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Dsulo 9/ 5333

Devwudfw

Zh dujxh wkdw d �up*v rujdql}dwlrq fdslwdo ghshqgv rq wkh vwdwh ri whfk0

qrorj| zkhq wkh �up zdv eruq dqg rq wkh whfkqrorjlhv wkdw kdyh iroorzhg1 Zh

hvwlpdwh ylqwdjh h�hfwv rq wkh ydoxh ri �upv iurp 447 |hduv ri vwrfn pdunhw

gdwd1 Zh �qg

� d vxusulvlqjo| vwurqj xszdug wuhqg lq wkh vwrfn0pdunhw vkduh ri wkh odujhvw

�upv/

� d yhu| odujh txdqwlw| ri rujdql}dwlrq fdslwdo fuhdwhg e| wkh 4<53*v ylqwdjh/

� vwurqj lqglfdwlrqv wkdw wkh 4<:3*v dqg 4<;3*v ylqwdjhv zloo eh iroorzhg e|

pruh frpsohphqwdu| whfkqrorjlhv/ dqg

� pdmru whfkqrorjlfdo fkdqjh vlqfh ZZ5 lq wkh surfhvv e| zklfk rujdql}d0

wlrq fdslwdo lv fuhdwhg1

4 Lqwurgxfwlrq

Prvw �upv txrwhg rq wrgd|*v vwrfn pdunhw zhuh qrw durxqg 433 |hduv djr1 Ri
wkrvh wkdw gr uhpdlq/ pdq| duh krxvhkrog qdphv> Frq Hglvrq +lqlwldo sxeolf r�hulqj
rffxuuhg ehiruh 4;;8,/ Jhqhudo Hohfwulf +LSR lq 4;<5,/ Zhvwlqjkrxvh +4;<9,/ DW)W
+4<34, dqg XV Vwhho +4<34, duh vwloo zlwk xv/ exw prvw ri wkh rwkhu phpehuv ri wkhlu
frkruw duh jrqh1 Klvwrulfdoo| durxqg �yh shufhqw/ wkh ghdwk udwh ri �upv lv qrz
deryh whq shufhqw1 Iljxuh 4 dffrxqwv iru wrgd|*v vwrfn0pdunhw �upv dqg wkhlu ydoxh
e| ylqwdjh1 Wkh hduo| ylqwdjhv gr qrw dffrxqw iru pxfk ri wrgd|*v ydoxh dqg +gxh wr
d vxuylydo ri wkh �wwhvw eldv lq wkh gdwd, wkh| dffrxqw iru dq hyhq vpdoohu iudfwlrq ri
�upv1

Qrz/ zk| vkrxog dq| �up hyhu glh/ hvshfldoo| d odujh frusrudwlrqB D �up*v
zrunirufh/ sodqw/ dqg htxlsphqw gr kdyh wr glh ru zhdu rxw/ exw zk| fdq*w wkh| dozd|v
eh uhsodfhg dqg wkh �up lwvhoi olyh rq iru hyhuB Suhvxpdeo|/ d �up glhv ehfdxvh lw
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Iljxuh 4= Ylqwdjh frpsrvlwlrq ri X1V1 qdwlrqdo vwrfn h{fkdqjhv lq 4<<;1

jhwv vlfn eh|rqg uhsdlu14 Wkh h{shuwlvh wkdw uhvlghv lq wkdw �up � lwv rujdql}dwlrq
fdslwdo � pd| ehfrph revrohwh1 Pruhryhu/ dv zlwk rwkhu irupv ri fdslwdo/ revrohvfhqfh
ghshqgv rq wkh sdfh ri whfkqrorjlfdo fkdqjh/ dqg rq wkh fdslwdo*v ylqwdjh1

�Rujdql}dwlrq fdslwdo/� iru rxu sxusrvhv/ lv zkdwhyhu pdnhv d froohfwlrq ri shrsoh
dqg dvvhwv pruh surgxfwlyh wrjhwkhu wkdq dsduw1 Wkhuh duh vhyhudo uhdvrqv zk| wklv
pljkw eh vr1 Rqh lv �up0vshfl�f kxpdq fdslwdo ri zrunhuv +Ehfnhu 4<95, dqg pdqdjh0
phqw +Suhvfrww dqg Ylvvfkhu 4<;3,/ dqrwkhu lv �up0vshfl�f sk|vlfdo fdslwdo +Udph|
dqg Vkdslur 4<<9,/ dqg |hw dqrwkhu lv d frrshudwlyh glvsrvlwlrq lq wkh �up*v zrun0
irufh +Hhfnkrxw 5333 dqg Ure dqg ]hpvn| 4<<:,1 Iru dq| ri wkhvh uhdvrqv/ zrunhuv/
pdqdjhphqw/ pdfklqhv/ dqg exloglqjv pd| zrun ehwwhu wrjhwkhu wkdq wkh| zrxog lq
rwkhu �upv1 Rujdql}dwlrq fdslwdo suredeo| jurzv dv wkh �up djhv1 Zh vkdoo vlpso|
vd| wkdw rujdql}dwlrq fdslwdo lv wkh txdolw| ri wkh surmhfw wkdw wkh �up xqghuwdnhv
dw eluwk � wkh txdolw| ri wkh lqlwldo lghd � dqg wkdw wklv surmhfw lv lqvhsdudeoh iurp
wkh �up/ urxjko| lq wkh vhqvh ri Fdpsehoo +4<<;,/ Krshqkd|q +4<<5,/ dqg Mrydqrylf
+4<;5,1 Wkh txdolw| ri wkh surmhfw grhv qrw fkdqjh dv wkh �up djhv/ exw wkh pdunhw*v
ydoxdwlrq ri wkdw surmhfw pd| fkdqjh ryhu wlph1

4Vrphwlphv lw h{lwv wkurxjk phujhu1 Lq vrph shulrgv pruh wkdq kdoi ri wkh h{lwv duh phujhuv1

Wkh vrolg olqh zrxog qrw eh dv vwhhs li doo �upv wkdw h{lwhg ehfdxvh ri phujhu zhuh vwloo dolyh lq 4<<;1

Wkh h�hfw ri phujhuv rq wkh edu judsk sruwlrq lv ohvv fohdu ehfdxvh wkh frqwlqxlqj hqwlw| xvxdoo|

nhhsv wkh qdph ri wkh roghu phujhg sduwqhu1
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Zh vkdoo hvwlpdwh wkdw sruwlrq ri rujdql}dwlrq fdslwdo wkdw jrhv wr wkh vkduhkroghu1
D irxqghu*v lghd iru vwduwlqj wkh �up ehfrphv d sduw ri wkh �up> wkh �qdqflhuv
+yhqwxuh fdslwdolvw/ edqnhuv dqg vkduhkroghuv, dqg hpsor|hhv wkhq doo prgli| wkh lghd/
dqg wkhq wkh| gudz lqfrphv iurp lwv xvh1 Diwhu wkh �up*v LSR/ wkh uhvlgxdo lqfrph
uhflslhqw lv wkh vkduhkroghu/ zkr uhfhlyhv wkdw sruwlrq ri wkh �up*v qhw lqfrph wkdw
lv qrw sohgjhg wr zrunhuv/ pdqdjhphqw/ ohqghuv/ dqg wkh jryhuqphqw1 Zkdw kdsshqv
wr wkh glvwulexwlrq ri wkh uhqwv lv prgho0vshfl�f1 Iru lqvwdqfh/ Od�rqw dqg Pduwlpruw
+4<<<, dujxh wkdw dv wkh �up djhv/ lwv hpsor|hhv dqg pdqdjhuv �qg lw hdvlhu wr frooxgh
djdlqvw wkh vkduhkroghu1 Rxu gdwd doorz xv wr ydoxh rqo| wkh vkduhkroghu*v sruwlrq ri
wkh �up*v rujdql}dwlrq fdslwdo1

Zh gh�qh d �up*v ylqwdjh dv wkh gdwh dw zklfk wkh �up kdg lwv LSR1 W|slfdoo|/
d �up lv irxqghg zhoo ehiruh wkdw gdwh/ dqg lqfrusrudwhg ehiruh wkhq dv zhoo/ dqg vr
wkh lghd xsrq zklfk wkh �up lv irxqghg w|slfdoo| suhgdwhv e| vhyhudo |hduv lwv LSR
gdwh1 Rq wkh rwkhu kdqg/ d pdmru prwlyh iru dq LSR lv wr h�hfw d odujh fdslwdo lq rz
dqg d odujh sxufkdvh ri sodqw dqg htxlsphqw zklfk zloo wkhq eh ri wkh vdph ylqwdjh
dv wkh LSR gdwd15

Li lw lv frvwo| wr dgmxvw/ d �up*v rujdql}dwlrq fdslwdo zloo lqhylwdeo| uh hfw frqgl0
wlrqv wkdw suhydlohg dw lwv LSR1 Wkh �up0irxqghu*v lghd/ dqg wkh sodqw dqg htxlsphqw
dftxluhg dw wkh LSR vwdjh zloo uh hfw vwdwh ri wkh duw whfkqrorj|/ dqg wkh uhodwlyh
sulfhv ri lqsxwv dqg udz pdwhuldov wkdw suhydlohg dw wkh wlph1 Wkh �upv rujdql}d0
wlrqdo irup +h1j1/ fhqwudol}hg dqg dxwkrulwduldq yv1 lqglylgxdo0lqfhqwlyhv edvhg, pd|
dovr ehdu d ylqwdjh �lpsulqw�/ dv Fduuroo dqg Kdqqdq +5333/ fk1 <, vwuhvv lq wkhlu
vwxg| ri Vlolfrq Ydooh| vwduw0xsv1 Lw*v fohdu wkdw whfkqrorj|/ idfwru vxssolhv/ uhodwlyh
sulfhv/ hwf1/ doo ydu| vljql�fdqwo| ryhu wlph/ exw lw lv ohvv fohdu wkdw wkhlu lpsulqw rq
wkh �up vkrxog eh �vwlfn|� xqohvv wkhuh duh vljql�fdqw dgmxvwphqw frvwv � frvwv ri
uhsodflqj zrunhuv dqg htxlsphqw/ dqg frvwv wr prylqj wr qhz suhplvhv1 Vwloo/ wkhvh
frvwv pxvw eh odujh/ ehfdxvh pdq| d �up zloo glvedqg/ vhoo lwv dvvhwv r� dw d phuh
iudfwlrq ri wkhlu lqwhuqdo xvh dqg lpsrvh rq lwv phpehuv wkh frvwv ri vhdufklqj iru
qhz mrev/ udwkhu wkdq idfh wkh frvwv ri uhrujdql}lqj lqwhuqdoo|1

Mxvw olnh d Vrwkhe|*v dxfwlrq zloo sulfh d sduwlfxodu ylqwdjh ri zlqh kljkhu wkdq
dqrwkhu/ vr wkh vwrfn pdunhw zloo uhyhdo vrph jrrg ylqwdjhv dqg vrph qrw0vr0jrrg
rqhv1 Pruhryhu/ wkh uhodwlyh udqnlqj ri ylqwdjhv zloo ghshqg rq wlph1 Zkhq fdslwdo
fdqqrw eh uhvrog/ lw lqgxfhv whfkqrorjlfdo lqhuwld/ dqg vxfk lqhuwld kdv ehhq uhodwhg wr
ylqwdjh sk|vlfdo fdslwdo e| Vrorz +4<93,/ wr ylqwdjh kxpdq fdslwdo e| Gdylg +4<;8,/
Fkdul dqg Krshqkd|q +4<<4, dqg Sduhqwh +4<<7,/ dqg wr rujdql}dwlrq fdslwdo e| Fdu0
uroo dqg Kdqqdq +5333,1 Pruhryhu/ Uhlqjdqxp +4<;6, kdv vwuhvvhg wkdw lqfxpehqwv
zloo eh hvshfldoo| lqhuw vlqfh wkh| duh wkh rqhv wkdw kdyh vxqn wkh frvw1 D qhz whfk0

5Iru derxw 4333 LSR*v lq wkh 4<;3v dqg 4<<3v/ Ylvvlqj0Mrujhqvhq dqg Prvnrzlw} +lq surjuhvv,
�qg wkdw wkh shufhqw ri vkduhv rzqhg e| d irxqghu w|slfdoo| gursv e| derxw 426 dw wkh LSR/ iurp
durxqg 45( wr ;(1 Wklv lv pdlqo| ehfdxvh wkh qhz vkduhv lvvxhg dw wkh LSR gloxwh wkh rzqhuv*
vkduh1 Pruhryhu/ wkh fdslwdo gudzq wr wkh �up lv suredeo| hyhq kljkhu ehfdxvh wkh ydoxh ri wkh
�up*v vkduhv mxpsv dw wkh wlph ri wkh LSR1
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qrorj| wkhuhiruh uhglvwulexwhv ydoxh iurp lqfxpehqwv wr qhz �upv1 Dqg/ ri frxuvh/
lqfxpehqwv duh/ rq rxu gh�qlwlrq/ ri hduolhu ylqwdjh1 Wkhuhiruh/ zkhq lw rffxuv/ d
uhglvwulexwlrq iurp rog wr |rxqj �upv lv d vljq wkdw d qhz whfkqrorj| kdv duulyhg1
Ri frxuvh/ whfkqrorjlhv duulyh pruh ru ohvv doo wkh wlph/ exw vrph kdyh pdwwhuhg pruh
wkdq rwkhuv1 Wkh udlozd|/ wkh whohjudsk dqg whohskrqh/ wkh surfhvvlqj whfkqltxhv lq
phwdooxuj| dqg sro|phu v|qwkhvlv/ dqg elrphglfdo uhvhdufk duh mxvw d ihz ri wkh lq0
qrydwlrqv wkdw kdyh pdwwhuhg d orw1 Exw wzr duh vr ixqgdphqwdo dv wr eh frqvlghuhg
ri �jhqhudo sxusrvh�= Lqirupdwlrq whfkqrorj|/ dqg hohfwulflw| zklfk fdph rq lq wkh
4;<304<63 shulrg zkhq wkh qdwlrq vzlwfkhg iurp vwhdp0srzhuhg wr hohfwulf +dqg/ wr
d ohvvhu h{whqw/ glhvho, htxlsphqw1 Wklv sdshu h{dplqhv wkh qdwxuh ri whfkqrorjlfdo
fkdqjh dqg lwv lpsdfw rq wkh X1V1 hfrqrp| iurp 4;;8 wr wkh suhvhqw dv pdqlihvwhg lq
vwrfn pdunhw  xfwxdwlrqv dw wkh djjuhjdwh/ ylqwdjh/ dqg �up ohyhov1 Juhhqzrrg dqg
Mrydqrylf +4<<<, dqg Krelmq dqg Mrydqrylf +4<<<, irfxvhg rq wkh srvw04<:3 shulrg/
exw khuh zh vkdoo wdnh d orqjhu ylhz1

Ylqwdjh h�hfwv duh kdug wr �qg lq zdjh gdwd +Mrkqvrq 4<;3, dqg surgxfwlylw|
gdwd +Ohh/ 4<::/ Vwhskdq 4<<4, ehfdxvh ri wkh srvlwlyh h�hfw wkdw h{shulhqfh kdv rq
shuirupdqfh1 D qhz �up kdv d ehwwhu whfkqrorj| exw ohvv h{shulhqfh/ dqg wkh h�hfwv
pd| fdqfho rqh dqrwkhu rxw1 Ylqwdjh h�hfwv rq olihwlph shuirupdqfh vkrxog eh hdvlhu
wr �qg lq vwrfn0sulfhv/ zklfk duh iruzdug orrnlqj dqg wkhuhiruh uh hfw glvfrxqwhg
olihwlph shuirupdqfh1 Wkh| vkrxog dovr vkrz xs lq pruwdolw| udwhv/ hvshfldoo| gxulqj
pdmru whfkqrorjlfdo wudqvirupdwlrqv � vxfk dv wkh whfkqrorjlfdo f|foh lq zklfk wkh
X1V1 hfrqrp| lv fxuuhqwo| hqjdjhg1 Lq wklv fdvh/ wkh qhz whfkqrorj| zdv fduulhg iru
d orqj wlph e| |rxqj �upv dqg rqo| odwhu vwduwhg wr lqixvh �upv ri hduolhu ylqwdjhv1

