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Abstract

This paper investigates the role of social learning in the diffusion of a new agricultural technology

in a developing country: Ghana.  We use unique data on farmers’ communication patterns to define each

individual’s information neighborhood, the set of others from whom he might learn.  Our empirical strategy

is to test whether farmers change their input decisions to align with those of their neighbors who were

successful in previous periods.  We present evidence that farmers adopt successful neighbors’ practices,

conditional on many potentially confounding factors including the physical proximity of plots, credit

arrangements, clan membership, and soil characteristics.
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4 Lqwurgxfwlrq
Wkh wudqvirupdwlrq ri whfkqrorj| lv ixqgdphqwdo wr wkh ghyhorsphqw surfhvv1
Iru d qhz whfkqrorj| wr eh dgrswhg e| dq djhqw/ sduwlfxoduo| lq djulfxowxuh/
lw pxvw eh dgdswhg wr wkh flufxpvwdqfhv idfhg e| wkdw djhqw1 Lwv fkdudfwhu0
lvwlfv xvxdoo| zloo qrw eh wudqvsduhqw wr wkh qhz xvhu +Hyhqvrq dqg Zhvwskdo
+4<<8,,1 Frqvhtxhqwo|/ dq lqyhvwphqw lq ohduqlqj derxw wkh qhz whfkqrorj|
lv dvvrfldwhg zlwk lwv dgrswlrq1 Li wkhuh duh pxowlsoh dgrswhuv ri wkh qhz
whfkqrorj| lq vlplodu flufxpvwdqfhv/ dv lv riwhq wkh fdvh zlwk dq lqqrydwlrq
lq djulfxowxuh/ wkhq wkh surfhvv ri ohduqlqj derxw wkh qhz whfkqrorj| pd| eh
vrfldo1 Qhz xvhuv ri wkh whfkqrorj| pd| ohduq lwv fkdudfwhulvwlfv iurp hdfk
rwkhu1

Wkh uroh ri vrfldo ohduqlqj lq surprwlqj jurzwk dqg whfkqrorj| gl�xvlrq
kdv ehhq ihdwxuhg lq wkh hqgrjhqrxv jurzwk olwhudwxuh +Urphu +4<;9,> Oxfdv
+4<;;,> Djklrq dqg Krzlww +4<<;,,1 Lw lv dovr dq lqwhjudo sduw ri fxuuhqw sudf0
wlfh lq djulfxowxudo uhvhdufk dqg h{whqvlrq v|vwhpv lq ghyhorslqj frxqwulhv1
Qhz whfkqrorjlhv duh lqwurgxfhg hlwkhu e| iduphuv* rzq h{shulphqwdwlrq ru
wkurxjk irupdo vhfwru lqwhuyhqwlrq dqg wkh surfhvv ri vrfldo ohduqlqj hqfrxu0
djhv wkhlu gl�xvlrq +Elqgolvk dqg Hyhqvrq +4<<:,> Urjhuv +4<<8,,1 Rqo|
uhfhqwo|/ krzhyhu/ kdyh hfrqrplvwv pdgh h�ruwv wr phdvxuh wkh txdqwlwdwlyh
lpsruwdqfh ri ohduqlqj iurp rwkhuv14

Lq wklv sdshu zh lqyhvwljdwh ohduqlqj derxw d qhz djulfxowxudo whfkqrorj|
e| iduphuv lq wkh Dnzdslp Vrxwk glvwulfw ri Jkdqd1 Ryhu wkh odvw ghfdgh/
dq hvwdeolvkhg v|vwhp ri pdl}h dqg fdvvdyd lqwhufursslqj iru vdoh wr xuedq
frqvxphuv kdv ehjxq d wudqvirupdwlrq lqwr lqwhqvlyh surgxfwlrq ri slqhdssoh
iru h{sruw wr Hxurshdq pdunhwv +Rehqj +4<<7,,1 Wklv wudqvirupdwlrq ri wkh
uhjlrq*v iduplqj v|vwhp lqyroyhv wkh dgrswlrq ri d vhw ri qhz whfkqrorjlhv/
lqfoxglqj lqwhqvlyh xvh ri djulfxowxudo fkhplfdov qrw xvhg lq wkh suhylrxv
v|vwhp1 Wkhvh iduphuv* qhhg wr ohduq qhz whfkqltxhv/ frpelqhg zlwk rxu
dffhvv wr plfur0ohyho gdwd gxulqj wklv shulrg +iurp 4<<9 wr 4<<;,/ pdnh wklv
d jrrg vhwwlqj lq zklfk wr vwxg| vrfldo ohduqlqj1

Phdvxulqj wkh h{whqw ri vrfldo ohduqlqj lv gl!fxow iru wzr pdmru uhdvrqv1
Iluvw/ wkh vhw ri qhljkeruv iurp zkrp dq lqglylgxdo fdq ohduq lv gl!fxow wr
gh�qh1 Vhfrqg/ hyhq zlwk d surshu gh�qlwlrq ri wklv vhw/ glvwlqjxlvklqj ohduq0

4Lq frqwudvw/ wkhuh lv d orqj wudglwlrq ri hpslulfdo vwxglhv e| hfrqrplvwv ri wkh dgrswlrq
ri qhz whfkqrorjlhv lq djulfxowxuh1 Julolfkhv +4<8:, lv wkh vhplqdo zrun1 Iru uhylhzv vhh
Ihghu hw do +4<;8, dqg Hyhqvrq dqg Zhvwskdo +4<<8,1 Wklv lpsruwdqw olwhudwxuh/ krzhyhu/
grhv qrw lvrodwh wkh uroh ri ohduqlqj surfhvvhv iurp rwkhu ghwhuplqdqwv ri dgrswlrq1
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lqj iurp rwkhu skhqrphqd wkdw pd| jlyh ulvh wr vlplodu revhuyhg rxwfrphv lv
sureohpdwlf1 Lq wkh devhqfh ri ohduqlqj/ lqglylgxdov pd| vwloo dfw olnh wkhlu
qhljkeruv dv d uhvxow ri lqwhughshqghqw suhihuhqfhv/ whfkqrorjlhv/ ru ehfdxvh
wkh| duh vxemhfw wr uhodwhg xqrevhuydeoh vkrfnv1

Lq gdwd frpprqo| xvhg e| hfrqrplvwv/ gluhfw lqirupdwlrq rq lqirupdwlrq
lqwhufrqqhfwlrqv lv w|slfdoo| xqdydlodeoh15 Frqvhtxhqwo|/ hfrqrplf lqyhv0
wljdwlrqv ri wkh surfhvv ri vrfldo ohduqlqj kdyh w|slfdoo| pdgh dvvxpswlrqv
wkdw uhodwh revhuyhg uhodwlrqvklsv ehwzhhq lqglylgxdov 0 vxfk dv jhrjudsklfdo
sur{lplw| 0 wr xqrevhuyhg  rzv ri lqirupdwlrq1 Wklv vhw ri dvvxpswlrqv lv
fulwlfdo iru wkh phdvxuhphqw ri wkh h{whqw ri vrfldo ohduqlqj/ exw fdq uduho|
eh whvwhg ehfdxvh ri gdwd olplwdwlrqv16 Irvwhu dqg Urvhq}zhlj +4<<8,/ iru
h{dpsoh/ surylgh wdexodwlrqv lqglfdwlqj wkdw ciulhqgv dqg qhljkeruv* duh dq
lpsruwdqw vrxufh ri lqirupdwlrq derxw ihuwlol}hu xvh/ exw duh olplwhg wr xvlqj
yloodjh dyhudjhv dv wkh uhohydqw lqirupdwlrq vhw iru vrfldo ohduqlqj1

Zh kdyh dffhvv wr xqxvxdoo| ulfk gdwd wkdw doorzv xv wr dgguhvv wkh frq0
fhuqv ri qhljkeru gh�qlwlrq pruh gluhfwo|1 Rxu dssurdfk gudzv rq wkh fodvvlf
zrun e| Frohpdq hw do zklfk uhodwhg dgrswlrq ri qhz dqwlelrwlfv wr wkh qhw0
zrun ri vrfldo lqwhufrqqhfwlrqv ehwzhhq wkh grfwruv1 Zh froohfwhg ghwdlohg
lqirupdwlrq rq zkr lqglylgxdov nqrz dqg wdon wr derxw iduplqj1 Khqfh
zh iroorz Frohpdq hw do e| gh�qlqj lqirupdwlrq olqnv ehwzhhq djhqwv xvlqj
uhvsrqvhv wr txhvwlrqv derxw zklfk rwkhu djhqwv wkh| wxuq wr iru lqirupdwlrq
+Frohpdq hw do +4<8:/ s1 587,,1 Urjhuv +4<<8, dqg Elunkdhxvhu hw do +4<<4,
surylgh ydoxdeoh vxuyh|v ri uhvhdufk wkdw ghvfulehv dqg fkdudfwhul}hv wkh vhw
ri qhljkeruv iurp zkrp djhqwv ohduq derxw qhz lqqrydwlrqv lq d zlgh ydulhw|
ri vhwwlqjv1

Rqfh qhljkerukrrgv duh gh�qhg/ wkh lghqwl�fdwlrq ri ohduqlqj lv vwloo d
iruplgdeoh sureohp1 Wkh fodvvlf sureohp ri rplwwhg yduldeohv suhyhqwv xv
iurp lqihuulqj wkdw ohduqlqj h�hfwv pxvw eh suhvhqw vlpso| iurp revhuydwlrqv
rq/ vd|/ wkh gl�xvlrq surfhvv ri d qhz whfkqrorj|1 Wkh idfw wkdw d iduphu

5H{fhswlrqv lqfoxgh Zrlwwlh} dqg Ndswh|q +4<<;, dqg Ndswh|q +5333, zkr xvh lqgl0
ylgxdov* uhvsrqvhv wr txhvwlrqv derxw wkhlu cvrfldo hqylurqphqwv* wr ghvfuleh wkhlu uhihuhqfh
jurxsv1

6Lq pdq| lqyhvwljdwlrqv ri ohduqlqj lq ghyhorslqj frxqwu| djulfxowxuh/ wkh uhihuhqfh
jurxs lv wdnhq wr eh doo iduphuv lq wkh yloodjh +Irvwhu dqg Urvhq}zhlj +4<<8,/ Ehvoh|
dqg Fdvh +4<<7,/ \dpdxfkl N +5333,,1 Pxqvkl dqg P|dx{ +4<<;, wdnh h{fhswlrqdo fduh
lq wkh frqvwuxfwlrq ri uhihuhqfh jurxsv iru vrfldo ohduqlqj e| xvlqj h{whuqdo hylghqfh rq
frppxqlfdwlrq eduulhuv dulvlqj iurp uholjlrq1 Vhh Pdqvnl +4<<6, iru d frqflvh glvfxvvlrq
ri wkh lpsruwdqfh ri uhihuhqfh jurxs ghvljqdwlrqv lq lghqwl�fdwlrq ri hqgrjhqrxv vrfldo
h�hfwv1
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lv pruh olnho| wr dgrsw d qhz whfkqrorj| vrrq diwhu klv qhljkeruv kdyh grqh
vr pljkw eh d frqvhtxhqfh ri vrph xqrevhuyhg yduldeoh wkdw lv vsdwldoo| dqg
vhuldoo| fruuhodwhg/ udwkhu wkdq ohduqlqj1 Zh kdyh xqxvxdoo| jrrg gdwd iru
uhgxflqj wkh h{whqw ri wklv sureohp1 Rxu gdwd frqwdlqv ghwdlohg jhrjudsklf
dqg vrlo lqirupdwlrq dv zhoo dv lqirupdwlrq rq fuhglw dqg idplo| uhodwlrqvklsv/
doorzlqj xv wr frqwuro iru pdq| srwhqwldoo| frqirxqglqj idfwruv1

Krzhyhu/ dv Irvwhu dqg Urvhq}zhlj +4<<8, srlqw rxw/ hyhq zlwkrxw rplw0
whg yduldeoh sureohpv/ plplfnlqj ehkdylru +lq zklfk iduphuv vlpso| frs|
wkhlu qhljkeruv* ehkdylru, pd| surgxfh wkh vdph doljqphqw ri dfwlrqv dv
ohduqlqj1 Wkh| dgyrfdwh lqyhvwljdwlqj wkh lpsdfw ri qhljkeruv* dfwlrqv xsrq
d iduphu*v surgxfwlylw| wr khos glvwlqjxlvk ohduqlqj iurp plplfu|1 Wkh| lq0
yhvwljdwh wkh lq xhqfh ri qhljkeruv* dgrswlrq ghflvlrqv rq dq lqglylgxdo*v
sur�wv1 Zh dovr uho| rq revhuydwlrqv ri iduphuv* sur�wdelolw| wr glvwlqjxlvk
ohduqlqj iurp plplfu|1 Zh xvh sur�w phdvxuhv wr gh�qh wkh vhw ri qhljkeruv
wkdw d iduphu xvhv wr jxlgh klv ehkdylru1

Rxu lghqwl�fdwlrq sureohp fdq eh wkrxjkw ri dv d vshfldo fdvh ri wkh jhq0
hudo sureohp ri lghqwl�fdwlrq lq vrfldo lqwhudfwlrqv prghov vwxglhg e| Pdqvnl
+4<<6/ 4<<:,/ Pr!ww +4<<<,/ Eurfn dqg Gxuodxi +4<<<, dqg rwkhuv17 Wklv olw0
hudwxuh lv frqfhuqhg zlwk wkh sureohp ri lqihuulqj zkhwkhu dq lqglylgxdo*v eh0
kdylru lv lq xhqfhg e| wkh ehkdylru ri wkrvh lq klv qhljkerukrrg ru uhihuhqfh
jurxs1 Pdqvnl +4<<6, ghprqvwudwhv wkdw lghqwl�fdwlrq ghshqgv fuxfldoo| rq
wkh uhodwlrqvkls ehwzhhq wkh yduldeohv wkdw gh�qh uhihuhqfh jurxsv dqg wkrvh
wkdw gluhfwo| lq xhqfh rxwfrphv1 Zlwk furvv vhfwlrqdo gdwd/ survshfwv iru
lghqwl�fdwlrq duh ehvw zkhq wkhvh wzr yduldeohv duh cprghudwho|* uhodwhg= wkh
frqglwlrqdo h{shfwdwlrqv ri gluhfw yduldeohv duh qrw olqhdu lq wkh jurxs ydul0
deohv/ wkh| duh qrw ixqfwlrqdoo| ghshqghqw/ qru duh wkh| lqghshqghqw1 Zlwk
sdqho gdwd/ survshfwv iru lghqwl�fdwlrq lpsuryh/ vxemhfw wr wkh lpsruwdqw
fdyhdw wkdw wkh dvvxpswlrqv uhjduglqj wkh wlplqj ri vrfldo lqwhudfwlrqv pxvw
eh surshuo| vshfl�hg1 Rxu vwudwhj| iru lghqwli|lqj ohduqlqj h�hfwv uholhv rq
lqwhuwhpsrudo frpsdulvrqv ri iduphuv* dfwlrqv dqg wkh rxwfrphv ri suhylrxv
dfwlrqv ri wkhlu qhljkeruv1 Zh lqyhvwljdwh zkhwkhu iduphuv fkdqjh wkhlu
lqsxw ghflvlrqv wr doljq zlwk wkrvh ri wkhlu qhljkeruv zlwk vlplodu flufxp0
vwdqfhv zkr zhuh suhylrxvo| vxffhvvixo/ hduqlqj kljk sur�wv1 Wkh wlplqj ri
uhvsrqvhv wr qhljkeruv* dfwlrqv dulvhv qdwxudoo| iurp wkh vwdjjhuhg uhyhodwlrq
ri lqirupdwlrq iurp suhfhglqj sodqwlqjv1

7Vhh Eurfn dqg Gxuodxi +4<<<, iru d vxuyh| ri wkh olwhudwxuh rq vrfldo lqwhudfwlrqv
prghov1
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Zh prgho iduphuv* ohduqlqj xvlqj d wdujhw lqsxw prgho18 Hdfk kduyhvw
rssruwxqlw| jlyhv wkh iduphu dq revhuydwlrq rq rxwsxw iru d jlyhq dprxqw
ri lqsxwv/ dqg wkxv uhyhdov lqirupdwlrq derxw wkh rswlpdo lqsxw glvwulexwlrq1
Ohduqlqj e| grlqj fdq eh prghohg lq wklv iudphzrun dv xsgdwlqj eholhiv xv0
lqj lqirupdwlrq iurp rqh*v rzq kduyhvwv> vrfldo ohduqlqj lv xsgdwlqj jlyhq
lqirupdwlrq derxw qhljkeruv* dfwlrqv dqg kduyhvwv1 Rxu sulpdu| phwkrg wr
whvw iru vrfldo ohduqlqj lv wr hvwlpdwh krz iduphuv* lqsxw ghflvlrqv uhvsrqg
wr wkh dfwlrqv dqg rxwfrphv ri wkhlu qhljkeruv1 Iurp sorw0ohyho iduplqj
gdwd/ zh nqrz wkh lqsxwv xvhg dqg rxwsxw kduyhvwhg e| hdfk iduphu/ dqg
wkxv wkh rxwfrph ri hdfk ch{shulphqw* zlwk wkh qhz whfkqrorj| e| hdfk uh0
vsrqghqw1 Zh xvh nqrzohgjh2frppxqlfdwlrq gdwd wr wudfh wkh lpsdfw ri
wkh lqirupdwlrq uhyhdohg e| hdfk h{shulphqw rq wkh ixwxuh lqsxw ghflvlrqv
ri rwkhu iduphuv zkr duh lq wkh clqirupdwlrq qhljkerukrrg* ri wkh fxowlyd0
wru zkr frqgxfwhg wkh h{shulphqw1 Rxu gdwd doorzv xv wr frqwuro iru pdq|
frqirxqglqj idfwruv lqfoxglqj frpprq vkrfnv gxh wr sk|vlfdo sur{lplw| ri
sorwv/ fuhglw duudqjhphqwv/ fodq phpehuvkls/ dqg vrlo fkdudfwhulvwlfv1

Zh h{dplqh vrfldo ohduqlqj derxw wkh xvh ri ihuwlol}hu lq slqhdssoh fxowl0
ydwlrq1 Zh �qg vwurqj h�hfwv ri cvxffhvvixo h{shulphqwv* zlwk ihuwlol}hu lq wkh
lqirupdwlrq qhljkerukrrg ri d iduphu rq wkdw iduphu*v ixwxuh lqqrydwlrqv lq
ihuwlol}hu xvh1 Vshfl�fdoo|/ zh �qg wkdw d iduphu +vd|/ iduphu D, lqfuhdvhv
+ghfuhdvhv, klv xvh ri ihuwlol}hu diwhu rwkhu iduphuv lq klv lqirupdwlrq qhljk0
erukrrg dfklhyh kljkhu wkdq phgldq sur�wv zkhq xvlqj pruh +ohvv, ihuwlol}hu
wkdq kh glg19 Wklv uhodwlrqvkls krogv iru d ydulhw| ri gl�huhqw gh�qlwlrqv
ri clqirupdwlrq qhljkerukrrg1* Pruhryhu/ zh fdq glvwlqjxlvk wklv dssduhqw
ohduqlqj h�hfw iurp pdq| ri wkh frqirxqglqj h�hfwv wkdw riwhq revfxuh wkh
lqwhusuhwdwlrq ri fruuhodwlrqv ehwzhhq wkh dfwlrqv ri djhqwv1 Frqglwlrqdo rq
vxffhvvixo h{shulphqwv lq wkh lqirupdwlrq qhljkerukrrg iduphu D/ wkhuh lv
qr uhodwlrqvkls ehwzhhq iduphu D*v lqqrydwlrqv lq ihuwlol}hu xvh dqg wkh fxo0
wlydwlrq sudfwlfhv ri iduphuv zkr fxowlydwh sk|vlfdoo| qhdue| sorwv/ ru zlwk

