
Wkh Lqirupdwlrq Whfkqrorj| Uhyroxwlrq dqg wkh
Vwrfn Pdunhw= Suholplqdu| Hylghqfh

Eduw Krelmq dqg Er|dq Mrydqrylf�

Dxjxvw 5:/ 4<<<

Devwudfw

Vlqfh 4<9;/ wkh udwlr ri vwrfn pdunhw fdslwdol}dwlrq wr JGS kdv ydulhg e| d

idfwru ri 81 Lq 4<:5/ wkh udwlr vwrrg dw deryh xqlw|/ exw e| 4<:7/ lw kdg idoohq
wr 3178 zkhuh lw vwd|hg iru wkh qh{w ghfdgh1 Lw wkhq ehjdq d vwhdg| folpe/ dqg

wrgd| lw vwdqgv deryh 51

Zh dujxh wkdw wkh LW uhyroxwlrq zdv ehklqg wklv dqg/ pruhryhu/ wkdw wkh
fdslwdol}dwlrq2JGS udwlr lv olnho| wr ghfolqh dqg wkhq ulvh diwhu dq| pdmru
whfkqrorjlfdo vkliw1 Wkh wkuhh dvvxpswlrqv wkdw gholyhu wkh uhvxow duh=

41 Wkh LW uhyroxwlrq zdv dqwlflsdwhg e| hduo| 4<:6/

51 LW zdv uhvlvwhg e| lqfxpehqwv/ zklfk ohg wkhlu ydoxh wr idoo/ dqg

61 Wdnhryhuv duh dq lpshuihfw srolflqj ghylfh wkdw doorzhg pdq| �upv wr

uhpdlq lqh!flhqw xqwlo wkh plg 4<;3*v1

Zh od| rxw vrph idfwv wkdw wkh LW k|srwkhvlv h{sodlqv/ exw wkdw vrph dowhu0
qdwlyh k|srwkhvhv � rlo0sulfh vkrfnv/ lqfuhdvhg pdunhw yrodwlolw|/ dqg exeeohv �

gr qrw1

�Qhz \run Xqlyhuvlw|1 Wklv sdshu lv sduw ri d surmhfw wkdw lqfoxghv M1 Juhhqzrrg/ dqg lw
lpsohphqwv pdq| ri klv vxjjhvwlrqv1 Zh wkdqn K1 Fkxq dqg Y1 Udph| iru surylglqj xv zlwk gdwd/
dqg W1 Frroh|/ S1 Jrxulqfkdv/ O1 Ol/ dqg D1 Yldug iru frpphqwv1
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Iljxuh 4= Vwrfn pdunhw ydoxh uhodwlyh wr JGS

4 Lqwurgxfwlrq

Lq wklv sdshu/ zh vkdoo vwxg| wkh srvw0zdu ehkdylru ri wkh X1V1 vwrfn pdunhw1 Zh vkdoo
dujxh wkdw d pdmru whfkqrorjlfdo lqqrydwlrq fdxvhv wkh vwrfn pdunhw wr eh whpsrudulo|
xqghuydoxhg xqwlo wkh fodlpv wr ixwxuh glylghqgv hqwhu wkh vwrfn pdunhw yld lqlwldo
sxeolf r�hulqjv1 Lq rwkhu zrugv/ djjuhjdwh fdslwdol}dwlrq fdq idoo ehorz wkh suhvhqw
ydoxh ri glylghqgv ehfdxvh d fkxqn ri wkh fdslwdo vwrfn pd| eh plvvlqj iurp wkh
vwrfn pdunhw1 Fdslwdo lv olnho| wr �glvdsshdu� gxulqj hsrfkv ri pdmru whfkqrorjlfdo
fkdqjh � hvshfldoo| dw wkh ehjlqqlqj ri vxfk hsrfkv/ ehfdxvh wklv lv zkhq qhz fdslwdo
irupv lq vpdoo/ sulydwh frpsdqlhv1 Rqo| zkhq d sulydwh frpsdq| surplvhv wr eh
vxffhvvixo lv lw LSR*g/ dqg rqo| wkhq grhv lwv fdslwdo vwrfn ehfrph d sduw ri vwrfn0
pdunhw fdslwdol}dwlrq1 Juhhqzrrg dqg Mrydqrylf +4<<<, kdyh xvhg wklv orjlf wr dujxh
wkdw wkh lqirupdwlrq whfkqrorj| +LW, uhyroxwlrq fdxvhg wkh srvw04<:5 idoo dqg wkh
srvw04<;8 ulvh lq wkh udwlr ri pdunhw fdslwdol}dwlrq wr JGS1 Khuh/ zh vkdoo suhvhqw
qhz hylghqfh rq wklv ylhz/ dqg rq rwkhu sursrvhg h{sodqdwlrqv ri wkh *:3*v hslvrgh/
h{sodqdwlrqv olnh rlo0sulfh vkrfnv/ lqfuhdvhg pdunhw yrodwlolw|/ dqg qrqixqgdphqwdov1

Iljxuh 4 ghslfwv d sx}}olqj skhqrphqrq1 Wkh vrolg olqh lv wkh pdunhw ydoxh ri
X1V1 htxlw| uhodwlyh wr JGS vlqfh Zruog Zdu LL/ phdvxuhg dv wkh udwlr ri pdunhw
fdslwdol}dwlrq wr JGS dv sxeolvkhg e| wkh Ihghudo Uhvhuyh Erdug ri Jryhuqruv1 Diwhu
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Iljxuh 5= Uhdo vwrfn pdunhw lqglfhv lq 9 RHFG frxqwulhv

uhdfklqj 414 lq 4<9;/ dqg/ djdlq/ xqlw| lq 4<:5/ pdunhw0fds2JGS soxpphwhg wr 317
lq 4<:6/ dqg glg qrw uhfryhu xqwlo wkh plg04<;3*v/ dqg wkhq lw urvh txlwh vkduso|1

Iljxuh 5 vkrzv wkdw h{fhsw Mdsdq/ wkh ohdglqj RHFG frxqwulhv h{shulhqfhg vlplodu
pryhphqwv lq wkhlu vwrfn pdunhwv1 Wkh �jxuh sorwv wkh uhdo vwrfn pdunhw lqglfhv iru
8 Hxurshdq frxqwulhv dqg wkh X1V1 � qrw txlwh wkh yduldeoh sorwwhg dv wkh vrolg olqh lq
Iljxuh 4> lqvwhdg ri pdunhw fds/ Iljxuh 5 sorwv d vwrfn pdunhw lqgh{/ dqg wkh lqgh{
lv qrw glylghg e| rxwsxw1 Wkh gdwd duh iurp wkh pdfurhfrqrplf lqglfdwruv sxeolvkhg
e| wkh RHFG dqg fryhu 4<93 04<<;/ h{fhsw iru wkh X1V1 iru zklfk wkh vkduh lqgh{
zdv xqdydlodeoh sulru wr 4<971

Fohduo|/ li rqh zhuh wr dgg xs wkh pdunhw fdslwdol}dwlrqv ri wkhvh 9 frxqwulhv dqg
glylgh wkhp e| wkhlu frpelqhg rxwsxw/ rqh zrxog rewdlq d �zruog� vhulhv wkdw zrxog
orrn pxfk olnh wkh vrolg olqh lq Iljxuh 41 Mdsdq lv dq rxwolhu/ exw wrr vpdoo wr ryhuwxuq
wkh eurdg sdwwhuq lq wkh uhvw ri wkh dgydqfhg zruog1

Phkud +4<<;, dujxhv wkdw wkh nlqg ri yrodwlolw| wkdw Iljxuhv 4 dqg 5 sruwud| lv qrw
frqvlvwhqw zlwk wkh vwdqgdug vwrfkdvwlf jurzwk prgho/ dqg Kdoo +4<<<, qrwhv wkdw wkh
vwdqgdug prgho lpsolhv d sx}}olqj �phowgrzq� ri fdslwdo lq 4<:6071 Wkh sx}}oh wkhq/
lq whupv ri Iljxuh 4/ lv wkh qhduo| wkuhhirog ghfolqh lq pdunhw0fds2JGS lq 4<:607/
iroorzhg e| lwv �yhirog ulvh vlqfh 4<;81 Wkh olwhudwxuh r�huv wkuhh vroxwlrqv wr wkh
sx}}oh1 Iluvw/ Ehuqdqnh/ Jhuwohu dqg Zdwvrq +4<<;, vxjjhvw wkdw wkh �uvw rlo fulvlv/
frpelqhg zlwk prqhwdu| srolf|/ uhgxfhg h{shfwhg ixwxuh sur�wv ri �upv dqg/ dv d
uhvxow/ ohg wr d gurs lq vwrfn sulfhv1 Vhfrqg/ Slqg|fn +4<;7, dvnv li wkh ghfolqh ri wkh
4<:3*v uh hfwhg d uhvsrqvh ri ulvn0dyhuvh lqyhvwruv wr d vhfxodu ulvh lq wkh yrodwlolw| ri
vwrfn uhwxuqv1 Dqg/ wklug/ wkh srsxodu suhvv dqg wkh exeeohv olwhudwxuh vxjjhvw wkdw
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Iljxuh 6= Vkduh ri frpsxwhuv lq uhdo htxlsphqw lqyhvwphqw

d srvlwlyh exeeoh exuvw/ ru d qhjdwlyh rqh iruphg lq 4<:6 dqg wkdw wrgd| d srvlwlyh
exeeoh h{lvwv/ hvshfldoo| lq wkh lqwhuqhw vwrfnv1

Wklv sdshu wdnhv rq d gl�huhqw ylhz1 Wkh ylhz lv wkdw jrrg qhzv duulyhg lq 4<:6/
qhzv wkdw lqirupdwlrq whfkqrorj| zdv rq wkh krul}rq1 Iljxuhv 4/ 5 vkrz wkdw vwrfn
sulfhv ihoo mxvw diwhu Lqwho kdg ghyhorshg wkh plfursurfhvvru lq odwh 4<:4/ dqg mxvw dv
LW lqyhvwphqw/ sorwwhg lq Iljxuh 6/ zdv derxw wr wdnh r�1 Lq 4<9;/ LW frpsulvhg rqo|
: shufhqw ri htxlsphqw lqyhvwphqw/ exw lw wkhq vwduwhg wr ulvh/ uhdfklqj 85 shufhqw
lq 4<<;/ dqg lv ulvlqj vwloo1 Pruhryhu/ wklv shuwdlqv rqo| wr wkh kdugzduh frpsrqhqw
ri wkdw lqyhvwphqw dqg ljqruhv vriwzduh h{shqvhv1 Lw vhhpv qdwxudo/ wkhuhiruh/ wr
odeho hduo| 4<:6 dv wkh gdwh lq zklfk �wkh qhzv derxw LW duulyhg�1 Duulyhg/ lq wkh
vhqvh wkdw wklv lv zkhq lw vwduwhg wr pdwwhu/ dqg zkhq Dphulfdq exvlqhvv vwduwhg
lqfrusrudwlqj lw lq d pdmru zd|1

Wkh sdshu surfhhgv dv iroorzv1 Vhfwlrq 5 ghvfulehv wkh pdlq dvvxpswlrqv dqg/
wkhq/ wkh prgho1 Vhfwlrq 6 ghvfulehv vhyhudo whvwv ri wkh LW k|srwkhvlv/ Vhfwlrq 7
frqvlghuv vrph rwkhu h{sodqdwlrqv/ dqg/ �qdoo|/ Vhfwlrq 8 frqfoxghv wkh sdshu1
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5 Wkh LW k|srwkhvlv