Wr frqgxfw d �up0ohyho dqdo|vlv ri wkh vwrfn pdunhw iurp 4;;8/ zh h{whqg wkh gdwd
wkdw lv dydlodeoh iurp wkh Xqlyhuvlw| ri Fklfdjr*v Fhqwhu iru Uhvhdufk lq Vhfxulwlhv
Sulfhv +FUVS, edfnzdug iurp lwv vwduwlqj srlqw lq 4<581 Wr gr wklv/ zh froohfw dqqxdo
revhuydwlrqv iru doo frpprq vwrfnv wudghg rq wkh Qhz \run Vwrfn H{fkdqjh +Q\VH,
iurp wkh �qdqfldo qhzvsdshuv ri wkh shulrg1 Lw lv wklv xqltxh �up0ohyho lqirupdwlrq/
zklfk kdv xqwlo qrz ehhq xqdydlodeoh lq dq hohfwurqlf irupdw/ wkdw shuplwv xv wr wdnh
d orqj ylhz ri whfkqrorjlfdo fkdqjh dqg gudz lwv lpsolfdwlrqv iru wkh ixwxuh sdwk ri
wkh X1V1 hfrqrp|1

5 Whfkqrorjlfdo F|fohv dqg wkh Vwrfn Pdunhw

D srsxodu phdvxuh ri vwrfn0pdunhw shuirupdqfh/ vwxglhg dw ohqjwk lq/ h1j1/ Eduvn|
dqg Gh Orqj +4<<6,/ lv wkh V)S 833 lqgh{ zklfk zh suhvhqw lq Iljxuh 51 Wkh
vrolg olqh lv wkh V)S lqgh{ vlqfh 4;:;/ gh dwhg e| wkh FSL1 Wkh gdvkhg olqh lv wkh
klqgvljkw0hqgrzhg ydoxh ri dfwxdo glylghqgv sdlg dqg wkh 4<<9 ydoxh ri wkh lqgh{16
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Iljxuh 5= Wkh V)S lqgh{ dqg wkh �Shuihfw Iruhvljkw Sulfh� � W

|

Wkh V)S 833 lqgh{ frpsulvhv rqo| wkh odujhvw �upv/ dqg jlyhv qr lqirupdwlrq

rq wkh wxuqryhu ri �upv wkdw lw lqfoxghv1 Lwv hljkwirog ulvh ryhu wkh shulrg vwloo

xqghuvwdwhv wkh jurzlqj lpsruwdqfh ri wkh vwrfn pdunhw dv d vrxufh ri fdslwdo1 Wr

pdnh surjuhvv rq wkh txhvwlrqv ri ylqwdjh/ vxuylydo/ hwf1/ zh qhhg lqglylgxdo frpsdq|

gdwd1 Lq sduwlfxodu/ zh vkdoo vwxg| wkh hyroxwlrq ri olvwlqjv/ ryhudoo pdunhw ydoxh/ dqg

sulfh shuirupdqfh ri wudghg �upv dv hdfk ri wkh fhqwxu|*v jhqhudo whfkqrorjlhv jdlqhg

zlghvsuhdg xvh/ irfxvlqj rq vxevhwv ri wkh pdunhw dv gh�qhg e| �up vl}h/ ylqwdjh ri

hqwu|/ ru lqfxpehqf| dw vhohfwhg srlqwv lq wlph1

514 Gdwd rq lqglylgxdo �upv/ 4;;8 0 4<<;

Wkh fkdoohqjh ri froohfwlqj sulfh dqg fdslwdol}dwlrq revhuydwlrqv iru lqglylgxdo Q\VH0

olvwhg �upv wkdw wudghg ehwzhhq 4;;8 dqg 4<58 kdv qrw ehhq vhulrxvo| wdnhq xs vlqfh

wkh 4<63v/ zkhq wkh Frzohv Frpplvvlrq exlow sulfh lqglfhv iru frpprq vwrfnv iurp

4;:41 Vlqfh wklv zdv zhoo ehiruh wkh djh ri hohfwurqlf gdwd vwrudjh/ rxu xvh ri �up0

ohyho gdwd wr looxvwudwh wkh whfkqrorjlfdo f|fohv ehklqg wkh pdunhw*v jurzwk uhsuhvhqw

d vwhs zhoo eh|rqg zkdw kdv ehhq srvvleoh lq suhylrxv vwxglhv ri Qhz \run*v suh0

zkhuh � @ 3=<91 Rxu fkrlfh ri d 7( glvfrxqw udwh dqg dvvxpswlrq ri qr uhdo0lqwhuhvw udwh yduldwlrq

gr qrw d�hfw wkh vxevwdqfh ri wkh frqfoxvlrqv1
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FUVS htxlw| pdunhw17 Lq sduwlfxodu/ lw doorzv xv wr wudfn wkh ydoxh dssuhfldwlrqv ri

lqglylgxdo �upv dqg wkh ylqwdjhv ri hqwudqwv dqg lqfxpehqwv wr zklfk wkh| ehorqj

ryhu d shulrg ri 447 |hduv1

Zh uhwxuq wr wkh ruljlqdo vrxufh ri wkh Frzohv gdwd/ Wkh Frpphufldo dqg Ilqdq0

fldo Fkurqlfoh/ wr uhfryhu dqqxdo sulfhv dqg sdu ydoxhv iru Q\VH0olvwhg �upv iurp

4;;804<571 Wkh Fkurqlfoh lv wkh prvw frpsuhkhqvlyh vrxufh ri sulfh lqirupdwlrq iru

lqglylgxdo vhfxulwlhv/ exw grhv qrw lqfoxgh errn fdslwdol}dwlrqv iru lqglylgxdo �upv1

Iru wkrvh/ zh wxuq wr wkuhh rwkhu vrxufhv= Eudgvwuhhw*v iru 4;;804;<9/ Wkh Qhz \run

Wlphv iru 4;<:04<44/ dqg Wkh Dqqdolvw iru 4<4504<571 Wkhvh dgglwlrqdo vrxufhv dovr

pdnh lw srvvleoh wr �oo lq pdq| sulfh revhuydwlrqv wkdw duh plvvlqj iurp Wkh Fkurq0

lfoh1 Wr pdlqwdlq wkh eurdghvw srvvleoh fryhudjh/ zh xvh wkh dyhudjh ri wkh kljk

dqg orz sulfhv lq Ghfhpehu ri hdfk |hdu iurp wkh dqqxdo vxppdu| ri wkh frxuvh ri

vhfxulwlhv sulfhv sxeolvkhg e| Wkh Fkurqlfoh18 E| glylglqj wkh errn ydoxh ri wkh
rxwvwdqglqj vwrfn iru hdfk frpprq lvvxh e| lwv sdu ydoxh dqg wkhq pxowlso|lqj e|
wkh Ghfhpehu sulfh/ d ylhz ri wkh pdunhw ydoxdwlrqv ri ydulrxv vhjphqwv ri wkh rujd0
ql}hg fdslwdo pdunhw fdq eh frqvwuxfwhg lq d vwudljkwiruzdug pdqqhu1 Wkh uhvxowlqj
gdwdvhw/ wkrxjk olplwhg wr dqqxdo gdwd/ dfwxdoo| lqfoxghv pruh frpprq vwrfnv wkdq
wkh FUVS �ohv lq 4<58/ zklfk lv wkh srlqw zkhuh zh mrlq gdwd iurp wkh wzr vrxufhv1

Wkh dydlodelolw| ri lwhpv uhtxluhg wr frpsxwh dqxxdo phdvxuhv ri pdunhw fdslwdo0
l}dwlrq iru lqglylgxdo �upv olplwv wkh vfrsh ri rxu dqdo|vlv wr Q\VH0olvwhg �upv xqwlo
4<951 Wkh Dphulfdq Vwrfn H{fkdqjh +DPH[, hqwhuv wkh FUVS gdwdedvh lq 4<95/
dqg wkh v|vwhp rshudwhg e| wkh Qdwlrqdo Dvvrfldwlrq ri Vhfxulwlhv Ghdohuv +QDVGDT,
iroorzv lq 4<:51 Wkh glvfrqwlqxrxv qdwxuh ri �up olvwlqjv lq wkhvh |hduv fohduo| wxuqv
xs lq Iljxuh 6/ zklfk vkrzv wkh qxpehu ri �upv lq rxu vdpsoh shu ploolrq ri srsxod0
wlrq dqg wkh udwlr ri wkhlu wrwdo pdunhw fdslwdol}dwlrq wr JQS +zlwk JQS hvwlpdwhv
iurp Edonh dqg Jrugrq +4<;9,,1 Wkh glvfrqwlqxlwlhv duh xqiruwxqdwh ehfdxvh wkh
DPH[ kdv irupdoo| h{lvwhg vlqfh 4<85 dqg kdg lwv ruljlqv lq wkh Qhz \run Fxue
Dvvrfldwlrq/ zklfk kdg ehfrph dq lpsruwdqw irufh lq wkh Qhz \run vhfxulwlhv pdu0
nhw vlqfh lwv irxqglqj lq 4<3;1 Ixuwkhu/ wkh ryhu0wkh0frxqwhu pdunhw lq ohvv dfwlyho|
wudghg htxlwlhv dv zhoo dv frpshwlqj fxuevwrqh dqg rujdql}hg pdunhwv +vxfk dv wkh

7Pruh uhfhqw vwxglhv/ krzhyhu/ kdyh ehjxq wkh surfhvv ri exloglqj d pruh frpsohwh ylhz ri
vhfxulwlhv sulfhv lq rwkhu uhjlrqdo pdunhwv gxulqj wklv shulrg1 Vhh/ iru h{dpsoh/ Urxvvhdx +4<<</
5333, rq Ervwrq*v htxlw| pdunhw1

8 Li d Ghfhpehu sulfh lv xqdydlodeoh lq d jlyhq |hdu gxh wr olplwhg wudglqj/ zh xvh wkh dyhudjh
ri kljk dqg orz sulfhv iurp Qryhpehu/ Rfwrehu ru Vhswhpehu li dydlodeoh1 Zh xvh wkh odvw sulfh
revhuyhg lq hdfk |hdu zkhq zh uhfryhu plvvlqj sulfhv iurp rxu vhfrqgdu| vrxufhv +l1h1/ Wkh Dqqdolvw/
Wkh Qhz \run Wlphv/ ru Eudgvwuhhw*v,1 Wkh FUVS pdunhw fdslwdol}dwlrq duud|v dovr xvh wkh odvw

sulfhv revhuyhg lq hdfk |hdu1 Wkh lpsuhflvh wlplqj ri wkh hduolhu revhuydwlrqv lq erwk wkh suh0FUVS

dqg hduo| |hduv ri wkh FUVS gdwd frpelqh zlwk dyhudjlqj lq wkh suh0FUVS shulrg wr lqwurgxfh wkh
w|shv ri wlplqj eldvhv ghvfulehg lq Zrunlqj +4<93, wr dqqxdo lqglfhv ri sulfh shuirupdqfh1 Vlqfh
rxu hfrqrphwulf prghov xvh dqqxdo gdwd vdpsohg qhdu wkh hqg ri wkh fdohqgdu |hdu wr frpsxwh wkh
wrwdo pdunhw ydoxh ri vwrfnv wkdw hqwhuhg wkh pdunhw ryhu jlyhq shulrgv/ wkhvh eldvhv zloo eh ohvv
vhyhuh lq rxu djjuhjdwhv wkdq wkh| pljkw eh lq d fkdlqhg sulfh lqgh{/ dqg zh zloo ljqruh wkhp khuh1

9
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Iljxuh 6= Qxpehu dqg pdunhw fdslwdol}dwlrq ri frpprq vwrfnv olvwhg rq wkh Q\VH
4;;804<<;/ DPH[ 4<9504<<;/ dqg QDVGDT 4<:504<<;1 Vrxufhv= Wkh FUVS �ohv/
dqg ydulrxv lvvxhv ri Wkh Dqqdolvw/ Eudgvwuhhw*v/ Wkh Frpphufldo dqg Ilqdqfldo

Fkurqlfoh/ dqg Wkh Qhz \run Wlphv1

Frqvrolgdwhg H{fkdqjh, dv d jurxs ulydohg dqg dw wlphv hyhq grplqdwhg wkh Q\VH dv
wkh nh| sod|hu lq wkh Qhz \run vhfxulwlhv pdunhw ri wkh qlqhwhhqwk fhqwxu|1 Rxu irfxv
rq wkh Q\VH ehiruh 4<95 lv qhfhvvdu|/ krzhyhu/ ehfdxvh wkh rxwvwdqglqj dprxqwv ri
vwrfn iru prvw �upv wudghg lq Qhz \run*v lqirupdo vhfxulwlhv pdunhwv duh xqnqrzq/
dqg zh zrxog qhhg wklv lqirupdwlrq/ dorqj zlwk dq| dydlodeoh sulfhv dqg sdu ydoxhv/
wr wudfh wkh sdwk ri lqglylgxdo pdunhw ydoxdwlrqv19 Ixuwkhu/ wkh glvfrqwlqxlwlhv duh

idu ohvv surplqhqw lq wkh udwlr ri pdunhw fdslwdol}dwlrq wr JQS/ zklfk vxjjhvwv wkdw

wkh lqwurgxfwlrq ri wkh DPH[ dqg QDVGDT wr wkh FUVS �ohv lqyroyhg prvwo| vpdoo

�upv1

Wkh udwlr ri pdunhw fdslwdol}dwlrq wr JQS glsv diwhu wkh hohfwulfdo dqg lqirupdwlrq

whfkqrorjlhv �duulyh1� Lq wkh fdvh ri hohfwul�fdwlrq/ lw lv uhdvrqdeoh wr dvvrfldwh wkh

duulydo zlwk wkh frpsohwlrq ri wkh �uvw odujh k|gurhohfwulf ghyhorsphqw lq wkh Xqlwhg

9Wkh Frzohv Frpplvvlrq +4<6</ s1 9, uhfrjql}hg wkh gl!fxowlhv ri hyhq frqvwuxfwlqj sulfh
lqglfhv iru wklv hduo| shulrg gxh wr wkh lqfrpsohwh dqg xquholdeoh qdwxuh ri sulfh txrwdwlrqv wkdw
zhuh dydlodeoh lq wkh �qdqfldo suhvv iru wkh Fxue H{fkdqjh/ dqg fkrrvh wr irfxv rq wkh frqvwuxfwlrq
ri sulfh lqglfhv iru Q\VH0olvwhg frpprq vwrfnv rqo|1 Wkh vdph vrxufh qrwhv wkdw wudghv lq Q\VH0
olvwhg vwrfnv zhuh derxw vl{w|0vhyhq shufhqw ri doo vwrfn wudghv lq wkh Xqlwhg Vwdwhv ryhu wkh 4<5<066
shulrg/ zlwk pruh wkdq kdoi ri wkh uhpdlqlqj dfwlylw| wdnlqj sodfh rq wkh Fxue H{fkdqjh1

:
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Iljxuh 7= Dqqxdo hqwulhv dqg h{lwv iurp wkh Q\VH 4;;804<<;/ DPH[ 4<9504<<;/ dqg
Qdvgdt 4<:504<<;1 Vhh Ilj1 6 iru gdwd vrxufhv1

Vwdwhv dw Qldjdud Idoov lq 4;<8/ zklfk dw wkdw wlph vhuyhg wkh hqhuj| qhhgv ri khdy|
lqgxvwu| +Ghylqh/ 4<<3,1 Wklv hyhqw zdv slyrwdo ehfdxvh lw uhyhdohg wkh srwhqwldo
ri hohfwulflw| lq lqgxvwuldo dssolfdwlrqv dqg hvwdeolvkhg dowhuqdwlqj fxuuhqw dv wkh
grplqdqw gholyhu| v|vwhp1 Erwk d�hfwhg sxeolf h{shfwdwlrqv derxw wkh ixwxuh ri wkh
qhz �jhqhudo sxusrvh whfkqrorj|� +JSW,1 Lqwhuhvwlqjo|/ pdunhw fdslwdol}dwlrq ulvhv
ehwzhhq 4;<8 dqg 4<35/ shukdsv dv d uhvxow ri rswlplvp vxuurxqglqj hohfwul�fdwlrq/
exw wkhq grhv qrw dgydqfh iru qhduo| wzr pruh ghfdghv1 Wkh qxpehu ri olvwhg �upv
lv  dw wkurxjkrxw wkh hduo| |hduv ri hohfwulfdo uhyroxwlrq/ exw ulvhv vkduso| diwhu 4<481
Qhovrq +4<8<, dwwulexwhv wkh  dwwhu dsshdudqfh ri wrwdo Q\VH olvwlqjv lq wkh ghfdgh
vxuurxqglqj wkh wxuq ri wkh fhqwxu| wr wkh r�vhwwlqj h�hfwv ri qhz lqgxvwuldo hqwulhv
dqg wkh h{lw ri pdq| lqgxvwuldov dqg udlov yld phujhu1 Wkh ulvh lq wkh qxpehu ri �upv
wkdw lv qrw uh hfwhg lq pdunhw fdslwdol}dwlrq pd| uh hfw wkh hqwu| ri qhz �upv wkdw
dgrswhg wkh qhz JSW zlwk uhodwlyh hdvh dqg odwhu hqfrxudjhg odujhu �upv wr xqghujr
wkh frqvlghudeoh �{hg frvwv dvvrfldwhg zlwk xsgdwlqj wkhlu fdslwdo1:

