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ABSTRACT 

The Rational Expectation Hypothesis models stock-market investors’ expectations solely in 
terms of fundamentals, whereas behavioral finance supposes that expectations are driven by non-
fundamental factors.  Econometric evidence based on survey data indicates that both are 
relevant, but in ways that change over time. This evidence underscores the central importance of 
opening models to structural change and imposing discipline on econometric analysis through 
specification testing. Our findings support the novel hypothesis that rational market participants, 
faced with unforeseeable change, base their forecasts on both fundamentals – the focus of the 
REH approach - and the psychological and technical considerations underlying behavioral 
finance. 
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4 Lqwurgxfwlrq
Wkh Udwlrqdo H{shfwdwlrqv K|srwkhvlv +UHK, uhodwhv pdunhw sduwlflsdqwv*
h{shfwdwlrqv wr ixqgdphqwdo idfwruv +vxfk dv frpsdq| hduqlqjv dqg pdfur0
hfrqrplf yduldeohv,1 Lq d sdwk0euhdnlqj sdshu/ Vkloohu +4<;4, suhvhqwhg hy0
lghqfh wkdw wkh UHK0edvhg suhvhqw0ydoxh prgho lv jurvvo| lqfrqvlvwhqw zlwk
shuvlvwhqw vzlqjv lq vwrfn sulfhv1 Ehkdylrudo0�qdqfh wkhrulvwv kdyh lqwhu0
suhwhg UHK prghov* hpslulfdo gl!fxowlhv dv lpso|lqj wkdw sduwlflsdqwv* h{0
shfwdwlrqv/ zklfk gulyh vwrfn0sulfh vzlqjv/ duh gulyhq e| idfwruv wkdw duh
odujho| xquhodwhg wr ixqgdphqwdo frqvlghudwlrqv14

Wklv sdshu pdnhv wzr frqwulexwlrqv1 Iluvw/ lw suhvhqwv hfrqrphwulf hyl0
ghqfh wkdw pdunhw sduwlflsdqwv edvh wkhlu iruhfdvwv rq erwk ixqgdphqwdov �
wkh irfxv ri wkh UHK dssurdfk � dqg h{wudsrodwlrq/ zklfk lv rqh ri wkh qrq0
ixqgdphqwdo idfwruv xqghuo|lqj ehkdylrudo �qdqfh1 Zkhuhdv ixqgdphqwdov
duh d pdmru gulyhu ri lqyhvwruv* h{shfwdwlrqv/ wkh h�hfw ri h{wudsrodwlrq lv
vkruw0olyhg/ odujho| uhyhuvlqj lwvhoi diwhu rqh prqwk1 Vhfrqg/ zh vkrz wkdw
wkh h�hfwv ri erwk ixqgdphqwdov dqg h{wudsrodwlrq ydu| lq pdjqlwxgh ryhu
wlph dqg wkdw gl�huhqw ixqgdphqwdo idfwruv pdwwhu lq gl�huhqw wlph shulrgv1

Dowkrxjk wkh �uvw �qglqj dffrugv erwk UHK dqg ehkdylrudo0�qdqfh lq0
vljkwv d uroh lq xqghuvwdqglqj lqyhvwruv* h{shfwdwlrqv/ lw lv lqfrqvlvwhqw zlwk
wkh nh| lpsolfdwlrqv ri hdfk ri wkh dssurdfkhv wdnhq vhsdudwho|1 Lq sduwlfxodu/
zkloh wkh �uvw �qglqj vxssruwv UHK prghov* irfxv rq ixqgdphqwdov/ lw frq0
wudglfwv wkhvh prghov* lpsolfdwlrq wkdw edqgzdjrq h�hfwv sod| qr uroh lq krz
pdunhw sduwlflsdqwv iruhfdvw rxwfrphv1 Dw wkh vdph wlph/ lw xshqgv wkh udl0
vrq g*íwuh ri ehkdylrudo0�qdqfh prghov/ zklfk dvvxph wkdw qrq0ixqgdphqwdo
idfwruv gulyh vzlqjv lq vwrfn dqg rwkhu dvvhw sulfhv1