Rxu dujxphqw uhvwv rq wkuhh dvvxpswlrqv1 Iluvw/ wkdw wkh vxffhvv ri wkh LW uhyroxwlrq
vxgghqo| ehfdph hylghqw lq hduo| 4<:61 Vhfrqg/ wkdw wkh LW uhyroxwlrq idyruhg qhz
�upv/ wkdw lqfxpehqwv uhvlvwhg lw/ dqg wkdw wklv fdxvhg wkhlu ydoxhv wr idoo1 Dqg/
wklug/ wkdw dv d srolflqj ghylfh/ phujhuv dqg wdnhryhuv zrunhg zlwk ohvv wkdq shuihfw
h!flhqf|/ dqg wkhuhiruh doorzhg lqfxpehqwv wr uhpdlq lqh!flhqw xqwlo wkh plg04<;3*v1
Zh qrz h{sodlq zk| zh wklqn wkdw wkhvh dvvxpswlrqv duh uhdvrqdeoh1

Dvvxpswlrq 4= Wkh LW uhyroxwlrq zdv khudoghg lq 4<:6

Ehiruh 4<:4/ wkh frpsxwhu zdv qr iulhqg ri vpdoo exvlqhvv1 Frpsxwhuv zhuh
h{shqvlyh dqg xvhuv vkduhg frpsxwhu0wlph1 Pdlqiudph frpsxwhuv dqg plqlfrpsxwhuv
kdg ehhq xvhg dw vrph odujh frpsdqlhv/ dw QDVD/ dw wkh Ghihqvh Ghsduwphqw/ dw
wkh Exuhdx ri wkh Fhqvxv/ dqg dw rwkhu ihghudo dqg orfdo jryhuqphqw exuhdxv1 Exw lw
zrxog wdnh d whfkqrorjlfdo ohds ehiruh wkh frpsxwhu frxog wudqvirup wkh zd| exvlqhvv
zdv grqh/ dqg ehiruh dq| �up/ odujh ru vpdoo/ frxog d�rug wr surylgh rqh wr hdfk ri
lwv dgplqlvwudwlyh zrunhuv1

Wkdw whfkqrorjlfdo ohds zdv wkh lqyhqwlrq ri wkh plfursurfhvvru � wkh �7337 frp0
sxwhu fkls1� Wklv lqyhqwlrq pdgh wkh srzhuixo �SF� ri wrgd| srvvleoh1 E| odwh 4<:4
Lqwho zdv dgyhuwlvlqj wkh fkls/4 dqg frpphufldo lpsohphqwdwlrq iroorzhg doprvw dw
rqfh= D Iuhqfk frpsdq| surgxfhg wkh �PLFUDO/� d jhqhudo sxusrvh frpsxwhu wkdw
hperglhg wkh qhz fkls1 �D edvh prgho frvw xqghu '5/333/ dqg lw irxqg d pdunhw uh0
sodflqj plqlfrpsxwhuv iru vlpsoh frqwuro rshudwlrqv1 Durxqg wzr wkrxvdqg zhuh vrog
lq wkh qh{w wzr |hduv1111� +Fhux}}l/ 4<<;/ s1 555,15 Lq wkh X1V1/ wkh hduo| dgrswhuv
ri wkh qhz plfursurfhvvru � Lqwho*v �7337� plqldwxuh frpsxwhu � zhuh rxwvlgh wkh
frusrudwh vhfwru/ zklfk vxusulvhg hyhq Lqwho*v vdohv vwd�161 Lqwho kdg LSR*g lq Rfwrehu

4�Urehuw Qr|fh ^Wkh 4<9; fr0irxqghu ri LQWHO` qhjrwldwhg d ghdo zlwk Exvlfrp ^d Mdsdqhvh
fdofxodwru pdqxidfwxuhu` wr pdqxidfwxuh iru Lqwho fklsv ^wkdw Lqwho kdg ghvljqhg` dw d orzhu frvw
jlylqj Lqwho/ lq uhwxuq/ wkh uljkw wr pdunhw wkh fklsv1 Iurp wkhvh xqvrsklvwlfdwhg qhjrwldwlrqv zlwk
Exvlfrp/ lq Qr|fh*v zrugv/ fdph d slyrwdo prphqw lq wkh klvwru| ri frpsxwlqj1
�Wkh uhvxow zdv d vhw ri irxu fklsv/ �uvw dgyhuwlvhg lq d wudgh mrxuqdo lq odwh 4<:4/ zklfk lqfoxghg

dcd plfursurjudppdeoh frpsxwhu rq d fkls$� Wkdw zdv wkh 7337/ rq zklfk rqh irxqg doo wkh
edvlf uhjlvwhuv dqg frqwuro ixqfwlrqv ri d wlq|/ jhqhudo0sxusrvh vwruhg0surjudp frpsxwhu1 Wkh rwkhu
fklsv frqwdlqhg d uhdg0rqo| phpru| +URP,/ udqgrp dffhvv phpru| +UDP,/ dqg d fkls wr kdqgoh
rxwsxw ixqfwlrqv1 Wkh 7337 ehfdph wkh klvwrulfdo plohvwrqh/ exw wkh rwkhu fklsv zhuh lpsruwdqw dv
zhoo/ hvshfldoo| wkh URP fkls wkdw vxssolhg wkh frgh wkdw wxuqhg d jhqhudo0sxusrvh surfhvvru lqwr
vrphwklqj wkdw frxog phhw d fxvwrphu*v qhhgv1� +Fhux}}l 4<<;/ s1 553,1

5Vlploduo|/ Fdpsehoo0Nhoo| dqg Dvsud| +4<<9/ s1 56:, zulwh wkdw lw zdv �srvvleoh wr surgxfh
dq d�rugdeoh shuvrqdo frpsxwhu +frvwlqj ohvv wkdq '5333/ vd|, dq| wlph diwhu111Qryhpehu 4<:41�
Lqghhg/ e| Pdufk ri 4<:7/ Lqwho zdv r�hulqj wkh nlw iru wkh Vfhoel0;K plqlfrpsxwhu iru dv orz dv
'773 +Fhux}}l/ 4<<;/ s1 558,1

6�Vlqfh lw zdv d plqldwxuh jhqhudo0sxusrvh frpsxwhu/ ^wkh 7337` frxog eh xvhg e| lqgxvwuldo gh0
vljqhuv wr gr dq| qxpehu ri gl�huhqw mrev1 Wkh fxvwrpl}dwlrq zrxog eh lq wkh vriwzduh1111 Wkh wdujhw
fxvwrphuv iru wklv xvh ri wkh 7337 fkls zhuh hqjlqhhuv lq Dphulfd*v eljjhvw lqgxvwuldo frpsdqlhv1
Exw prvw ri wkhvh hqjlqhhuv nqhz qrwklqj derxw frpsxwhu surjudpplqj1 Lqvwhdg/ lw zdv vpdoohu/
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ri 4<:4 dqg/ e| Dxjxvw 4<:5/ lw kdg uhohdvhg lwv vhfrqg plfursurfhvvru � wkh �;33;�17

Wr eh vxuh/ wkh hduo| plfursurfhvvru zdv d kljko| sulplwlyh dqfhvwru ri wrgd|*v SF
� lw kdg qr nh|erdug/ qr vfuhhq/ dqg d plqxwh iudfwlrq ri wkh srzhu1 Exw/ e| hduo|
4<:6/ lw vkrxog kdyh ehhq fohdu wkdw qrz rqh frxog h{shfw udslg ghyhorsphqw ri erwk
kdugzduh dqg vriwzduh1 E| �Prruh*v Odz/� wkh srzhu ri frpsxwhuv zrxog txlfno|
ehfrph skhqrphqdo/ dqg/ dv vrrq dv wkh vriwzduh qhhghg wr wxuq wkh frpsxwhu lqwr
d pxowl0sxusrvh sureohp0vroyhu ehfdph dydlodeoh � dqg wklv zdv mxvw d pdwwhu ri wlph
� wkh frpsxwhu zrxog wudqvirup wkh idfh ri Dphulfdq exvlqhvv1

Dvvxpswlrq 5= Wkh LW uhyroxwlrq idyruhg qhz �upv

Dq rog �up kdv rog sk|vlfdo fdslwdo rq kdqg/ dqg vr lw idfhv dq dgglwlrqdo hfr0
qrplf frvw wr lqyhvwlqj lq iurqwlhu phwkrgv1 Lw dovr kdv rog kxpdq fdslwdo rq kdqg> lwv
pdqdjhu pd| odfn wkh dzduhqhvv dqg lwv zrunhuv pd| odfn wkh vnloo wr lpsohphqw wkh
qhz whfkqrorj| +h1j1/ lq 4<:5/ odujh frpsdqlhv glgq*w kdyh wkh surjudpplqj h{shuwlvh
qhhghg wr xvh wkh plfursurfhvvru surgxfwlyho|,1 Lq vkruw/ lqfxpehqwv kdyh d frp0
sdudwlyh glvdgydqwdjh lq dgrswlqj qhz whfkqrorj|1 Wklv lv wkh �vxqn frvw� dujxphqw
wkdw zh kdyh vhhq lq ylqwdjh fdslwdo jurzwk prghov/ lq lqfxpehqw yv1 srwhqwldo0
hqwudqw prghov ri U)G/ dqg hovhzkhuh1 Rwkhu dujxphqwv wkdw uhodwh lqfxpehqf| wr
whfkqrorjlfdo fkdqjh kdyh uhfhqwo| vxuidfhg= Krophv dqg Vfkplw} +4<<3, dujxh wkdw
vrph shrsoh duh jrrg dw vwduwlqj qhz �upv/ zkloh rwkhuv duh jrrg dw uxqqlqj h{lvwlqj
rqhv/ dqg wklv glvwlqfwlrq pdwwhuv hvshfldoo| lq wlphv ri pdmru whfkqrorjlfdo fkdqjh>
vlploduo|/ Xhgd +4<<:, dqg Wdnll +4<<<, dujxh wkdw wkh rqvhw ri whfkqrorjlfdo xqfhu0
wdlqw| uhdoorfdwhv uhvrxufhv wr wkrvh wkdw duh ehvw deoh wr frsh zlwk lw � dq dujxphqw
wkdw uhvwv rq Qhovrq0Skhosv qrwlrqv1

Dq hyhq pruh whoolqj uhdvrq zk| dq lqfxpehqw �up zloo uhvlvw fkdqjh lv wkh
hqwuhqfkphqw ri lwv shuvrqqho1 D odujh frpsdq| lv olnho| wr eh pruh wrs0khdy|/ dqg
pdq| ri lwv hpsor|hhv duh pruh olnho| wr eh gudzlqj vdodulhv wkdw ehdu qr uhodwlrq
wr shuirupdqfh1 Qhlwkhu d whqxuhg zrunhu rq d �{hg vdodu|/ qru klv FHR zlwk d
kdqgvrph jroghq sdudfkxwh/ kdv dq| uhdvrq wr gr dq|wklqj iru klv �up/ pxfk ohvv
ohduq vrphwklqj qhz1

Edvhg rq wklv orjlf/ rxu prgho zloo dvvxph wkdw zkhq wkh qhzv ri wkh qhz whfk0
qrorj| duulyhv/ wkh pdunhw fruuhfwo| h{shfwv dq lqfxpehqw wr jr rq grlqj exvlqhvv dv
xvxdo � lqgh�qlwho|1