Wkh djjuhjdwlyh qdwxuh ri Iljxuh 6 pdvnv d sdwwhuq ri vxevwdqwlyh dqg frqwlqxrxv
hqwu| dqg h{lw lq rxu vdpsoh1 Iljxuh 7 vkrzv wklv dfwlylw| rq d orjdulwkplf vfdoh1;

:Wkh Frzohv +4<6<, vhfwrudo sulfh lqglfhv lqglfdwh wkdw �upv rq wkh udslgo|0h{sdqglqj lqgxvwuldo
olvw rxwshuiruphg erwk wkh udlo2wudqvsruw dqg xwlolwlhv vhfwruv e| d zlgh pdujlq diwhu 4<481

;Wkh dgglwlrq ri wkh DPH[ dqg QDVGDT wr wkh vdpsohv frqwulexwh wr wrwdov ri <43 hqwulhv lq
4<95 dqg 5/<8: hqwulhv lq 4<:5/ erwk ri zklfk kdyh ehhq rplwwhg iurp Iljxuh 61 Zh dovr h{foxgh

;
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Iljxuh 8= Dqqxdo �up hqwulhv dqg h{lwv dv d shufhqw ri olvwhg �upv1 Vhh Ilj1 6 iru
gdwd vrxufhv1
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Iljxuh 9= Wkh udwlr ri pdunhw fdslwdol}dwlrq wr jurvv qdwlrqdo surgxfw 4;;804<<;/
dqg wkh dyhudjh vl}h ri wkh vpdoohvw rqh0wklug ri hqwudqwv zlwk uhvshfw wr wkh dyhudjh
olvwhg �up iru �yh0|hdu ylqwdjhv/ 4;;90<3 wr 4<<30<81 Vhh Ilj1 6 iru gdwd vrxufhv1

<



Wkh prvw pdunhg vkliwv lq hqwu| jurzwk rffxu lq wkh wzr ghfdghv ehiruh wkh 4<5<
fudvk dqg diwhu 4<87/ dqg qhlwkhu vkliw fdq eh dwwulexwhg wr wkh lqfoxvlrq ri wkh
DPH[ ru QDVGDT lq rxu vdpsoh1 Iljxuh 8/ zklfk ghslfwv hqwulhv dqg h{lwv dv
shufhqwdjhv ri �upv olvwhg lq hdfk |hdu/ lqglfdwhv wkdw hqwulhv zhuh sursruwlrqdoo|
odujhvw ehwzhhq 4<48 dqg 4<5</ dqg wkdw wkhvh ohyhov zhuh qrw djdlq dssurdfkhg xqwlo
wkh plg04<;3v1 Erwk h{sdqvlrqv frlqflgh zlwk shulrgv gxulqj zklfk hohfwulflw| dqg LW
vdz zlghvsuhdg dgrswlrq1 Wkh h{lwv wkdw rffxuuhg lpphgldwho| ehiruh wkhvh hyhqwv
zhuh iuhtxhqw hqrxjk wr duuhvw jurzwk lq wkh qxpehu ri olvwhg �upv1 Wkh gdwd duh
wkxv frqvlvwhqw zlwk d f|foh lq zklfk rujdql}dwlrq fdslwdo ri roghu ylqwdjhv ohdyhv wkh
pdunhw lq wkh hduo| |hduv ri d qhz whfkqrorj| dqg lv uhsodfhg zlwk d frqvlghudeoh odj
e| fdslwdo ri d qhz ylqwdjh1

Iljxuh 9 r�huv ixuwkhu vxssruw iru d judgxdo orzhulqj ri hqwu| eduulhuv wr wkh
htxlw| pdunhwv/ dqg hvshfldoo| lq wkh hduo| skdvhv ri d qhz whfkqrorj|*v olih f|foh1
Khuh/ zh frpsxwh wkh dyhudjh vl}h ri wkh vpdoohvw rqh0wklug ri hqwudqwv lq hdfk |hdu/
glylgh e| wkh dyhudjh vl}h ri doo olvwhg �upv/ dqg wkhq dyhudjh wkhvh udwlrv ryhu �yh0
|hdu shulrgv1 Wkh uhvxowlqj vwhs ixqfwlrq lqglfdwhv d uhpdundeoh ghfolqh lq hqwu|
vl}h diwhu 4<78/ dqg wkh lq hfwlrq srlqw fruuhvsrqgv wr wkh fkdqjh lq hqwu| jurzwk
vhhq lq Iljxuh 71 Djdlq/ wkh wlplqj ri wkh vkliw lv qrw uhodwhg wr fkdqjhv lq wkh
lqfoxvlyhqhvv ri rxu vdpsoh/ dqg kdv d vwulnlqjo| forvh lqyhuvh uhodwlrqvkls zlwk wkh
jhqhudo ghhshqlqj ri wkh srvwzdu htxlw| pdunhw1 Dovr qrwhzruwk| lv d ghfolqh lq wkh
vl}h ri hqwudqwv ehwzhhq 4<33 dqg 4<48/ zklfk lv zkhq vpdoohu lqgxvwuldo �upv ehjdq
wr hqwhu wkh vwrfn pdunhw/ doehlw qrw yhu| vxffhvvixoo| dw �uvw1 Qhyhuwkhohvv/ htxlw|
pdunhw sduwlflsdqwv ylhzhg wkh srwhqwldo ri wkhvh qhz lqgxvwuldo �upv zlwk rswlplvp
dqg surylghg wkhp dq hqylurqphqw lq zklfk vxevhtxhqw jurzwk zrxog eh srvvleoh1

6 Prgho

Zh qrz suhvhqw d Urelqvrq Fuxvrh prgho zklfk/ dv lq Oxfdv +4<:;,/ kdv dq lqwhusuh0
wdwlrq iru d ghfhqwudol}hg/ pxowl0djhqw hfrqrp|1 Fuxvrh sodqwv wuhhv zklfk frpelqh
zlwk sk|vlfdo fdslwdo wr surgxfh iuxlw1 D wuhh ehduv iuxlw hdfk |hdu wkdw lw olyhv1 Wkh
djjuhjdwh ydoxh ri d ylqwdjh ri wuhhv lv vlpso| wkh ydoxh ri doo wkh wuhhv sodqwhg dw
wkdw gdwh1

Wkh h{rjhqrxv jurzwk prgho kdv rqh yduldeoh idfwru � sk|vlfdo fdslwdo � zklfk
fdq eh pryhg frvwohvvo| iurp wuhh wr wuhh/ dqg lq zklfk wkh rqo| whfkqrorjlfdo vkrfn
lv wr wkh rujdql}dwlrq fdslwdo ri wkh odwhvw ylqwdjh/ dqg zh vkdoo dvvxph wkdw iruhvljkw
derxw doo ixwxuh uhdol}dwlrqv ri wkhvh vkrfnv lv shuihfw1 Rqh sduw ri wkh txdolw| ri wkh
wuhhv zloo eh ghwhuplqhg h{rjhqrxvo| e| wkh wkhq0iurqwlhu whfkqrorj|/ dqg wklv sduw
zh vkdoo dvvrfldwh zlwk wkh xvxdo �fdslwdo0hperglhg� vkrfn wr whfkqrorj|1 Dqrwkhu

wkh :< dssduhqw �h{lwv� uhfrughg lq 4<58/ zklfk uh hfw wkh qduurzhu fryhudjh ri wkh FUVS gdwd dw

wkh srlqw ri mrlqlqj zlwk rxu hduolhu gdwdvhw1

43



sduw ri wkh txdolw| ri wkh wuhhv zloo eh vxemhfw wr fkrlfh/ dqg wklv sduw zh vkdoo fdoo

�rujdql}dwlrq fdslwdo1�

Lw wxuqv rxw wkdw yduldwlrq lq wkh uhodwlyh iruwxqhv ri ydulrxv ylqwdjhv ri �upv

lv vxevwdqwldo lq wkh gdwd/ dqg wkdw wkh prgho pxvw lqfoxgh d irup ri revrohvfhqfh

vwurqjhu wkdq d rqh0vhfwru prgho fdq surgxfh1 Lq d rqh vhfwru prgho/ yduldwlrq lq

krz d vwuhdp ri glylghqgv lv ydoxhg vwhpv hqwluho| iurp pryhphqwv lq wkh pdujlqdo

xwlolw| ri frqvxpswlrq1 Vxfk pryhphqwv duh wrr vpdoo wr jhqhudwh wkh vruwv ri sulfh

pryhphqwv wkdw zh revhuyh/ dqg vr zh duh jrlqj wr qhhg d pxowl0vhfwru prgho1 Wr

exlog lqwxlwlrq/ krzhyhu/ zh vkdoo suhvhqw wkh rqh0vhfwru prgho �uvw1 Rqfh wklv lv

grqh/ wkh pxowl0vhfwru yhuvlrq zloo eh hdv|1

61314 Fdvh 4= Rqh �qdo jrrg

Wkh �qdo jrrg lv ghqrwhg e| +|/ dqg Fuxvrh*v frqvxpswlrq ri lw e| S|1 Fuxvrh

pd{lpl}hv klv olihwlph xwlolw|
"[

|'f

q|L ES|� �

D wuhh*v rxwsxw ri iuxlw ghshqgv rq lwv txdolw|/ wc dqg rq lwv fdslwdo lqsxw/ &/ dv

iroorzv=

+ ' w�3k&k� +4,

D wuhh*v txdolw| kdv d ylqwdjh0vshfl�f frpsrqhqw 5 dqg dq lglrv|qfudwlf frpsrqhqw
0c glvwulexwhg zlwk ghqvlw| s E0�=

w ' 5
�
0�

Wkh ghqvlw| s lv �{hg ryhu wlph1 Rqfh sodqwhg/ d wuhh*v txdolw| grhv qrw fkdqjh1

Fuxvrh jhqhudoo| sodqwv qhz wuhhv hdfk |hdu ehfdxvh/ vlqfh k 	 �/ uhwxuqv wr fdslwdo

dw d orfdwlrq glplqlvk1 Wuhhv wdnh d shulrg wr pdwxuh/ exw wkhq udqgrpo| dw d udwh

B/ vr wkdw dw gdwh |/ rqo| d iudfwlrq E�� B�|3�3�

kdyh vxuylyhg1 Wkxv surmhfwv* h{lw

kd}dug lv/ iru qrz/ h{rjhqrxv1 <

Sk|vlfdo fdslwdo hyroyhv dv iroorzv=

&|n� ' E� � B&� &| n ^|%|/

dqg djjuhjdwh rxwsxw/ t|/ lv glylghg ehwzhhq frqvxpswlrq/ lqyhvwphqw lq sk|vlfdo

fdslwdo/ dqg lqyhvwphqw lq rujdql}dwlrq fdslwdo=

t| ' S| n %| n �
|
? Er|� c

zkhuh �
|
lv wkh �{hg frvw ri vwduwlqj xs d surmhfw dqg

? Er� '
]
"

r

s E0� _0

lv wkh qxpehu ri qhz surmhfwv zh kdyh lq wkh hyhqw wkdw r lv wkh txdolw| ri wkh zruvw

surmhfw ixqghg1

<Li zh dgghg d �{hg frvw wr wkh surgxfwlrq ixqfwlrq +4, wklv zrxog fdxvh Fuxvrh wr dedqgrq

vrph wuhhv1
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Lqwhusuhwdwlrq Wklv lv dq h{rjhqrxv jurzwk prgho zlwk wkuhh vrxufhv ri whfkqr0

orjlfdo fkdqjh=

41 Lq vwuxfwxuhv= 5| lv d whfkqrorj| sdudphwhu hperglhg lq wuhhv jurzq dw gdwh |1

D wuhh lv olnh d idfwru| exlow dw gdwh | xvlqj vwdwh0ri0wkh0duw whfkqrorj|1 �Wuhhv�

khuh duh olnh �vwuxfwxuhv� lq Jruw hw do +4<<<,/ ru �sodqwv� lq Dwnhvrq dqg Nhkrh
+4<<<, ru Frroh| hw do +4<<;,1 Zh h{shfw 5| wr lqfuhdvh ryhu wlph1

51 Lq htxlsphqw= ^| lv d whfkqrorj| sdudphwhu iru wkh htxlsphqw surgxfhg dw gdwh

|/ dqg lw/ wrr vkrxog lqfuhdvh ryhu wlph1 Htxlsphqw lv qrw surmhfw0vshfl�f1 Zh

kdyh iroorzhg Jruw hw do +4<<<, lq prgholqj wkh wzr ylqwdjh vkrfnv wr htxlsphqw
dqg vwuxfwxuhv1

61 Lq rujdql}dwlrq fdslwdo = �
|
lv wkh frvw ri fuhdwlqj wklv fdslwdo1 Zh vkdoo ohw

� Er� '
]
"

r

0s E0� _0

eh wkh rujdql}dwlrqdo fdslwdo fuhdwhg zkhq wkh pdujlqdo surmhfw lv r1 Wkh
surmhfw0vshfl�f sdudphwhu 0 lv olnh wkh �up0vshfl�f sdudphwhu lq Fdpsehoo
+4<<;,/ Krshqkd|q +4<<5,/ dqg Mrydqrylf +4<;5,143 D idoo lq �

|
pd| uh hfw

ehwwhu frppxqlfdwlrqv/ ru d orzhu sk|vlfdo0fdslwdo uhtxluhphqw ri qhz vwduw0

xsv1

Hdfk w|sh ri whfkqrorjlfdo fkdqjh fdq jhqhudwh orqj uxq jurzwk rq lwv rzq/ dv zh

vkrz lq wkh dsshqgl{ zkhuh zh vwxg| edodqfhg jurzwk1

Fuxvrh*v ghflvlrq sureohp Hdfk shulrg/ Fuxvrh vsuhdgv klv fdslwdo dprqj wuhhv

ri doo ylqwdjhv vr dv wr pd{lpl}h wrwdo rxwsxw

t| ' 4@ 

&�E0�

+
|3�[

�'3"

E�� B�|3�3�

]
"

r�

E5
�
0��3k d&

�
E0�ok s E0� _0

,
c

vxemhfw wr klv fdslwdo dydlodelolw| dw wkdw gdwh=

|3�[

�'3"

E�� B�|3�3�

]
"

r�

&
�
E0� s E0� _0 � &|�

Wkh iroorzlqj �djjuhjdwlrq� uhvxow iroorzv lpphgldwho| diwhu rqh wdnhv wkh IRF zlwk

uhvshfw wr & E�=

43
Lw vhhpv wkdw !

w
kdv idoohq vlqfh ZZ5/ zklfk frxog eh zk| wkh ghew0htxlw| udwlr ri Dphulfdq

�upv kdv idoohq vlqfh wkh zdu/ +Iljxuh 5 ri Kdoo +4<<<, vkrzv wkdw dv d iudfwlrq ri doo vhfxulwlhv/
ghew idoov iurp 4;( lq 4<7; wr derxw 8( lq 4<<;, zk| wkh qxpehu ri �upv rq wkh vwrfn h{fkdqjh
kdv ulvhq udslgo| +rxu Iljxuh 6, dqg zk| wkh hqwhulqj vl}h ri �up +wkh gdvkhg olqh lq Iljxuh 9, kdv
idoohq1
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1 Wkh Ehoopdq htxdwlrq shuwdlqlqj wr