Wkh nh| wr uhfrqflolqj wkh vhhplqjo| frqwudglfwru| UHK dqg ehkdylrudo
dssurdfkhv lv irxqg lq rxu hfrqrphwulf hylghqfh wkdw wkh vwuxfwxuh ri wkh uh0
odwlrqvkls uhsuhvhqwlqj sduwlflsdqwv* h{shfwdwlrqv qrw rqo| xqghujrhv vwuxf0
wxudo fkdqjh/ exw grhv vr dw wlphv dqg lq zd|v wkdw fdqqrw eh uhsuhvhqwhg
zlwk d suredelolvwlf uxoh1 Zh hvwlpdwh vwuxfwxudo euhdnv wr rffxu sur{lpdwho|
wr pdmru hyhqwv/ lqfoxglqj wkh Yrofnhu glvlq dwlrq dqg wkh erwwrp ri wkh ehdu
pdunhw lq 4<;3/ dqg wkh qhdu0shdn ri wkh LW exeeoh lq 4<<<1 Vxfk klvwrulfdo
hyhqwv duh wr vrph h{whqw xqltxh/ zlwk frqvhtxhqfhv wkdw duh/ lsvr idfwr/
xqiruhvhhdeoh15 Wkh| wkxv hqjhqghu vr0fdoohg Nqljkwldq xqfhuwdlqw| � xqfhu0

4Iru h{whqvlyh vxuyh|v ri wkh ehkdylrudo0�qdqfh dssurdfk vhh Vkohlihu +5333,/ Eduehulv
dqg Wkdohu +5336,/ dqg uhihuhqfhv wkhuhlq1

5Iru ghvfulswlyh hylghqfh wkdw xqiruhvhhdeoh fkdqjh pryhv vwrfn sulfhv/ vhh Iu|gpdq
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wdlqw| wkdw fdqqrw �eh uhgxfhg wr dq remhfwlyh/ txdqwlwdwlyho| ghwhuplqhg
suredelolw|� +Nqljkw/ 4<54/ s1 654,1

Iu|gpdq dqg Jrogehuj +5344/ 5346d, k|srwkhvl}hg wkdw/ idfhg zlwk xq0
iruhvhhdeoh fkdqjh � fkdqjh wkdw fdqqrw eh uhsuhvhqwhg zlwk d suredelolvwlf
uxoh � udwlrqdo sduwlflsdqwv zrxog edvh wkhlu iruhfdvwv rq ixqgdphqwdov dv
zhoo dv gudz rq sv|fkrorjlfdo dqg whfkqlfdo frqvlghudwlrqv1 Wkh hfrqrphwulf
�qglqjv suhvhqwhg khuh duh frqvlvwhqw zlwk wklv k|srwkhvlv1

Wkh sdshu mrlqv d jurzlqj olwhudwxuh wkdw uholhv rq vxuyh| gdwd ri lqyhvwruv*
h{shfwdwlrqv wr xqghuvwdqg sulfhv dqg ulvn suhplxpv lq dvvhw pdunhwv16 Sulru
wr wkh xvh ri wkhvh gdwd/ uhvhdufkhuv uholhg rq wkh lqgluhfw lpsolfdwlrqv ri dowhu0
qdwlyh wkhruhwlfdo uhsuhvhqwdwlrqv ri h{shfwdwlrqv iru dvvhw0sulfh pryhphqwv1
Iru UHK/ wklv w|slfdoo| lqyroyhg lpsrvlqj frqvlvwhqf| zlwklq d vshfl�f prgho
dqg whvwlqj lwv suhglfwlrqv iru wkh txdqwlwdwlyh fr0pryhphqwv ehwzhhq sulfhv
dqg ixqgdphqwdo idfwruv/ udwkhu wkdq lqyhvwljdwlqj gluhfwo| zkhwkhu wkhvh
idfwruv gulyh lqyhvwruv* h{shfwdwlrqv1 Dv lv zhoo nqrzq/ wkh �mrlqw k|srwkh0
vlv� sureohp pdnhv lw yhu| gl!fxow wr dvfhuwdlq zkhwkhu wkh idloxuh ri vxfk
vwxglhv wr ghwhfw wkh uroh ri ixqgdphqwdov lq dvvhw0sulfh pryhphqwv dulvhv
iurp wkh lqydolg vshfl�fdwlrq ri wkh pdunhw*v h{shfwdwlrq ru iurp wkh zurqj
prgho ri htxloleulxp uhwxuqv17