Dvvxpswlrq 6= Phujhuv dqg wdnhryhuv duh dq lpshuihfw srolflqj ghylfh

Lq wkhru|/ d vwrfn pdunhw vkrxog udlvh h!flhqf| e| hqvxulqj wkdw surgxfwlyh uh0
vrxufhv uhdfk wkh kdqgv wkdw fdq jhqhudwh prvw ydoxh iurp wkhp1 Wkh phfkdqlvp wkdw

kxqjulhu frpsdqlhv zlwkrxw d vwurqj/ hqwuhqfkhg pdunhw srvlwlrq wkdw vdz wkh srwhqwldo ri wkh wlq|
fkls �uvw1111Wkh hduo| dgrswhuv ri wkh 7337 zhuh pxfk pruh revfxuh1 Vrphrqh lqvlgh Lqwho*v pdunhw0
lqj ghsduwphqw ghvfulehg wkh 7337 fxvwrphu olvw dv �qrw vr pxfk Zkr*v Zkr dv Zkr*v WkdwB� �
+Mdfnvrq 4<<:/ s1 :8,

7Wzr ex|huv ri wkh ;33; zhuh qrqh rwkhu wkdq Eloo Jdwhv dqg Sdxo Doohq zkr xvhg lw iru d surmhfw
wkdw idlohg +Mdfnvrq 4<<:/ s1 :9,1
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dffrpsolvkhv wklv lv wkh wdnhryhu1 Li wkh wdnhryhu pdunhw zhuh iulfwlrqohvv/ hqwuhqfk0
phqw dqg frpsdudwlyh glvdgydqwdjh frxog qrw vxuylyh= Dq lqh!flhqw �up zrxog
txlfno| eh dftxluhg/ lwv pdqdjhphqw uhsodfhg/ dqg lwv lqh!flhqw zrun sudfwlfhv holp0
lqdwhg1 Jruw +4<9<, hpskdvl}hv wkdw/ e| uhduudqjlqj wkh sdwwhuq ri frpsdudwlyh dg0
ydqwdjh/ d qhz whfkqrorj| zrxog xvkhu lq d phujhu0zdyh dqg wkdw/ lqvwhdg ri orvlqj
ydoxh/ lqfxpehqwv zrxog vlpso| idfh uhrujdql}dwlrq1

Lq sudfwlfh/ krzhyhu/ wkh wdnhryhu surfhvv kdv iulfwlrqv1 Lqvlghuv � pdqdjhphqw
dqg xqlrql}hg zrunhuv hvshfldoo| � fdq surwhfw wkhpvhoyhv iurp krvwloh wdnhryhuv1
Wkh| pd| vxffhhg lq vhfxulqj d vkduh ri d �up*v sur�wv surshuw| uljkwv idu lq h{fhvv
ri wkhlu frqwulexwlrq wr lw1 Wr vxffhhg/ d udlghu zrxog qhhg wr frpshqvdwh wkhvh
lqvlghuv/ dqg vxfk frpshqvdwlrq frxog h{fhhg wkh h!flhqf| jdlqv wkdw wkh wudqvihu
ri frqwuro zrxog vhfxuh/ dqg pd|/ wkhuhiruh/ suhyhqw wkh wdnhryhu iurp wdnlqj sodfh1
Pruhryhu/ dv Jurvvpdq dqg Kduw +4<;4, dujxh/ lqfxpehqw vkduhkroghuv wrr fdq krog
rxw dqg h{wudfw wkh h!flhqf| jdlq iurp wkh dftxlulqj �up18 Wkhvh eduulhuv kdyh
phdqw wkdw d wdnhryhu kdv wr udlvh ydoxh e| derxw 73( ehiruh lw jrhv wkurxjk/ dqg
wkdw/ dv d uhvxow/ d �up fdq orvh ydoxh dqg qrw eh wdnhq ryhu1

Iulfwlrqv lq wkh wdnhryhu surfhvv dovr lpso| wkdw wkh uhprydo ri lqh!flhqf| pxvw/
lq sduw dw ohdvw/ wdnh sodfh wkurxjk surfhvv ri hqwu| ri h!flhqw �upv/ dqg h{lw ri
lqh!flhqw rqhv1 Wklv surfhvv lv vorzhu wkdq wkh wdnhryhu/ dqg wklv pd| eh zk| wkh
pdunhw wrrn pruh wkdq 43 |hduv wr uhfryhu1 Exw/ uhfryhu lw glg/ dqg wkh sdlqixo
dgmxvwphqwv duh wdnlqj sodfh19 Qrw vxusulvlqjo|/ wkh �h{fhvv idw� lv prvwo| dprqj
pdqdjhuldo dqg qrqsurgxfwlrq zrunhuv +Olfkwhqehuj dqg Vlhjho 4<<4,1: Dqg vlqfh
wkh dgrswlrq ri LW lv/ lq pdq| �upv suredeo| orqj ryhugxh/ vrph �upv duh vhhlqj
h{wuhpho| kljk udwhv ri uhwxuq rq wkhlu LW lqyhvwphqwv1;

8Euhduo| dqg P|huv*v +4<<9/ fk1 66, dffrxqw ri wkh UMU0Qdelvfr ex|rxw lqglfdwhv wkdw wkh
vkduhkroghu dssursuldwhg wkh hqwluh jdlq iurp wkh ghdo1

9Iduehu dqg Kdoorfn +4<<<, �qg wkdw ryhu wkh sdvw wkluw| |hduv/ dqqrxqfhphqwv derxw oderu0
irufh uhgxfwlrqv duh lqfuhdvlqjo| olnho| wr ohdg wr vwrfn0sulfh lqfuhdvhv1 Wkh dxwkruv �qg wklv wr eh
frqvlvwhqw zlwk wkh ylhz wkdw vxfk uhgxfwlrqv duh lqfuhdvlqjo| ghvljqhg wr lpsuryh h!flhqf|/ dqg
duh ohvv olnho| wkdq ehiruh wr uh hfw uhgxfwlrqv lq surgxfw ghpdqg1

:Wklv zloo vhhp rgg wr dq|rqh zkr wklqnv ri wkh xqlrql}hg eoxh froodu zrunhu dv wkh sulph
pdfklqh0uhvlvwhu1 Exw wkh frpsxwhu glvsodfhv pdlqo| zklwh0froodu oderu +�Ehklqg hdfk DWP  xwwhu
wkh jkrvwv ri wkuhh edqn0whoohuv/� vd|v d uhfhqw Q1\1Wlphv duwlfoh,/ dqg vr wklv lv zkhuh rqh zrxog
h{shfw wr eh deoh wr fxw frvwv wkh prvw1 Lq wkhlu vwxg| ri wkh Lqgldq lurq dqg vwhho lqgxvwu|/ Gdv
dqg Vhqjxswd +4<<<, �qg wkdw lq wkh w|slfdo +suhvxpdeo| vkhowhuhg, sxeolf vhfwru �up/ pdqdjhuldo
zrunhuv duh pxfk pruh ryhuhpsor|hg wkdq wkh surgxfwlrq zrunhuv1

;�Xvlqj hljkw |hduv ri gdwd iru ryhu 4333 �upv lq wkh Xqlwhg Vwdwhv/ zh �qg wkdw dq lqfuhdvh
ri rqh groodu lq wkh txdqwlw| ri frpsxwhu fdslwdo lqvwdoohg e| d �up lv dvvrfldwhg zlwk dq lqfuhdvh
ri �yh wr 53 grooduv lq wkh �qdqfldo pdunhwv* ydoxdwlrq ri wkh �up1 Rwkhu irupv ri fdslwdo gr qrw
h{klelw wkhvh kljk ydoxdwlrqv1� +Eu|qmroivvrq dqg \dqj 4<<;/ s1 4,1 Li wkhvh qxpehuv duh hyhq forvh
wr ehlqj fruuhfw/ LW pxvw kdyh phw zlwk vrph suhww| vwl� uhvlvwdqfh1
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514 Wkh prgho

Wkh prgho lv d yhuvlrq ri wkh Oxfdv +4<:;, h{fkdqjh hfrqrp|1 Wkhuh duh vrph rog
wuhhv wrgd|/ dqg qhz wuhhv zloo dsshdu lq wkh ixwxuh1 Li wkh iuxlw iurp wkh qhz wuhhv
lv d vxevwlwxwh lq frqvxpswlrq iru wkh iuxlw iurp wkh rog wuhhv/ wkh rog wuhhv zloo orvh
ydoxh zkhq shrsoh ohduq wkdw qhz wuhhv duh jurzlqj1

Wkh wzr w|shv ri iuxlw duh dssohv dqg rudqjhv/ dqg wkhlu txdqwlwlhv duh % dqg +1
D uhsuhvhqwdwlyh djhqw*v olihwlph xwlolw| lv
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|'f

q|L E%|c +|� �

Dssohv/ l1h1 %/ duh wkh qxphudluh jrrg/ zkloh wkh uhodwlyh sulfh ri rudqjhv/ l1h1 +/ lv
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Fodlpv wr wkh fxuuhqw dqg ixwxuh rxwsxw ri wkh dssoh dqg rudqjh wuhhv lq wklv hfrqrp|
wudgh iuhho| dw sulfhv �%c| dqg �+c| uhvshfwlyho|1 JGS dw gdwh |/ ghqrwhg e| '|/ htxdov

'| ' %| n R+c|+|c

zkhuh %| dqg +| ghqrwh wkh dssoh dqg rudqjh furs lq shulrg |1 Wkh gdwh � sulfh ri
d wuhh wkdw surplvhg d vwuhdp ri %0ghqrplqdwhg glylghqgv i_�c|j
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51414 Ehiruh wkh vkrfn

Dvvxph wkdw/ dw gdwh }hur/ wkhuh duh qr rudqjh wuhhv/ mxvw d xqlw phdvxuh ri dssoh
wuhhv wkdw |lhog d frqvwdqw furs ri % dssohv shu shulrg1 Qr fkdqjh lv h{shfwhg wr
rffxu/ hyhu1 Wkh djjuhjdwh vwrfn pdunhw ydoxh lv wkhq htxdo wr wkh ydoxh ri wkh dssoh
wuhhv/ l1h1 iru doo � /
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Vlqfh JGS lq wklv fdvh htxdov '� ' % iru doo � / zh rewdlq wkdw pdunhw0fds2JGS
htxdov
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51415 D vkrfn lv dqqrxqfhg dw gdwh }hur

Xqh{shfwhgo|/ qhzv duulyhv dw | ' f wkdw d xqlw0phdvxuh ri rudqjh wuhhv zloo vsulqj
iruwk dw wkh ehjlqqlqj ri gdwh A / dqg wkdw hdfk zloo |lhog + rudqjhv shu shulrg iruhyhu1
Dw gdwh A +qrw dw gdwh }hur, djhqwv zloo dovr h{shfw wr uhfhlyh dq htxdo vkduh ri fodlpv
wr wkh rxwsxw ri wkhvh qhz rudqjh wuhhv1 Doo wklv lv h{shfwhg dw gdwh }hur/ dqg qr
ixuwkhu vkrfnv duh h{shfwhg1