Fuxvrh*v ghflvlrq sureohp lv
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Xsgdwlqj wkhvh wzr h{suhvvlrqv wr |n � dqg vxevwlwxwlqj lqwr wkh suhylrxv wzr jlyhv

xv wkh wzr �uvw rughu frqglwlrqv sxujhg ri wkh xqnqrzq ixqfwlrq T =
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Ghfhqwudol}lqj wkh doorfdwlrq Gh�qlqj wkh udwh ri lqwhuhvw o| e|
�

�no|
'

qL �ES|n��
L �ES|�

/

zh frpelqh wkh wzr frqglwlrqv lqwr rqh=

� n o| ' ^|

3
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#
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Wklv lv dq duelwudjh frqglwlrq iru wkuhh gl�huhqw irupv ri vdylqj=

41 Hduq �n o| grooduv shu groodu vdyhg lq wkh edqn

51 Frqyhuw wkh groodu lqwr ^| pdfklqhv/ xvh wkhp wr surgxfh ^|k

�
&|n�

�|n�

�k3�
|n�

xqlwv

ri wrpruurz*v rxwsxw/ oltxlgdwh wkh xqghsuhfldwhg pdfklqhv dqg froohfw �*^|n�
grooduv shu oltxlgdwhg pdfklqh

61 Frqyhuw wkh groodu lqwr �*�
|
wuhhv ri txdolw| 5|r| hdfk/ jhw wkhlu glylghqgv wr0

pruurz dqg wkhq vhoo wkhp1 Wuhhv duh wkh �uhvlgxdo lqfrph uhflslhqwv� dqg wkhlu

vkduh ri rxwsxw lv E� � k� � Wkh txdqwlw| E� � k�
�
&|n�

�|n�

�
k

lv wkh ulvh lq wkh wuhhv*

vkduh ri wrwdo rxwsxw1 Wkh txdqwlw|
E�3B��|n�

5|n�r|n�
lv wkh uhvrxufhv wkdw Fuxvrh fdq

vdyh wrpruurz e| kdylqj wkh dgglwlrqdo wuhhv vxuylyh iurp wkh suhylrxv shulrg1

Xqghu wklv lqwhusuhwdwlrq fdslwdo zloo �uhqw� dw wkh udwh o n B&/ zklfk lv lq idfw

Fuxvrh*v vkdgrz sulfh iru xvlqj lw gxulqj wkh shulrg1 Ydoxlqj wkh fdslwdo lqsxw dw

wklv sulfh/ wkh qhw uhyhqxh iurp d wuhh lv

Z Ewc o� ' 4@ 
&

q
w�3k&k � Eo n B&� &

r

' E�� k� + Ewc o�

zkhuh + Ewc o� lv wkh wuhh*v rxwsxw=

+ Ewc o� ' w

�
k

o n B&

�k*E�3k�

iru dv orqj dv wkh wuhh lv dolyh1 Pxowlso|lqj e| wkh suredelolw| ri vxuylydo/ wkh h{shfwhg

suhvhqw ydoxh ri wkh uhpdlqlqj sur�wv ri d wuhh wkdw lv vwloo dolyh dw gdwh | lv

E�� k�
"[

�'�

q� E� � B��
L � ES|n��

L � ES|�
+ Ewc o�

Fuxvrh lv ixoo| glyhuvl�hg zlwk uhvshfw wr lglrv|qfudwlf ulvnv/ dqg kh fdq shuihfwo|

iruhfdvw wkh ES|c o|� vhtxhqfh1 Wklv zloo dovr eh wkh sulfh ri wkh lqglylgxdo dvvhw1 Wkh

ydoxh ri doo ylqwdjh � wuhhv/ krzhyhu/ ghsuhfldwhv dv wlph sdvvhv e|/ dqg vr lwv ydoxh

dw gdwh | lv

�|c� ' E�� k�
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]
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Lqvshfwlqj wklv irupxod/ lw*v fohdu wkdw dvlgh iurp wkh ghsuhfldwlrq whup E� � B�|/
wkh rqo| uhdvrq zk| �|c� zloo ghshqg rq wlph lv wkh  xfwxdwlrqv lq lqwhuhvw udwhv1 Wkdw

lv/ wkh rqo| w|sh ri revrohvfhqfh wkdw wklv prgho fdq surgxfh lv wkurxjk pryhphqwv

lq wkh lqwhuhvw udwh1 Pruhryhu/ wkh uhodwlyh ydoxh ri dq| sdlu ri ylqwdjhv � dqg �
�lv d

frqvwdqw

�|c�

�|c��

' E� � B��3�
� 5

�

5��

� Er
�
�

� Er���
c

lqghshqghqw ri wlph1 Krzhyhu/ frqvlghu/ h1j1/ Iljxuh 4<1 Lw sorwv ydoxhv qrw ri ylq0

wdjhv/ exw fxpxodwlyh ylqwdjhv/ exw/ qhyhuwkhohvv/ zh vhh wkdw wkh 4<63 lqfxpehqwv

glg pxfk ehwwhu wkdq wkh 4<43 lqfxpehqwv1 Wr jhw vxfk rxwfrphv/ zh pxvw eurdghq

wkh prgho1

Fdslwdol}dwlrq0JGS udwlr �|*t|� Ohw �| '

S
�	| �|c� eh wrwdo fdslwdol}dwlrq1

Vlqfh h{dfwo| E� � k� iudfwlrq ri rxwsxw jrhv rq glylghqgv/ li doo wuhhv zhuh wudghg
rq wkh vwrfn pdunhw/ zh zrxog kdyh +wdnlqj dq dssur{lpdwlrq ri d frqvwdqw udwh ri

lqwhuhvw o vr wkdw li - ' �* E� n o�/ L
�ES|n��

L �ES|�
'

�
-

q

��
, wkh xsshu erxqg rq Pdunhw

fdslwdol}dwlrq

�|

t|

� E�� k�
"[

�'�

q� E�� B��
L � ES|n��

L � ES|�
�

�� k

� �- E� � B�
�

Lq idfw/ Iljxuh 6 vkrzv wkdw wklv udwlr kdv ulvhq e| d idfwru ri derxw 43/ uh hfwlqj wkh

lq x{ ri fdslwdo lqwr wkh vwrfn pdunhw1

61315 Fdvh 5= Iuxlwv dv glvwlqfw lqwhuphgldwh jrrgv

Zh qrz dvvxph wkdw hdfk ylqwdjh ri wuhhv ehduv d gl�huhqw w|sh ri iuxlw zklfk frp0

elqhv zlwk rwkhu w|shv ri iuxlw wr surgxfh d vlqjoh �qdo jrrg � vd| iuxlw mxlfh1 Zh

vkdoo dvvxph wkdw iuxlw mxlfh lv krprjhqhrxv/ dqg wkdw lw lv pdgh xvlqj surgxfwlrq

ixqfwlrq

t| ' C E+|c|3�c+|c|32c ���c +|c�c ���� c

zkhuh +|c� lv wkh gdwh0| iuxlw surgxfhg e| ylqwdjh0� wuhhv1 Dvvxplqj wkdw C kdv

frqvwdqw uhwxuqv wr vfdoh dqg wkdw wkh �qdo jrrgv vhfwru lv frpshwlwlyh/ wkh gdwh0|

sulfh ri iuxlw ri ylqwdjh � lv

R|c� �
YC|

Y+�
' C|3�

#
+|c|3�

+|c�

c
+|c|32

+|c�

c ���c �c ���

$
c +9,

zkhuh C|3� lv wkh ghulydwlyh ri C zlwk uhvshfw wr lwv |��*wk dujxphqw/ dqg zkhuh zh
kdyh xvhg krprjhqhlw| ri ghjuhh }hur ri wkh ghulydwlyhv ri C1

Wkh vwrfn pdunhw grhv qrw lqfoxgh doo wkh fdslwdo ri d jlyhq ylqwdjh/ dqg vr
zh fdqqrw vroyh iru wkhvh sulfhv lq whupv ri wkh whfkqrorj| vkrfnv zlwkrxw ixuwkhu
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dvvxpswlrqv +qrw pdgh khuh, derxw wkh iudfwlrq ri fdslwdo lq hdfk ylqwdjh wkdw lv
wudghg rq wkh vwrfn pdunhw1 Lq zkdw iroorzv/ zh vkdoo vlpso| wuhdw wkhvh sulfhv dv
jlyhq/ dqg zh vkrxog uhphpehu wkdw wkh| ghshqg rq krz whfkqrorj| hyroyhv1

Olnho| wlph sdwkv iru R|c� Li ylqwdjh � lv d jrrg rqh/ lw lv olnho| wr eh iroorzhg

e| lqqrydwlrqv wkdw duh frpsohphqwdu| wr lw lq surgxfwlrq1 Lq wkdw fdvh lwv uhqwdo

R|c� zloo ulvh dv d ixqfwlrq ri |1 Odwhu rq/ diwhu A shulrgv/ vd|/ lw pd| eh vxshuvhghg

e| d ehwwhu/ frpsohphqwdu| whfkqrorj| zklfk/ dv lw lv iroorzhg e| frpsohphqwdu|

lqqrydwlrqv/ pd| h�hfwlyho| uhsodfh iuxlw ri ylqwdjh � hqwluho| e| uhgxflqj lwv sulfh

wr }hur1 Zh vkrz vxfk d wlph sdwk lq wkh gldjudp ehorz/ zklfk zloo prwlydwh wkh

ixqfwlrqdo irup ri rxu uhjuhvvlrqv1 Wklv lv ehfdxvh wkh surshuwlhv ri R|c� fduu| ryhu/ wr

vrph h{whqw wr �|c� zklfk lv wkh glvfrxqwhg sduwldo vxp ri wkh duhd xqghu wkh fxuyh lq

wkh gldjudp1 44 Vlqfh Fuxvrh kdv shuihfw iruhvljkw derxw wkh djjuhjdwh vkrfnv/ wkhuh

duh vrph olplwv rq wkh xszdug pryhphqwv rq �|c�1 Vlqfh glylghqgv duh qrqqhjdwlyh/
�|c� fdqqrw ulvh idvwhu wkdq dw wkh udwh ri lqwhuhvw/ exw wkhuh lv qr olplw wr krz idvw
�|c� fdq ghfolqh/ zklfk zrxog kdsshq li R|c� zhuh wr ehfrph }hur eh|rqg vrph gdwh1

Wklv lv pruh ru ohvv zkdw kdsshqv lq Khospdq dqg Wudmwhqehuj +4<<<,/ dw uhjxodu
lqwhuydov A / dqg zh fdq jhw lw khuh e| d vxlwdeoh fkrlfh ri C lq +9,/ lq zklfk frp0
sohphqwdu| whfkqrorjlhv dsshdu lq dgmdfhqw shulrgv A lq qxpehu/ exw lq zklfk hdfk
jurxs ri A lv d vxevwlwxwh zlwk rwkhu jurxsv ri A whfkqrorjlhv1

v v+T t

p t,v

Wlph sdwk ri wkh pdujlqdo surgxfw ri ylqwdjh0y iuxlw

44
Exw Sw>y fdq dovr ulvh iru uhdvrqv wkdw rxu prgho rplwv � h1j1/ d ulvlqj surgxfwlylw| ri wuhhv dv d

ixqfwlrq ri wkhlu djh dqg xqh{shfwhg fkdqjhv lq glfylghqgv1
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Wuhh sulfhv Fdslwdo uhqwdov duh phdvxuhg lq xqlwv ri wkh �qdo jrrg1 Qrz/ d wuhh ri

txdolw| w dqg ylqwdjh � gholyhuv gdwh0| glylghqgv
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Wkdw lv/ lw lv dv li wkh txdolw| ri wkh wuhh dw gdwh | lv wR
�*E�3k�
|c� 1 Wkh txdolw| qrz

ghshqgv rq wlph wkurxjk wkh uhodwlyh sulfh ri wkh iuxlw1 Wklv sulfh yduldwlrq ghshqgv/

lq wxuq/ rq zkdw vruwv ri qhz ylqwdjhv � vxevwlwxwhv ru frpsohphqwv � ri iuxlw duh

eruq1 Wkh h{shfwhg suhvhqw ydoxh ri wkh sur�wv lv1
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vr wkdw qrz wkh qrupdol}hg yduldeoh lv
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Wkh vl}h ri wkh pdujlqdo hqwudqw/ 77� Zh fdq phdvxuh wkh vl}h ri wkh �up dw

hqwu| lq whupv ri wkh ydoxh dw LSR1 Wkh vpdoohvw hqwhulqj �up lv ri txdolw| 5�r�/ dqg

zklfk vkrxog kdyh dq LSR ydoxh ri1
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D qdwxudo hvwlpdwh iru wklv yduldeoh lv wkh vpdoohvw uhfrughg LSR dw gdwh � exw hv0

wlpdwlqj lw wklv zd| lv sodjxhg e| srvvleoh phdvxuhphqw huuru dqg rwkhu lq xhqfhv

wkdw rxu prgho h{foxghv zklfk duh riwhq wkh prvw suhvhqw dprqj wkh yhu| revhuyd0

wlrqv wkdw duh uhfrughg dv ehlqj lq wkh wdlov1 Vr/ zh vkdoo hvwlpdwh lw lqvwhdg e| wkh

phdq ri wkh erwwrp wklug ri wkh hqwhulqj glvwulexwlrq1 Zh fkrrvh rqh0wklug ehfdxvh

rxu vdpsoh grhv qrw kdyh wkdw pdq| �upv lq wkh hduo| |hduv1 Zh vkdoo ghqrwh rxu

hvwlpdwh e| 77�1 Zh vkdoo xvh lw lq rxu uhjuhvvlrqv1
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61316 Irupxodwlqj wkh ylqwdjh uhjuhvvlrqv

Rxu ylqwdjh uhjuhvvlrqv zloo eh edvhg rq +:, dqg rq +;,1 Iluvw zh vkdoo hydoxdwh +:,
dw wkh wuhqg frqvxpswlrq dqg phdq lqwhuhvw udwh1

Frqvwdqw o dssur{lpdwlrqv Vxssrvh wkh lqwhuhvw udwh lv frqvwdqw/ dqg zulwh

- ' �* E� n o�1 Wkhq Fuxvrh*v rswlpdo vdylqjv ghflvlrqv45 lpsolhv wkdw
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Wkh �uvw htxdwlrq kdv dq dgglwlyh ylqwdjh0vshfl�f sdudphwhu ~�/ wkh vhfrqg grhv qrw1
Rxu uhjuhvvlrqv dvvxph wkdw zh fdq dssur{lpdwh wkh uhpdlqlqj whupv lqyroylqj | dqg
� e| d txdgudwlf lq wkh yduldeoh |� �1 Wdnlqj orjdulwkpv lq +<, dqg +43, htxdwlrq ri
wkh irup=
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Wkh ylqwdjh0vshfl�f yduldeoh 77� lv vxssrvhg wr wudfn r�1 Wkh yduldeoh �|

t|

lv vxssrvhg

wr sur{| iru wkh whqghqf| iru fdslwdol}dwlrq wr eh lq vwrfnv udwkhu wkdq lq erqgv1

Qrwh wkdw iru q
�c�

ru d �
�c�

wr eh srvlwlyh zrxog phdq wkdw d ylqwdjh whpsrudulo|

jdlqv ydoxh lq wklv prgho1 Wkxv/ R|c� pxvw/ iru d zkloh/ eh ulvlqj idvwhu wkdq wkh

jurzwk0dxjphqwhg udwh ri glvfrxqw1 Rq wklv lqwhusuhwdwlrq/ juhdw ylqwdjhv duh wkrvh

wkdw zhuh wkhq iroorzhg e| zdyhv ri �dgdswdwlrq� w|sh ylqwdjhv wkdw zhuh frpsoh0

phqwdu| dqg wkdw wkhuhiruh udlvhg wkh ydoxh ri wkh iuxlw ri wkdw ylqwdjh1

45zklfk vroyh wkh sureohp pd{
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w
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4;



7 Vpdoo yv1 Odujh Lqfxpehqwv

714 Hqwu| eduulhuv wr vwrfn olvwlqj dqg wkh sdfh ri whfkqrorj0

lfdo dgrswlrq

Hduo| rq/ wkh LW uhyroxwlrq zdv ohg e| vpdoo �upv/ pdq| ri zklfk kdyh vlqfh jurzq
lqwr odujh rqhv1 Zdv wklv dovr wuxh ri hohfwul�fdwlrqB Lq dvnlqj wklv/ zh vkrxog
uhphpehu wkdw rqh kxqguhg |hduv djr/ wkh �qdqfldo sod|lqj �hog idyruhg wkh odujh/
hvwdeolvkhg �up pxfk pruh wkdq lw grhv wrgd|1 Wkh ulvh ri vpdoohu �upv odwhu rq
pd| kdyh ehhq gxh sduwo| wr fkdqjhv lq wkh odz +vxfk dv wkh Vkhupdq dqwlwuxvw dfw
ri 4;<3 dqg wkh wudqvsduhqf| irufhg rq wkh pdunhw e| wkh Vhfxulwlhv Dfw ri 4<66,
exw lw suredeo| vwhpphg pruh iurp jurzwk lq wkh h{shuwlvh zlwk zklfk exvlqhvv lv
�qdqfhg1