Wkh dydlodelolw| ri vxuyh| gdwd kdv pdgh lw srvvleoh wr whvw gluhfwo|
zkhwkhu ixqgdphqwdo dqg2ru ehkdylrudo frqvlghudwlrqv gulyh lqyhvwruv* h{0
shfwdwlrqv1 Lq rughu wr fduu| rxw vxfk d whvw/ dq lqyhvwljdwru pxvw ghflgh
zklfk ixqgdphqwdo dqg qrq0ixqgdphqwdo yduldeohv wr lqfoxgh lq wkhlu hp0
slulfdo prgho iru lqyhvwruv* h{shfwdwlrqv1 Krzhyhu/ zkhq lw frphv wr whvw0
lqj wkh hpslulfdo uhohydqfh ri wkh frpshwlqj UHK dqg ehkdylrudo0�qdqfh
dssurdfkhv/ qhlwkhu surylghv jxlgdqfh frqfhuqlqj vshfl�f yduldeohv wkdw dq
lqyhvwljdwru pljkw vhohfw1

Wkh fkrlfh ri wkh hpslulfdo prgho wr whvw wkh suhglfwlrqv ri wkh UHK dqg
ehkdylrudo0�qdqfh dssurdfkhv lv ixuwkhu frpsolfdwhg e| wkh srvvlelolw| wkdw
lqyhvwruv uhylvh/ dw ohdvw lqwhuplwwhqwo|/ krz wkh| irup h{shfwdwlrqv18 Wklv

hw do1 +5348,1
6Iru uhfhqw vwxglhv xvlqj vwrfn0pdunhw vxuyh| gdwd dqg uhihuhqfhv wr hduolhu olwhudwxuh/

vhh Zlooldpv +5346, dqg Juhhqzrrg dqg Vkohlihu +5347,1
7Wklv revhuydwlrq kdv hqdeohg sursrqhqwv ri UHK wr pdlqwdlq wkdw d ehwwhu ulvn0

suhplxp prgho frxog ryhuwxuq lwv hpslulfdo idloxuhv lq dvvhw pdunhwv1 Dowkrxjk wkh vhdufk
iru vxfk d ulvn0suhplxp prgho kdv qrw ehhq vxffhvvixo/ pdq| +qrwdeo| Frfkudqh/ 5344,
frqwlqxh wkh txhvw1

8Wkh lpsruwdqfh ri vwuxfwxudo fkdqjh lq dq UHK frqwh{w kdv ehhq hpskdvl}hg e|
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pljkw lqyroyh fkdqjhv lq wkh frpsrvlwlrq ri wkh yduldeohv dqg2ru fkdqjhv lq
wkh zhljkwv dwwdfkhg wr wkhp zkhq iruhfdvwlqj ixwxuh vwrfn sulfhv19 Vxfk uh0
ylvlrqv lpso| wkdw pruh wkdq rqh hpslulfdo uhodwlrqvkls zrxog eh uhtxluhg wr
uhsuhvhqw lqyhvwruv* h{shfwdwlrqv gxulqj dq| vx!flhqwo| orqj vdpsoh shulrg1
Pruhryhu/ ehfdxvh wkh vwuxfwxudo euhdnv duh/ dw ohdvw lq sduw/ xqiruhvhhdeoh/
suredelolvwlf uhsuhvhqwdwlrqv ri fkdqjh � uhjdugohvv ri zkhwkhu wkh| duh edvhg
rq UHK/ ehkdylrudo/ ru dq| rwkhu wkhru| � fdqqrw/ lq sulqflsoh/ jxlgh zkhuh
dqg krz dq lqyhvwljdwru vkrxog orrn iru fkdqjh lq wkh vwuxfwxuh ri wkhlu
hpslulfdo prgho1

Wkh iruhjrlqj dujxphqwv lpso| wkdw � ghshqglqj rq wkh fkrlfh ri ydul0
deohv dqg wkh surfhgxuh xvhg wr hvwlpdwh vwuxfwxudo fkdqjh � wkhuh duh pdq|
srwhqwldo hpslulfdo vshfl�fdwlrqv iru d prgho ri lqyhvwru h{shfwdwlrqv1 Jlyhq
wkh devhqfh iurp wkh UHK dqg ehkdylrudo dssurdfkhv ri jxlgdqfh frqfhuq0
lqj d prgho*v vshfl�fdwlrq dqg zkhq dqg krz lw pljkw xqghujr vwuxfwxudo
fkdqjh/ zh dgrsw dq hfrqrphwulf fulwhulrq1