Dw gdwh A / wkh rxwsxw ri rudqjhv ulvhv shupdqhqwo| iurp f wr +/ vxfk wkdw
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Wkh ydoxh ri wkh dssoh wuhhv qrz ehfrphv
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dqg wkh ydoxh ri wkh rudqjh wuhhv qrz htxdov
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Qrwh wkdw zh kdyh gh�qhg �+c| wr htxdo }hur iru | � A � �/ hyhq wkrxjk/ hyhq ehiruh
gdwh A / wkh ydoxh ri wkh rudqjh wuhhv zrxog eh srvlwlyh li wkh| zhuh wudghg rq wkh
vwrfn pdunhw1 Zh duh dvvxplqj/ krzhyhu/ wkdw fodlpv wr wkh rxwsxw ri wkhvh wuhhv
frph lqwr ehlqj rqo| dw gdwh A 1 Wklv ghod| lv vxssrvhg wr uh hfw wkh uhdolw| wkdw d
qhz frpsdq| wdnhv |hduv ehiruh uhdfklqj lwv lqlwldo sxeolf r�hulqj1

Diwhu wkh vkrfn/ wkh sdwk ri JGS lv h{shfwhg wr eh
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dqg vr pdunhw0fds2JGS zloo eh
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51416 Wkh lqlwldo lpsdfw ri wkh qhzv

Wkh lpsdfw ri wkh vkrfn wr wkh vwrfn0pdunhw0ydoxh wr JGS udwlr lv ghwhuplqhg e|
zkhwkhu % dqg + duh jurvv vxevwlwxwhv ru jurvv frpsohphqwv=

Sursrvlwlrq 4 Li % dqg + duh jurvv vxevwlwxwhv/ qhzv ri wkh vkrfn orzhuv wkh udwlr
ri pdunhw ydoxh wr JGS iru | � A � �1 Wkdw lv=

ZW| 	 Z iru doo | � A � � li L% E%c +� 	 L% E%c f�

Surri1 Iurp +4,/ ZW| 	 Z li � : L% E%c +� *L% E%cf�1

Vlplodu uhdvrqlqj hdvlo| uhyhdov wkdw li/ frqyhuvho|/ % dqg + zhuh jurvv frpsoh0
phqwv/ wkh qhzv ri wkh vkrfn zrxog dfwxdoo| udlvh wkh vwrfn pdunhw wr JGS udwlr1

<



Iljxuh 7= Wkh suhglfwhg pdunhw0fds2JGS udwlr/ ZW| 1

51417 Wkh vwrfn pdunhw vkduh ri wkh gdwh0}hur lqfxpehqwv

Frqvlghulqj wkh vkduh ri dssoh wuhhv lq wkh vwrfn pdunhw/ zklfk htxdov

7%c| '
�%c|

�%c| n �+c|

lw fdq eh vhhq wkdw wklv iroorzv

7%c| '

+
� iru | � A � �
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iru | � A

Wklv doo dvvxphv wkdw dssoh iduphuv gr qrw sodqw rudqjh wuhhv/ dqg wkdw/ lqghhg/ qr
rqh rzqv wkh odqg rq zklfk wkhvh wuhhv zloo jurz1 Wklv lv zkhuh rxu vhfrqg dvvxpswlrq
derxw uhvlvwdqfh nlfnv lq1 Li wkh qhz rudqjh wuhhv zhuh wr jurz rq wkh odqg wkdw wkh
dssoh iduphuv douhdg| rzqhg/ wkh ydoxh ri dssoh idupv zrxog ulvh lpphgldwho|/ dqg
pdunhw0fds2JGS zrxog qrw idoo1 Exw ehfdxvh wklv lv uxohg rxw e| dvvxpswlrq/ wkh
lqfxpehqwv* vkduh vx�huv wkh prvw lq wlphv ri udslg surgxfw lqqrydwlrq/ l1h1 d odujh
+1 Wkdw lv/ lq wlphv ri udslg whfkqrorjlfdo fkdqjh1

Wkh frxqwhusduw ri Iljxuh 4 lv ZW| sorwwhg lq Iljxuh 71 Wkh wzr �jxuhv orrn vlplodu
li wkh gdwh | ' f lv vhw wr fruuhvsrqg wr wkh |hdu 4<:6/ dqg li A ' �� |hduv1 Wklv
vhhpv olnh d orqj wlph/ exw wkh wlph0wr0LSR vkrxog eh orqjhu zkhq d whfkqrorj| lv
|rxqj dqg/ khqfh/ ulvn|1 Plfurvriw/ iru h{dpsoh/ iruphg lq 4<:9/ exw zhqw sxeolf
rqo| lq 4<;91
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6 Whvwv ri wkh LW k|srwkhvlv

Wkh prgho vxjjhvwv wkdw wkh gurs dqg vxevhtxhqw ulvh lq pdunhw0fds2JGS vkrxog
kdyh ehhq dffrpsdqlhg e| wkh iroorzlqj �yh revhuydwlrqv=

41 Prvw ri wkh srvw04<;8 ulvh lq pdunhw fdslwdol}dwlrq vkrxog eh gxh wr wkh srvw0
4<:5 hqwu| ri qhz �upv dqg qrw wr dq lqfuhdvh lq wkh ydoxh ri wkh 4<:5 vwrfn
pdunhw lqfxpehqwv1

51 Wkh prgho vkrxog zrun ehvw iru wkh LW0lqwhqvlyh vhfwruv ri wkh hfrqrp|1 Wkh
odujhvw 4<:607 sulfh ghfolqhv vkrxog kdyh rffxuuhg lq vhfwruv wkdw kdg wkh odujhvw
srvw04<:6 lqyhvwphqwv lq LW � vhfwruv olnh Ilqdqfh/ Lqvxudqfh dqg Uhdo Hvwdwh
+ILUH,/ dqg wkh vhuylfh vhfwru jhqhudoo|1

61 Li LW uhyroxwlrq uhdoo| glg fkdqjh wkh sdwwhuq ri frpsdudwlyh pdqdjlqj dgydq0
wdjh lq 4<:6/ wkhq zh vkrxog vhh d ulvh lq phujhuv/ wdnhryhuv/ dqg h{lwv ehiruh
ru durxqg wkh vdph wlph wkh qhz �upv duulyh lq wkh pdunhw1

71 Li wkh LW uhyroxwlrq idyruhg qhz �upv/ wkhq qhz +dqg/ shukdsv |rxqj dqg/
khqfh/ vpdoo, �upv vkrxog kdyh jurzq idvwhu wkdq elj rqhv lq wkh shulrg diwhu
4<:61

81 Wkh prgho lpsolhv d rqh0wlph ulvh lq wkh jurzwk udwh ri rxwsxw dqg wkh udwh ri
lqwhuhvw dw gdwh A / l1h1/ lq 4<;9 ru vr1

Zh vkdoo qrz uhsruw wkh whvwv dqg wkhlu uhvxowv1

614 Wkh glvpdo idwh ri wkh 4<:5 lqfxpehqwv

Iljxuh 7 vwdwhv wkdw lqfxpehqwv gr qrw wdnh sduw lq wkh gdwh0A uhfryhu| ri wkh vwrfn
pdunhw1 Wr whvw wklv sursrvlwlrq/ zh qhhg wr lghqwli| lqfxpehqwv1 Prvw duh fryhuhg e|
wkh Fhqwhu iru Uhvhdufk lq Vhfxulw| Sulfhv +FUVS, gdwd1 Lq 4<:5 wklv gdwdvhw lqfoxghg
prvw elj �upv1 Wkh gdvkhg olqh lq Iljxuh 4 lv wkh udwlr ri pdunhw fdslwdol}dwlrq wr
JGS iru wkh gdwdvhw sxeolvkhg e| wkh FUVS wkdw frqwdlqv wkh vwrfnv wudghg rq wkh
Q\VH/ DPH[/ dqg QDVGDT1 Wkh gl�huhqfh ehwzhhq wkh wzr duh vwrfnv wudghg ryhu
wkh frxqwhu1

Iljxuh 8 vkrzv wkh 4<:5 FUVS lqfxpehqwv* ydoxh uhodwlyh wr JGS ihoo pruh wkdq
wkuhhirog ryhu d ihz |hduv/ dqg qhyhu uhfryhuhg1 \hw/ vlqfh 4<;8 wkh ydoxh ri wkh
pdunhw uhodwlyh wr JGS kdv wulsohg$ Wkh vrxufh ri wklv qhz ydoxh pxvw/ wkhuhiruh/ eh
�upv wkdw hqwhuhg diwhu 4<:5/ urxjko| dv Iljxuh 7 dvvhuwv1

Wkh 4<:5 lqfxpehqwv wkxv iduhg edgo|/ dqg hqwudqwv glg vshfwdfxoduo| zhoo/ vrph
48053 |hduv odwhu1 Exw/ lv wklv dw doo xqxvxdoB Diwhu doo/ zh nqrz wkdw hyhq diwhu
rqh frqwurov iru vxuylyruvkls eldv/ vpdoo �upv jurz idvwhu wkdq odujh rqhv/ dqg zh
eholhyh wkdw doo �upv pxvw hyhqwxdoo| glh dqg pdnh zd| iru qhz �upv1 Wkh txhvwlrq/
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Iljxuh 8= Wkh idwh ri wkh 4<:5 lqfxpehqwv

wkhq/ vkrxogq*w eh zkhwkhu wkh 4<:5 lqfxpehqwv glg edgo| uhodwlyh wr vxevhtxhqw
hqwudqwv/ exw udwkhu/ zkhwkhu wkh 4<:5 lqfxpehqwv glg edgo| zkhq frpsduhg zlwk
lqfxpehqwv ri rwkhu ylqwdjhv1 Vshfl�fdoo|/ wkhq/ zkdw ehfdph ri lqfxpehqwv wkdw/
dw d fruuhvsrqglqj vwdjh lq wkhlu h{lvwhqfh/ glg qrw kdyh wr frsh zlwk whfkqrorjlfdo
fkdqjh dv pdmru dv LWB

Iljxuh 9 wdfnohv wklv txhvwlrq e| sorwwlqj wkh wlph sdwk ri pdunhw vkduhv ri wkuhh
lqfxpehqw0ylqwdjhv djdlqvw wkhlu �djh� +gh�qhg dv fdohqgdu wlphplqxv wkhlu ylqwdjh,1
Wzr wklqjv vwdqg rxw iurp wkh �jxuh1 Iluvw/ li qr vhfxulw| wudghg ryhu wkh frxqwhu/
doo wkuhh fxuyhv zrxog ehjlq dw 433 shufhqw1 Lqvwhdg/ wkh lqwhufhswv ri wkh fxuyhv
ulvh zlwk ylqwdjh/ lpso|lqj wkdw ryhu0wkh0frxqwhu wudglqj kdv ghfolqhg lq lpsruwdqfh
uhodwlyh wr pdunhw wudglqj Wkh fdslwdol}dwlrq ri vwrfnv wkdw wudghg ryhu wkh frxqwhu
ghfolqhg iurp 78 shufhqw ri wrwdo fdslwdol}dwlrq lq 4<7;/ wr 5; shufhqw lq 4<93/ dqg
�qdoo| wr 4:18 shufhqw lq 4<:51

Iljxuh 9 dovr vkrzv wkdw wkh 4<:5 lqfxpehqwv orvw pdunhw vkduh pxfk idvwhu wkdq
wkh rwkhu wzr jhqhudwlrqv ri lqfxpehqwv1 Dw djh 57/ wkh vkduh ri doo wkuhh jhqhudwlrqv
lv durxqg 83 shufhqw/ hyhq wkrxjk wkh 4<:5 lqfxpehqwv vwduw r� zlwk d pxfk kljkhu
pdunhw vkduh1

