo ihuwlolw| dqg lwv pdqdjhphqw
+vhfwlrq 6, >

61 vhw rxw wkh hfrqrplf wkhru| zklfk fdq iudph wklv hpslulfdo dqdo|vlv +vhf0
wlrq 7,>

71 hydoxdwh wkh srwhqwldo ri wklv gdwd iru frqvwuxfwlqj dqg whvwlqj hpslulfdo
prghov ri odqg uhvrxufh pdqdjhphqw +vhfwlrq 8,

5 Vxuyh| Uhvhdufk

514 Vxuyh| Duhd

Wklv uhvhdufk zdv frqgxfwhg lq wkh Hdvwhuq Uhjlrq ri Jkdqd qhdu wkh odujh
wrzqv ri Dexul dqg Qvdzdp/ dorqj wkh Dnzdslp Ulgjh1 Wklv duhd lv zkhuh
wkh iruhvw ehow wkdw fryhuv wkh plggoh ri Jkdqd phhwv wkh vfuxe sodlq ri wkh
frdvw1 Wkh Dnzdslp ulgjh surylghv d sk|vlfdo erxqgdu| ehwzhhq wkhvh wzr
hfrv|vwhpv/ dv rqh folpev 4633 ihhw iurp wkh frdvwdo sodlq wr wkh wrzq ri Dexul1

Zh zrunhg lq irxu yloodjh foxvwhuv1 Wkhvh irxu duhdv zhuh vhohfwhg gxh wr wkhlu
sduwlflsdwlrq lq wkh jurzwk ri iuxlw dqg yhjhwdeoh surgxfwlrq lq wkh uhjlrq/ dv
zhoo dv wkhlu ydulhw| ri djurqrplf/ pdunhw dqg jhrjudsklf frqglwlrqv1 �Yloodjh
4� lv d sdlu ri dgmdfhqw yloodjhv d ihz plohv iurp wkh odujh pdunhw wrzq ri
Qvdzdp1 Erwk yloodjhv zhuh vhwwohg e| Dvkdqwl pljudqwv gxulqj wkh 4;83v1
�Yloodjh 5� lv dovr d sdlu ri dgmdfhqw yloodjhv rq dq rog urdg mrlqlqj wkh wzr
odujh wrzqv1 Rqh ri wkh sdlu zdv vhwwohg derxw 483 |hduv djr> wkh rwkhu derxw
;3 |hduv djr1 Wkh| mrlqhg wrjhwkhu derxw 83 |hduv djr1 Wklv yloodjh kdv wkh
odujhvw srsxodwlrq ri wkh irxu foxvwhuv zlwk derxw 5363 shrsoh16 Ilyh plohv qruwk
ri yloodjh 5 +dqg d 78 plqxwh mrxuqh| e| yhklfoh, olhv yloodjh 6/ zklfk frqvlvwv ri
d pdlq vpdoo yloodjh +srsxodwlrq lv durxqg 673, dqg d sdlu ri dgmdfhqw kdpohwv1
Wkh pdlq yloodjh lv txlwh |rxqj/ vhwwohg lq 4<6<1 Krzhyhu/ rqh ri wkh kdpohwv

6Srsxodwlrq �jxuhv duh fdofxodwhg xvlqj wkh qxpehu ri krxvhv pxowlsolhg e| wkh dyhudjh
krxvhkrog vl}h +819, lq rxu gdwd dgxvwhg iru d mrlqw rffxsdqf| udwh ri 6:( +JVV/ 4<<8, lq wklv
uhjlrq1
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+srs1 443, zdv vhwwohg derxw 533 |hduv djr1 Zlwk olplwhg dffhvv wr qrq0idup
lqfrph rssruwxqlwlhv/ yloodjh 6 lv idu dqg dzd| wkh prvw djulfxowxudoo| dfwlyh
frppxqlw| dprqj wkh irxu1 Derxw d ploh iurp wkh pdlq urdg iurp Dexul wr wkh
fdslwdo ri Dffud lv yloodjh 71 Vhwwohg lq 4;54/ lw kdv d srsxodwlrq wrgd| ri durxqg
<<3 shrsoh1 Wzhqw| �yh |hduv djr/ frfrd iduplqj zdv wkh pdmru olyholkrrg lq
yloodjh 7/ dqg wkh yloodjh zdv idluo| zhoo r�1 Wrgd| qr rqh lv jurzlqj frfrd dqg
iduplqj kdv vkliwhg wr irrg fursv1 Ghvslwh wklv vkliw lq djulfxowxudo lqfrph/ wkh
yloodjh kdv frqwlqxhg wr jurz/ qhduo| grxeolqj lq vl}h vlqfh wkh hduo| 4<:3v1

515 Vxuyh| Rshudwlrqv

Zh lqlwldwhg wkh vxuyh| lq odwh Qryhpehu 4<<91 Diwhu wdnlqj d fhqvxv ri pduulhg
frxsohv dqg wulsohv/ zh vhohfwhg 93 lq hdfk yloodjh dw udqgrp wr sduwlflsdwh1 D
sdlu ri hqxphudwruv olyhg qhdu ru lq hdfk yloodjh foxvwhu1 Wkh pdoh hqxphudwru
lqwhuylhzhg wkh phq dqg wkh ihpdoh zdv uhvsrqvleoh iru wkh zrphq1 Ehiruh
�qlvklqj lq Vhswhpehu 4<<;/ wkhvh hqxphudwruv lqwhuylhzhg hdfk uhvsrqghqw 48
wlphv/ dw 8 wr 9 zhhn lqwhuydov1 Diwhu dq lqglylgxdo urxqg ri txhvwlrqv zdv
frpsohwhg/ wkh �oh zrxog eh uhwxuqhg wr wkh edvh r!fh iru gdwd hqwu| dqg
uhylhz e| hlwkhu Xgu| ru Jrogvwhlq/ zkr vxshuylvhg wkh �uvw dqg vhfrqg |hduv/
uhvshfwlyho|1 Ilhog vxshuylvlrq zdv frqgxfwhg e| Huqhvw Dssldk ri wkh Lqvwlwxwh
ri Vwdwlvwlfdo/ Vrfldo dqg Hfrqrplf Uhvhdufk +wkh krvw lqvwlwxwlrq,1

Lq dgglwlrq wr wkh yloodjh0edvhg hqxphudwruv/ dqrwkhu hqxphudwru +dfwxdoo|
wzr zkr dowhuqdwhg,/ urwdwhg dprqj wkh yloodjhv frqgxfwlqj d ghwdlohg sorw
txhvwlrqqdluh dqg pdsslqj hdfk sorw1 Wklv sorw gdwd zdv frpsohphqwhg e|
vrlo vdpsohv gudzq iurp hdfk sorw1 Wkh �uvw vrlo vdpsohv zhuh gudzq iurp wkh
sorwv e| wkh yloodjh0edvhg hqxphudwruv lq Qryhpehu dqg Ghfhpehu ri 4<<91 Lq
Qryhpehu dqg Ghfhpehu ri 4<<:/ d vhfrqg vrlo vdpsoh zdv wdnhq iurp hdfk
sorw e| �hog vwd� xqghu wkh gluhfwlrq ri wkh yloodjh0edvhg hqxphudwruv1 Wkhvh
vdpsohv zhuh dqdo|}hg e| wkh ghsduwphqw ri vrlo vflhqfh dw wkh Xqlyhuvlw| ri
Jkdqd/ Ohjrq1

516 Wkh Vxuyh| Lqvwuxphqwv

Lq rughu wr surylgh d frpsuhkhqvlyh slfwxuh ri djulfxowxudo surgxfwlrq zh fro0
ohfwhg dq h{whqvlyh vhw ri gdwd rq idup dfwlylwlhv1 Wkhvh txhvwlrqqdluhv iruphg
wkh fruh ri hdfk urxqg dqg zhuh uhshdwhg gxulqj doo ylvlwv1 Lq dgglwlrq/ zh
urwdwhg lq rwkhu/ prgxodu txhvwlrqqdluhv1 Wkhvh prgxohv doorzhg xv wr dg0
guhvv d ydulhw| ri lvvxhv dqg dovr iru wkh hyroxwlrq ri txhvwlrqv dv zh uhshdwhg
wkhp1 D frpsohwh olvw dqg frslhv ri doo vxuyh| lqvwuxphqwv lv dydlodeoh rq wkh
surmhfw zhevlwh= kwws=22zzz1hfrq1|doh1hgx2�xgu|2jkdqdgdwd1kwpo1 Wkh iro0
orzlqj txhvwlrqqdluhv duh wkh prvw uhohydqw iru wklv glvfxvvlrq=

Sorw Dfwlylwlhv dqg Zrun rq Vsrxvh*v Sorw 0 Wkh sorw dfwlylwlhv irup surylghv
wkh edvlf djulfxowxudo lqsxw dqg rxwsxw gdwd1 Gdwd rq doo oderu dqg qrq0oderu
lqsxwv dqg rq doo kduyhvwv iurp hdfk sorw fxowlydwhg e| hdfk uhvsrqghqw lv uh0
txhvwhg1 Diwhu lw ehfdph fohdu wkdw zh zhuh qrw dfklhylqj jrrg fryhudjh ri wkh
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oderu lqsxwv e| vsrxvhv rq uhvsrqghqwv* idupv/ zh dgghg wkh Zrun rq Vsrxvh*v
Sorw txhvwlrqqdluh1

Rxwsxw Vdohv dqg Vdohv iurp Vsrxvh*v Sorw 0 Wkhvh wudfn wkh vdoh ri rxwsxw1
Iruzdug vdohv duh uhfrughg/ dv duh wkh pruh frpprq vdohv rq frqvljqphqw1 Lq
wkhvh fdvhv/ �frqwlqxdwlrq� irupv iroorz wkh wudqvdfwlrq xqwlo lw lv frpsohwhg1
Lq urxqg ; zh ehjdq dgplqlvwhulqj Vdohv iurp Vsrxvh*v Sorw lq rughu wr wudfn
ehwwhu wkh lqwudkrxvhkrog doorfdwlrq ri wkh surfhhgv iurp furs vdohv1 Lq dgglwlrq
wr sorw dfwlylwlhv/ sorw vdohv duh sduw ri wkh fruh vhw ri txhvwlrqqdluhv zklfk zhuh
dgplqlvwhuhg hdfk urxqg1

Sorw Udqnlqj 0 Wklv txhvwlrqqdluh dvnv wkh uhvsrqghqw wr udqn doo krxvhkrog
sorwv lq wkh rughu ri ihuwlolw|1 Lw zdv dgplqlvwhuhg lq Urxqgv ; +Rfw1 4<<:, dqg
43 +Ihe1 4<<;, ehiruh wkh uhvxowv ri wkh uhvshfwlyh |hdu*v vrlo whvwv zhuh surylghg
wr uhvsrqghqwv1

Sorw Txhvwlrqqdluh 0 Dgplqlvwhuhg rqo| rqfh/ wklv jdwkhuv h{whqvlyh lqiru0
pdwlrq rq sorw uljkwv dqg ihdwxuhv1 Lw lqfoxghv edvlf djurqrplf lqirupdwlrq
vxfk dv wkh vrlo w|sh/ wrsrvhtxhqfh dqg uhfhqw furs klvwru|1 Lw dovr dvnv iru
ghwdlohg lqirupdwlrq rq wkh fxuuhqw frqwudfw dqg rzqhuvkls klvwru|1 Ilqdoo|/ lw
lghqwl�hv wkh uhvsrqvleoh sduw| iru d qxpehu ri surshuw| uljkwv +h1j1 wkh uljkw
wr vhoo rxwsxw ru wkh uljkw wr sohgjh wkh odqg,1

517 Fkdudfwhul}lqj Vrlo Ihuwlolw|

Zh pdsshg hdfk sorw xvlqj d Joredo Srvlwlrqlqj V|vwhp dqg Jhrjudsklfdo
Lqirupdwlrq Vriwzduh17 Zh fdq xvh wklv gdwd iru d idluo| dffxudwh phdvxuhphqw
ri sorw duhd1 Lq dgglwlrq wr wklv jhrjudsklf lqirupdwlrq/ hdfk sorw zdv dovr whvwhg
iru rujdqlf pdwwhu2fduerq dqg sK18 Vdpsohv zhuh froohfwhg e| surmhfw vwd� iurp
�yh orfdwlrqv rq wkh sorw/ pl{hg dqg wkhq d vpdoohu vdpsoh zdv gudzq1 Wklv
vrlo zdv whvwhg lq wkh oderudwrulhv ri wkh vrlo vflhqfh idfxow| dw wkh Xqlyhuvlw| ri
Jkdqd/ Ohjrq1