Lq vhohfwlqj dq hpslulfdo prgho/ zh dgkhuh wr d nh| phwkrgrorjlfdo sulq0
flsoh= Iru dq hvwlpdwhg uhodwlrqvkls wr vhuyh dv wkh edvlv iru dvvhvvlqj wkh
hpslulfdo uhohydqfh ri dowhuqdwlyh wkhruhwlfdo dssurdfkhv/ lw vkrxog eh zhoo
vshfl�hg/ lq wkh vhqvh ri sdvvlqj d edwwhu| ri vwdqgdug whvwv ri vshfl�fdwlrq
huuru1:

Wkh �uvw vwdjh ri rxu lqyhvwljdwlrq xvhv wkh Dxwrphwulfv wuhh0vhdufk do0
jrulwkp1; Wklv surfhgxuh lpsohphqwv wkh jhqhudo0wr0vshfl�f phwkrgrorj|/
zkhuhe| doo fdqglgdwh yduldeohv duh lqfoxghg iurp wkh rxwvhw1< E| ghvljq/
Dxwrphwulfv dlpv wr dfklhyh d zhoo0vshfl�hg prgho= lw rqo| dggv wr ru uh0

Oxfdv +4<:9, dqg Kdplowrq +4<;;/ 4<<7,1 Iu|gpdq dqg Jrogehuj +533:/ 5344, dujxh rq
wkhruhwlfdo dqg hpslulfdo jurxqgv wkdw wkh surfhvv xqghuslqqlqj wkh iruhljq h{fkdqjh dqg
htxlw| pdunhwv xqghujrhv vwuxfwxudo fkdqjh wkdw lv dw ohdvw lq sduw xqiruhvhhdeoh1 Iru
dq ryhuylhz ri ydulrxv dssurdfkhv wr prgholqj fkdqjhv lq h{shfwdwlrqv/ vhh Iu|gpdq dqg
Skhosv +5346,1

9Iu|gpdq hw do1 +5348, surylgh ghvfulswlyh hylghqfh wkdw wkh qxpehu dqg frpsrvlwlrq
ri ixqgdphqwdo yduldeohv gulylqj wkh vwrfn0pdunhw sduwlflsdqwv h{shfwdwlrqv ydu| ryhu wlph1

:Iru dujxphqwv frqfhuqlqj wkh lpsruwdqfh lq hfrqrphwulf dqdo|vlv ri dfklhylqj zhoo0
vshfl�hg prghov/ vhh Fdpsrv/ Hulfvvrq dqg Khqgu| +5338,/ Mrkdqvhq +4<<8,/ dqg Mxvholxv
+5339,1

;Dxwrpdwhg prgho vhohfwlrq kdv dgydqfhg gudpdwlfdoo| ryhu wkh odvw ghfdgh dqg d kdoi/
rzlqj wr pxfk0lpsuryhg dojrulwkpv1 Wkh surshuwlhv ri wkh Dxwrphwulfv surfhgxuh xvhg
khuh kdyh ehhq dqdo|}hg e| Khqgu| dqg Nuro}lj +5334/ 5338,/ dqg Grruqln +533<,1

<Iru d frpsuhkhqvlyh ryhuylhz ri wkh dujxphqwv lq idyru ri wklv phwkrgrorj| dqg
dxwrpdwlf prgho vhohfwlrq/ vhh Khqgu| dqg Grruqln +5347,1
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pryhv d yduldeoh iurp d prgho li grlqj vr lpsuryhv wkh vshfl�fdwlrq1
Dxwrphwulfv dovr surylghv d zd| wr gldjqrvh wkh lpsruwdqfh ri vwuxfwxudo

fkdqjh1 Wr wklv hqg/ Dxwrphwulfv xvhv vwhs lqglfdwru gxpplhv wr whvw iru
srwhqwldo vkliwv lq wkh frqvwdqw whup +Fdvwoh hw do1 5348,1 Zh �qg wkdw
lqfoxvlrq ri wkhvh gxpplhv lpsuryhv prgho vshfl�fdwlrq1