615 LW0lqwhqvlyh vhfwruv orvw pruh ydoxh lq 4<:6

Wkh vhuylfh vhfwru kdv lqyhvwhg pxfk pruh khdylo| lq LW wkdq kdv wkh pdqxidfwxulqj
vhfwru/ dqg/ zlwklq wkh vhuylfh vhfwru/ wkh ILUH vhjphqw ri vhuylfhv ehlqj wkh �uvw wr
gr vr1 Iljxuh : uhsruwv wkh idwh ri wkh 4<:5 lqfxpehqwv e| pdmru vhfwru= Pdqxidf0
wxulqj/ ILUH/ vhuylfhv +h{foxglqj ILUH, dqg/ dqg Wudqvsruwdwlrq/ Frppxqlfdwlrq
dqg Sxeolf Xwlolwlhv1
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Iljxuh 9= Vkduhv ri wkuhh ylqwdjhv ri lqfxpehqwv

Wdeoh 4= Vxppdu| vwdwlvwlfv

vhfwru h{srvxuh wr LW *:5 *<9 Lqfxpehqw gurs shu xqlw ri h{srvxuh

lqy1 vkduh fds1 vkduh Gurs vkduh lqy1 vkduh fds1 vkduh

Pdqxi1 661< 4:1< 7818 :919 51< 817
WFSX 661; 6;18 771< 8715 819 813
ILUH 6313 7418 791: 8515 919 71;
Vhuylfhv 6415 7517 :617 4<13 431; ;13

Wzr wklqjv hphujh iurp Iljxuh :1 Iluvw/ wkh eljjhvw 4<:6 ydoxh gursv rffxuuhg
zkhuh vxevhtxhqw LW lqyhvwphqw zdv wkh kljkhvw1 Wkh vpdoohvw 4<:6 ghfolqh lv lq
pdqxidfwxulqj/ zkhuh ydoxhv ihoo e| d idfwru ri 78 shufhqw1 D odujhu ghfolqh +85
shufhqw, rffxuuhg lq ILUH / dqg d odujhu rqh vwloo +:6 shufhqw, lq rwkhu vhuylfhv1 Dqg/
vhfrqg/ zkhuh lqfxpehqwv* ydoxhv ihoo wkh prvw lq 4<:6/ wkh vxevhtxhqw uhfryhu| zdv
wkh zhdnhvw1 Wkh srlqw lv/ qrw ehlqj dv pxfk �dw ulvn� iurp LW/ pdqxidfwxulqj �upv
zhuh qrw klw dv kdug e| lw dv rwkhu vhfwruv zhuh1

Wklv lv doo vxppdul}hg lq Wdeoh 41 Wkh wdeoh uhsruwv wzr gl�huhqw phdvxuhv ri
h{srvxuh wr LW1 Wkh �uvw/ d  rz frqfhsw/ lv wkh dyhudjh uhdo lqyhvwphqw vkduh ri LW
htxlsphqw lq htxlsphqw lqyhvwphqw iru 4<:704<<91 Wkh vhfrqg/ vwrfn frqfhsw/ lv wkh
vkduh ri uhdo LW htxlsphqw lq wkh uhdo wrwdo vwrfn ri htxlsphqw1 Doo gdwd duh iurp wkh
EHD*v wdqjleoh zhdowk wdeoh1 Wkh �uvw phdvxuhv pruh forvho| wkh frvwv ri dgrswlqj
LW/ wkh vhfrqg phdvxuhv wkh xvh ri LW lq surgxfwlrq1 Wkh wzr phdvxuhv gl�hu zkhq
lqgxvwulhv* udwhv ri lqyhvwphqw duh qrw frqvwdqw1 Wkh vwrfn phdvxuh frqirupv pxfk
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Iljxuh := Wkh idwh ri wkh 4<:5 lqfxpehqwv e| pdmru vhfwru

47



Iljxuh ;= 4<:607 gurs lq ydoxh yv1 wkh vkduh ri LW fdslwdo1

ehwwhu wr wkh wkhru| � d fohdu srvlwlyh uhodwlrq h{lvwv ehwzhhq wkh vhfrqg dqg wklug
froxpqv1

Dw orzhu ohyhov ri djjuhjdwlrq/ d zhdn exw vwloo srvlwlyh uhodwlrq vwloo h{lvwv ehwzhhq
ydoxh orvw dqg wkh vwrfn phdvxuh ri LW0h{srvxuh1 Wklv uhodwlrq lv sorwwhg lq Iljxuh
;1< Iljxuh < sruwud|v d vwurqjhu uhodwlrq= Lw vkrzv wkdw wkh vhfwruv lq zklfk wkh 4<:50
lqfxpehqwv orvw wkh prvw ydoxh lq 4<:607 hqghg xs kdylqj wkh prvw vxevhtxhqw ydoxh
fuhdwhg e| hqwudqwv vr wkdw/ e| 4<<9/ wkh vkduh lq 4<<90ydoxh ri wkh 4<:50lqfxpehqwv
zdv wkh orzhvw1

Zh dovr ghflghg wr frpelqh wkh gdwd lq Iljxuhv ; dqg </ dqg uhjuhvv wkh 4<:607
shufhqwdjh gurs ri vhfwru �/ ghqrwhg e| (�/ rq wkh orj ri wkh fdslwdo vkduh ri LW lq wkh
*<9 htxlsphqw fdslwdo vwrfn +phdvxuhg lq 4<<5 sulfhv/ wdnhq iurp wkh EHD wdqjleoh
zhdowk wdeoh,/ ghqrwhg e| �@R7�/ dqg rq wkh orj ri wkh vkduh ri wkh *:5 lqfxpehqwv
lq wkh vhfwru*v *<9 pdunhw ydoxh/ ghqrwhg e| U?S7�1 Wkh uhjuhvvlrq uhvxowv iru wkh 86
vhfwruv iru zklfk zh kdyh gdwd duh

(� 'S��DS
ED��D�

n D�2e
E2�2f�

�@R7�� .�ff
E32�H2�

U?S7� ? ' D� -2 ' �2�S�

Khqfh/ wkh pruh LW lqwhqvlyh d vhfwru wxuqhg rxw wr eh wkh kljkhu lwv gurs lq 4<:6/
wkh pruh wkuhdwhqhg lqfxpehqwv zhuh e| hqwu| lq wkh 4<:704<<9 shulrg wkh kljkhu
wkh gurs djdlq1 Wklv hylghqfh lv frqvlvwhqw zlwk rxu k|srwkhvlv1

<Zh wkdqn K|xqedh Fkxq ri Q\X iru surylglqj xv zlwk wkh wkh vhfwrudo0LW lqyhvwphqw gdwd1
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Iljxuh <= 4<:507 gurs lq ydoxh yv1 wkh vkduh ri 4<:50lqfxpehqwv lq 4<<9 ydoxh1

616 Wkh ulvh ri hqwu|/ h{lw/ wdnhryhuv/ dqg phujhuv

Wkh lqwurgxfwlrq ri lqirupdwlrq whfkqrorj| frlqflghg zlwk d shulrg lq zklfk hqwu|/
h{lw/ wdnhryhu/ dqg phujhu dfwlylw| lq vwrfn pdunhw/ doo lqfuhdvhg1 Zh dujxhg lq
vhfwlrq 5 wkdw wkhvh hyhqwv zhuh wr eh h{shfwhg jlyhq wkdw wkh dgyhqw ri LW/ d pdmru
qhz whfkqrorj|/ uhduudqjhg wkh sdwwhuq ri frpsdudwlyh dgydqwdjh dprqj pdqdjhuv1
Xhgd +4<<:, �qgv/ iru lqvwdqfh/ phujhu zdyhv irfxv rq vhfwruv wkdw vxevhtxhqwo| vkrz
kljk surgxfwlylw| jurzwk1 Lw vhhpv/ wkhq/ wkdw zkhq whfkqrorj| vkliwv/ lw surpswv d
uh0vkx"h1

Wkh sorw lq wkh wrs sdqho ri Iljxuh 43 vkrzv d surqrxqfhg ulvh lq erwk hqwu| dqg
h{lw lq wkh FUVS43/ ghqrwhg lq whupv ri wkhlu vkduh ri wkh wrwdo pdunhw fdslwdol}dwlrq1
Dv vxjjhvwhg e| wkh prgho hqwu| dqg h{lw dfwlylw| erwk lqfuhdvhg vljql�fdqwo| diwhu
4<:61 Wklv uhpdlqv wuxh zkhq rqh orrnv rxwvlgh wkh FUVS1 Dv Iljxuh 45 vkrzv/ wkh
udwh ri lqfrusrudwlrqv dqg uhdo h{lwv kdv ulvhq vxevwdqwldoo| lq wkh 4<;3*v dqg uhpdlqv
kljk44 Wrjhwkhu zlwk wkh hqwu| udwh/ zh dovr sorw wkh qxpehu ri LSR*v dw ohdvw '418
ploolrq lq vl}h145 Vlqfh wkh 4<;3*v LSR*v duh pxfk kljkhu wkdq wkh| zhuh lq wkh 4<:3*v/
dowkrxjk qrw pxfk kljkhu wkdq wkh| zhuh gxulqj wkh 4<93*v1 Exw qhz lqfrusrudwlrqv/
d ehwwhu phdvxuh ri wkh �vwduw0xs� shdnhg lq wkh 4<;3*v/ dv zhuh h{lwv/ sorwwhg lq wkh
erwwrp sdqho ri Iljxuh 451

43Iru wkh hqwu| vhulhv/ wzr revhuydwlrqv duh ohiw rxw rq sxusrvh � 4<94 dqg 4<:5 � wkh |hduv wkdw
DPH[ dqg QDVGDT hqwhu wkh FUVS1

44Wkh hqwu| dqg h{lw gdwd sorwwhg lq Iljxuh 45 duh udwhv shu 43/333 uhjlvwhuhg hqwhusulvhv1 Wkh
gdwd zhuh surylghg xv e| Ydohulh Udph|> vkh kdg suhvhqwhg wkhp lq d glvfxvvlrq dw wkh QEHU
Ioxfwxdwlrqv phhwlqj/ Mxo| 4:/ 4<<<1

45Pruh ghwdlov rq wkhvh gdwd duh lq Leerwvrq hw do +4<<7,1
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Iljxuh 43= Hqwu|/ h{lw/ dqg uhdvrqv iru h{lw iurp vwrfn pdunhw
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Iljxuh 44= Wkh udwh ri exvlqhvv lqfrusrudwlrqv dqg wkh qxpehu ri LSR*v

Iljxuh 45= Wkh udwh ri idloxuh ri exvlqhvvhv

4;



Iljxuh 46= Hqwu| dqg h{lw ri sk|vlfdo fdslwdo

Lq wkh pdqxidfwxulqj vhfwru/ wkh udwh ri jurvv mre  rzv vkrzv d voljkw/ exw uhod0
wlyho| xqeurnhq grzqzdug wuhqg1 Wklv grhv qrw vxssruw rxu dujxphqw/ exw/ dv zh
vkdoo vkruwo| grfxphqw/ wkh pdqxidfwxulqj vhfwru kdv lqyhvwhg wkh ohdvw LW lqyhvw0
phqw/ dqg lv wkh ohdvw olnho| wr r�hu hpslulfdo vxssruw iru rxu dujxphqw1 Pruhryhu/
Kdowlzdqjhu dqg Vfkxk +4<<</ Iljxuh 9, �qgv wkdw wkhuh kdv ehhq d ulvh lq wkh shupd0
qhqw +l1h1/ h{fhhglqj wzr |hduv, frpsrqhqw ri mre0ghvwuxfwlrq1 Wkdw lv/ d mre lv qrz
ohvv olnho| wr eh ghvwur|hg/ exw zkhq lw lv jrqh/ lw lv jrqh iru jrrg1 Wklv dovr h{sodlqv
zk| xqhpsor|phqw gxudwlrq kdv ulvhq lq wkh 4<<3*v/ d wlph zkhq wkh xqhpsor|phqw
udwh lv jhqhudoo| idoolqj146