Wkh lghdo vrlo whvw zrxog kdyh ehhq d frpsohwh dvvhvvphqw ri doo pdmru qx0
wulhqwv/ dv zhoo dv plfur0qxwulhqw dydlodelolw| dqg d vrlo krul}rq sur�oh1 Jlyhq
wkh vkhhu qxpehu ri sorwv +zh vdpsohg :83 lq wkh �uvw |hdu dqg ryhu 4433 lq
wkh vhfrqg,/ wklv zdv qrw ihdvleoh1 Rujdqlf pdwwhu/ krzhyhu/ vkrxog surylgh
d jrrg ryhudoo lqglfdwru ri vrlo ihuwlolw| ehfdxvh ri lwv pxowlidfhwhg lpsdfw rq
wkh vrlo dqg sodqw jurzwk surfhvvhv1 Zkloh rujdqlf pdwwhu lv qrw lwvhoi d sodqw
qxwulhqw/ lw lv dq lpsruwdqw vrxufh ri wkh qxwulhqwv zklfk fursv gr frqvxph1 Lq
dgglwlrq/ lw lv txlwh lpsruwdqw iru vrlo ihuwlolw| lq d qxpehu ri rwkhu zd|v1 Iluvw/
lw lqfuhdvhv wkh fdwlrq h{fkdqjh fdsdflw|/ wkh vrlo*v delolw| wr devrue fulwlfdo hoh0
phqwv1 Dvdgx/ hw1do +4<<:, hvwlpdwh wkdw rujdqlf pdwwhu dffrxqwv iru derxw 93
shufhqw ri wkh vrlo*v h�hfwlyh fdwlrq h{fkdqjh fdsdflw| lq vxe0Vdkdudq Diulfd1

7Wkh pdsslqj zdv frqgxfwhg xvlqj d Wulpeoh JhrH{soruhu JSV uhfhlyhu dqg d Frppxqlw|
Edvh Vwdwlrq iru srvw0surfhvvlqj gl�huhqwldo fruuhfwlrq1 Wklv surfhgxuh uhvxowv lq srlqwzlvh
dffxudflhv lq wkh 4 wr 8 phwhu udqjh1

8Rujdqlf fduerq zdv ghwhuplqhg xvlqj wkh Zdonoh|0Eodfn zhw r{lgdwlrq phwkrg1 Rujdqlf
fduerq pxowlsolhg e| d frqvwdqw +41:5, |lhogv rujdqlf pdwwhu1 Qrwh wkdw wklv whvw grhv qrw
uhyhdo wkh suhvhqfh ri ihuwlol}huv/ zklfk duh lqrujdqlf frpsrxqgv1

9



Rujdqlf pdwwhu dovr d�hfwv vrlo vwuxfwxuh lqwr sduwlfohv wkdw doorz iru lpsuryhg
dhudwlrq dqg zdwhu uhwhqwlrq/ dv zhoo dv lqfuhdvlqj wkh vwdelolw| ri vrlo sduwlfohv
zklfk fdq khos vwhp hurvlrq 1 Ilqdoo|/ rujdqlf pdwwhu fdq devrue wr{lqv +erwk
qdwxudoo| rffxuulqj dqg kxpdq0dssolhg, wkdw dffxpxodwh lq wkh vrlo +Zrrphu/
hw1 do1 4<<7,1 Lq vrph uhvshfwv +vxfk dv wkh surylvlrq ri fdwlrq h{fkdqjh fd0
sdflw|, rujdqlf pdwwhu lv pruh lpsruwdqw lq wurslfdo vrlov wkdq lq whpshudwh/ dv
wurslfdo vrlov duh pruh zhdwkhuhg dqg kdyh d orzhu ohyho ri dydlodeoh plqhudov
+Gx{exu| hw1 do1 4<;<,

Rqh zd| wr jdxjh wkh uhohydqfh ri rujdqlf pdwwhu dv d sur{| iru ryhudoo
ihuwlolw| zdv wr dvn wkh iduphuv wr udqn wkhlu sorwv lq whupv ri ryhudoo ihuwlolw|
dqg wr frpsduh wklv udqnlqj zlwk rqh edvhg rq rujdqlf pdwwhu1 Xqghu wkh
qxoo k|srwkhvlv ri qr fruuhodwlrq ehwzhhq wkh wzr phdvxuhv ri ihuwlolw|/ v �S

m+qm � 4, � �m lv glvwulexwhg dssur{lpdwho| Q+3> 4,/ zkhuh qm lv wkh qxpehu ri
sorwv fxowlydwhg e| iduphu m dqg �m lv wkh vshdupdq udqn fruuhodwlrq ehwzhhq
rzq udqn dqg rujdqlf pdwwhu udqn iru hdfk iduphu zlwk dw ohdvw 8 sorwv1 Lq rxu
vdpsoh/ v @ 43= ;6/ �upo| uhmhfwlqj wkh qxoo k|srwkhvlv1 Rxu phdvxuh ri rujdqlf
pdwwhu lv fruuhodwhg zlwk wkh uhvsrqghqwv* rzq dvvhvvphqwv ri sorw ihuwlolw|1

Wkh whvw iru sK surylghv d frpsohphqw wr wkdw iru rujdqlf pdwwhu1 Qrw rqo| lv
sK lpsruwdqw iru wkh jurzwk ri rqh ri wkh pdmru fursv lq wklv duhd +slqhdssoh,/
lw lv dovr fruuhodwhg zlwk wkh qxwulhqw dydlodelolw|1 Dflglf vrlov hqkdqfh wkh
dydlodelolw| ri wudfh hohphqwv iru sodqw jurzwk1 Lqghhg/ Gx{exu|/ hw1 do1 +4<;<,
flwh uhvxowv wkdw vkrz wkh fdwlrq h{fkdqjh fdsdflw| ri vrlov lqfuhdvlqj lq gluhfw
sursruwlrq wr sK deryh 8131 Qrwh wkrxjk/ wkdw ehorz 818/ wkh h{fkdqjh vlwhv iru
wkh lpsruwdqw wudfh hohphqwv fdq eh eorfnhg e| doxplqlxp ru lurq prohfxohv1
Zh glvfxvv wkh sduwlfxodu sK qhhgv ri gl�huhqw fursv ehorz1

Wkh vrlo whvwv zhuh uhshdwhg diwhu rqh |hdu rq wkh sorwv fxowlydwhg e| rxu
uhvsrqghqwv1 Lq wkh �uvw |hdu +4<<90<:,/ :6; sorwv zhuh whvwhg1 Lq wkh qh{w
|hdu zh whvwhg 447; sorwv/ lqfoxglqj 959 zklfk kdg ehhq whvwhg lq wkh �uvw |hdu1
Prvw ri wkh lqfuhdvh lq wkh vdpsoh vl}h ehwzhhq wkh wzr |hduv lv dffrxqwhg iru
e| wkh idfw wkdw idoorz sorwv zhuh qrw whvwhg lq wkh �uvw |hdu/ exw zhuh lq wkh
vhfrqg19 Lq dgglwlrq/ vrph sorwv zhuh plvvhg e| huuru lq wkh �uvw |hdu1 Ri wkh
445 sorwv zklfk zhuh whvwhg lq wkh �uvw |hdu exw qrw wkh vhfrqg/ derxw d wklug
zhuh gursshg e| huuru dqg wkh uhvw sdvvhg wr lqglylgxdov zkr zhuh qrw lq wkh
vdpsoh1

6 Wkh Djurqrplfv ri wkh Uhvhdufk Duhd= Wkh
Ghwhuplqdqwv ri Rujdqlf Pdwwhu dqg sK

Rujdqlf pdwwhu dqg sK duh ghwhuplqhg e| d glyhuvh vhw ri surfhvvhv dqg idfwruv1
Iru wkh sxusrvh ri wklv dqdo|vlv/ zh fdq glylgh wkhvh lqwr wzr edvlf jurxsv= dq0
wkursrjhqlf dqg hqylurqphqwdo1 Dqwkursrjhqlf fkdqjhv vwhp prvwo| iurp wkh
iduplqj v|vwhp= zkdw lv sodqwhg/ krz lw lv sodqwhg/ wkh wlph ehwzhhq dqg gxud0

9Wkh gl!fxow| ri uhdfklqj idoorz sorwv zdv d vljql�fdqw revwdfoh wr rxu hqxphudwruv lq wkh
�uvw |hdu1 Zh kluhg dgglwlrqdo vwd� lq wkh vhfrqg |hdu iru wklv vshfl�f wdvn1
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wlrq ri idoorzv/ dqg olnh idfwruv1 Wkh sk|vlfdo hqylurqphqw/ wkurxjk wrsrjudsk|/
vrlo wh{wxuh/ folpdwh/ yhjhwdwlrq dqg udlqidoo/ lv dovr d nh| ghwhuplqdqw1 Lq wklv
vhfwlrq/ zh eulh | ghvfuleh wkh ihdwxuhv ri wkh hqylurqphqw dqg iduplqj v|vwhpv
ri rxu vwxg| duhd zklfk duh wkh prvw lpsruwdqw ghwhuplqdqwv ri wkh vrlo ihuwlolw|
surfhvv1

Wkh udlqidoo sdwwhuq lv elprgdo lq wkh vwxg| uhjlrq dqg djulfxowxudo dfwlylw|
whqgv wr eh frqfhqwudwhg durxqg wkh pdmru dqg plqru fursslqj vhdvrqv gh�qhg
e| wklv udlqidoo sdwwhuq1 Krzhyhu/ slqhdssoh fdq eh surgxfhg gxulqj doo prqwkv
ri wkh |hdu lq Jkdqd1 Wdeoh 5 jlyhv dq ryhuylhz ri wkh dqqxdo sdwwhuq ri djul0
fxowxudo surgxfwlrq1 Wkhuh duh wzr pdlq kduyhvw vhdvrqv/ wkh plqru vhdvrq lq
Ghfhpehu dqg wkh pdmru lq Mxo|0Dxjxvw1

Wkh iduphuv lq wklv duhd sudfwlfh vkliwlqj fxowlydwlrq/ zlwk �hogv ohiw idoorz
diwhu d shulrg ri fxowlydwlrq lq rughu wr uhvwruh wkhlu ihuwlolw|1 Wkh dvvrfldwhg
ihuwlolw| f|foh/ zlwk odqg ihuwlolw| glplqlvklqj wkurxjk d shulrg ri fxowlydwlrq dqg
wkhq ehlqj uhvwruhg gxulqj wkh idoorz shulrg/ lv wkh fhqwhuslhfh ri wkh wkhruhwlfdo
prgho glvfxvvhg lq vhfwlrq 71

Wkh pdlq wrro iru fohdulqj dw wkh hqg ri d idoorz lv wkh fxwodvv/ zklfk dovr
vhuyhv dv wkh pdlq ryhudoo djulfxowxudo lpsohphqw1 Wkhuh lv plqlpdo xvh ri
krhv dqg doprvw qr xvh ri phfkdqlfdo lpsohphqwv1 Krzhyhu/ wkh gdwd zh vkdoo
h{dplqh ehorz lqglfdwhv wkdw wkh lqwhqvlw| zlwk zklfk odqg lv ehlqj iduphg lv
lqfuhdvlqj/ zlwk reylrxv udpl�fdwlrqv iru orqj whup ihuwlolw| pdqdjhphqw1 Lq
rughu wr vhw wkh frqwh{w iru d pruh irupdo glvfxvvlrq ri wkh g|qdplfv ri ihuwlolw|
pdqdjhphqw/ zh qrz ghvfuleh wkh fxuuhqw djurqrplf vlwxdwlrq1

614 Vrlo

Wkh pdlq vrlo lq wklv duhd fdq eh fodvvl�hg dv do�vrov +XVGD,/ zklfk duh zhoo
zhdwkhuhg/ plqhudo vrlov1 Wdeoh 6 surylghv wkh rujdqlf pdwwhu dqg sK uhvxowv e|
|hdu1 Wkh phdq rujdqlf pdwwhu iru erwk |hduv lv voljkwo| kljkhu wkdq wkh 613(
wkdw Eudg| +4<<3, flwhv dv uhsuhvhqwdwlyh ri wklv w|sh ri vrlo1

Lq d v|vwhp ri vkliwlqj fxowlydwlrq/ vrlo ihuwlolw| rq frqwlqxrxvo| fxowlydwhg
sorwv ghfolqhv xqwlo lw uhdfkhv d fulwlfdo ohyho dw zklfk lw lv idoorzhg1 Wklv sdwwhuq
lv revhuyhg lq rxu gdwd= iru wkh 959 sorwv wkdw zhuh whvwhg iru erwk |hduv/ wkhuh
zdv d < shufhqw ghfolqh lq RP ryhu wkh |hdu1 sK dovr ghfolqhg/ e| derxw 8
shufhqw1

