
Board of Governors of the Federal Reserve System

International Finance Discussion Papers

Number 712

October 2001

EVIDENCE UNCOVERED: LONG-TERM INTEREST RATES, MONETARY POLICY,
AND THE EXPECTATIONS THEORY

Jennifer E. Roush

Note: International Finance Discussion Papers are preliminary materials circulated to stimulate discussion
and critical comment.  References in publications to International Finance Discussion Papers (other than an
acknowledgment that the writer has had access to unpublished material) should be cleared with the author
or authors.  Recent IFPDs are available on the Web at www.federalreserve.gov/pubs/ifpd/.



Hylghqfh Xqfryhuhg= Orqj0Whup Lqwhuhvw Udwhv/ Prqhwdu| Srolf|/
dqg wkh H{shfwdwlrqv Wkhru|

Mhqqlihu H1 UrxvkW

Devwudfw

D odujh erg| ri olwhudwxuh kdv idlohg wr �qg frqfoxvlyh hylghqfh wkdw wkh h{shfwdwlrqv wkhru|
ri wkh whup vwuxfwxuh krogv lq X1V1 gdwd1 Wklv sdshu dvnv pruh qduurzo| zkhwkhu wkh wkhru|
krogv frqglwlrqdo rq dq h{rjhqrxv fkdqjh lq prqhwdu| srolf|1 Zh dujxh wkdw suhylrxv zrun rq
wkh h{shfwdwlrq wkhru| kdv idlohg wr vx!flhqwo| dffrxqw iru lqwhudfwlrqv ehwzhhq prqhwdu| srolf|
dqg erqg pdunhwv lq wkh ghwhuplqdwlrq ri orqj dqg vkruw lqwhuhvw udwhv1 Xvlqj phwkrgv wkdw
gluhfwo| dffrxqw iru wklv lqwhudfwlrq/ zh �qg vwurqj hylghqfh vxssruwlqj d whup vwuxfwxuh fkdqqho
iru srolf| wkdw lv frqvlvwhqw zlwk wkh h{shfwdwlrqv wkhru|1 Zh vkrz wkdw wkh pdujlqdo h�hfw ri
rxu frqvlghudwlrq iru wklv vrxufh ri vlpxowdqhlw| eldv lv vljql�fdqw lq xqfryhulqj hylghqfh iru wkh
wkhru|1 Zh dovr glvfxvv suhylrxv fodlpv wkdw srolf| uhjlph fkdqjhv dqg vkruw0whup lqwhuhvw udwh
vprrwklqj e| wkh Ihg dffrxqwv iru wkh wkhru|*v xqfrqglwlrqdo idloxuh lq oljkw ri rxu �qglqjv1

Nh|zrugv= whup vwuxfwxuh/ yhfwru dxwruhjuhvvlrq/ lqwhuhvw udwh vprrwklqj/ srolf| uhjlphv/
Ed|hvldq YDU

MHO Fodvvl�fdwlrq= F44/ F65/ H76/ H77/ H85

WGlylvlrq ri Lqwhuqdwlrqdo Ilqdqfh/ Erdug ri Jryhuqruv ri wkh Ihghudo Uhvhuyh V|vwhp1 Hpdlo= mhq0
qlihu1urxvkCiue1jry1 L ehqh�whg juhdwo| iurp glvfxvvlrqv zlwk Pduylq Jrrgiulhqg/ Mrq Idxvw/ Hulf Ohhshu/ Mrkq
Urjhuv/ dqg Mrqdwkdq Zuljkw dv zhoo dv frpphqwv iurp sduwlflsdqwv dw wkh Plgzhvw Pdfur Frqihuhqfh +Dwodqwd Ihg,
dqg wkh Erdug ri Jryhuqruv LI Zrunvkrs1 Wkdqnv dovr wr Wdr ]kd dqg Mrq Idxvw iru surylglqj frpsxwhu frgh1
Pxfk ri wklv zrun ghulyhv iurp p| wkhvlv zulwwhq dw Lqgldqd Xqlyhuvlw|1 Wkh ylhzv lq wklv sdshu duh vroho| wkh
uhvsrqvlelolw| ri wkh dxwkru dqg vkrxog qrw eh lqwhusuhwhg dv uh hfwlqj wkh ylhzv ri wkh Erdug ri Jryhuqruv ri wkh
Ihghudo Uhvhuyh V|vwhp ru ri dq| rwkhu shuvrq dvvrfldwhg zlwk wkh Ihghudo Uhvhuyh V|vwhp1



41 Lqwurgxfwlrq

Frqfoxvlyh hylghqfh lq vxssruw ri wkh h{shfwdwlrqv wkhru| ri wkh whup vwuxfwxuh frqwlqxhv wr hoxgh

hfrqrplvwv1 Qxphurxv vwxglhv kdyh vkrzq wkh duelwudjh frqglwlrq lpsolhg e| h!flhqw pdunhw

frqglwlrqv uhodwlqj d orqj0whup lqwhuhvw udwh wr d surgxfw ri h{shfwhg ixwxuh vkruw udwhv wr eh

xqvxevwdqwldwhg lq XV gdwd14 Wkh wkhru|*v shuvlvwhqfh lq dfdghplf dqg srolf| flufohv ghvslwh lwv

vsrww| hpslulfdo uhfrug lv qrqh0wkh0ohvv uhpdundeoh15

Wklv shuvlvwhqfh lq srolf| flufohv/ lq sduwlfxodu/ vxjjhvwv wkdw wkhuh pd| eh vshfldo flufxpvwdqfhv

lq zklfk wkh wkhru| krogv luuhvshfwlyh ri lwv idloxuh xqghu pruh jhqhudo frqglwlrqv1 Vshfl�fdoo|/ lw

pd| eh wkdw fkdqjhv lq vkruw udwhv wkdw duh lqgxfhg e| dq h{rjhqrxv vkliw lq prqhwdu| srolf| ohdg

wr fkdqjhv lq orqj udwhv wkdw duh zhoo suhglfwhg e| wkh h{shfwdwlrqv wkhru|1 Vlqfh srolf| pdnhuv

duh qhfhvvdulo| frqfhuqhg zlwk wkh wudqvplvvlrq ri srolf| dfwlrqv wr wkh pdfur hfrqrp|/ wklv w|sh

ri frqglwlrqdo hylghqfh iru wkh wkhru| zrxog qdwxudoo| krog vshfldo lpsruwdqfh16

Wklv sdshu h{dplqhv hylghqfh iru d frqglwlrqdo irup ri wkh h{shfwdwlrqv wkhru| ri wkh whup

vwuxfwxuh1 Irfxvlqj rq wkh yduldwlrq lq orqj udwhv wkdw lv dvvrfldwhg zlwk dq h{rjhqrxv fkdqjh lq

prqhwdu| srolf|/ zh dvn zkhwkhu erqg pdunhw rxwfrphv �dw ohdvw lq wklv fdvh� duh zhoo suhglfwhg

e| wkhru|1 Hylghqfh d!uplqj wkh wkhru| lq wkhvh qduurzhu flufxpvwdqfhv zrxog surylgh ydoxdeoh

vxssruw iru d whup vwuxfwxuh fkdqqho iru prqhwdu| srolf|1 Lw zrxog dovr ghprqvwudwh wkdw wkh

wkhru|*v hpslulfdo idloxuh lv qrw d jhqhulf uhvxow/ prwlydwlqj d uh0hydoxdwlrq ri suhylrxv h{sodqdwlrqv

iru wkh wkhru|*v xqfrqglwlrqdo idloxuh lq oljkw ri qhz �qglqjv1 Orrnlqj iruzdug/ ixwxuh uhvhdufk rq

wkh vrxufh ri wkh xqfrqglwlrqdo idloxuh zrxog olnho| ehqh�w iurp wkh nqrzohgjh wkdw d vwuxfwxudo

ghfrpsrvlwlrq ri lqwhuhvw udwh yduldwlrqv lqwr srolf| dqg qrq0srolf| vrxufhv surylghv lqirupdwlrq

uhohydqw wr wkh hpslulfdo vxffhvv ri wkh wkhru|1

Lvrodwlqj wkh yduldqfh lq orqj udwhv wkdw lv frqglwlrqdo rq h{rjhqrxv prqhwdu| srolf| lv d qrq0

wulyldo wdvn1 Dowkrxjk d uhfhqw olwhudwxuh kdv pdqdjhg wr lvrodwh wkh txdolwdwlyh h�hfwv ri h{rjhqrxv

prqhwdu| srolf| xvlqj vwuxfwxudo yhfwru dxwr0uhjuhvvlyh whfkqltxhv/ wkhuh h{lvw pdq| vshfl�fdwlrqv

ri srolf| ehkdylru +dovr uhihuuhg wr dv srolf| uxohv, wkdw duh htxdoo| zhoo vxssruwhg e| wkh gdwd1
4Vrph ri wkh zrunv lq wklv olwhudwxuh |lhoglqj frq lfwlqj hylghqfh rq wkh wkhru| lqfoxgh Fdpsehoo dqg Vkloohu+4<<4

dqg 4<;:,/ Kdqvhq dqg Vdujhqw+4<;3,/ Vdujhqw+4<:<, dqg pruh uhfhqwo|/ Urehugv/ Uxqnoh/ dqg Zklwhpdq +4<<9,/
dqg Ghmrqj dqg Zklwhpdq+4<<9,1

5Vkloohu/ Fdpsehoo/ dqg Vfkrhqkrow} +4<;6, pdgh wkh iroorzlqj wrqjxh0lq0fkhhn uhpdun=�111wkh wkhru| vhhpv wr
uhdsshdu shuhqqldoo| lq srolf| glvfxvvlrqv dv li qrwklqj kdsshqhg wr lw111Zh duh uhplqghg ri wkh Wrp dqg Mhuu|
fduwrrqv wkdw suhfhgh ihdwxuh �opv dw prylh wkhdwuhv1 Wkh yloodlq/ Wrp wkh fdw/ pd| eh exulhg xqghu d wrq ri
erxoghuv/ eodvwhg wkurxjk d eulfn zdoo +ohdylqj d fdw vkdshg kroh,/ ru  dwwhqhg e| d vwhdpuroohu1 \hw vhfrqgv odwhu
kh lv xs djdlq sorwwlqj klv hylo ghhgv1� sj1 4:8

6Jrrgiulhqg +4<<;, glvfxvvhv wkh xvhixoqhvv ri wkh whup vwuxfwxuh wr srolf| pdnhuv1 Dnkwdu+4<<8, prwlydwhv wkh
qhhg iru vwuxfwxudo prghov ri wkh uhodwlrqvkls ehwzhhq srolf| dqg orqj whup lqwhuhvw udwhv iurp d srolf| shuvshfwlyh1



Gl�huhqw vshfl�fdwlrqv ri srolf| w|slfdoo| |lhog gl�huhqw txdqwlwdwlyh suhglfwlrqv iru wkh g|qdplf

sdwkv ri pdfur dqg srolf| yduldeohv iroorzlqj d srolf| vkrfn/7 |hw txdqwlwdwlyh dffxudf| lq wkh

hvwlpdwlrq ri orqj dqg vkruw udwh g|qdplfv lv olnho| lpsruwdqw wr xqfryhulqj hylghqfh rq wkh

h{shfwdwlrqv wkhru|1 Lq wklv fdvh/ idloxuh wr uhfrjql}h wkh vhqvlwlylw| ri hvwlpdwhg lqwhuhvw udwh

uhvsrqvhv wr wkh vshfl�fdwlrq ri srolf| ehkdylru frxog frqfhlydeo| ohdg wr idovh qhjdwlyh frqfoxvlrqv

derxw wkh wkhru|*v ydolglw|1 8

Wklv sdshu xvhv phwkrgv wkdw dyrlg vxfk idovh qhjdwlyh frqfoxvlrqv e| vhdufklqj dfurvv d eurdg

vxevhw ri txdolwdwlyho| uhdvrqdeoh prghov ri prqhwdu| srolf| wr vhh li dq| prgho forvho| pdwfkhv wkh

suhglfwlrqv ri wkh h{shfwdwlrqv wkhru|1 E| frqgxfwlqj d pruh frpsuhkhqvlyh vhdufk iru hylghqfh

wkdq frqyhqwlrqdo vwuxfwxudo YDU dssurdfkhv zklfk w|slfdoo| uho| rq d vlqjoh ru vpdoo �qlwh vhw

ri vshfl�fdwlrqv/ zh duh pruh olnho| wr �qg hylghqfh lq vxssruw ri wkh wkhru|/ li lw h{lvwv1 Li/

rq wkh rwkhu kdqg/ ghyldwlrqv iurp wkh wkhru| duh irxqg wr eh odujh dfurvv wkh hqwluh vxevhw ri

srolf| vshfl�fdwlrqv zh frqvlghu/ wkh euhdgwk ri rxu vhdufk surylghv frqylqflqj hylghqfh djdlqvw

wkh wkhru|1

Lq wkh hqg/ zh �qg wkdw d qxpehu ri uhdvrqdeoh vshfl�fdwlrqv ri srolf| h{lvw wkdw suhglfw orqj

udwh uhvsrqvhv wr dq h{rjhqrxv fkdqjh lq srolf| wkdw duh frqvlvwhqw zlwk wkh wkhru|1 Lq wkh devhqfh

ri d zlgho| dffhswhg wkhru| ri Ihghudo Uhvhuyh ehkdylru wkdw zrxog doorz xv wr ehwwhu lghqwli| dfwxdo

srolf| ehkdylru/ wkh srolf| vshfl�fdwlrqv xqfryhuhg lq wklv sdshu lq vxssruw ri wkh h{shfwdwlrqv

wkhru| duh dv uhdvrqdeoh dv wkh pdq| vshfl�fdwlrqv lq wkh srolf| olwhudwxuh zlwk vlplodu txdolwdwlyh

suhglfwlrqv dqg htxlydohqw �wv wr wkh gdwd19

Dq lpsruwdqw k|srwkhvlv lq wklv sdshu lv wkdw/ zkloh vxssruw iru wkh xqfrqglwlrqdo h{shfwdwlrqv

wkhru| lq wkh olwhudwxuh lv lq jhqhudo odfnlqj/ pdq| ri wkh suhylrxvo| uhfrughg idloxuhv ghulyh iurp

lqdssursuldwh hfrqrphwulfv1 Zkhuhdv wkh h{shfwdwlrqv wkhru| suhglfwv wkdw srolf| d�hfwv orqj

udwhv e| lq xhqflqj h{shfwdwlrqv ri ixwxuh vkruw udwhv/ lw lv dovr wuxh wkdw srolf| pdnhuv prqlwru

erqg pdunhwv iru lqirupdwlrq rq/ dprqj rwkhu wklqjv/ lq dwlrq h{shfwdwlrqv1 Srolf| uhvsrqvhv wr

ghyhorsphqwv lq erqg pdunhwv fuhdwh vlpxowdqhlwlhv lq wkh ghwhuplqdwlrq ri vkruw0 dqg orqj0whup
7Vhh Ohhshu/ Vlpv/ ]kd+4<<9, dqg Fkulvwldqr/ Hlfkhqedxp/ Hydqv+4<<;, iru h{dpsohv ri dowhuqdwlyh YDU prghov

ri prqhwdu| srolf| ehkdylru dqg wkhlu suhglfwlrqv iru yduldeoh uhvsrqvhv wr dq h{rjhqrxv fkdqjh lq srolf|1
8Pdq| dvshfwv ri wkh YDU vshfl�fdwlrq qrw uhodwhg wr srolf| ehkdylru fdq dovr d�hfw wkh vwuhqjwk dqg ri wkh

suhglfwhg yduldeoh uhvsrqvhv wr srolf|/ lqfoxglqj/ iru h{dpsoh/ dvvxpswlrqv derxw sulfh dqg rxwsxw uljlglwlhv iroorzlqj
d srolf| vkrfn1 Iru wklv uhdvrq zh zloo riwhq uhihu pruh jhqhudoo| wr �srolf| vshfl�fdwlrq� dqg �prghov ri prqhwdu|
srolf|� wr lqfrusrudwh wkhvh rwkhu qrq0urexvw dvshfwv ri YDU vshfl�fdwlrq zklfk kdyh txdqwlwdwlyh lpsolfdwlrqv iru
hvwlpdwlrq ri wkh h�hfwv ri prqhwdu| srolf|1

9Ehfdxvh wkh phwkrgv lq wklv sdshu rewdlq xqghulghqwl�hg v|vwhpv �pdnlqj ixoo prgho/ jrrgqhvv ri �w phdvxuhv
lqdssursuldwh� zh zloo jdxjh jrrgqhvv ri �w e| wkh txdolwdwlyh frqvlvwhqf| ri rxu lpsxovh uhvsrqvhv zlwk wkrvh lq wkh
olwhudwxuh1
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lqwhuhvw udwhv1 Dv zh zloo glvfxvv lq wkh qh{w vxevhfwlrq/ wkh olwhudwxuh whqgv wr qhjohfw wklv srwhqwldo

vrxufh ri vlpxowdqhlw| eldv1 Lq frqwudvw/ wklv sdshu xvhv phwkrgv zklfk glvhqwdqjoh wkh lqwhudfwlrqv

ehwzhhq srolf| dqg wkh erqg pdunhw dqg xqfryhuv hylghqfh iru wkh h{shfwdwlrqv wkhru| frqglwlrqdo

rq srolf|1:

Lq vhfwlrq 716 ri wklv sdshu zh h{dplqh zkhwkhu uhfrjqlwlrq ri wkh srwhqwldo vlpxowdqhlwlhv

ehwzhhq srolf| dqg erqg pdunhwv lv lpsruwdqw wr xqfryhulqj hylghqfh iru wkh h{shfwdwlrqv wkh0

ru|1 Zh frpsduh uhvxowv iurp vshfl�fdwlrqv ri prqhwdu| srolf| wkdw doorz iru ydu|lqj ghjuhhv

ri vlpxowdqhlw| ehwzhhq srolf| dqg wkh erqg pdunhw dqg �qg wkdw wkh pruh vlpxowdqhrxv prgho

vshfl�fdwlrqv suhglfw frqvlvwhqwo| vpdoohu ghyldwlrqv iurp wkh h{shfwdwlrqv wkhru|1 Wklv �qglqj

vxssruwv uhdvrqlqj e| PfFdooxp+4<<7, wkdw pdq| ri wkh suhylrxv idloxuhv ri wkh wkhru| ghulyh iurp

hfrqrphwulf huuru udwkhu wkdq �qdqfldo pdunhw lqh!flhqf|1;

Odvwo|/ wkh uhvxowv lq wklv sdshu surylgh d qhz iudphzrun wr hydoxdwh dujxphqwv wkdw Ihghudo

Uhvhuyh ehkdylru dffrxqwv iru sdvw idloxuhv ri wkh h{shfwdwlrqv wkhru|1 Pdqnlz dqg Plurq+4<;9,

zhuh wkh �uvw wr dujxh wkdw lqwhuhvw udwh vprrwklqj e| wkh Ihg uhgxfhv djhqwv* xqfrqglwlrqdo

h{shfwdwlrqv ri ixwxuh vkruw udwh yduldwlrq/ dqg wkhuhe| wkh sursruwlrq ri h{0srvw orqj udwh yduldwlrq

uhvxowlqj iurp duelwudjh dfwlylw| xqghu wkh wkhru| uhodwlyh wr +doehlw vpdoo, yduldwlrq lq wkh whup

suhplxp1< Wkh uhvxow/ wkh| dujxh/ lv wkdw vlqjoh htxdwlrq uhjuhvvlrq whvwv ri wkh h{shfwdwlrqv wkhru|

|lhog idovh qhjdwlyh frqfoxvlrqv1 Kdplowrq+4<;;, dqg Ixkuhu+4<<9, dovr surwhvw wkh vlqjoh htxdwlrq

uhjuhvvlrq dssurdfk frpprq lq wkh olwhudwxuh/ dujxlqj wkdw klvwrulfdo srolf| uhjlph fkdqjhv lpso|

qrq0olqhdulwlhv zklfk fdq qrw eh fdswxuhg lq ixoo vdpsoh/ olqhdu prghov1

Qhlwkhu Pdqnlz dqg Plurq*v ru Kdplowrq*v h{sodqdwlrq iru wkh suhylrxv idloxuhv doorzv wkh

h{shfwdwlrqv wkhru| wr krog frqglwlrqdo rq d srolf| vkrfn krzhyhu1 Hlwkhu dujxphqw/ li wuxh/ vkrxog

ohdg wr wkh hpslulfdo idloxuh ri wkh wkhru| frqglwlrqdo rq dq| w|sh ri vkrfn klwwlqj wkh hfrqrp| dv

orqj dv wkh prgho ri ixwxuh vkruw udwh h{shfwdwlrqv lqfrusrudwhv wkh +uhvshfwlyh, sursrvhg vrxufh

ri wkh wkhru|*v idloxuh1 Rxu prghov ri h{shfwhg ixwxuh vkruw udwhv erwk= 4, lqfrusrudwh h{shfwhg

ixwxuh vkruw udwh vprrwklqj edvhg rq klvwrulfdoo| hvwlpdwhg Ihg ehkdylru> dqg 5, duh edvhg rq

olqhdu surmhfwlrqv hvwlpdwhg iurp dq xqeurnhq gdwd vhw fryhulqj pxowlsoh srolf| uhjlph shulrgv

glvfxvvhg lq wkh prqhwdu| srolf| olwhudwxuh1 \hw zh duh deoh wr �qg hylghqfh wkdw wkh wkhru| krogv

frqglwlrqdo rq h{rjhqrxv srolf|1 Wkxv e| lpsolfdwlrq/ qhlwkhu lqwhuhvw udwh vprrwklqj ru srolf|
:Vshfl�fdoo|/ lw hpsor|v YDU phwkrgv wkdw lvrodwh dq h{rjhqrxv frpsrqhqw ri srolf| dqg wkhq vlpxodwhv wkh

h�hfwv ri d fkdqjh lq wklv frpsrqhqw rq lqwhuhvw udwhv/ prqh|/ dqg rwkhu pdfur yduldeohv vxfk dv sulfhv dqg rxwsxw1
;PfFdooxp*v dujxphqwv zloo eh glvfxvvhg lq vhfwlrq 5 ehorz1
<Rwkhu olwhudwxuh ghulylqj iurp Pdqnlz dqg Plurq*v k|srwkhvlv lqfoxgh= Urehugv/ Uxqnoh dqg Zklwhpdq+4<<9,/