Jurvv mre0 rzv pd| kdyh voljkwo| ghfolqhg/ exw/ rq wkh rwkhu kdqg/ jurvv  rzv ri
fdslwdo kdyh ulvhq1 Udph| dqg Vkdslur +4<<;, frpslohg d jurvv0fdslwdo0 rz vhulhv/
uhsurgxfhg lq Iljxuh 46/ wkdw vkrzv d gh�qlwh ulvh vlqfh wkh 4<;3*v/ hvshfldoo| lq
fdslwdo ghvwuxfwlrq1

Wkh jurvv  rzv ri �upv dqg ri fdslwdo vhhpv/ wkhuhiruh/ wr kdyh slfnhg xs vlqfh wkh
4<;3*v1 Qh{w/ zh uhwxuq wr wkh FUVS zklfk ghfrpsrvhv wkh h{lwv +exw qrw hqwulhv,
lqwr vhyhudo fdwhjrulhv1 Rxu qh{w wdvn lv wr txdqwli| wkh lqglylgxdo h{lw  rzv1

Wkh erwwrp wzr sdqhov ri �jxuh 43 ghslfw wkh uhdvrqv iru h{lw ri wkh gl�huhqw �upv1
Wkh exon ri wkh shdn lq h{lw lq wkh 4<;3*v lv gxh wr phujhuv/ wklv shdn lq phujhuv
lv frqvlvwhqw zlwk wkh hylghqfh lq Jroeh dqg Zklwh +4<<6,1 Krzhyhu/ dovr wkh vkduh

46Zh wkdqn Vfrww Vfkxk iru wklv idfw/ grfxphqwhg lq wkh Gdoodv Ihg1 Uhylhz +4<<708,1
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ri ydoxh ri vwrfnv wkdw h{lwhg ehfdxvh wkh| frxog eh h{fkdqjhg iru rwkhu lvvxhv/ dv lv
riwhq wkh fdvh lq wdnhryhuv/ dqg wkdw ri vwrfnv ri �upv wkdw zhuh oltxlgdwhg shdnhg
lq wkh hduo| ;3*v1 Wkh iudfwlrq ri ydoxh gursshg iurp wkh pdunhw/ pdlqo| ehfdxvh wkh
�up ghflghv wr vwrs wr eh wudghg rq wkh pdunhw/ lv idluo| frqvwdqw iru wkh srvw zdu
shulrg dqg grhv qrw shdn lq wkh hljkwlhv1

Wkh FUVS gdwd frqwdlq qr lqirupdwlrq rq wkh uhdvrqv iru hqwu| ri d �up lq wkh
vwrfn pdunhw1 Krzhyhu/ lw lv olnho| wkdw sduw ri wkh shdn lq hqwu| lq wkh hduo| ;3*v lv
gxh wr wkh lvvxdqfh ri qhz vwrfnv e| �upv diwhu wkhlu phujhu1

Rqh lpsruwdqw fdyhdw khuh1 Zh kdyh lqwhusuhwhg wkh ulvh lq vwrfn0pdunhw hqwu| dv
d v|pswrp ri juhdwhu iuhtxhqf| ri �srolflqj dfwlylw|� wkh ruljlq ri zklfk lv wkh hvwde0
olvkhg �upv* uhvlvwdqfh ri LW1 wr kdv ulvhq1 Exw wkh lqfuhdvhg hqwu| pd| kdyh d gl�huhqw
h{sodqdwlrq= Frpsxwhul}hg wudglqj dqg wkh QDVGDT pdgh lw uhodwlyho| fkhdshu iru
�upv wr eh wudghg rq wkh vwrfn pdunhw1 Vxfk d ghfuhdvh lq wudqvdfwlrq frvwv zrxog
lqgxfh pruh �upv wr jr sxeolf/ exw lw vkrxog kdyh udlvhg pdunhw0fds2JGS1

617 Wkh srvw04<:6 errp ri hqwudqwv dqg vpdoo �upv

Glg hqwudqwv dqg vpdoo �upv gr ehwwhu wkdq odujh �upvB Wklv vhfwlrq dvnv zkhwkhu
hqwudqwv dqg vpdoo lqfxpehqwv glg hvshfldoo| zhoo diwhu LW0uhyroxwlrq1 Zh orrn �uvw
dw hqwudqwv/ dqg wkhq dw wkh vpdoo lqfxpehqwv � l1h1/ wkh vpdoo0fds vwrfnv1

61714 Hqwudqwv

Wkh uhvxowv lq Wdeoh 5 uhsruw rq wkh idwh ri hqwudqwv whq |hduv diwhu wkhlu FUVS hqwu|1
Hdfk urz uhsruwv wkh iudfwlrq ri hqwudqwv h{lwlqj e| d ghfdgh*v hqg1 Wkh �uvw urz
jlyhv wkh iudfwlrq ri hqwudqwv wkdw phujhg dw vrph srlqw gxulqj wkh ghfdgh1 Wkh
vhfrqg urz/ �h{fkdqjhv�/ dovr shuwdlqv wr phujhuv/ ehfdxvh wklv lv zkhq vwrfn ri d
frpsdq| lv h{fkdqjhg iru vkduhv ri wkh frpsdq| wkdw wrrn lw ryhu1 Exw wklv fdwhjru|
suredeo| dovr lqfoxghv �upv wkdw zhqw sulydwh1 Frpelqlqj wkhvh wzr fdwhjrulhv ohdgv
wr d vhulhv wkdw kdv ulvhq vkduso| ryhu wlph= Lq *;80<8/ h{lwv iru wkhvh wzr uhdvrqv zhuh
518 wlphv kljkhu wkdq wkh| kdg ehhq lq *780*881 Vrph rog �upv duh hqwhulqj wkh LW
hud e| dftxlulqj wkh vpdoo lqqrydwruv1

Wkh odvw wzr urzv ri Wdeoh 5 suhvhqw �jxuhv rq jhqxlqh h{lwv iurp wkh FUVS1 D
�gurs� dulvhv zkhq d �up vwrsv ehlqj wudghg/ xvxdoo| ehfdxvh lwv ydoxh kdv idoohq
ehorz d fulwlfdo ohyho1 Frpelqhg zlwk �oltxlgdwlrqv�/ vxfk h{lw kdv ulvhq gudpdwlfdoo|
� e| d idfwru ri ��1

61715 Vpdoo lqfxpehqwv � wkh shuirupdqfh ri vpdoo0fds vwrfnv

Dvlgh iurp hqwudqwv/ wkh duulydo ri d qhz whfkqrorj| vkrxog kdyh idyruhg |rxqjhu/ dqg
jhqhudoo| vpdoohu/ �upv wkdw whqg wr kdyh d qrqklhudufklfdo vwuxfwxuh/ ihzhu xqlrql}hg
ru whqxuhg zrunhuv/ dqg ihzhu rxwgdwhg pdqdjhphqw sudfwlfhv1
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Wdeoh 5= Dfklhyhphqwv ri hqwudqwv shu ghfdgh

ghfdgh 78088 88098 980:8 :80;8 ;80<8

Iudfwlrq phujhg 1375 1384 137< 13;3 1444
Iudfwlrq �h{fkdqjh� 1337 1346 1337 1339 1335

Iudfwlrq oltxlgdwhg 133: 1339 1339 1339 133;
Iudfwlrq �gursshg� 133: 1394 1483 14:8 14:6

Wrwdo 1393 1464 153< 1599 15<6

Iljxuh 47= Shuirupdqfh ri vpdoo frpsdqlhv yv1 odujh frpsdqlhv
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Iljxuh 47 sorwv wkh udwlr ri wkh Leerwvrq vpdoo fds lqgh{ wr wkh V)S 833 lqgh{1
Gxulqj wkh shulrg 4<:7 0 4<;5/ vpdoo fds vwrfnv rxwshuiruphg wkh V)S 833 e| d idfwru
ri qhduo| 71 Vlqfh wkhq/ wkh V)S 833 kdv grqh ehwwhu wkdq wkh vpdoo fdsv/ sured0
eo| ehfdxvh/ e| wkh hduo| 4<;3*v dqg wkh dgyhqw ri wkh mxqn0erqg/ lqh!flhqw odujh
�upv ehjdq wr ihho vwurqjhu krvwloh0wdnhryhu suhvvxuhv/ dqg uhvsrqghg e| ehfrplqj
pruh h!flhqw1 Wkh vwurqj shuirupdqfh ri wkh vpdoo fdsv lq wkh 4<:70;5 shulrg plu0
uruv wkh vpdoo surgxfw0pdunhw shuirupdqfh ri vpdoo uhodwlyh wr odujh �upv wkdw zdv
vxppdul}hg lq Iljxuh ; ri Juhhqzrrg dqg Mrydqrylf +4<<<,1 D vxppdu| ri vrph
lqirupdwlrq lq Iljxuh 47 lv lq Wdeoh 6 zlwk wkh fkdqjhv lq wkh vpdoo2odujh0fds udwlr
iru ydulrxv wlph shulrgv1

Wdeoh 6= Vpdoo fds shuirupdqfh iru ydulrxv klvwrulfdo shulrgv

shulrg |hduv fkdqjh

LW uhyroxwlrq :70;5 lqfuhdvhg e| idfwru ri 61:
Vl{wlhv errp 89098 lqfuhdvhg e| idfwru ri 418
ZZLL 74078 lqfuhdvhg e| idfwru ri 51<
Ghsuhvvlrq 5;064 ghfuhdvhg e| idfwru ri 519

618 Rxwsxw dqg lqwhuhvw udwhv

Lq wkh prgho/ wkh udwh ri lqwhuhvw dqg rxwsxw jurzwk erwk h{shulhqfh d rqh0wlph ulvh
dw A / dqg wkhq uhwxuq wr wkhlu ruljlqdo ohyhov1

Glg wkh |lhog fxuyh vwhhshq lq wkh 4<:3*vB

Wkh |lhog fxuyh lv d suhglfwru ri vkruw whup  xfwxdwlrqv lq rxwsxw dqg frqvxps0
wlrq1 Ehiruh errpv/ wkh |lhog fxuyh vwhhshqv/ dqg ehiruh voxpsv/ lw  dwwhqv1 Lq rxu
fdvh/ zh kdyh d orzhu iuhtxhqf| pryhphqw dw kdqg1 Zh srvlw wkdw lq 4<:6 wkh hfrq0
rp| jrw wkh qhzv wkdw rxwsxw zrxog ulvh diwhu wkh plg04<;3*v1 Wkdw lv/ zlwk shuihfw
iruhvljkw/ wkh rqvhw ri LW dqg wkh uhvxowlqj ulvh lq frqvxpswlrq diwhu gdwh A vkrxog
kdyh surgxfhg d vwhhshqlqj ri wkh |lhog fxuyh ehiruh gdwh A � orqj whup udwhv +h1j1 rq
43 |hdu jryhuqphqw erqgv, vkrxog kdyh ulvhq uhodwlyh wr vkruw0whup udwhv1 Irupdoo|/

wkh shulrg | |lhog ri d erqg wkdw pdwxuhv lq shulrg | n �/ ghqrwhg e| -E��
| / pxvw
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Iljxuh 48= Suhglfwhg udwlr ri wkh orqj0whup dqg vkruw whup |lhogv