Jhrjudsklf yduldeohv sod| dq lpsruwdqw sduw lq wkh ghwhuplqdwlrq ri rujdqlf
pdwwhu dqg sK1 Wdeoh 7 uhsruwv wkh rujdqlf pdwwhu dqg sK ri sorwv e| yloodjh1
Wkh vrlov durxqg hdfk yloodjh duh txlwh gl�huhqw iurp hdfk rwkhu/ dv zh fdq vhh
iurp wkh gl�huhqfh lq rujdqlf pdwwhu1 Yloodjh 5 kdv idu dqg dzd| wkh orzhvw
ihuwlolw|1 Wkh ohyho ri sK lv dovr lqglfdwlyh ri wkh jhrjudsklf gl�huhqfhv/ zlwqhvv
yloodjh 4*v pxfk kljkhu sK1 Yloodjh 4 lv uhodwlyho| idu iurp wkh rwkhu yloodjhv/
vr lw lv txlwh srvvleoh wkdw wkh vrlov wkhuh duh gl�huhqw rq pdq| ohyhov iurp wkh
rwkhuv1 Wkhvh jhrjudsklfdo idfwruv frpelqh zlwk gl�huhqw iduplqj v|vwhpv wr
d�hfw wkh zd| wkdw ihuwlolw| dqg sK fkdqjh ryhu wlph1 Erwk RP dqg sK duh
ghfolqlqj prvw udslgo| lq yloodjh 61 Zh vkdoo orrn dw vrph srvvleoh uhdvrqv iru
wklv ehorz1

;



Zlwklq hdfk yloodjh/ yduldwlrq frxog eh fdxvhg e| pdq| wklqjv= gudlqdjh/
wrsrjudsk|/ vrlo w|sh/ dqg wkh olnh1 Zh kdyh gdwd rq wrsrjudsk| fodvvl�hg lqwr
wkuhh fdwhjrulhv=  dw/ vorsh/ vwhhs vorsh1 Wdeoh 8 vkrzv wkh rujdqlf pdwwhu dqg
sK ri wkhvh gl�huhqw wrsrvhtxhqfhv1 Vwhhshu vorshv kdyh kljkhu lqlwldo rujdqlf
pdwwhu/ |hw h{shulhqfh d idvwhu udwh ri ghfolqh wkdq rwkhu duhdv1 Lq whupv ri
sK wkh vwhhs vorshv vhhp wr eh pruh vwdeoh wkdq wkh rwkhuv1 Wklv lv lq olqh
zlwk Dkq*v +4<<6, revhuydwlrq wkdw lq wkh iruhvw duhdv ri Jkdqd vrph iduphuv
fkrrvh wr idup olwkrvrov ryhu urfnv frqwdlqlqj zhdwkhudeoh plqhudov vlqfh wkh|
duh pruh ihuwloh1 Wklv pd| dovr eh uhvsrqvleoh iru wkh kljkhu udwh ri RP ghfolqh/
dv wkh vrlo od|hu lv wklqqhu wkdq hovhzkhuh1 Rqh dowhuqdwh h{sodqdwlrq iru wklv
fruuhodwlrq zrxog eh wkdw vlqfh vwhhshu odqg hqwdlov pruh vwuhqxrxv oderu/ lw lv
iduphu ohvv lqwhqvlyho|1 Zh vkdoo h{dplqh wklv lq wkh frqwh{w ri idoorz sdwwhuqv/
ehorz1

Zh kdyh fodvvl�hg wkh uhvsrqghqwv* orfdo qdphv ri wkhlu vrlo w|shv lqwr vdqg/
ordp dqg fod|/ dffruglqj wr wkh X1V1 wh{wxudo fodvvl�fdwlrq v|vwhp1 Wdeoh 9
surylghv wkh rujdqlf pdwwhu dqg sK ri gl�huhqw vrlo w|shv1 Ordp| vrlov duh
pxfk forvhu wr qhxwudo sK dqg kdyh pdujlqdoo| kljkhu rujdqlf pdwwhu1 Zkhq
orrnlqj dw wkh gl�huhqfh ryhu wkh wzr |hdu shulrg/ ordp| vrlov whqg wr eh pruh
vwdeoh lq rujdqlf pdwwhu zlwk d pxfk vpdoohu fkdqjh wkdq wkh rwkhu w|shv1

Wkhvh jhrjudsklf yduldeohv ydu| vljql�fdqwo| dfurvv yloodjhv dv zhoo1 Iru
h{dpsoh/ 9< shufhqw ri wkh odqg lq yloodjh 4 lv  dw/ zkloh 55 shufhqw ri wkh odqg
lq yloodjh 7 lv rq d vwhhs vorsh1 Wdeoh 9 vkrzv wkh glvwulexwlrq ri vrlo w|shv e|
yloodjhv1 Djdlq/ wkh prxwdlqvlgh vrlov ri yloodjh 7 vhw lw dsduw1

615 Fursv

Wkh fursv wkhpvhoyhv xvh dqg frqwulexwh wr rujdqlf pdwwhu lq gl�huhqw zd|v1
Pdl}h dqg fdvvdyd duh wkh pdlq irrg fursv/ dqg wkh| duh riwhq lqwhufursshg
+zlwk qr furs fohduo| grplqdqw,/ vr zh frpelqh wkhvh sorwv lqwr d vlqjoh �pdl}h/
fdvvdyd dqg frfr|dp� fdwhjru| zklfk lqfoxghv doo frpelqdwlrqv ri wkhvh fursv1
Wdeoh : vkrzv wkh rujdqlf pdwwhu dqg sK/ e| |hdu/ ri wkh gl�huhqw fursv1:

Wkh gl�huhqfh lq sorw fkdudfwhulvwlfv ehwzhhq slqhdssoh dqg rwkhu fursv lv
vwdun1 Slqhdssoh lv sodqwhg rq pxfk pruh dflglf odqg1 Slqhdssoh lv dovr sodqwhg
rq vrlo zlwk orzhu ohyhov ri rujdqlf pdwwhu1 Krzhyhu/ wkhvh gl�huhqfhv lq rujdqlf
pdwwhu duh gulyhq doprvw hqwluho| e| yloodjhv1 Li zh orrn dw wkh gl�huhqfh lq
rujdqlf pdwwhu ehwzhhq slqhdssoh dqg qrq0slqhdssoh sorwv/ wkh rqo| sodfh lq
zklfk wkh gl�huhqfh lv vljql�fdqw +dw wkh << shufhqw ohyho, lv yloodjh 41 Wkh
uhvxow wkdw slqhdssoh lv sodqwhg rq pruh dflglf vrlo/ krzhyhu/ lv vwdwlvwlfdoo|
vljql�fdqw iru hdfk yloodjh1 Wkh sK uhvxow lv suredeo| gxh wr wkh idfw wkdw
iduphuv uhfrjql}h slqhdssoh*v qhhg iru pruh dflglf vrlo/ ru dv d e|0surgxfw ri
wkh ihuwlol}hu xvhg rq wkhvh �hogv1 Lq idfw/ hdfk furs kdv d gl�huhqw rswlpdo sK1

:Zh xvhg wkh sorw dfwlylwlhv irup +dgplqlvwhuhg hdfk urxqg, wr fdwhjrul}h wkh fursv jurzq
rq hdfk sorw1 Wkxv/ zh rqo| frxqw d furs rq wkdw sorw iru wkh |hdu li wkhuh zdv vrph dfwlylw|
+wklv lqfoxghv kduyhvwlqj dqg sodqwlqj,1 Wkhq zh fdwhjrul}hg wkh pdlq furs rq wkh sorw xvlqj
uxohv edvhg rq �hog revhuydwlrq +h1j1 fdvvdyd fdq eh lqwhufursshg zlwk slqhdssoh/ exw lw lv
doprvw dozd|v sodqwhg rqo| rq wkh erughu ri wkh sorw,1

<



Wdeoh ; vkrzv wkh qxpehu ri sorwv lq hdfk yloodjh sodqwhg wr wkh pdmru fursv
zkhuh wkh sK ohyho lv wrr kljk/ rswlpdo/ ru wrr orz1; Wkh uhvxowv lqglfdwh wkdw
wkh pdmrulw| ri �hogv sodqwhg wr slqhdssoh duh wrr edvlf iru wkdw furs1 Wkh
vlwxdwlrq zlwk pdl}h lv pruh ydulhg1 Lq yloodjh 4/ wkh pdmrulw| ri pdl}h �hogv
kdg d sK wkdw zdv deryh rswlpdo1 Yloodjh 5 kdg wkh sureohp ri pdl}h sorwv
sodqwhg rq sorwv wkdw zhuh wr dflglf1 Yloodjhv 6 dqg 7/ rq wkh rwkhu kdqg/ kdg
sorwv sodqwhg rq erwk hqgv ri wkh vshfwuxp1 Jlyhq fdvvdyd*v wrohudqfh iru d
zlgh udqjh ri sK +80;,/ doprvw doo sorwv ihoo zlwklq wkh rswlpdo ydoxhv1

Wkh fhqwudo g|qdplf ri wkh idoorz v|vwhp ri ihuwlolw| pdlqwhqdqfh lv hylghqw
lq Wdeoh </ zklfk uhsruwv wkh fkdqjhv lq RP dqg sK rq sorwv fxowlydwhg zlwk
wkh vdph furs lq wkh wzr vdpsoh |hduv1 Rujdqlf pdwwhu dqg sK ghfolqh rq doo
sorwv> vljql�fdqwo| vr rq wkh sorwv ghyrwhg wr wkh wzr pdlq iduplqj v|vwhpv ri
wkh uhjlrq1 Wkh ghfolqh lq RP lv txlwh odujh= iru slqhdssoh/ wkh dqqxdo ghfolqh
lv htxlydohqw wr derxw 426 wr 427 wkh furvv0vhfwlrqdo vwdqgdug ghyldwlrq ri sorwv
sodqwhg zlwk slqhdssoh> iru wkh pdl}h2fdvvdyd v|vwhp wkh ghfolqh lv 427 wr 428
wkh furvv0vhfwlrqdo vwdqgdug ghyldwlrq1

616 Jhqghu

Phq duh pxfk pruh olnho| wr jurz slqhdssoh wkhq zrphq1 <3( ri wkh sorwv
fxowlydwhg e| zrphq duh edvhg rq wkh pdl}h2fdvvdyd iduplqj v|vwhp/ zkloh
pruh wkdq d wklug ri wkh sorwv fxowlydwhg e| phq duh ghyrwhg wr slqhdssoh +vhh
Wdeoh 43,1 Zrphq*v sorwv dsshdu wr eh ohvv ihuwloh wkdq wkrvh ri phq= wkh
phgldq RP ri pdl}h2fdvvdyd sorwv fxowlydwhg e| zrphq lv 6143/ zkloh iru phq
lw lv 616;1< Wkhuh lv qr vljql�fdqw gl�huhqfh lq wkh sK ri wkh pdl}h2fdvvdyd
sorwv fxowlydwhg e| phq dqg zrphq1 Derxw kdoi ri wkh gl�huhqfh lq wkh phgldq
RP ri sorwv fxowlydwhg e| phq dqg zrphq lv dffrxqwhg iru e| yloodjh h�hfwv1
Wkh uhpdlqlqj gl�huhqfh lv 146 dqg vwdwlvwlfdoo| vljql�fdqw dw wkh 43( ohyho1

Wkh udwh dw zklfk ihuwlolw| ghfolqhv lv orzhu rq sorwv fxowlydwhg e| zrphq1
Wkh phgldq ghfolqh lq wkh sK ri pdl}h2fdvvdyd sorwv ri zrphq lv lghqwlfdo
wr wkdw ri vlplodu sorwv fxowlydwhg e| phq1 Krzhyhu/ wkh phgldq ghfolqh lq
RP lv orzhu rq zrphq*v pdl}h2fdvvdyd sorwv= 0139 frpsduhg wr 0164 rq phq*v
pdl}h2fdvvdyd sorwv143 Frqwuroolqj iru yloodjh h�hfwv/ wkh gl�huhqfh lv hyhq pruh
vwulnlqj= wkh RP rq phq*v pdl}h2fdvvdyd sorwv ghfolqhv pxfk pruh udslgo| wkdq
wkdw rq zrphq*v pdl}h2fdvvdyd sorwv +wkh gl�huhqfh lv 15; +s@13:,,1

Jhqghu gl�huhqfhv lq ihuwlolw| ghfolqh +wkrxjk qrw ihuwlolw|, shuvlvw hyhq zkhq
zh h{dplqh gl�huhqfhv zlwklq krxvhkrogv1 Zlwklq krxvhkrogv/ wkh phgldq RP
ri pdl}h2fdvvdyd sorwv fxowlydwhg e| phq dqg zrphq duh yluwxdoo| wkh vdph +wkh
gl�huhqfh lv 136,1 Krzhyhu/ wkh phgldq ghfolqh lq RP lv pxfk vpdoohu rq sorwv
fxowlydwhg e| zrphq wkdq rq sorwv fxowlydwhg e| wkhlu kxvedqgv +wkh gl�huhqfh
lv 166 +s@3143,,1

;Qrwh wkdw iru wklv wdeoh/ lqwhufursshg �hogv zhuh frxqwhg wzlfh/ rqfh xqghu pdl}h dqg
rqfh xqghu fdvvdyd1

<Wkh s0ydoxh ri wkh qxoo k|srwkhvlv wkdw wkhvh phgldqv duh htxdo lv 31351
43Wkh s0ydoxh ri wkh qxoo k|srwkhvlv wkdw wklv gl�huhqfh lv }hur lv 31451
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Zrphq fxowlydwh sorwv zklfk duh ohvv ihuwloh wkdq wkrvh ri phq/ exw wkh udwh
dw zklfk ihuwlolw| ghfolqhv rq sorwv fxowlydwhg e| zrphq lv ohvv wkdq rq wkrvh
fxowlydwhg e| phq1 Wkh jhqghu gl�huhqfhv lq ihuwlolw| dqg +hvshfldoo|, ihuwlolw|
ghfolqh duh odujh/ hyhq zlwklq krxvhkrogv1