8Wdujhw lqsxw prghov kdyh ehhq zlgho| xvhg lq erwk wkhruhwlfdo dqg hpslulfdo zrun1 D
sduwldo olvw lqfoxghv Suhvfrww +4<:5,/ Zlovrq +4<:8,/ Mrydqrylf dqg Q|dunr +4<<7,/ Irvwhu
dqg Urvhq}zhlj +4<<8,1 Wkh wdujhw lqsxw prgho lv qrw dozd|v dssursuldwh/ ehfdxvh dv
frpprqo| vshfl�hg lw grhv qrw shuplw glvdgrswlrq zkhq wkh whfkqrorj| lv uhyhdohg wr
eh xqsur�wdeoh1 Ehvoh| dqg Fdvh +4<<7, sursrvh dq dowhuqdwlyh dssurdfk wr dyrlg wklv
uhvwulfwlrq1 Iru slqhdssoh lq wkh vwxg| duhd/ wkhuh kdv ehhq qr glvdgrswlrq1

9Zh xvh wkh pdoh surqrxq wr uhihu wr iduphuv ehfdxvh ri wkh h{wuhph jhqghu glylvlrq ri
oderu dvvrfldwhg zlwk slqhdssoh lq wklv duhd= ri <6 slqhdssoh iduphuv lq wkh vdpsoh/ rqo|
; duh zrphq1
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zkrp iduphu D kdv �qdqfldo wlhv1 Lq sulqflsoh/ rxu hpslulfdo phwkrg frxog
glvwlqjxlvk ohduqlqj iurp plplfnlqj ehkdylru e| frqwudvwlqj uhvsrqvhv wr df0
wlrqv ri vxffhvvixo dqg xqvxffhvvixo qhljkeruv1 Xqiruwxqdwho|/ zh gr qrw
kdyh vx!flhqw yduldwlrq lq rxu gdwd wr uxoh rxw plplfu| dv dq dowhuqdwlyh h{0
sodqdwlrq iru wklv �qglqj1 Zh gr �qg/ krzhyhu/ wkdw iduphuv vxevwdqwldoo|
lqfuhdvh wkhlu sur�wv e| prgli|lqj wkhlu ihuwlol}hu xvh lq wkh gluhfwlrq ri wkh
dprxqw ri ihuwlol}hu xvhg lq uhfhqw vxffhvvixo h{shulphqwv lq wkhlu lqirupdwlrq
qhljkerukrrg1

Wkh uhpdlqghu ri wklv sdshu lv rujdql}hg dv iroorzv1 Lq Vhfwlrq 5 zh
suhvhqw wkh vlpsoh ohduqlqj prgho wkdw prwlydwhv rxu hpslulfdo vshfl�fdwlrqv1
Vhfwlrq 6 ghvfulehv wkh hpslulfdo vhwwlqj dqg rxu gdwd1 Vhfwlrq 7 surylghv
d ghvfulswlrq ri rxu hpslulfdo prgho dqg Vhfwlrq 8 ghvfulehv rxu uhvxowv1
Vhfwlrq 9 r�huv d eulhi frqfoxvlrq1

5 Ohduqlqj Prgho
Wklv vhfwlrq ghvfulehv d vlpsoh prgho ri ohduqlqj derxw rswlpdo lqsxwv wkdw
zh xvh wr jxlgh rxu hpslulfdo zrun1 Wkh edvlf irup ri wklv prgho lv wkdw
iduphuv nqrz wkh surgxfwlrq whfkqrorj| xs wr wkh glvwulexwlrq ri dq rswlpdo
ru wdujhw lqsxw1 Vxssrvh wkdw hdfk iduphu kdv wkh iroorzlqj whfkqrorj|
dqg wkdw hdfk rshudwhv lw rq rqh sorw/ iru vlpsolflw| lq qrwdwlrq1 Rq iduphu
�*v sorw/ d vlqjoh lqsxw +ihuwlol}hu, s�c| lv fkrvhq dw wlph | dqg wkh iroorzlqj
shulrg rxwsxw ^�c|n� lv surgxfhg1 Wkh dprxqw ri rxwsxw lv udqgrp ehfdxvh
wkh h{ srvw rswlpdo ohyho ri wkh lqsxw lv udqgrp/ jlyhq e| d cwdujhw lqsxw*
yduldeoh w�c|n� wkdw iru vlpsolflw| zh wdnh wr eh LLG dfurvv djhqwv dqg wlph1:

Zh dvvxph wkh orvv dvvrfldwhg zlwk vxerswlpdo lqsxwv lv txdgudwlf zlwk wkh
iroorzlqj irup=

^�c|n� ' b� Es�| � w�c|n��
2 �

Wkh glvwulexwlrq ri wkh wdujhw lqsxw vkrfn lv dvvxphg wr eh pxowlqrpldo zlwk
wkuhh glvwlqfw srlqwv ri vxssruw % 	 + 	 5 zlwk suredelolwlhv R%c R+/ dqg
E� � R% � R+�/ uhvshfwlyho|1 Iduphuv duh dvvxphg wr nqrz wkh irup ri wklv
surgxfwlrq ixqfwlrq dqg wkh glvwulexwlrq ri wkh wdujhw lqsxw vkrfn dqg kdyh
rqo| wkh suredelolwlhv R% dqg R+ wr ohduq1

:Lq rxu hpslulfdo zrun/ zh gr doorz iru ghshqghqfh dfurvv revhuydwlrqv1

9



Zh prgho iduphuv* nqrzohgjh derxw dR% R+o lq d Ed|hvldq iudphzrun vr
wkdw wkh| kdyh d vxemhfwlyh sulru glvwulexwlrq ryhu ydoxhv ri wkhvh suredelo0
lwlhv1 Wkh frqmxjdwh sulru glvwulexwlrq iru wkh pxowlqrpldo lv wkh Glulfkohw
glvwulexwlrq/ fkdudfwhul}hg lq wklv h{dpsoh e| wkuhh sdudphwhuv= A�c%c A�c+c dqg
A�c5 zklfk zh wdnh wr eh lqwhjhuv iru vlpsolflw|1; Vr wkh sulru glvwulexwlrq zh
zloo zrun zlwk fdq eh zulwwhq dv=

��ER%c R+� 2 R%
A�c%3�R+

A�c+3�E�� R% � R+�
A�c53�� +4,

Wkh iduphu*v sureohp lv wr fkrrvh lqsxw s��| jlyhq klv eholhiv1 Lq wklv
wdujhw lqsxw prgho/ wkhuh duh qr vwudwhjlf qru h{shulphqwdo prwlydwlrqv iru
d iduphu wr ydu| klv xvh ri lqsxwv1 Iduphuv duh dvvxphg wr nqrz wkh irup
ri wkh surgxfwlrq ixqfwlrq/ wkhuhiruh wkh vdph lqirupdwlrq lv uhyhdohg e|
dq| ohyho ri lqsxw xvh/ vr wkh rswlpdo vwudwhj| lv wr fkrrvh s�c| wr pd{lpl}h
sur�wv1<

Iru vlpsolflw| ri h{srvlwlrq/ zh dvvxph wkdw lqsxwv duh frvwohvv1 Wkh dv0
vxpswlrq ri txdgudwlf orvv iurp kdylqj vxerswlpdo lqsxwv lpsolhv wkdw wkh
rswlpdo fkrlfh ri lqsxwv lv wkh h{shfwdwlrq ri w zlwk uhvshfw wr klv vxemhfwlyh
sulru glvwulexwlrq1 Wkh h{shfwhg ydoxh ri R% xqghu wkh glvwulexwlrq +4, lvk

A�c%
A�c%nA�c+nA�c5

l
1 Wkh h{shfwhg ydoxh ri R+ lv

k
A�c+

A�c%nA�c+nA�c5

l
c dqg vr rq1 Wkhuh0

iruh/ iduphu �*v vxemhfwlyh h{shfwdwlrq ri w jlyhq wkhvh sulruv lv=

.�JEw�c�� ' %

�
A�c%

A�c% n A�c+ n A�c5

�
n+

�
A�c+

A�c% n A�c+ n A�c5

�
n5

�
A�c5

A�c% n A�c+ n A�c5

�
�

Wklv txdqwlw| zloo eh wkh rswlpdo lqsxw fkrlfh iru iduphu � zlwk eholhiv jlyhq
e| +4,1

Zh irfxv rxu dwwhqwlrq rq wkuhh vlpsoh h{dpsohv zkhuh iduphuv* ohduq0
lqj derxw dR% R+o fruuhvsrqgv wr xsgdwlqj ri wkhlu eholhiv xvlqj Ed|hv* uxoh1
Wkh �uvw h{dpsoh lv d wzr0iduphu yloodjh zkhuh erwk iduphuv duh hdfk rwkhu*v

;Wkh uhdghu pljkw wklqn ri wkhvh sdudphwhuv dv wkh qxpehu ri rffxudqfhv ri {> |> dqg }>
uhvshfwlyho|/ iurp d vhw ri suhylrxv gudzv iurp wkh pxowlqrpldo glvwulexwlrq ri � wkdw kdyh
ehhq revhuyhg e| iduphu l1 Krzhyhu/ lq rxu ehkdylrudo prgho ri xsgdwlqj/ zh dvvxph
wkdw wkh iduphuv wdnh wkhvh sulruv dv sulpdwlyh/ xqlqirupdwlyh dqg frpprq nqrzohgjh1
Iduphu E/ iru h{dpsoh/ lv dvvxphg wr nqrz iduphu D*v sulru/ dqg grhv qrw lqwhusuhw lw dv
hylghqfh ri suhylrxv gudzv iurp wkh glvwulexwlrq ri �1 Pruulv +4<<8, surylghv d xvhixo
glvfxvvlrq ri prghov zlwk khwhurjhqhrxv sulruv1

<Wklv lv frqglwlrqdo rq fxowlydwlqj wkh qhz furs1 Wkhuh duh vwudwhjlf frqvlghudwlrqv lq
wkh dgrswlrq ghflvlrq/ vhh Irvwhu dqg Urvhq}zhlj +4<<8,/ Ehvoh| dqg Fdvh +4<<7,1

:



lqirupdwlrq qhljkeru1 Zh dovr vxssrvh wkdw hdfk iduphu revhuyhv zlwkrxw
huuru doo lqsxwv dqg rxwfrphv iru klpvhoi dv zhoo dv klv lqirupdwlrq qhljk0
eru1 Wkh vhfrqg h{dpsoh looxvwudwhv wkh lpsdfw wkdw olplwhg revhuydelolw|
zrxog kdyh rq xsgdwlqj uxohv lq wkh vdph wzr0iduphu/ rqh0qhljkerukrrg ylo0
odjh1 Ilqdoo|/ wkh odvw h{dpsoh looxvwudwhv wkh surfhvv ri vrfldo ohduqlqj zkhq
qhwzrunv pdwwhu/ wkdw lv/ zkhq qrw doo iduphuv duh lqirupdwlrq qhljkeruv ri
hdfk rwkhu1 Zlwk pdq| qhljkerukrrg vwuxfwxuhv/ revhuydwlrqv ri qhljkeruv*
dfwlrqv frqwdlq lqirupdwlrq eh|rqg wkdw jhqhudwhg e| revhuydwlrqv ri wkh
rxwfrphv ri wkhlu wuldov wkhpvhoyhv1

H{dpsoh 4
Vxssrvh wkhuh duh wzr iduphuv D dqg E/ hdfk kdv rqh sorw/ dqg hdfk lv

wkh rwkhu*v qhljkeru1 Dvvxph wkdw hdfk iduphu kdv ixoo lqirupdwlrq h{ srvw
derxw wkh rwkhu*v kduyhvw dqg lqsxw fkrlfhv1 Dw wlph shulrg |c iduphu D fdq
revhuyh ^�c| dqg wkh dvvrfldwhg lqsxw s�c|3� lq dgglwlrq wr klv rzq lqsxw dqg
rxwsxw/ s�c|3� dqg ^�c|� Zlwk klv nqrzohgjh ri wkh surgxfwlrq whfkqrorj|/
iduphu D fdq ghgxfh wkh uhdol}dwlrq ri wkh rswlpdo lqsxw vkrfnv iru erwk
sorwv= w�c|c w�c|� Vxssrvh wkh| vwduw rxw lq shulrg }hur zlwk wkh gl�huhqw
sulruv gh�qhg e| +4,1 Iduphu ��r shulrg }hur dfwlrqv zloo eh s�cf ' .�cfEw�c���
Vd|/ iru h{dpsoh/ wkh h{ srvw wdujhw lqsxw vkrfnv lq shulrg rqh duh erwk
htxdo wr % G w�c� ' w�c� ' %� Lq wklv fdvh/ erwk iduphuv xsgdwh wkhlu eholhiv
wr uh hfw wkh nqrzohgjh wkdw wzr gudzv ri % kdyh ehhq revhuyhg dqg wkhlu
srvwhulru phdqv iru R% zloo eh A�c%n2

EA�c%n2�nA�c+nA�c5
dqg iru R+ G

A�c+
EA�c%n2�nA�c+nA�c5

�

Wkxv erwk iduphuv uhgxfh wkhlu xvh ri s lq shulrg 4=

s�c� ' .�c�Ew�c2� ' %

�
A�c% n 2

EA�c% n 2� n A�c+ n A�c5

�
n

+

�
A�c+

EA�c% n 2� n A�c+ n A�c5

�
n 5

�
A�c5

EA�c% n 2� n A�c+ n A�c5

�
	 s�cf

sJo � 5 i�c�j�

Vxssrvh iru h{dpsoh iduphu E kdg lqlwldo sulruv wkdw ohg klp wr eholhyh wkdw
wkh h{shfwhg ydoxh ri w zdv orz uhodwlyh wr wkh lqlwldo eholhiv ri iduphu D/ vr
s�cf 	 s�cf1 Jlyhq wkdw wkh wdujhw lqsxw vkrfnv lq shulrg rqh zhuh erwk
htxdo wr %/ iduphu E lv uhodwlyho| vxffhvvixo +^�c� : ^�c�, dqg zh revhuyh lq
shulrg rqh erwk iduphuv uhgxflqj wkhlu lqsxw xvh1

Wkh yduldqfh ri hdfk iduphu*v vxemhfwlyh glvwulexwlrqv lv lqyhuvho| sur0
sruwlrqdo wr wkh qxpehu ri gudzv dv wkhlu eholhiv ehfrph frqfhqwudwhg rq

;



wkh wuxh R% dqg R+� Iduphu �*v lqlwldo vxemhfwlyh yduldqfh ri R% zlwk eholhiv
uhsuhvhqwhg e| +4, lv

A�c%EA�c+ n A�c5�

EA�c% n A�c+ n A�c5�
2 EA�c% n A�c+ n A�c5 n ��

dqg wkrvh iru R+ dqg R5 duh dqdorjrxv1 Xsrq jdlqlqj wkh lqirupdwlrq wkdw
w�c� ' w�c� ' %c wkh yduldqfhv ri iduphu �*v eholhiv derxw R% duh=

EA�c% n 2� EA�c+ n A�c5�

EEA�c% n 2� n A�c+ n A�c5�
2 EEA�c% n 2� n A�c+ n A�c5 n ��

Wkhvh xsgdwhg vxemhfwlyh yduldqfhv uh hfw wkh lqfuhdvhv lq lqirupdwlrq dqg
zloo ydqlvk dv wkh qxpehu ri revhuyhg h{shulphqwv dssurdfkhv lq�qlw|1

Wklv h{dpsoh looxvwudwhv wkdw zlwk ixoo lqirupdwlrq/ qhljkeruv* h{shul0
phqwv duh mxvw dv lqirupdwlyh dv d iduphu*v rzq h{shulphqwv dqg vr wkh|
kdyh d v|pphwulf lpsdfw xsrq eholhiv1 Lw looxvwudwhv wkh sulqflsoh wkdw zlwk
ixoo lqirupdwlrq/ d iduphu*v eholhiv lq dq| shulrg ghshqg rqo| xsrq klv sulruv
dqg wkh qxpehu ri uhdol}dwlrqv ri %c + dqg 5 iurp suhylrxv wuldov e| dq|rqh
lq klv lqirupdwlrq qhljkerukrrg1 Qhlwkhu wkh lghqwlw| ri wkh iduphu qru
wkh rughulqj ri wkh uhdol}dwlrqv kdv dq| h�hfw rq srvwhulru eholhiv1 Ilqdoo|/
wkh h{dpsoh pdnhv wkh vlpsoh dqg urexvw srlqw wkdw d iduphu zloo whqg wr
dgmxvw klv lqsxw xvh lq wkh gluhfwlrq ri wkh ohyho ri lqsxwv xvhg e| uhodwlyho|
vxffhvvixo iduphuv lq klv lqirupdwlrq qhljkerukrrg1

H{dpsoh 51
Lq wklv h{dpsoh zh looxvwudwh wkh frqvhtxhqfh ri olplwhg revhuydelolw| ri

rxwsxw lq d wzr iduphu yloodjh zkhuh hdfk lv wkh rwkhu*v qhljkeru1 Vxs0
srvh wkdw wkhuh lv ixoo lqirupdwlrq derxw rqh*v rzq lqsxwv dqg rxwsxw dv
zhoo dv rqh*v qhljkeru*v lqsxwv1 Krzhyhu/ iduphu D revhuyhv rqo| dq lq0
glfdwru ri zkhwkhu wkh kduyhvw ri iduphu E*v sorw zdv jrrg/ deryh d ohyho
^W G � E^�c| : ^W� � Ydoxhv ri ^W vxfk wkdw Eb� ^W� lv lqwhulru wr wkh udqjh ri
Es�c| � w�c|n��

2 zloo uhyhdo olplwhg lqirupdwlrq derxw wkh uhdol}hg wdujhw lqsxw
vkrfn1 Iru h{dpsoh/ vxssrvh ^W dqg s�c| duh vxfk wkdw

Es�c| � 5�2 	 Eb� ^W� 	 Es�c| � +�2 	 Es�c| � %�2 �

Lq wklv fdvh/ revhuylqj wkdw ^�c| : ^W lpsolhv wkdw wkh wdujhw vkrfn zdv 5 exw
^�c| 	 ^W lpsolhv rqo| wkdw wkh wdujhw vkrfn zdv qrw 5� Wkxv/ wkh lqirupdwlrq

<



uhyhdohg wr iduphu D lv wkdw wkh wdujhw lqsxw iru iduphu E lv hlwkhu 5 ru lq wkh
vhw d%c +o� Vxssrvh wkdw iduphu D vwduwv rxw zlwk wkh vdph sulruv dv deryh
dqg uhfhlyhv rqo| wkh lqirupdwlrq= w�c� 5 d%c +o� Wkh olnholkrrg ri wklv hyhqw
lv=

uE_@|@mR%c R+� ' ER% n R+�

Wkhuhiruh/ iduphu D*v srvwhulru lv=

��ER%c R+m_@|@� 2 ER% n R+� R%
A�c%3�R+

A�c+3�E�� R% � R+�
A�c53�� +5,

Vwudljkwiruzdug exw whglrxv fdofxodwlrq uhyhdov wkh srvwhulru phdqv iru D ri
R%/R+c dqg R5 G

.� ER%� '

5
7 A�c%

A�c%nA�c+

�
�nA�c%

�nA�c%nA�c+nA�c5

�
n

A�c+
A�c%nA�c+

�
A�c%

�nA�c%nA�c+nA�c5

�
6
8

.� ER+� '

5
7 A�c%

A�c%nA�c+

�
A�c+

�nA�c%nA�c+nA�c5

�
n

A�c+
A�c%nA�c+

�
�nA�c+

�nA�c%nA�c+nA�c5

�
6
8

.� ER5� '

�
A�c5

� n A�c% n A�c+ n A�c5

�
� +6,

Wkh lpsdfw ri olplwhg revhuydelolw| fdq eh vhhq e| frpsdulqj wkh srvwhulru
phdqv lq +6, wr wkrvh wkdw zrxog uhvxow iurp iduphu D revhuylqj wkdw w�c� '
% G

.� ER%� '
� n A�c%

� n A�c% n A�c+ n A�c5
+7,

.� ER+� '
A�c+

� n A�c% n A�c+ n A�c5

.� ER5� '
A�c5

� n A�c% n A�c+ n A�c5
�

Wkxv revhuylqj wkh hyhqw wkdw w�c� lv % ru + uhvxowv lq d srvwhulru phdq
iru R� wkdw lv d frqyh{ frpelqdwlrq ri wkh srvwhulru phdq wkdw zrxog kdyh
uhvxowhg li w�c� ' % dqg wkdw li w�c� ' +c dqg wkh zhljkwv fruuhvsrqg wr wkh
uhodwlyh zhljkwv ri R% dqg R+ xqghu wkh sulru= A�c% dqg A�c+c uhvshfwlyho|1 Wkh
srvwhulru phdq iru R5 lv wkh vdph dv lw zrxog kdyh ehhq jlyhq h{dfw nqrzohgjh
ri zkhwkhu w�c� htxdohg % ru +� Wkh xsgdwhg.�c�Ew�c2� lv d olqhdu frpelqdwlrq
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ri %c +c dqg 5 zlwk zhljkwv jlyhq e| wkh srvwhulru phdqv lq h{suhvvlrq +6,
dqg lq jhqhudo zloo eh glvwlqfw iurp wkdw jhqhudwhg iurp revhuylqj wkh h{dfw
ydoxh ri w�c��

Vxssrvh djdlq wkdw iduphu E vwduwv zlwk d sulru eholhi wkdw wkh h{shfwhg
ydoxh ri w lv orz uhodwlyh wr wkh lqlwldo eholhiv ri iduphu D1 Khqfh/ s�cf 	 s�cf1
Lq wklv h{dpsoh dv zhoo/ jlyhq wkdw wkh wdujhw lqsxw vkrfnv lq shulrg rqh
zhuh erwk htxdo wr %/ iduphu E lv uhodwlyho| vxffhvvixo +^�c� : ^�c�,1 Diwhu
revhuylqj wkdw w�c� 5 i%c +j/ wkh lpshuihfwo|0lqiruphg iduphu D qrz kdv d
orzhu h{shfwhg ydoxh ri w1 Lq shulrg rqh zh revhuyh iduphu D prgli|lqj
klv ihuwlol}hu xvh lq wkh gluhfwlrq ri wkh orzhu s�cf fkrvhq e| wkh uhodwlyho|
vxffhvvixo iduphu E lq wkh lqlwldo shulrg/ dowkrxjk qrw dv idu dv lq wkh ixoo
lqirupdwlrq fdvh ri H{dpsoh 41

H{dpsoh 61
Lw lv srvvleoh wkdw ohduqlqj rffxuv wkurxjk vrfldo qhwzrunv udwkhu wkdq lq

wkh frqwh{w ri wkh froohfwlyh h{shulphqw looxvwudwhg lq H{dpsohv 4 dqg 51 Wkh
iroorzlqj h{dpsoh frqvlghuv wkh lpsolfdwlrqv iru ohduqlqj zkhq lqirupdwlrq lv
vkduhg zlwklq ryhuodsslqj qhljkerukrrgv1 Vxssrvh wkhuh duh wkuhh iduphuv
D/E dqg F zlwk wkh iroorzlqj lqirupdwlrq qhljkerukrrg vwuxfwxuh= D kdv
rqo| E iru d qhljkeru/ F kdv rqo| E iru d qhljkeru/ dqg E kdv erwk D dqg
E iru qhljkeruv1 Dvvxph dv lq wkh �uvw h{dpsoh wkdw hdfk iduphu kdv ixoo
lqirupdwlrq derxw klv qhljkeruv* wuldov1

Frqvlghu wkh rswlpdo dfwlrqv ri iduphuv D dqg E li wkh| xsgdwh zlwk rqo|
wkh lqirupdwlrq lq wkh lqihuuhg w vljqdov ri wkhlu qhljkeruv1 Wkh wkuhh iduphuv
pd| kdyh gl�huhqw sulruv dqg wkxv gl�huhqw fkrlfhv ri s�cf +wr eh frqfuhwh/
vxssrvh s�cf : s�cf : s�cf,1 Vxssrvh wkh uhdol}dwlrqv ri w lq wkh shulrg 4
wuldov duh w�c� ' w�c� ' w�c� ' %� Diwhu shulrg 4/ iduphu D xsgdwhv klv eholhiv
dv iroorzv=

.�c�Ew�c2� ' %

�
A�c% n 2

EA�c% n 2� n A�c+ n A�c5

�
n

+

�
A�c+

EA�c% n 2� n A�c+ n A�c5

�
n 5

�
A�c5

EA�c% n 2� n A�c+ n A�c5

�
�

Iduphu E revhuyhv wkh rxwfrphv ri doo wkuhh wuldov/ vr kh xsgdwhv wr=

.�c�Ew�c2� ' %

�
A�c% n �

EA�c% n �� n A�c+ n A�c5

�
n

+

�
A�c+

EA�c% n �� n A�c+ n A�c5
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n 5

�
A�c5

EA�c% n �� n A�c+ n A�c5

�
�
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Dv lq wkh suhylrxv h{dpsohv/ wkh rswlpdo lqsxw fkrlfh iru hdfk iduphu lv
wr vhw s�c| ' .�c|Ew�c|n��1 Qrwh wkdw iduphu D nqrzv doo wkh ghwhuplqdqwv ri
s�c� ' .�c�Ew�c2� zlwk wkh h{fhswlrq ri w�c�� Kh zloo eh deoh wr ghwhuplqh wkh
ydoxh ri w�c� zkhq kh revhuyhv iduphu E*v dfwlrq lq shulrg rqh143 Wkhuhiruh/ li
Iduphu D zhuh wr xvh rqo| wkh lqirupdwlrq frqwdlqhg lq iw�c�c w�c�c w�c2c w�c2jc
kh zrxog qrw kdyh dq rswlpdo xsgdwh ri wkh suredelolwlhv ehfdxvh kh zrxog
rplw wkh lqirupdwlrq jhqhudwhg e| w�c�� Lq jhqhudo/ zkhq ohduqlqj rffxuv
wkurxjk qhwzrunv/ revhuydwlrq ri qhljkeruv* rswlpdo ghflvlrqv frqwdlqv d
vrxufh ri lqirupdwlrq wkdw lv qrw fdswxuhg e| wkhlu wdujhw lqsxw vkrfn klvwr0
ulhv1 Pruhryhu/ wkh sduwlfxodu klvwru| ri uhdol}dwlrqv ri w qrz pdwwhuv eh0
fdxvh iduphu D pxvw prgho iduphu E*v xsgdwlqj surfhvv lq rughu wr ghgxfh
iduphu E*v revhuydwlrq ri w�c�1 Li wkh qhwzrun vwuxfwxuh zhuh wr eh h{whqghg/
iru h{dpsoh e| dgglqj iduphu G zkr kdv rqo| iduphu F dv d qhljkeru/ iduphu
D zrxog kdyh wr h{whqg wkh ghswk ri klv phpru| e| dq dgglwlrqdo shulrg lq
rughu wr ghgxfh w(c� dqg w�c2�

Lw fdq eh vhhq wkdw wkh sureohp idfhg e| +iru h{dpsoh, iduphu D ri ghgxf0
lqj wkh uhdol}dwlrqv ri w�c| iru iduphuv � qrw lq wkh lqirupdwlrq qhljkerukrrg
ri iduphu D ehfrphv yhu| frpsoh{ iru h{whqghg qhljkerukrrg vwuxfwxuhv1
Zh pdnh qr dwwhpsw wr prgho wklv surfhvv h{solflwo| lq wkh hpslulfdo zrun
wkdw iroorzv1 Lqvwhdg/ zh h{dplqh wkh vlpsohu lpsolfdwlrq ri hdfk ri wkhvh
prghov wkdw iduphuv* eholhiv dqg revhuydeoh dfwlrqv duh xsgdwhg lq uhvsrqvh
wr wkhlu revhuydwlrq ri qhz lqirupdwlrq iurp qhljkeruv* h{shulphqwv1 Lq
hdfk ri wkhvh h{dpsohv/ li d iduphu*v eholhiv duh gl�huhqw iurp wkrvh ri klv
lqirupdwlrq qhljkeru +dqg wkxv kh fkrrvhv d gl�huhqw ohyho ri lqsxw dssol0
fdwlrq, dqg li wkdw qhljkeru lv uhodwlyho| vxffhvvixo/ wkhq wkh iduphu whqgv
wr xsgdwh klv eholhiv dqg dfwlrqv lq wkh gluhfwlrq ri wkrvh ri klv qhljkeru144

Vxffhvvixo h{shulphqwv/ lq wklv vhqvh/ dwwudfw lplwdwlrq1
43Jlyhq dq| iWl>{> Wl>|> Wl}j/ wklv vwdwhphqw krogv iru jhqhulf fkrlfh ri i+{> |> }, 5

U
6
.m{ ? | ? }j=
44Lq H{dpsoh 6/ lw zloo rffdvlrqdoo| eh wkh fdvh wkdw d iduphu xsgdwhv klv ihuwlol}hu xvh

dzd| iurp wkdw ri d vxffhvvixo qhljkeru1 Lq wklv h{dpsoh/ vxssrvh wkdw } lv pxfk odujhu
wkdq |/ dqg wkdw iduphu F uhdol}hg �F>4 @ }/ udwkhu wkdq { dv dvvxphg lq wkh wh{w1 Wkhq
diwhu D ghgxfhv iurp E3v shulrg 4 dfwlrq wkdw �F>4 @ }> lw frxog eh wkh fdvh wkdw D
xsgdwhv klv shulrg 5 dfwlrq wr lqfuhdvh/ udwkhu wkdq ghfuhdvh klv ihuwlol}hu xvh1 Krzhyhu/
hyhq lq wklv h{dpsoh rq dyhudjh iduphuv zloo xsgdwh wkhlu ihuwlol}hu xvh wr uh hfw wkdw ri
wkhlu vxffhvixo qhljkeruv dv ihuwlol}hu xvh e| hdfk frqyhujhv wrzdugv wkh rswlpdo ohyho ri
s{{. s|| . +4� s{ � s|,}=
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6 Hpslulfdo Vhwwlqj
Wklv vhfwlrq ghvfulehv wkh gdwd zh xvh lq rxu hpslulfdo zrun1 Iluvw/ zh
glvfxvv wkh phdvxuhv ri iduphuv* nqrzohgjh dqg frppxqlfdwlrq zlwk hdfk
rwkhu wkdw zh xvh wr gh�qh qhljkerukrrgv1 Wkhq zh ghvfuleh wkh hfrqrplf
dqg djurqrplf gdwd wkdw zh xvh wr ghvfuleh iduphuv* ohduqlqj1 Wkh vhfwlrq
hqgv zlwk d glvfxvvlrq ri wkh vdolhqw ihdwxuhv ri rxu qhljkerukrrg gdwd1

Wkh gdwd duh gudzq iurp d wzr0|hdu vxuyh| ri dssur{lpdwho| 573 krxvh0
krogv lq vrxwkhuq Jkdqd1 D idluo| frpsuhkhqvlyh vhw ri lqglylgxdo dqg djur0
qrplf gdwd zdv froohfwhg1 Dv vrph ri wkh gdwd zdv txlwh vhqvlwlyh/ zh olplwhg
wkh vl}h ri wkh vdpsoh lq rughu wr pdlqwdlq forvh ryhuvljkw ri wkh lqwhuylhz
surfhvv1 Wkh vdpsoh zdv frqvwuxfwhg lq wzr vwdjhv1 Wkh surfhvv ehjdq
zlwk wkh sxusrvlyh vhohfwlrq ri irxu cyloodjhv* qhdu wkh wrzqv ri Qvdzdp dqg
Dexul145 Wklv uhjlrq lv wkh fhqwhu ri wkh uhfhqw jurzwk ri lqwhqvlyh yhjhwdeoh
fxowlydwlrq lq wkh Hdvwhuq Uhjlrq1 Wkh vhfrqg vwdjh zdv d udqgrp vdpsoh
ri pduulhg lqglylgxdov= 93 frxsohv +ru wulsohv/ zkhq wkhuh duh wzr zlyhv, zhuh
fkrvhq e| d vlpsoh udqgrp vdpsoh lq hdfk yloodjh1 Wzr hqxphudwruv olyhg lq
ru qhdu hdfk yloodjh dqg lqwhuylhzhg hdfk uhvsrqghqw lq 48 urxqgv dw lqwhuydov
ri dssur{lpdwho| vl{ zhhnv1

Lq dgglwlrq wr wkh gdwd rq slqhdssoh surgxfwlrq/ frppxqlfdwlrq/ nqrzo0
hgjh dqg vrfldo qhwzrunv ghvfulehg lq 614 dqg 615 zh pdnh xvh ri gdwd rq
wkh fkdudfwhulvwlfv ri iduphuv146 Zhdowk lv gh�qhg dv wkh ydoxh ri wkh qrq0
odqg dvvhwv khog e| wkh iduphu dw wkh vwduw ri wkh vxuyh| shulrg1 Wkh fodq
lqglfdwru yduldeohv ghqrwh phpehuvkls lq d sduwlfxodu dexvxd/ ru pdwulolqhdo
fodq1 Wkh uholjlrq lqglfdwru ghqrwhv phpehuvkls lq d sduwlfxodu fkdulvpdwlf
fkxufk1 D wdeoh ri vxppdu| vwdwlvwlfv lv lqfoxghg lq wkh dsshqgl{1

614 Frppxqlfdwlrq dqg Nqrzohgjh Gdwd

Rqh ri rxu pdlq lqqrydwlrqv lv wkdw zh duh deoh wr xvh vxuyh| gdwd wr gluhfwo|
gh�qh clqirupdwlrq qhljkerukrrgv1* Prvw ri wkh olwhudwxuh lq hfrqrplfv rq
ohduqlqj derxw djulfxowxuh kdv ehhq irufhg wr uho| rq vwurqj dvvxpswlrqv uh0
jduglqj wkh  rz ri lqirupdwlrq lq frppxqlwlhv1 Lq frqwudvw/ zh fdq edvh rxu

45Zh xvh gdwd iurp wkh wkuhh ri wkhvh cyloodjhv* zkhuh slqhdssoh lv iduphg1 Zh zloo
uhihu wr wkh xqlwv dv cyloodjhv* dowkrxjk/ lq idfw/ rqo| wzr duh ohjdoo| yloodjhv1 Wkh rwkhu
wzr orfdwlrqv duh d sdlu ri dgmdfhqw yloodjhv dqg d yloodjh zlwk d vhw ri rxwo|lqj kdpohwv1

46D ghwdlohg ghvfulswlrq ri vxuyh| surfhgxuhv/ frslhv ri wkh vxuyh| lqvwuxphqwv dqg wkh
gdwd dufklyh duh dydlodeoh dw kwws=22zzz1hfrq1|doh1hgx2�fux52jkdqdgdwd1kwpo1
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phdvxuhv ri lqirupdwlrq dydlodelolw| rq gluhfw gdwd derxw frqyhuvdwlrqv eh0
wzhhq lqglylgxdov ru rwkhu lqglfdwruv wkdw lqglylgxdov vkduh nqrzohgjh derxw
iduplqj1 Vshfl�fdoo|/ zh kdyh wzr fodvvhv ri lqirupdwlrq olqnv phdvxuhv= rqh
vhw lv edvhg rq gdwd rq lqwhudfwlrqv ehwzhhq vhohfwhg sdluv ri lqglylgxdov> wkh
vhfrqg rq d urvwhu ri frqwdfwv iru hdfk uhvsrqghqw1

Wr frqflvho| ghvfuleh wkh gh�qlwlrqv ri rxu phwulfv ohw � ' i�c ���c6j eh
wkh vhw ri slqhdssoh iduphuv lq d yloodjh dqg � dqg � eh w|slfdo phpehuv ri
wklv vhw1 Ohw ,�� 5 ifc �j ghvfuleh wkh uhodwlrqvkls ehwzhhq dq| wzr iduphuv lq
wkh yloodjh1 Zh vd| wkdw � dqg � duh olqnhg li ,�� ' �/ dqg wkh qhljkerukrrg
ri � lv gh�qhg dv �� ' i�m,�� ' �j1

Rxu csdluv* lqirupdwlrq phdvxuhv duh edvhg rq vdpsohv ri sorwv dqg ri
lqglylgxdov1 Hdfk vdpsoh uhvsrqghqw zdv txhvwlrqhg derxw d udqgrp vdpsoh
+zlwkrxw uhsodfhphqw, ri vhyhq rwkhu lqglylgxdov lq wkh vdph yloodjh/ dqg
zlwk wkuhh rwkhu suhghwhuplqhg lqglylgxdov zkr dsshdu wr eh irfdo lq wkh
yloodjh1 Olqnv iru hdfk uhvsrqghqw duh gh�qhg dffruglqj wr klv uhvsrqvhv
wr vshfl�f txhvwlrqv derxw wkh uhodwlrqvkls zlwk wkh vhohfwhg shuvrqv1 Lq
dgglwlrq/ hdfk uhvsrqghqw zdv pdwfkhg zlwk d udqgrp vdpsoh ri vl{ uhfhqwo|0
kduyhvwhg slqhdssoh sorwv lq wkh vdph yloodjh1 Olqnv duh gh�qhg ehwzhhq wkh
uhvsrqghqw dqg wkh fxowlydwru ri wkh uhohydqw sorw1

Wkh vdpsohv ri lqglylgxdov surgxfhg uhvsrqvhv wr wkh txhvwlrq= �Kdyh
|rx hyhu jrqh wr bbb iru dgylfh derxw |rxu idupB�1 Lq wklv fdvh/ zh gh�qh
,�� ' � li hlwkhu � uhvsrqghg c|hv* wr wklv txhvwlrq derxw � ru li � uhvsrqghg
c|hv* wr wklv txhvwlrq derxw �1 Lq ��I ri wkh pdwfkhv/ rqh ri wkh iduphuv
kdg jrqh wr wkh rwkhu iru dgylfh1 Zh xvh uhvsrqvhv wr wklv txhvwlrq dv
rxu ehqfkpdun gh�qlwlrq ri lqirupdwlrq qhljkeruv ehfdxvh gxulqj wkh �hog
uhvhdufk lw dsshduhg uholdeo|0dqvzhuhg dqg lw lv wudqvsduhqwo| uhodwhg wr wkh
ohduqlqj surfhvv xqghu vwxg|1

Wkh vdpsoh ri slqhdssoh sorwv |lhogv uhvsrqvhv wr wkh iroorzlqj txhvwlrqv1
�Gr |rx nqrz bbbB�1 Lq wklv fdvh/ zh gh�qh ,�� ' � li hlwkhu � uhvsrqghg
c|hv* wr wklv txhvwlrq derxw � ru li � uhvsrqghg c|hv* wr wklv txhvwlrq derxw
�1 Lq pruh wkdq ;3( ri wkh pdwfkhv uhvsrqghqwv nqhz wkh fxowlydwru ri wkh
vhohfwhg sorw1 Li wkh uhvsrqghqw nqrzv wkh fxowlydwru/ zh dvn �Gr |rx nqrz
wkdw v2kh kdv d slqhdssoh idup dw ^lqvhuw ghvfulswlrq ri sorw`B�1 Lq wklv fdvh/
zh gh�qh ,�� ' � li hlwkhu � uhvsrqghg c|hv* wr wklv txhvwlrq derxw dq| ri
�*v slqhdssoh sorwv ru li � uhvsrqghg |hv wr wklv txhvwlrq derxw dq| ri �*v
slqhdssoh sorwv1 Wkh slqhdssoh sorw zdv nqrzq lq mxvw ryhu 63( ri wrwdo
pdwfkhv +lqfoxglqj wkrvh zkhuh cgr |rx nqrz bbB* zdv dqvzhuhg qr,1 Li wkh
uhvsrqghqw nqrzv derxw wkh slqhdssoh sorw/ zh dvn �Krz riwhq gr |rx wdon
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zlwk wklv iduphu lq dq dyhudjh prqwkB�1 Iru wklv phwulf/ zh gh�qh ,�� ' �
li hlwkhu � fodlphg wr vshdn zlwk � dw ohdvw rqfh shu zhhn ru li � fodlphg wr
vshdn zlwk � dw ohdvw rqfh shu zhhn1 Uhvsrqghqwv wdonhg dw ohdvw rqfh shu
zhhn lq 4;( ri wrwdo pdwfkhv1