Uxghexvfk+4<<8,/ dqg Grwvh| dqg Rwurn+4<<8,
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uhjlph fkdqjhv duh olnho| dorqh uhvsrqvleoh iru wkh sdvw uhfrughg idloxuhv ri wkh wkhru|1

413141 Olwhudwxuh

Zkloh suhylrxv dxwkruv kdyh orrnhg dw wkh h�hfwv ri srolf| rq orqj0whup lqwhuhvw udwhv/ zh eholhyh

wkdw pxfk ri wklv zrun kdv idlohg wr vx!flhqwo| dffrxqw iru vlpxowdqhlw| ehwzhhq srolf| dqg wkh

erqg pdunhw1 Prvw qrwdeo|/ Frrn dqg Kdkq+4<;<, phdvxuhg wkh h�hfw ri srolf| rq orqj udwhv e|

wudfnlqj wkhlu uhvsrqvh wr d fkdqjh lq wkh IRPF ixqgv udwh wdujhw1 Ehfdxvh wklv gdwd vhohfwlrq

phwkrg idlov wr glvwlqjxlvk ehwzhhq udwh fkdqjhv wkdw duh hqgrjhqrxv uhvsrqvhv e| srolf| dqg wkrvh

wkdw duh wuxo| h{rjhqrxv krzhyhu/ wkhlu uhvxowv olnho| frqixvh wkh h�hfwv ri srolf| zlwk fkdqjhv lq

wkh vwdwh ri wkh hfrqrp| wr zklfk srolf| zdv uhvsrqglqj143

Hoolqjvhq dqg Vrhghuvwurhp+5333, dovr edvh wkhlu dqdo|vlv rq IRPF wdujhw fkdqjhv/ lqwurgxflqj

phdvxuhv ri hqgrjhqrxv dqg h{rjhqrxv srolf| e| lqwhusuhwlqj phgld frpphqwdu| dw wkh wlph ri wkh

wdujhw fkdqjhv1 Zkhq wkh| lqwhusuhw frqwhpsrudu| phgld uhsruwv dv lqglfdwlqj d shufhlyhg fkdqjh

lq Ihg suhihuhqfhv wkh| fodvvli| wkh wdujhw fkdqjh dv dq h{rjhqrxv srolf| lqqrydwlrq/ zkloh rwkhu

fkdqjhv duh mxgjhg wr eh hqgrjhqrxv/ uh hfwlqj qhz lqirupdwlrq derxw wkh vwdwh ri wkh hfrqrp|

dydlodeoh dv|pphwulfdoo| wr wkh Ihg1 Wklv fodvvl�fdwlrq vfkhph lv qhfhvvdulo| vxemhfwlyh krzhyhu1

Wkh vhqvlwlylw| ri wkhlu uhvxowv wr fkdqjhv lq wkh fodvvl�fdwlrq ri rqo| d ihz gdwd srlqwv vxjjhvwv

wkdw lqyhvwljdwlrq ri dowhuqdwlyh dssurdfkhv wr h{rjhqrxv srolf| lghqwl�fdwlrq olnh wkh rqh sxuvxhg

lq wklv sdshu duh zduudqwhg1

Rwkhu dxwkruv lqfoxglqj Pduvkdoo dqg Hydqv+4<<;, dqg Hghoehuj dqg Pduvkdoo+4<<9, xvh vwuxf0

wxudo YDU phwkrgv wr orrn dw wkh h�hfwv ri dq h{rjhqrxv srolf| vkrfn rq orqj0whup lqwhuhvw udwhv1

Zkloh wkhvh sdshuv �qg pl{hg hylghqfh lq idyru ri wkh frqglwlrqdo h{shfwdwlrqv wkhru|/ wkh| pdnh

vwurqj dvvxpswlrqv derxw wkh lqwhudfwlrq ehwzhhq srolf| dqg wkh erqg pdunhw e| vshfli|lqj srolf|

ehkdylru wkdw grhv qrw uhvsrqg gluhfwo| wr orqj0whup erqg udwhv1 Dv d uhvxow/ wkhlu hvwlpdwhv ri

orqj udwh uhvsrqvhv wr d srolf| vkrfn duh srwhqwldoo| frqixvhg zlwk srolf| uhvsrqvhv wr wkh erqg

pdunhw144 Dv douhdg| phqwlrqhg/ wklv sdshu xvhv phwkrgv wkdw ixoo| dffrxqw iru vlpxowdqhlwlhv
43Frrn dqg Kdkq dovr gr qrw glvwlqjxlvk ehwzhhq dqwlflsdwhg dqg xqdqwlflsdwhg fkdqjhv lq wkh ixqgv wdujhw e|

wkh IRPF1 Ehfdxvh dqwlflsdwhg fkdqjhv lq wkh vkruw udwh zrxog olnho| eh sulfhg lqwr orqj udwhv zhoo ehiruh wkh wzr
wr wkuhh gd| wlph shulrg vxuurxqglqj wkh wdujhw fkdqjh wkdw wkh| h{dplqh/ wkh fruuhodwlrq ehwzhhq orqj dqg vkruw
udwhv zlwklq wklv shulrg lv dq lqdffxudwh phdvxuh ri wkh h�hfwv ri prqhwdu| srolf|1

44Hghoehuj dqg Pduvkdoo+4<<9, dgguhvv wkh vlpxowdqhlw| sureohp lqgluhfwo| e| frqglwlrqlqj wkh srolf| vkrfn rq
srolf| uhvsrqvhv wr frpprglw| sulfhv � zklfk wkh| srvlw frqwdlq wkh vdph lqirupdwlrq derxw lq dwlrq h{shfwdwlrqv
dv orqj erqg udwhv1 Wkhlu xvh ri frpprglw| sulfhv lq wklv pdqqhu kdv qr wkhruhwlfdo mxvwl�fdwlrq krzhyhu1 Lq rughu
wr dffxudwho| lvrodwh wkh fruuhodwlrq ehwzhhq orqj dqg vkruw udwhv wkdw lv gxh wr srolf|/ wkh srolf| vkrfn qhhgv wr
eh frqglwlrqhg gluhfwo| rq srolf| uhvsrqvhv wr orqj udwhv1 Hydqv dqg Pduvkdoo+4<<;, xvh wkh Fkulvwldqr/ Hydqv dqg
Hlfkhqedxp+4<<9, / Jdol+4<<5,/ dqg Vlpv dqg ]kd+4<<;d, lghqwl�fdwlrqv zklfk gr qrw doorz iru ixoo vlpxowdqhlw|
ehwzhhq orqj dqg vkruw udwhv1
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ehwzhhq srolf| dqg erqg pdunhwv dqg �qgv frqvlvwhqw hylghqfh lq vxssruw ri wkh wkhru|1

Wkh uhvw ri wklv sdshu lv vwuxfwxuhg dv iroorzv1 Wkh qh{w vhfwlrq zloo eulh | uhylhz wkh h{shf0

wdwlrqv wkhru| dqg glvfxvv wkh lpsolfdwlrqv ri vlpxowdqhlw| ehwzhhq srolf| dqg erqg pdunhwv iru

whvwv ri wkh wkhru| wkdw duh frpprq lq wkh olwhudwxuh1 Vhfwlrq 6 zloo wkhq ghvfuleh wkh phwkrgrorj|

xvhg lq wklv sdshu wr lghqwli| prqhwdu| srolf| dqg vhfwlrq 7 zloo suhvhqw rxu uhvxowv1 Vhfwlrq 8 zloo

frqfoxgh1

51 Wkh H{shfwdwlrqv Wkhru| ri wkh Whup Vwuxfwxuh

Wkh h{shfwdwlrqv wkhru| ri wkh whup vwuxfwxuh dvvhuwv wkdw wkh uhwxuq wr kroglqj d orqj0whup erqg

vkrxog htxdo wkh surgxfw ri wkh fxuuhqw dqg ixwxuh vkruw udwhv h{shfwhg wr krog xs wr wkh pdwxulw|

ri wkh orqjhu whup lqvwuxphqw soxv d whup0wr0pdwxulw| ulvn suhplxp1 Wklv wkhru| lv h{suhvvhg

lq dq duelwudjh frqglwlrq ghulyhg iurp wkh idfw wkdw/ lq h!flhqw pdunhwv/ wkhuh vkrxog qrw h{lvw d

sur�w rssruwxqlw| iurp kroglqj d }hur frxsrq erqg zlwk pdwxulw| q ryhu kroglqj d }hur frxsrq

erqg zlwk wkh vdph ulvn vwuxfwxuh exw ri vkruwhu pdwxulw| p +zlwk ?
6

htxdo wr dq lqwhjhu, dqg

uroolqj lw ryhu iru ?
6
shulrgv1 Wkh iroorzlqj uhsuhvhqwdwlrq45 ri wklv uhodwlrq krogv iru sxuh glvfrxqw

erqgv=

U?
| @

4

n

&3�[
�'f

H|U
6
|n� . f +514,

zkhuh n @ ?
6
/ U?

| lv wkh lqwhuhvw udwh rq wkh orqjhu pdwxulw| erqg dw wlph w/ H|U
6
|n� lv wkh h{shfwhg

udwh rq wkh vkruwhu pdwxulw| erqg l shulrgv dkhdg frqglwlrqdo rq wlph w lqirupdwlrq/ dqg wkh

sdudphwhu f uhsuhvhqwv d wlph lqyduldqw whup suhplxp1

Vxewudfwlqj wkh fxuuhqw vkruw udwh iurp erwk vlghv/ uhduudqjlqj whupv/ dqg lpsrvlqj udwlrqdo

h{shfwdwlrqv |lhogv wkh iroorzlqj uhjuhvvlrq htxdwlrq=

4

n

&3�[
�'f

U6
|n� �U6

| @ �. �+U?
| �U6

| , . %| +515,

zkhuh htxdwlrq 514 vxjjhvwv wkdw zh vkrxog rewdlq hvwlpdwhv iru � dqg � htxdo wr �f dqg 4 uh0

vshfwlyho|1 Pdq| hpslulfdo vwxglhv kdyh idlohg wr �qg frqvlvwhqw hylghqfh wkdw � lv lqvljql�fdqwo|

gl�huhqw iurp rqh lq uhjuhvvlrqv edvhg rq htxdwlrq 515 0 prvw qrwdeo| Fdpsehoo dqg Vkloohu+4<<4, 0

ru hyhq wkdw yduldwlrq lq wkh vsuhdg frqvlvwhqwo| h{sodlqv d vljql�fdqw sruwlrq ri wkh yduldwlrq lq wkh

ixwxuh sdwk ri lqwhuhvw udwhv dv phdvxuhg e| wkh U0vtxduhg vwdwlvwlf iurp wklv w|sh ri uhjuhvvlrq1
45Fdpsehoo/ Vkloohu/ dqg Vfkrhqkrow} +4<;6,
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D pruh jhqhudo irup ri htxdwlrq 514 doorzv iru d fryduldqfh vwdwlrqdu| whup suhpld zklfk pd|

eh vhuldoo| fruuhodwhg exw lv h{rjhqrxv zlwk uhvshfw wr U?
| >U

6
| > dqg H|+U

6
|n�,=

U?
| @

4

n

&3�[
�'f

H|U
6
|n� . f| +516,

zkhuh

f| @ �f|3� . �| +517,

Khuh �| lv zklwh qrlvh dqg m�m ? 4= Dv glvfxvvhg e| PfFdooxp+4<<7,/ wklv vshfl�fdwlrq pd| eh

pruh uhdvrqdeoh lq wkdw zh vkrxog qrw h{shfw whup suhpld wr kdyh }hur shulrg0wr shulrg yduldwlrq/

exw udwkhu wr h{klelw vrph udqgrp  xfwxdwlrq dv d uhvxow ri fkdqjhv lq �qdqfldo pdunhw suhihuhqfhv

ru rwkhu glvwxuedqfhv wkdw gr qrw sod| dq lpsruwdqw uroh lq wkh wrwdo yduldwlrq ri orqj0whup udwhv146

Zkloh wklv irup ri wkh wkhru| doorzv wkdw wkhuh pd| eh vrph yduldwlrq lq wkh whup suhplxp/ lw

qrqh0wkh0ohvv pdlqwdlqv wkh qdwxuh ri wkh ruljlqdo k|srwkhvlv e| dvvxplqj wkdw vxfk yduldwlrq lv

udqgrp1

Wkh gl!fxowlhv lq sdvw uhjuhvvlrq dqdo|vhv edvhg rq htxdwlrq 515 ehfrph xqghuvwdqgdeoh zkhq

zh dovr frqvlghu srolf| ehkdylru wkdw uhvsrqgv wr pryhphqwv lq U?
| � U6

| > dv pljkw eh h{shfwhg

iurp d fhqwudo edqn wkdw lv frqfhuqhg derxw ixwxuh lq dwlrq ru rxwsxw jurzwk1 Hyhq zkhq orqj0

whup lqwhuhvw udwhv duh jryhuqhg e| wkh surfhvv lq htxdwlrq 514/ PfFdooxp+4<<7, vkrzv wkdw srolf|

uhvsrqvhv wr fkdqjhv lq f| lpso| wkdw H|+%|m+U?
| �U6

| ,, 9@ 3 lq htxdwlrq 515 vxfk wkdw wkh suredelolw|

olplw ri � lv qr orqjhu htxdo wr rqh1 Lq wklv fdvh vlpxowdqhlw| ehwzhhq srolf| dqg �qdqfldo pdunhw

ehkdylru lq wkh ghwhuplqdwlrq ri orqj0whup lqwhuhvw udwhv lpsolhv wkdw uhjuhvvlrq whvwv edvhg rq

htxdwlrq 515 duh lqdssursuldwh1

Wklv sdshu wdnhv wkh ylhz wkdw srolf| uhvsrqvhv wr lqirupdwlrq lq wkh whup vwuxfwxuh qhfhvvlwdwh

hvwlpdwlrq surfhgxuhv wkdw prgho wkh fruuhodwlrq ehwzhhq orqj dqg vkruw lqwhuhvw udwhv dv d surgxfw

ri wkh lqwhudfwlrqv ehwzhhq �qdqfldo pdunhwv dqg srolf| ehkdylru dv zhoo dv rwkhu hfrqrplf pdunhw

dfwlylw|1 Zh xvh d vwuxfwxudo YDU iudphzrun wr prgho wkhvh lqwhudfwlrqv1 Zh wkhq vlpxodwh

wkh htxloleulxp sdwkv ri lqwhuhvw udwhv +dqg rwkhu pdfur yduldeohv, iroorzlqj dq h{rjhqrxv fkdqjh

lq srolf| dqg frpsduh wkh orqj udwh sdwk suhglfwhg e| wklv prgho zlwk wkdw suhglfwhg e| wkh

h{shfwdwlrqv wkhru|1 Dv zh zloo vhh/ rxu frqfhuq derxw vlpxowdqhlw| ehwzhhq orqj dqg vkruw udwhv

lv zduudqwhg1
46Dqrwkhu srvvlelolw| lv wkdw �qdqfldo lqqrydwlrq d�hfwv wkh uhodwlyh oltxlglw| fkdudfwhulvwlfv ri gl�huhqw dvvhwv

dqg wkhuhe| wkh whup suhpld ehwzhhq wkhp dv d ixqfwlrq ri wkh ghpdqg iru wkhvh dvvhwv frqglwlrqdo rq wkh vdph
suhihuhqfhv1
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61 Lghqwl�fdwlrq ri Prqhwdu| Srolf|

D frpprq vwuxfwxudo YDU phwkrg vhhnv wr lghqwli| wkh h�hfwv ri dq h{rjhqrxv rqh wlph fkdqjh lq

srolf| e| dssursuldwho| uhvwulfwlqj wkh ghfrpsrvlwlrq ri wkh frqwhpsrudqhrxv yduldqfh fryduldqfh

pdwul{ ri rqh vwhs dkhdg iruhfdvw huuruv iurp d uhgxfhg irup YDU ri wkh irup=

E+O,|| @ �| +614,

zkhuh || lv dqp{4 yhfwru ri pdfur hfrqrplf wlph vhulhv/ E+O, @
SR

�'fE�O
�/ Ef @ L/ dqg H+�|�

�
|, @S

>1 Wkh lghqwli|lqj uhvwulfwlrqv rq
S

> uh hfw dvvxpswlrqv derxw wkh frqwhpsrudu| ehkdylrudo

uhodwlrqvklsv dprqj wkh yduldeohv lq || wkdw duh eholhyhg wr krog lq wkh vwuxfwxudo prgho xqghuo|lqj

wkh gdwd zklfk fdq eh dssur{lpdwhg dv=

D+O,|| @ �| +615,

zkhuh D+O, lv d gl�huhqw pdwul{ sro|qrpldo lq O/ dqg y| duh lqghshqghqwo| glvwulexwhg vwuxfwxudo

vkrfnv zlwk H+�|� �|, @ L1 Htxdwlrqv 614 dqg 615 lpso| d pdsslqj ehwzhhq wkh rqh vwhs dkhdg

iruhfdvw huuruv dqg wkh vwuxfwxudo vkrfnv=

�| @ D3�
f �| +616,

zklfk lq wxuq |lhogv d prylqj dyhudjh uhsuhvhqwdwlrq ri || dv d ixqfwlrq ri fxuuhqw dqg sdvw vwuxf0

wxudo huuruv=

|| @ U+O,�| +617,

zkhuhU+O, @ E+O,3�D3�
f 1 E| lqfoxglqj lqwhuhvw udwh dqg prqh| djjuhjdwh yduldeohv lq wkh YDU/ zh

fdq uhvwulfw wkh ghfrpsrvlwlrq ri
	S
> lq vxfk d zd| wkdw htxdwlrq 616 rewdlqv d prqh| ghpdqg dqg

prqhwdu| srolf| vkrfn dvvrfldwhg zlwk d prqh| ghpdqg dqg prqhwdu| srolf| htxdwlrq dffruglqj

wr 6151 Wkh ghwhuplqlvwlf frpsrqhqw ri wkh srolf| htxdwlrq lq 615 lq wklv zd| hvwlpdwhv v|vwhpdwlf

srolf| ehkdylru zkloh wkh srolf| vkrfn fdswxuhv d w|slfdo/ lglrv|qfudfwlf/ h{rjhqrxv fkdqjh lq srolf|1

Zh fdq wkhq vlpxodwh wkh uhvsrqvhv ri doo wkh yduldeohv wr dq h{rjhqrxv vkliw lq wkh srolf| htxdwlrq

/ ��� 5 �|/ xvlqj htxdwlrq 6171
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6141 Dq Dowhuqdwlyh Prgh ri Srolf| Lghqwl�fdwlrq

Hvwlpdwlrq ri wkh h�hfwv ri prqhwdu| srolf| xvlqj frqyhqwlrqdo lghqwl�hg YDU phwkrgv lv vxemhfw

wr wkh lqkhuhqw zhdnqhvv wkdw lw uhtxluhv d plqlpxp qxpehu ri frh!flhqw uhvwulfwlrqv147 Ehfdxvh

wklv plqlpxp qxpehu lv jhqhudoo| txlwh odujh iru d uhdvrqdeo| vl}hg v|vwhp ri htxdwlrqv/ lw lv

xvxdoo| qhfhvvdu| wr lpsrvh dgglwlrqdo uhvwulfwlrqv eh|rqg wkh vhw wkdw fdq eh hdvlo| ghulyhg iurp

hfrqrplf wkhru|1 Vshfl�fdwlrq ri wkh srolf| htxdwlrq lwvhoi/ iru h{dpsoh/ w|slfdoo| lqfrusrudwhv vxfk

dg krf uhvwulfwlrqv vlqfh wkhuh lv qrw |hw d jhqhudoo| dffhswhg wkhru| rq prqhwdu| srolf| ehkdylru1