7 D Vlpsoh Prgho ri Ihuwlolw| G|qdplfv

Vrlo ihuwlolw| lv d g|qdplf v|vwhp zklfk d�hfwv dqg lv d�hfwhg e| furs jurzwk1
Rxu fuxfldo k|srwkhvlv lv wkdw wkh uhohydqw dvshfwv ri vrlo ihuwlolw| fdq eh uhsuh0
vhqwhg dv d vlqjoh lqgh{ !+w,1 Reylrxvo| wkhuh duh d krvw ri idfwruv wkdw hqwhu
lqwr zkdw zh fdoo �vrlo ihuwlolw|�> rxu zrunlqj k|srwkhvlv lv wkdw wkhvh fdq eh
djjuhjdwhg lqwr d vfdodu lqgh{1 Lw pljkw eh wkh fdvh wkdw gl�huhqw fursv/ vrlov ru
wrsrjudsklhv pljkw lqyroyh gl�huhqw ixqfwlrqdo uhodwlrqvklsv ehwzhhq !+w,> b!+w,
dqg rxwsxw/ exw lq hdfk fdvh zh k|srwkhvl}h wkdw wkh lqgh{ lwvhoi lv xqfkdqjhg
+Eduuhww 4<<4,1 Zh lqfrusrudwhg wkh dvvxpswlrq wkdw wklv k|srwkhvlv lv fruuhfw
lqwr wkh ghvljq ri wkh �hogzrun e| dvnlqj rxu uhvsrqghqwv wr udqn wkh ihuwlolw|
ri wkhlu rzq dqg wkhlu vsrxvhv* sorwv1

Zh �uvw ghvfuleh vrph ri wkh uhgxfhg irup uhodwlrqvklsv ehwzhhq fursslqj
sdwwhuqv/ idoorz shulrgv/ dqg rujdqlf pdwwhu frqwhqw wkdw zrxog eh h{shfwhg wr
krog li iduphuv rswlpdoo| pdqdjh ihuwlolw|1 Zh ghvfuleh wkh gl!fxowlhv zklfk
dulvh li wkhuh duh gl�huhqw irupv ri xqrevhuyhg khwhurjhqhlw| lq wkh fkdudfwhulv0
wlfv ri gl�huhqw sorwv/ dqg li krxvhkrogv gr qrw idfh frpsohwh pdunhwv1 Ilqdoo|/
zh glvfxvv h{whqvlrqv ri wkh prgho zklfk shuplw dq dqdo|vlv ri ihuwlolw| fkrlfh
rq pxowlsoh sorwv zlwklq d krxvhkrog1

Prvw glvfxvvlrqv lq wkh hfrqrplfv olwhudwxuh ri wkh pdqdjhphqw ri vrlo ihu0
wlolw| lq ghyhorslqj frxqwulhv wuhdw wkh ghflvlrq sureohp dv rqh ri wkh rswlpdo
h{wudfwlrq ri d uhqhzdeoh uhvrxufh +h1j1 Grqrydq dqg Fdvh|/ 4<<;> Fod| hw do1
4<<;> Nudxwnudhphu/ 4<<7> Eduuhww/ 4<<41 Wkh vrxufh ri wkh prgho lv Ohzlv dqg
Vfkpdohqvhh 4<::,1 Ohw �! eh wkh pd{lpxp ihuwlolw| rewdlqdeoh/ dqg qrupdol}h
! vr wkdw wkh plqlpdo ohyho ri ihuwlolw| +vxfk wkdw odqg ghjudgdwlrq kdv ehfrph
luuhyhuvleoh, lv 31 Ohw j+!, eh wkh qdwxudo udwh ri uhjhqhudwlrq vr wkdw rq idoorz
odqg b!+w, @ j+!+w,,> zkhuh j+�!, @ j+3, @ 3> zlwk j+, frqfdyh1

Wkh frqwuro yduldeoh lv wkh dqwkursrjhqlf fkdqjh lq ihuwlolw|/ zklfk zh ghqrwh
e| v= Sur�wv fdq eh lqfuhdvhg e| lqfuhdvlqj wkh udwh ri vrlo ghwhulrudwlrq/ vr
sur�wv dw wlph w duh �+!+w,> v+w,, zkhuh � lv lqfuhdvlqj lq erwk dujxphqwv1 Wkh
frvw ri h{wudfwlqj uhvrxufhv iurp wkh vrlo/ ri frxuvh/ lv glplqlvkhg ihuwlolw| lq wkh
ixwxuh= b!+w, @ j+!+w,,� v+w,1 Zh dvvxph wkdw v � 3=44

Li wkh iduphu kdv dffhvv wr fdslwdo pdunhwv dw dq lqwhuhvw udwh �> klv ru khu
sureohp lv wr fkrrvh d ixqfwlrq v+w, wr vroyh

pd{

]
4

3

h��w�+!+w,> v+w,,gw +4,

44Wklv lv qrw dq hqwluho| vhqvleoh dvvxpswlrq lq d iduplqj v|vwhp ri pdqdjhg idoorz1 Rqh
zrxog zdqw wr shuplw r 	 f wr lqfrusrudwh wkh qrwlrq wkdw iduphuv pljkw �qg lw rswlpdo wr
xvh frvwo| uhvrxufhv rq idoorz sorwv wr vshhg wkh uhjhqhudwlrq ri ihuwlolw| +Dpdqru/ 4<<7,1 Iru
rxu fxuuhqw sxusrvhv/ krzhyhu/ olwwoh lv orvw e| wklv vlpsol�fdwlrq1
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vxemhfw wr

b!+w, @ j+!+w,,� v+w, +5,

jlyhq dq lqlwldo ohyho ri ihuwlolw| !+3,1 Li erwk �+, dqg j+, duh vwulfwo| frqfdyh
dqg wkh glvfrxqw udwh lv orz hqrxjk +uhodwlyh wr j3+!,, wkhq wkhuh zloo eh d
vwhdg|0vwdwh vroxwlrq zlwk d frqvwdqw ohyho ri ihuwlolw| !� vxfk wkdw

�!+!
�> j+!�,,

�v+!
�> j+!�,,

. j3+!�, @ �> +6,

zkhuh vxevfulswv lqglfdwh sduwldo ghulydwlyhv zlwk uhvshfw wr wkh lqglfdwhg dujx0
phqw1

Wklv lv qrw d vhqvleoh prgho iru dq djulfxowxuh edvhg rq uhshdwhg idoorzv/ ri
frxuvh1 Ohzlv dqg Vfkpdohqvhh +4<::, vxjjhvw wkdw qrqfrqyh{lwlhv lq j+=, ru
lq �+=, fdq ohdg wr rswlpdo h{kdxvwlrq ri d uhqhzdeoh uhvrxufh1 Lq sduwlfxodu/
wkhuh pd| eh lqfuhdvlqj uhwxuqv wr ghsohwlqj vrlo uhvrxufhv/ dw ohdvw dw orz udwhv
ri uhvrxufh ghsohwlrq1 Iru h{dpsoh/ lq rughu wr nhhs d sorw xqghu fxowlydwlrq
lw lv qhfhvvdu| wr glvuxsw qdwxudo surfhvvhv ri vrlo uhjhqhudwlrq1 Dowhuqdwlyho|/
fxowlydwlrq pd| hqwdlo �{hg frvwv +iru h{dpsoh/ d plqlpdo dprxqw ri zhhglqj,
zklfk fdq eh dyrlghg rqo| e| ohdylqj wkh sorw idoorz1 Lw pd| zhoo eh wkh fdvh
wkdw wkh �{hg frvw lv d ixqfwlrq ri wkh ohyho ri ihuwlolw|/ exw wkdw h{whqvlrq lv qrw
hvvhqwldo1 Ohw I eh wkh ohyho ri wkh �{hg frvw dvvrfldwhg zlwk v+w, A 31 Wkh
lqvwdqwdqhrxv sur�w ixqfwlrq lv qrz

�+!+w,> v+w,,� I4+v+w,, A 3,> +7,

zkhuh 4+=, lv wkh lqglfdwru ixqfwlrq dqg I lv wkh ohyho ri wkh �{hg frvw1 Zkhq
ihuwlolw| lv orz hqrxjk/ lw pd| qrz eh rswlpdo wr dedqgrq wkh sorw1 Wkh iduphu*v
sureohp lv qrz wr fkrvh W dqg wkh ixqfwlrq v+w, wr pd{lpl}h

Yd+!3, @

] W

3

h��w�+!+w,> v+w,,gw +8,

vxemhfw wr +5,1 Ohzlv dqg Vfkpdohqvhh +4<::/ sursrvlwlrq 9, surylgh vx!flhqw
frqglwlrqv iru wkh h{lvwhqfh ri d xqltxh +Wd> vd+w,, vroylqj +8,1

D vhfrqg �{hg frvw dvvrfldwhg zlwk uhvxplqj fxowlydwlrq diwhu d shulrg ri
idoorz fdq jhqhudwh dq rswlpdo f|foh ri idoorz dqg iduplqj1 Lq vrxwkhuq Jkdqd/
wklv frvw lv wkh oderu h{shqglwxuh uhtxluhg wr fohdu dqg suhsduh d idoorz sorw iru
fxowlydwlrq1 Ohw U eh wklv frvw1 Ohzlv dqg Vfkpdohqvhh +4<::, surylgh d yhu|
vlpsoh vhw ri vx!flhqw frqglwlrqv xqghu zklfk d f|foh ri odqg xvh dvvrfldwhg zlwk
ghwhulrudwlqj ihuwlolw| iroorzhg e| d shulrg ri vrlo uhjhqhudwlrq xqghu idoorz lv
rswlpdo145 Wkhvh frqglwlrqv duh wkdw= +d, vwhdg| vwdwh sur�wv dw !� dv gh�qhg
lq +6, duh ohvv wkdq I > +e, wkhuh duh ohyhov ri ! ? �! vxfk wkdw v A 3 fdq eh
fkrvhq wr pdnh � � I srvlwlyh> dqg +f, <!v ? �! vxfk wkdw Yd+!v, A V/ wkdw lv/
lw lv pruh sur�wdeoh wr uhwxuq dqg idup wkh odqg udwkhu wkdq wr dedqgrq lw1

45Nudxwnudhphu +4<<7, glvfxvvhv wkh vdph vhw ri frqglwlrqv1
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714 Hpslulfdo Lpsolfdwlrqv

Wkh uhgxfhg irup lpsolfdwlrqv ri wklv prgho duh yhu| vwurqj li pdunhwv duh
frpsohwh/ sorwv duh lghqwlfdo +frqglwlrqdo rq revhuydeohv, dqg RP phdvxuhv
+shukdsv zlwk huuru, !1 Li wkhvh dvvxpswlrqv duh fruuhfw/ wkhq wkh rswlpdo
sdwk ri vrlo ghsohwlrq lv lghqwlfdo dfurvv sorwv/ hqdeolqj xv wr zulwh wkh sur�wv
ri fxuuhqwo| fxowlydwhg sorwv dv d ixqfwlrq rqo| ri fxuuhqw ihuwlolw|/ zklfk lwvhoi
lv rqo| d ixqfwlrq ri wkh wlph vlqfh wkh sorw zdv odvw idoorzhg1 Khqfh/ orrnlqj
dw wkh furvv vhfwlrq ri sorwv=

41 RP idoov rq wkh sorwv fxowlydwhg ehwzhhq wkh wzr RP phdvxuhphqwv1 Wkh
udwh ri wklv idoo ghshqgv rqo| rq wkh wlph vlqfh odvw idoorzhg1

51 RP rq fxowlydwhg sorwv lv d prqrwrqlfdoo| ghfolqlqj ixqfwlrq ri wlph vlqfh
odvw idoorzhg/ zlwk phdvxuhphqw huuru lq RP dv wkh rqo| vrxufh ri yduldwlrq
durxqg wkh ixqfwlrq1

61 Sorw sur�w lv d prqrwrqlfdoo| ghfuhdvlqj ixqfwlrq ri wlph vlqfh odvw ido0
orzhg1

71 Wkhuh lv d fulwlfdo ohyho a! dw zklfk wkh sorw lv dedqgrqhg wr idoorz1 Do0
wkrxjk RP phdvxuhv ! zlwk huuru/ rq dyhudjh sorwv ohiw idoorz lq |hdu 5
zloo kdyh orzhu RP wkdq sorwv zklfk frqwlqxh wr eh fxowlydwhg1