Zh dovr xvh phdvxuhv edvhg rq d urvwhu ri frqwdfwv iru hdfk uhvsrqghqw1
Zh jhqhudwhg iru hdfk uhvsrqghqw d olvwlqj ri doo wkh lqglylgxdov qdphg e|
wkdw uhvsrqghqw lq d qxpehu ri gl�huhqw frqwh{wv1 Wkh vxuyh| gdwd lqfoxghv
shrsoh qdphg lq uhvsrqvh wr txhvwlrqv ghvljqhg wr uhfrug doo cvljql�fdqw*
frqyhuvdwlrqv derxw iduplqj ehwzhhq lqglylgxdov1 Lq wklv fdvh/ zh gh�qh
,�� ' � li hlwkhu � uhsruwv ohduqlqj derxw iduplqj iurp �/ ru li � uhsruwv
ohduqlqj derxw �1 Lq sulqflsoh/ doo sdluv ri uhvsrqghqwv zkr kdyh ohduqhg derxw
ihuwlol}hu xvh iurp hdfk rwkhu vkrxog kdyh ,�� ' �1 Lq idfw/ lw lv lpsrvvleoh wr
uhfrug wkh qdphv ri doo lqglylgxdov zlwk zkrp uhvsrqghqwv glvfxvv iduplqj/
vr hqxphudwruv zhuh lqvwuxfwhg wr uhtxhvw wkh qdphv ri lqglylgxdov zlwk
zkrppruh wkdq fdvxdo frqyhuvdwlrqv wrrn sodfh1 Wzr lpsruwdqw lvvxhv dulvh
dv d frqvhtxhqfh1 Iluvw/ gl�huhqw uhvsrqghqwv lqwhusuhw cfdvxdo* gl�huhqwo|/
dqg vhfrqg/ lpsruwdqw lqirupdwlrq pljkw eh wudqvplwwhg gxulqj txlwh fdvxdo
frqyhuvdwlrq1

Zh frqvwuxfw dq dgglwlrqdo phwulf xvlqj wkh urvwhu ri frqwdfwv wkdw sduwo|
dgguhvvhv wklv frqfhuq wkdw lqirupdwlrq iurp fdvxdo frqwdfwv pljkw eh ryhu0
orrnhg1 Hdfk urvwhu ri frqwdfwv dovr olvwv shrsoh zkr zhuh kluhg e|/ eruurzhg
iurp/ ohqw ru vrog rxwsxw wr/ ru h{fkdqjhg jliwv/ wudqvdfwhg odqg ru mrlqwo|
khog dvvhwv zlwk wkh uhvsrqghqw1 Zh gh�qh dq dgglwlrqdo phwulf wr h{dp0
lqh wkh srvvlelolw| wkdw lqirupdwlrq derxw wkh rxwfrph ri h{shulphqwv zlwk
ihuwlol}hu lv wudqvplwwhg zkhq duudqjlqj dq| ri wkhvh rwkhu wudqvdfwlrqv1 Iru
wklv phwulf ,�� ' � li � dsshduv dq|zkhuh lq �*v urvwhu ri frqwdfwv/ ru li �
dsshduv rq �*v urvwhu1

Lq ylhz ri wkh srwhqwldo gudzedfnv ri wkh sdluv phdvxuhv |lhoglqj wrr
vpdoo d vxevhw ri qhljkeruv dqg wkh srwhqwldo xqghuuhsruwlqj lq wkh urvwhu
ri frqwdfwv phwulfv zh dovr frqvwuxfw suhglfwhg lqirupdwlrq qhljkerukrrgv1
Wkh phwulf zh xvh lv frqvwuxfwhg iurp hvwlpdwhv ri wkh suredelolw| ri d srv0
lwlyh uhvsrqvh wr wkh txhvwlrq �Kdyh |rx hyhu jrqh wr bbb iru dgylfh derxw
|rxu idupB� dv d ixqfwlrq ri fkdudfwhulvwlfv ri erwk sduwlhv lq wkh : udqgrpo|
vhohfwhg pdwfkhv shu uhvsrqghqw1 Vshfl�fdoo|/ zh hvwlpdwh d surelw prgho
zkhuh wkh suredelolw| ri d olqn lv=

�hE,�� ' �� ' xE6�
��k�1 +8,

zkhuh x lv d vwdqgdug qrupdo glvwulexwlrq ixqfwlrq dqg 6�� lv d vhw ri lqgl0
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fdwruv ri sorw sur{lplw|/ jhqghu/ vrlo w|shv/ frpprq uholjlrq/ frpprq fodq/
frpprq sduhqwdo edfnjurxqg dqg pljudwru| vwdwxv1 Hvwlpdwhv ri k lq htxd0
wlrq +8, duh suhvhqwhg lq wkh Dsshqgl{1 Wkh prvw lpsruwdqw yduldeohv iru
suhglfwlqj olqnv dsshdu wr eh fodq frqqhfwlrqv/ jhqghu/ dqg sk|vlfdo sur{lp0
lw|1 Zh frqvwuxfw d suhglfwhg lqirupdwlrq qhljkerukrrg iru iduphu � dv wkh
xqlrq ri doo iduphuv � iru zkrp wkh suhglfwhg �hE,�� ' �� lv juhdwhu wkdq d
sduwlfxodu ydoxh1

Zh dovr h{shulphqw zlwk frqvwuxfwlqj phdvxuhv ri vhfrqg0rughu qhljk0
eruv1 Jlyhq dq| vhw ri gluhfw olqnv ,��/ lw lv srvvleoh wr gh�qh
,UU�� ' �E

S
& �'�c� ,�&,&� : f� dqg wkh dvvrfldwhg vhfrqg0wlhu qhljkerukrrg � UU

� '

i�m,UU�� ' �j1 Khqfh lw lv srvvleoh wr h{dplqh wkh uhodwlrqvkls ehwzhhq lq0
irupdwlrq dydlodelolw| dqg rxwfrphv dw gl�huhqw uhpryhv lq wkh lqirupdwlrq
qhwzrun1

615 Hfrqrplf dqg Djurqrplf Gdwd

Zh irfxv rq iduphuv* ghflvlrqv derxw wkh xvh ri fkhplfdo lqsxwv1 Pdq|
dvshfwv ri wkh slqhdssoh jurzlqj whfkqrorj| duh qhz wr wkhvh iduphuv lqfoxg0
lqj sodqwlqj pdwhuldov/ fxowlydwlrq whfkqltxhv/ dqg pdunhwlqj duudqjhphqwv1
Shukdsv wkh prvw vljql�fdqw ghsduwxuh iurp wudglwlrqdo whfkqltxhv lv wkdw
d qxpehu ri hqwluho| qhz fkhplfdo lqsxwv duh xvhg lqwhqvlyho| lq wkh fxowl0
ydwlrq ri slqhdssoh1 Wkhuh lv djurqrplf hylghqfh wkdw slqhdssoh |lhogv duh
yhu| uhvsrqvlyh wr wkhvh lqsxwv dqg wkdw wkhlu lpsdfw ydulhv zlwk orfdo vrlo
fkhplvwu| dqg zhdwkhu sdwwhuqv +Dexwldwh +4<<4,> Sxuvhjoryh +4<:5,,1 Lq
lqirupdo lqwhuylhzv/ lqglylgxdov lq wkh vdpsoh yloodjhv h{suhvvhg frq lfwlqj
ylhzv uhjduglqj wkh rswlpdo wlplqj/ iuhtxhqf| dqg txdqwlwlhv ri fkhplfdo
lqsxwv1 Wkhuh duh r!fldo uhfrpphqgdwlrqv rq ihuwlol}hu xvh dydlodeoh iurp
wkh h{whqvlrq vhuylfh ri wkh Plqlvwu| ri Djulfxowxuh/ exw wkhvh idu h{fhhg
wkh ohyhov ri dssolfdwlrq xvhg lq wkhvh yloodjhv147 Xqfhuwdlqw| uhjduglqj wkh
rswlpdo dssolfdwlrq ri fkhplfdo lqsxwv fhuwdlqo| lv qrw wkh rqo| vrxufh ri
grxew uhjduglqj wkh whfkqrorjlhv ri slqhdssoh surgxfwlrq lq wkhvh yloodjhv/
exw lw surylghv d xvhixo irfxv iru rxu glvfxvvlrq ri hylghqfh uhjduglqj vrfldo
ohduqlqj1

Wkh vshfl�f lqsxw ghflvlrq zh frqvlghu lv wkh dssolfdwlrq ri ihuwlol}hu shu
47Wkh uhfrpphqgdwlrq lv 733 Nj1 ri ihuwlol}hu2khfwduh/ zklfk lv pruh wkdq 43 wlphv

wkh phdq ihuwlol}hu dssolfdwlrq revhuyhg lq rxu vdpsoh1 Rqo| 7 ri wkh 53; sodqwlqjv zh
revhuyhg h{fhhghg wkh uhfrpphqghg ohyho ri ihuwlol}hu dssolfdwlrq1
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sodqw gxulqj wkh shulrg iurp vl{ zhhnv diwhu sodqwlqj wkurxjk vl{ prqwkv diwhu
sodqwlqj1 Gxulqj wklv shulrg/ slqhdssohv duh h{wuhpho| vhqvlwlyh wr qxwulhqw
dydlodelolw| +Eduwkrorphz dqg Ndg}lplq +4<::,> Vrohu+4<<5,,1 Slqhdssoh lv
qrw vwurqjo| vhdvrqdo ehfdxvh lw fdq eh fkhplfdoo| irufhg wr  rzhu dqg wkxv
iuxlw dw dq| wlph gxulqj wkh |hdu lq vrxwkhuq Jkdqd1 Khqfh zh revhuyh
slqhdssoh ehlqj sodqwhg dw hdfk urxqg lq rxu vxuyh| gdwd1 Iru hdfk re0
vhuyhg csodqwlqj*/ zh fdofxodwh wkh shu0sodqw ydoxh ri ihuwlol}hu dssolhg gxulqj
wkh uhihuhqfh shulrg diwhu sodqwlqj148 Zh dovr fdofxodwh wkh sur�wv hduqhg
rq wkhvh sodqwlqjv/ djdlq rq d shu0sodqw edvlv149 Zh fdofxodwh sur�wv e| gh0
gxfwlqj wkh ydoxh ri doo lqsxwv/ lqfoxglqj idplo| oderu ydoxhg dw wkh uhohydqw
jhqghu0vshfl�f zdjh iurp wkh ydoxh ri rxwsxw1 Sorw lqsxwv dqg rxwsxwv zhuh
uhfrughg dw dssur{lpdwho| vl{0zhhn lqwhuydov ryhu wkh wzr0|hdu vxuyh| shulrg1

Wdeoh 4 vkrzv rxu hvwlpdwhv ri wkh vhqvlwlylw| ri sur�w shu sodqw wr wkh
dssolfdwlrq ri ihuwlol}hu gxulqj wklv shulrg1 Wkh srlqw hvwlpdwhv lqglfdwh wkdw
sur�wv shu sodqw duh pd{lpl}hg dw d ihuwlol}hu lqsxw ri dssur{lpdwho| 4; fhglv
+wkh Jkdqdldq fxuuhqf|, shu sodqw/ zklfk lv derxw wkh qlqhw|0�iwk shufhqwloh
ri wkh glvwulexwlrq ri ihuwlol}hu lqsxwv ryhu wkhvh sodqwlqjv14: Sur�wv vhhp
wr eh lqfuhdvlqj zlwk rwkhu fkhplfdo dssolfdwlrqv rq sorwv wkdw duh vorshg ru
vwhhso| vorshg ryhu wkh udqjh ri rxu gdwd1 Wkhvh qxpehuv/ ri frxuvh/ vkrxog
qrw eh wdnhq dw idfh ydoxh dv hvwlpdwhv ri d surgxfwlrq ixqfwlrq/ iru wkh|
duh sodjxhg e| wkh xvxdo sureohpv ri vlpxowdqhlw| eldv/ zklfk zh pdnh qr
dwwhpsw wr dgguhvv lq wklv sdshu1 Udwkhu/ wkh| vkrxog eh lqwhusuhwhg vlpso|
dv hylghqfh ri wkh uhohydqfh ri wkhvh sduwlfxodu phdvxuhv ri lqsxw lqwhqvlw|
iru wkh sur�wdelolw| ri slqhdssoh fxowlydwlrq1

Zh dovr xvh ghwdlohg lqirupdwlrq derxw wkh sorwv wkhpvhoyhv1 Djurqrplf
ghvfulswlrqv ri hdfk sorw lqfoxgh lwv ylvleoh vrlo w|sh/ sK/ dqg rujdqlf pdwwhu
whvwv1 Vrlo sK dqg rujdqlf pdwwhu frqwhqw duh nh| lqglfdwruv ri vrlo ihuwlolw|

48Ihuwlol}hu sulfhv zhuh forvh wr frqvwdqw ryhu rxu vkruw vdpsoh wlph vsdq dqg dfurvv
yloodjhv1 Vr uhsruwhg ydoxhv duh hvvhqwldoo| htxlydohqw zlwk dprxqwv1

49Dfwxdo kduyhvwv duh revhuyhg rqo| iru wkrvh sodqwlqjv zklfk rffxuuhg yhu| hduo| lq rxu
�hogzrun1 Sodqwlqjv diwhu urxqg 8 zhuh qrw kduyhvwhg ehiruh wkh �hogzrun hqghg1 Lq
wkh odvw urxqg ri wkh vxuyh|/ uhvsrqghqwv zhuh dvnhg iru wkh sulfh dw zklfk wkh| frxog vhoo
wkh fursv wkdw zhuh fxuuhqwo| vwdqglqj rq wkhlu sorwv1 Wklv lv d qrupdo wudqvdfwlrq iru
fursv vxfk dv fdvvdyd/ lq zklfk sorwv ixoo ri sduwldoo| jurzq sodqwv duh frpprqo| vrog wr
wudghuv/ zkr wkhq kluh oderu wr frpsohwh fxowlydwlrq dqg kduyhvwlqj ri wkh sorwv1 Wklv
nlqg ri wudqvdfwlrq lv uduh iru slqhdssoh/ exw uhvsrqghqwv* idploldulw| zlwk vxfk vdohv ri
rwkhu fursv pdgh lw hdv| iru wkhp wr sodfh ydoxhv rq wkhlu vwdqglqj fursv1

4:Wkh h{fkdqjh udwh udqjhg ehwzhhq dssur{lpdwho| 4:33 dqg 5633 fhglv shu '4 ryhu wkh
vxuyh| shulrg1
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lq idoorz iduplqj olnh wkdw sudfwlfhg lq wkh vwxg| duhd> wkhvh zhuh phdvxuhg
dw wkh vwduw ri wkh vxuyh| dqg dqdo|}hg dw wkh Vrlo Vflhqfh ghsduwphqw ri
wkh Xqlyhuvlw| ri Jkdqd14; Lq dgglwlrq/ doo sorwv zhuh pdsshg xvlqj joredo
srvlwlrqlqj v|vwhp htxlsphqw1 Wklv surfhgxuh |lhogv pxfk pruh dffxudwh
phdvxuhv ri sorw vl}h dqg orfdwlrq wkdq duh dydlodeoh lq prvw vxuyh|v lq
OGFv1 Lw dovr doorzv xv wr frqwuro iru vsdwldo fruuhodwlrq lq xqrevhuydeohv dv
d ixqfwlrq ri sk|vlfdo glvwdqfhv ehwzhhq sorwv1 Pruhryhu/ lw pdnhv lw srvvleoh
iru xv wr glvwlqjxlvk h{solflwo| ehwzhhq wkh h�hfwv ri lqirupdwlrq frqqhfwlrqv
dqg wkrvh ri jhrjudsklfdo sur{lplw|1

Wkh gdwd dovr lqfoxghv ghvfulswlrqv ri d zlgh ydulhw| ri wudqvdfwlrqv/ dqg
wkh urvwhu ri frqwdfwv lqirupdwlrq ghvfulehg deryh1 Uhfrughg frqwdfwv lq0
foxgh ohduqlqj lqwhudfwlrqv/ fuhglw dqg jliw wudqvdfwlrqv/ dqg oderu pdunhw
lqwhudfwlrqv1 Gdwd lv uhfrughg rq wkh uhodwlrqvkls dqg iuhtxhqf| ri frqwdfw
ehwzhhq wkh uhvsrqghqw dqg wkh frqwdfw/ wkh uhvlghqfh dqg rffxsdwlrq ri
wkh frqwdfw/ dqg wkh lghqwl�fdwlrq qxpehu ri wkh frqwdfw li kh2vkh lv lq wkh
vdpsoh1

Zh duh deoh wr gh�qh qhljkerukrrgv edvhg rq wkh sk|vlfdo orfdwlrq ri
sorwv dqg uhsruwhg �qdqfldo wudqvdfwlrqv wr frqwudvw zlwk wkrvh gh�qhg xvlqj
wkh lqirupdwlrq phwulfv ghvfulehg deryh1 Zh gh�qh wkh �qdqfldo qhljk0
erukrrg ri hdfk iduphu xvlqj d sduwlfxodu vxevhw ri wkh urvwhu ri frqwdfwv
frqqhfwlrqv1 Lq wklv fdvh/ ,�� ' � li � ru � uhsruw ohqglqj wr/ eruurzlqj iurp/
ru h{fkdqjlqj jliwv ru kroglqj dvvhwv lq frpprq zlwk wkh rwkhu1 Jhrjudsklfdo
qhljkerukrrgv ri iduphuv duh edvhg rq wkh sur{lplw| ri wkhlu sorwv1 Olqnv
duh suhvhqw/ ,�� ' �c li wkh dyhudjh glvwdqfh ehwzhhq wkh sorwv fxowlydwhg e|
iduphu � dqg iduphu � lv ohvv wkdq 833 phwhuv14<

4;Vhh Jrogvwhlq dqg Xgu| +4<<<, iru pruh ghwdlohg ghvfulswlrqv ri wkh vrlo fkdudfwhulvwlfv
gdwd1

4<Zh kdyh xvhg d ydulhw| ri gl�huhqw fxwr�v wr gh�qh wkh jhrjudsklfdo olqn/ lqfoxglqj
4333 phwhuv dqg 583 phwhuv1 Zh kdyh dovr xvhg wkh plqlpxp glvwdqfh ehwzhhq wkh sorwv
fxowlydwhg e| wzr iduphuv wr gh�qh wkh olqn/ zlwk d fxwr� ri 583 phwhuv1 Lq qr fdvh zhuh
wkhuh vxevwdqwlyh fkdqjhv wr wkh uhvxowv uhsruwhg lq Vhfwlrq 8/ zlwk wkh h{fhswlrq wkdw
zlwk yhu| odujh fxwr�v +ryhu 4333 phwhuv,/ yluwxdoo| doo iduphuv lq wkh yloodjh duh lqfoxghg
lq hdfk rwkhu*v cjhrjudsklfdo qhljkerukrrg/* dqg wklv yduldeoh ehfrphv yluwxdoo| froolqhdu
zlwk wkh yloodjh � urxqg h�hfwv xvhg lq vrph vshfl�fdwlrqv1
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Frqwudu| wr frqyhqwlrqdo zlvgrp/ lw lv fhuwdlqo| qrw wkh fdvh wkdw chyhu|rqh
nqrzv hyhu|wklqj* lq wkhvh yloodjhv1 Vshfl�f txdqwlwdwlyh lqirupdwlrq derxw
lqsxwv dqg rxwsxwv lv uduho| vkduhg= lq ohvv wkdq wzr shufhqw ri 4;:; udqgrp
pdwfkhv ri d uhvsrqghqw wr dqrwkhu iduphu*v uhfhqwo| kduyhvwhg slqhdssoh
sorw lq wkh vdph yloodjh zdv wkh uhvsrqghqw deoh wr surylgh dq hvwlpdwh ri wkh
txdqwlw| ri slqhdssoh kduyhvwhg ru ihuwlol}hu xvhg153 Qrw rqo| lv lqirupdwlrq
zlwklq wkh yloodjh qrw frpsohwh/ exw wkhvh qxpehuv lpso| wkdw wkh h{whqw ri
lqirupdwlrq vslooryhu lv vpdoo ehfdxvh wkh yloodjhv duh wkhpvhoyhv vpdoo1 Wkh
h{shfwhg qxpehu ri sorwv derxw zklfk d iduphu lq wkhvh wkuhh yloodjhv zrxog
eh deoh wr surylgh txdqwlwdwlyh lqirupdwlrq udqjhv iurp ohvv wkdq 4 lq wkh
vpdoohvw yloodjh wr ohvv wkdq : lq wkh odujhvw yloodjh1 Uhvsrqghqwv uhsruw wkdw
wkh| uho| rq frqyhuvdwlrq wr ohduq derxw hdfk rwkhuv* iduplqj dfwlylwlhv> gluhfw
revhuydwlrq lv d uhodwlyho| xqlpsruwdqw vrxufh ri lqirupdwlrq1 Frqyhuvdwlrqv
derxw iduplqj duh pruh olnho| wr irfxv rq vxffhvvixo h{shulhqfhv wkdq rq
idloxuhv> wklv revhuydwlrq +gxh wr wkh zrun ri Urehuw Dihgrh lq rqh ri wkh
vdpsoh yloodjhv, lqirupv rxu uhjuhvvlrq vshfl�fdwlrq1