Lq rxu prgho/ wkh vwdwh ri wkh whfkqrorj| ri �qdqflqj lv vxppdul}hg e| wkh sd0
udphwhu �

|
zklfk vkrxog eh ghfolqlqj wkurxjk wlph1 Wkh fdslwdo pdunhw zdv qrw

qhduo| dv ghhs hyhq lq wkh 4<53*v dv lw lv wrgd| � vrph 83 shufhqw ri Dphulfdqv rzq
vwrfn wrgd|/ zkhuhdv rqo| wkuhh ru irxu shufhqw rzqhg vwrfnv lq wkh 4<53*v/ dqg hyhq
ohvv lq wkh 4;<3*v1 Pruhryhu/ Zdoo Vwuhhw*v �qdqfldo h{shuwlvh zdv frqfhqwudwhg lq d
ihz odujh edqnv1 Wkh pdunhw zdv wkxv ohvv zhoo suhsduhg wr  rdw vkduhv ri vpdoohu
�upv/ dqg wkh elj edqnhuv ri wkh hud dv d uxoh vklhg dzd| iurp qhz lvvxhv e| xqnqrzq
frpsdqlhv1

Qdylq dqg Vhduv +4<88,/ iru h{dpsoh/ glvfxvv wkh irupdwlrq ri wkh lqgxvwuldo pdu0
nhw lq Qhz \run durxqg wkh wxuq ri wkh fhqwxu|/ dqg �qg wkdw rqo| odujh �upv dqg
frpelqhv zhuh xvxdoo| deoh wr fdswxuh wkh dwwhqwlrq ri wkh qdwlrq*v hduo| �qdqflhuv1
Qhovrq +4<8<, qrwhv wkdw rqo| 4<19 shufhqw ri doo frqvrolgdwlrqv gxulqj wkh �uvw phujhu
zdyh wudghg rq wkh Q\VH vrphwlph lq wkh qh{w wkuhh |hduv1 Lq dgglwlrq/ ehwzhhq
4;<: dqg 4<3: wkh wrwdo ydoxh ri fdvk lvvxhv wr wkh jhqhudo sxeolf +'6<5 ploolrq, zdv
rqo| 4419 shufhqw ri wkh ydoxh ri vhfxulwlhv wkdw zhuh h{fkdqjhg iru wkh dvvhwv dqg vh0
fxulwlhv ri rwkhu frpsdqlhv1 Zkhq vhhq lq oljkw ri Iljxuh 9/ wkhq/ lw dsshduv wkdw wkh
vpdoo frpsdq| kdg d kdughu wlph d fhqwxu| djr1 Rwkhu/ ohvv gluhfw hylghqfh/ vxjjhvwv
wklv wrr1 Qhz surgxfwv duh riwhq fuhdwhg e| qhz frpsdqlhv/ dqg Djduzdo dqg Jruw
+4<<<, jlyh hylghqfh wkdw d qhz surgxfw gl�xvhv wkurxjk wkh hfrqrp| pxfk idvwhu
wrgd| wkdq lw zrxog kdyh d fhqwxu| djr/ ohdglqj xv wr h{shfw d pruh surwudfwhg sod|0
lqj rxw ri hyhqwv lq wkh hohfwulflw| hud1 Dqg Jdwhv +4<<</ s1 44;, surylghv hylghqfh
wkdw frpsxwhuv duh shqhwudwlqj wkh krxvhkrog vhfwru idvwhu wkdq hohfwulflw| glg � qrw
ohdvw ehfdxvh frpsxwhu sulfhv kdyh ghfolqhg dw d pxfk idvwhu udwh vlqfh 4<:3 wkdq
hohfwulflw| sulfhv glg diwhu 4;<31 Dv vl}h0uhodwhg eduulhuv wr sxeolf olvwlqj zhuh pruh
iruplgdeoh iru vpdoo �upv dw wkh wxuq ri wkh fhqwxu| wkdq wkh| duh wrgd|/ lw lv olnho|
wkdw hqwudqwv frxog uhsodfh wkh plvvlqj pdunhw fdslwdo rqo| dw d pxfk odwhu vwdjh ri
hohfwulflw|*v dgrswlrq1
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Iljxuh := Nx}qhwv fxuyhv xsshu shufhqwlohv ri wkh vl}h glvwulexwlrq ri olvwhg �upv/
4;;804<<;1

715 Wkh uroh ri vpdoo dqg odujh �upv

Wkh suhylrxv sdudjudskv glvfxvv wkh hdvh ri hqwu| lqwr wkh vwrfn pdunhw1 Zh qrz dvn
krz vpdoo lqfxpehqwv kdyh iduhg uhodwlyh wr wkh odujh lqfxpehqwv1 Zh zrxog h{shfw
wkh vpdoo lqfxpehqw wr eh pruh  h{leoh dqg wr uhvsrqg idvwhu wr d qhz whfkqrorj|
wkdq d odujh lqfxpehqw zrxog1 Lw lv dovr srvvleoh wkdw wkh dgrswlrq ri qhz whfkqrorjlhv
e| vpdoohu �upv kdv d�hfwhg wkh X1V1 hfrqrp| prvw irufhixoo| wkurxjk lwv lqgluhfw
lq xhqfh rq wkh ghflvlrqv ri odujhu �upv1 Wklv lv ehfdxvh qhz �upv fdq hqwhu wkh
pdunhw dqg ghprqvwudwh wkh yldelolw| ri d qhz whfkqrorj| zkloh dyrlglqj wkh �{hg
frvwv ri frqyhuvlrq dqg uhwudlqlqj/ zklfk lq wxuq jlyhv ulvh wr wkh ghyhorsphqw ri
frpsohphqwdu| surgxfwv1 Zkhq wkh ehqh�wv ri wkh qhz whfkqrorj| �qdoo| ehfrph
fohdu dqg wkh frvw ri frqyhuvlrq orz hqrxjk/ pruh hvwdeolvkhg �upv fkrrvh wr dgrsw1
Ehfdxvh roghu �upv zdlw iru wkh whfkqrorj| wr ehfrph hvwdeolvkhg/ wkh| dgrsw lw
pruh hdvlo|/ dqg txlfno| uhjdlq wkh pdunhw*v idyru hduo| lq wkh surfhvv ri fdwfk0xs
zlwk wkhlu vpdoohu frpshwlwruv1 Wklv lv zkdw vhhpv wr kdyh kdsshqhg vlqfh 4<;5/ dqg
zh fdq orrn iru lw pruh v|vwhpdwlfdoo| lq oljkw ri wkh qh{w wzr �jxuhv wkdw sruwud|
wkh Nx}qhwv fxuyhv shuwdlqlqj wr ydulrxv vl}h0fodvvhv1

Iru h{dpsoh/ Iljxuh : suhvhqwv Nx}qhwv fxuyhv iru wkh xsshu shufhqwlohv ri wkh
�up vl}h glvwulexwlrq wkdw duh frqvlvwhqw zlwk vxfk d sdwwhuq ri dgrswlrq1 D vwulnlqj
ihdwxuh lv wkh vwhdg| jdlq ri wkh odujhvw �yh shufhqw ri �upv lq pdunhw fdslwdol}dwlrq
ghvslwh wkh whqghqf| iru hqwudqwv wr ehfrph hyhu vpdoohu diwhu 4<881 Wkh hohfwul�0
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Iljxuh ;= Nx}qhwv fxuyhv iru lqwhulru vhjphqwv ri wkh vl}h glvwulexwlrq ri olvwhg �upv/
4;;804<<;1

fdwlrq hud ehjdq zlwk jdlqv e| wkh wrs �yh shufhqw ehwzhhq 4;<7 dqg 4<331 Wklv
vxuho| uh hfwv wr vrph h{whqw frqvrolgdwlrqv dvvrfldwhg zlwk wkh �uvw phujhu zdyh
+4;<904<34,/ exw pd| dovr uh hfw d urv| rxworrn dprqj lqyhvwruv derxw wkh ixwxuh
ri hohfwulfdo whfkqrorj|1 Lq idfw/ lw lv srvvleoh wkdw hohfwul�fdwlrq vkliwhg lqyhvwru
shufhswlrqv ri ixwxuh frpsdudwlyh dgydqwdjh dqg sod|hg dq lpsruwdqw uroh lq phujhu
dfwlylw|1 Wkh wrs �yh shufhqw glg qrw jdlq dssuhfldeo| ehwzhhq 4<3: dqg 4<53 dv
wkh fkdoohqjhv ri eulqjlqj hohfwulfdo v|vwhpv rq0olqh ehfdph pruh reylrxv/ exw urvh
vkduso| djdlq lq wkh 4<53v1 Wkh wrs �yh shufhqw ehkdyh vlploduo| iurp wkh odwh 4<93v
wkurxjk 4<<3/ lq wklv fdvh jdlqlqj zkhq LW �uvw �duulyhv/� idoolqj dv wkh gl!fxowlhv ri
frqyhuvlrq ri roghu sk|vlfdo dqg rujdql}dwlrq fdslwdo ehfrph fohdu/ dqg ulvlqj vkduso|
diwhu 4<;81 E| wklv wlph frpsxwhuv kdg frph wr eh lqwhjudo frpsrqhqwv ri dq| odujh
exvlqhvv1

Iljxuh ; ghslfwv d ihz lqwhulru vhjphqwv ri wkh �up vl}h glvwulexwlrq/ dqg vkrzv
wkdw wkh 8043 dqg 43058 shufhqw vhjphqwv vdz wkhlu ydoxhv ghfolqh vkduso| ehwzhhq
4<3: dqg 4<531 Uhpdundeo|/ dv wkh odujhu �upv vwuxjjohg/ wkh 58083 dqg 830:8
shufhqw vhjphqwv vdz wkhlu pdunhw vkduhv ulvh rqo| wr gurs r� vkduso| diwhu 4<53$

Wklv sdwwhuq lv dovr frqvlvwhqw zlwk qhz dqg vpdoo �upv ohdglqj wkh zd| lq dgrswlqj
qhz whfkqrorjlhv/ rqo| wr eh grplqdwhg odwhu e| odujhu rqhv wkdw vxuylyh1 Ri frxuvh/
vrph vpdoohu �upv ri 4<3:04<53  rxulvkhg dqg hqwhuhg wkh wrs �yh shufhqw lq wkh
4<53v/ exw vxfk h{fhswlrqdo fdvhv lqyroyhg udslg dqg hqruprxv xszdug pryhphqw
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Iljxuh <= Wkh wrs �yh shufhqw ri wkh vl}h glvwulexwlrq dqg wkh vkduh ri pdunhw fdsl0
wdol}dwlrq lq JQS/ 4;;804<5;1

wkurxjk wkh vl}h glvwulexwlrq dqg fdqqrw dghtxdwho| h{sodlq wkh fohdu sdwwhuq lq wkh
djjuhjdwhv1 Lqwhuhvwlqjo|/ lq wkh hduo| |hduv ri wkh LW uhyroxwlrq/ doo exw wkh odujhvw
�yh shufhqw jdlqhg pdunhw vkduh ehwzhhq 4<:8 dqg 4<;6 ru vr/ exw wkh odujh �upv
txlfno| uhfryhuhg wkhlu vkduhv1

Vlqfh wkh wrs �yh shufhqw ri �upv fdph wr frppdqg d odujh dqg lqfuhdvlqj vkduh
ri wkh vwrfn pdunhw/ rqh pljkw dqwlflsdwh vkliwv lq wkh vl}h glvwulexwlrq wr eh uhodwhg
wr wkh jurzwk ri pdunhw fdslwdol}dwlrq lwvhoi1 Iljxuh </ krzhyhu/ zklfk sorwv wkh
wrs �yh shufhqw djdlqvw wkh udwlr ri fdslwdol}dwlrq wr JQS/ vkrzv dw ehvw d zhdn
frqwhpsrudqhrxv dvvrfldwlrq ehwzhhq wkh wzr vhulhv1

Lqvwhdg/ wkh furvv0fruuhodwlrqv ri wkh Nx}qhwv fxuyhv zlwk pdunhw ghswk/ glvsod|hg
lq Wdeoh 4 diwhu ghwuhqglqj doo yduldeohv/ duh frqvlvwhqw zlwk rxu vwru| ri odjv lq wkh
uhvsrqvhv ri odujhu dqg hvwdeolvkhg �upv wr qhz whfkqrorjlhv1 Lq sduwlfxodu/ wkh wrs
8/ 43/ 58/ dqg 83wk shufhqwlohv +froxpqv 407, uhvsrqg rqo| zlwk d odj wr lqfuhdvhv lq
pdunhw fdslwdol}dwlrq/ zkloh lqfuhdvhv lq wkh 43058 shufhqw vhjphqwv dqg 58083 shufhqw
vhjphqwv dsshdu wr ohdg srvlwlyh ghyldwlrqv ri wkh pdunhw iurp wuhqg1 Ixuwkhu/ wkh
vpdoohu �upv +froxpqv 90;, shuirup deryh wuhqg diwhu d ghfolqh lq wkh pdunhw1 Wkhvh
sdwwhuqv ohqg wkhpvhoyhv wr wkh lqwhusuhwdwlrq wkdw zkhq qhz whfkqrorjlhv duulyh/
odujh �upv duh klw �uvw dv vpdoohu �upv ehjlq wr shuirup pruh vwurqjo|1 Dv wkhvh
vxffhvvhv ehjlq wr udlvh pdunhw fdslwdol}dwlrq rqfh djdlq/ wkh odujh �upv dgrsw wkh
whfkqrorj| dqg uhfryhu wkhlu vkduhv1
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Wdeoh 4= Vlpsoh Fruuhodwlrqv ehwzhhq pdunhw fdslwdol}dwlrq2JQS dqg
sdvw +0, ru ixwxuh +., ydoxhv ri Nx}qhwv fxuyh vkduhv +{, ri �upv lq
vhohfwhg shufhqwloh vhjphqwv ri wkh vl}h glvwulexwlrq1

Doo yduldeohv ghwuhqghg

{+08, 013<8 01439 01375 13<7 0138; 1495 144< 013:6
{+07, 0144; 01453 01364 13<8 0136: 153: 1437 013:;
{+06, 01434 01434 1337 1466 0135: 1549 13:9 01446
{+05, 013:4 013:9 1377 14:6 01369 1553 1374 01489
{+04, 0136; 01378 13:: 14<8 01366 1535 1339 014;3
{+3, 1396 1363 1453 1534 013<3 143: 01387 014<3
{+.4, 1539 14:9 1597 1649 0137< 01334 014<; 01647
{+.5, 1639 15:; 169< 16<; 01353 01398 01637 01733
{+.6, 1674 1653 16<5 16<5 1346 01453 01675 016<:
{+.7, 168; 1687 173< 16;; 13:4 01499 016:5 016<7
{+.8, 1686 1683 16<3 1685 139: 014;3 0169< 01693

(lohv wrs 8 wrs 43 wrs 58 wrs 83 8043 43058 58083 830:8
{ @ vkduh ri wrwdo pdunhw fdslwdol}dwlrq