81 Doo sorwv duh fxowlydwhg iru wkh vdph qxpehu ri |hduv ehiruh ehlqj idoorzhg1

71414 Lqfrpsohwh Pdunhwv

Lw lv qrw wkh fdvh wkdw pdunhwv duh frpsohwh lq rxu vdpsoh yloodjhv1 Lq sduwlfx0
odu/ �qdqfldo pdunhwv duh lpshuihfw dqg lw lv olnho| wkdw gl�huhqw krxvhkrogv idfh
gl�huhqw wudgh0r�v ehwzhhq suhvhqw dqg ixwxuh frqvxpswlrq1 Zh zloo surylgh d
irupdo wuhdwphqw ri �qdqfldo pdunhwv dqg oltxlglw| frqvwudlqwv lq ixwxuh zrun/
exw iru qrz wkh pdlq srlqwv duh fohdu li zh doorz � wr ydu| dfurvv krxvhkrogv1
Lq htxdwlrq +4, � lv uhsodfhg e| �k/ rwkhuzlvh wkh sureohp lv xqfkdqjhg1 Wkh
rswlpdo wlph sdwk ri uhvrxufh h{wudfwlrq v�+w, reylrxvo| ghshqgv rq �k/ zhdn0
hqlqj wkh lpsolfdwlrqv qrwhg deryh1 Pdq| ri wkh hpslulfdo lpsolfdwlrqv qrz
ghshqg rq frqglwlrqlqj rq �k1

41 RP idoov rq fxowlydwhg sorwv1 Krzhyhu/ wkh udwh ri wkh idoo ghshqgv rq �k=

51 Frqglwlrqdo rq �k>RP lv d prqrwrqlfdoo| ghfolqlqj ixqfwlrq ri wkh wlph
vlqfh odvw idoorzhg1 Zlwk vwurqj exw lqwxlwlyh frqglwlrqv rq �+=, dqg j+=,/
wkh udwh dw zklfk RP ghfolqhv lv d ghfuhdvlqj ixqfwlrq ri �k1

61 Sorw sur�wv kdyh qr vlpsoh xqfrqglwlrqdo uhodwlrqvkls zlwk wkh wlph vlqfh
odvw idoorzhg1

71 Uhpdlqv xqfkdqjhg1

81 Wkh qxpehu ri |hduv ehwzhhq idoorzv lqfuhdvhv zlwk �k1
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71415 Lqwudkrxvhkrog Lvvxhv

Li wkh lqwudkrxvhkrog doorfdwlrq lv Sduhwr h!flhqw/ wkhq hdfk fxowlydwru zlwklq
d krxvhkrog vkduhv d frpprq �k/ dqg wkh lpsolfdwlrqv glvfxvvhg lq vhfwlrq
714 krog iru zlwklq krxvhkrog frpsdulvrqv1 D uhmhfwlrq ri wkrvh lpsolfdwlrqv
wkhq lpsolhv hlwkhu wkdw wkh prgho ri ihuwlolw| pdqdjhphqw lv lqfruuhfw/ ru wkdw
lqwudkrxvhkrog uhvrxufh doorfdwlrq lv qrw Sduhwr h!flhqw1

71416 Sorw Ohyho Khwhurjhqhlw|

Xqrevhuyhg khwhurjhqhlw| dw wkh sorw ohyho fdq pdnh wkh ghulydwlrq ri uhgxfhg
irup uhvwulfwlrqv pruh gl!fxow/ ghshqglqj xsrq wkh irup ri wklv khwhurjhqhlw|1
Li wkh khwhurjhqhlw| wdnhv wkh irup ri +hlwkhu shupdqhqw ru wudqvlwru|, sorw vsh0
fl�f yduldwlrq lq ihuwlolw| zklfk lv xqfruuhodwhg zlwk phdvxuhg RP/ wkhq prvw
ri wkh lpsolfdwlrqv deryh frqwlqxh wr krog ehfdxvh wklv fdq eh lqwhusuhwhg dv
phdvxuhphqw huuru lq RP1 Li/ krzhyhu/ wkh khwhurjhqhlw| hqwhuv lqwr wkh ghwhu0
plqdwlrq ri sur�wv ru wkh hyroxwlrq ri ihuwlolw| lq d pruh jhqhudo zd|/ wkhq wkh
uhgxfhg irup uhvwulfwlrqv duh zhdnhqhg1 Iru h{dpsoh/ vxssrvh lqvwdqwdqhrxv
sur�wv duh

��+!+w,> v+w,> %, � �+!+w,> v+w,> %,� I4+v+w,,> +9,

zkhuh % lv d wlph0lqyduldqw sorw h�hfw1 Ohwwlqj wkh vxevfulswv k lqglfdwh krxvh0
krogv dqg s sorwv/ wkh rswlpdo sdwk ri vrlo ghsohwlrq rq fxowlydwhg sorwv zloo
eh d ixqfwlrq v�+w> %ks> �k,1 Gxulqj wkh shulrg ri fxowlydwlrq/ b!

�

+w> %ks> �k, @
j+!�+w> %ks> �k,,�v�+w> %ks> �k, ? 31 Li C�@�% A 3> wkhq xqghu uhvwulfwlyh exw lq0
wxlwlyh frqglwlrqv zh kdyh wkh uhvxow wkdw frqglwlrqdo rq �k dqg fxuuhqw ihuwlolw|
!> wkh udwh ri ghsohwlrq lv lqfuhdvlqj lq %1 Frqvhtxhqwo|/ sorwv zlwk kljk xqre0
vhuyhg surgxfwlylw| +%, zloo kdyh orzhu ihuwlolw| +!, iru dq| jlyhq wlph vlqfh odvw
idoorzhg1 Rq dq| jlyhq sorw/ wkh wlph sdwk ri sur�wv uhpdlqv grzqzdug vorslqj1
Krzhyhu/ hyhq frqglwlrqdo rq �k wkh furvv0vhfwlrqdo fruuhodwlrq ehwzhhq sur�wv
dqg wlph vlqfh odvw idoorzhg fdqqrw eh vljqhg= sorwv zlwk kljk xqrevhuyhg % zloo
kdyh kljk sur�wv dqg orqj shulrgv ehwzhhq idoorzv/ plwljdwlqj ru uhyhuvlqj wkh
h{shfwhg lqyhuvh uhodwlrqvkls ehwzhhq wlph vlqfh idoorz dqg sur�wdelolw|1

8 Suholplqdu| Ilqglqjv
Wkh sxusrvh ri wklv vhfwlrq lv wr h{dplqh wkh vxuyh| gdwd lq wkh oljkw ri wkh
sulpdu| lpsolfdwlrqv ri wkh vlpsoh prgho ri rswlpdo ihuwlolw| pdqdjhphqw suh0
vhqwhg lq vhfwlrq 71

814 Wkh Ghfolqh lq Ihuwlolw| rq Fxowlydwhg Sorwv

Shukdsv wkh prvw lpsruwdqw dvvxpswlrq zh kdyh pdgh lv wkdw wkh g|qdplfv ri
vrlo ihuwlolw| fdq eh vxppdul}hg dorqj d vlqjoh glphqvlrq/ dqg wkdw vrlo rujdqlf
pdwwhu lv d phdvxuh +shukdsv d"lfwhg e| fodvvlfdo phdvxuhphqw huuru, ri ihuwlolw|1
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Li ihuwlolw| lv rqh0glphqvlrqdo/ wkhq lq d iduplqj v|vwhp fkdudfwhul}hg e| f|fohv ri
fxowlydwlrq dqg idoorz/ ihuwlolw| ghfolqhv gxulqj fxowlydwlrq dqg lv uhvwruhg gxulqj
idoorz1 Lq vhfwlrq 614 zh qrwhg wkdw wkh �uvw kdoi ri wklv sdwwhuq lv revhuyhg
lq rxu gdwd1 Lq Iljxuh 4/ zh vkrz wkh glvwulexwlrq ri fkdqjhv lq vrlo RP iru
sorwv fxowlydwhg ehwzhhq wkh wzr vrlo whvwlqj gdwhv/ vhsdudwho| iru slqhdssoh dqg
rwkhu fursv1 Wkh phgldq ghfolqh lq RP rq fxowlydwhg sorwv lv 0155 +wkh phgldq
ohyho ri RP dw wkh �uvw revhuydwlrq rq wkhvh sorwv lv 6147,> wkhuh lv qr vljql�fdqw
gl�huhqfh lq wkh ghfolqh lq rujdqlf pdwwhu rq sorwv fxowlydwhg zlwk gl�huhqw
fursv1 Qru lv wkhuh dq| gl�huhqfh lq wkh ghfolqh lq RP dfurvv yloodjhv/ exw dv
fdq eh vhhq lq Wdeoh 44/ wkhuh duh lpsruwdqw gl�huhqfhv dffruglqj wr sk|vlfdo
ihdwxuhv ri wkh sorw1 Lq sduwlfxodu/ RP ghfolqhv yhu| udslgo| rq vwhhs vorshv
dqg pxfk ohvv udslgo| rq ordp| vrlo1 Wkhuh lv qr uhdvrq wr h{shfw wkdw wkh
udwh ri ihuwlolw| ghfolqh lv frqvwdqw ryhu wkh shulrg ri fxowlydwlrq/ exw zh �qg qr
vljql�fdqw yduldwlrq lq wkh udwh ri RP ghfolqh dffruglqj wr wkh ohqjwk ri wlph
vlqfh wkh sorw zdv odvw idoorzhg1

Lw lv qrw srvvleoh wr xvh wkh vdph phwkrg wr whvw wkh k|srwkhvlv wkdw vrlo
RP lqfuhdvhv gxulqj shulrgv ri idoorz/ ehfdxvh zh gr qrw kdyh uhshdwhg vrlo
phdvxuhphqwv rq idoorzhg sorwv1

Wkh qh{w lpsruwdqw lpsolfdwlrq ri rxu vlpsoh prgho ri ihuwlolw| g|qdplfv lv
wkdw ihuwlolw| lv d ghfolqlqj ixqfwlrq ri wkh |hduv vlqfh wkh sorw zdv idoorzhg1 Li
fdslwdo pdunhwv duh frpsohwh/ wklv uhodwlrqvkls lv frqglwlrqdo rqo| rq sk|vlfdo
fkdudfwhulvwlfv ri wkh sorw> li gl�huhqw krxvhkrogv idfh gl�huhqw rssruwxqlw| frvwv
ri fxuuhqw frqvxpswlrq/ wkhq wklv uhodwlrqvkls lv frqglwlrqdo rq �k1 Iljxuh 5
vxppdul}hv wkh pdlq sdwwhuqv lq wkh gdwd1 Wklv �jxuh lv d nhuqho uhjuhvvlrq
ri wkh uhodwlrqvkls ehwzhhq wkh qxpehu ri |hduv vlqfh d sorw zdv odvw idoorzhg
dqg lwv vrlo RP phdvxuh146 Wkhuh lv vrph hylghqfh ri d ghfolqh lq vrlo RP lq
wkh �uvw ihz |hduv diwhu d sorw lv eurxjkw lqwr fxowlydwlrq/ exw htxdoo| vwurqj
hylghqfh ri d ulvh wkhuhdiwhu1 Lq hlwkhu fdvh/ wkh fkdqjhv duh wlq|> wkh dqqxdo
fkdqjhv duh vhyhudo rughuv ri pdjqlwxgh vpdoohu wkdq wkrvh hvwlpdwhg zkhq
xvlqj uhshdwhg revhuydwlrqv rq wkh vdph sorw1 Wklv sdwwhuq uhfxuv lq rwkhu
vshfl�fdwlrqv/ lqfoxglqj vshfl�fdwlrqv wkdw dwwhpsw wr frqglwlrq rq �k1 Lq wkh
�uvw sdlu ri froxpqv lq Wdeoh 45 lw fdq eh vhhq wkdw frqglwlrqdo rq wkh zhdowk ri
d krxvhkrog/ wkhuh lv d vljql�fdqw ghfolqh lq RP zlwk lqfuhdvhv lq wkh qxpehu
ri |hduv vlqfh d sorw zdv odvw idoorzhg1 Wklv ghfolqh frqwlqxhv wkurxjk wkh �uvw
< |hduv diwhu d sorw lv eurxjkw edfn lqwr fxowlydwlrq iru d krxvhkrog zlwk phgldq
zhdowk kroglqjv> rqo| 4 shufhqw ri wkh vdpsoh sorwv kdyh ehhq fxowlydwhg iru pruh
wkdq 43 |hduv1 Exw wkh vl}h ri wklv ghfolqh lv yhu| vpdoo1 Wkh srlqw hvwlpdwhv
lpso| wkdw diwhu 5 |hduv ri fxowlydwlrq/ d sorw fxowlydwhg e| d krxvhkrog zlwk
phgldq zhdowk kroglqjv zloo kdyh dq dqqxdo ghfolqh lq RP ri 0139/ mxvw ryhu 427
wkh vl}h ri wkh ghfolqh hvwlpdwhg zkhq xvlqj uhshdwhg revhuydwlrqv rq wkh vdph
sorw1

Wkhuh duh wkuhh vwudljkwiruzdug h{sodqdwlrqv iru wklv sdwwhuq ri uhvxowv1
Iluvw/ lw pd| eh wkh fdvh wkdw wkh phdvxuh ri idoorz klvwru| lv frqwdplqdwhg