Lqirupdwlrq olqnv dqg jhrjudsklfdo sur{lplw| duh qrw vwurqjo| uhodwhg
zlwklq wkhvh yloodjhv1 Iljxuh 4 sorwv wkh jhrjudsklfdo orfdwlrq dqg lqiru0
pdwlrq qhljkerukrrg ri hdfk slqhdssoh iduphu lq rqh ri wkh vxuyh| yloodjhv1
Wkh jhrjudsklfdo orfdwlrq ri hdfk iduphu +dv vxppdul}hg e| wkh dyhudjh sr0
vlwlrq ri klv slqhdssoh sorwv, lv lqglfdwhg e| wkh orfdwlrq ri wkh yhuwlfhv ri wkh
judsk1 Lqirupdwlrq olqnv duh lqglfdwhg e| wkh hgjhv ri wkh judsk1 Lq wklv
judsk/ zh kdyh gh�qhg lqirupdwlrq olqnv edvhg rq wkh iduphuv olvwhg lq hdfk

53Wkh vxuyh| zdv ghvljqhg vr wkdw wkh uhvsrqvhv ri lqglylgxdo frxog eh fkhfnhg djdlqvw
wkh dfwxdo lqsxwv dqg kduyhvwv uhsruwhg e| wkh iduphu ri wkh uhohydqw sorw1 Li wkh fkhfn
lv ydolg/ wkh dffxudf| ri wkh uhvsrqvhv lv dvwrqlvklqjo| orz1 Lq ohvv wkdq 58 shufhqw ri
wkh fdvhv lq zklfk d uhvsrqghqw yhqwxuhg wr surylgh txdqwlwdwlyh lqirupdwlrq zdv klv2khu
uhsruw zlwklq 83 shufhqw ri wkh ydoxh uhsruwhg e| wkh iduphu ri wkh sorw1 Xqiruwxqdwho|/
wkh txhvwlrqqdluh zdv qrw vshfl�f hqrxjk derxw wkh uhohydqw shulrg ryhu zklfk qhljkeruv*
lqsxwv dqg rxwsxwv vkrxog eh hydoxdwhg wr hqvxuh wkdw wklv fkhfn lv ydolg1
Lq dgglwlrq/ wkhvh �jxuhv pd| ryhuvwdwh wkh sursruwlrq ri uhvsrqghqwv zkr fdq surylgh

txdqwlwdwlyh lqirupdwlrq derxw rwkhu iduphuv* sorwv1 Diwhu wkh �uvw gr}hq +ru vr, lqwhu0
ylhzv vkrzhg wkdw yhu| ihz uhvsrqghqwv nqhz txdqwlwdwlyh lqirupdwlrq rq wkh sorwv ri
rwkhu iduphuv/ zh h{shulphqwhg zlwk hqfrxudjlqj uhvsrqghqwv wr jxhvv1 Wklv lv d vhfrqg
srwhqwldo h{sodqdwlrq iru wkh dssdudqw srru dfxudf| ri wkh uhsruwv ri txdqwlwlhv1 Ehfdxvh
ri wkhvh sureohpv/ zh gr qrw gh�qh lqirupdwlrq olqnv ehwzhhq iduphuv rq wkh edvlv ri wklv
yduldeoh1
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uhvsrqghqw*v urvwhu ri frqwdfwv1 Vlplodu judskv fdq eh gudzq iru wkh rwkhu
yloodjhv/ xvlqj dowhuqdwlyh gh�qlwlrqv ri lqirupdwlrq olqnv/ dqg wklv frqfoxvlrq
uhpdlqv xqfkdqjhg= qhljkerukrrgv gh�qhg e| jhrjudsklfdo sur{lplw| dqg
e| lqirupdwlrq frqqhfwlrqv duh qrw frlqflghqw1 Iljxuh 5 vkrzv hvwlpdwhv ri
wkh ghqvlw| ri glvwdqfhv ehwzhhq iduphuv zkr kdyh dqg gr qrw kdyh lqirupd0
wlrq olqnv1 Iduphuv zkrvh sorwv duh forvhu wrjhwkhu duh pruh olnho| wr kdyh
glvfxvvhg iduplqj/ exw wkhuh lv d odujh ryhuods lq wkh wzr glvwulexwlrqv1

Wkxv wkhuh lv hylghqfh wkdw cfroohfwlyh h{shulphqwdwlrq* lq zklfk wkh rxw0
frph ri hyhu| h{shulphqw zlwk d qhz whfkqrorj| e| d iduphu lq d yloodjh
lv uhyhdohg/ dv lq H{dpsoh 4/ lv qrw d vxlwdeoh ehqfkpdun iru wkhvh yloodjhv1
Wkhuh dsshduv wr eh erwk lqfrpsohwh revhuydelolw| ri rqh*v qhljkeruv* h{0
shulphqwv zlwk wkh qhz whfkqrorj| +dnlq wr H{dpsoh 5, dqg d qrqwulyldo
qhljkerukrrg vwuxfwxuh dv lq H{dpsoh 61

7 Hpslulfdo Prgho ri Xsgdwlqj
Wkhuh lv d juhdw ghdo ri yduldwlrq lq wkh ohyho ri lqsxw dssolfdwlrq/ erwk dfurvv
wkh vdpsoh dqg ryhu wlph e| lqglylgxdov1 Iru h{dpsoh/ Iljxuh 6 sruwud|v
wklv yduldwlrq iru iduphuv lq rqh ri wkh vdpsoh yloodjhv1 Olqh vhjphqwv mrlq
vxffhvvlyh sodqwlqjv ri slqhdssoh e| d sduwlfxodu iduphu/ vr lw fdq eh vhhq wkdw
vrph iduphuv lqfuhdvh wkhlu xvh ri ihuwlol}hu/ zkloh rwkhuv uhgxfh lw1 Dyhudjhg
ryhu iduphuv/ wkh vwdqgdug ghyldwlrq ryhu wlph ri ihuwlol}hu xvh lv 615 +phdq
ihuwlol}hu xvh lv 613 fhglv2sodqw,1 Wkhuh duh 67 lqvwdqfhv zkhq d iduphu
vlpxowdqhrxvo| sodqwhg pruh wkdq rqh sorw zlwk slqhdssoh1 Dyhudjhg ryhu
wkhvh lqvwdqfhv/ wkh vwdqgdug ghyldwlrq ri ihuwlol}hu xvh lv 4151 Dv h{shfwhg/
wkhuh lv d pxfk odujhu yduldwlrq lq lqsxw xvh e| lqglylgxdo iduphuv ryhu wlph
wkdq dfurvv sorwv dw d srlqw lq wlph1

Wr lqyhvwljdwh wkh lpsruwdqfh ri ohduqlqj/ zh hvwlpdwh zkhwkhu iduphuv
fkdqjh wkhlu ihuwlol}hu xvh wr doljq zlwk wkdw ri wkhlu lqirupdwlrq qhljkeruv
zkr zhuh vxffhvvixo lq vlplodu flufxpvwdqfhv1 Wkh vlpsohvw yhuvlrq ri wklv
frpsdulvrq ri rxwfrphv dqg dfwlrqv lv looxvwudwhg lq Wdeoh 51 Sdqho D vxp0
pdul}hv wkh rxwfrphv ri wkh h{shulphqwv zlwk ihuwlol}hu ryhu wkh vxuyh| shulrg
e| rxu uhvsrqghqwv1 Hqwulhv duh shufhqwdjhv ri sodqwlqjv zlwk doo frpelqd0
wlrqv ri kljkhu dqg orzhu wkdq phgldq sur�wv dqg }hur dqg srvlwlyh ihuwlol}hu
xvh1 Sdqho E olplwv dwwhqwlrq wr slqhdssoh sodqwlqjv e| iduphuv zkr duh
lq wkh lqirupdwlrq qhljkerukrrg ri uhvsrqghqwv zkr lqfuhdvhg ihuwlol}hu xvh
ryhu wkh vxuyh| shulrg/ dqg Sdqho F olplwv dwwhqwlrq wr slqhdssoh sodqwlqjv
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e| iduphuv zkr duh lq wkh lqirupdwlrq qhljkerukrrgv ri uhvsrqghqwv zkr glg
qrw lqfuhdvh ihuwlol}hu xvh ryhu wkh vxuyh| shulrg154 Li zh frpsduh Sdqhov E
dqg F/ zh vhh wkdw d odujhu shufhqwdjh ri sodqwlqjv zlwk kljk ihuwlol}hu xvh
zhuh dvvrfldwhg zlwk orz sur�wv lq wkh h{shulphqwv e| iduphuv lq wkh qhljk0
erukrrgv ri uhvsrqghqwv zkr glg qrw lqfuhdvh ihuwlol}hu xvh frpsduhg zlwk
wkrvh lq wkh qhljkerukrrgv ri uhvsrqghqwv zkr glg lqfuhdvh ihuwlol}hu xvh1
Wkxv lqfuhdvhv lq ihuwlol}hu xvh e| d iduphu duh dvvrfldwhg zlwk wkh rxwfrphv
ri h{shulphqwv zlwk ihuwlol}hu e| rwkhu iduphuv nqrzq wr wkdw iduphu1 Wklv
sdwwhuq lv frqvlvwhqw zlwk wkh k|srwkhvlv wkdw vrfldo ohduqlqj sod|v d uroh lq
lqqrydwlrq lq wkhvh yloodjhv1 Wkh uhpdlqghu ri rxu hpslulfdo zrun lv ghyrwhg
wr h{dplqlqj zkhwkhu wklv edvlf uhodwlrqvkls krogv zkhq dssursuldwh frqgl0
wlrqlqj lqirupdwlrq lv xvhg wr glvwlqjxlvk wklv k|srwkhvlv iurp dowhuqdwlyhv
wkdw pljkw jlyh ulvh wr wkh vdph furvv0wdexodwlrq1

Uhjuhvvlrq Vshfl�fdwlrq
Iru vlpsolflw|/ zh suhvhqw wkh qrwdwlrq dv wkrxjk hdfk iduphu kdv rqo|

rqh slqhdssoh sorw1 Gh�qlqj qrwdwlrq/ ohw s�c| eh wkh ydoxh ri ihuwlol}hu xvhg
shu qhz sodqw dssolhg e| iduphu � iru wkh slqhdssohv sodqwhg lq urxqg |� Zh
ohw wkh fkdudfwhulvwlfv ri � dqg klv sorw eh frqwdlqhg lq d yhfwru /�c|� Iduphu
�*v sur�wv shu sodqw iru wkh urxqg | sodqwlqj duh ghqrwhg Z�c| dqg wkh vhw ri
iduphu ��r qhljkeruv lv jlyhq e| �� zklfk/ zlwk vrph dexvh ri qrwdwlrq/ lv
dovr xvhg wr ghqrwh wkh qxpehu ri qhljkeruv1

Lq rughu wr txdqwli| uhodwlyh vxffhvv ri dq lqglylgxdo zh xvh d vlpsoh
ixqfwlrq ri zkhwkhu klv uhdol}hg sur�wv idoo deryh d cw|slfdo* sur�w ohyho ZW�
Wklv fruuhvsrqgv wr wkh olplwhg revhuydelolw| ri H{dpsoh 51 Lq sulqflsoh/
wklv w|slfdo sur�w ohyho frxog eh doorzhg wr eh d wlph0ydu|lqj/ lqglylgxdo0 ru
sorw0vshfl�f iruhfdvw ri sur�wv1 Krzhyhu/ ehfdxvh ri rxu gdwd*v vkruw wlph
vsdq/ zh xvh phgldq sur�wv lq rxu vdpsoh wr gh�qh ZW� Zh qrwh wkdw zh
frxog dovr frqvwuxfw phdvxuhv ri idloxuh dqg whvw zkhwkhu iduphuv dyrlghg
wkh dfwlrqv ri wkhlu xqvxffhvvixo qhljkeruv1 Zh irfxv rq phdvxuhv ri vxffhvv
ehfdxvh iduphuv duh pruh olnho| wr dqqrxqfh vxffhvvhv wkdq idloxuhv wr wkhlu
qhljkeruv1

Xvlqj wkh qrwdwlrq {s�c| iru wkh �uvw gl�huhqfh ri lqsxwv/ Es�c| � s�c|3��c

54Lq erwk fdvhv/ wkh lqirupdwlrq qhljkerukrrg lv edvhg rq srvlwlyh uhvsrqvhv wr wkh
txhvwlrq= �Kdyh |rx hyhu jrqh wr bbb iru dgylfh derxw |rxu idupB�1 Vlplodu uhvxowv duh
rewdlqhg zkhq xvlqj wkh dowhuqdwlyh gh�qlwlrqv ri lqirupdwlrq qhljkerukrrg1
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rxu edvlf xsgdwlqj htxdwlrq lv=
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� EZ�c|3� � ZW� ds�c|3� � s�c|3�o n B��c| n 0�c| +9,

zkhuh � E�� lv dq lqglfdwru ixqfwlrq htxdo wr rqh li lwv dujxphqw lv srvlwlyh
dqg }hur rwkhuzlvh1 Wkh �uvw whup lq wklv vshfl�fdwlrq uh hfwv wkh lq xhqfh
ri lqglylgxdo dqg sorw vshfl�f frpsrqhqwv rq wkh fkdqjh lq ihuwlol}hu xvhg rq
qhz sodqwlqjv1 Wkh vhfrqg whup=

�

��

[
�M��

� EZ�c|3� � ZW� ds�c|3� � s�c|3�o � +:,

lv phdqw wr uh hfw vrfldo ohduqlqj frqwulexwlrqv1 Dq| ri wkh �� iduphuv lq
wkh lqirupdwlrq qhljkerukrrg ri iduphu � d�hfwv iduphu ��r lqsxw fkdqjh li
kh lv vxffhvvixo vr wkdw � EZ�c|3� � ZW� lv rqh1 Hdfk vxffhvvixo qhljkeru dggv
wr wklv lqgh{ d whup ds�c|3� � s�c|3�o wkdw vkliwv iduphu ��r lqsxwv wrzdug wkrvh
ri klv vxffhvvixo qhljkeru1 Wklv whup/ wkhuhiruh/ uh hfwv wkh pdlq frqfoxvlrq
ri Vhfwlrq 5 wkdw d iduphu xsgdwhv klv eholhiv uhjduglqj wkh rswlpdo xvh ri
ihuwlol}hu lq wkh gluhfwlrq ri vxffhvvixo h{shulphqwv zlwk ihuwlol}hu e| rwkhu
iduphuv lq klv lqirupdwlrq qhljkerukrrg1 Zkhq lpsohphqwhg lq wkh iroorz0
lqj vhfwlrq/ whup +:, zloo lqfoxgh doo suhylrxv shulrg sodqwlqjv e| iduphuv lq
��/ qrw wkh rqh shu iduphu dvvxphg khuh iru qrwdwlrqdo vlpsolflw|1 Wkh wklug
whup ��c| frqvlvwv ri yduldeohv wkdw zrxog khos iruhfdvw fkdqjhv lq s�c| xqghu
ydulrxv dowhuqdwlyh h{sodqdwlrqv/ dv glvfxvvhg ehorz1 Wkh �qdo/ xqrevhuydeoh
0�c| whup lv dvvxphg wr eh xqfruuhodwhg zlwk wkh uhjuhvvruv exw doorzhg wr eh
fruuhodwhg dfurvv sorwv dv d jhqhudo ixqfwlrq ri wkhlu sk|vlfdo glvwdqfh xvlqj
wkh vsdwldo JPP hvwlpdwlrq vwudwhj| lq Frqoh| +4<<<,155

Wkhuh duh vhyhudo lpsruwdqw olplwdwlrqv ri vshfl�fdwlrq +9,1 Wkh prgho
ri ohduqlqj lq Vhfwlrq 5 lpsolhv d qrqvwdwlrqdulw| lq xsgdwlqj fkdqjhv wkdw

55Rxu hvwlpdwhv xvh olplwlqj uhvxowv iru furvv vhfwlrq hvwlpdwlrq zlwk vsdwldo ghshqghqfh
fkdudfwhul}hg e| sk|vlfdo glvwdqfh1 Vhuldo ghshqghqfh lv doorzhg iru rqo| e| xvh ri wlph
+urxqg, gxpplhv1 Vsdwldo vwdqgdug huuruv duh fdofxodwhg xvlqj wkh hvwlpdwru lq Frqoh|
+4<<<, zlwk d zhljkwlqj ixqfwlrq wkdw lv wkh surgxfw ri rqh nhuqho lq hdfk glphqvlrq +Qruwk
0Vrxwk/ Hdvw0Zhvw,1 Lq hdfk glphqvlrq/ wkh nhuqho vwduwv dw rqh dqg ghfuhdvhv olqhduo| xqwlo
lw lv }hur dw d glvwdqfh ri 418 np dqg uhpdlqv dw }hur iru odujhu glvwdqfhv1 Wklv hvwlpdwru
lv dqdorjrxv wr d Qhzh|0Zhvw +4<;:, wlph vhulhv fryduldqfh hvwlpdwru dqg doorzv jhqhudo
fruuhodwlrq sdwwhuqv xs wr wkh fxwr� glvwdqfhv1 Wkh lqihuhqfhv uhsruwhg ehorz duh urexvw
wr fxwr� glvwdqfhv ehwzhhq 4 np dqg 5 np1
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lv qrw fdswxuhg e| wklv vshfl�fdwlrq1 Lq sduwlfxodu/ dv djhqwv ohduq derxw wkh
wdujhw lqsxw glvwulexwlrq wkh yduldqfh lq wkhlu lqsxw fkdqjhv vkrxog jr wr }hur
li wkh wdujhw lqsxw glvwulexwlrq lv �{hg1 Wklv h�hfw lv qrw fdswxuhg lq prgho
+9,/ vr +9, pxvw eh lqwhusuhwhg dv d olqhdu dssur{lpdwlrq wr wkh xsgdwlqj
uxoh1 Lq dgglwlrq/ iduphuv pljkw ohduq iurp wkhlu rzq h{shulhqfh dv zhoo
dv iurp wkh h{shulhqfh ri rwkhu iduphuv lq wkhlu lqirupdwlrq qhljkerukrrg1
Exw rxwfrphv ri odjjhg h{shulphqwv e| iduphu � duh qrw lqfoxghg lq +9,1
Wkh vkruw wlph vsdq ri rxu gdwd suhfoxghv dq| dwwhpsw wr lghqwli| hlwkhu
wkh lpsdfw rq wkh udwh ri fkdqjh ri xsgdwlqj dvvrfldwhg zlwk wkh ghfolqlqj
yduldqfh ri iduphu srvwhulru eholhiv ru wkh lpsdfw ri ohduqlqj0e|0grlqj e| dq
lqglylgxdo iduphu ryhu wlph1

Dqrwkhu olplwdwlrq ri +9, lv wkdw wkh ohduqlqj whup +:, lv hvvhqwldoo| d
ixqfwlrq qhljkeruv* dyhudjh ehkdylru vr lw grhv qrw fdswxuh wkh lqfuhdvhg
suhflvlrq ri vljqdov frplqj iurp d odujhu qxpehu ri qhljkeruv1 Wklv lv
pruh ri d frqfhuq iru rxu urvwhu ri frqwdfwv phwulfv wkdq rxu udqgrp vdpsoh
phwulfv dv wkh iruphu uhvxowv lq d pruh glvsdudwh qxpehu ri qhljkeruv dfurvv
iduphuv1

Lq dgglwlrq/ wkhuh vhyhudo dowhuqdwh h{sodqdwlrqv wkdw zrxog vxjjhvw wkdw
vljql�fdqw q hvwlpdwhv pljkw eh fdxvhg e| rplwwhg yduldeoh eldv ehfdxvh
lqirupdwlrq qhljkeruv vkduh frpprq dffhvv wr fuhglw duudqjhphqwv/ ru fru0
uhodwlrqv fdxvhg e| zhdwkhu ru vrlo yduldwlrq1 Zh duh deoh wr dgguhvv pdq|
ri wkhvh frqfhuqv e| prgl�fdwlrqv ri wkh edvlf vshfl�fdwlrq +9, wkdw ydu| wkh
gh�qlwlrq ri ��c|1