Zkloh pdq| vhwv ri lghqwli|lqj uhvwulfwlrqv rewdlq txdolwdwlyho| urexvw suhglfwlrqv iru wkh h�hfw ri

prqhwdu| srolf| rq pdfur yduldeohv/ lw lv gl!fxow wr dsso| wkhvh phwkrgv wr whvwv ri wkh h{shfwdwlrqv

wkhru| ehfdxvh wkhuh uhpdlq vljql�fdqw txdqwlwdwlyh gl�huhqfhv ehwzhhq ydulrxv vshfl�fdwlrqv wkdw

rewdlq htxlydohqw �wv wr wkh gdwd148 Txdqwlwdwlyh dffxudf| lq wkh hvwlpdwlrq ri orqj dqg vkruw udwh

g|qdplfv lv olnho| lpsruwdqw wr xqfryhulqj hylghqfh rq wkh h{shfwdwlrqv wkhru| krzhyhu1 Uholdqfh

rq d sduwlfxodu vhw ri lghqwli|lqj uhvwulfwlrqv frxog lq wklv fdvh ohdg wr idovh qhjdwlyh frqfoxvlrqv

derxw wkh frqglwlrqdo h{shfwdwlrqv wkhru|1

Idxvw+4<<;, surylghv dq dowhuqdwlyh dssurdfk wr srolf| lghqwl�fdwlrq zklfk doorzv wkh uhvhdufkhu

wr ohduq zkdw lqihuhqfhv duh vxssruwhg e| wkh gdwd zlwkrxw uhtxlulqj sulru dvvxpswlrqv derxw wkh

ehkdylrudo uhodwlrqvklsv ghwhuplqlqj wkh revhuyhg vhulhv1 Srolf| lv lqvwhdg lghqwl�hg wkurxjk

h{dplqdwlrq ri wkh yduldeoh lpsxovh uhvsrqvhv iru frqvlvwhqf| zlwk frqyhqwlrqdo prqhwdu| wkhru|

derxw wkh txdolwdwlyh h�hfwv ri prqhwdu| srolf|1 Wklv dssurdfk doorzv xv wr frqvlghu d eurdg vxevhw

ri srolf| vshfl�fdwlrqv zlwk uhdvrqdeoh lpsxovh uhvsrqvhv dfurvv zklfk zh fdq shuirup d v|vwhpdwlf

vhdufk iru hylghqfh rq wkh frqglwlrqdo h{shfwdwlrqv wkhru|1 Wkxv li vxssruw iru wkh wkhru| h{lvwv lq

wkh gdwd/ wklv dssurdfk lv olnho| wr �qg lw1 Li zh lqvwhdg �qg rqo| phdjhu hylghqfh iru wkh wkhru|/

wkh frpsuhkhqvlyh qdwxuh ri rxu vhdufk zloo doorz xv wr gudz urexvw frqfoxvlrqv djdlqvw wkh wkhru|1

Wr xqghuvwdqg krz wkh Idxvw surfhgxuh zrunv/ lw lv xvhixo wr ghyhors qrwdwlrq wkdw doorzv xv wr

ghvfuleh wkh ixoo vhw ri srvvleoh vshfl�fdwlrqv ri wkh gdwd1 Zh ehjlq zlwk d jhqhulf prylqj dyhudjh

uhsuhvhqwdwlrq ri dq hvwlpdwhg YDU iruphg xvlqj d Fkrohvn| ghfrpsrvlwlrq ri wkh rqh vwhs dkhdg

iruhfdvw huuruv/ 	> @ KK �=
47E| v|pphwu| ri P>/ wkh dvvxpswlrq wkdw 0|0

�

| ' U lpsolhv wkdw wkhuh pxvw eh qr pruh wkdq 6E6 3 ��*2 iuhh
sdudphwhuv lq �f vxfk wkdw [

> ' �3�
f �3�3

f

48Djdlq/ vhh Ohhshu/ Vlpv/ dqg ]kd+4<<9, dqg Fkulvwldqr/ Hydqv dqg Hlfkhqedxp+4<<;, iru d uhylhz ri wkh olwhud0
wxuh1
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|| @ E+O,3�KK3��| @ F+O,%| +618,

zkhuh H+%|%�|, @ L/ Ef @ L> F+O, @ E+O,3�K> dqg O lv d sro|qrpldo odj rshudwru1 Wkhuh h{lvw

pdq|/ revhuydwlrqdoo| htxlydohqw/ ehkdylrudo lqwhusuhwdwlrqv ri wklv uhgxfhg irup zklfk fdq eh

h{suhvvhg dv olqhdu wudqvirupdwlrqv ri 618/ hdfk iruphg dffruglqj wr dq ruwkrqrupdo pdwul{ G=

|| @ F+O,GG�%| +619,

Wr vhh wkh g|qdplf uhvsrqvh ri doo wkh yduldeohv lq || wr wkh mwk vkrfn zh fdq uhdg r� wkh mwk froxpq

ri F+O,G lq 619 zklfk fdq eh zulwwhq dv F+O,�/ zkhuh � lv wkh mwk froxpq ri G1 Wkh mwk vkrfn

lv wkhq ��%| 5 G�%|=
49

Xvlqj wklv qrwdwlrq/ prqhwdu| srolf| lv lq jhqhudo lghqwl�hg zkhq zh fdq vrphkrz uxoh rxw doo

exw d vlqjoh �/ �W>gh�qlqj wkh srolf| vkrfn �W�%|1 Lq sudfwlfh/ pdq| ��v fdq riwhq eh holplqdwhg

e| frpsdulqj wkhlu dvvrfldwhg lpsxovh uhvsrqvh ixqfwlrqv/ F+O,�/ zlwk rxu sulru eholhiv derxw krz

wkh yduldeohv lq || uhvsrqg wr d srolf| vkrfn1 Wkh vhw ri sulru lqirupdwlrq edvhg rq hfrqrplf

wkhru| dydlodeoh iru wklv sxusrvh lv jhqhudoo| lqvx!flhqw iru h{dfw lghqwl�fdwlrq lq wklv vwulfw vhqvh

krzhyhu1 Uhvhdufkhuv xvlqj frqyhqwlrqdo YDU lghqwl�fdwlrq phwkrgv surfhhg e|/ lq h�hfw/ fkrrvlqj

d sduwlfxodu � iurp d vxevhw ri ��v wkdw rewdlq uhdvrqdeoh lpsxovh uhvsrqvhv edvhg rq d qxpehu

ri dgglwlrqdo dg krf uhvwulfwlrqv1 Wkh| wkhq whvw wkh vhqvlwlylw| ri wkhlu uhvxowv e| shuiruplqj wkh

vdph dqdo|vlv rq d vpdoo vhw ri dowhuqdwlyh ��v zklfk dovr |lhog uhdvrqdeoh lpsxovh uhvsrqvhv1

Wkh Idxvw surfhgxuh dovr vhhnv lghqwl�fdwlrq e| olplwlqj wkh vsdfh ri srvvleoh ��v wr wkdw lq

zklfk yduldeoh uhvsrqvhv wr wkh vkrfn ��%| duh frqvlvwhqw zlwk rxu sulruv derxw wkh h�hfwv ri srolf|1

Lq wklv fdvh/ krzhyhu/ rxu vhw ri sulru eholhiv duh pruh irupdoo| gh�qhg e| lpsrvlqj d vhw ri olqhdu

vkdsh dqg vljq uhvwulfwlrqv rq wkh lpsxovh uhvsrqvh ixqfwlrqv1

Wr looxvwudwh/ vxssrvh zh zrxog olnh wr uhvwulfw rxuvhoyhv wr wkh vhw ri vshfl�fdwlrqv zklfk |lhog

uhdvrqdeoh rxwsxw/ sulfh/ prqh|/ dqg lqwhuhvw udwh uhvsrqvhv wr d frqwudfwlrqdu| prqhwdu| srolf|

vkrfn1 Iru F+O, rewdlqhg iurp d yhfwru ri gdwd lqfoxglqj +lq rughu, rxwsxw/ \/ sulfhv/ S/ dq lqwhuhvw

udwh/ U/ dqg d prqh| djjuhjdwh/ P/ zh fdq ghvfuleh wkh vsdfh ri ��v zklfk |lhog qhjdwlyh lqlwldo

\/ S/ dqg P uhvsrqvhv dqg d srvlwlyh lqlwldo U uhvsrqvh dv wkdw lq zklfk � vdwlv�hv wkh iroorzlqj

vhw ri olqhdu uhvwulfwlrqv=
49Qrwh wkdw wkh ruwkrqrupdolw| ri G lpsolhv H+(�0|0
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zkhuh F- frqwdlqv hohphqwv ri wkh jhqhulf PD sdudphwhu pdwul{/ F+O,/ zlwk vxevfulswv uhihu0

ulqj wr wkh yduldeoh zkrvh uhvsrqvh lv uhvwulfwhg lq Ff�= Zh frxog vlploduo| uhvwulfw wkh vsdfh ri

vshfl�fdwlrqv xvlqj olqhdu uhvwulfwlrqv dfurvv yduldeohv*/ ru rq wkh vkdshv ri lqglylgxdo/ lpsxovh

uhvsrqvhv1

Wkh Idxvw surfhgxuh gl�huv prvw vljql�fdqwo| iurp frqyhqwlrqdo lghqwl�hg YDU phwkrgv lq

krz lw surfhhgv wrzdug lghqwl�fdwlrq zlwklq wklv vsdfh ri uhdvrqdeoh lpsxovh uhvsrqvhv1 Lqvwhdg

ri fkrrvlqj d sduwlfxodu � edvhg rq dgglwlrqdo dg krf/ doehlw qhfhvvdu|/ lghqwli|lqj uhvwulfwlrqv dv

frqyhqwlrqdo YDU phwkrgv gr/ wkh Idxvw surfhgxuh vhdufkhv ryhu wkh hqwluh vhw ri ��v zlwklq wkh

vxevsdfh gh�qhg e| htxdwlrq 61: wr �qg wkh � wkdw vdwlv�hv vrph fulwhulrq rswlpdoo|1

Lq wklv zd| zh fdq/ iru h{dpsoh/ �qg wkh � wkdw rewdlqv lpsxovh uhvsrqvh ixqfwlrqv wkdw duh

frqvlvwhqw zlwk d prqhwdu| srolf| vkrfn dqg iru zklfk wkh orqj udwh uhvsrqvh lv dv forvho| suhglfwhg

e| wkh h{shfwdwlrqv wkhru| dv srvvleoh +lq phdq vtxduh huuru, e| vroylqj wkh iroorzlqj frqvwudlqhg

plqlpl}dwlrq sureohp=
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zkhuh fU?
| lv d urz ri F| fruuhvsrqglqj wr U? dqg k lv d fkrvhq phdq krul}rq14: Wkh pdwul{ P lq

htxdwlrq 61; frqwdlqv hohphqwv wkdw duh txdgudwlf lq wkh hohphqwv ri wkh jhqhulf irup/ F+O,> vxfk
4:Wkh txdgudwlf surjudpplqj sureohp lq htxdwlrqv 61; wkurxjk 6143 lv vroyhg e| shuiruplqj d vhulhv ri plqlpxp

hljhqydoxh sureohpv ryhu wkh vsdfh gh�qhg e| �-k @ f� Ehfdxvh ehwzhhq }hur dqg ? 3 � ri wkh uhvwulfwlrqv/ zkhuh
? lv wkh qxpehu ri olqhduo| lqghshqghqw urzv lq �-/ fdq krog zlwk htxdolw| dw dq| rqh wlph/ wkh surfhgxuh uhgxfhv
wr shuiruplqj wkh plqlpl}dwlrq sureohp ryhu hdfk ri wkh

S�

�'f
--

�-E-3��-
srolf| vxevsdfhv/zkhuh P lv wkh plqlpxp ri

?3� dqg -/ wkh qxpehu ri urzv lq �-� Diwhu holplqdwlqj wkh fdvhv wkdw gr qrw vdwlvi| wkh uhpdlqlqj zhdn lqhtxdolw|
uhvwulfwlrqv/ wkh uhvxow lv d vhw ri k�r zklfk vdwlvi| erwk wkh prqhwdu| srolf| uhvwulfwlrqv dqg wkh fulwhulrq ixqfwlrq
rswlpdoo| zlwklq hdfk srolf| vxevsdfh1 Wkh vroxwlrq lv wkhq wkh k dvvrfldwhg zlwk wkh plqlpxp hljhqydoxh lq wklv
vhw1 Iru pruh lqirupdwlrq rq wkh vroxwlrq dojrulwkp vhh wkh dsshqgl{ lq Idxvw +4<<;,1
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wkdw ��P� lv wkh phdq vtxduhg ghyldwlrq lq wkh whup suhplxp frqglwlrqdo rq wkh vkrfn ��%|= Wkh

vhw ri olqhdu uhvwulfwlrqv/ F-� � 3 / lq htxdwlrq 61< frqwdlq wkh vljq dqg vkdsh uhvwulfwlrqv rq wkh

lpsxovh uhvsrqvh ixqfwlrqv/ F+O,�> dv douhdg| phqwlrqhg dqg wkh uhvwulfwlrq wkdw � kdv xqlw ohqjwk

pdlqwdlqv wkh qrupdol}dwlrq ri huuru yduldqfh wr xqlw|1

Wkh frpsohwh dojrulwkp dfwxdoo| hqwdlov shuiruplqj wkh rswlpl}dwlrq sureohp lq 61; 0 6143 lq

d vhulhv ri lwhudwlrqv wr �qg d plqlpxp vhw ri uhvwulfwlrqv vx!flhqw wr surgxfh lpsxovh uhvsrqvhv

frqvlvwhqw zlwk rxu sulruv derxw wkh h�hfwv ri d prqhwdu| srolf| vkrfn14; E| olplwlqj wkh qxpehu

ri uhvwulfwlrqv lq F-� @ 3 wr wkh vhw wkdw lv vx!flhqw wr rewdlq uhdvrqdeoh lpsxovh uhvsrqvhv/ zh

rewdlq uhvxowv wkdw duh frqvlvwhqw zlwk d yhu| eurdg fodvv ri srolf| vshfl�fdwlrqv1 E| vhdufklqj ryhu

wkh hqwluh vhw ri ��v zlwklq wklv fodvv wr �qg wkh forvhvw �w zlwk wkh h{shfwdwlrqv wkhru| zh fdq eh

uhdvrqdeo| fhuwdlq wkdw zh zloo �qg hylghqfh d!uplqj wkh wkhru|/ li lw h{lvwv1 Rq wkh rwkhu kdqg/

li lw wxuqv rxw wkdw wkh uhvxowlqj plqlpxp phdq vtxduhg suhplxp ghyldwlrqv duh qrqh0wkh0ohvv

vxevwdqwldo/ zh zloo kdyh urexvw hylghqfh wr wkh frqwudu| edvhg rq d wkrurxjk vhdufk ri dowhuqdwlyh

vshfl�fdwlrqv14< Odvwo|/ lw ehduv uhshdwlqj wkdw/ vkruw ri d zlgho| dffhswhg wkhru| ri Ihghudo Uhvhuyh

ehkdylru/ wkh srolf| vshfl�fdwlrqv rewdlqhg zlwk wkh Idxvw dssurdfk duh dv uhdvrqdeoh dv wkrvh

irxqg lq wkh vwdqgdug YDU olwhudwxuh vlqfh wkh odwwhu kdyh ehhq vkrzq wr urexvwo| suhglfw rqo| wkh

txdolwdwlyh h�hfwv ri srolf|1

6151 Fryhudjh Lqwhuydov

Lw zloo dovr eh xvhixo wr jhqhudwh fryhudjh lqwhuydov wkdw dffrxqw iru sdudphwhu xqfhuwdlqw|1 Zh xvh

Ed|hvldq phwkrgv wr rewdlq d vhtxhqfh ri 833 gudzv iurp wkh srvwhulru ri wkh uhgxfhg irup YDU

sdudphwhuv lq 614/ iruphg zlwk d  dw sulru1 Iru hdfk gudz/ zh shuirup d Fkrohvn| ghfrpsrvlwlrq ri

wkh yduldqfh fryduldqfh pdwul{ ri rqh vwhs dkhdg iruhfdvw huuruv dqg irup wkh jhqhulf prylqj dyhudjh

uhsuhvhqwdwlrq/ F+O,%|153 Zh wkhq shuirup wkh plqlpl}dwlrq sureohp ghvfulehg lq htxdwlrqv 61;

wr 6143 xvlqj hdfk ri wkhvh jhqhulf prylqj dyhudjh uhsuhvhqwdwlrqv1

Wkh lqwhuydov jhqhudwhg lq wklv zd| uhtxluh fduhixo lqwhusuhwdwlrq1 Zkhuhdv frqyhqwlrqdo phwk0

rgv w|slfdoo| |lhog lqwhuydov iru d vlqjoh ixoo| lghqwl�hg v|vwhp/ wkh lqwhuydov rewdlqhg xvlqj wkh
4;Vshfl�fdoo|/ wkh surfhvv ehjlqv e| gh�qlqj �-k zlwk d vpdoo +ru }hur, qxpehu ri uhvwulfwlrqv/ shuiruplqj wkh

rswlpl}dwlrq sureohp dqg wkhq h{dplqlqj wkh lpsxovh uhvsrqvh ixqfwlrqv iru frqvlvwhqf| zlwk rxu sulruv1 Li wkh
uhvxowlqj lpsxovh uhvsrqvhv duh lq vrph zd| lqfrqvlvwhqw zlwk rxu sulru eholhiv derxw srolf|/+li sulfhv lqfuhdvh iroorzlqj
d frqwudfwlrqdu| vkrfn iru h{dpsoh, / wkhq dgglwlrqdo uhvwulfwlrqv duh dgghg wr �-k wr h{foxgh vxfk fdvhv iurp wkh
grpdlq ri wkh vhdufk / dqg wkh surfhvv lv uhshdwhg xqwlo wkh uhvxowlqj lpsxovh uhvsrqvhv duh ixoo| frqvlvwhqw zlwk rxu
sulruv derxw wkh h�hfwv ri srolf| dqg wkh txdolwdwlyh �qglqjv lq wkh olwhudwxuh1

4< Lq vhfwlrq 716 ehorz zh frqgxfw d urxjk dqdo|vlv ri wkh surfhgxuh*v srzhu wr uhmhfw wkh wkhru| zkhq idovh1
53Wkh surfhgxuh iru jhqhudwlqj gudzv ri wkh jhqhulf PD surfhvv lv dqdorjrxv wr wkh UDWV surfhgxuh jhqhudwlqj

huuru edqgv lq mxvw lghqwl�hg prghov1
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Idxvw surfhgxuh duh iru wkh plqlpxp suhplxp ghyldwlrqv frqglwlrqdo rq d srolf| vkrfn zlwklq

vxevhw ri xqghulghqwl�hg prghov1 Lq wklv fdvh wkh lqwhuydov uhsuhvhqw d orzhu erxqg iru wkh phdq

vtxduhg suhplxp ghyldwlrq dfurvv doo vshfl�fdwlrqv vdwlvi|lqj F-� @ 3= Dv vxfk/ wkhvh lqwhuydov

uhsuhvhqw wkh udqjh ri wkh ehvw fdvhv lq idyru ri wkh h{shfwdwlrqv wkhru| frqglwlrqdo rq d srolf|

vkrfn/ udwkhu wkdq ri srvvleoh rxwfrphv iru d sduwlfxodu ixoo| vshfl�hg prgho1

Li wklv lqwhuydo ri plqlpxp suhplxp ghyldwlrq fdvhv frqwdlqv rqo| uhodwlyho| kljk ydoxhv wklv zloo

ohdg xv wr txhvwlrq wkh urexvwqhvv ri d frqfoxvlrq lq idyru ri wkh wkhru| edvhg rq srlqw hvwlpdwhv1