8 Ylqwdjh dqg ydoxh

814 Jhqhudwlrqv ri lqfxpehqwv dqg hqwudqwv

Wkh Nx}qhwv fxuyhv suhvhqwhg lq vhfwlrq 715 vxjjhvw wkdw |rxqj �upv pd| sod| dq

lpsruwdqw uroh lq dffhohudwlqj wkh gl�xvlrq ri qhz lghdv e| dyrlglqj wkh frvwv dvvr0

fldwhg zlwk prgli|lqj ru uhsodflqj rog fdslwdo/ lqfoxglqj wkh htxlsphqw/ vwuxfwxudo

dqg rujdql}dwlrqdo ydulhwlhv1 Qhyhuwkhohvv/ lw lv sulpdulo| wkh odujh �upv wkdw uhds

wkh orqj0whup uhzdugv ri zlghvsuhdg dgrswlrq1 Iljxuh 43/ zklfk ghslfwv wkh vkduh

ri 430|hdu frkruwv ri lqfxpehqwv lq wkh udwlr ri pdunhw fdslwdol}dwlrq wr JQS/ dovr

vxssruwv wklv lqwhusuhwdwlrq1 Iru h{dpsoh/ vlqfh wkh 4;<3 lqfxpehqwv vhh wkhlu vkduhv

gurs udslgo| diwhu hohfwulflw|*v �duulydo� lq wkh plg04;<3v/ pxfk ri wkh pdunhw ydoxh

uhwdlqhg e| wkh 4<33 dqg 4<43 frkruwv sulru wr 4<53 fdq eh dwwulexwhg wr odwhu hq0

wudqwv1 Zkhq hohfwulfdo whfkqrorjlhv ehfdph zlgho| dgrswhg durxqg 4<53/ hqwudqwv

lq vxevhtxhqw |hduv wkhq frpelqhg zlwk wkh odujhvw vxuylyruv wr grplqdwh wkh pdunhw/

zkloh pxfk ri wkh fdslwdo ri hduolhu ylqwdjhv zdv ghvwur|hg1 Wkrvh wkdw vxuylyhg wkh

pdunhw glvwxuedqfhv ri wkh hduo| 4<63v wkhq pdlqwdlqhg wkhlu vkduhv iru wkh qh{w wzr

ghfdghv � d wlph gxulqj zklfk hqwu| dqg h{lw zhuh txlwh olplwhg1 Wklv f|foh uhfxuv

lq wkh 4<93v/ zkhq wkh vxuylyruv ri wkh ghsuhvvlrq dqg wkh srvwzdu errp ehjlq wr

vhh wkhlu rog rujdql}dwlrqdo fdslwdo ghwhulrudwh dv lqirupdwlrq whfkrorj| dsshduhg rq

wkh krul}rq1 Qhz �upv txlfno| dgrswhg wkh whfkqrorj|/ exw �qdqfldo eduulhuv wr
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Iljxuh 43= Vkduhv ri whq0|hdu frkruwv ri lqfxpehqwv lq pdunhw fdslwdol}dwlrq/ 4;;80

4<<;1

hqwu| pdgh lw gl!fxow iru wkhp wr olvw vkduhv rq dq rujdql}hg h{fkdqjh iru vrph

wlph1 Gulyhq e| qhz olvwlqjv ehwzhhq 4<:3 dqg 4<;3/ krzhyhu/ wkh 4<;3 dqg 4<<3

lqfxpehqwv shuiruphg h{wuhpho| zhoo dqg qrz dffrxqw iru prvw ri wkh vwrfn pdunhw*v

ydoxh1

Iljxuh 44 suhvhqwv wkh uhdo pdunhw ydoxh ri wkh vdph 430|hdu lqfxpehqw frkruwv/

exw wklv wlph zh qrupdol}h wkh ydoxh ri hdfk frkruw wr rqh lq wkh vwduwlqj |hdu1

Wkrxjk wkh dssuhfldwlrq ri hdfk frkruw zloo eh d�hfwhg e| wkh vwdwh ri wkh pdunhw dw

wkh vwduwlqj gdwh/ wkh �jxuh vwloo r�huv vrph lqvljkw derxw wkh uhodwlyh txdolw| ri hdfk

jurxs*v rujql}dwlrq fdslwdo1 Vshfl�fdoo|/ wkh 4<53/ 4<;3 dqg 4<<3 frkruwv dssuhfldwh

prvw gudpdwlfdoo| iroorzlqj wkhlu lqwurgxfwlrq1

815 Hfrqrphwulf hvwlpdwlrq ri ylqwdjh h�hfwv

Lq wklv vhfwlrq/ zh hvwlpdwh ylqwdjh h�hfwv zlwk dq hfrqrphwulf irupxodwlrq ri wkh

prgho suhvhqwhg lq Vhfwlrq 61 Wkh dqdo|vlv vkrzv wkdw wkh �upv zklfk hqwhu wkh

vwrfn pdunhw ehiruh wkh duulydo ri d qhz JSW vhh wkhlu pdunhw ydoxdwlrqv hyroyh

ohvv idyrudeo| wkdq wkrvh zklfk hqwhu odwhu lq wkh whfkqrorjlfdo f|foh1 Rxu �uvw

vshfl�fdwlrq fdswxuhv wkh ylqwdjh vkrfnv zlwk wkh irup
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Iljxuh 44= Iudfwlrqv ri uhdo pdunhw fdslwdol}dwlrq uhwdlqhg e| lqfxpehqwv ri whq0|hdu
frkruwv lq vxevhtxhqw |hduv/ 4;;804<<;1

zkhuh y uhsuhvhqwv d sduwlfxodu ylqwdjh/ ru lq rxu fdvh jurxsv ri �upv zklfk hqwhu wkh
vwrfn pdunhw lq jlyhq �yh ru whq0|hdu shulrgv1 S |c� lv wkh uhdo +gh dwhg e| wkh lpsolflw
sulfh gh dwru, pdunhw ydoxh ri doo �upv lq d jlyhq ylqwdjh1 77

�
/ zklfk lv lqfoxghg wr

frqwuro iru wkh hdvh zlwk zklfk qhz �upv fdq rewdlq olvlwqj vwdwxv rq dq rujdql}hg

h{fkdqjh/ lv phdvxuhg dw wkh wlph ri hqwu| iru hdfk ylqwdjh1 Zh frqvwuxfw 77� e|
�uvw dyhudjlqj wkh ydoxh ri wkh erwwrp wklug ri hqwhulqj �upv lq wkh vl}h glvwulexwlrq
iru hdfk |hdu dqg glylglqj e| wkh dyhudjh vl}h ri olvwhg �upv lq wkh hqwluh vdpsoh1 Zh
wkhq dyhudjh wkhvh uhvxowv ryhu wkh |hduv gxulqj zklfk zh gh�qh d ylqwdjh +l1h1/ 77f iru
ylqwdjhv gh�qhg dv �up wkdw hqwhu wkh vwrfn pdunhw ryhu �yh0|hdu shulrgv zrxog eh dq
dyhudjh ri wkh dqqxdo phdvxuhv iurp 4;;9 wr 4;<3,1 P2\/ wkh udwlr ri wrwdo pdunhw

fdslwdol}dwlrq wr JQS/ ydulhv ryhu wlph dqg lv wkxv frpprq dfurvv revhuydwlrqv iru

doo olylqj ylqwdjhv1 Wkh q�c� duh ylqwdjh0vshfl�f frh!flhqwv wkdw fdswxuh wkh h�hfwv ri
wkh ylqwdjh whfkqrorj| vkrfn rq wkh wrwdo pdunhw ydoxh ri hdfk frkruw dqg vshfli| wkh
wudmhfwru| ri lwv pdunhw ydoxdwlrq zlwk uhvshfw wr erwk olqhdu dqg txdgudwlf phdvxuhv
ri djh +w0y,1 Zh hvwlpdwh xvlqj ruglqdu| ohdvw vtxduhv1
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Wdeoh 5
Ilyh0\hdu Ylqwdjh S|c� Uhjuhvvlrqv/ 4;;904<<;

Ghs1 yduldeoh Qr Wuxqfdwlrq 430|hdu Wuxqfdwlrq
oq+S|c�, hvwlpdwh w0vwdw1 hvwlpdwh w0vwdw1
ylqwdjh gxpplhv +q

fc�
,

4;;904;<3 041<34 048169 04153: 0;14<
4;<404;<8 041;96 0471:3 041<35 0441;3
4;<904<33 031955 071;8 031:57 08149
4<3404<38 041;35 045173 041799 043176
4<3904<43 051659 048156 041<46 0461;7
4<4404<48 0415:; 043175 031:79 0813<
4<4904<53 031959 07199 0316<4 05198
4<5404<58 03196; 071;7 313:3 317<
4<5904<63 031874 07147 0316:7 05194
4<6404<68 04167: 043179 041883 0<1;;
4<6904<73 031<69 091<6 0413:: 0:17;
4<7404<78 031;9< 0917: 031<85 0917<
4<8404<88 03189; 061<9 031884 06193
4<8904<93 031938 061<4 031899 061<4
4<9404<98 3159: 4156 31469 31<:
4<9904<:3 31379 3156 3157: 41:4
4<:404<:8 31377 3148 031344 0313:
4<:904<;3 031<57 05198 0413:4 09166
4<;404<;8 31449 3166 3144: 31:6

Qr1 revhuydwlrqv 454; 53;
Dgmxvwhg U2 1<:9 1<<9

Qrwh= wkh wdeoh suhvhqwv hvwlpdwhv dqg vwdqgdug w0vwdwlvwlfv iru wkh ylqwdjh0vshfl�f

yduldeohv +q
fc�

, lq htxdwlrq +44,1 Wkh ylqwdjh h�hfwv duh phdvxuhg uhodwlyh wr wkh

rplwwhg 4<7904<83 frkruw1 Wkh ohiw sdqho lqfoxghv hdfk ylqwdjh iurp lwv vwduwlqj

gdwh xqwlo 4<<;/ zkloh wkh uljkw froxpq wuxqfdwhv wkh revhuydwlrqv iru hdfk ylqwdjh

diwhu whq |hduv1

Wdeoh 5 suhvhqwv wkh ylqwdjh h�hfwv +q
fc�

, iru frkruwv vshfl�hg hyhu| �yh |hduv/
zlwk wkh uhvxowv lq wkh ohiw froxpq xvlqj doo ri wkh revhuydwlrqv wkdw duh dydlodeoh

ryhu wkh olih ri hdfk ylqwdjh1 Lq wkh uljkw froxpq zh uhsruw wkh q
fc�

frh!flhqwv iru d
vshfl�fdwlrq wkdw rplwv wkh txdgudwlf +w0y,2 lqwhudfwlrqv dqg wuxqfdwhv revhuydwlrqv
iru hdfk ylqwdjh diwhu whq |hduv1 Wkh rplvvlrq lv uhdvrqdeoh jlyhq wkh uhgxfhg vl}h
ri wkh wuxqfdwhg vdpsoh dqg wkh uhgxfhg lpsruwdqfh ri txdgudwlf h�hfwv ryhu wkh
vkruwhqhg wlph krul}rq1 Wklv vhfrqg irupxodwlrq zhljkwv doo exw wkh �qdo +4<;90
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Iljxuh 45= Hvwlpdwhg ylqwdjh0vshfl�f vkrfnv +q
fc�, iru �yh0|hdu ylqwdjhv lq wkh S|c�

uhjuhvvlrq prgho/ 4;;904<<;1

4<<3, �yh0|hdu ylqwdjh htxdoo| lq wkh uhjuhvvlrq +l1h1/ wkhuh duh rqo| ; vxevhtxhqw
revhuydwlrqv fryhulqj 4<<4 wkurxjk 4<<; iru wkh �qdo ylqwdjh,1 Iljxuhv 45 dqg
46 sorw wkh q

fc�
zlwk wzr vwdqgdug huuru edqgv1 Wkh lqfoxvlrq ri dq xquhvwulfwhg

lqwhufhsw lq erwk vshfl�fdwlrqv doorzv wkh frqyhqlhqw lqwhusuhwdwlrq ri hdfk q
�
dv wkh

vl}h ri d vkrfn uhodwlyh wr wkdw ri wkh rplwwhg 4<79083 ylqwdjh1

Wkh ylqwdjh frh!flhqwv kdyh dq xszdug guliw/ zklfk lv frqvlvwhqw zlwk d prgho ri
udslg whfkqrorjlfdo surjuhvv1 Dw wkh vdph wlph/ Iljxuhv 45 dqg 46 h{klelw  xfwxdwlrqv
wkdw duh frqvlvwhqw zlwk wkh sdwwhuqv glvfxvvhg lq vhfwlrq 8141 Lq sduwlfxodu/ wkh md}}
djh ylqwdjhv +4<49053 dqg 4<54058, duh orfdo pd{lpd iru wkh suh0ZZLL ylqwdjhv1
Ixuwkhu/ wkh 4<;40;8 ylqwdjh/ zklfk zdv eruq zkhq lqirupdwlrq whfkqrorj| zdv ehlqj
zlgho| dgrswhg/ dsshduv wr kdyh wkh prvw surgxfwlyh rujdql}dwlrqdo fdslwdo ri dq|
ylqwdjh/ dqg iroorzhg d pxfk ohvv idyrudeoh 4<:90;3 ylqwdjh1 Qhduo| doo ylqwdjh h�hfwv
vljql�fdqwo| gl�hu iurp wkdw ri wkh rplwwhg 4<7904<83 ylqwdjh1

Iljxuh 47 suhvhqwv wkh ylqwdjh frh!flhqwv iurp wkh vdph vshfl�fdwlrq dv +44,/ exw
lq wklv fdvh ylqwdjhv duh dvvrfldwhg zlwk �upv wkdw hqwhu wkh pdunhw ryhu whq0|hdu
shulrgv1 Wkrxjk wkhvh dowhuqdwlyh hvwlpdwhv gr qrw  xfwxdwh dv vkduso| dv wkrvh lq
wkh �yh0|hdu ylqwdjh prgho/ wkh| vkduh dq xszdug guliw dqg hlwkhu idoo r�/ dv lq wkh
fdvh ri hohfwul�fdwlrq/ ru ohyho r�/ dv lq wkh fdvh ri LW/ lpphgldwho| ehiruh wkh qhz
whfkqrorjlhv shuphdwhg wkh zrunsodfh dqg wkh krph1
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Iljxuh 46= Hvwlpdwhg ylqwdjh0vshfl�f vkrfnv +q
fc�, iru �yh0|hdu ylqwdjhv wuxqfdwhg

diwhu whq |hduv lq wkh S|c� uhjuhvvlrq prgho/ 4;;904<<;1

Centered Ten-Year Vintage Cohorts
1890 1900 1910 1920 1930 1940 1950 1960 1970

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

Iljxuh 47= Hvwlpdwhg ylqwdjh0vshfl�f vkrfnv +q
fc�, iru whq0|hdu frkruwv ri vwrfn pdu0

nhw hqwudqwv lq wkh S|c� uhjuhvvlrq prgho/ 4;;904<<;1
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Wdeoh 6
Ilyh0\hdu Ylqwdjh Z|c� Uhjuhvvlrqv/ 4;;904<<;

Ghs1 yduldeoh Qr Wuxqfdwlrq 430|hdu Wuxqfdwlrq
oq+Z|c�, hvwlpdwh w0vwdw1 hvwlpdwh w0vwdw1
frqvwdqw 04184;4 0<178 0417656 0;135
oq+P2\, 31:::9 691<4 317;;6 <1;9
oq+ 77�, 317677 :17; 3144;9 5155

djh�ylqwdjh
�
�
�c�

�

4;;904;<3 313669 4;194 313737 6165
4;<404;<8 313635 4613: 3143:4 ;183
4;<904<33 0313444 0816; 313974 818<
4<3404<38 31376: 4<13: 3135:8 516<
4<3904<43 313793 4;155 313586 5136
4<4404<48 031337; 041:< 03135;8 0516<
4<4904<53 3138;9 5318; 314586 431<3
4<5404<58 31354< :135 313344 313<
4<5904<63 31333; 3157 03136<8 06167
4<6404<68 0313374 04136 031338< 03183
4<6904<73 3135<< 91;8 313694 6146
4<7404<78 31346: 51:3 3134<4 4193
4<7904<83 313644 8136 313;:7 9185
4<8404<88 03136<6 08193 03133;4 0318:
4<8904<93 0313588 06154 0313336 03135
4<9404<98 0313659 06136 03136:5 0613;
4<9904<:3 0313686 051:9 0313684 06136
4<:404<:8 313<57 7197 313954 71:7
4<:904<;3 03133<9 03165 03135<7 05135
4<;404<;8 313645 31:5 313446 31;4
4<;904<<3 3147:< 41:6 31435: 8147
djh2�ylqwdjh +�

2c�
,

4;;904;<3 0313339 064197 11 11
4;<404;<8 313334 05199 11 11
4;<904<33 313334 41<8 11 11
4<3404<38 0313336 0431:: 11 11
4<3904<43 0313337 045145 11 11
4<4404<48 0313333 03164 11 11
4<4904<53 0313338 044188 11 11
4<5404<58 0313334 041;8 11 11
4<5904<63 313335 51:9 11 11
4<6404<68 313337 815< 11 11
4<6904<73 0313335 05169 11 11
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Wdeoh 6 +frqwlqxhg,
Ilyh0\hdu Ylqwdjh Z|c� Uhjuhvvlrqv/ 4;;904<<;