Iljxuh 48 sorwv wkh lpsolhg udwlr ri A� shulrg dqg �� shulrg erqgv* lqwhuhvw
udwhv1 Iljxuh 49 vkrzv zkdw dfwxdoo| kdsshqhg wr wkh udwlr ri wkh qrplqdo |lhog rq
orqj0whup +430|hdu, jryhuqphqw erqgv dqg vkruw uxq +40|hdu, jryhuqphqw erqgv iru
prqwko| gdwd iru 4<93134 wr 4<<91451 Wkh gdvkhg olqh lv wkh vdpsoh phdq1 Wkrxjk
wkh |lhog fxuyh lqghhg vwhhshqhg whpsrudulo| lq 4<:5/ wkh gdwd gr qrw vxjjhvw wkdw
wklv vkliw zdv shuvlvwhqw/ dv wkh prgho zrxog vxjjhvw1 Wkhvh duh qrplqdo lqwhuhvw
udwhv/ krzhyhu/ dqg lw lv olnho| wkdw wkh udwlr ihoo ehorz xqlw| iru d odujh sruwlrq ri
wkh 4<:3*v ehfdxvh shrsoh glgq*w h{shfw wkh kljk lq dwlrq ri wkh 4<:3*v wr shuvlvw1

Glg rxwsxw jurzwk hyhqwxdoo| ulvhB

Rqo| lq wkh odvw ihz |hduv kdv rxwsxw jurzwk ulvhq1 Rxwsxw jurzwk ihoo lq wkh
4<:3*v � d pdqlihvwdwlrq ri wkh surgxfwlylw| vorzgrzq1 Wkh prgho grhv qrw lqfoxgh
dq dgrswlrq frvw/ exw lw lv suhww| fohdu wkdw dgglqj vxfk d frvw zrxog rqo| uhlqirufh
wkh frqfoxvlrq wkdw wkh vwrfn pdunhw vkrxog lqlwldoo| idoo dqg wkhq uhfryhu odwhu rq1
Juhhqzrrg dqg \ruxnrjox +4<<:, dqg Dwnhvrq dqg Nhkrh +4<<:, dvvxph wkdw lw
wdnhv wlph wr ohduq wkh qhz whfkqrorj|/ dqg Khospdq dqg Wudmwhqehuj +4<<;, dvvxph
wkdw frpsohphqwdu| lqsxwv pxvw eh ghyhorshg ehiruh wkh qhz whfkqrorj| fdq rshudwh
h!flhqwo|1

7 Rwkhu h{sodqdwlrqv

Wkh LW k|srwkhvlv pdqdjhv wr h{sodlq dqg olqn wkh iroorzlqj wkuhh idfwv=
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Iljxuh 49= Udwlr ri |lhogv rq 430|hdu240|hdu erqgv

41 Wkh ghfolqh dqg vxevhtxhqw ulvh ri pdunhw0fds2JGS/

51 Wkh grplqdqw uroh ri hqwudqwv lq wkh srvw *;8 pdunhw errp/ dqg

61 Wkh phujhu zdyh ri wkh hljkwlhv1

Zkdw derxw wkh rwkhu srvvleoh h{sodqdwlrqvB

714 Rlo vkrfnvB

Wkh rlo0sulfh lqfuhdvhv ri Rfwrehu0Ghfhpehu ri 4<:6 � wkh ��uvw rlo vkrfn� � xvxdoo|
jhw eodphg iru vrph sduw ri wkh surgxfwlylw| vorzgrzq ri wkh 4<:3*v1 Dffruglqj
wr Ehuqdqnh/ Jhuwohu dqg Zdwvrq +4<<;,/ wklv vkrfn/ uhlqirufhg e| prqhwdu| srolf|/
orzhuhg h{shfwhg sur�wv iru X1V1 �upv dqg/ dv vxfk/ ghsuhvvhg wkh vwrfn pdunhw1
Wkh dwwudfwlyh wklqj derxw wklv h{sodqdwlrq lv wkdw rlo sulfhv ehkdyhg wkh vdph zd|
hyhu|zkhuh/ dqg wkhuhiruh wkhlu ehkdylru pd|/ shukdsv/ h{sodlq wkh xqlyhuvdoo| glvpdo
zruogzlgh shuirupdqfh ri vwrfn pdunhwv lq wkh 4<:3*v dqg hduo| 4<;3*v1 Exw/ prqhwdu|
srolflhv gl�huhg e| frxqwu|/ dqg vr wklv �uhlqirufhphqw�/ zklfk pd| kdyh kduphg
vwrfn sulfhv lq wkh X1V1/ glg qrw h{lvw hovhzkhuh1 Wkhuhiruh/ li zh duh wr h{sodlq wkh
froodsvh lq wkh zruog*v vwrfn pdunhwv/ zh duh ohiw zlwk wkh rlo0vkrfn e| lwvhoi1

Wkuhh sureohpv sodjxh wkh rlo0vkrfn h{sodqdwlrq1 Iluvw/ wkh odujhu 4<:< vkrfn kdg
qr lpsdfw dw doo rq wkh yduldeohv sorwwhg lq wkh �uvw wzr �jxuhv1 Vhfrqg/ rlo zdv wrr
vpdoo d iudfwlrq ri frvwv wr kdyh pxfk h�hfw rq glylghqgv1 Dqg/ wklug/ d ulvh lq rlo
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sulfhv vkrxog kdyh orzhuhg fxuuhqw sur�wv pruh wkdq ixwxuh sur�wv/ ehfdxvh ri wkh
juhdwhu hdvh ri �qglqj vxevwlwxwhv iru rlo rq wkh orqj uxq/ shukdsv fxuuhqw rxwsxw
pruh wkdq ixwxuh rxwsxw dqg/ wkhuhiruh/ vkrxog kdyh surgxfhg d ulvh lq wkh udwlr ri
pdunhw fdslwdol}dwlrq wr JGS/ qrw d idoo1 Zh vkdoo qrz irupdol}h wklv dujxphqw e|
dgglqj dq �rlo sulfh vkrfn� wr wkh prgho wkdw zh lqwurgxfhg lq Vhfwlrq 51

Vxssrvh wkdw/ lqvwhdg ri d qhz w|sh ri iuxlw duulylqj dw A / wkh hfrqrp| dw gdwh
}hur lv klw e| dq xqh{shfwhg vwrup zklfk lv h{shfwhg wr odvw iru A shulrgv/ l1h1 iurp
| ' f wloo | ' A � �1 Iru wkh gxudwlrq ri wklv vwrup/ wkh rxwsxw ri wkh dssoh wuhhv lv
uhgxfhg iurp % wr E�� k�%/ zkhuh f 	 k 	 �1 H{shfwhg JGS qrz lv
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Wkxv/ qrw vxusulvlqjo|/ wklv vkrfn uhgxfhv wkh vwrfn pdunhw ydoxh1 Krzhyhu/ iru wkh
�uvw A shulrgv/ pdunhw0fds2JGS ulvhv=
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�
Z iru | � A � �

Z iru | � A

Li wklv lv krz wkh rlo sulfh vkrfn d�hfwhg rxwsxw/ wklv vwru| fdqqrw h{sodlq wkh
gurs lq pdunhw0fds2JGS1 Pruhryhu/ wklv vfhqdulr grhv qrw vxjjhvw dq| hqwu| lq wkh
vwrfn pdunhw/ dqg vr/ lw lpsolhv wkdw wkh vkduh ri wkh lqfxpehqw �upv lv frqvwdqw dw
�1 Khqfh lw dovr fdqqrw h{sodlq wkh hqwu|0gulyhq lqfuhdvh lq pdunhw ydoxh uhodwlyh wr
JGS wkdw zh kdyh revhuyhg lq wkh odwh ;3*v dqg <3*v1

Grhv wklv frqfoxvlrq klqjh rq rxu dvvxpswlrq wkdw glylghqgv duh d frqvwdqw iudf0
wlrq ri rxwsxwB Wklv lv d srwhqwldo frqfhuq ehfdxvh/ dv �jxuh 4: vkrzv/ wkh �uvw rlo
vkrfn zdv iroorzhg e| d gurs lq glylghqgv uhodwlyh wr rxwsxw1

Exw wklv gurs zdv durxqg 53 shufhqw rqo|/ qrw odujh hqrxjk wr surgxfh wkh uhtxluhg
ulvh lq pdunhw0fds2glylghqgv1 Lq Iljxuh 4; zh sorw wklv udwlr/ dqg lw/ wrr idoov lq 4<:6
lqvwhdg ri ulvlqj dv rqh zrxog kdyh h{shfwhg1 Ilqdoo|/ wkh rlo vkrfn vwru| dovr fdqqrw
h{sodlq zk| hqwudqwv zhuh vr lpsruwdqw lq wkh vxevhtxhqw pdunhw ulvh1 Zh frqfoxgh
wkdw/ zkdwhyhu uroh wkh rlo vkrfn pd| kdyh sod|hg lq jhqhudwlqj wkh surgxfwlylw|
vorzgrzq ri wkh *:3*v/ lw grhv qrw khos h{sodlq wkh ehkdylru ri wkh vwrfn pdunhw1

715 H{kdxvwlrq ri Rog WhfkqrorjlhvB

D vlplodu olqh ri dujxphqw lv wkdw/ lq 4<:6/ qhzv duulyhg wkdw zdv edg iru h{lvwlqj
whfkqrorjlhv/ l1h1/ wkdw wkh rog whfkqrorjlhv kdg sod|hg wkhpvhoyhv rxw1 ]hlud +4<<<,
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Iljxuh 4:= Glylghqgv dv d iudfwlrq ri JGS

Iljxuh 4;= Pdunhw fdslwdol}dwlrq ryhu glylghqg sd|phqwv
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r�huv d prgho lq zklfk vxfk qhzv duulyhv vxgghqo|= Rog whfkqrorjlhv kdyh d pd{lpxp
srwhqwldo/ exw zh grq*w nqrz zkdw wkh pd{lpxp lv> rqfh zh klw wklv fhlolqj/ krzhyhu/
zh vxgghqo| uhdol}h wkdw qr ixuwkhu jurzwk lv srvvleoh/ dqg wklv fdxvhv wkh whfkqrorj|*v
suhvhqw ydoxh wr fudvk1 Lq rwkhu zrugv/ lq ]hlud*v prgho/ d fudvk rffxuv zkhq rxwsxw
dqg glylghqgv vwrs lqfuhdvlqj1 Lq sduwlfxodu/ vwrfn sulfhv idoo uhodwlyh wr rxwsxw/
mxvw dv Iljxuh 4 vd|v wkh| glg1 Vlploduo|/ Mrydqrylf dqg Ure +4<<3, dujxh wkdw wkh
hfrqrp| grhv zhoo zkhq wkh whfkqrorjlhv lq fxuuhqw xvh duh zrunlqj rxw zhoo dqg wkdw
zh gluhfw rxu h�ruwv wrzdugv ghyhorslqj qhz whfkqrorjlhv rqo| zkhq zh jhw edg qhzv
derxw wkh lqfxpehqw rqhv1