Lq wklv fdvh zh zrxog h{shfw wkdw d udqgrp gudz iurp wkh srvwhulru ri uhgxfhg irup sdudphwhuv

frxog hdvlo| ohdg wr kljkhu plqlpxp phdq vtxduhg suhplxp ghyldwlrq wkdq wkdw edvhg rq wkh srlqw

hvwlpdwhv1

Lq fdofxodwlqj wkh srvwhulru glvwulexwlrqv/ lw zloo dovr eh srvvleoh wr fdofxodwh wkh udwlr ri wkh

qxpehu ri wlphv wkdw wkh Idxvw surfhgxuh shuiruphg dq hdfk gudz ri F+O, |lhogv dq � vdwlvi|lqj

wkh srolf| uhvwulfwlrqv uhodwlyh wr wkh qxpehu ri wlphv lw grhv qrw1 Wklv srvwhulru rggv udwlr lv d

phdvxuh ri krz idyrudeoh wkh gdwd duh wrzdug wkh uhvwulfwlrqv lq F-�1

6161 Wkh Hpslulfdo Prgho

Zh �uvw prgho wkh prqhwdu| hfrqrp| zlwk wkh iroorzlqj vhyhq yduldeoh v|vwhp= prqwko| lqwhu0

srodwhg uhdo JGS +\,54/ frqvxphu sulfhv +S,/ frpprglw| sulfhv +FS,/ wrwdo uhvhuyhv +WU,55/ wkh

ihghudo ixqgv udwh+UI, zklfk lv xvhg iru wkh vkruw udwh/ U6/ P5 +P5,/ dqg d orqj0whup lqwhuhvw

udwh 0 dowhuqdwlyho| uhsuhvhqwhg e| dqqxdol}hg udwhv rq }hur frxsrq erqgv zlwk pdwxulwlhv ri 5/ 6/

7/ 9/ </ 45/ 57/ 69 prqwkv iru wkh orqj udwh/ U?1 Wkh gdwd duh lq prqwko| iuhtxhqflhv wdnhq iurp

4<8<=4 wr 4<<8=45 zlwk wkh qrq0lqwhuhvw udwh vhulhv lq orjv156 Wkh orqj udwh gdwd xs wr 4<<4=5 lv

wdnhq iurp wkh PfFxoorfk dqg Nzrq gdwd vhw dqg uhpdlqghu iurp Eolvv+4<<9, gdwd vhw1571 Wkh orqj
54E| xvlqj lqwhusrodwhg JGS zh duh lqdgyhuwhqwo| lqfoxglqj vrph lqirupdwlrq derxw ixwxuh JGS lq wkh rxwsxw

vhulhv1 Zkloh prqwko| lqgxvwuldo surgxfwlrq gdwd surylghv dq dowhuqdwlyh wr wklv sureohp/ zh suhihuuhg wr xvh wkh
iruphu dv pruh frpsohwh phdvxuh ri djjuhjdwh rxwsxw1

55Vrph dxwkruv suhihu wr xvh qrq0eruurzhg uhvhuyhv wr lghqwli| srolf|1 Rxu fkrlfh ri wrwdo uhvhuyhv lv edvhg rq
wkh eholhi wkdw qrq0}hur h{fhvv uhvhuyh kroglqjv lpso| d uhvhuyh ghpdqg fxuyh zklfk lv hodvwlf zlwk uhvshfw wr wkh
eruurzlqj udwh dw d prqwko| iuhtxhqf|1 Xqghu wkhvh frqglwlrqv/ edqnv eruurz iurp wkh glvfrxqw zlqgrz xs wr wkh
srlqw zkhuh wkh vsuhdg ehwzhhq wkh ixqgv udwh dqg wkh glvfrxqw udwh lv htxdo wr wkh qrq0suhfxqldu| frvwv ri eruurzlqj
iurp wkh Ihg1 Wklv duelwudjh frqglwlrqdo pdnhv qrq0eruurzhg uhvhuyhv dqg eruurzhg uhvhuyhv shuihfw vxevwlwxwhv/ dqg
wkhuhiruh wkh frpsrvlwlrq ri wrwdo uhvhuyhv ohvv lqirupdwlyh derxw srolf| wkdq wkh djjuhjdwh ohyho1

56Doo gdwd rwkhu wkdq wkh gdwd rq orqj whup lqwhuhvw udwhv zdv jhqhurxvo| surylghg e| Ohhshu dqg ]kd+5333, zkr
shuiruphg wkh prqwko| lqwhusrodwlrq ri JGS1

57Wkh orqj udwh gdwd iurp erwk vhwv zdv jhqhurxvo| surylghg e| Fkduohv Hydqv iurp Hydqv dqg Pduvkdoo+4<<;,1 Lq
wkdw sdshu wkh| shuirup gldjqrvwlfv wr ghwhuplqh wkdw wkh gdwd vsolw lv lqvljql�fdqw1 Wkh PfFroorfk dqg Nzrq gdwd
fdq eh grzqordghg iurp wkh zruog zlgh zhe dw kwws=22zzz1hfrq1rklr0vwdwh1hgx2pffxoo1kwpo1 zlwk grfxphqwdwlrq
irxqg lq � X1V1 Whup Vwuxfwxuh Gdwd/ 4<7:04<<5/� Rklr Vwdwh Xqlyhuvlw| Zrunlqj Sdshu &<6091
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udwhv duh sxuh glvfrxqw +}hur frxsrq, erqg |lhogv iru X1V1 jryhuqphqw vhfxulwlhv wkdw duh dgmxvwhg

iru wd{ glvwruwlrqv dqg duh frqwlqxrxvo| frpsrxqghg158 Wkh ihghudo ixqgv udwh lv frqwlqxrxvo|

frpsrxqghg dqg frqyhuwhg wr d 698 gd| edvlv dv ghvfulehg lq Frrn dqg Kdkq +4<<4,159 Lq wklv

lqlwldo prgho wkh YDU*v duh hvwlpdwhg zlwk wzr odjv/ lq rwkhu prghov ghvfulehg odwhu lq wkh sdshu

zh lqfuhdvh wkh odj ohqjwk wr vl{115:

Wkh vhw ri uhvwulfwlrqv/ F-�/ lv fkrvhq wr |lhog lpsxovh uhvsrqvhv wkdw duh txdolwdwlyho| frqvlv0

whqw zlwk wkrvh irxqg lq wkh lghqwl�hg YDU olwhudwxuh rq prqhwdu| srolf| dv zhoo dv frqyhqwlrqdo

prqhwdu| wkhru| derxw wkh pdfurhfrqrplf h�hfwv ri prqhwdu| srolf|1 Zh uhtxluh wkdw wkh ihghudo

ixqgv udwh uhvsrqg srvlwlyho|/ dqg wrwdo uhvhuyhv qhjdwlyho|/ rq lpsdfw wr dq xqh{shfwhg frqwudf0

wlrqdu| vkliw lq prqhwdu| srolf|1 Zkloh ghedwh h{lvwv derxw wkh ghjuhh ri sulfh dqg rxwsxw lqhuwld

zlwk uhvshfw wr srolf| vkrfnv/ zh uhtxluh wkdw wkhvh yduldeohv eh xquhvsrqvlyh zlwklq wkh prqwk ri

wkh vkrfn*v lpsdfw lq rughu wr eh frqvlvwhqw zlwk wkh juhdwhu sduw ri wkh olwhudwxuh1 Zh dovr uhvwulfw

frpprglw| sulfhv dqg P5 wr uhvsrqg qrq0srvlwlyho| rq lpsdfw ri wkh srolf| vkrfn1

Vlpxodwlrqv edvhg rq wklv vhw ri uhvwulfwlrqv dorqh riwhq rewdlqhg vkrfnv wkdw zhuh lqfrqjuxhqw

zlwk rxu sulruv derxw wkh h�hfwv ri srolf|1 Lq sduwlfxodu/ zh riwhq rewdlqhg lpsxovh uhvsrqvhv lq

zklfk rxwsxw txlfno| lqfuhdvhg dqg uhpdlqhg hyhu|zkhuh deryh lwv lqlwldo ohyho dqg lq zklfk sulfhv

urvh vljql�fdqwo| wkurxjk wkh �uvw |hdu lq uhvsrqvh wr wkh vxssrvhg frqwudfwlrqdu| srolf| vkrfn1

Wr holplqdwh wkhvh fdvhv iurp frqvlghudwlrq zh uhtxluh wkdw rxwsxw eh ehorz lwv lqlwldo ohyho dw wkh

vl{wlhwk prqwk iroorzlqj wkh vkrfn dqg wkdw wkh sulfh uhvsrqvh wr eh qr juhdwhu wkdq 01358 wlphv wkh

frpprglw| sulfh uhvsrqvh lq wkh vhfrqg prqwk1 Lq rughu wr rewdlq vkrfnv wkdw duh txdqwlwdwlyho|

lpsruwdqw lw lv dovr qhfhvvdu| wr lqfoxgh uhvwulfwlrqv wkdw holplqdwh fdvhv lq zklfk wkh vkrfn dffrxqwv

iru rqo| d vpdoo vkduh ri wkh ixqgv udwh iruhfdvw huuru yduldqfh15; Wrzdug wklv hqg/ zh uhtxluh wkdw

wrwdo uhvhuyh uhvsrqvh lq wkh whqwk prqwk iroorzlqj wkh vkrfn h{fhhg +eh pruh qhjdwlyh wkdq, d

pxowlsoh ri wkh uhvsrqvh ri P5 lq wkh vl{wk prqwk15< Lq rqh fdvh/ zkhq U? @ <pr/ zh dovr lqfoxgh
58D glvfxvvlrq ri wkh qhhg iru frqwlqxrxv frpsrxqglqj dqg wd{ dgmxvwphqw lv irxqg lq wkh Kdqgerrn ri Prqhwdu|

Hfrqrplfv/ 4<<3/ Fkdswhu 461 Wkh Idpd gdwd zdv qrw wd{ dgmxvwhg1 Pduvkdoo dqg Hydqv h{sodlq wkdw wd{ dgmxvwphqw
zdv qrw dq lvvxh gxulqj wkh shulrg vdpsohg1

59Vhh gdwd dsshqgl{ iru pruh ghwdlov rq vshfl�f vhulhv xvhg1
5:Prgho whvwv iru odjv ohqjwkv edvhg rq wkh Dndlnh Lqirupdwlrq Fulwhulrq+DLF, dqg Vfkzdu} Fulwhulrq+VF, frqvlv0

whqwo| fkrvh d odj ohqjwk ri wzr iru doo lqwhuhvw udwh frpelqdwlrqv1 Dv rqh h{dpsoh/ wkh ydoxhv iru DLF dqg VF lq wkh
fdvh zkhq -? ' �6J duh jlyhq lq Wdeoh 4 ri wkh dsshqgl{1

5;Dowkrxjk wkh deryh uhvwulfwlrqv uhvxowhg lq fdvhv wkdw zhuh txdolwdwlyho| uhdvrqdeoh/ wkh| doo h{klelwhg yhu| vpdoo
ydoxhv +ohvv wkdq 5(, iru wkh yduldqfh vkduh ri wkh ixqgv udwh gxh wr srolf|1 Zh shuiruphg Idxvw*v surfhgxuh
pd{lpl}lqj wkh yduldqfh vkduh iru wkh ixqgv udwh dqg frpsduhg wkh fdvhv rewdlqhg wr wkrvh iurp wkh plqlpxp
suhplxp ghyldwlrq fdvhv1 Revhuylqj wkdw wkh sulpdu| gl�huhqfh zdv d ghod|hg uhvsrqvh lq P5 lq wkh iruphu/ zh
lqfoxgh d uhvwulfwlrq rq wkh lqlwldo P5 uhvsrqvh wr olplw rxu vhdufk wr fdvhv zlwk uhdvrqdeoh iruhfdvw huuru yduldqfh
vkduh iru wkh ixqgv udwh1

5<Ehfdxvh zh irxqg wkdw wkh vdph uhvwulfwlrq glg qrw rewdlq d vroxwlrq iru doo frpelqdwlrqv ri lqwhuhvw udwh zh xvhg
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wkh uhvwulfwlrq wkdw wkh lqlwldo wrwdo uhvhuyh uhvsrqvh eh juhdwhu +pruh qhjdwlyh, wkdq irxu wlphv wkh

rxwsxw uhvsrqvh rqh |hdu diwhu wkh vkrfn wr dyrlg wkh fdvh zkhq wrwdo uhvhuyhv gr qrw uhvsrqg rq

lpsdfw ri wkh vkrfn1

Lw lv lpsruwdqw wr qrwh wkdw zkloh wkhvh odwwhu uhvwulfwlrqv vhhp duelwudu| lq whupv ri pdjqlwxgh

dqg wlplqj/ vxewoh uhdvrqlqj suhyhqwv wkh ghvludelolw| ri wkhlu h{foxvlrq1 Dv ghvfulehg lq wkh suhylrxv

vhfwlrq/ wkh surfhvv ri srolf| lghqwl�fdwlrq surfhhgv lqwhudfwlyho| zlwk wkh jrdo ri �qglqj d vhw ri

uhvwulfwlrqv vx!flhqw wr rewdlq lpsxovh uhvsrqvh ixqfwlrqv wkdw duh frqvlvwhqw zlwk rxu sulruv derxw

srolf|1 Kdylqj dfklhyhg wklv/ uhod{dwlrq ri dq| ri wkh qrq0qhfhvvdu| uhvwulfwlrqv lq F-� fdq rqo|

lpsuryh wkh ydoxh ri wkh remhfwlyh ixqfwlrq dqg wkxv rewdlq dq hyhq forvhu �w wr wkh h{shfwdwlrqv

wkhru| frqglwlrqdo rq prqhwdu| srolf|1 Dowkrxjk rxu uhvxowv duh dfklhyhg zlwk d sduwlfxodu vhw ri

lghqwli|lqj uhvwulfwlrqv/ rxu frqfoxvlrqv duh rqo| vhqvlwlyh wr wkh dffxudf| ri rxu sulru eholhiv derxw

wkh h�hfwv ri srolf| dw zklfk wkh uhvwulfwlrqv dlp163

71 Uhvxowv

Iljxuh 714 ehorz suhvhqwv wkh yduldeoh dqg whup suhplxp lpsxovh uhvsrqvhv iru wkh plqlpxp phdq

vtxduhg suhplxp ghyldwlrq fdvh wkdw vdwlv�hv wklv vhw ri srolf| lghqwl�fdwlrq uhvwulfwlrqv zkhq

wkh orqj udwh zdv htxdo wr wkh wkuhh prqwk udwh1 D vlplodu judsk zlwk U? @ < lv surylghg lq

wkh dsshqgl{ +Iljxuh 4/ vrolg olqh,1 Erwk ri wkhvh �jxuhv ghprqvwudwh wkdw wkh surfhgxuh lqghhg

uhvxowhg lq uhdvrqdeoh uhsuhvhqwdwlrqv ri srolf|1

gl�huhqw idfwruv/ 919: dqg 43 dfurvv wkh vlpxodwlrqv zlwk gl�huhqw orqj udwhv dv olvwhg lq Wdeoh 6 lq wkh dsshqgl{1
63Sxw dqrwkhu zd|/ wkhuh lv qrw d rqh0wr rqh uhodwlrqvkls ehwzhhq �-k dqg rxu vhw ri sulruv1 Zkloh wkh iruphu duh

vx!flhqw wr rewdlq uhdvrqdeoh lpsxovh uhvsrqvhv/ rxu frqfoxvlrqv zlwk uhvshfw wr srolf| rqo| uhtxluh wkdw wkh odwwhu
eh vdwlv�hg1
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Iljxuh 714= Lpsxovh Uhvsrqvhv wr d Frqwudfwlrqdu| Srolf| Vkrfn= shufhqwv ru �orj ohyhov>

|| @ +\|> S|> SF|> WU|>Ui|>P5|>U�
| , >

Irfxvlqj rq Iljxuh 714/ zh vhh wkdw wkh frqwudfwlrqdu| srolf| vkrfn ohdgv wr d �iwhhq edvlv srlqw

lqfuhdvh lq wkh ixqgv udwh +xsshu ohiw, dqg vpdoo lqlwldo ghfuhdvh +13:(, lq wrwdo uhvhuyhv +orzhu ohiw,1

Iroorzlqj wkh lqlwldo vkrfn/ wkh ixqgv udwh lqfuhdvhv iru wzr pruh prqwkv wr d pd{lpxp ri �iw| edvlv

srlqwv/ wkhq idoov vorzo| edfn wr lwv lqlwldo ohyho e| wkh wzhqw|0irxuwk prqwk dqg frqwlqxhv ehorz

lwv lqlwldo ohyho wkurxjk wkh vl{wlhwk prqwk/ uh hfwlqj wkh lq xhqfh ri �vkhu h�hfwv1 Wrwdo uhvhuyhv

ghfuhdvh ixuwkhu wkurxjk wkh qlqwk prqwk iroorzlqj wkh lqlwldo vkrfn dqg wkhq lqfuhdvh vorzo| edfn

wr wkhlu lqlwldo ohyho e| wkh iruw|0irxuwk prqwk1 Iljxuh 714 dovr vkrzv uhdvrqdeoh sulydwh pdunhw

yduldeoh uhvsrqvhv1 Rxwsxw dqg sulfhv uhvsrqg dw d odj wr wkh vkrfn +dv uhvwulfwhg,/ zlwk rxwsxw

ghfuhdvlqj wkurxjk wkh vhfrqg |hdu diwhu dq lqlwldo voljkw lqfuhdvh/ wkhq uhwxuqlqj wr lwv lqlwldo ohyho

lq wkh fdvh ri rxwsxw/ dqg sulfhv idoo frqwlqxrxvo| wkurxjk wkh vl{wlhwk prqwk diwhu d vlploduo| vpdoo

lqlwldo lqfuhdvh164 Frpprglw| sulfhv dovr idoo rq lpsdfw ri wkh vkrfn/ ghfuhdvh ixuwkhu wkurxjk wkh

vhfrqg |hdu dqg wkhq uhwxuq vorzo| edfn wr wkhlu lqlwldo ohyho1 P5 uhvsrqgv wr wkh vkrfn e| idoolqj

lqlwldoo| zlwk wrwdo uhvhuyhv/ ghfuhdvlqj ixuwkhu wkurxjk wkh qlqwk prqwk dqg wkhq uhpdlqlqj ehorz

lwv lqlwldo ohyho rqo| lqfuhdvlqj voljkwo| wkurxjk wkh vl{wlhwk prqwk1

Wdeoh 5 suhvhqwv wkh vkduhv ri vhohfwhg yduldeoh iruhfdvw huuru yduldqfhv dwwulexwdeoh wr wkh

lghqwl�hg vkrfn lq hdfk ri wkh U? fdvhv dw wkh wklug dqg iruw| hljkwk prqwk krul}rqv1 Lq wkh fdvhv

zkhq U? ? 45pr> wkhvh qxpehuv lqglfdwh wkdw wkh vkrfnv lghqwl�hg duh uhdvrqdeoh lq whupv ri
64Wkhvh vpdoo lqlwldo lqfuhdvhv lq rxwsxw dqg sulfhv +wkh sulfh sx}}oh, dsshdu lq rwkhu lghqwl�fdwlrqv ri srolf| dv

grfxphqwhg e| Ohhshu/ Vlpv dqg ]kd+4<<9, dqg Fkulvwldqr/ Hlfkhqedxp/ dqg Hydqv+4<<;,1 Wkh dqrpdolhv duh khuh
duh pxfk ohvv vhyhuh wkdq xvxdo dqg duh olnho| vwdwlvwlfdoo| lqvljql�fdqw1
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wkh pdjqlwxgh ri wkhlu lpsdfw rq lqwhuhvw udwhv dqg rxwsxw1 Wkh vkduhv iru UI dqg U? dw wkh

7;wk prqwk krul}rq lq wkhvh fdvhv duh ehwzhhq wzhqw| dqg wkluw| shufhqw dqg uh hfw d frpprq

�qglqj lq wkh olwhudwxuh wkdw hqgrjhqrxv srolf| lv pruh lpsruwdqw wkdq h{rjhqrxv srolf| lq wkh

ghwhuplqdwlrq ri wkh ixqgv udwh1 Wkh rxwsxw vkduhv iru wkhvh fdvhv duh ehwzhhq vl{ dqg whq shufhqw/

zklfk lv djdlq frqvlvwhqw zlwk +dowkrxjk vrphzkdw vpdoohu wkdq, pxfk ri wkh olwhudwxuh wkdw �qgv

rqo| prghvw uhdo h�hfwv ri srolf|165 Dowkrxjk Wdeoh 5 vkrzv wkh yduldqfh vkduhv iru UI dqg \ lq

wkh fdvhv zlwk U? @ 45pr wr eh vrphzkdw vpdoohu/ zh zloo h{sodlq ehorz wkdw rwkhu uhdvrqv pd|

mxvwli| rxu irfxv rq wkh fdvhv zlwk U? ? 45pr=

7141 Wkh Frqglwlrqdo H{shfwdwlrqv Wkhru|

Wr ghwhuplqh krz forvho| wkh orqj udwh uhvsrqvhv djuhh zlwk wkh suhglfwlrqv ri wkh h{shfwdwlrqv

wkhru|/ zh fdq �uvw h{dplqh wkh whup suhplxp uhvsrqvhv wr wkh srolf| vkrfn wkdw dsshdu lq Iljxuhv

714 dqg Iljxuh 4 lq wkh dsshqgl{1 Zh fdofxodwhg wkh whup suhpld uhvsrqvhv lq wkhvh judskv e|

wdnlqj wkh gl�huhqfh ehwzhhq wkh orqj udwh uhvsrqvh dw hdfk shulrg dqg wkh dyhudjh ri wkh vkruw udwh

uhvsrqvhv dw wkdw dqg wkh qh{w n shulrgv iroorzlqj wkh lqlwldo vkrfn1 Iljxuh 714 deryh dqg Iljxuh