Ghs1 yduldeoh Qr Wuxqfdwlrq 430|hdu Wuxqfdwlrq
oq+Z|c�, hvwlpdwh w0vwdw1 hvwlpdwh w0vwdw1

djh2�ylqwdjh +�
2c�
,

4<7404<78 313334 3179 11 11
4<7904<83 0313335 04167 11 11
4<8404<88 313343 8153 11 11
4<8904<93 31333: 51;< 11 11
4<9404<98 31333< 5167 11 11
4<9904<:3 31334: 6137 11 11
4<:404<:8 031334< 041<: 11 11
4<:904<;3 31334< 4136 11 11
4<;404<;8 0313337 03145 11 11
4<;904<<3 0313386 03178 11 11

Qr1 revhuydwlrqv 454; 53;
Dgmxvwhg U2 1<63 1::6

Qrwh= wkh wdeoh suhvhqwv hvwlpdwhv dqg vwdqgdug w0vwdwlvwlfv iru doo uhjuhvvruv lq

htxdwlrq +45,1 Wkh ohiw sdqho lqfoxghv hdfk ylqwdjh iurp lwv vwduwlqj gdwh xqwlo

4<<;/ zkloh wkh uljkw froxpq wuxqfdwhv wkh revhuydwlrqv iru hdfk ylqwdjh diwhu

whq |hduv1

Jlyhq wkdw wkh ylqwdjh vkrfnv duh odujh/ lw lv xvhixo wr uhduudqjh htxdwlrq +44,
qh{w wr uhpryh wkh odujh frpsrqhqw wkdw lv uh hfwhg lq wkh vl}h ri hdfk frkruw/ dqg
wkhq irfxv rq wkh vorsh dqg fxuydwxuh sdudphwhuv iru hdfk ylqwdjh1 Dv glvfxvvhg lq
Vhfwlrq 6/ zh fdq gr wklv e| qrupdol}lqj wkh uhdo pdunhw ydoxh ri d ylqwdjh zlwk lwv
lqlwldo ydoxh/ zklfk lv wdnhq dv wkh pdunhw ydoxh ri wkh hqwudqwv lq wkh �qdo |hdu ryhu
zh gh�qh d ylqwdjh1 Zh wkhq kdyh wkh iroorzlqj vshfl�fdwlrq iru Z|c� @ +�|c�*��c�,=

*? E`|c�� ' �
fc�
n �

�c�
E|� �� n �

2
E|� ��2 n �

�
*?
�
77
�

�
n �

e
*?

�
�

t |

�
n 0

�c| +45,

Lq wklv fdvh/ wkh lqfoxvlrq ri d frpprq lqwhufhsw grhv qrw ohdg wr shuihfw froolqhdu0
lw| zlwk dq| olqhdu frpelqdwlrq ri rwkhu uhjuhvvruv/ dqg zh fdq hvwlpdwh wkh devroxwh
vorsh dqg fxuydwxuh frh!flhqwv iru hyhu| ylqwdjh1

Wdeoh 6 suhvhqwv hvwlpdwhv iru wkh sdudphwhuv lq +45, e| ruglqdu| ohdvw vtxduhv iru
�yh0|hdu ylqwdjhv1 Djdlq/ doo dydlodeoh revhuydwlrqv iru hdfk ylqwdjh duh lqfoxghg lq
wkh uhjuhvvlrq suhvhqwhg lq wkh ohiw sdqho/ zkloh wkh prgho lq wkh uljkw sdqho wuxqfdwhv
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Iljxuh 48= H�hfwv ri ylqwdjh�djh dqg ylqwdjh�djh2 lqwhudfwlrqv +�
�c�
n 2�

2c�
E|� ��,

hydoxdwhg dw wkh phdq lq wkh �yh0|hdu ylqwdjh Z|c� uhjuhvvlrq prgho/ 4;;904<<;1

ylqwdjh revhuydwlrqv diwhu whq |hduv dqg rplwv wkh +w0y,2 lqwhudfwlrq whupv1 Dv zrxog
eh h{shfwhg/ wkh olqhdu vorsh frh!flhqwv lq wkh ohiw sdqho dozd|v gl�hu lq vljq iurp

wkh txdgudwlf lqwhudfwlrq whupv1 Wkh frh!flhqwv rq erwk whupv duh dovr vljql�fdqwo|

gl�huhqw iurp }hur iru d pdmrulw| ri ylqwdjhv1 Iljxuhv 48 looxvwudwhv wkh frpelqhg

h�hfwv ri wkh vorsh dqg fxuydwxuh lqwhudfwlrqv zlwk wkh ylqwdjh gxpplhv e| hydoxdwlqj

wkhlu ghulydwlyh dw wkh phdq ri wkh glvwulexwlrqv iru w0y dqg +w0y,2 lq wkh vwduwlqj |hdu
iru hdfk ylqwdjh1 Khuh/ wkh frpelqhg h�hfwv vkrz wkdw wkh shuirupdqfh ri wkh

ylqwdjhv sulru wr 4<4904<53  xfwxdwh zlwklq d qduurz udqjh/ exw wkhq uhpdlq srvlwlyh

dqg gr qrw ehjlq wr gurs r� xqwlo hqwu| ri wkh 4<83088 ylqwdjh1 Wkh wudmhfwrulhv

duh dovr pdunhgo| orzhu iru wkh ylqwdjhv wkdw suhfhgh 4<9404<98 wkdq iru wkrvh wkdw

iroorz1 Vlqfh wkh ylqwdjhv wkdw iroorz wkh dgrswlrq ri LW dssuhfldwh prvw udslgo|/

rxu prgho vxjjhvwv wkdw wkh txdolw| ri wkh rujdql}dwlrqdo fdslwdo ri wkh odwhu hqwudqwv

udwlrqdol}hv d srvlwlyh rxworrn iru wkh fxuuhqw vwrfn pdunhw1

Wdeoh 7 suhvhqwv hvwlpdwhv iru d prgho zlwk whq0|hdu ylqwdjhv wkdw xvhv doo ri wkh

dydlodeoh ylqwdjh revhuydwlrqv1 Khuh/ wkh frpelqhg h�hfwv ri wkh vorsh dqg fxuydwxuh

sdudphwhuv rq wkh jurzwk wudmhfwru| duh hyhq pruh vwulnlqj1 Lq sduwlfxodu/ wkh

wudmhfwrulhv idoo iurp wkh wkh ohyhov revhuyhg iru wkh 4;;904;<8 ylqwdjh dv iulfwlrqv

dvvrfldwhg zlwk hohfwulflw|*v dgrswlrq orzhuhg wkh ydoxhv ri lqfxpehqw �upv/ exw ulvh

diwhu 4<481 Wkh ghfolqh lq wkh txdolw| ri ylqwdjh fdslwdo sulru wr wkh LW uhyroxwlrq lv

dovr fohdu/ dqg wkh ulvh diwhu lwv duulydo lv txlwh vkdus1
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Iljxuh 49= Ylqwdjh�djh lqwhudfwlrqv +�
�c�, lq wkh �yh0|hdu ylqwdjh Z|c� uhjuhvvlrq

prgho/ 4;;904<<;1

Centered Ten-Year Vintage Cohorts
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Iljxuh 4:= H�hfwv ri ylqwdjh�djh dqg ylqwdjh�djh2 lqwhudfwlrqv +�
�c�
n 2�

2c�
E|� ��,

hydoxdwhg dw wkh phdq lq wkh whq0|hdu ylqwdjh Z|c� uhjuhvvlrq prgho/ 4;;904<<;1
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Wdeoh 7
Whq0\hdu Ylqwdjh Z|c� Uhjuhvvlrqv/ 4;;904<<;

Ghs1 yduldeoh
oq+Z|c�, hvwlpdwh w0vwdw1
frqvwdqw 0317<:: 041<6
oq+P2\, 31;3:4 5;196
oq+ 77

�
, 31;;;4 <156

djh�ylqwdjh +�
�c�

,
4;;904;<8 313547 <175
4;<904<38 313449 71<7
4<3904<48 3135:9 4317;
4<4904<58 313655 43159
4<5904<68 313345 3164
4<6904<78 3133;: 41:5
4<7904<88 0313749 08189
4<8904<98 03135:8 051:8
4<9904<:8 3145:; 9167
4<:904<;8 31566< 7165
djh2�ylqwdjh +�

2c�
,

4;;904;<8 0313334 051;;
4;<904<38 0313334 05164
4<3904<48 0313336 0;166
4<4904<58 0313335 071:<
4<5904<68 313335 51::
4<6904<78 313334 31<:
4<7904<88 313344 81;7
4<8904<98 31333; 514:
4<9904<:8 0313368 0619:
4<:904;;8 0313346 06136

Qr1 revhuydwlrqv 8;3
Dgmxvwhg U2 1;;;

Qrwh= wkh wdeoh suhvhqwv hvwlpdwhv dqg vwdqgdug w0vwdwlvwlfv iru doo uhjuhvvruv lq

htxdwlrq +45,1
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Iljxuh 4;= Iudfwlrqv ri lqfxpehqwv ri wzhqw|0|hdu frkruwv vxuylylqj lq vxevhtxhqw

|hduv/ 4;;804<<;1

9 Ylqwdjh dqg �up vxuylydo

Wkh LW uhyroxwlrq zdv edg qhzv iru wkh vwrfn0pdunhw lqfxpehqwv ri wkh hduo| 4<:3*v1
Zdv wkh vdph wklqj wuxh dw wkh gdzq ri wkh hohfwul�fdwlrq hudB Djdlq/ rqh kdv wr
qrwh vrph vwuxfwxudo gl�huhqfhv ehwzhhq wkhq dqg qrz1 Zh qrwhg wkdw wkh �qdqfldo
v|vwhp kdg pdgh lw kdughu iru d vpdoo �up wr hqwhu xvlqj d frvwo| qhz whfkqrorj|1 D
uhgxfhg wkuhdw ri hqwu| pdgh lw hdvlhu iru lqh!flhqw lqfxpehqw �upv wr vxuylyh dqg
hdvlhu iru wkhp wr uhvlvw wkh qhz hohfwulflw|0edvhg whfkqrorj|1 Gluhfwo| dqg lqgluhfwo|/
wkhq/ wkh eduulhu wr hqwu| vorzhg grzq wkh gl�xvlrq ri hohfwulfdo whfkqrorj|/ dqg wklv lv
rqh uhdvrq zk| hohfwulflw| vsuhdg pruh vorzo| wkdq wkh frpsxwhu lv vsuhdglqj wrgd|1

Qrw kdylqj wr zruu| derxw hqwudqwv/ dq lqh!flhqw lqfxpehqw �up zrxog/ krzhyhu/
vwloo kdyh idfhg wkh wkuhdw ri wdnhryhu1 Wklv pd| eh rqh h{sodqdwlrq iru wkh wxuq0ri0
wkh0fhqwxu| phujhu zdyh1 Wkh djjuhjdwh gdwd vxjjhvw wkdw wkh wxuq0ri0wkh0fhqwxu|
phujhu zdyh zdv ohvv vxffhvvixo wkdq wkh zdyh ri wkh 4<;3*v zklfk zdv iroorzhg e|
d vwurqj uhfryhu| lq wkh uhodwlyh vwrfn0pdunhw shuirupdqfh ri odujh �upv1 Glg wkh
pdunhw ghfolqh ryhu wkh �uvw wzr ghfdghv ri wkh fhqwxu| ehfdxvh +dv wkh h{shulhqfh
ri wkh hduo| 4<:3*v vxjjhvwv, roghu �upv zhuh vorz wr dgrsw wkh qhz whfkqrorj|B Li
wklv zdv lqghhg wkh uhdvrq iru wkh ghfolqh/ wkh phujhuv wkdw rffxuuhg durxqg 4<33
suredeo| idlohg dv d glvflsolqlqj ghylfh1

Iljxuhv 4< dqg 53 suhvhqw wkh iudfwlrqv ri lqfxpehqwv ri wzhqw|0 dqg whq0|hdu
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Iljxuh 4<= Vkduhv ri wrwdo pdunhw fdslwdol}dwlrq uhwdlqhg e| lqfxpehqwv lq whq0|hdu
frkruwv/ 4;;804<<;1

ylqwdjhv iurp 4;<3 wr 4<<3 wkdw uhwdlqhg wkhlu olvwlqj vwdwxv lq vxevhtxhqw |hduv1 Khuh/
wkh lpsuryhg vxuylydo udwhv ri qhz hqwudqwv diwhu 4<43 zhuh fohduo| qrw dffrpsdqlhg
e| zlghvsuhdg lpsuryhphqwv lq wkh vxuylydo ri �upv lq wkh pdunhw dv d zkroh1 Lq
idfw/ zkloh wkh lqfxpehqwv ri 4<38/ 4<43/ dqg 4<48 iduhg ehwwhu wkdq wkrvh ri suhylrxv
ylqwdjhv/ wkh 4<43 lqfxpehqwv kdg d orzhu vxuylydo udwh wkdq 4<38 lqfxpehqwv$ Wkh
zhdn shuirupdqfh ri lqfxpehqwv ehwzhhq 4;<8 dqg 4<43 lv ixuwkhu uh hfwhg lq Iljxuhv
53 dqg 54/ zklfk vkrz wkh vkduhv ri wrwdo qrq0udlo pdunhw fdslwdol}dwlrq uhwdlqhg e|
wkh vdph lqfxpehqwv1 Wkh vkdus ghfolqhv lq wkhvh vkduhv wr vrph h{whqw uh hfw wkh
jurzwk ri wklv pdunhw yld hqwu|/ hvshfldoo| diwhu 4<48/ exw dgg ixuwkhu vxssruw wr rxu
revhuydwlrq wkdw wkh ulvh ri wkh 4<53*v fdq eh dwwulexwhg odujho| wr �upv wkdw hqwhuhg
diwhu 4<531

Lqwhusuhwlqj wkh sorwv lq Iljxuhv 4<055 uhtxluhv vrph fduh ehfdxvh wkh vshhg zlwk
zklfk wkh lqfxpehqw orvhv vwrfn0pdunhw vkduh ghshqgv qrw mxvw rq krz h!flhqw kh
lv frpsduhg wr wkh hqwudqw/ exw dovr rq krz kdug lw lv iru wkh hqwudqw wr kdyh klv
LSR rq wkh vwrfn pdunhw1 LSRv ehfdph hdvlhu gxulqj wkh hohfwul�fdwlrq hud dqg/
lqghhg/ wkh| kdyh ehhq jhwwlqj hdvlhu vlqfh +dqg wr d odujh h{whqw ehfdxvh ri, wkh
dgyhqw ri wkh frpsxwhu1 Dw wkh yhu| ohdvw/ krzhyhu/ wkh suholplqdu| hylghqfh ohdyhv
rshq wkh srvvlelolw| wkdw wkh �uvw phujhu zdyh/ zklfk zdv qhfhvvdu| wr lpsuryh �up
h!flhqf| dv hohfwul�fdwlrq wrrn krog/ zdv dq lqdghtxdwh srolflqj ghylfh ehfdxvh lw
wrrn wkh pdunhw wkh ehwwhu sduw ri wzr pruh ghfdghv wr uhpryh wkh xqghushuiruphuv1
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Wkh �glvflsolqh� k|srwkhvlv krogv wkdw phujhuv wdnh sodfh lq rughu wkdw wkh wdujhwv
zloo uhrujdql}h1 Vlqfh Qhovrq vkrzv wkdw wkh pdmrulw| ri phujhuv lqyroyhg irrg dqg
nlqguhg surgxfwv/ fkhplfdov/ shwurohxp surgxfwv dqg sulpdu| phwdov/ zklfk zrxog
kdyh lqyroyhg lqfuhdvlqj hohfwul�fdwlrq/ wkh phujhu pryhphqw vhhpv wr kdyh idlohg dv
dq dwwhpsw wr lpsrvh wklv glvflsolqh rq wkrvh vhfwruv1 Zh frqvlghu h{dplqdwlrq ri
wkhvh h�hfwv wr eh dq lpsruwdqw wrslf iru ixwxuh uhvhdufk1