46Wklv lv d sduwldo olqhdu prgho zlwk olqhdu frqwurov iru yloodjh/ vrlo w|sh dqg wrsrvhtxhqfh
gxpp| yduldeohv1 Lq wkh qrqolqhdu frpsrqdqw/ wkh Hsdqhfkqlnry nhuqho lv xvhg/ zlwk d
edqgzlgwk ri 4151
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e| d vljql�fdqw dprxqw ri phdvxuhphqw huuru1 Wkh frpsoh{lw| ri wkh uhjlrq*v
iduplqj v|vwhp pdnhv uhvsrqglqj wr wklv txhvwlrq pruh gl!fxow wkdq pljkw dw
�uvw eh dssduhqw1 Sorwv duh fohduhg iurp wklfn vhfrqgdu| iruhvw dqg euxvk/
wkhlu erxqgdulhv fkdqjh ryhu wlph/ dqg gl�huhqw sduwv pljkw eh fohduhg ru ohiw
idoorz dw gl�huhqw wlphv1 Wkh vpdoohu hvwlpdwhv ri wkh ghfolqh lq ihuwlolw| ryhu
wlph lq wkh furvv0vhfwlrq wkdq lq wkh sdqho hvwlpdwhv frxog eh dq duwlidfw ri wklv
phdvxuhphqw huuru1

Vhfrqg/ wkh odujh ghfolqh lq RP rq wkrvh sorwv fxowlydwhg lq 4<<9 pljkw
uh hfw dq xqxvxdo |hdu h�hfw1 Wkh vhfrqg sdlu ri froxpqv lq Wdeoh 45 surylghv
vrph hylghqfh ri wkh vwuhqjwk ri wklv h�hfw= sorwv whvwhg lq wkh vhfrqg |hdu ri rxu
vxuyh| kdyh d vljql�fdqwo| orzhu RP wkdq sorwv whvwhg lq wkh �uvw/ frqglwlrqdo
rq wkh qxpehu ri |hduv vlqfh wkh sorw zdv odvw idoorz1 Vrlo RP uhvsrqgv wr
hqylurqphqwdo idfwruv olnh udlqidoo/ khqfh djjuhjdwh vkrfnv wr RP duh srvvleoh1
Rxu hvwlpdwh ri wkh ghfolqh lq RP edvhg rq uhshdwhg phdvxuhphqw ri RP rq
fxowlydwhg sorwv fdqqrw glvwlqjxlvk ehwzhhq dq djjuhjdwh vkrfn wr RP dqg wkh
jhqhudo ghfolqh fdxvhg e| fxowlydwlrq1

Wklug/ lw pljkw eh wkh fdvh wkdw RP lv qrw dq hvwlpdwh ri vrlo ihuwlolw|/
ru wkdw ihuwlolw| lv pxowl0glphqvlrqdo1 Wkh idoorzlqj2fxowlydwlrq f|foh pd| eh
gulyhq e| frqvlghudwlrq vxfk dv wkrvh zklfk zhuh lqfrusrudwhg lqwr wkh prgho
ri vhfwlrq +7,/ exw vrlo RP pljkw qrw eh dq hvwlpdwh ri != Iru h{dpsoh/ lw
pljkw eh wkh fdvh wkdw wkh sulpdu| ghwhuplqdqw ri fxowlydwlrq dqg idoorzlqj
ghflvlrqv lv wkh plfur0hfrorj| ri wkh sorw/ sulpdulo| wkh frpsrvlwlrq dqg h{whqw
ri zhhg jurzwk147 Dowhuqdwlyho|/ erwk RP dqg rwkhu g|qdplf fkdudfwhulvwlfv
ri wkh sorw pljkw eh lpsruwdqw glphqvlrqv ri vrlo ihuwlolw|/ lq zklfk fdvh wkh
vlpsoh prgho ri vhfwlrq +7, zlwk d vlqjoh vwdwh yduldeoh lv lqdssursuldwh1 Wkh
g|qdplfv ri wkh idoorz2fxowlydwlrq f|foh zrxog eh dowhuhg lq lpsruwdqw zd|v e|
dssursuldwh fkdqjhv lq wkh prgho/ dqg lw zrxog lq jhqhudo qr orqjhu eh wkh fdvh
wkdw d prqrwrqlf ghfolqh lq RP ryhu wkh shulrg ri fxowlydwlrq zrxog eh rswlpdo1

815 Wkh Ghfolqh lq Sur�wv zlwk Fxowlydwlrq2Ihuwlolw|

Wkh qh{w lpsruwdqw lpsolfdwlrq ri wkh prgho lv wkdw dqqxdo sur�wv ghfolqh dv
fxowlydwlrq surfhhgv1 Wdeoh 46 suhvhqwv dq h{dplqdwlrq ri wklv k|srwkhvlv1 Wkh
ghwhuplqdqwv ri sur�wv rq slqhdssoh sorwv duh ghvfulehg lq wkh �uvw sdlu ri
froxpqv1 Shu khfwduh sur�wv rq wkhvh sorwv duh lqfuhdvlqj lq wkh qxpehu ri |hduv
vlqfh wkh sorw zdv idoorzhg1 Wklv lqfuhdvh lv odujh dqg vwdwlvwlfdoo| vljql�fdqw=
dq dgglwlrqdo |hdu vlqfh odvw idoorzhg lv dvvrfldwhg zlwk dq lqfuhdvh lq shu0
khfwduh sur�wv ri ryhu 933/333 fhglv> phgldq shu0khfwduh sur�wv rq slqhdssoh
sorwv duh voljkwo| ohvv wkdq 7 ploolrq fhglv1 Vlploduo|/ shu0khfwduh sur�wv lqfuhdvh
zlwk lqfuhdvhv lq wkh qxpehu ri |hduv vlqfh idoorzhg rq pdl}h dqg fdvvdyd sorwv1
Wkh srlqw hvwlpdwh ri wkh dqqxdo lqfuhdvh lv derxw <3/333 fhglv/ zkloh phgldq
shu0khfwduh sur�wv rq wkhvh sorwv duh derxw <8/333 fhglv1

Lq vhfwlrq +814, zh frqfoxghg wkdw wkh qxpehu ri |hduv vlqfh d sorw zdv
idoorzhg frxog eh phdvxuhg zlwk vxevwdqwldo huuru1 Khqfh zh dovr lqyhvwljdwh

47Dpdqru +4<<7, dujxhv wkdw wklv lv dq lpsruwdqw frqvlghudwlrq lq d qhdue| uhjlrq ri Jkdqd1
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wkh gluhfw uhodwlrqvkls ehwzhhq ihuwlolw| dqg sur�wdelolw|1 Wkhvh uhvxowv duh
vxppdul}hg lq Iljxuhv 6 dqg 7 vkrz wkh qrqolqhdu frpsrqhqw ri wkh sduwldo
olqhdu prgho

�ks @ [ks� . i+RPks, .  ks>

zkhuh [ks lv d yhfwru frqvlvwlqj ri yloodjh/ wrsrvhtxhqfh dqg vrlo lqglfdwruv/
dqg lqlwldo vrlo sK1 Wkh uhjuhvvlrq lv hvwlpdwhg vhsdudwho| iru slqhdssoh dqg
pdl}h2fdvvdyd idupv1 Wkhuh lv qr vwurqj srvlwlyh uhodwlrqvkls ehwzhhq phdvxuhg
RP dw wkh vwduw ri wkh iduplqj vhdvrq dqg shu0khfwduh sur�wv iru hlwkhu slqhdssoh
ru pdl}h2fdvvdyd idupv1 Wkhuh lv vrph hylghqfh wkdw wkh shu0khfwduh sur�wv
duh lqyhuvho| uhodwhg wr lqlwldo RP rq pdl}h2fdvvdyd idupv/ exw wkh frq�ghqfh
lqwhuydov duh txlwh zlgh1 Rq slqhdssoh sorwv/ wkhuh dsshduv wr eh qr vwurqj
uhodwlrqvkls ehwzhhq sur�wdelolw| dqg RP/ h{fhsw wkdw sur�wv pljkw lqfuhdvh
zlwk lqlwldo vrlo RP rq wkh dssur{lpdwho| �yh shufhqw ri sorwv zlwk RP juhdwhu
wkdq 8(1

Wkhuh lv qr hylghqfh lq wklv gdwd wkdw sur�wv ghfolqh zlwk fxowlydwlrq/ qru
wkdw wkh| duh d�hfwhg e| rxu phdvxuh ri vrlo ihuwlolw|1 Dv qrwhg lq vhfwlrq +7,/
vrph irupv ri xqrevhuyhg khwhurjhqhlw| lq sorw fkdudfwhulvwlfv lpso| wkdw wkhuh
lv qr ghwhuplqdwh furvv0vhfwlrqdo uhodwlrqvkls ehwzhhq wkh qxpehu ri |hduv ri
fxowlydwlrq dqg sur�wdelolw|1 Xqrevhuydeo| �jrrg� sorwv pljkw kdyh kljk sur�wv
dqg eh fxowlydwhg iru orqj shulrgv ri wlph/ plwljdwlqj ru uhyhuvlqj wkh h{shfwhg
lqyhuvh uhodwlrqvkls ehwzhhq wkh qxpehu ri |hduv vlqfh d sorw zdv idoorzhg dqg
lwv shu0khfwduh sur�wv1

Zh kdyh k|srwkhvl}hg wkdw vrlo RP lv dq huuru0ulgghq hvwlpdwh ri !/ sorw
ihuwlolw|1 Wkh hvwlpdwhg uhodwlrqvkls ehwzhhq sorw RP dqg sur�w/ wkhuhiruh/ lv
h{shfwhg wr eh pruh  dw wkdq wkh k|srwkhvl}hg srvlwlyh uhodwlrqvkls ehwzhhq !
dqg sur�w1 Rxu hvwlpdwhv ri d }hur ru qhjdwlyh vorsh/ krzhyhu/ lv glvdssrlqwlqj
dqg lpsolhv wkdw wkhuh lv d vxevwdqwldo dprxqw ri phdvxuhphqw huuru lqwhuyhqlqj
ehwzhhq ! dqg RP1

816 Ihuwlolw| dqg Idoorz Fkrlfh

Sorwv duh ohiw idoorz zkhq wkhlu ihuwlolw| idoov ehorz d fulwlfdo ohyho1 Lq rxu vdpsoh/
krzhyhu/ wkhuh lv qr hylghqfh wkdw sorwv ohiw idoorz kdyh orzhu vrlo RP wkdq sorwv
frqwlqxlqj lq fxowlydwlrq1 Frqvlghu rqo| sorwv fxowlydwhg lq wkh �uvw |hdu ri rxu
vdpsoh/ dqg wkh vrlo whvwv frqgxfwhg dw wkh hqg ri wkdw �uvw |hdu1 Wkh phdq RP
ri sorwv ohiw idoorz lq wkh vhfrqg |hdu lv 6134/ zkloh wkh phdq RP ri sorwv zklfk
zhuh fxowlydwhg lq wkh vhfrqg |hdu lv 6136/ d wlq| dqg vwdwlvwlfdoo| lqvljql�fdqw
gl�huhqfh +w @ 3=3<,148 Qru lv wkhuh d vljql�fdqw gl�huhqfh lq wkh RP ri sorwv
zklfk duh ohiw idoorzhg dqg wkrvh zklfk frqwlqxh lq fxowlydwlrq rqfh zh frqglwlrq
rq rwkhu sorw fkdudfwhulvwlfv1 Wdeoh 47 uhsruwv wkh uhvxowv ri d surelw ri wkh
vhfrqg0|hdu idoorz fkrlfh1 Wkh vdpsoh lqfoxghv doo sorwv zklfk zhuh fxowlydwhg

48Wkhuh lv d vlploduo| vpdoo dqg vwdwlvwlfdoo| lqvljql�fdqw gl�huhqfh lq wkh phgldq RP ri
wkh wzr w|shv ri sorwv1 Sorwv ohiw idoorz kdyh d phgldq RP ri 51;8/ zkloh sorwv frqwlqxlqj lq
fxowlydwlrq kdyh d phgldq RP ri 51;; +| ' f���/ R ' f�bf,1
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lq wkh �uvw |hdu ri wkh vxuyh| dqg rqh ri wkh ghshqghqw yduldeohv lv wkh sorw
vrlo RP dw wkh hqg ri wkh �uvw |hdu ri fxowlydwlrq1 Wkhuh lv qr hylghqfh wkdw
sorwv zlwk orzhu RP duh pruh olnho| wr eh ohiw idoorz wkdq sorwv zlwk kljkhu
RP/ frqglwlrqdo rq rwkhu sorw fkdudfwhulvwlfv1 Wkh srlqw hvwlpdwh lpsolhv wkh
rssrvlwh/ exw wkh frh!flhqw lv yhu| vpdoo dqg vwdwlvwlfdoo| lqvljql�fdqw1