Fruuhodwlrq gxh wr frpprq zhdwkhu vkrfnv dqg xqrevhuyhg vrlo fkdu0
dfwhulvwlfv duh olnho| wr uhvxow lq vxffhvvixo lqsxw fkdqjhv ehlqj uhodwhg lq
jhrjudsklfdoo| forvh duhdv1 Wr lqyhvwljdwh zkhwkhu wkhuh lv d vsxulrxv uh0
vxow dulvlqj iurp wkh idfw wkdw jhrjudsklf sur{lplw| lv uhodwhg wr lqirupdwlrq
glvwdqfh/ lq vrph vshfl�fdwlrqv zh gh�qh ��c| dv d phdvxuh ri jhrjudsklf
qhljkeruv* lqsxw xvdjh1 Wklv lv frqvwuxfwhg dv lq +:, zlwk jhrjudsklf udwkhu
wkdq lqirupdwlrq qhljkeruv1 Wklv lv dovr d sodxvleoh fkhfn ri wkh k|srwkhvlv
wkdw rplwwhg rzq sdvw klvwru| lv wkh fdxvh ri vljql�fdqw q hvwlpdwhv/ ehfdxvh
jhrjudsklfdo qhljkeruv* fxuuhqw lqsxw xvdjh zloo whqg wr eh fruuhodwhg zlwk
rzq sdvw lqsxwv lqvridu dv lqsxwv uhvsrqg wr vkrfn klvwrulhv wkdw kdyh vljqli0
lfdqw jhrjudsklf fruuhodwlrqv +vxfk dv zhdwkhu,1 Zh dovr frqvwuxfw vlplodu
uhjuhvvruv wr uh hfw lqsxw xvdjh e| wkrvh zlwklq fuhglw dqg jliw qhwzrunv�
c�qdqfldo qhljkeruv*1 Ilqdoo|/ lq doo rxu vshfl�fdwlrqv/ rxu lqihuhqfhv doorz
iru jhqhudo vsdwldo fruuhodwlrq lq xqrevhuydeohv dfurvv iduphuv1

Wkh dlp ri wkhvh uhjuhvvlrqv lv wr ghwhuplqh zkhwkhu vwdwh yduldeohv wkdw
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frqwdlq lqirupdwlrq derxw wkh sur�wdelolw| ri ihuwlol}hu xvh duh jrrg suhglf0
wruv iru revhuyhg dfwlrqv1 Wkh sdudphwhuv ri htxdwlrq +9, duh qrw sdudphwhuv
ri d vwuxfwxudo prgho dqg duh ehvw lqwhusuhwhg dv wkrvh ri d olqhdu suhglfwlrq
ri lqqrydwlrqv lq ehkdylru1 Dv vxfk/ phdvxuhphqw huuru lq gh�qlwlrqv ri ��

lv qrw d pdmru frqfhuq/ ehfdxvh wklv zrxog qrw ohdg wr lqfruuhfw lqihuhqfh
derxw sduwldo fruuhodwlrqv1 Hqgrjhqhlw| ri qhljkerukrrgv wkdw dulvhv iurp
lqglylgxdov fkrrvlqj qhljkeruv zkr zrxog eh jrrg wr ohduq iurp lv dovr qrw
d frqfhuq1 Hqgrjhqhlw| ri qhljkerukrrgv dulvlqj iurp xqrevhuydeohv +olnh
zhdowk zhuh lw dq rplwwhg yduldeoh, wkdw lq xhqfh qhljkeru fkrlfhv dqg suri0
lwdelolw| dv zhoo dv lqqrydwlrqv duh/ ri frxuvh/ dq lpsruwdqw frqfhuq dv wkhvh
xqrevhuydeoh h�hfwv zrxog uhvxow lq wkh vdph fruuhodwlrqv dv ohduqlqj iurp
kljk0sur�w qhljkeruv1

8 Hvwlpdwlrq Uhvxowv

814 Gr H{shulphqwdo Rxwfrphv lq dq Lqirupdwlrq Qhljk0
erukrrg D�hfw Fxowlydwlrq GhflvlrqvB

Wdeohv 6 wkurxjk 9 suhvhqw wkh uhvxowv ri hvwlpdwlqj htxdwlrq +9, dqg yduld0
wlrqv xsrq lw1 Dv ghvfulehg deryh/ wkh ghshqghqw yduldeoh lq wkhvh uhjuhv0
vlrqv lv wkh fkdqjh lq ihuwlol}hu xvh e| d iduphu1 Wkh fuxfldo lqghshqghqw
yduldeoh lv wkdw odehohg cvxffhvvixo h{shulphqw lq lqirupdwlrq qhljkerukrrg1*
Wklv lv gh�qhg e| htxdwlrq +:, xvlqj �� ghulyhg iurp lqirupdwlrq olqnv edvhg
rq srvlwlyh uhvsrqvhv wr wkh wkh txhvwlrq= �Kdyh |rx hyhu jrqh wr bbb iru
dgylfh derxw |rxu idupB�1 Wkh hvwlpdwhg frh!flhqwv rq wklv yduldeoh duh
dssur{lpdwho| rqh dfurvv doo vshfl�fdwlrqv1 Wr lqwhusuhw wklv pdjqlwxgh/
vxssrvh wkdw lq shulrg | � � hyhu| iduphu lq wkh lqirupdwlrq qhljkerukrrg
ri iduphu � xvhg rqh xqlw pruh ihuwlol}hu wkdq glg iduphu �1 Li wzr wklugv
ri wkrvh iduphuv dfklhyhg kljkhu wkdq phgldq sur�wv/ wkhq wkh frh!flhqw ri
dssur{lpdwho| xqlw| lpsolhv wkdw wkh h{shfwhg lqfuhdvh lq iduphu �*v ihuwlol}hu
xvh ehwzhhq |� � dqg | lv 5261

Rxu edvholqh hvwlpdwhv duh suhvhqwhg lq Wdeoh 61 Froxpq D lv vlplodu
wr wkh furvv0wdexodwlrq suhvhqwhg lq Wdeoh 51 Froxpq E dggv d vhw ri �{hg
fkdudfwhulvwlfv ri iduphu � G zhdowk dqg fodq/ uholjlrq/ dqg yloodjh lqglfdwruv156

56Zh qrwh wkdw yloodjh0ohyho gxpplhv dqg vwdqgdug huuruv duh/ vwulfwo| vshdnlqj/ qrw
frqvlvwhqwo| hvwlpdwhg zlwk wkh vsdwldo ghshqghqfh prgho ri Frqoh| +4<<<, wkdw zh xvh1
Wklv lv ehfdxvh olplwv duh wdnhq dv wkh uhjlrq ri revhuydwlrq jurzv/ dqdorjrxv wr jurzwk
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Froxpq F dggv d ixuwkhu vhw ri fkdudfwhulvwlfv ri wkh sorw= vdqg ru ordp vrlo
w|shv +fod| lv wkh rplwwhg fdwhjru|,/ sK/ dqg rujdqlf pdwwhu frqwhqw1 Gdwd
rq vrlo w|sh dqg wkh uhvxowv ri vrlo fkhplvwu| whvwv duh qrw dydlodeoh iru doo
sorwv/ vr wkh vdpsoh vl}h idoov lq wklv froxpq1 Wkh fruuhodwlrq ehwzhhq vxf0
fhvvixo h{shulphqwv lq wkh iduphu*v lqirupdwlrq qhljkerukrrg dqg wkh fkdqjh
lq wkh iduphu*v ihuwlol}hu xvh lv vwdeoh dfurvv wkhvh vshfl�fdwlrq fkdqjhv1 Wkh
uhyhodwlrq ri lqirupdwlrq derxw wkh xvhixoqhvv ri ihuwlol}hu lq wkh lqirupdwlrq
qhljkerukrrg ri d iduphu lv vljql�fdqwo| fruuhodwhg wr lqqrydwlrqv lq wkdw
iduphu*v xvh ri ihuwlol}hu157

Lq froxpq G ri Wdeoh 6/ zh h{dplqh wkh k|srwkhvlv wkdw wkh rxwfrphv
ri h{shulphqwv lq wkh 5qg wlhu lqirupdwlrq qhljkerukrrg ri d fxowlydwru duh
fruuhodwhg zlwk fkdqjhv lq ihuwlol}hu xvh1 Wkh frh!flhqw lv srvlwlyh dqg
vpdoohu wkdq wkdw dvvrfldwhg zlwk wkh 4vw wlhu lqirupdwlrq qhljkerukrrg/
exw zh fdqqrw uhmhfw wkh k|srwkhvlv wkdw wkhuh lv qr h�hfw ri wklv lqgluhfw
lqirupdwlrq rq fxowlydwlrq1

Rxu sulpdu| frqfhuq uhjduglqj wkhvh hvwlpdwhv lv wkh lghqwl�fdwlrq sure0
ohp udlvhg lq wkh lqwurgxfwlrq1 Frxog lw eh wkdw wkh sur�wdelolw| ri ihuwlol}hu
xvh lv lqfuhdvlqj sduwlfxoduo| udslgo| dprqjvw d vhw ri iduphuv zkr vkduh
vrph fkdudfwhulvwlf rplwwhg iurp wkh uhjuhvvlrqv hvwlpdwhg lq Wdeoh 6B Li
wklv lv wkh fdvh/ wkh fruuhodwlrq ehwzhhq vxffhvvixo h{shulphqwv zlwk ihuwlol}hu

lq wkh vsdq ri d wlph vhulhv1 Wkh wlph vhulhv frxqwhusduw wr d yloodjh gxpp| zrxog eh d
gxpp| iru d �{hg lqwhuydo/ zklfk frxog qrw eh frqvlvwhqwo| hvwlpdwhg zlwk d w|slfdo wlph
vhulhv ehfdxvh wkh qxpehu ri revhuydwlrqv lq/ vd|/ wkh 4<:3v zrxog eh �{hg dv wkh vdpsoh
ohqjwk jurzv1 Qhyhuwkhohvv/ li wkh vsdwldo ghshqghqfh lv ryhu d vkruw glvwdqfh uhodwlyh wr
wkh vl}h ri d yloodjh wkh hvwlpdwhv ri wkh yloodjh gxpplhv dqg wkhlu vwdqgdug huuruv zloo
vwloo surylgh xvhixo dssur{lpdwlrqv1

57il>w�4 dsshduv rq erwk vlghv ri htxdwlrq +9,/ udlvlqj wkh srvvlelolw| wkdw lwv phdvxuh0
phqw huuru pd| lqgxfh dq lpsruwdqw eldv lq rxu hvwlpdwh ri �1 Krzhyhu/ zh eholhyh wkdw
rxu �hog uhvhdufk vwudwhj| edvhg rq iuhtxhqw ylvlwv wkurxjkrxw wkh vxuyh| shulrg uhvxowhg
lq kljk txdolw| gdwd rq ihuwlol}hu lqsxwv lq sduwlfxodu1 Eldv gxh wr fodvvlfdo phdvxuhphqw
huuru lq il>w�4 zrxog eh dssur{lpdwho| wrzdugv wkh ryhudoo sursruwlrq ri sur�wdeoh iduphuv
lq qhljkerukrrgv udwkhu wkdq wr wkh ylflqlw| ri 4/ zkhuh rxu hvwlpdwhv olh1 Iru h{dpsoh lq
wkh lqirupdwlrq qhljkerukrrg dv gh�qhg lq Wdeoh 6/ wkh dyhudjh sursruwlrq ri vxffhvvixo
h{shulphqwv lv =6> zkhq wkh lqirupdwlrq lv gh�qhg edvhg rq iduphuv* urvwhuv ri shrsoh zlwk
zkrp wkh| kdyh lqwhudfwhg/ wkh sursruwlrq lv =71 Dv d ixuwkhu fkhfn wkdw phdvxuhphqw
huuru lv qrw wkh fdxvh ri rxu � hvwlpdwhv ehlqj frqvlvwhqwo| qhdu rqh/ zh h{shulphqwhg
zlwk duwl�fdoo| dgglqj phdvxuphqw huuru wr rxu il>w�4 revhuydwlrqv dqg uhuxqqlqj uhjuhv0
vlrqv1 Lq doo fdvhv/ xvlqj wkh qrlv| yhuvlrq ri il>w�4 uhvxowv lq vxevwdqwldoo| orzhu hvwlpdwhg
frh!flhqwv1
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e| shrsoh nqrzq wr d iduphu dqg lqfuhdvhv lq ihuwlol}hu xvh e| wkdw iduphu
pd| uh hfw qrw vrfldo ohduqlqj exw wkdw xqrevhuyhg fkdudfwhulvwlf1 Pdq|
vxfk fkdudfwhulvwlfv zrxog eh vsdwldoo| fruuhodwhg dffruglqj wr jhrjudsklf
sur{lplw|/ mxvw olnh lqirupdwlrq olqnv/ khqfh wkh gl!fxow| ri glvwlqjxlvklqj
wkh h�hfwv ri vrfldo ohduqlqj iurp vxfk idfwruv1

Wdeoh 7 suhvhqwv hvwlpdwhv ri yduldwlrqv ri vshfl�fdwlrq +9, wkdw lqfoxgh
jhrjudsklf dqg �qdqfldo qhljkerukrrg uhjuhvvruv1 Lq froxpq D/ zh vkrz wkdw
wkhuh lv lqghhg d vwurqj fruuhodwlrq ehwzhhq vxffhvvixo h{shulphqwv zlwk ihu0
wlol}hu lq d jhrjudsklf qhljkerukrrg ri d iduphu dqg lqqrydwlrqv lq ihuwlol}hu
xvh e| wkdw iduphu 0 doprvw dv vwurqj dv wkdw zklfk zh irxqg iru vxffhvvixo
h{shulphqwv lq wkh lqirupdwlrq qhljkerukrrg ri wkh iduphu158 Wkdw fruuhod0
wlrq/ krzhyhu/ dsshduv wr eh hqwluho| dq duwlidfw ri wkh vsdwldo +jhrjudsklf,
fruuhodwlrq ri lqirupdwlrq olqnv= lq froxpq E/ lw lv vkrzq wkdw vxffhvvixo h{0
shulphqwv lq wkh jhrjudsklf qhljkerukrrg ri d iduphu duh qrw vljql�fdqwo|
uhodwhg wr lqqrydwlrqv lq ihuwlol}hu xvh/ frqglwlrqdo rq wkh sursruwlrq ri vxf0
fhvvixo h{shulphqwv lq wkh iduphu*v lqirupdwlrq qhljkerukrrg1 Pruhryhu/ wkh
pdjqlwxgh ri wkh hvwlpdwhg h�hfw ri vxffhvvixo h{shulphqwv lq wkh lqirupd0
wlrq qhljkerukrrg lv yluwxdoo| xqd�hfwhg e| wkh lqfoxvlrq ri wkh jhrjudsklf
qhljkerukrrg yduldeoh1

Urexvwqhvv ri rxu hvwlpdwhg lqirupdwlrq qhljkerukrrg h�hfwv wr wkh lq0
foxvlrq ri jhrjudsklf qhljkerukrrg yduldeohv lv dovr d srvlwlyh vljq uhjduglqj
fruuhodwlrqv uhvxowlqj vroho| iurp wkh odfn ri lqglylgxdo klvwrulhv1 Uhdfwlrqv
wr vsdwldoo| +jhrjudsklfdoo|, fruuhodwhg zhdwkhu vkrfnv dqg xqrevhuyhg vrlo
fkdudfwhulvwlfv duh olnho| wr fdxvh jhrjudsklf qhljkeruv* yduldeohv wr eh fruuh0
odwhg zlwk rzq sdvw klvwrulhv1 Li vr/ wkh idfw wkdw wkh lqirupdwlrq qhljkeru0
krrg h�hfw lv vwdeoh zkhq wkh jhrjudsklf qhljkerukrrg yduldeoh lv lqfoxghg
lq wkh vshfl�fdwlrq lv hylghqfh ri plqlpdo eldv uhvxowlqj iurp wkh rplvvlrq
ri wkh iduphu*v klvwru| ri ihuwlol}hu lqqrydwlrqv iurp wkh uhjuhvvlrq1

Lw lv olnho| wkdw lqirupdwlrq olqnv duh fruuhodwhg qrw rqo| zlwk jhrjudsklf
sur{lplw| exw zlwk rwkhu vrfldo dqg hfrqrplf wlhv1 Jlyhq wkh uhodwlyho|
kljk zrunlqj fdslwdo ghpdqgv ri slqhdssoh surgxfwlrq/ lw lv srvvleoh wkdw
fxowlydwlrq ghflvlrqv duh lq xhqfhg e| vkruw0whup  xfwxdwlrqv lq wkh �qdqfldo
hqylurqphqw1 Frxog wkh lqqrydwlrqv lq ihuwlol}hu xvh eh d frqvhtxhqfh ri
�qdqfldo vkrfnv wudqvplwwhg wkurxjk vrfldo qhwzrunv wkdw duh odujho| sdudooho
wr wkh lqirupdwlrq qhwzrunv zh kdyh h{dplqhgB Zh h{dplqh wklv srwhqwldo
frqirxqglqj idfwru lq froxpq F ri Wdeoh 71 Vxffhvvixo h{shulphqwv lq wkh

58Wkh jhrjudsklfdo qhljkerukrrg lv gh�qhg dv ghvfulehg lq vhfwlrq 61
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�qdqfldo qhljkerukrrg ri d iduphu duh qrw vljql�fdqwo| srvlwlyho| uhodwhg
wr lqqrydwlrqv lq ihuwlol}hu xvh e| wkdw iduphu> lqghhg/ wkh fruuhodwlrq lv
vljql�fdqwo| qhjdwlyh159 Lqfoxvlrq ri wkh �qdqfldo qhljkerukrrg yduldeoh kdv
doprvw qr h�hfw rq wkh pdjqlwxgh ru vwdwlvwlfdo vljql�fdqfh ri wkh hvwlpdwh
ri wkh h�hfw ri h{shulphqwv lq wkh lqirupdwlrq qhljkerukrrg1

Lq Wdeoh 8/ zh h{whqg wkh vshfl�fdwlrqv wr doorz iru duelwudu| yloodjh dqg
urxqg h�hfwv rq fkdqjhv lq ihuwlol}hu xvh1 Lq froxpq D/ zh vhh wkdw wkh lq0
foxvlrq ri urxqg h�hfwv kdv doprvw qr h�hfw rq wkh vl}h ru vljql�fdqfh ri wkh
hvwlpdwh ri wkh h�hfw ri vxffhvvixo h{shulphqwv lq wkh lqirupdwlrq qhljkeru0
krrg ri d iduphu rq wkdw iduphu*v lqqrydwlrqv lq ihuwlol}hu xvh1 Lq froxpq E/
zh lqfoxgh d vhw ri yloodjh0urxqg lqwhudfwlrqv15: Wkh frh!flhqwv ri wkhvh lq0
whudfwlrqv frxog uh hfw fkdqjhv lq sulfhv/ zhdwkhu vkrfnv ru rwkhu xqrevhuyhg
yloodjh0ohyho hyhqwv wkdw h�hfw wkh h{shfwhg sur�wdelolw| ri ihuwlol}hu xvh1 Wklv
lv wkh uhjuhvvlrq htxlydohqw ri wkh frqyhqwlrqdo gl�huhqfhv0lq0gl�huhqfhv hv0
wlpdwru= gr iduphuv lq zkrvh lqirupdwlrq qhljkerukrrg d vxffhvvixo h{shul0
phqw zlwk ihuwlol}hu rffxuuhg odvw shulrg lqfuhdvh wkhlu ihuwlol}hu xvh e| pruh
wkdq rwkhu iduphuv lq wkh vdph yloodjh lq wkh vdph shulrgB Wkh dqvzhu lv
|hv= wkhuh duh vljql�fdqw yloodjh0urxqg h�hfwv +jurzwk lq ihuwlol}hu xvh vhhpv
wr kdyh ehhq sduwlfxoduo| vorz lq wkh plggoh urxqgv lq yloodjh 6,/ exw frqgl0
wlrqdo rq wkrvh h�hfwv/ wkh hvwlpdwhg frh!flhqw rq vxffhvvixo h{shulphqwv lq
wkh lqirupdwlrq qhljkerukrrg uhpdlqv doprvw xqfkdqjhg lq pdjqlwxgh dqg
vwdwlvwlfdo vljql�fdqfh iurp rwkhu vshfl�fdwlrqv1