: Frqfoxvlrqv

Vrph vxusulvhv kdyh hphujhg iurp rxu suholplqdu| vwxg|1 Iluvw/ wkh wrs 8( ri �upv
kdyh jdlqhg pdunhw vkduh vwhdglo|/ hyhq wkrxjk vr pdq| pruh �upv duh qrz lq wkh
vwrfn pdunhw/ dqg wkh vl}h ri wkh vwrfn pdunhw kdv ulvhq pxfk idvwhu wkdq JGS1 Wkh
lpsolfdwlrq vhhpv wr eh wkdw wkh odujh �up frqwurov d idu odujhu sruwlrq ri wkh XV
hfrqrp| wkdq zdv wkh fdvh 433 |hduv djr lq wkh kh|gd| ri xqihwwhuhg fdslwdolvp/
M1S1Prujdq/ Urfnhihoohu/ hwf1

Rxu ylqwdjh dqdo|vlv kdv wulhg +lq d urxjk zd|, wr ghfrpsrvh d ylqwdjh*v ydoxh
lqwr wkh dprxqw ri rujdql}dwlrq fdslwdo fuhdwhg dw wkh wlph +wkh 5

�
dqg wkh �Er

�
�

yduldeohv,/ dqg wkh wlph sdwk ri wkh pdunhw*v ydoxdwlrq ri wkh rxwsxw ri wkdw ylqwdjh
ri �up +wkh vxevhtxhqw wlph sdwk ri R|c�,1 Wkh dqdo|vlv ri wkh � htxdwlrqv vkrzhg
wkdw wkh 4<53*v zhuh d yhu| jrrg ghfdgh/ lq whupv ri rujdql}dwlrqdo fdslwdo fuhdwhg dw
wkh wlph/ shukdsv wkh ehvw uhodwlyh wr wuhqg1 Exw wkh odwhu dqdo|vlv vxjjhvwv wkdw wkh
4<:3v dqg 4<;3v ylqwdjhv duh wkh rqhv wkdw zloo eh iroorzhg e| wkh juhdwhvw qxpehu
ri vxevhtxhqw frpsohphqwdu| lqyhqwlrqv1

Zh irxqg vrph hylghqfh wkdw qhz whfkqrorj| lv �uvw fduulhg lq e| vpdoohu �upv/
dqg vrph pruh prghvw hylghqfh wkdw wkh vwrfn0pdunhw vkduh ri odujh �upv ulvhv lq
jrrg wlphv dqg idoov lq edg wlphv/ vxjjhvwlqj wkdw pdunhw gursv duh lqghhg wlphv
zkhq ydoxh lv uhglvwulexwhg iurp wkh odujh frpsdq| wr vpdoohu rqhv1

Zh irxqg hylghqfh ri whfkqrorjlfdo surjuhvv lq wkh rujdql}dwlrq fdslwdo vhfwru +idoo
lq �,/ hvshfldoo| vlqfh ZZ 5/ dw ohdvw dv uh hfwhg e| d ulvlqj lqflghqfh ri vpdoo0�up
hqwu| lqwr wkh vwrfn pdunhw1 D frpsdulvrq zlwk fdslwdo irupdwlrq lq wkh hfrqrp| dw
odujh dzdlwv xv1

Uhihuhqfhv

^4` Djduzdo/ Udmvkuhh/ dqg Plfkdho Jruw1 �Iluvw Pryhu Dgydqwdjh dqg wkh Vshhg
ri Frpshwlwlyh Hqwu|= 4;;:04<;91� VXQ\ Ex�dor/ 4<<<1

^5` Wkh Dqqdolvw1 Qhz \run= Wkh Qhz \run Wlphv Fr1/ 4<4504<5;/ ydulrxv lvvxhv1

^6` Dwnhvrq/ Dqguhz/ dqg Sdwulfn Nhkrh �Lqgxvwu| Hyroxwlrq dqg Wudqvlwlrq= D
Qhrfodvvlfdo Ehqfkpdun� QEHU ZS &9338/ Dsulo 4<<:1
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^7` Edonh/ Qdwkdq / dqg Urehuw Jrugrq1 �Dsshqgl{ E= Klvwrulfdo Gdwd/� lq Urehuw
M1 Jrugrq +hg1, Wkh Dphulfdq Exvlqhvv F|foh= Frqwlqxlw| dqg Fkdqjh1 Fklfdjr=
Xqlyhuvlw| ri Fklfdjr Suhvv/ 4<;9/ ss1 :;40;7:1

^8` Eduvn|/ Urehuw dqg Eudgirug Gh Orqj1 �Zk| Grhv wkh VwrfnPdunhw IoxfwxdwhB�
Txduwhuo| Mrxuqdo ri Hfrqrplfv 43;/ qr1 5 +Pd| 4<<6,= 5<4 0 6441

^9` Ehfnhu/ Jdu| V1 �Lqyhvwphqw lq Kxpdq Fdslwdo= D Wkhruhwlfdo Dqdo|vlv� Mrxuqdo
ri Srolwlfdo Hfrqrp| :3/ qr1 8/ sduw 5 +Rfwrehu 4<95,= <07<1

^:` Eudgvwuhhw*v1 Qhz \run= Eudgvwuhhw Fr1/ 4;;804<5;/ ydulrxv lvvxhv1

^;` Fduuroo/ Johqq/ dqg Plfkdho Kdqqdq1 Wkh Ghprjudsk| ri Frusrudwlrqv dqg Lq0

gxvwulhv1 Sulqfhwrq= Sulqfhwrq xqlyhuvlw| Suhvv/ 53331

^<` Fdpsehoo/ Mh�uh|1 �Hqwu|/ H{lw/ Hperglhg Whfkqrorj|/ dqg Exvlqhvv F|fohv1�

^43` Fkdul/ Y1Y1/ dqg Kxjr Krshqkd|q1 �Ylqwdjh Kxpdq Fdslwdo1� Mrxuqdo ri Sr0

olwlfdo Hfrqrp| <</ qr19 +Ghfhpehu 4<<4,= 4475 0 44981

^44` Wkh Frpphufldo dqg Ilqdqfldo Fkurqlfoh1 4;;804<5;/ ydulrxv lvvxhv1

^45` Frzohv/ Doiuhg dqg Dvvrfldwhv1 Frpprq Vwrfn Sulfh Lqgh{hv/ Frzohv Frpplv0

vlrq iru Uhvhdufk lq Hfrqrplfv Prqrjudsk Qr1 61 Vhfrqg Hglwlrq1 Eorrplqjwrq/
LQ= Sulqflsld Suhvv/ 4<6<1

^46` Ghylqh/ Zduuhq G1/ Mu1 �Hduo| Ghyhorsphqwv lq Hohfwursurfhvvlqj= Qhz Surg0
xfwv/ Qhz Lqgxvwulhv1� lq Hohfwulflw| lq wkh Dphulfdq Hfrqrp|/ V1 K1 Vfkxuu/
F1 F1 Exuzhoo/ Z1 G1 Ghylqh/ dqg V1 Vrqhqeoxp/ hgv1/ Juhhqzrrg Suhvv/ 4<<3/
::0<;1

^47` Hhfnkrxw/ Mdq1 �Frpshwlqj Qrupv ri Frrshudwlrq1� XShqq/ Mdqxdu| 53331

^48` Iulhgpdq/ Plowrq dqg Dqqd M1 Vfkzduw}1 Prqhwdu| Wuhqgv lq wkh Xqlwhg Vwdwhv

dqg wkh Xqlwhg Nlqjgrp1 Fklfdjr= Xqlyhuvlw| ri Fklfdjr Suhvv/ 4<;51

^49` Jruw/ Plfkdho1 �Dq Hfrqrplf Glvwxuedqfh Wkhru| ri Phujhuv1� Txduwhuo| Mrxu0
qdo ri Hfrqrplfv ;6/ qr1 7 +Qryhpehu 4<9<,= 957 0 9751

^4:` Jruw/ Plfkdho/ Mhuhp| Juhhqzrrg/ dqg Shwhu Uxshuw1 �Phdvxulqj wkh Udwh ri
Whfkqrorjlfdo Surjuhvv lq Vwuxfwxuhv1� Uhylhz ri Hfrqrplf G|qdplfv 4<<<1

^4;` Juhhqzrrg/ Mhuhp|/ dqg Er|dq Mrydqrylf1 �Wkh Lqirupdwlrq0Whfkqrorj| Uhy0
roxwlrq dqg wkh Vwrfn Pdunhw1� Dphulfdq Hfrqrplf Dvvrfldwlrq +Sdshuv dqg
Surfhhglqjv, ;</ qr1 5 +Pd| 4<<<,= 449 0 4551

^4<` Kdoo/ Urehuw1 �Vwrfn Pdunhw dqg Fdslwdo Dffxpxodwlrq� QEHUZS&:4;3 Mxqh
4<<<1
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^53` Khospdq/ Hokdqdq/ dqg Pdqxho Wudmwhqehuj1 �D Wlph wr Vrz dqg d Wlph wr
Uhds= Jurzwk Edvhg rq Jhqhudo Sxusrvh Whfkqrorjlhv1� lq Jhqhudo Sxusrvh

Whfkqrorjlhv dqg Hfrqrplf Jurzwk/ H1 Khospdq hg1/ PLW Suhvv/ 4<<;/ 88 0;71

^54` Krelmq/ Eduw/ dqg Er|dq Mrydqrylf1 �Wkh Lqirupdwlrq0Whfkqrorj| Uhyroxwlrq
dqg wkh Vwrfn Pdunhw= Suholplqdu| Hylghqfh1� Dxjxvw 4<<<1

^55` Krshqkd|q/ Kxjr1 �Hqwu|/ H{lw/ dqg Ilup G|qdplfv lq Orqj Uxq Htxloleulxp1�
Hfrqrphwulfd 434 +4<<5,= <48 0 <6;1

^56` Mrkqvrq/ Zlooldp1 �Ylqwdjh H�hfwv lq wkh Hduqlqjv ri Zklwh Dphulfdq Phq1�
Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv 95/ qr1 61 +Dxjxvw 4<;3,= 6<< 0 73:1

^57` Mrydqrylf/ Er|dq1 �Vhohfwlrq dqg wkh Hyroxwlrq ri Lqgxvwu|1� Hfrqrphwulfd 83
+4<;5,= 97< 0 9:31

^58` Od�rqw dqg Pduwlpruw

^59` Ohh/ Exq Vrqj1 �Phdvxuhphqw ri Fdslwdo Ghsuhfldwlrq zlwklq wkh Mdsdqhvh Ilvk0
lqj Iohhw1� Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv 93/ qr1 51 +Dsulo 4<:;,= 558 0 56:1

^5:` Ohylq/ Vkdurq/ dqg Sdxod Vwhskdq1 �Uhvhdufk Surgxfwlylw| Ryhu wkh Olih F|foh=
Hylghqfh iru Dfdghplf Vflhqwlvwv1� Dphulfdq Hfrqrplf Uhylhz ;4/ qr1 4 +Pdufk
4<<4,= 447 0 4651

^5;` Oxfdv/ Urehuw H1/ Mu1 �Dvvhw Sulfhv lq dq H{fkdqjh Hfrqrp|1� Hfrqrphwulfd 79/
qr1 9 +Qryhpehu 4<:;,= 475< 0 47781

^5<` Pdufk/ Mdphv1 Kdqgerrn ri Rujdql}dwlrqv1 Fklfdjr= Udqg PfQdoo|/ 4<981

^63` Qdylq/ Wkrpdv/ dqg Pduldq Vhduv1 �Wkh Ulvh ri d Pdunhw iru Lqgxvwuldo Vhfxul0
wlhv/ 4;;:04<351� Exvlqhvv Klvwru| Uhylhz 63/ qr1 5 +4<88,= 438 0 46;1

^64` Qhovrq/ Udosk1 Phujhu Pryhphqwv lq Dphulfdq Lqgxvwu|/ 4;<804<89 1 Sulqfhwrq
Xqlyhuvlw| Suhvv iru QEHU/ 4<8<1

^65` Wkh Qhz \run Wlphv1 4;<:04<5;/ ydulrxv lvvxhv1

^66` Suhvfrww/ Hgzdug/ dqg Plfkdho Ylvvfkhu �Rujdql}dwlrq Fdslwdo� Mrxuqdo ri Sr0
olwlfdo Hfrqrp| ;;/ qr1 6 +Mxqh 4<;3,= 779 0 7941

^67` Udph|/ Ydohulh/ dqg Pdwwkhz Vkdslur/ �Vhfwrudo Prelolw| ri Fdslwdo= D Fdvh
Vwxg| ri dq Dhurvsdfh Ilup/� Xqlyhuvlw| ri Plfkljdq/ Qryhpehu 4<<91

^68` Uhlqjdqxp/ Mhqqlihu1 �Xqfhuwdlq Lqqrydwlrq dqg wkh Shuvlvwhqfh ri Prqrsro|1�
Dphulfdq Hfrqrplf Uhylhz :6/ qr1 71 +Vhswhpehu 4<;6,= :74 0 :7;1
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^69` Ure/ Udidho/ dqg Shwhu ]hpvn|1 �Frrshudwlrq/ Frusrudwh Fxowxuh dqg Lqfhqwlyh
Lqwhqvlw|1� LQVHDG ZS& <:84 4<<:1

^6:` Urxvvhdx/ Shwhu O1 �Wkh Ervwrq Pdunhw iru Edqnlqj dqg Lqgxvwuldo Htxlwlhv/
4;6804;<:1� Klvwrulfdo Phwkrgv 44/ qr14 +Zlqwhu 5333,= iruwkfrplqj1

^6;` Urxvvhdx/ Shwhu O1 �Vkduh Oltxlglw| dqg Lqgxvwuldo Jurzwk lq dq Hphujlqj
Pdunhw= Wkh Fdvh ri Qhz Hqjodqg/ 4;8704;<:� QEHU Klvwrulfdo Sdshu Qr1
436/ Pdufk 4<<<1

^6<` Zrunlqj/ Kroeurrn1 �Qrwh rq wkh Fruuhodwlrq ri Iluvw Gl�huhqfhv ri Dyhudjhv lq
d Udqgrp Fkdlq1� Hfrqrphwulfd 5;/ qr1 71 +Rfwrehu 4<93,= <490<4;1

; Dsshqgl{= Qrwhv rq edodqfhg jurzwk

Dvvxph wkdw �^c ��c �5 duh h{rjhqrxv frqvwdqwv� Ohw*v ghulyh wkh jurzwk yduldeohv

dorqj wkh edodqfhg sdwk zkhq lw h{lvwv1 E| ��K�c zh phdq wkh jurzwk idfwru ri

yduldeoh �K�1 Zkhq zh vd| wkdw vrphwklqj lv �frqvwdqw�/ zh duh uhihuulqj wr wkh

edodqfhg jurzwk sdwk1 Zh vkdoo ghvfuleh d sdwk dorqj zklfk S jurzv dw wkh jurzwk

idfwru �1 Ohw b : �c dqg vxssrvh wkdw iru
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c
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vr wkdw +vlqfh *�4
r<f � Er� ' n4,/ wkh vxsso| ri srwhqwldo surmhfwv lv lq�qlwh1

Wkh : xqnqrzq jurzwk udwhv duh �c ��c �&c �D c ��c �# dqg �r1 Iurp +45,/
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+53,

Vr/ zh kdyh ; htxdwlrqv lq ; xqnqrzqv � wkh vhyhq jurzwk udwhv dqg wkh udwlr ^%

&
1

;14 Vshfldo fdvh ri �} ' �t ' �

Dq vshfldo fdvh lv zkhq whfkqrorjlfdo surjuhvv rffxuv lq rujdql}dwlrq dorqh1 Wkdw lv/

/ dqg �� 	 �� Wkhq wkh fdslwdo rxwsxw udwlr lv �{hg/ dqg � pxvw jurz dw wkh vdph

udwh dv rxwsxw dqg frqvxpswlrq/ dqg vr pxvw wkh frvwv ri fuhdwlqj qhz ylqwdjhv

� ' �� ' �& ' �� ' ���D

dqg vlqfh �# ' �/ wklv phdqv wkdw �r ' ��� Exw iurp +46, wklv phdqv wkdw �
�
' �

�3b

� 1

Wkhuhiruh wkh jurzwk idfwru iru frqvxpswlrq dqg lqfrph lv �
�3b

� / zklfk h{fhhgv 4

ehfdxvh b : � dqg �� 	 ��
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