9 Lpsolfdwlrqv

Lw lv qrw dssursuldwh wr gudz srolf| ru vxevwdqwlyh hfrqrplf frqfoxvlrqv iurp
wklv suholplqdu| dqdo|vlv1 Zh �qg/ iru h{dpsoh/ wkdw zrphq fxowlydwh sorwv
zlwk d orzhu sursruwlrq ri vrlo rujdqlf pdwwhu wkdq phq/ dqg wkdw wkh udwh
ri ghfolqh ri vrlo rujdqlf pdwwhu lv orzhu rq zrphq*v sorwv +hyhq orrnlqj zlwklq
krxvhkrogv,1 Jlyhq wkh ulfk olwhudwxuh rq wkh lpsruwdqw uroh ri vrlo rujdqlf pdw0
whu lq wkh ghwhuplqdwlrq ri vrlo ihuwlolw| lq idoorz iduplqj v|vwhpv/ lw lv whpswlqj
wr frqfoxgh wkdw zrphq duh fxowlydwlqj sorwv zlwk orzhu ihuwlolw| wkdq phq/ exw
wkdw wkh| duh kxvedqglqj vrlo uhvrxufhv pruh fduhixoo|1 Krzhyhu/ wkh uhvxowv
suhvhqwhg lq vhfwlrq +8, surylgh qr vxssruw iru wuhdwlqj phdvxuhg vrlo rujdqlf
pdwwhu dv dq hvwlpdwh ri dq xqghuo|lqj xqlglphqvlrqdo idfwru fruuhvsrqglqj wr
vrlo ihuwlolw|/ hyhq frqglwlrqlqj rq rwkhu revhuydeoh sorw dwwulexwhv1

Wklv sdshu h{dplqhg wkh uhgxfhg irup lpsolfdwlrqv ri d vlqjoh prgho ri
ihuwlolw| pdqdjhphqw1 Wkh idfw wkdw wkh hpslulfdo uhvxowv gr qrw pdwfk wkh
uhgxfhg irup lpsolfdwlrqv ri wkh prgho fdq eh xqghuvwrrg lq wzr gl�huhqw zd|v=

41 Wkh prgho ri vhfwlrq +7, pljkw eh fruuhfw/ exw vrlo rujdqlf pdwwhu pljkw
eh d srru phdvxuh ri !1 Iru h{dpsoh/ lw pd| eh wkh fdvh wkdw fhuwdlq duhdv
idfh gl�huhqw olplwlqj qxwulhqwv1 Pdq| vrlo qxwulhqwv d�hfw sodqw jurzwk lq
d qrq0frqwlqxrxv idvklrq dqg pd| suhvhqw wkh elqglqj frqvwudlqw rq sodqw
jurzwk1 Li wklv frqvwudlqw lv elqglqj/ wkhq dgglwlrqdo rujdqlf pdwwhu zloo eh
yluwxdoo| xvhohvv/ dv wkh sodqw fdqqrw xwlol}h wklv +dqg rwkhu qxwulhqwv, xqwlo
wkh olplwlqj qxwulhqw lv vxssolhg1 1 Li wklv lqwhusuhwdwlrq lv fruuhfw/ wkhq
rxu ixwxuh zrun rq odqg uhvrxufh pdqdjhphqw zloo kdyh wr uho| rq pruh
lqgluhfw lqihuhqfh1 Zkloh wkh lghdo zd| wr ghdo zlwk wkh plvphdvxuhphqw
sureohp zrxog eh wr rewdlq dq lq0ghswk vrlo sur�oh iru hdfk sorw/ rxu
JLV lqirupdwlrq fdq eh xvhg wr pdqdjh pxfk ri wkh vsdwldo khwhurjhqhlw|1
Wklv fdq eh frxsohg zlwk rxu gdwd rq djurqrplf fkrlfhv vxfk dv fxowlydwlrq
lqwhqvlw|/ idoorzlqj/ dqg lqyhvwphqw lq odqg lpsuryhphqwv wr whvw prghov
ri uhvrxufh pdqdjhphqw/ exw zh fdqqrw uho| rq zkdw zh krshg zrxog eh
d gluhfw phdvxuh ri fxuuhqw vrlo ihuwlolw|1

51 Wkh prgho ri vhfwlrq +7, pljkw eh lqfruuhfw1 Lq sduwlfxodu/ rxu dvvxps0
wlrq wkdw vrlo ihuwlolw| fdq eh vxppdul}hg e| d vlqjoh vwdwh yduldeoh pljkw
eh lqdssursuldwh1 Lw pljkw eh wkh fdvh wkdw vrlo rujdqlf pdwwhu lv d jrrg
phdvxuh ri rqh glphqvlrq ri vrlo ihuwlolw|/ dv lw lv dq xqghuo|lqj vwrfn iurp
zklfk pdq| ri wkh qxwulhqwv lq d idoorz iduplqj v|vwhp duh ghulyhg1 Krz0
hyhu/ rwkhu g|qdplf dvshfwv ri wkh sorw +iru h{dpsoh/ vrlo ghswk ru qdwxuh
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dqg h{whqw ri zhhg jurzwk, pljkw dovr eh lpsruwdqw iru wkh ryhudoo fxu0
uhqw dqg ixwxuh surgxfwlylw| ri wkh sorw1 Li wklv lqwhusuhwdwlrq lv fruuhfw/
wkhq d qhz prgho ri rswlpdo ihuwlolw| pdqdjhphqw lv uhtxluhg/ rqh zklfk
dffrpprgdwhv pxowlsoh glphqvlrqv ri ihuwlolw|1 Vrph ri wkhvh glphqvlrqv
zrxog eh xqrevhuyhg/ vr lw zloo eh qhfhvvdu| wr ghulyh lpsolfdwlrqv iru wkdw
vxevhw zklfk lv revhuyhg1

914 Ixuwkhu Zrun

Wkh prvw lpphgldwh wdvn lv wr lqfrusrudwh surshuw| uljkwv pruh h{solflwo| lqwr
wklv prgho1 Wkhuh duh d qxpehu ri zd|v wkurxjk zklfk wkh uljkwv ryhu wkh sorw
zloo d�hfw wkh sdwk ri ihuwlolw|1 Iluvw/ wkhuh lv wkh irup ri wkh frqwudfw1 Zh
revhuyhg wkdw wkh uhqw zdv riwhq furs0frqwlqjhqw/ wkhuhe| lqglfdwlqj wkdw wkh
odqgorug riwhq wrrn lqwr dffrxqw wkh lpsdfw ri wkh furs rq wkh vrlo lq vhwwlqj
wkh whupv1 Gl�huhqw frqwudfw w|shv/ eh wkh| vkduh fursslqj/ fdvk uhqwv/ ru
frqglwlrqdo ordqv/ doo kdyh gl�huhqw lqfhqwlyhv iru wkh iduphu uhjduglqj ihuwlolw|1
Reylrxvo|/ wkh wlph krul}rq ri wkh frqwudfw zloo d�hfw wkh glvfrxqw udwh ri wkh
iduphu1 Krzhyhu/ dq| xqfhuwdlqw| ryhu wkh vhfxulw| ri wkh frqwudfw zloo dovr
d�hfw wkh iduphu*v ghflvlrq1 Ixuwkhupruh/ wkh uhvlgxdo ru orqj0whup uljkwv wkdw
wkh iduphu kdv ryhu wkh sorwv duh dovr lpsruwdqw1 Rqh fdq lpdjlqh d iduphu
wuhdwlqj odqg rq ordq iurp d idplo| phpehu txlwh gl�huhqwo| zkhq vkh nqrzv
vkh zloo lqkhulw lw wkdq zkhq vkh nqrzv vkh zloo qrw1 Wkh surpl{lw| dqg
lqyroyhphqw ri wkh odqgorug lv dovr lpsruwdqw/ iru lq fdvhv zkhuh wkh odqgorug
fdqqrw prqlwru ihuwlolw| gudzgrzq/ wkh iduphu pd| ehkdyh gl�huhqwo| wkdq lq
fdvhv zkhuh wkh odqgorug fdq1 Lq dgglwlrq wr prqlwrulqj/ pxfk ri wkh odqg
frphv iurp idplo| phpehuv zkhuh rqh pljkw lpdjlqh wkhuh h{lvw d juhdwhu vhw ri
lqwhuolqnhg wudqvdfwlrq w|sh hqirufhphqw phfkdqlvpv iru odqgorugv wr suhyhqw
whqdqwv iurp uhqhjlqj rq wkhlu surplvh wr pdlqwdlq sorw ihuwlolw|1 D jrrg
ghdo ri zrun kdv ehhq fduulhg rxw e| hfrqrplvwv h{dplqlqj wkh uhodwlrqvkls
ehwzhhq �{hg lqyhvwphqw dqg odqg uljkwv +Ihghu dqg Ihhqh|> Pljrw0Dgkrood hw
do> Edvvhww dqg Fuxpph|> Ehvoh|,1 Vwxglhv edvhg rq wkh prvw ghwdlohg vxuyh|v
ri odqg uljkwv lq Diulfd surylgh rqo| pl{hg hylghqfh ri dq| uhodwlrqvkls ehwzhhq
phdvxuhv ri wkh vhfxulw| ri whqxuh dqg lqyhvwphqw ghflvlrqv1 Zh fdq frqwulexwh
wr wklv olwhudwxuh e| whvwlqj wkh k|srwkhvlv wkdw wkh pdqdjhphqw ri d sorw*v
ihuwlolw| ghshqgv rq wkh fxowlydwru*v pxowlidfhwhg surshuw| uljkwv ryhu wkh sorw1

: Uhihuhqfhv

Dkq/SP +4<<6,= Wurslfdo Vrlov dqg Ihuwlol}hu Xvh1 Kduorz= Orqjpdq Vflhqwl�f
dqg Whfkqlfdo/ 1

Dpdqru/Nrmr Vhedvwldq +4<<7,= Wkh Qhz Iurqwlhu= Iduphuv* Uhvsrqvh wr
Odqg Ghjudgdwlrq/ D Zhvw Diulfdq Vwxg|1 ]hg Errnv/ Orqgrq1

Du|hhwh|/Huqhvw +4<<6,= Ilqdqfldo Lqwhjudwlrq dqg Ghyhorsphqw lq Vxe0
Vdkdudq Diulfd= D Vwxg| ri Lqirupdo Ilqdqfh lq Jkdqd1 Pdqxvfulsw> LVVHU2Ohjrq1

4<



Dvdgx/F> Glhov/M> Ydqodxzh/E +4<<:,= D Frpsdulvrq ri wkh Frqwulexwlrqv
ri Fod|/ Vlow/ dqg Rujdqlf Pdwwhu wr wkh H�hfwlyh FHF ri Vrlov ri Vxevdkdudq
Diulfd1 Vrlo Vflhqfh ri Dphulfdq Mrxuqdo 495+44=:;80:<7,/ 1

Eduuhww/Vfrww +4<<4,= Rswlpdo vrlo frqvhuydwlrq dqg wkh uhirup ri djulfxo0
wxudo sulflqj srolflhv1 Mrxuqdo ri Ghyhorsphqw Hfrqrplfv 69+4/ Dsulo,/ 49:04;:1

Edvvhww/Wkrpdv> Fuxpph|/Grqdog +Hgv1, +4<<6,= Odqg lq Diulfdq Djuduldq
V|vwhpv1 Xqlyhuvlw| ri Zlvfrqvlq Suhvv/ Pdglvrq1

Ehvoh|/Wlprwk| +4<<8,= Surshuw| Uljkwv dqg Lqyhvwphqw Lqfhqwlyhv= Wkhru|
dqg Hylghqfh iurp Jkdqd1 Msh 436+8/ Rfwrehu,/ <360<6:1

Eudg|/QF +4<<31,= Wkh Qdwxuh dqg Surshuwlhv ri Vrlov1 43wk hg1 PdfPloodq/
Qhz \run1

Fod|/Gdqlho> Uhdugrq/Wkrpdv> Ndqjdvqlhpl/Mddnnr +4<<;,= Vxvwdlqdeoh Lq0
whqvl�fdwlrq lq wkh Kljkodqg Wurslfv= Uzdqgdq Iduphuv* Lqyhvwphqwv lq Odqg
Frqvhuydwlrq dqg Vrlo Ihuwlolw|1 Hfrqrplf Ghyhorsphqw dqg Fxowxudo Fkdqjh
79+5/ Mdqxdu|,/ 68406::1

Grqrydq/J dqg Fdvh|/I +4<<;,= Vrlo Ihuwlolw| Pdqdjhphqw lq Vxe0Vdkdudq
Diulfd1 Zruog Edqn Whfkqlfdo Sdshu Qr1 73;/ Zdvklqjwrq/ G1F1 Wkh Zruog
Edqn1

Gx{exu|/M> Vplwk/P> Grudq/M> Mrugdq/F> V}rww/O> Ydqfh/H +4<;<,= G|qdp0
lfv ri Vrlo Rujdqlf Pdwwhu lq Wurslfdo Hfrv|vwhpv1 Lq= Vrlo Rujdqlf Pdwwhu dv
d Vrxufh dqg d Vlqn ri Sodqw Qxwulhqwv1 +Hgv= Frohpdq/G> Rdghv/M> Xkdud/J,
Xqlyhuvlw| ri Kdzdll Suhvv/ Krqroxox/ 1 +Q,