Lq froxpq F/ zh lqfoxgh lqglylgxdo fryduldwhv dorqj zlwk wkh yloodjh0
urxqg lqwhudfwlrqv/ zlwk qr lpsruwdqw fkdqjh lq wkh uhvxowv1 Lq froxpq G/
zh vkrz wkdw wkh pdlq h�hfw ri vxffhvvixo h{shulphqwv lq wkh lqirupdwlrq
qhljkerukrrg uhpdlqv urexvw wr wkh lqfoxvlrq ri wkh dqdorjrxv phdvxuh ri
vxffhvvixo h{shulphqwv lq wkh �qdqfldo qhljkerukrrg lq wklv qhz vshfl�fdwlrq1

59Wkh vljql�fdqw qhjdwlyh uhodwlrqvkls wkdw zh �qg khuh ehwzhhq vxffhvvixo h{shulphqwv
zlwk ihuwlol}hu lq wkh �qdqfldo qhljkerukrrg ri d fxowlydwru dqg wkdw fxowlydwru*v lqqrydwlrqv
lq ihuwlol}hu xvh lv qrw urexvw wr dowhuqdwlyh vshfl�fdwlrqv1 Lq sduwlfxodu/ lw lv qrw urexvw
wr wkh lqfoxvlrq ri urxqg h�hfwv +vhh wdeoh 8/ froxpq G,1 Wkh �qdqfldo qhljkerukrrg lv
gh�qhg dv ghvfulehg lq vhfwlrq 61

5:Rqo| 49 sodqwlqjv rffxuuhg lq yloodjh 4/ vr d vhsdudwh vhw ri yloodjh 4 � urxqg lqwhudf0
wlrqv lv qrw lqfoxghg1 Hyhq zlwk wklv frqvrolgdwlrq/ wkh urxqg e| yloodjh fhoo vl}hv lq wklv
uhjuhvvlrq duh vpdoo dqg wkxv vwdqgdug huuruv dqg lqihuhqfh uhjduglqj wkh yloodjh � urxqg
lqwhudfwlrqv vkrxog eh lqwhusuhwhg zlwk frqvlghudeoh fdxwlrq1
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815 Dowhuqdwh Phdvxuhv ri wkh Lqirupdwlrq Qhljkeru0
krrg

Dv ghvfulehg lq Vhfwlrq 6/ zh kdyh dydlodeoh d ydulhw| ri dowhuqdwlyh phdvxuhv
wkdw fdswxuh gl�huhqw glphqvlrqv ri wkh uhodwlrqvkls zh uhihu wr dv dq �lqiru0
pdwlrq olqn1� Lq Vhfwlrq 814 zh gh�qhg olqnv edvhg rq srvlwlyh uhvsrqvhv wr
wkh txhvwlrq/ �Kdyh |rx hyhu jrqh wr bbb iru dgylfh derxw |rxu idupB�1 Lq
Wdeoh 9/ zh suhvhqw uhvxowv edvhg rq vl{ dowhuqdwlyh gh�qlwlrqv ri lqirupdwlrq
olqnv1 Lq hdfk fdvh/ rqo| wkh frh!flhqw +dqg vwdqgdug huuru, ri wkh �vxffhvv0
ixo h{shulphqw lq wkh lqirupdwlrq qhljkerukrrg� lv uhsruwhg15; Iru hdfk
gh�qlwlrq/ zh uhsruw wkh uhvxowv ri wzr vshfl�fdwlrqv ri wkh xsgdwlqj surfhvv1
Wkh �uvw vshfl�fdwlrq +dqdorjrxv wr wkdw uhsruwhg lq Froxpq F ri Wdeoh 7,
lqfoxghv dv dgglwlrqdo fryduldwhv d vhw ri iduphu fkdudfwhulvwlfv/ dqg phdvxuhv
ri vxffhvvixo h{shulphqwv lq wkh jhrjudsklfdo dqg �qdqfldo qhljkerukrrgv ri
wkh uhvsrqghqw1 Wkh vhfrqg vshfl�fdwlrq +dqdorjrxv wr wkdw uhsruwhg lq
Froxpq F ri Wdeoh 8, lqfoxghv lq dgglwlrq d vhw ri urxqg gxpp| yduldeohv
dqg lqwhudfwlrqv ehwzhhq wkh urxqg gxpp| yduldeohv dqg wkh yloodjh 6 lqgl0
fdwru1 Wkh �uvw wkuhh urzv ri wkh wdeoh uhsruw uhvxowv edvhg rq wkh udqgrp
pdwfklqj ri uhvsrqghqwv zlwk uhfhqwo|0kduyhvwhg slqhdssoh sorwv fxowlydwhg
e| rwkhu iduphuv lq wkh yloodjh1 Wkh �uvw urz xvhv wkh prvw olehudo gh�qlwlrq
ri dq lqirupdwlrq olqn/ edvhg vlpso| rq zkhwkhu wkh uhvsrqghqw nqrzv wkh
rwkhu iduphu1 Wkh vhfrqg urz qduurzv wkh gh�qlwlrq/ olplwlqj olqnv wr fdvhv
lq zklfk uhvsrqghqwv nqrz derxw wkh sduwlfxodu udqgrpo|0pdwfkhg slqhds0
soh sorw1 Wkh wklug urz ixuwkhu olplwv wkh gh�qlwlrq wr vlwxdwlrqv lq zklfk
wkh uhvsrqghqw nqrzv derxw wkh sorw dqg wdonv zlwk wkh rwkhu iduphu dw ohdvw
rqfh shu zhhn1 Zkhq qhljkerukrrgv duh gh�qhg edvhg rq dq| ri wkhvh
gh�qlwlrqv ri wkh lqirupdwlrq olqn/ wkhuh lv d vwurqj dqg vljql�fdqw srvlwlyh
fruuhodwlrq ehwzhhq vxffhvvixo h{shulphqwv zlwk ihuwlol}hu xvh lq d iduphu*v
lqirupdwlrq qhljkerukrrg dqg wkdw iduphu*v vxevhtxhqw lqqrydwlrq lq wkh
xvh ri ihuwlol}hu1

Wkh iroorzlqj wzr urzv uhsruw uhvxowv zlwk lqirupdwlrq qhljkerukrrgv gh0
�qhg e| olvwlqjv ri lqglylgxdov zlwk zkrp uhvsrqghqwv kdg ghdolqjv1 Lq wkh
�uvw ri wkhvh/ lqirupdwlrq olqnv duh gh�qhg edvhg rq lqglylgxdov qdphg e|
uhvsrqghqwv zkhq dvnhg d vhulhv ri txhvwlrqv derxw zkr wdxjkw wkhp wr idup
dqg wr zkrp wkh| kdyh jlyhq iduplqj dgylfh1 Edvhg rq wklv gh�qlwlrq ri

5;Wkh ixoo uhvxowv duh dydlodeoh iurp wkh dxwkruv1 Wkh fruuhodwlrq ehwzhhq wkh qhljkeru0
krrg lqirupdwlrq vfruhv edvhg rq wkhvh gl�huhqw gh�qlwlrqv ri lqirupdwlrq olqnv lv uhsruwhg
lq Dsshqgl{ Wdeoh 61
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lqirupdwlrq olqnv/ vxffhvvixo h{shulphqwv zlwk ihuwlol}hu lq d iduphu*v lqirupd0
wlrq qhljkerukrrg duh vwurqjo| dqg vljql�fdqwo| fruuhodwhg zlwk lqqrydwlrqv
lq ihuwlol}hu xvh e| wkh iduphu1 Lq wkh �iwk urz/ zh uhsruw uhvxowv xvlqj d
eurdghu gh�qlwlrq ri dq lqirupdwlrq olqn1 Lq wklv fdvh/ zh gh�qh d olqnv edvhg
rq qrw rqo| h{solflw cohduqlqj lqwhudfwlrqv*/ exw dovr rq dq| pdunhw h{fkdqjh
ryhu d whq prqwk shulrg1 Wkh prwlydwlrq iru wkh xvh ri wklv gh�qlwlrq lv wkdw
lqirupdwlrq derxw wkh rxwfrph ri h{shulphqwv pljkw eh wudqvplwwhg lq d yhu|
lqirupdo pdqqhu/ lq wkh frqwh{w ri lqwhudfwlrqv prwlydwhg e| rwkhu sxusrvhv1
Uhfdoo wkdw lq doo wkhvh vshfl�fdwlrqv/ wkh lqgh{ ri vxffhvvixo lqqrydwlrqv lq
wkh c�qdqfldo qhljkerukrrg* ri wkh iduphu lv lqfoxghg dv d fryduldwh1 Wkh
c�qdqfldo qhljkerukrrg* lv d vxevhw ri wkh lqirupdwlrq qhljkerukrrg edvhg
rq wklv gh�qlwlrq ri lqirupdwlrq olqnv1 Djdlq/ zh vhh wkdw wkhuh lv d vwurqj
dqg vljql�fdqw fruuhodwlrq ehwzhhq lqqrydwlrqv lq ihuwlol}hu xvh e| d iduphu
dqg vxffhvvixo h{shulphqwv zlwk ihuwlol}hu e| rwkhu lqglylgxdov zlwk zkrp
wkdw iduphu kdv dq lqirupdwlrq olqn15<

Wkh �qdo urz ri Wdeoh 9 uhsruwv uhvxowv ri hvwlpdwlqj htxdwlrq +9, zkhq
zh gh�qh wkh lqirupdwlrq qhljkerukrrg edvhg rq suhglfwhg olqnv xvlqj +8,1
Hdfk uhvsrqghqw*v qhljkerukrrg lqfoxghv doo wkh vdpsoh iduphuv zlwk zkrp
klv suhglfwhg olqn suredelolw| lv juhdwhu wkdq 8(1 Djdlq/ zh vhh wkdw wkhuh
lv d vwurqj dqg vljql�fdqw fruuhodwlrq ehwzhhq lqqrydwlrqv lq ihuwlol}hu xvh e|
d iduphu dqg vxffhvvixo h{shulphqwv zlwk ihuwlol}hu e| rwkhu lqglylgxdov zlwk
zkrp wkdw iduphu lv suhglfwhg wr kdyh dq lqirupdwlrq olqn1

Wkxv idu/ zh kdyh h{dplqhg wkh k|srwkhvlv wkdw d iduphu dgmxvwv klv ihu0
wlol}hu xvh wrzdugv wkdw ri rwkhuv lq klv lqirupdwlrq qhljkerukrrg zkr kdyh
dfklhyhg kljk sur�wv1 Dq dowhuqdwlyh k|srwkhvlv lv plplfu|= gr iduphuv
frs| wkh ehkdylru ri wkh shrsoh wkh| wdon zlwk/ zlwkrxw mxgjlqj wkh vxffhvv ri
wkdw ehkdylruB Wr whvw wklv dowhuqdwlyh k|srwkhvlv/ zh prgl�hg rxu xsgdwlqj
prgho wr lqfoxgh d whup ghvljqhg wr fdswxuh plplfu|1 Zh frqvwuxfwhg d phd0
vxuh ri ihuwlol}hu xvh e| doo wkh iduphuv lq wkh lqirupdwlrq qhljkerukrrg ri wkh
fxowlydwru/ qrw mxvw wkrvh zlwk kljk sur�wv= ��c| � �
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ds�c|3� � s�c|3�o �
Xqiruwxqdwho|/ rxu vdpsoh grhv qrw frqwdlq hqrxjk yduldwlrq wr vhsdudwho|
lghqwli| wkh h�hfw ri wklv ��c| whup iurp rxu ohduqlqj whup +:,1 Wkh suhflvlrq
ri hvwlpdwhv zdv jhqhudoo| srru dqg lqihuhqfhv derxw frh!flhqwv zhuh qrw
urexvw dfurvv qhljkerukrrg phwulfv qru dfurvv vshfl�fdwlrqv zlwk gl�huhqw

5<Frqglwlrqdo rq vxffhvixo lqqrydwlrqv lq wkh lqirupdwlrq qhljkerukrrg/ wkhuh lv qr
vljql�fdqw fruuhodwlrq ehwzhhq vxffhvvixo lqqrydwlrqv lq wkh �qdqfldo qhljkerukrrg dqg
ihuwlol}hu lqqrydwlrqv e| wkh iduphu1
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frqglwlrqlqj yduldeohv/ wkhuhiruh zh gr qrw uhsruw wkhp1

9 Frqfoxvlrq
Wklv sdshu suhvhqwv hylghqfh wkdw vrfldo ohduqlqj lv lpsruwdqw lq wkh gl�xvlrq
ri nqrzohgjh uhjduglqj slqhdssoh fxowlydwlrq lq Jkdqd1 Zh wdnh dgydqwdjh
ri gdwd wkdw frpelqhv djurqrplf dqg frqyhqwlrqdo hfrqrplf lqirupdwlrq
zlwk ghwdlov uhjduglqj uhodwlrqvklsv ehwzhhq iduphuv wr dgguhvv wkh fkdoohqjh
ri lghqwli|lqj ohduqlqj h�hfwv lq dq hfrqrp| xqghujrlqj udslg whfkqrorjlfdo
fkdqjh1 Zh wudfh wkh h�hfw ri d iduphu*v vxffhvvixo h{shulphqw zlwk ihuwlol}hu
rq wkh lqqrydwlrqv lq ihuwlol}hu xvh e| rwkhu fxowlydwruv zlwk zkrp wkh h{0
shulphqwhu vkduhv lqirupdwlrq1 Zh �qg wkdw iduphu D lqfuhdvhv +ghfuhdvhv,
klv ihuwlol}hu xvh diwhu vrphrqh zlwk zkrp kh vkduhv lqirupdwlrq dfklhyhv
kljkhu wkdq phgldq sur�wv zkhq xvlqj pruh +ohvv, ihuwlol}hu wkdq iduphu D1
Frqglwlrqdo rq wklv h�hfw/ zh �qg qr hylghqfh wkdw iduphu D fkdqjhv klv
ihuwlol}hu xvh diwhu d iduphu zkr fxowlydwhv d qhdue| sorw dfklhyhv kljk suri0
lwv zkhq xvlqj pruh ru ohvv ihuwlol}hu wkdq iduphu D1 Qru lv wkhuh hylghqfh
wkdw iduphu D fkdqjhv klv ihuwlol}hu xvh diwhu d iduphu zlwk zkrp kh kdv
�qdqfldo ghdolqjv dfklhyhv kljk sur�wv zkhq xvlqj pruh ru ohvv ihuwlol}hu wkdq
iduphu D1 Doo ri wkhvh frqfoxvlrqv duh urexvw dfurvv dowhuqdwlyh gh�qlwlrqv
ri cvkdulqj lqirupdwlrq/* wr d ydulhw| ri gh�qlwlrqv ri cqhdue| sorw/* dqg iru
vshfl�fdwlrqv wkdw frqglwlrq rq d udqjh ri lqglylgxdo dqg sorw fkdudfwhulv0
wlfv dqg rq duelwudu| yloodjh dqg urxqg h�hfwv1 Wklv �qglqj frqirupv zlwk
wkh urexvw frqfoxvlrq ri wkh h{dpsohv ri vrfldo ohduqlqj ghvfulehg lq vhfwlrq
5= vxffhvvixo h{shulphqwv zlwk lqsxw xvh dwwudfw lplwdwlrq1 Pruhryhu/ rxu
hpslulfdo uhvxowv hvwdeolvk wkdw wklv lplwdwlrq rffxuv zlwklq vrfldo jurxsv
gh�qhg e| lqirupdwlrq  rz/ dqg qrw e| jhrjudsklfdo sur{lplw| ru �qdqfldo
lqwhufrqqhfwlrqv1

Lw lv sur�wdeoh iru iduphuv wr dgmxvw wkhlu ihuwlol}hu xvh wrzdugv wkdw ri
wkhlu vxffhvvixo qhljkeruv1 Wdeoh : uhsruwv wkh uhvxowv ri hvwlpdwlqj dq
htxdwlrq dnlq wr +9, zkhq {s�c| lv uhsodfhg rq wkh ohiw kdqg vlgh zlwk {Z�c|1
D rqh vwdqgdug ghyldwlrq lqfuhdvh lq wkh lqgh{ ri vxffhvvixo h{shulphqwv lq
d iduphu*v lqirupdwlrq qhljkerukrrg lv dvvrfldwhg zlwk dq lqfuhdvh lq wkdw
iduphu*v sur�wv +ryhu wkdw iduphu*v suhylrxv sodqwlqj, ri ehwzhhq 58 dqg 68
shufhqw ri phdq sur�wv shu sodqw163

63Wkh vwdqgdug ghyldwlrq ri wkh lqgh{ ri vxffhvvixo h{shulphqwv lq iduphuv* lqirupdwlrq
qhljkerukrrgv + 4
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4 +�m>w�4 � ��, ^im>w�4 � il>w�4`, lv 9=65/ dqg wkh phdq sur�w shu
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Wkhuh lv hylghqfh wkdw vrfldo ohduqlqj sod|v d uroh lq wkh fxowlydwlrq ghfl0
vlrqv ri wkhvh iduphuv1 Lqirupdwlrq/ wkhuhiruh/ kdv ydoxh lq wkhvh yloodjhv/ dv
gr wkh qhwzrun frqqhfwlrqv wkurxjk zklfk wkdw lqirupdwlrq  rzv1 Wklv udlvhv
wkh srvvlelolw| wkdw iduphuv frqvlghu wkh frqvhtxhqfhv iru wkh dydlodelolw| ri
lqirupdwlrq zkhq iruplqj wkh frqqhfwlrqv wkdw xqghuolh wkhlu lqirupdwlrq
qhljkerukrrgv1 Li vr/ phdvxuhphqw ri wkh h{whqw ri vrfldo ohduqlqj lv qrw
vx!flhqw iru dghtxdwh hydoxdwlrq ri srolf| uhjduglqj wkh gl�xvlrq ri whfk0
qrorj|1 Lw lv qhfhvvdu|/ lq dgglwlrq/ wr xqghuvwdqg wkh hqgrjhqrxv surfhvv
ri lqirupdwlrq qhwzrun irupdwlrq1 Iru h{dpsoh/ frqvlghu wkh lpsdfw ri d
vxevlg| r�huhg wr rqh iduphu lq d yloodjh wkdw lqgxfhv klp wr xvh dq rswl0
pdo odujh dprxqw ri ihuwlol}hu dqg +zlwk kljk suredelolw|, jhw kljk sur�wv1
Wkh vshhg zlwk zklfk wklv lqirupdwlrq vsuhdgv/ dqg khqfh wkh ydoxh ri wkh
vxevlg|/ ghshqgv xsrq wkh fkrlfhv ri wkh vxevlgl}hg iduphu dqg rwkhuv lq
wkh yloodjh wr pdnh dqg pdlqwdlq lqirupdwlrq olqndjhv1 Wkhvh fkrlfhv pd|
ghshqg xsrq wkh ydoxh ri wkh lqirupdwlrq wr hdfk iduphu dqg xsrq wkh frvwv
ri lqirupdwlrq olqnv/ zklfk pd| ghshqg xsrq d ulfk duud| ri fkdudfwhulvwlfv
ri wkh iduphuv dqg wkh vrfldo vwuxfwxuh ri wkh yloodjh1 Lq vrph frqwh{wv/
gl�hulqj uholjlrqv pd| eh dq h�hfwlyh eduulhu wr frppxqlfdwlrq1 Lq rwkhuv/
jhqghu/ zhdowk ru idplo| wlhv pd| eh wkh prvw vdolhqw ghwhuplqdqwv ri wkh
vkdsh ri wkh lqirupdwlrq qhwzrun1