4 lq wkh dsshqgl{ vkrz wkdw wkh suhplxp uhvsrqvhv duh lqghhg qhjoljleoh zkhq U? ? 45pr= Lq doo

ri wkhvh fdvhv wkh suhplxp h{klelwv rqo| d vpdoo dprxqw ri yduldwlrq lqlwldoo| dqg wkhq h{klelwv

yluwxdoo| qr uhvsrqvh wkurxjk wkh �iwk |hdu iroorzlqj wkh vkrfn1 Shukdsv pruh lpsruwdqw/ wkh

pdjqlwxgh ri wkh frqglwlrqdo yduldwlrq lq wkh suhpld lq wkhvh judskv dsshduv wr eh lqvljql�fdqw

uhodwlyh wr wkdw ri wkh orqj udwh1

Wdeoh 6 suhvhqwv vwdwlvwlfv wkdw pruh suhflvho| phdvxuh wkh pdjqlwxgh ri wkh suhplxp ghyldwlrqv

lq wkh rswlpdo fdvhv iru doo ri orqj udwh vhulhv/ U?/ h{dplqhg1 Wkh vhfrqg froxpq lq Wdeoh 6 olvwv wkh

uhvwulfwlrqv iru hdfk fdvh olvwhg lq froxpq rqh1 Wkh wklug dqg irxuwk froxpqv olvw srlqw hvwlpdwhv iru

wkh plqlpxp urrw phdq vtxduhg suhplxp ghyldwlrqv +UPSG, dqg iru wkh wrwdo vtxduhg suhplxp

ghyldwlrq uhodwlyh wr wkdw iru wkh orqj udwh +lq shufhqwdjh whupv frqglwlrqdo rq wkh srolf| vkrfn, 0

erwk fdofxodwhg dw wkh 7;wk prqwk krul}rq 0 iru hdfk lqwhuhvw udwh frpelqdwlrq1 Zkloh wkh iruphu

vwdwlvwlf ghvfulehv d w|sh ri dyhudjh ghyldwlrq lq wkh suhplxp/ wkh odwwhu khosv xv xqghuvwdqg krz

pxfk ri wkh yduldwlrq lq wkh orqj udwh iroorzlqj wkh srolf| vkrfn lv dwwulexwdeoh wr ghyldwlrqv lq

wkh suhplxp ru dowhuqdwlyho| krz pxfk ri wkh frpsohphqwdu| yduldwlrq lv dwwulexwdeoh wr duelwudjh

dfwlylw| frqvlvwhqw zlwk wkh h{shfwdwlrqv wkhru|1 Irfxvlqj rq wkh fdvhv zkhuh U? ? 45pr> zh vhh

wkdw wkh dyhudjh ghyldwlrq lq wkh suhplxpv iru wkhvh fdvhv duh doo ehorz irxu edvlv srlqwv dqg wkdw
65Idxvw 4<<; shuirupv urexvwqhvv whvwv rq wklv dssduhqw frqvlvwhqf| lq wkh lghqwl�hg YDU olwhudwxuh dqg �qgv wkdw

lghqwl�fdwlrqv h{lvw lq zklfk srolf| h{sodlqv d pdmrulw| vkduh ri wkh yduldqfh ri rxwsxw1
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wkh yduldwlrq lq wkh suhplxp dffrxqwv iru pruh wkdq 8( ri wkh yduldwlrq lq wkh orqj udwh lq rqo|

rqh fdvh +lw dffrxqwv iru 914( zkhq U? @ 5pr=,1 Dffruglqj wr erwk phdvxuhv wkh forvhvw �w wr wkh

h{shfwdwlrqv wkhru| rffxuv zkhq U? @ 9pr> lq zklfk fdvh wkh UPSG lv rqo| 514 edvlv srlqwv dqg

wkh suhplxp yduldwlrq lv rqo| 41;( ri wkdw ri wkh orqj udwh1

Wklv hylghqfh lq vxssruw ri wkh h{shfwdwlrqv wkhru| lv ixuwkhu ghprqvwudwhg lq wkh uhvxowv lq

Wdeoh 7 zklfk vkrzv fryhudjh lqwhuydov iru wkh plqlpxp UPSG dqg uhodwlyh suhpld yduldqfhv

iru wkh rswlpdo fdvhv iru hdfk orqj udwh frqvlghuhg1 Wkhvh uhvxowv vkrz wkdw iru wkrvh lqwhuhvw udwh

frpelqdwlrqv zlwk U? ? 45pr> :8( ri wkh dowhuqdwlyh sdudphwhul}dwlrqv |lhog UPSG*v ri ohvv wkdq

7 edvlv srlqwv zlwk urxjko| ;( ru ohvv ri wkh yduldwlrq ri wkh orqj udwh h{sodlqhg e| wkh suhplxp

yduldwlrq166 Dowkrxjk wkh fryhudjh lqwhuydo iru wkh uhodwlyh suhplxp yduldwlrq zkhq U? @ 5pr lv

vrphzkdw odujhu/ lw vwloo krogv wkdw uhdvrqdeoh vshfl�fdwlrqv fdq eh irxqg lq zklfk wklv vwdwlvwlf lv

ohvv 818( iru 83( ri wkh srvvleoh sdudphwhul}dwlrqv dqg lq frqwlqxhv wr krog wkdw wkh :8( ri wkhvh

sdudphwhul}dwlrqv |lhog UPSG ri ohvv wkdq 7 edvlv srlqwv1 Wkhvh lqwhuydov wkxv ghprqvwudwh wkdw

wkh orz srlqw hvwlpdwhv lq Wdeoh 6 duh qrw xqgxo| rswlplvwlf1

Zkdw derxw zkhq U? @ 45prB Wdeohv 6 dqg 7 vkrz wkdw wkh suhplxp ghyldwlrqv duh odujhu lq

wkhvh fdvhv zlwk UPSG qrz ehwzhhq �yh dqg whq edvlv srlqwv dqg ryhu 43(/ dqg dv pxfk dv :3(/

ri wkh frqglwlrqdo yduldwlrq lq wkh orqj udwh dwwulexwdeoh wr suhplxp yduldwlrq1 Dowkrxjk ixuwkhu

vlpxodwlrqv/ edvhg rq vrph dowhuqdwlyh frpelqdwlrq ri srolf| uhvwulfwlrqv/ frxog srwhqwldoo| xqfryhu

vshfl�fdwlrqv zlwk vpdoohu suhplxp ghyldwlrqv iru wkhvh fdvhv/ zh ghflghg lw pdgh pruh vhqvh wr

wdnh dq dowhuqdwlyh dssurdfk1

Zkloh pdq| sdshuv kdyh ghprqvwudwhg wkh xvhixoqhvv ri wkh ixqgv udwh wr lghqwli| oltxlglw|

h�hfwv lq wkh gdwd/ lw lv suredeo| xquhdolvwlf wr phdvxuh hylghqfh iru wkh h{shfwdwlrqv wkhru| e|

frpsdulqj dq ryhuqljkw udwh zlwk wkh udwh rq d pxfk orqjhu whup lqvwuxphqw1 Dqrwkhu gl!fxow|

lv wkh zhoo nqrzq uhvxow wkdw rxu delolw| wr suhflvho| hvwlpdwh wkh uhvsrqvhv ri dq| yduldeoh wr d

vkrfn ghfuhdvhv zlwk wkh iruhfdvw krul}rq1 Wkxv wkh juhdwhu wkh gl�huhqfh lq pdwxulw| ehwzhhq wkh

vkruw dqg orqj udwhv h{dplqhg/ wkh juhdwhu wkh srwhqwldo iru lq erwk vwdwlvwlfv ehfdxvh wkh dyhudjh

ri wkh h{shfwhg ixwxuh vkruw udwh pxvw eh fdofxodwhg ryhu d orqjhu krul}rq1 Hlwkhu ri wkhvh uhdvrqv

pd| h{sodlq zk| pxfk ri wkh olwhudwxuh wkdw irfxvhv rq wkh lqwhudfwlrq ehwzhhq srolf| dqg wkh

h{shfwdwlrqv wkhru| frqvwudlqv lwvhoi wr wkh vkruw hqg ri wkh whup vwuxfwxuh167

66Vlqfh wkh UPSG dqg suhplxp yduldqfh duh dozd|v srvlwlyh/ �w zlwk uhvshfw wr wkh wkhru| vkrxog eh hydoxdwhg
rq wkh edvlv ri wkh lqwhuydov* sur{lplw| wr }hur udwkhu wkdq zkhwkhu wkh| frqwdlq }hur1 Qrwh wkdw lw zrxog qrw eh
khosixo wr frqvwuxfw lqwhuydov iru wkh dfwxdo sdwk ri wkh suhplxp ehfdxvh srvlwlyh2qhjdwlyh ydoxhv frxog uhvxow iurp
gl�huhqfhv lq wkh qrq0srolf| dvshfwv ri vshfl�fdwlrq dfurvv gudzv dqg qrw rqo| iurp sdudphwhu xqfhuwdlqw|2vdpsolqj
huuru dv lv xvxdoo| wkh fdvh zkhq wkh prgho lv ixoo| lghqwl�hg1

67H1j1 Urehugv/ Uxqnoh dqg Zklwhpdq+4<<9, gr qrw xvh d orqj udwh juhdwhu wkdq 6 prqwkv/ Pdqnlz dqg
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Zlwk wkhvh frqvlghudwlrqv lq plqg/ zh frqvlghu vhyhudo ixuwkhu vhwv ri vlpxodwlrqv wkdw frpsduh

wkh ydulrxv orqj udwh uhvsrqvhv wr wkdw ri wkh rqh prqwk udwh lqvwhdg ri wkh ixqgv udwh1 Wkh

�uvw vhw ri wkhvh duh edvhg rq d prqhwdu| v|vwhp frqvwuxfwhg iurp wkh iroorzlqj yhfwru ri wlph

vhulhv= || @ +\|> S|> SF|>P5|>U
�
| >U

?
| ,= Wkh lghqwli|lqj uhvwulfwlrqv/ F-� @ 3/ iru wkh vlpxodwlrqv

edvhg rq wklv v|vwhp duh= wkdw wkh lqlwldo rqh prqwk udwh lv srvlwlyh> wkh lqlwldo P5 uhvsrqvh

qhjdwlyh> wkdw sulfhv dqg rxwsxw gr qrw uhvsrqg rq lpsdfw ri wkh vkrfn> dqg wkdw frpprglw|

sulfhv uhvsrqg qrq0srvlwlyho| rq lpsdfw ri wkh vkrfn1 Wkhvh uhvwulfwlrqv zhuh vx!flhqw wr rewdlq

lpsxovh uhvsrqvhv wkdw zhuh frqvlvwhqw zlwk rxu sulru eholhiv derxw wkh h�hfwv ri d frqwudfwlrqdu|

srolf| vkrfn1 Iljxuh 5 vkrzv wkh lpsxovh uhvsrqvhv wr d srolf| vkrfn zkhq U? @ 93pr/ dqg Wdeohv

8 dqg 9 wkh fruuhvsrqglqj vwdwlvwlfv dqg fryhudjh lqwhuydov iru wkh plqlpxp UPSG fdvhv iru hdfk

lqwhuhvw udwh frpelqdwlrq zlwk wkh vkruw udwh dozd|v htxdo wr wkh rqh prqwk udwh168 Wkh uhvxowv lq

wkhvh fdvhv duh uhpdundeoh= wkh UPSG duh qrz dw ru ehorz rqh edvlv srlqw> dqg wkh sdwkv iru wkh

suhpld uhvsrqvhv doo vkrz qhjoljleoh ghyldwlrq hyhq zkhq wkh orqj udwh pdwxulw| lv dv orqj dv whq

|hduv1

Wkhvh odwwhu uhvxowv vxssruw wkh ydolglw| ri rxu k|srwkhvhv derxw wkh srwhqwldo gl!fxowlhv lq0

yroyhg lq whvwlqj wkh h{shfwdwlrqv wkhru| xvlqj wkh ixqgv udwh zlwk uhodwlyho| orqj/ orqj0whup lqwhuhvw

udwhv/ exw wkh| pljkw udlvh frqfhuq derxw wkh dssursuldwhqhvv ri lghqwli|lqj srolf| zlwk d vkruw

lqwhuhvw udwh wkdw lv qrw wljkwo| frqwuroohg e| srolf|1 Zkloh lw lv qrw xqfrpprq wr �qg srolf|

lghqwl�fdwlrqv lq wkh olwhudwxuh wkdw xvh orqjhu whupv udwhv wr lghqwli| srolf|/ pxfk ri wkh yduldwlrq

lq orqjhu whup udwhv lv gxh wr sulydwh pdunhw ehkdylru qrw frqwuroohg e| wkh Ihg zklfk pd| ohdg

wr wkh dvvrfldwlrq ri vsxulrxv yduldwlrq zlwk wkh h�hfwv ri d srolf| vkrfn1

Wr dffrxqw iru wklv srvvlelolw|/ zh frqgxfwhg dqrwkhu vhw ri vlpxodwlrqv zklfk djdlq lghqwli|

srolf| lq wkh uhvhuyhv pdunhw exw dovr lqfoxgh wkh rqh prqwk udwh djdlqvw zkrvh sdwk zh fdq

frpsduh wkh sdwkv ri ydulrxv orqj udwhv1 Wkh frpsohwh yhfwru ri yduldeohv lq wkhvh fdvhv zdv=

|| @ +\|> S|> SF|> WU|> UI|>P5|>U
�
| >U

?
| ,= Wkh lghqwli|lqj uhvwulfwlrqv iru wkhvh prqhwdu| v|vwhpv

duh vlplodu wr wkrvh hqxphudwhg deryh dqg duh olvwhg ehorz Wdeoh :169 Dv dq dgglwlrqdo urexvwqhvv

Plurq+4<;9, orrn dw wkh wkuhh prqwk dqg vl{wk prqwk vsuhdg/ Uxghexvfk rqo| orrnv dw wkh vsuhdg ehwzhhq rqh
dqg wzr shulrg udwhv/ Pduvkdoo dqg Hydqv+4<<;, / orrn rqo| dw orqj udwhv zlwk d pdwxulw| ri wkuhh |hduv ru ohvv1

68Iruhfdvw huuru yduldqfh vkduhv iru wkh rswlpdo fdvhv edvhg rq wklv dqg doo iroorzlqj prgho vshfl�fdwlrqv duh qrw
lqfoxghg iru vsdfh uhdvrqv exw duh dydlodeoh xsrq uhtxhvw1

69Vshfl�fdoo|/ zh frqwlqxhg wr uhtxluh wkdw wkh lqlwldo UI uhvsrqvh eh srvlwlyh/wkdw wkh lqlwldo P5/ WU/ dqg SF
uhvsrqvhv eh zhdno| qhjdwlyh/ dqg wkdw sulfhv dqg rxwsxw qrw uhvsrqg zlwklq wkh prqwk ri wkh vkrfn1 Dv zdv wkh
fdvh deryh/ dgglwlrqdo uhvwulfwlrqv zhuh qhhghg wr rewdlq lpsxovh uhvsrqvhv wkdw zhuh frqvlvwhqw zlwk rxu sulru eholhiv
derxw wkh h�hfwv ri d frqwudfwlrqdu| srolf| vkrfn1 Zh irxqg wkdw wkh iroorzlqj dgglwlrqdo frqvwudlqwv zhuh vx!flhqw
lq wklv uhjdug= wkdw wkh lqlwldo WU uhvsrqvh kdyh juhdwhu +qhjdwlyh, pdjqlwxgh wkdw wkh rxwsxw uhvsrqvh lq wkh vhfrqg
prqwk diwhu wkh vkrfn +wr rewdlq d oltxlglw| h�hfw,> wkdw wkh WU uhvsrqvh dw vl{ prqwkv diwhu wkh vkrfn zdv juhdwhu
wkdq wkh rssrvlwh ri wkh lqlwldo P5 uhvsrqvh +wr rewdlq uhdvrqdeoh yduldqfh vkduhv iru wkh ixqgv udwh,> wkdw wkh ixqgv
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fkhfn zh dovr lqfuhdvh wkh qxpehu ri odjv lq wkh YDU wr vl{1 Iljxuh 6 vkrzv wkh lpsxovh uhvsrqvhv

wr d srolf| vkrfn zkhq U? @ 93pr=>dqg Wdeohv : dqg ; wkh fruuhvsrqglqj vwdwlvwlfv dqg fryhudjh

lqwhuydov iru wkh plqlpxp UPSG fdvhv iru hdfk lqwhuhvw udwh frpelqdwlrq xqghu wklv srolf| prg0

holqj vwudwhj|1 Wkh uhvxowv lq wkhvh fdvhv duh djdlq uhpdundeoh= wkh UPSG duh qrz dw ru ehorz

wkuhh edvlv srlqwv> dqg wkh sdwkv iru wkh suhpld uhvsrqvhv doo vkrz qhjoljleoh ghyldwlrq hyhq zkhq

wkh orqj udwh pdwxulw| lv dv orqj dv �yh |hduv1

Zkloh zh eholhyh wkdw Iljxuhv 714 dqg 4 wr 6 suhvhqw d frqylqflqj dujxphqw lq vxssruw ri wkh

frqglwlrqdo h{shfwdwlrqv wkhru| edvhg rq lpsxovh uhvsrqvhv ixqfwlrqv/ zh fdq dovr dvn zkhwkhu wkh

srolf| htxdwlrqv lpsolhg e| wkh rswlpdo ��v duh frqvlvwhqw zlwk wkdw ehkdylrudo lqwhusuhwdwlrq1 Do0

wkrxjk uhvhdufkhuv glvdjuhh rq wkh uhohydqfh ri lqwhusuhwlqj sduwlfxodu DU sdudphwhu hvwlpdwhv lq

wkhvh vhw0xsv/ ehfdxvh rxu h{dplqdwlrq ri wkh lpsolhg srolf| htxdwlrqv lq wkh prghov suhvhqwhg vr

idu glg qrw/ lq jhqhudo/ krog xs wr wklv w|sh ri vfuxwlq|/ zh ghflghg wr uxq d ixuwkhu vhw ri vlpxodwlrqv

zklfk lqfoxghg eholhiv derxw wkh uhodwlyh vljqv ri wkh frqwhpsrudqhrxv srolf| sdudphwhuv lq rxu

sulru1 Ehfdxvh zh dovr zdqwhg wr fkhfn wkdw wkh deryh uhvxowv duh qrw d�hfwhg e| wkh h{foxvlrq ri sr0

whqwldoo| vxshu xrxv yduldeohv vxfk dv frpprglw| sulfhv dqg wkh vhfrqg prqh| djjuhjdwh zh edvhg

wklv odvw vhw ri vlpxodwlrqv rq d vpdoohu v|vwhp ri yduldeohv zlwk || @ +\|> S|>P5|>UI|>U
�
| >U