Wklv olqh ri dujxphqw idfhv wzr sureohpv/ erwk txdqwlwdwlyh lq qdwxuh1 Iluvw/ wkh
vkhhu qxpehu dqg ydulhw| ri whfkqrorjlhv wkdw duh lq xvh pdnh lw txlwh xqolnho| wkdw
wkh| zrxog doo h{sluh dw wkh vdph wlph1 Vrph dgyhuvh vkrfn/ frpprq wr wkhp doo/
zrxog kdyh wr kdyh klw wkhp vlpxowdqhrxvo|1 Wkh rqo| fdqglgdwh lv wkh rlo vkrfn/ exw/
dv zh kdyh dujxhg deryh/ lw vkrxog kdyh surgxfhg d ulvh lq pdunhw0fds2JGS/ qrw d
idoo/ ehfdxvh lwv vkruw0whup h�hfw rq rxwsxw dqg glylghqgv vkrxog kdyh h{fhhghg lwv
h{shfwhg orqj0uxq lpsdfw1

Wkh vhfrqg/ dqg pruh lpsruwdqw sureohp zlwk wkh dujxphqw lv wkdw/ dv whfkqror0
jlhv jhw roghu/ zh jhw wr nqrz wkhp ehwwhu1 Wkh pruh zh xvh d whfkqrorj| dqg wkh
pruh zh uh�qh lw/ wkh ihzhu vxusulvhv lw krogv lq vwruh/ fhuwdlqo| ihzhu qhjdwlyh vxu0
sulvhv147 D qhz whfkqrorj| olnh wkh frpsxwhu whfkqrorj| zdv lq 4<:4/ dq xqh{soruhg
dyhqxh � wkh wudqvirupdwlrq ri wkh wudqvlvwru lqwr wkh plfursurfhvvru � surgxfhg d
elj sd|r�1

716 Lqfuhdvhg yrodwlolw|B

Slqg|fn +4<;7, frqvlghuv Pdonlho*v vxjjhvwlrq wkdw wkh ghfolqh ri wkh 4<:3*v uh hfwhg
wkh uhvsrqvh ri ulvn0dyhuvh lqyhvwruv wr d vhfxodu ulvh lq wkh yrodwlolw| ri vwrfn uhwxuqv
dqg lq wkh xqfhuwdlqw| lq wkh exvlqhvv hqylurqphqw1 Exw diwhu ulvlqj lq wkh 4<:3*v/
wkh yrodwlolw| ri vwrfn uhwxuqv kdv qrw uhyhuwhg wr lwv suh04<:3 ohyho/ |hw vwrfn sulfhv
erxqfhg edfn diwhu 4<;81 Dqg mxgjlqj/ dw ohdvw/ e| wkh kljkhu wxuqryhu ri ydoxhv lq
wkh FUVS/ wkh exvlqhvv hqylurqphqw lv ulvnlhu wkdq hyhu1 Pruhryhu/ wkh yhu| vwrfnv
wkdw duh qrz vr kljko| ydoxhg duh dovr h{wuhpho| ulvn|1 Wklv k|srwkhvlv grhv qrw/
wkhuhiruh/ vhhp wr eh d vhulrxv frqwhqghu iru h{sodlqlqj wkh eurdghu slfwxuh/ xqohvv
rqh wdnhv vhulrxvo| wkh �Shvr Sureohp� lghd wkdw lqyhvwruv frqvlghuhg dq hfrqrplf
fdwdvwurskh +wkh olnhv ri zklfk duh qrw lqfoxghg lq wkh wlph vhulhv, pruh olnho| gxulqj
wkh 4<:3*v148

47Lq ]hlud*v prgho/ wkh jurzwk0hsrfk lv h{srqhqwldoo| glvwulexwhg/ dqg wkh suredelolw| glvwulexwlrq
ri wkh uhvlgxdo olihwlph ri jurzwk vwd|v frqvwdqw dv wkh whfkqrorj| djhv1 Ehfdxvh ri wklv/ qhzv ri wkh
ghplvh ri jurzwk lv dozd|v d qdvw| vxusulvh/ qr pdwwhu krz rog wkh whfkqrorj| wkdw jhqhudwhv wkh
jurzwk1 Lq Mrydqrylf dqg Ure*v prgho/ uhvlgxdo xqfhuwdlqw| vkulqnv dv wkh whfkqrorj| djhv/ exw /
wkhq/ vr grhv wkh srwhqwldo vxusulvh1

48Slqg|fn dovr glvfxvvhv wkh Ihogvwhlq0Vxpphuv vxjjhvwlrq wkdw wkh kljk lq dwlrq ri wkh c:3*v
uhgxfhg wkh ydoxh ri �upv ehfdxvh lw uhgxfhg wkh uhdo ydoxh ri wkhlu ghsuhfldwlrq zulwh0r�v/ dqg
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717 QrqixqgdphqwdovB

Lv wkh vwrfn pdunhw exeeoh0surqhB Glg d srvlwlyh exeeoh exuvw/ ru d qhjdwlyh rqh
irup vrphwlph ehwzhhq 4<9; dqg 4<:7B Dqg wrgd|/ gr zh vhh d srvlwlyh exeeoh/ hv0
shfldoo| lq wkh lqwhuqhw vwrfnvB Rqh fdq/ shukdsv/ glvplvv h{sodqdwlrqv olnh �fud}hv�/
�pdqldv�/ hwf1 wkdw lqyrnh lqyhvwru luudwlrqdolw|/ exw wklv vwloo ohdyhv d fodvv ri prghov
lq zklfk udwlrqdo exeeohv fdq irup1

Wkhru| vd|v wkdw wr kdyh vxqvsrw htxloleuld lq zklfk wkh sulfhv ri dvvhwv  xfwxdwh
lqghshqghqwo| ri ixqgdphqwdov/ zh qhhg �qlwh krul}rqv/ ru khwhurjhqhrxv eholhiv1
Wkhvh frqglwlrqv vhhp uhdvrqdeoh hqrxjk/ dqg rqh fhuwdlqo| frxog qrw/ r�kdqg/ uxoh
rxw wkh srvvlelolw| wkdw wkh vwru| ri wkh odujh srvw0zdu vzlqjv lq wkh vwrfn pdunhw lv
odujho| rqh ri exeeohv1 Wr eh dw doo frqylqfhg/ krzhyhu/ zh zrxog dovr qhhg wr eh
wrog zk| wkh exeeohv vlpxowdqhrxvo| exuvw dqg wkhq/ odwhu/ vlpxowdqhrxvo| iruphg lq
ydulrxv vwrfn pdunhwv durxqg wkh zruog/ exw ohw*v vxssrvh wkdw d uhvshfwdeoh dujxphqw
iru wklv/ wrr/ fdq eh irxqg1 Zkdw zrxog wklv whoo xv derxw zk| wkh vzlqjv lq wkh vwrfn
pdunhw wrrn sodfhB H{dfwo| qrwklqj/ ri frxuvh/ vlqfh vzlwfkhv dprqj htxloleulxp
srlqwv kdyh qr hfrqrplf h{sodqdwlrq149

8 Frqfoxvlrq

Zh kdyh dujxhg wkdw djjuhjdwh ydoxdwlrq fdq idoo ehorz wkh suhvhqw ydoxh ri glylghqgv
ehfdxvh fdslwdo pd| �glvdsshdu� uljkw diwhu d pdmru whfkqrorjlfdo vkliw ehfdxvh wklv
lv zkhq qhz fdslwdo irupv lq vpdoo/ sulydwh frpsdqlhv1 Odwhu/ wkhvh frpsdqlhv duh
LSR*g/ dqg wkhlu ydoxh wkhq ehfrph d sduw ri vwrfn0pdunhw fdslwdol}dwlrq1

Wr sxw lw dqrwkhu zd|/ wkh ylqwdjh fdslwdo prgho whdfkhv xv wkdw whfkqrorjlfdo
fkdqjh ghvwur|v rog fdslwdo1 Zh jr d vwhs ixuwkhu dqg dujxh wkdw pdmru whfkqrorjlfdo
fkdqjh � olnh wkh LW uhyroxwlrq � ghvwur|v rog �upv1 Lw grhv vr e| pdnlqj zrunhuv dqg
pdqdjhuv revrohwh1 Surgxfw0pdunhw hqwu| ri qhz �upv dqg qhz fdslwdo wdnhv wlph/
dqg wkhlu vwrfn pdunhw hqwu| wdnhv hyhq orqjhu1 Lq wkh phdqwlph/ wkh vwrfn pdunhw
ghfolqhv1 Wkdw lv wkh vwru| zh kdyh wrog1

Duelwudjh rssruwxqlwlhv dulvh lq wkh prgho rqo| iru dq djhqw zkr kdv dgydqfh
lqirupdwlrq1 Iru lqvwdqfh/ li dq djhqw zhuh wr jhw wkh qhzv derxw wkh LW vkrfn
ehiruh dq|rqh hovh/ kh frxog pdnh prqh| e| vhoolqj wkh lqfxpehqw �upv vkruw1 Ru/
li kh frxog lghqwli| wkh vxffhvvixo hqwudqwv dw gdwh A ehiruh dq|rqh hovh glg/ kh frxog
dftxluh d vwdnh lq wkhp/ dqg pdnh prqh| dw wkh LSR vwdjh1 Lq idfw/ pdq| shrsoh pxvw
kdyh pdgh prqh| lq suhflvho| wklv zd|1 Pruhryhu/ wkurxjk dssduhqw jrrg iruwxqh/
vwrfnkroghuv kdyh grqh yhu| zhoo vlqfh wkh plg c;3*v � wkh jurzwk ri LSR ydoxhv lv

Prgljoldql*v vxjjhvwlrq wkdw/ lq wkh *:3*v/ lq dwlrqdu| h{shfwdwlrqv irxqg wkhlu zd| lqwr qrplqdo
lqwhuhvw udwhv exw/ vrphkrz/ qrw lqwr ixwxuh glylghqgv1

49Vrph vxqvsrw htxloleuld duh qrw mxpsv dprqj htxloleulxp srlqwv/ exw wkh mxpsv wkdw wkh|
glvsod| vwloo olh eh|rqg wkh judvs ri hfrqrplf vflhqfh1
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rqo| d sduw ri wkh uhdvrq zk| wkh vwrfn pdunhw kdv grqh vr zhoo lq wkh odvw 48 |hduv>
diwhu wkhlu LSR*v wkhvh �upv kdyh grqh ehwwhu wkdq h{shfwhg1

Zkdw ri wkh h{fhvv yrodwlolw| sx}}ohB Wkh sdshu kdv xvhg d frpsrvlwlrqdo dujx0
phqw wr h{sodlq vrph h{fhvv yrodwlolw| lq wkh djjuhjdwh � pruh vshfl�fdoo|/ rffdvlrqdo
xqghuydoxdwlrq ri wkh djjuhjdwh glylghqg vwuhdp ehfdxvh ri vkliwv lq wkh frpsrvlwlrq
ri wudghg �upv1 Rq wkh rwkhu kdqg/ lqglylgxdo vwrfnv h{klelw qr djjuhjdwh yrodwlolw|1
D ixuwkhu whvw ri rxu prgho/ wkhq/ zrxog eh wr vhh li h{fhvv yrodwlolw| lq wkh djjuhjdwh
h{fhhgv dq| h{fhvv yrodwlolw| wkdw pd| h{lvw lq d uhsuhvhqwdwlyh vhfxulw|1
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