Ihghu/Jhuvkrq> Ihhq|/G +4<<4,= Wkhru| ri Odqg Whqxuh dqg Surshuw| Uljkwv1
Zruog Edqn Hfrqrplf Uhylhz 8+4,/ 46804861

Jrogvwhlq/Pdunxv> Xgu|/Fkulvwrskhu +4<<<,= Djulfxowxudo Lqqrydwlrq dqg
Uhvrxufh Pdqdjhphqw lq Jkdqd1 Ilqdo Uhsruw wr wkh Lqwhuqdwlrqdo Irrg Srolf|
Uhvhdufk Lqvwlwxwh1

J|dvl/HD> Dj|hsrqj/JW> Dugd|�r0Vfkdqgrui/H> Hqx0Nzhvl/O> Qdelod/MV>
Rzxvx0Ehqqrdk/H +4<<7,= Hqylurqphqwdo Hqgdqjhuphqw lq wkh Iruhvw0Vdydqqd
]rqh ri Vrxwkhuq Jkdqd1 Xqlwhg Qdwlrqv Xqlyhuvlw|1

Kdzwkruqh/ZG> Dex0Mxdp/P +4<<8,= Iruhvw Surwhfwlrq lq Jkdqd Zlwk
Sduwlfxodu Uhihuhqfh wr Yhjhwdwlrq dqg Sodqw Vshflhv1 LXFQ2RGD2Iruhvw Gh0
sduwphqw Uhsxeolf ri Jkdqd/ Fdpeulgjh/ XN1

Kloo/Sroo| +4<96,= Pljudqw Frfrd0Iduphuv ri Vrxwkhuq Jkdqd1/ Fdpeulgjh>
Fdpeulgjh Xqlyhuvlw| Suhvv1

Nolqjhokrihu/D +4<:5,= Dnzdslq Kdqgerrn1 Lq= Djulfxowxuh1 +Hg= Eurnhq0
vkd/G, Jkdqd Sxeolvklqj Frusrudwlrq/ Dffud

Ohzlv/Wudf|> Vfkpdohqvhh/Ulfkdug +4<::,= Qrqfrqyh{lw| dqg Rswlpdo H{0
kdxvwlrq ri Uhqhzdeoh Uhvrxufhv1 Lqwhuqdwlrqdo Hfrqrplf Uhylhz 4;+6/ Rfwr0
ehu,/ 86808851

Pljrw0Dgkrood/Vkhp> Kd}hoo/Shwhu> Eoduho/Ehqrlw> Sodfh/Iudqn +4<<4,= Lq0
gljhqrxv Odqg Uljkwv V|vwhpv lq Vxe0Vdkdudq Diulfd= D Frqvwudlqw rq Sur0
gxfwlylw|B Zruog Edqn Hfrqrplf Uhylhz 8+4,/ 48804:81

Xgu|/Fkulvwrskhu> Du|hhwh|/Huqhvw +4<<8,= Wkh Fkdudfwhulvwlfv ri Lqirupdo
Ilqdqfldo Pdunhwv lq Diulfd1 Pdqxvfulsw= Xqlyhuvlw| ri Jkdqd1
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Zrrphu/S> Pduwlq/D> Doeuhfkw/D> Uhvfn/G> Vfkdushqvhho/K +Hgv1, +4<<7,=
Wkh Lpsruwdqfh dqg Pdqdjhphqw ri Vrlo Rujdqlf Pdwwhu lq wkh Wurslfv1 Mrkq
Zloh| zlwk wkh Wurslfdo Vrlo Elrorj| dqg Ihuwlolw| Surjudpph dqg Vd|fh Sxe0
olvklqj/ Fklfkhvwhu1
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Table 1: Seasonal Agricultural Activities in Ghana

Weather Month Agricultural Activities

Dry Season November Cutting and cleaning

December Yam and maize harvesting

January Cassava harvesting

February Burning and brushing

March Cultivation of crops (maize, cassava)

WeedingRainy Season April

May

June

July Maize harvesting

Minor Rains August Yam harvest, weeding

September Second maize planting

October

Source: Adapted from Kingelhofer (1972)

Table 2
Soil Testing Results

% organic matter mean median standard dev. number

              1997 3.31 3.13 1.34 738

              1998 3.05 2.92 1.14 1148

1997-1998 change -0.30 -0.22 1.41 626

pH

              1997 6.4 6.4 0.76 738

              1998 6.1 6.1 0.78 1148

1997-1998 change -0.3 -0.3 0.73 626



Table 3a
Organic Matter and Village

% OM, 1997 # obs,
1997

% OM, 1998 # obs,
1998

change in OM # obs

village mean st.dev. mean st dev. mean st dev.

Daman 3.51 1.04 169 3.41 1.14 219 -0.16 1.12 140

Pokrom 2.42 1.24 173 2.23 0.88 256 -0.15 1.30 140

Oboadaka 3.41 1.38 203 2.99 0.97 363 -0.49 1.64 169

Konkonuru 3.82 1.24 193 3.55 1.13 310 -0.35 1.44 177

Table 3b
pH and Village

pH, 1997 # obs,
1997

pH, 1998 # obs,
1998

change in pH # obs

village mean st.dev. mean st dev. mean st dev.

Daman 7.2 0.39 169 7.0 0.47 219 -0.28 0.50 140

Pokrom 6.0 0.64 173 5.9 0.64 256 -0.24 0.77 140

Oboadaka 6.2 0.70 203 5.9 0.72 363 -0.37 0.73 169

Konkonuru 6.3 0.73 193 6.0 0.76 310 -0.29 0.85 177



Table 4a
Organic Matter and Toposequence

% OM, 1997 # obs,
1997

% OM, 1998 # obs,
1998

change in OM # obs

topo. mean st.dev. mean st dev. mean st dev.

flat 3.25 1.28 355 2.98 1.09 477 -0.28 1.36 309

slope 3.37 1.37 211 3.13 1.08 314 -0.35 1.58 189

steep slope 4.23 1.39 54 3.63 1.26 117 -0.56 1.25 50

Table 4b
pH and Toposequence

pH, 1997 # obs,
1997

pH, 1998 # obs,
1998

change in pH # obs

topo. mean st.dev. mean st dev. mean st dev.

flat 6.5 0.74 355 6.2 0.76 477 -0.31 0.65 309

slope 6.3 0.76 211 6.0 0.81 314 -0.32 0.80 189

steep slope 6.1 0.84 54 6.0 0.86 117 -0.21 0.86 50



Table 5a
Organic Matter and Soil Type

% OM, 1997 # obs,
1997

% OM, 1998 # obs,
1998

change in OM # obs

mean st.dev. mean st dev. mean st dev.

sand 3.40 1.37 361 3.08 1.13 539 -0.38 1.47 313

loam 3.47 1.22 110 3.32 1.14 172 -0.07 1.31 97

clay 3.25 1.38 151 3.00 1.11 196 -0.39 1.40 138

Table 5b
pH and Soil Type

pH, 1997 # obs,
1997

pH, 1998 # obs,
1998

change in pH # obs

mean st.dev. mean st dev. mean st dev.

sand 6.3 0.75 361 6.1 0.77 539 -0.3 0.75 313

loam 6.8 0.65 110 6.5 0.78 172 -0.2 0.66 97

clay 6.2 1.40 151 5.9 0.76 196 -0.4 0.69 138

Table 6
Soil Type and Village

Daman Pokrom Oboadaka Konkonuru

sand 41% 52 62 77

loam 41 14 10 19

clay 19 34 28 5



Table 7a
Crop Planted and Organic Matter

% organic matter, 1997 % organic matter, 1998

crop mean st dev # of obs mean st dev # of obs

pineapple 2.90 1.34 213 2.49 1.03 197

maize/cassava
/cocoyam

3.45 1.32 351 3.19 1.14 464

veg/other mix 3.81 1.30 71 3.36 1.26 42

tree 3.40 1.02 27 3.52 1.02 37

fallow 2.91 1.40 4 3.01 1.14 35

Table 7b
Crop Planted and pH

pH, 1997 pH, 1998

crop mean st dev # of obs mean st dev # of obs

pineapple 6.1 0.71 213 5.8 0.71 197

maize/cassava
/cocoyam

6.5 0.74 351 6.3 0.78 464

veg/other mix 6.6 0.69 71 6.2 0.85 42

tree 6.9 0.54 27 6.8 0.57 37

fallow 6.0 0.90 4 6.0 0.83 35

                        

Table 8:  Number of Plots Planted in Optimal pH range

pineapple maize cassava

Village below opt. above below opt. above below opt. above 

1 0 2 48 2 71 105 0 199 1

2 1 65 133 22 27 4 4 112 0

3 1 72 88 22 42 15 6 209 2

4 0 0 0 38 55 15 15 217 0

optimal pH levels are: pineapple 4.5-5.5 (Bartholomew and Kadzimin), maize: 6-7 (Ahn), cassava: 5-8 (Ahn)



Table 9
Changes in OM and pH on plots planted to the same crop 1997-1998

change in organic
matter

change in pH

mean st err mean st dev # of obs

pineapple -0.32 0.14 -0.27 0.07 108

maize etc. -0.24 0.10 -0.30 0.05 154

other mix -0.42 0.33 -0.40 0.14 7

tree -0.18 0.24 -0.33 0.09 18

All crops -0.25 0.07 -0.28 0.04 220

Table 10: Cropping Patterns by Gender (number of plots per crop)

Crop Women Men

Pineapple 32 289

Maize/Cassava/Cocoyam 378 523

Other mix 6 31

Trees 4 29



Table 11: Plot Characteristics and Change in Organic Matter
LAD Regressions

Variable Coefficient t Coefficient t

soil type = loam 0.47 2.90 0.43 2.08

soil type = clay 0.18 1.27 0.19 1.06

toposeq = slope -0.06 -0.46 -0.01 -0.08

toposequ = steep slope -0.47 -2.21 -0.45 -1.68

years since fallowed 0.03 0.99

constant -0.25 -2.70 -0.37 -2.49

N=543,   F(4,538)=3.36, p=0.01 N=517, F(5,511)=1.74, p=0.12

Table 12: Plot Characteristics and the Level of Organic Matter
LAD Regressions

Variable Coefficient t Coefficient t

Village 2 -1.30 -7.12 -1.21 -7.85
Village 3 -0.40 -3.08 -0.31 -2.83
Village 4 0.21 1.64 0.26 2.38
Soil type = loam 0.14 1.18 0.21 2.05
Soil type = clay 0.15 1.24 0.15 1.47
Toposeq = slope 0.10 1.01 0.12 1.41
Toposeq = steep slope 0.67 4.76 0.68 5.76
Years since fallowed -0.086 -2.16 -0.065 -1.92
(years since fallowed)^2 0.004 2.25 0.003 2.25
Wealth -0.091 -1.17 -0.120 -1.83
Wealth * years since fallowed 0.023 1.11 0.024 1.34
Test in year 2 of survey -0.21 -2.75
Constant 3.40 19.91 3.42 3.19

N = 1146; 
F(11, 1134)=12.74, p=0.00

N=1146;
F(12,1133)=17.15, p=0.00



Table 13: Determinants of Per-Hectare Profits
(Thousands of Cedis)
 (LAD regressions)

Pineapple Plots Maize/Cassava Plots

Coefficient t Coefficient t

Village 2 -1653.65 -0.82 30.96 0.21
Village 3 -2643.37 -1.32 -346.12 -3.40
Village 4 -7354.65 -2.07 -271.10 -2.78
Soil type = loam -3081.11 -1.75 -123.94 -1.41
Soil type = clay -2029.67 -1.67 49.91 0.57
Toposeq = slope -1348.30 -1.17 28.30 0.41
Toposeq = steep slope -2274.01 -0.85 0.15 0.00
Initial level of pH -2088.73 -2.52 -16.03 -0.32
years since fallowed 682.86 2.25 91.63 7.55
constant 19786.95 3.20 250.72 0.68

N=117;
 F(9,107)=8.35, p=0.00

N=312;
F(9,302)=11.42, p=0.00

Table 14: Probit Estimates of Fallow Choice in 1997/98

  Change in
P(fallow)

t

Village 2 0.03 0.97
Village 3 0.02 0.68
Village 4 -0.01 -0.31
Soil type = loam 0.00 0.09
Soil type = clay -0.02 -1.21
Toposeq = slope 0.92 11.80
Toposeq = mid slope 0.70 12.69
Toposeq = steep slope 0.98 9.09
OM after 1996/97 season 0.01 0.91
sample: all plots cultivated in
1996/97

N=635;
2(9)=3420, p=0.00



Figure 1: Distribution of Changes in OM on Cultivated Plots
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All plots, controls for village, soil, toposequence
90% pointwise confidence intervals (100 bs reps)
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Figure 2: Time Path of Soil OM
Years since last fallowed
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Maize/cassava farms: village, soil, topo, pH controls
90% pointwise confidence band (100 bs reps)
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Figure 3: Soil OM and Profits on Maize/Cassava Farms
Soil OM(%)
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Pineapple farms: village, soil, topo, pH controls
90% pointwise confidence band (100 bs reps)
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Figure 4: Soil OM and Profits on Pineapple Farms
Soil OM(%)
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