?
| ,=

Rxu phwkrgrorj| zdv wr �qg d vhw ri vljq dqg vkdsh uhvwulfwlrqv rq wkh yduldeoh lpsxovh

uhvsrqvhv wkdw zdv vx!flhqw wr rewdlq uhdvrqdeoh htxloleulxp sdwkv iru wkh yduldeohv iroorzlqj wkh

vkrfn/ dv zhoo frh!flhqwv iru P5/ \/ dqg S wkdw zhuh rssrvlwh lq vljq wr wkh frh!flhqw iru UI lq

wkh srolf| htxdwlrq lpsolhg e| hdfk rswlpdo � =

��K3�|| @ ��%| +714,

vxfk wkdw wkh lpsolhg srolf| htxdwlrqv wrrn wkh irup=

UI @ i+
n
P5>

n
\ >

n
S> 4pr, . ��%| +715,

zkhuh wkh vljq rq wkh rqh prqwk udwh zdv qrw sduw ri rxu sulru1 Zh djdlq hvwlpdwhg wkh v|vwhp

zlwk vl{ odjv1 Wkh vhw ri lghqwli|lqj uhvwulfwlrqv vx!flhqw wr rewdlq rswlpdo fdvhv vdwlvi|lqj wklv

vhw ri sulruv iru wkh vlpxodwlrqv zlwk wklv vpdoohu gdwd vhw lv olvwhg ehorz Wdeoh 441 Iljxuh 7 vkrzv

wkh lpsxovh uhvsrqvhv wr d srolf| vkrfn zkhq U? @ 93pr/ dqg Wdeohv < dqg 43 wkh fruuhvsrqglqj

udwh zdv vwloo srvlwlyh wzr prqwkv diwhu wkh vkrfn +wr rewdlq shuvlvwhqfh lq wkh oltxlglw| h�hfw,> dqg wkdw wkh lqlwldo
rqh prqwk udwh uhvsrqvh eh zlwklq 58 edvlv srlqwv ri wkh dyhudjh dfwxdo ixqgv udwh uhvsrqvh iru wkh suhfhglqj prqwk
+vxfk wkdw wkh uhvsrqvh lq wkh suhplxp ehwzhhq wkh rqh prqwk udwh dqg wkh ixqgv udwh lv qr pruh wkdq 58 edvlv
srlqwv lq pdjqlwxgh ,1 Wklv odvw uhvwulfwlrq zdv qhfhvvdu| gxh wr wkh gl!fxow| lq lghqwli|lqj prqhwdu| srolf| lq
v|vwhpv zlwk pxowlsoh lqwhuhvw udwhv +vhh Ohhshu/ Vlpv/ ]kd+4<<9, iru glvfxvvlrq,1
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vwdwlvwlfv dqg fryhudjh lqwhuydov iru wkh plqlpxp UPSG fdvhv/ dqg Wdeoh 44 wkh frqwhpsrudqhrxv

srolf| sdudphwhuv iru hdfk lqwhuhvw udwh frpelqdwlrq xqghu wklv srolf| prgholqj vwudwhj|1 Wkh

orqj udwh uhvsrqvhv xqghu wklv lghqwl�fdwlrq vwudwhj| djdlq vkrz uhpdundeoh frqvlvwhqf| zlwk wkh

h{shfwdwlrqv wkhru|1 Lq wklv fdvh wkh UPSG*v duh dozd|v ehorz wzr edvlv srlqwv dqg dffrxqw iru/

dw prvw/ 7(/ dqg prvw riwhq ohvv wkdq 5(/ ri wkh yduldwlrq lq orqj udwhv frqglwlrqdo rq wkh srolf|

glvwxuedqfh1

7151 Grhv Vlpxowdqhlw| PdwwhuB

Ehfdxvh rxu lghqwli|lqj uhvwulfwlrqv gr qrw olplw wkh qdwxuh ri wkh vlpxowdqhlw| ehwzhhq srolf| dqg

wkh erqg pdunhw � srolf| lv dozd|v vshfl�hg wr uhvsrqg frqwhpsrudqhrxvo| wr orqj udwhv dqg erqg

pdunhwv wr srolf| � wkh yduldeoh uhvsrqvhv lq wkh �jxuhv suhvhqwhg khuh duh lqghhg uhsuhvhqwdwlyh

ri wkh h�hfwv ri srolf| udwkhu wkdq ri srolf| uhvsrqvhv wr wkh erqg pdunhw1

Dv d urxjk phdvxuh ri wkh lpsruwdqfh ri vlpxowdqhlw| iru rxu uhvxowv/ Iljxuhv 4 wr 7 lqfoxgh wkh

lpsxovh uhvsrqvhv wr wkh ixqgv udwh vkrfn iurp uhfxuvlyh lghqwl�fdwlrqv xvlqj d Fkrohvn| rughulqj

zklfk doorzv erqg pdunhw uhvsrqvhv wr wkh ixqgv udwh exw qrw wkh uhyhuvh16: Wkh h{dfw rughulqj

iru hdfk vhw ri vlpxodwlrqv dqg wkh uhvshfwlyh uhvxowv zlwk uhvshfw wr wkh h{shfwdwlrqv wkhru| duh

suhvhqwhg lq wkh �iwk dqg vl{wk froxpqv ri Wdeohv 6/ 8/ : dqg <1 Lw lv qrwhzruwk| wkdw iru wkh

fdvhv ri lqwhuhvw +zkhq U? ? <pr zkhq U6 @ UI> dqg doo fdvhv zkhq U6 @ 4pr,/ wkh suhpld

ghyldwlrqv duh yluwxdoo| hyhu|zkhuh vpdoohu lq wkh plqlpxp UPSG fdvhv +zlwk vlpxowdqhlw|, wkdq

lq wkh fruuhvsrqglqj uhfxuvlyh fdvhv erwk lq whupv ri UPSG*v dqg uhodwlyh suhplxp yduldqfhv16;

D frpsdulvrq ri rxu uhvxowv zlwk wkrvh iurp d ixoo| uhfxuvlyh vshfl�fdwlrq fdq qrw dffxudwho|

phdvxuh wkh pdujlqdo lpsdfw ri rxu doorzdqfh iru lqwhudfwlrqv ehwzhhq srolf| dqg wkh erqg pdunhw

krzhyhu1 Zkhuhdv wkh Idxvw surfhgxuh hvwlpdwhv srolf| ehkdylru lq uhvsrqvh wr doo wkh yduldeohv

lq wkh v|vwhp �phdqlqj wkhuh duh srwhqwldoo| pxowlsoh ghjuhhv ri vlpxowdqhlw| wkurxjk zklfk rxu

uhvxowv duh h�hfwhg� d ixoo| uhfxuvlyh v|vwhp grhv qrw doorz iru vlpxowdqhlw| ehwzhhq dq| sdlu

ri yduldeohv1 Ixuwkhu/ ehfdxvh wkh Idxvw dojrulwkp rewdlqv xqghu0lghqwl�hg v|vwhpv +lw rewdlqv

hvwlpdwhv iru wkh srolf| htxdwlrq rqo|,/ zh fdq qrw xvh lw wr lvrodwh wkh h�hfw ri dq| sduwlfxodu

fkdqqho ri vlpxowdqhlw| e| frpsdulqj uhvxowv edvhg rq wkh pdujlqdo lqfoxvlrq ri d uhvwulfwlrq rq

wkh frqwhpsrudqhrxv fruuhodwlrq ehwzhhq yduldeohv16<

6:Wklv rughulqj lv prwlydwhg e| Hydqv dqg Pduvkdoo+4<<;, dqg Hghoehuj dqg Pduvkdoo+4<<9, zkr dvvxph orqj
udwhv uhvsrqg wr srolf| exw qrw ylfh yhuvd1 Rxu rughulqj gl�huv iurp wkhvh e| dovr dozd|v doorzlqj wkh vkruw udwh wr
uhvsrqg wr d prqh| djjuhjdwh +WU ru P5,1

6;Wkh vlqjoh h{fhswlrq lv UY zkhq -? ' 26J lq Wdeoh <1
6< Lq wklv fdvh xqghulghqwl�fdwlrq lpsolhv wkdw wzr v|vwhpv hvwlpdwhg frqglwlrqdo rq wkh pdujlqdo h{foxvlrq2lqfoxvlrq

ri srolf|*v uhvsrqvh wr wkh erqg pdunhw dovr srwhqwldoo| lqfrusrudwh wkh h�hfwv ri rwkhu gl�huhqfhv lq wkh v|vwhpv*
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Wr jhw d ehwwhu vhqvh ri wkh lpsruwdqfh ri erqg pdunhw2srolf| vlpxowdqhlw| lq rewdlqlqj rxu

uhvxowv/ zh frqgxfw d vhulhv ri h{shulphqwv lq d frqyhqwlrqdo/ ixoo| lghqwl�hg iudphzrun1 E| prylqj

wr d ixoo| lghqwl�hg iudphzrun zh duh deoh wr ydu| wkh ghjuhh ri vlpxowdqhlw| ehwzhhq srolf| dqg

wkh erqg pdunhw rq wkh pdujlq dqg wudfh rxw wkh h�hfwv iru prgho �w zlwk wkh h{shfwdwlrqv wkhru|

frqglwlrqdo rq h{rjhqrxv prqhwdu| srolf|1 Vshfl�fdoo|/ zh �uvw hvwlpdwh d ehqfkpdun Ed|hvldq

vwuxfwxudo YDU73 wkdw uhvwulfwv srolf| iurp uhvsrqglqj wr orqj0whup lqwhuhvw udwhv exw doorzv orqj

udwhv uhvsrqvhv wr srolf|1 Zh wkhq uh0hvwlpdwh wkh v|vwhp lqfoxglqj d qrq0}hur sulru yduldqfh dqg

}hur sulru phdq iru wkh sdudphwhu wkdw phdvxuhv srolf|*v uhvsrqvh wr orqj udwhv1 E| frpsdulqj wkh

orqj udwh uhvsrqvhv wr d srolf| vkrfn lq wkhvh vshfl�fdwlrqv wr wkh suhglfwlrqv ri wkh h{shfwdwlrqv

wkhru|/ zh fdq ohduq zkhwkhu doorzdqfh iru vlpxowdqhlw| ehwzhhq srolf| dqg wkh erqg pdunhw

frqwulexwhv wr rxu vxffhvv lq xqfryhulqj hylghqfh iru wkh wkhru|1

Wkh frpsohwh ehqfkpdun vshfl�fdwlrq lv ghvfulehg lq ghwdlo lq Wdeoh 451 Doo ri wkh vshfl�fdwlrqv

duh edvhg rq wkh v|vwhp || @ +\|> S|>P5|>UI|> U�
| >U

?
| ,= Wdeoh 46 vkrzv wkh sdudphwhu hvwlpdwhv

iru wkh ehqfkpdun vshfl�fdwlrq/ dqg Iljxuh 8 vkrzv wkh yduldeoh uhvsrqvhv wr wkh srolf| vkrfn lq

wkh ehqfkpdun prgho zkhq U? @ 69pr= Doo ri wkh vshfl�fdwlrqv hvwlpdwhg rewdlqhg txdolwdwlyho|

uhdvrqdeoh suhglfwlrqv iru wkh h�hfwv ri wkh srolf| vkrfn lq olqh zlwk wkh uhvxowv rewdlqhg xvlqj wkh

Idxvw surfhgxuh1 Prgho gldjqrvwlf whvwv74 lqfoxglqj whvwv ri wkh ryhu0lghqwli|lqj uhvwulfwlrqv zkhuh

dssursuldwh +lq wkh ehqfkpdun prgho, dqg hydoxdwlrq ri wkh ruwkrjrqdolw| dvvxpswlrq edvhg rq

wkh fryduldqfh pdwul{ ri wkh lpsolhg vwuxfwxudo vkrfnv glg qrw uhmhfw dq| vshfl�fdwlrq hvwlpdwhg175

Wdeoh 47 frpsduhv wkh UPSG dqg uhodwlyh suhplxp yduldqfh vwdwlvwlfv iru wkh ehqfkpdun

vshfl�fdwlrq zlwk wkrvh rewdlqhg zkhq wkh sulru yduldqfh rq wkh orqj udwh sdudphwhu lq wkh srolf|

htxdwlrq lv uhvwulfwhg wr eh d idfwru/ �-u > +uhvshfwlyho| 8( dqg 58(, ri wkh sulru yduldqfhv ri wkh

rwkhu frqwhpsrudqhrxv sdudphwhuv lq wkh v|vwhp1 Wkhvh dv|pphwulf sulru yduldqfh uhvwulfwlrqv

h{sdqg2frqwudfw wkh sulru glvwulexwlrq iru wkh srolf| sdudphwhu rq wkh orqj udwh durxqg d }hur

sulru phdq dqg duh wkxv uhihuuhg wr dv �vriw }hur� uhvwulfwlrqv176 Zkhq �-u A 3> zh vkrxog h{shfw

wr rewdlq qrq0}hur hvwlpdwhv iru wklv sdudphwhu li srolf| uhvsrqvhv wr wkh erqg pdunhw duh vxssruwhg

e| wkh gdwd1 Wkhq xqghu wkh k|srwkhvlv wkdw uhfrjqlwlrq ri wkh vlpxowdqhlw| ehwzhhq srolf| dqg

vwuxfwxudo vshfl�fdwlrqv rq wkh sdwk ri orqj udwhv1 Wkh vshfl�fdwlrq ri prqh| ghpdqg/ iru h{dpsoh/ lv qrw slqqhg
grzq xvlqj Idxvw*v phwkrg dqg wkhuhiruh olnho| wr ydu| ehwzhhq vshfl�fdwlrqv1

73Vhh dsshqgl{ iru ghwdlohg lqirupdwlrq rq wkh Ed|hvldq hvwlpdwlrq phwkrgv xvhg1
74Wkhvh whvw uhvxowv duh qrw lqfoxghg khuh gxh wr vsdfh olplwdwlrqv exw duh dydlodeoh xsrq uhtxhvw1
75Wklv rxwfrph ri pxowlsoh qrq0uhmhfwlrqv uh hfwv wkh jhqhulf xqghulghqwl�fdwlrq ri srolf| lq wkh VYDU olwhudwxuh1

Djdlq/ wklv xqghulghqwl�fdwlrq prwlydwhg wkh dssurdfk wr srolf| vshfl�fdwlrq edvhg rq wkh Idxvw surfhgxuh lq wklv
sdshu1

76Frpsduhg wr wkh kdug }hur uhvwulfwlrq lq wkh ehqfkpdun vshfl�fdwlrq zklfk lpsrvhv d }hur sulru phdq dqg
yduldqfh1 Vhh Ohhshu/ Vlpv/ ]kd+4<<9, iru rwkhu h{dpsohv ri EYDU*v hvwlpdwhg zlwk vriw }hur uhvwulfwlrqv1
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erqg pdunhwv lv lpsruwdqw wr xqfryhulqj hylghqfh iru wkh h{shfwdwlrqv wkhru|/ wkhvh qrq0}hur

hvwlpdwhv vkrxog lq wxuq eh dvvrfldwhg zlwk vpdoohu hvwlpdwhg suhplxp ghyldwlrqv frqglwlrqdo rq

d srolf| vkrfn1

Iurp Wdeoh 47 zh vhh wkdw odujhu �-u duh frqvlvwhqwo| dvvrfldwhg zlwk orzhu suhplxp ghyldwlrqv

iroorzlqj d srolf| vkrfn1 Wkh juhdwhvw lpsuryhphqw lq �w zlwk wkh h{shfwdwlrqv wkhru| rffxuv zkhq

U? @ 453pr/ zlwk wkh UPSG idoolqj iurp 41:; edvlv srlqw lq wkh ehqfkpdun vshfl�fdwlrq wr ohvv

wkdq rqh kdoi ri rqh edvlv srlqw zkhq �-u @ 3=58/ zlwk wkh uhodwlyh yduldqfh lq wkh suhplxp

idoolqj ryhu ;3( iurp 65187( wr 8194(1 Lpsuryhphqw lq whupv ri wkh UPSG lv prvw vwdwlvwlfdoo|

vljql�fdqw zkhq wkh orqj udwh xqghu frqvlghudwlrq lv frqvlghudeo| orqj �wkh UPSG zlwk �-u @

3=58 idoov rxwvlgh wkh ehqfkpdun 9;( lqwhuydo zkhq U? A 45pr= dqg rxwvlgh wkh <3( lqwhuydo zkhq

U? A 69pr177 Wklv lv frqvlvwhqw zlwk wkh k|srwkhvlv wkdw srolf| uhvsrqgv wr wkh erqg pdunhw dv

d vrxufh ri lqirupdwlrq derxw ixwxuh vwdwhv ri wkh hfrqrp| vlqfh orqjhu orqj udwhv vkrxog frqwdlq

pruh lqirupdwlrq lq wklv uhjdug178 Zh eholhyh wkdw wkhvh frpelqhg uhvxowv frq�up rxu k|srwkhvlv

wkdw lqwhudfwlrqv ehwzhhq srolf| dqg wkh erqg pdunhw sod| d uroh lq sdvw idloxuhv ri wkh h{shfwdwlrqv

wkhru| lq X1V1 gdwd dv vxjjhvwhg e| PfFdooxp+4<<7,/ dqg wkxv wkdw rxu uhfrjqlwlrq ri wklv vrxufh

ri vlpxowdqhlw| sod|hg d uroh lq xqfryhulqj hylghqfh iru wkh wkhru| lq wkh uhvxowv suhvhqwhg deryh1

7161 Phdvxulqj Srzhu

Wkh sulpdu| phwkrgv hpsor|hg lq wklv sdshu orrn iru wkh ehvw fdvh lq idyru ri wkh h{shfwdwlrqv

wkhru| frqglwlrqdo rq d prqhwdu| srolf| vkrfn e| vhdufklqj iru d uhdvrqdeoh vshfl�fdwlrq ri srolf|

zlwk wkh vpdoohvw phdq vtxduhg suhplxp ghyldwlrq iroorzlqj d srolf| vkrfn1 Zh dujxhg deryh wkdw

wklv dssurdfk lv xqeldvhg ehfdxvh lw grhv qrw suhfoxgh odujh suhplxp ghyldwlrqv lq wkh plqlpxp

fdvhv1 \hw lw lv uhdvrqdeoh wr dvn zkhwkhu vxfk dq rxwfrph lv dw doo olnho| lq wkh hyhqw wkdw wkh

h{shfwdwlrqv wkhru| grhv qrw krog frqglwlrqdo rq d srolf| vkrfn1 Dv d urxjk phdvxuh ri srzhu/

vhyhudo lqglylgxdov vxjjhvwhg zh shuirup d vlplodu vhdufk iru hylghqfh ri wkh wkhru| frqglwlrqdo rq

d qrq0srolf| vkrfn1 Wkh idloxuh ri wkh xqfrqglwlrqdo irup ri wkh wkhru| lpsolhv wkdw zh vkrxog

h{shfw lw wr idlo frqglwlrqdo rq dw ohdvw rqh w|sh ri vkrfn1
77Wkh suredelolw| lqwhuydov uhsruwhg lq Wdeoh 47 duh iurp vlpxodwhg srvwhulru glvwulexwlrqv frqvwuxfwhg dffruglqj

wr phwkrgv rxwolqhg lq Vlpv dqg ]kd +4<<;e/ 4<<<,1
78Zkloh wkh Uhodwlyh Yduldqfh ydoxhv zkhq >-q : f gr qrw idoo rxwvlgh wkh 9;( ru <8( lqwhuydov iurp wkh ehqfkpdun

vshfl�fdwlrq/ h{dplqdwlrq ri wkhvh srvwhulruv glvwulexwlrqv vkrzv wkhp wr kdyh uhodwlyho| idw wdlov1 Wklv pd| eh wkh
uhvxow ri wzr idfwruv1 Iluvw/ wkh srvwhulru vsuhdg iru erwk UPSG dqg Uho Ydu1 lqfuhdvh zlwk q ehfdxvh wkh| duh edvhg
rq lpsxovh uhvsrqvhv zkrvh hvwlpdwlrq suhflvlrq ghfuhdvhv zlwk wkh iruhfdvw krul}rq vxfk wkdw suhplxpv lqyroylqj
orqjhu orqj udwhv duh dovr ohvv suhflvho| hvwlpdwhg1 Vhfrqgo|/ zh pljkw h{shfw juhdwhu vsuhdg lq wkh Uho1 Ydu1 srvwhulru
dw doo orqj udwh pdwxulwlhv vlqfh lw lqyroyhv d udwlr ri yduldqfhv pdnlqj yhu| vpdoo dqg yhu| odujh ydoxhv pruh suredeoh
0 wkh| fdq qrz uhvxow iurp hlwkhu uhodwlyho| vpdoo +odujh, qxphudwruv ru uhodwlyho| odujh +vpdoo, ghqrplqdwruv1
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Wr wklv hqg zh shuiruphg wkh vdph whfkqltxhv plqlpl}lqj wkh phdq vtxduhg suhplxp ghyldwlrqv

vxemhfw wr uhvwulfwlrqv vx!flhqw wr rewdlq lpsxovh uhvsrqvhv frqvlvwhqw zlwk d prqh| ghpdqg

vkrfn lqwhusuhwdwlrq1 Lq wklv fdvh wkh lpsxovh uhvsrqvhv zhuh mxgjhg uhdvrqdeoh zkhq zh revhuyhg

lqfuhdvhv lq wkh prqh| vwrfn dqg vkruw lqwhuhvw udwhv/ dqg ghfuhdvhv lq sulfhv dqg rxwsxw/ lq uhvsrqvh

wr wkh ghpdqg vkrfn179 Zh glg qrw irup dq| sulruv ru sodfh dq| uhvwulfwlrqv rq wkh ehkdylru ri wkh

rqh prqwk ru orqjhu whup lqwhuhvw udwhv1 Wkh vhw ri vx!flhqw uhvwulfwlrqv lq hdfk fdvh duh qrwhg dw

wkh erwwrp ri Wdeoh 481 Wdeoh 48 dovr uhsruwv wkh UPSG dqg uhodwlyh yduldqfh vwdwlvwlfv iru wkh

plqlpxp fdvhv rewdlqhg iru hdfk vlpxodwlrq1 Erwk vwdwlvwlfv frpsduh wkh sdwkv iru wkh orqj udwhv

olvwhg lq froxpq rqh djdlqvw wkhlu suhglfwhg sdwk xqghu wkh wkhru| zlwk U6 @ 4pr1