Wkh qh{w vwhs lq wklv uhvhdufk surjudp lv wr prgho wkh fkrlfhv ri idup0
huv uhjduglqj wkh irupdwlrq ri lqirupdwlrq olqnv lq wkhvh yloodjhv1 D odujh
olwhudwxuh h{dplqhv qhwzrun h!flhqf|/ zlwk wkh jrdo ri fkdudfwhul}lqj wkh
qhwzrun frq�jxudwlrq wkdw pd{lpl}hv d ydoxh ixqfwlrq +Erowrq dqg Ghzd0
wulsrqw +4<<7,> Khqgulfnv/ Slfflrqh hw do1 +4<<8,> Hfrqrplghv +4<<9,,1 Wklv
lv dssursuldwh iru d sodqqhu +vxfk dv d whohfrppxqlfdwlrqv prqrsro|, exw qrw
iru wkh ghfhqwudol}hg surfhvv wkdw jryhuqv wkh irupdwlrq ri d vrfldo qhwzrun
olnh wkrvh lq wkh vdpsoh yloodjhv1 Dffruglqjo|/ zh irfxv rq wkh lqfhqwlyhv ri
wkh lqglylgxdov zkr exlog wkh olqnv wkdw gh�qh wkh qhwzrun ++Frohpdq +4<99,>
Judqryhwwhu +4<:6,> Judqryhwwhu +4<<5,> Idifkdpsv +4<<<,> Idifkdpsv dqg
Plqwhq +4<<<,,1 Edod dqg Jr|do +4<<<,/ Mdfnvrq dqg Zrolqvn| +4<<9, dqg
Prqwjrphu| +4<<9, surylgh dowhuqdwlyh wkhruhwlfdo vfkhpd wkdw fdq xqghuslq
dq hpslulfdo dqdo|vlv ri olqn irupdwlrq/ exw zh nqrz ri qr hpslulfdo zrun lq

sodqw lv 586 fhglv1 Dq dowhuqdwlyh shuvshfwlyh rq wkh pdjqlwxgh ri wkhvh hvwlpdwhv lv wr
frqvlghu wkh fdvh lq zklfk d iduphu*v qhljkeruv doo xvh 4 fhgl pruh ihuwlol}hu shu sodqw wkdq
wkh iduphu/ dqg wkdw wzr0wklugv ri wkhvh qhljkeruv duh vxffhvvixo1 Wkh hvwlpdwhv lpso|
wkdw wklv zloo eh dvvrfldwhg zlwk dq lqfuhdvh lq sur�wv ri dssur{lpdwho| : wr < fhglv shu
sodqw1
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hfrqrplfv wkdw h{dplqhv wkh irupdwlrq ri ghfhqwudol}hg qhwzrunv1 Lw lv srv0
vleoh wkdw wklv surfhvv fdq eh lghqwl�hg lq wkhvh gdwd/ ehfdxvh zh revhuyh wkh
irupdwlrq ri olqnv ryhu wlph/ dv zhoo dv pdq| ghwdlov derxw wkh uhodwlrqvkls
ehwzhhq lqglylgxdov dqg pxfk ri wkh vdolhqw djurqrplf lqirupdwlrq1
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dqg Hfrqrplf Qhwzrunv1� Mrxuqdo ri Hfrqrplf Wkhru| :4+4,= 770:71

^58` Mrydqrylf/ E1 dqg \1 Q|dunr +4<<7,1 Wkh Ed|hvldq Irxqgdwlrqv ri
Ohduqlqj e| Grlqj1 Q\X/ Ghsw1 ri Hfrqrplfv1
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^59` Ndswh|q/ D1 +5333, �Vdylqj dqg Uhihuhqfh Jurxsv� Wloexuj Xqlyhuvlw|
FhqwHU Zrunlqj Sdshu1

^5:` Oxfdv/ U1 H1 Mu1 +4<;;, �Rq wkh Phfkdqlfv ri Hfrqrplf Ghyhorsphqw1�
Mrxuqdo ri Prqhwdu| Hfrqrplfv1 55=60751

^5;` Pdqvnl/ F1 I1 +4<<6, �Lghqwl�fdwlrq ri Vrfldo Hqgrjhqrxv Vrfldo H�hfwv=
Wkh Uh hfwlrq Sureohp� Uhylhz ri Hfrqrplf Vwxglhv 93= 86408751

^5<` Pdqvnl/ F1 I1 +4<<:, Lghqwl�fdwlrq Sureohpv lq wkh Vrfldo Vflhqfhv Kdu0
ydug Xqlyhuvlw| Suhvv/ Fdpeulgjh1

^63` Pr!ww/ U1 +4<<<, �Srolf| Lqwhuyhqwlrqv/ Orz0Ohyho Htxloleuld/ dqg Vr0
fldo Lqwhudfwlrqv� Mrkqv Krsnlqv Zrunlqj Sdshu1

^64` Prqwjrphu|/ Mdphv +4<<9, �Wkh Vwuxfwxuh ri Vrfldo H{fkdqjh Qhw0
zrunv= D Jdph0Wkhruhwlf Uhirupxodwlrq ri Eodx*v Prgho1� Vrflrorjlfdo
Phwkrgrorj| 59=4<605581

^65` Pruulv/ V1 +4<<8,1 �Wkh Frpprq Sulru Dvvxpswlrq lq Hfrqrplf Wkh0
ru|1� Hfrqrplfv dqg Sklorvrsk| 44=55:05861

^66` Pxqvkl/ N1 dqg M1 P|dx{ +4<<;, �Vrfldo H�hfwv lq wkh Ghprjudsklf
Wudqvlwlrq= Hylghqfh iurp Pdwode/ Edqjodghvk� Zrunlqj Sdshu Xql0
yhulvw| ri Shqqv|oydqld1

^67` Qhzh|/ Z1N1 dqg Zhvw/ N1G1 +4<;:,1 �D Vlpsoh/ Srvlwlyh Vhpl0gh�qlwh/
Khwhurvnhgdvwlflw| dqg Dxwrfruuhodwlrq Frqvlvwhqw Fryduldqfh Pdwul{1�
Hfrqrphwulfd 88=:360:3;1

^68` Rehqj/ L1 V1 +4<<7,1 H�hfwv ri Grphvwlf Srolflhv rq Surgxfwlrq dqg
H{sruw ri Qrq0Wudglwlrqdo Djulfxowxudo Frpprglwlhv= D Fdvh Vwxg| ri
Iuhvk Slqhdssohv lq Jkdqd/ P1Sklo Wkhvlv/ Ghsduwphqw ri Djulfxowxudo
Hfrqrp| dqg Idup Pdqdjhphqw/ Xqlyhuvlw| ri Jkdqd/ Ohjrq1

^69` Suhvfrww/ H1 +4<:5,1 �Wkh Pxowl0Shulrg Frqwuro Sureohp Xqghu Xqfhu0
wdlqw|1� Hfrqrphwulfd 73+9,= 43760438;1

^6:` Sxuvhjoryh/ M1Z1 +4<:5, Wurslfdo Fursv= Prqrfrw|ohgrqv L1 Orqgrq=
Orqjpdq1
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^6;` Urjhuv/ H1 +4<<8, Gl�xvlrq ri Lqqrydwlrqv/ 7wk Hglwlrq1 Qhz \run= Vl0
prq ) Vfkxvwhu1

^6<` Urphu/ Sdxo +4<<3, �Hqgrjhqrxv Whfkqlfdo Fkdqjh1� Mrxuqdo ri Srolw0
lfdo Hfrqrp|1<;=8 sw15 V:41

^73` Vrohu/ Dodlq +4<<5, Slqhdssoh= Txdolw| Fulwhuld1 FLUDG0FROHDFS0
RFDE/ Sdulv1

^74` Zlovrq/ U1 +4<:8,1 �Lqirupdwlrqdo Hfrqrplhv ri Vfdoh1� Ehoo Mrxuqdo ri
Hfrqrplfv= 4;704<81

^75` Zrlwwlh}/ L1 dqg Ndswh|q D1 +4<<;, �Vrfldo lqwhudfwlrqv dqg kdelw iru0
pdwlrq lq d prgho ri ihpdoh oderxu vxsso|� M1 Sxeolf Hfrqrplfv +:3,5
s1 4;805381

^76` \dpdxfkl N/ Ixwrvkl +5333, �Vrfldo Ohduqlqj dqg Lqyhvwphqw lq Kxpdq
Fdslwdo= Hylghqfh iurp Vfkrrolqj Lqyhvwphqwv lq Lqgld� Zrunlqj Sdshu
N|rwr Xqlyhuvlw|1
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1 km

Roster Connections and Ave. Plot Coordinates (Village 3)

Iljxuh 41 Wkh flufohv uhsuhvhqw wkh jhrjudsklf fhqwhu ri sorwv iru hdfk iduphu
lq Yloodjh 61 Wkh olqhv frqqhfw iduphuv olvwhg rq hdfk rwkhu*v urvwhu ri
frqwdfwv dv kdylqj kdg vljql�fdqw frqyhuvwdwlrqv derxw iduplqj1
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Iljxuh 51 Nhuqho ghqvlw| hvwlpdwhv iru wkh glvwulexwlrq ri glvwdqfhv ehwzhhq
doo iduphuv dqg wkrvh olvwhg rq wkh urvwhu ri frqwdfwv dv kdylqj kdg
vljql�fdqw frqyhuvdwlrqv derxw iduplqj1 Dq Hsdqhfkqlnry nhuqho zlwk
d edqgzlgwk ri 15 zdv xvhg1
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Iljxuh 61 Wklv �jxuh sorwv ihuwlol}hu xvh yhuvxv vwduwlqj urxqg iru doo sodqw0
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Table 1: Relationship between Profit/Plant and Chemical Inputs

LAD regression Dependent Variable Profits/Plant (cedis)
Regressor Coefficient Std. Error

Constant 80.30 167.29
Slope -29.63 38.48
Steep Slope -140.06 67.01
Fertilizer/plant 14.95 5.17
(Fertilizer/Plant)^2 -0.41 0.10
Other Chemicals/Plant 0.60 2.73
Other Chemicals*Slope 14.84 3.21
Other Chemicals*Steep Slope 95.25 21.21
pH 53.96 28.40
% Organic Matter -90.10 18.65

n=164, Median Profits/Plant = 125 cedis
*Standard error calculation assumes independence across observations.



Table 2: Fertilizer Use and Profits, by Information Neighborhood

Panel A: Fertilizer Use and Profits in the Sample of Plantings (208 plantings, cell percentages)

Profits None Positive
Lower than Median 37 12
Higher then Median 31 21

Panel B: Fertilizer Use and Profits in the Sample of Plantings of People Who Are
In The Information Neighborhoods of Those Who Increased Fertilizer Use (66 plantings)

Profits None Positive
Lower than Median 35 10
Higher then Median 35 20

Panel B: Fertilizer Use and Profits in the Sample of Plantings of People Who Are
in the Information Neighborhoods of Those Who Did Not Increase Fertilizer Use (142 plantings)

Profits None Positive
Lower than Median 25 22
Higher then Median 34 19

Fertilizer Use

Fertilzer Use

Fertilizer Use



Table 3: Innovations in Fertilizer Use

Dependent Variable: Change in Fertilizer Use Per Plant

Regressor Parameter Spatial Parameter Spatial Parameter Spatial Parameter Spatial
Estimate S.E. Estimate S.E. Estimate S.E. Estimate S.E.

Successful 
Experiment in 
Neighborhood 0.993 0.188 0.999 0.149 0.913 0.173 0.657 0.285
Successful Exp. in 
2nd-tier 
Neighborhood 0.083 0.075

Constant -0.162 0.674 0.509 1.395 -21.350 13.085 0.935 1.326

Village 1 -4.288 1.761 -7.512 2.883 -8.783 4.617

Village 2 1.000 1.334 1.897 2.173 0.161 1.425

Wealth -0.419 0.436 -0.381 0.417 -0.288 0.490

Clan 1 -0.021 1.287 -0.719 2.031 -1.092 1.548

Clan 2 0.475 1.295 1.491 1.554 -0.417 1.630

Religion 1 0.872 1.654 2.289 1.935 0.814 1.677

Sand 2.404 1.322

Loam 1.077 2.446

Organic Matter 0.752 0.737

pH 3.191 2.546

Spatial standard errors calculated as described in Footnote 22.  Successful innovations in neighborhood variables

as defined in equation (7) with neighborhoods defined using responses to: 

"Have you ever gone to ___ for advice about your farm?"

n=107 n=107 n=87 n=107

A B C D



Table 4: Innovations in Fertilizer Use, with Information, Spatial and Financial Neighborhoods.

Dependent Variable: Change in Fertilizer Use Per Plant

Regressor Parameter Spatial Parameter Spatial Parameter Spatial
Estimate S.E. Estimate S.E. Estimate S.E.

Successful Experiment in 
Information Neighborhood 0.968 0.169 0.969 0.169
Successful Experiment in 
Geographical Neighborhood 0.758 0.257 0.063 0.149 0.064 0.148
Successful Experiment in 
Financial Neighborhood -0.473 0.222
Constant 1.680 1.411 0.555 1.345 0.720 1.408
Village 1 -10.581 3.365 -4.682 2.237 -5.052 2.286
Village 2 -0.209 1.230 0.966 1.309 0.906 1.327
Wealth 0.050 0.311 -0.405 0.448 -0.439 0.455
Clan 1 -1.179 1.310 -0.027 1.291 -0.486 1.341
Clan 2 -0.749 1.332 0.397 1.287 0.619 1.262
Religion 1 -0.843 1.199 0.742 1.553 1.232 1.477

Spatial standard errors calculated as described in Footnote 22.  Successful innovations in neighborhood variable
 as defined in equation (7) with neighborhoods defined using responses to: 
"Have you ever gone to ___ for advice about your farm?"

n=107 n=107 n=107

A B C



Table 5: Innovations in Fertilizer Use, with aggregate and village-level shocks.

Dependent Variable: Change in Fertilizer Use Per Plant

Regressor Parameter Spatial Parameter Spatial Parameter Spatial Parameter Spatial
Estimate S.E. Estimate S.E. Estimate S.E. Estimate S.E.

Successful Experiment 
in Information Nbhd 0.946 0.148 0.881 0.161 0.909 0.152 0.876 0.162

Successful Experiment 
in Geographic Nbhd 0.081 0.147 0.136 0.142 0.118 0.151 0.145 0.142

Successful Experiment 
in Financial Nbhd -0.290 0.287
Constant 2.115 1.500 1.922 0.812 2.056 1.219 -5.062 2.387
Village 1 -5.588 2.413 -6.943 2.416 -6.649 3.184 5.873 2.295
Village 2 0.485 1.201 -1.122 1.060 -0.840 1.899 6.976 2.428
Wealth -0.252 0.412 -0.204 0.394
Clan 1 -0.700 1.231 0.320 1.672
Clan 2 -0.249 1.266 0.322 1.279
Religion 1 0.129 1.381 -0.126 1.516
Round 5 -0.923 1.247 2.474 3.116 2.121 3.339 2.480 3.132
Round 6 -1.356 1.194 -3.734 2.196 -3.457 2.510 -3.791 2.205
Round 7 0.715 2.312 -1.224 1.205 -1.561 1.385 -1.238 1.203
Round 8 -3.524 1.231 -0.927 1.298 -0.912 1.317 -0.938 1.302
Round 9 -2.720 1.406 1.106 1.490 0.626 1.876 1.094 1.491
Round 10 0.098 1.641 1.867 2.584 1.863 2.790 1.851 2.587
Round 11 1.811 1.814 3.457 2.557 3.195 3.114 3.459 2.569
Village 3*Round 5 -5.166 3.272 -4.619 3.837 -5.373 3.340
Village 3*Round 6 2.948 2.697 2.841 2.930 3.296 2.836
Village 3*Round 7 3.719 3.993 3.981 4.039 3.806 3.992
Village 3*Round 8 -5.263 2.609 -5.105 2.938 -5.189 2.604
Village 3*Round 9 -4.834 1.862 -4.202 2.381 -4.524 1.871
Village 3*Round 10 -3.813 2.735 -3.732 2.936 -3.727 2.719
Village 3*Round 11 -2.407 3.395 -2.224 4.320 -2.361 3.411

Spatial standard errors calculated as described in Footnote 22.  Successful innovations in neighborhood
variables as defined in equation (7) with neighborhoods defined using responses to:
 "Have you ever gone to ___ for advice about your farm?"

n=107 n=107 n=107 n=107

A B C D



Table 6: Learning Term Estimates with Alternate Definitions of the Information Neighborhood

Dependent Variable: Change in Fertilizer Use Per Plant

Definition of Information Neighborhood Parameter Spatial Parameter Spatial
Estimate S.E. Estimate S.E.

Do you know __? 0.89 0.18 0.90 0.10
(Random Sample of 6 Plots)

Knowledge of the Existence of the Plot 0.95 0.38 0.85 0.24
(Random Sample of 6 Plots)

Talk at Least Once/Week 1.03 0.32 0.85 0.23
(Random Sample of 6 Plots)

Reports Learning Interaction 0.58 0.23 0.32 0.19
(Roster of Contacts Listing of 
All Significant Learning Exchanges)

Reports Any Interaction 0.77 0.21 0.52 0.17
(Roster of Contacts Listing of Transactions
and Learning Activities Over 10 Months)

Predicted Links 1.13 0.12 1.07 0.13
(Predicted Prob. Of Link >.05 )

 Spatial standard errors calculated as described in Footnote 22.
*Individual Covariates specification includes as regressors: successful innovations in the geographical 
neighborhood, successful innovations in the financial neighborhood, village dummies, wealth, and
 dummies for religion and extended family.
**Village-Round Interactions specification includes as regressors: successful innovations in the  
geographical neighborhood, village dummies, round dummies,village 3 - round interactions.

 

Individual Covariates* Village-Round Interactions**



Table 7: Innovations in Profits

Dependent Variable: Change in Profits Per Plant
Individual Covariates* Village-round Interactions**

Regressor
Parameter Spatial Parameter Spatial
Estimate S.E. Estimate S.E.

Successful experiment in info. neighborhood 14.21 3.29 10.11 3.58

 Spatial standard errors calculated as described in Footnote 22.

 Successful innovations in neighborhood variable as defined in equation (7) with neighborhoods

defined using responses to "Have you ever gone to ___ for advice about your farm?"

*Individual Covariates specification includes as additional regressors: successful innovations in the geographical 

neighborhood, successful innovations in the financial neighborhood, village dummies, wealth, and

 dummies for religion and extended family.

**Village-Round Interactions specification includes as additional regressors: successful innovations in the  

geographical neighborhood, village dummies, round dummies,village 3 - round interactions.

 



Appendix Table 1: Probit Model of Information Links

Regressor Parameter Standard
Estimate Error

Either individual holds 
heriditary office -0.367 0.087
Members of the same church -0.035 0.095
Members of the same clan 0.322 0.079
Both first generation in village -1.170 0.300
Same gender 0.768 0.088
Have plots w/same soil type 0.086 0.100
Distance between plots -0.180 0.055

Estimate of Equation (5).  Huber standard errors adjusted for possible correlation 
 across observations for a given individual, but not for any spatial correlation.



Appendix Table 2: Descriptive Statistics

Variable Mean in Estimation Sample Std. Deviation
Wealth 2.13 2.59
Clan 1 0.35 0.48
Clan 2 0.44 0.50
Religion 1 0.49 0.50
sand 0.48 0.50
loam 0.06 0.23
pH 5.66 0.71
% Organic Matter 2.65 0.83
Fertilizer per plant 2.05 5.76
Profit per plant 253.00 402.00

Indices of Successful Experiments 
with Fertilizer in Information Nhbd:

Matched Pair Measures:
Have you gone to ___ for advice? 0.40 6.32
Predicted links 0.79 6.31

Matched Pairs From 
Random Sample of 6 Plots:

Do you know __? 1.29 5.93
Knowledge of the existence of the plot 1.13 6.40
Talk at least once/week 0.62 6.68

Roster of Contacts Measures:

Significant Conversations Re: Farming 1.51 7.79
All recorded interactions 1.25 7.30

Index of Successful Experiments in 
Geographic Neighborhood: 1.61 5.48
Index of Successful Experiments in 
Financial Neighborhood: 0.24 1.10



Appendix Table 3. Correlations Between Neighborhood Regressors

Learning Any 
Advice Know Exist Talk Interaction Interaction Predicted Geographic Financial

Have you ever gone to ___ for advice re: farm? 1
Do you know ___? (6 Random Plots) 0.581 1
Knowledge of Plot's Existence (6 Random Plots) 0.5915 0.7693 1
Talk at Least Once/Week (6 Random Plots) 0.6468 0.6854 0.893 1
Reports Learning Interaction (Roster) 0.5223 0.5468 0.753 0.8641 1
Reports Any Interaction (Roster) 0.5622 0.5928 0.8131 0.9257 0.9706 1
Predicted Links 0.8386 0.8686 0.7216 0.7184 0.5885 0.6369 1
Geographic 0.5056 0.5622 0.8042 0.8043 0.708 0.7652 0.5409 1
Financial 0.0249 -0.0069 0.0067 -0.0092 0.051 0.0719 0.0197 0.1044 1