Iurp Wdeoh 48 zh vhh wkdw wkh devroxwh vl}h ri wkh suhplxp ghyldwlrqv iroorzlqj d ghpdqg

vkrfn duh frpsdudeoh wr wkrvh frqglwlrqdo rq d srolf| vkrfn1 Uhodwlyh wr wkh yduldwlrq lq wkh orqj

udwh/ krzhyhu/ wkh suhplxp ghyldwlrqv lq uhvsrqvh wr d ghpdqg vkrfn duh lq jhqhudo qrwlfhdeo|

odujhu1 Zkhq wkh orqj udwh pdwxulw| lv juhdwhu wkdq 9 prqwkv/ wkh yduldqfh lq wkh suhplxp uhodwlyh

wr wkh orqj udwh lv juhdwhu wkdq 48(/ dqg dv pxfk 79(1 Wkhvh suholplqdu| �qglqjv vxjjhvw wkdw wkh

h{shfwdwlrqv wkhru| idlov frqglwlrqdo rq d prqh| ghpdqg vkrfn1 Pruh lpsruwdqw iru wkh suhvhqw

dqdo|vlv/ wkh uhvxowv lq Wdeoh 48 ghprqvwudwh wkdw wkh vhdufk dojrulwkp xvhg lq wklv sdshu lv fdsdeoh

ri uhmhfwlqj wkh wkhru| zkhq vxfk dq rxwfrph lv qrw vxssruwhg e| wkh gdwd1

7171 Vhqvlwlylw| wr Vxevdpsolqj

Wkh idfw wkdw rxu uhvxowv rewdlq zlwk hvwlpdwhv iurp dq xqeurnhq gdwd vhw lqglfdwhv wkdw qrq0

olqhdulwlhv dvvrfldwhg zlwk srolf| uhjlph fkdqjhv duh qrw lqghshqghqwo| uhohydqw wr wkh vxffhvv ru

idloxuh ri wkh h{shfwdwlrqv wkhru|1 Vrph uhdghuv pd| qrqh0wkh0ohvv �qg d vlplodu dqdo|vlv edvhg rq

d eurnhq gdwd vhw lqwhuhvwlqj1 Zh shuiruphg wkh vhdufk dqdo|vlv vhohfwlyho| rq gdwd vxe0vdpsohv

iurp suh04<:< dqg srvw04<;5 fruuhvsrqglqj wr wkrvh xvhg lq Ehuqdqnh dqg Plkry+4<<;,1 Wdeoh

49 uhsruwv uhvxowv iurp wkh plqlpxp UPSG fdvhv iru hdfk vxevdpsoh zkhq U? @ 6> 9 dqg <

prqwkv +U6 @ UI , dqg Iljxuhv 9 dqg : vkrz wkh lpsxovh uhvsrqvhv iru wkh uhvshfwlyh vxevdpsohv

zkhq U? @ 9pr +U6 @ UI ,1 Iurp wkhvh zh vhh wkdw dowkrxjk wkh vkrfnv lghqwl�hg lq hdfk

vxe0shulrg |lhog zhdnhu sulfh/ dqg uhvshfwlyho| zhdnhu dqg vwurqjhu rxwsxw uhvsrqvhv uhodwlyh wr

wkrvh hvwlpdwhg iurp wkh ixoo vdpsoh/7: rxu frqfoxvlrqv derxw wkh h{shfwdwlrqv wkhru| frqglwlrqdo

rq prqhwdu| srolf| duh pdlqwdlqhg1 Lq sduwlfxodu/ wkh UPSG lq hyhu| fdvh lv ehorz rqh edvlv srlqw
79Jdol+4<<5, hvwlpdwhv lpsxovh uhvsrqvhv wr d prqh| ghpdqg vkrfn zlwk wkh vdph vljqv1 Lq wkdw sdshu/ dqg lq rxu

sulru/ wkh Ihg lv dvvxphg wr sduwldoo| dffrpprgdwh prqh| ghpdqg vkrfnv1
7:Wkh idfw wkdw wkh rxwsxw dqg sulfh uhvsrqvhv ydu| lq wkh vxevdpsohv vkrxog qrw eh wdnhq wr phdq wkdw wkhuh lv

sdudphwhu lqvwdelolw| ehfdxvh wkh v|vwhpv duh xqghulghqwl�hg1
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dqg wkh yduldqfh lq wkh whup suhplxp dffrxqwv iru ohvv wkdq �yh shufhqw ri wkh yduldwlrq lq wkh

orqj udwh lq doo fdvhv h{fhsw zkhq U? @ <pr lq zklfk fdvh lw dffrxqwv iru qlqh shufhqw ru ohvv1

81 Frqfoxvlrqv

Wkh uhvxowv lq wklv sdshu ghprqvwudwh wkh h{lvwhqfh ri vwuxfwxudo/ gdwd frqvlvwhqw/ prghov ri X1V1

hfrqrp| lq zklfk orqj udwh uhvsrqvhv wr dq h{rjhqrxv fkdqjh lq srolf| duh forvho| suhglfwhg e| wkh

h{shfwdwlrqv wkhru|1 Wklv �qglqj lv hvshfldoo| uhohydqw wr srolf| pdnhuv lq wkdw lw surylghv vxssruw

iru d whup vwuxfwxuh fkdqqho ri prqhwdu| srolf|1 Ixuwkhu/ rxu plqlpdoo| uhvwulfwlyh dssurdfk wr wkh

hpslulfdo lghqwl�fdwlrq ri prqhwdu| srolf|/ hqvxuhv wkdw wklv hylghqfh lv frqvlvwhqw zlwk d eurdg

fodvv ri srolf| vshfl�fdwlrqv irxqg lq wkh fxuuhqw olwhudwxuh1

Zkloh rxu uhvxowv vxssruw d whup vwuxfwxuh fkdqqho iru prqhwdu| srolf|/ wkh| duh lqfrqfoxvlyh

derxw wkh lpsruwdqfh ri wklv fkdqqho iru wkh ghwhuplqdwlrq ri hlwkhu djjuhjdwh rxwsxw ru sulfhv1

Hylghqfh iurp wkh lpsxovh uhvsrqvhv dqg wkh yduldqfh ghfrpsrvlwlrqv lv ghflghgo| pl{hg zlwk

wkh rxwsxw dqg sulfh h�hfwv ydu|lqj iurp qhjoljleoh +zlwk rqo| 8( ri wkh yduldqfh lq rxwsxw/ dqg

ohvv wkdq 4( ri wkh yduldqfh lq sulfhv/ h{sodlqhg e| wkh srolf| vkrfn dw wkh iruw|0hljkwk prqwk

krul}rq, wr pruh vxevwdqwldo +zlwk doprvw 73( dqg 63( uhvshfwlyho| h{sodlqhg e| srolf|,1 Wklv

dpeljxlw| zlwk uhvshfw wr wkh sulfh dqg rxwsxw h�hfwv ri prqhwdu| srolf| lv gluhfwo| uhodwhg wr

wkh xqghulghqwl�hg vwdwh ri wkh v|vwhpv hvwlpdwhg xvlqj wkh Idxvw surfhgxuh/ exw lw dovr uh hfwv

wkh xqfhuwdlqw| derxw wkh txdqwlwdwlyh h�hfwv ri prqhwdu| srolf| fxuuhqw lq wkh olwhudwxuh1 Ylhzhg

lq wklv oljkw/ wljkwhu uhvxowv rq wkh vwuhqjwk ri wkh rxwsxw dqg sulfh uhvsrqvhv wr srolf| rewdlqhg

wkurxjk dgglwlrqdo lghqwli|lqj uhvwulfwlrqv/ zrxog dsshdu pruh gh�qlwlyh exw/ lq idfw/ eh qr pruh

urexvw wkdq wkrvh zh suhvhqw khuh1

Wkh jrrg qhzv rq wkh h{lvwhqfh ri d whup vwuxfwxuh srolf| fkdqqho lv whpshuhg e| rxu frqvlvwhqw

�qglqj wkdw wklv fkdqqho qhyhu dffrxqwhg iru d pdmrulw|�dqg lq doo vlpxodwlrqv iru urxjko| ohvv wkdq

63( � ri wkh yduldwlrq lq orqj udwhv1 Wklv �qglqj lq frpelqdwlrq zlwk wkh xqfrqglwlrqdo idloxuh

ri wkh wkhru| lpsolhv d gdqjhu wr srolf| pdnhuv lq lqwhusuhwlqj d jlyhq +xqfrqglwlrqdo, lqfuhdvh

lq orqj udwhv dv qhfhvvdulo| uh hfwlqj pdunhw h{shfwdwlrqv ri ixwxuh udwhv/ dqg wkxv ri srolf| ru

lq dwlrq h{shfwdwlrqv1 Dowkrxjk rxu �qglqjv lqglfdwh wkdw srolf| pdnhuv fdq ihho pruh frq�ghqw

lq suhglfwlqj wkh h�hfw ri wkhlu lqwhuyhqwlrqv rq orqj udwhv/ wkh h{shfwdwlrqv wkhru| frqwlqxhv wr

eh dq hpslulfdoo| xqmxvwl�hg wrro iru suhglfwlqj wkh qrq0srolf| uhodwhg/ pdmrulw| sruwlrq ri wkh

yduldwlrq lq orqj udwhv1

Shukdsv wkh prvw lpsruwdqw frqwulexwlrq ri wklv sdshu lv wkdw zh duh deoh wr �qg hylghqfh
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iru wkh h{shfwdwlrqv wkhru| e| euhdnlqj grzq wkh fruuhodwlrq ehwzhhq orqj dqg vkruw udwhv lqwr

srolf| dqg qrq0srolf| uhodwhg frpsrqhqwv1 Lq rxu ylhz/ wklv glylvlrq dqg rxu dffrpsdq|lqj vxffhvv

kdyh lpsruwdqw lpsolfdwlrqv iru wkh lqwhusuhwdwlrq ri suhylrxv zrun lq wklv duhd1 Prvw lpsruwdqwo|/

wklv dssurdfk uhtxluhg wkdw zh glvhqwdqjoh srolf| uhvsrqvhv wr wkh erqg pdunhw iurp erqg pdunhw

uhvsrqvhv wr srolf|/ zkhuhdv pxfk ri wkh suhylrxv zrun lq wklv duhd lv edvhg rq vlqjoh htxdwlrq

uhjuhvvlrqv ru ryhuo| uhvwulfwlyh YDU*v wkdw gr qrw ixoo| dffrxqw iru vlpxowdqhlwlhv lq wkh ghwhupl0

qdwlrq ri orqj dqg vkruw lqwhuhvw udwhv1 Rxu dqdo|vlv ri wkh pdujlqdo h�hfw ri rxu doorzdqfh iru vxfk

vlpxowdqhlw| ghprqvwudwhg wkdw wkhvh frqvlghudwlrqv zhuh lqghhg uhohydqw wr xqfryhulqj hylghqfh

iru wkh wkhru|1 Rxu frpelqhg uhvxowv wkxv lpso| wkdw pdq| ri wkh sdvw uhfrughg idloxuhv ri wkh

wkhru| pd| eh gxh wr lqdssursuldwh hfrqrphwulfv1

Lq frqwudvw/ vhyhudo dxwkruv/ lqfoxglqj Pdqnlz dqg Plurq+4<;9,/ Kdplowrq+4<;;,/ dv zhoo dv wkh

suhylrxvo| qrwhg erg| ri olwhudwxuh ghulyhg iurp wkhvh vhplqdo sdshuv/ kdyh vxjjhvwhg wkdw suhylrxv

idloxuhv ri wkh wkhru| duh gxh wr Ihghudo Uhvhuyh ehkdylru1 Wkh| fodlp wkdw vkruw udwh vprrwklqj

e| wkh Ihg ru srolf| uhjlph fkdqjhv h{sodlq wkh uhfrughg idloxuhv ri wkh wkhru| dv d suhglfwru iru

xqfrqglwlrqdo lqwhuhvw udwh yduldwlrq1 Wkhvh fodlpv duh lqfrqvlvwhqw zlwk wkh �qglqjv lq wklv sdshu1

Rxu uhvxowv duh ghulyhg iurp d qrq0sduvlprqlrxv hvwlpdwlrq ri klvwrulfdo Ihg ehkdylru dqg |hw �qg

hylghqfh ri vljql�fdqw duelwudjh dfwlylw| frqvlvwhqw zlwk wkh h{shfwdwlrqv wkhru| iroorzlqj d srolf|

vkrfn1 Vlploduo|/ li srolf| uhjlph fkdqjhv frxog dorqh h{sodlq wkh idloxuh ri wkh wkhru|/ wkhq zh

vkrxog qrw eh deoh wr xqfryhu hylghqfh iru wkh wkhru| frqglwlrqdo rq dq| w|sh ri vkrfn edvhg rq d

olqhdu prgho hvwlpdwhg iurp dq xqeurnhq gdwd vhw1

Pruh frqvwuxfwlyho|/ rxu uhvxowv vxjjhvw d qhz gluhfwlrq iru uhvhdufk rq wkh h{shfwdwlrqv wkhru|1

Lq �qglqj wkdw wkh wkhru| vhhpv wr krog frqglwlrqdo rq h{rjhqrxv prqhwdu| srolf|/ rxu uhvxowv

lpso| wkdw wkh idloxuh ri wkh xqfrqglwlrqdo wkhru| ghulyhv iurp d qrq0srolf|/ dqg olnho| h{rjhqrxv/

vrxufh1 Dowkrxjk pruh h{whqvlyh dqdo|vlv lv zduudqwhg/ rxu suholplqdu| uhvxowv rq wkh wkhru|

frqglwlrqdo rq prqh| ghpdqg vkrfnv vxjjhvw wkdw wkhvh vkrfnv duh d srwhqwldo vrxufh ri wkh wkhru|*v

xqfrqglwlrqdo idloxuh1 Zkdwhyhu wkh qrq0srolf| vrxufh/ lw lv olnho| h{rjhqrxv ehfdxvh wkh lqwhuhvw

udwh sdwkv hvwlpdwhg lq wklv sdshu lqfrusrudwh erwk hqgrjhqrxv srolf| dqg sulydwh ehkdylru dqg

|hw vxssruw wkh wkhru| frqglwlrqdo rq d srolf| vkrfn7;1 Doo vshfxodwlrq dvlgh krzhyhu/ wkh uhvxowv

lq wklv sdshu vxjjhvw wkdw ixwxuh uhvhdufk lqwr wkh fdxvhv ri wkh xqfrqglwlrqdo idloxuh zrxog ehqh�w

iurp d vwuxfwxudo dssurdfk wr wkh gdwd1
7;Wklv suhvxphv �dv gr YDU*v lq jhqhudo� wkdw hqgrjhqrxv ehkdylru lv vwdeoh lq uhvsrqvh wr rwkhu vkrfnv1
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91 Gdwd Dsshqgl{

41 +\ ,= orj ri uhdo JGS/ vhdvrqdoo| dgmxvwhg/ eloolrqv ri fkdlq 4<<5 grooduv1 Vrxufh= EHD1
Prqwko| uhdo JGS lv lqwhusrodwhg e| Ohhshu/ Vlpv/ ]kd +4<<9,

51 +S , = orj ri FSL/ frqvxphu sulfh lqgh{ iru xuedq frqvxphuv/ vhdvrqdoo| dgmxvwhg1 Vrxufh=
Exuhdx ri Hfrqrplf Dqdo|vlv/ wkh Ghsduwphqw ri Frpphufh1 +EHD,

61 +FS ,= orj ri Frpprglw| sulfhv/ Lqwhuqdwlrqdo Prqhwdu| Ixqg*v lqgh{ ri zruog frpprglw|
sulfhv1 Vrxufh= Lqwhuqdwlrqdo Ilqdqfldo Vwdwlvwlfv

71 +WU, = orj ri wrwdo uhvhuyhv vwrfn/ euhdn dgmxvwhg/ vhdvrqdoo| dgmxvwhg1 Vrxufh= Erdug ri
Jryhuqruv ri wkh Ihghudo Uhvhuyh V|vwhp +ERJ,

81 +UI , Ihghudo ixqgv h�hfwlyh udwh/ prqwko| dyhudjh1 Vrxufh= ERJ Frqwlqxrxvo| frpsrxqghg
dqg frqyhuwhg wr 698 gd| edvlv1

91 +P5, = orj ri P5 prqh| vwrfn/ vhdvrqdoo| dgmxvwhg/ eloolrqv ri grooduv1 Vrxufh= ERJ

:1 +U?, = Orqj0Whup Lqwhuhvw Udwhv/ }hur frxsrq erqg |lhogv/ frqwlqxrxvo| frpsrxqghg1 4<8<=40
4<<4=5 gdwd duh iurp wkh PfFrooxfk dqg Nzrq gdwd vhw wkdw duh dovr wd{ dgmxvwhg/ 4<<5=50
4<<8=45 duh iurp Eolvv +4<<7, dqg duh qrw wd{ dgmxvwhg1 Hydqv dqg Pduvkdoo+4<<;, fkhfn
wkh ryhuods lq wkh gdwd vhwv dqg �qg wkh gl�huhqfh lq wd{ wuhdwphqw lq wkh wzr vhwv wr eh
qhjoljleoh1

59



:1 Ed|hvldq Hvwlpdwlrq

Wkh YDU*v lq wklv sdshu duh hvwlpdwhg xvlqj phwkrgv rxwolqhg lq Vlpv dqg ]kd+4<<;e,1 Dv
glvfxvvhg lq wkdw sdshu/ wkh mrlqw qrupdo sulru iru wkh sdudphwhuv ri hdfk prgho lv frqvwuxfwhg/
iru frpsxwdwlrqdo uhdvrqv/ iurp d pdujlqdo glvwulexwlrq iru Df dqg d frqglwlrqdo glvwulexwlrq iru
DrmDf> v A 31 Wkh pdujlqdo glvwulexwlrq iru Df lv lqlwldoo| vshfl�hg zlwk d gldjrqdo fryduldqfh
pdwul{ rq wkh qrq0}hur hohphqwv ri Df= Wkh frqglwlrqdo sulru phdq iru D�mDf lv Df lwvhoi zkloh wkh
frqglwlrqdo sulru phdqv iru DrmDf> v A 3/ duh }hur uh hfwlqj dq dvvxpswlrq wkdw wkh uhgxfhg irup
prghov iru lqglylgxdo yduldeohv duh udqgrp zdonv1 Wkh sulru vwdqgdug ghyldwlrqv iru wkh hohphqwv
ri Dr duh dvvxphg wr vkulqn zlwk v dqg wkh hohphqwv ri Dr duh dovr lqlwldoo| wdnhq wr eh xqfruuhodwhg1
Dv lq Vlpv dqg ]kd+4<<;e, L wkhq dgg gxpp| revhuydwlrqv wr wkh hvwlpdwlrq lq rughu wr doorz iru
fruuhodwlrq dfurvv wkh hohphqwv ri D lq wkh sulru1 Wkh gxpp| revhuydwlrqv uh hfw wkh h{shfwdwlrq
wkdw qr0fkdqjh iruhfdvwv ri wkh prgho*v yduldeohv duh olnho| wr eh jrrg dqg zdv khosixo lq fruuhfwlqj
iru wkh rwkhuzlvh frpprq rffxuuhqfh lq wkhvh prghov wkdw wkh ghwhuplqlvwlf frpsrqhqwv ri wkh
hvwlpdwhg v|vwhp h{sodlq dq lpsodxvleo| odujh dprxqw ri wkh klvwrulfdo yduldwlrq lq wkh gdwd1 Wkh
srvwhulru glvwulexwlrqv hvwlpdwhg edvhg rq wklv sulru zhuh wkhq vlpxodwhg xvlqj wkh Jleev vdpsolqj
phwkrg iru vwuxfwxudo YDUv ghyhorshg lq Zdjjrqhu dqg ]kd+5333,1

Dv qrwhg lq wkh wh{w ri wklv sdshu/ wkh dowhuqdwlyh srolf| vshfl�fdwlrqv riwhq wrrn wkh irup ri
dv|pphwulf dvvxpswlrqv rq wkh sulru yduldqfhv iru lqglylgxdo hohphqwv ri Df zklfk dsshduhg lq
wkh srolf| htxdwlrq1 Wklv zdv dffrpsolvkhg e| pxowlso|lqj wkh sulru yduldqfh ri wkh yduldeoh ri
lqwhuhvw e| dq dgglwlrqdo sdudphwhu/� 5 ^3> 4` zklfk uh hfwhg dq dvvxpswlrq derxw lwv ydoxh uhodwlyh
wr wkh rwkhu frqwhpsrudqhrxv sdudphwhuv1
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Uhihuhqfhv

^4` Dnkwdu/ P1D1 +4<<8, �Prqhwdu| Srolf| dqg Orqj0Whup Lqwhuhvw Udwhv= D Vxuyh| ri wkh Hp0
slulfdo Olwhudwxuh/� Frqwhpsrudu| Hfrqrplf Srolf|/ Yro1 [LLL/ Mxo|

^5` Edxzhqv/ Oxf/ Oxeudqr/Plfkho/ dqg Ulfkdug/ Mhdq0Iudqfrlv+4<<<, Ed|hvldq Lqihuhqfh lq G|0
qdplf Hfrqrphwulf Prghov/ R{irug Xqlyhuvlw| Suhvv/ R{irug

^6` Ehuqdqnh/ Ehq V1/ dqg Eolqghu/ Dodq V1+4<<5, �Wkh Ihghudo Ixqgv Udwh dqg wkh Fkdqqhov ri
Prqhwdu| Wudqvplvvlrq/� Wkh Dphulfdq Hfrqrplf Uhylhz/ yro1 ;5/ qr1 7/ <340<54

^7` Ehuqdqnh/ Ehq V / dqg Plkry/ Loldq1 +4<<;, �Phdvxulqj Prqhwdu| Srolf|/� Txduwhuo| Mrxuqdo
ri Hfrqrplfv 446+6, ;9<0<35

^8` Eolvv+4<<9, �Whvwlqj Whup Vwuxfwxuh Hvwlpdwlrq Phwkrgv/� Ihghudo Uhvhuyh Edqn ri Dwodqwd
Zrunlqj Sdshu Vhulhv/ <9045

^9` Fdpsehoo/ Mrkq \1 dqg Vkloohu/ Urehuw M1 +4<<4, �\lhog Vsuhdgv dqg Lqwhuhvw Udwh Pryhphqwv=
D Elug*v H|h Ylhz/� Uhylhz ri Hfrqrplf Vwxglhv/ 8; 7<80847

^:` Fkulvwldqr/ Odzuhqfh M1/ dqg Hlfkhqedxp/ Pduwlq +4<<5, �Oltxlglw| H�hfwv dqg wkh Prqhwdu|
Wudqvplvvlrq Phfkdqlvp/� Wkh Dphulfdq Hfrqrplf Uhylhz/ Yro 1;5

^;` Fkulvwldqr/ Hlfkhqedxp dqg Hydqv+4<<9,�Wkh h�hfwv ri Prqhwdu| srolf| Vkrfnv= Hylghqfh
iurp wkh Iorz ri Ixqgv� Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ Yro :;/ qr1 4/

^<` Fkulvwldqr/ Odzuhqfh/ Hlfkhqedxp/ Pduwlq/ dqg Hydqv/ Fkduohv O1+4<<;, �Prqhwdu| Srolf|
Vkrfnv= Zkdw Kdyh Zh Ohduqhg dqg wr Zkdw HqgB� Lq Kdqgerrn ri Pdfurhfrqrplfv/ Mrkq
E1 Wd|oru dqg Plfkdho Zrrgirug/hgv1 +Dpvwhugdp= Hovhylhu Vflhqfh,

^43` Frrn/ Wlprwk| dqg Kdkq/ Wkrpdv +4<;<, � Wkh H�hfw ri Fkdqjhv lq wkh Ihghudo Ixqgv Udwh
Wdujhw rq Pdunhw Lqwhuhvw Udwhv lq wkh 4<:3*v/� Mrxuqdo ri Prqhwdu| Hfrqrplfv 57

^44` Frrn/ Wlprwk|/ dqg Kdkq/ Wkrpdv/ +4<<4, �Lqwhuhvw Udwh H{shfwdwlrqv dqg wkh Vorsh ri wkh
Prqh| Pdunhw \lhog Fxuyh/� Ihghudo Uhvhuyh Edqn ri Ulfkprqg Hfrqrplf Uhylhz/ Vhswhp0
ehu2Rfwrehu

^45` Fxwkehuwvrq/ Nhlwk/ Kd|hv/ Vlprq/ dqg Qlw}vfkh/ Glun +5333, �Duh Jhupdq Prqh| Pdunhw
Udwhv Zhoo EhkdyhgB� Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro 57+5333,

^46` Gdl / Tldqj/ dqg Vlqjohwrq/ Nhqqhwk M11+4<<:, �Vshfl�fdwlrq Dqdo|vlv ri D!qh Whup Vwuxfwxuh
Prghov/� QEHU Zrunlqj Sdshu Vhulhv/ qr1 945;

^47` GhMrqj/ Gdylg Q1/ dqg Zklwhpdq/ Fkduohv K1 +4<<9,/�Ed|hvldq Lqihuhqfh lq G|qdplf Htxl0
oleulxp Prghov= Dq Dssolfdwlrq wr wkh Udwlrqdo H{shfwdwlrqv Prgho ri wkh Whup Vwuxfwxuh/�
lq Ed|hvldq Dqdo|vlv lq Vwdwlvwlfv dqg Hfrqrphwulfv= Hvvd|v lq Krqru ri Duqrog ]hooqhu/ hgv1
Grqdog D1 Ehuu|/ Ndwku|q P1 Fkdorqhu/ dqg Mrkq N1 Jhzhnh/ Mrkq Zloh| ) Vrqv/ Lqf1

^48` Grwvh|/ Plfkdho/ dqg Luhodqg/ Shwhu1+4<<8, � Oltxlglw| H�hfwv dqg Wudqvdfwlrq Whfkqrorjlhv/�
Mrxuqdo ri Prqh| Fuhglw dqg Edqnlqj 5:/ Frqihuhqfh rq Oltxlglw|/ Prqhwdu| Srolf|/ dqg
Ilqdqfldo Lqwhuphgldwlrq/ Qryhpehu 4<<8/ 47740478:

79



^49` Grwvh|/ Plfkdho/ dqg Rwurn/ Fkulvwrskhu +4<<8, �Wkh Udwlrqdo H{shfwdwlrqv K|srwkhvlv ri
wkh Whup Vwuxfwxuh/ Prqhwdu| Srolf|/ dqg Wlph Ydu|lqj Whup Suhpld/� Ihghudo Uhvhuyh Edqn
ri Ulfkprqg Hfrqrplf Txduwhuo|/ Yroxph ;424/ Zlqwhu

^4:` Grwvh|/ Plfkdho +4<<;, � Wkh Suhglfwlyh Frqwhqw ri wkh Lqwhuhvw Udwh Vsuhdg iru Ixwxuh Hfr0
qrplf Jurzwk/� Ihghudo Uhvhuyh Edqn ri Ulfkprqg Hfrqrplf Txduwhuo|/ Yro ;726 Vxpphu

^4;` Hghoehuj/ Zhqg|/ dqg Pduvkdoo/ Gdylg1 +4<<9, � Prqhwdu| Srolf| Vkrfnv dqg Orqj0Whup
Lqwhuhvw Udwhv/� Hfrqrplf Shuvshfwlyhv/ Ihghudo Uhvhuyh Edqn ri Fklfdjr/ Vsulqj

^4<` Hoolqjvhq/ Wruh/dqg Vrhghuvwurhp/Xoi +5333,/ �Prqhwdu| Srolf| dqg Pdunhw Lqwhuhvw Udwhv/�
Dphulfdq Hfrqrplf Uhylhz/ iruwkfrplqj

^53` Hvwuhood/ Duwxur/ dqg Plvknlq/ Iuhghulf V1 +4<<8, �Wkh Whup Vwuxfwxuh ri Lqwhuhvw Udwhv dqg
lwv Uroh lq Prqhwdu| Srolf| iru wkh Hxurshdq Fhqwudo Edqn/� QEHU Zrunlqj Sdshu Vhulhv/
qr1 85:<

^54` Hydqv/ Fkduohv O1/ dqg Pduvkdoo/ Gdylg D1+4<<;, �Prqhwdu| Srolf| dqg wkh Whup Vwuxfwxuh
ri Qrplqdo Lqwhuhvw Udwhv= Hylghqfh dqg Wkhru|/� Fduqhjlh Urfkhvwhu Frqihuhqfh Vhulhv rq
Sxeolf Srolf|/ Yro1 7</ Ghfhpehu

^55` Idxvw/ Mrq1 +4<<;, �Wkh Urexvwqhvv ri Lghqwl�hg YDU Frqfoxvlrqv Derxw Prqh|/� Fduqhjlh
Urfkhvwhu Vhulhv rq Sxeolf Srolf| 7</ Ehqqhww W1 PfFdooxp dqg Fkduohv L1 Sorvvhu/ hgv1
+Dpvwhugdp=Hovhylhu, 53:0577

^56` Idxvw/ Mrq/ dqg Urjhuv/ Mrkq K1 +4<<<, �Prqhwdu| Srolf|*v Uroh lq H{fkdqjh Udwh Ehkdylru�
Lqwhuqdwlrqdo Ilqdqfh Glvfxvvlrq Sdshu/ 4<<<0985 / Ihghudo Uhvhuyh Erdug ri Jryhuqruv

^57` Iulhgpdq/ Plowrq1 +4<9;, � Wkh Uroh ri Prqhwdu| Srolf|/� Dphulfdq Hfrqrplf Uhylhz 8;/
Pdufk/ 404:

^58` Iulhgpdq/ Plowrq1+4<89, �Wkh Txdqwlw| Wkhru| ri Prqh|/� Vwxglhv lq wkh Txdqwlw| Wkhru|
ri Prqh| +Fklfdjr= Xqlyhuvlw| ri Fklfdjr Suhvv,

^59` Ixkuhu/ Mh�hu| F1 +4<<9, � Prqhwdu| Srolf| Vkliwv dqg Orqj0Whup Lqwhuhvw Udwhv/� Txduwhuo|
Mrxuqdo ri Hfrqrplfv/ Qryhpehu

^5:` Jdol/ Mrugl +4<<5, �Krz Zhoo Grhv wkh LVbOP Prgho Ilw Srvwzdu X1V1 GdwdB� Txduwhuo|
Mrxuqdo ri Hfrqrplfv/ Yro 43:/ Lvvxh 5 +Pd|/ 4<<5,/ :3<0:6;

^5;` Jrrgiulhqg/ Pduylq+4<;:, �D Prgho ri Prqh| Vwrfn Ghwhuplqdwlrq Zlwk Ordq Ghpdqg dqg
d Edqnlqj V|vwhp Edodqfh Vkhhw Frqvwudlqw� Prqhwdu| Srolf| lq Sudfwlfh/ Ihghudo Uhvhuyh
Edqn ri Ulfkprqg

^5<` Jrrgiulhqg/ Pduylq +4<<;,/ �Xvlqj wkh Whup Vwuxfwxuh ri Lqwhuhvw Udwhv iru Prqhwdu| Srolf|/�
Ihghudo Uhvhuyh Edqn ri Ulfkprqg Hfrqrplf Txduwhuo| Yroxph ;726/ Vxpphu

^63` Jrugrq/ Gdylg E1/ dqg Ohhshu/ Hulf P1+4<<7, �Wkh G|qdplf Lpsdfwv ri Prqhwdu| Srolf|= Dq
h{huflvh lq Whqwdwlyh Lghqwl�fdwlrq/� Mrxuqdo ri Srolwlfdo Hfrqrp|/ yro1 435/ qr1 9/ 445; 0457:
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^64` Kdplowrq/ Mdphv G1+4<;;, �Udwlrqdo0H{shfwdwlrqv Hfrqrphwulf Dqdo|vlv ri Fkdqjhv lq
Uhjlph= Dq Lqyhvwljdwlrq ri wkh Whup Vwuxfwxuh ri Lqwhuhvw Udwhv�1 Mrxuqdo ri Hfrqrplf
G|qdplfv dqg Frqwuro Yro145

^65` Kdplowrq/ Mdphv G +4<<7, Wlph Vhulhv Dqdo|vlv/ Sulqfhwrq Xqlyhuvlw| Suhvv

^66` Kdqvhq/ Oduv Shwhu/ dqg Vdujhqw/ Wkrpdv M1 +4<;3, �H{dfw Olqhdu Udwlrqdo H{shfwdwlrqv
Prghov= Vshfl�fdwlrq dqg Hvwlpdwlrq/� lq Zloh| Xqghujurxqg fodvvlfv vhulhv

^67` Ohhshu/ Hulf P1/ Vlpv/ Fkulvwrskhu D1/ dqg ]kd/ Wdr/ +4<<9, �Zkdw Grhv Prqhwdu| Srolf|
GrB� Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw| 5/ 4096

^68` Ohhshu/ Hulf P1/ dqg ]kd/ Wdr1 +5334, �Prghvw Srolf| Lqwhuyhqwlrqv/� pdqxvfulsw Lqgldqd
Xqlyhuvlw| dqg wkh Ihghudo Uhvhuyh Edqn ri Dwodqwd

^69` Oxfdv/ Urehuw H1/ Mu1 +4<:9, �Hfrqrphwulf Srolf| Hydoxdwlrq= d Fulwltxh/� Fduqhjlh0 Urfkhvwhu
Frqihuhqfh rq Sxeolf Srolf| 4/ 4<079

^6:` Oxfdv/ Urehuw H1/ Mu1 +4<;;, �Prqh| Ghpdqg lq wkh Xqlwhg Vwdwhv= D Txdqwlwdwlyh Uhylhz/�
Fduqhjlh Urfkhvwhu Vhulhv rq Sxeolf Srolf|/ Yro1 5</ Dxwxpq

^6;` Oxhwnhsrko/ Khopxw +4<<6, Lqwurgxfwlrq wr Pxowlsoh Wlph Vhulhv Dqdo|vlv/ +Ehuolq=Vsulqjhu
Yhuodj,

^6<` Pdqnlz/ Juhjru| Q1 dqg Plurq/ Mh�hu| D1+4<;9, �Wkh Fkdqjlqj Ehkdylru ri wkh Whup Vwuxf0
wxuh ri Lqwhuhvw Udwhv/� Txduwhuo| Mrxuqdo ri Hfrqrplfv/ Yro 434/ Lvvxh 5/ 544055;

^73` PfFdooxp/ Ehqqhw W1 +4<<7, � Prqhwdu| Srolf| dqg wkh Whup Vwuxfwxuh ri Lqwhuhvw Udwhv/�
QEHU Zrunlqj Sdshu Vhulhv/ qr1 7<6;

^74` Phkud/ \dvk/ S1+4<<9,/�Prqhwdu| Srolf| dqg Orqj0Whup Lqwhuhvw Udwhv/� Ihghudo Uhvhuyh
Edqn ri Ulfkprqg Hfrqrplf Txduwhuo|/ Yroxph ;526

^75` Plvknlq/ Iuhghulf V1+4<<3, � Wkh Lqirupdwlrq lq wkh Orqjhu Pdwxulw| Whup Vwuxfwxuh derxw
Ixwxuh Lq dwlrq� Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 438

^76` Urehugv/ Zlooldp/ Uxqnoh/ Gdylg/ dqg Zklwhpdq/ Fkduohv K1 +4<<9, � D Gdlo| Ylhz ri \lhog
Vsuhdgv dqg Vkruw0Whup Lqwhuhvw udwh Pryhphqwv/� Mrxuqdo ri Prqh|/ Fuhglw/ dqg Edqnlqj/
yro1 5;/ Qr14 67086

^77` Uxghexvfk / Johqq G1 +4<<8, �Ihghudo Uhvhuyh Lqwhuhvw Udwh Wdujhwlqj/ Udwlrqdo H{shfwdwlrqv/
dqg wkh Whup Vwuxfwxuh/� Mrxuqdo ri Prqhwdu| Hfrqrplfv 68+5,

^78` Uxghexvfk/ Johqq G1 +5333, � Whup Vwuxfwxuh Hylghqfh rq Lqwhuhvw Udwh Vprrwklqj dqg
Prqhwdu| Srolf| Lqhuwld/� pdqxvfulsw/ Ihghudo Uhvhuyh Edqn ri Vdq Iudqflvfr

^79` Vdujhqw/ Wkrpdv/ M1 +4<:<, �D Qrwh rq wkh Pd{lpxp Olnholkrrg Hvwlpdwlrq ri wkh Udwlrqdo
H{shfwdwlrqv Prgho ri wkh Whup Vwuxfwxuh/� Mrxuqdo ri Prqhwdu| Hfrqrplfv/ Yro 8/ lvv1 4

^7:` Vdujhqw/ Wkrpdv/ M1+4<;:, G|qdplf Pdfurhfrqrplf Wkhru| +Fdpeulgjh=Kduydug Xqlyhuvlw|
Suhvv,
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^7;` Vhuqd/ Pduld Lvdeho Pduwlqh}/ dqg Duuledv/ Holvhr Qdyduur+5333, �Wkh H{shfwdwlrqv Wkhru| ri
wkh Whup Vwuxfwxuh ri Lqwhuhvw Udwhv dqg Prqhwdu| Srolf|/� Vrfldo Vflhqfh Uhvhdufk Qhwzrun
Hohfwurqlf Sdshu Froohfwlrq= kwws=22sdshuv1vvuq1frp2sdshu1wdiBdevwudfwblg@56745;

^7<` Vkloohu/ Urehuw M1/ dqg PfFxoorfk/ M1 Kxvwrq1+4<<3, �Wkh Whup Vwuxfwxuh ri Lqwhuhvw Udwhv/�
Kdqgerrn ri Prqhwdu| Hfrqrplfv/ Fkdswhu 46/ Iulhgpdq/ E1P1/ dqg I1K1 Kdkq/hgv +Dpv0
whugdp=Hovhylhu,

^83` Vkloohu/ Urehuw M1/ Fdpsehoo/ Mrkq \1/ dqg Vfkrhqkrow}/ Nhuplw O +4<;6, �Iruzdug Udwh
dqg Ixwxuh Srolf|= Lqwhusuhwlqj wkh Whup Vwuxfwxuh ri Lqwhuhvw Udwhv/� Eurrnlqjv Sdshuv rq
Hfrqrplf Dfwlylw| 4=4<;6

^84` Vlprq/Gdylg S1+4<<4, �Vhfuhf|/ Vljqdoolqj dqg wkh Dffxudf| ri H{shfwdwlrqv Gxulqj wkh Eru0
urzhg Uhvhuyh Rshudwlqj Uhjlph/� Mrxuqdo ri Edqnlqj dqg Ilqdqfh 48/ 65< 674

^85` Vlpv/ Fkulvwrskhu+4<;9, �Duh Iruhfdvwlqj Prghov Xvdeoh iru Srolf| Dqdo|vlvB� Ihghudo Uhvhuyh
Edqn ri Plqqhdsrolv Txduwhuo| Uhylhz/ Zlqwhu 4<;9

^86` Vlpv/ Fkulvwrskhu D1 dqg ]kd/ Wdr+4<<;d, �Grhv Prqhwdu| Srolf| Jhqhudwh UhfhvvlrqvB�
pdqxvfulsw/ Sulqfhwrq Xqlyhuvlw|

^87` Vlpv/ Fkulvwrskhu D1 dqg ]kd/ Wdr+4<<;e,�Ed|hvldq Phwkrgv iru G|qdplf Pxowlyduldwh Prg0
hov/� Lqwhuqdwlrqdo Hfrqrplf Uhylhz/ YRo4 6</ Qr1 7

^88` Vlpv/ Fkulvwrskhu/D1+4<<;g, �Wkh Uroh ri Lqwhuhvw Udwh Srolf| lq wkh Jhqhudwlrq dqg Sursdjd0
wlrq ri Exvlqhvv F|fohv=Zkdw kdv Fkdqjhg Vlqfh wkh 63vB� pdqxvfulsw/ Sulqfhwrq Xqlyhuvlw|

^89` Vlpv/ Fkulvwrskhu D1 dqg ]kd/ Wdr+4<<<, �Huuru Edqgv iru Lpsxovh Uhvsrqvhv� Hfrqrphwulfd/
Yro 9:/ Qr1 8

^8:` Vxwwrq/Juhjru| +5333, �D Ghihqfh ri wkh H{shfwdwlrqv Wkhru| dv d Prgho ri XV Orqj0Whup
Lqwhuhvw Udwhv/� Edqn iru Lqwhuqdwlrqdo Vhwwohphqwv/ Zrunlqj Sdshu qr1 ;8

^8;` Wrelq/ Mdphv +4<94, �Prqh| Fdslwdo dqg Rwkhu Vwruhv ri Ydoxh +lq Prqhwdu| Wkhru|= Qhz
dqg Rog Orrnv,/� Dphulfdq Hfrqrplf Uhylhz/ Yro1 84/ Qr15

^8<` Xkolj/ Kdudog +4<<<, �Zkdw duh wkh H�hfwv ri Prqhwdu| Srolf| rq RxwsxwB Uhvxowv iurp dq
Djqrvwlf Lghqwl�fdwlrq Surfhgxuh/� pdqxvfulsw/ Wloexuj Xqlyhuvlw|

^93` Zdjjrqhu/ Gdqlho I1/ dqg Wdr ]kd+5333, �D Jleev Vlpxodwru iru Vwuxfwxudo Yhfwru Dxwruh0
juhvlrqv� pdqxvfulsw/ Ihghudo Uhvhuyh Edqn ri Dwodqwd

^94` Zx/ Vkx +4<<<, �Vwuxfwxudo Fkdqjhv lq wkh Whup Vwuxfwxuh ri Qrplqdo Lqwhuhvw Udwhv= Wkhru|
dqg Hylghqfh/� pdqxvfulsw/ Vwdqirug Xqlyhuvlw|

^95` ]hooqhu/ Duqrog +4<<9, Dq Lqwurgxfwlrq wr Ed|hvldq Lqihuhqfh lq Hfrqrphwulfv/ Zloh| Fodvvlfv
Oleudu| Hglwlrq/ Mrkq Zloh| dqg Vrqv/ Lqf1
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