Krzhyhu/ frqvwudlqlqj wkh vhw ri uhjuhvvruv +rwkhu wkdq d frqvwdqw whup,
dqg wkhlu sdudphwhuv wr uhpdlq wlph0lqyduldqw vwrsv Dxwrphwulfv ehiruh lw
fdq dfklhyh d zhoo0vshfl�hg prgho1 Wkh uhvlgxdov ri wkh hvwlpdwhg vshfl�fd0
wlrq duh dxwrfruuhodwhg dqg khwhurvnhgdvwlf1 Wklv lv zkdw zh zrxog h{shfw
zkhq uhsuhvhqwlqj h{shfwdwlrqv uhtxluhv doorzlqj iru fkdqjh lq wkh vhw ri
prgho uhjuhvvruv dqg2ru wkhlu sdudphwhuv gxulqj wkh vdpsoh shulrg143 Frq0
vhtxhqwo|/ zh gr qrw hqg rxu lqyhvwljdwlrq zlwk Dxwrphwulfv1 Zh frqvlghu wkh
prgho vshfl�fdwlrq vhohfwhg e| wkh dojrulwkp dv vxjjhvwlyh ri wkh yduldeohv
wkdw pljkw eh uhohydqw lq vshfli|lqj dq hpslulfdo prgho ri h{shfwdwlrqv144

Zh dlp wr dfklhyh d zhoo0vshfl�hg prgho e| doorzlqj iru fkdqjh lq doo
ri lwv yduldeohv dqg sdudphwhuv1 Wklv vhfrqg vwhs ri rxu dssurdfk wr prgho
vhohfwlrq lqyroyhv whvwlqj iru vwuxfwxudo fkdqjh lq wkh vshfl�fdwlrq wkdw uhodwhv
lqyhvwru h{shfwdwlrqv wr wkh vhw ri yduldeohv vxjjhvwhg e| Dxwrphwulfv1 Zh
wkhq hvwlpdwh vhsdudwho| d prgho iru h{shfwdwlrqv lqyroylqj wkhvh yduldeohv
zlwklq hdfk vxeshulrg ri vwdwlvwlfdo frqvwdqf|/ dv mxgjhg e| wkh vwuxfwxudo0
fkdqjh whvw1 Wkh uhvxowlqj slhfh0zlvh olqhdu prgho lv frqvlghuhg zhoo vshfl�hg
li hdfk ri lwv olqhdu vhjphqwv sdvvhv d edwwhu| ri vwdqgdug whvwv ri vshfl�fdwlrq
huuru1

Erwk Dxwrphwulfv dqg wkh vwuxfwxudo0fkdqjh whvwv vkrz wkdw lq rughu wr
dfklhyh d zhoo0vshfl�hg prgho/ zh pxvw doorz lwv vwuxfwxuh wr fkdqjh ryhu
wlph1 Wklv �qglqj lv lqfrqvlvwhqw zlwk wkh ydvw pdmrulw| ri h{lvwlqj prghov/
zklfk/ uhjdugohvv ri zkhwkhu wkh| duh edvhg rq UHK ru ehkdylrudo frqvlghu0
dwlrqv/ dwwhpsw wr dssur{lpdwh lqyhvwruv* h{shfwdwlrqv zlwk wlph0lqyduldqw
vwuxfwxuhv1

Dowkrxjk dq| vlqjoh vwuxfwxuh hyhqwxdoo| idlov vshfl�fdwlrq huuru whvwv/
wkhuh pd| eh surwudfwhg shulrgv ri wlph gxulqj zklfk lqyhvwruv* h{shfwd0
wlrqv fdq eh dssur{lpdwhg zlwk olqhdu vhjphqwv1 Rxu hpslulfdo prgho iru
h{shfwdwlrqv lqyroyhv wkuhh olqhdu uhodwlrqvklsv/ hdfk ri zklfk lv zhoo vshfl0
�hg1

43Vhh Wderu +5346, iru dq hfrqrphwulf dqdo|vlv ri dxwrfruuhodwlrq dqg wkh DUFK h�hfwv
dulvlqj iurp ljqrulqj vwxfwxudo fkdqjh1

44Vhh Hulfvvrq +5345, iru wkh xvh ri Dxwrphwulfv dv d gldjqrvwlf wrro1
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Wkh hpslulfdo uhohydqfh ri vwuxfwxudo fkdqjh lpsolhv wkdw wkh prgho*v
txdqwlwdwlyh suhglfwlrqv ydu| dfurvv wkh olqhdu vhjphqwv1 Krzhyhu/ wkh prgho
jhqhudwhv txdolwdwlyh suhglfwlrqv wkdw hqdeoh xv wr dvvhvv wkh hpslulfdo uho0
hydqfh ri dowhuqdwlyh wkhruhwlfdo dssurdfkhv wr prgholqj lqyhvwruv* h{shfwd0
wlrqv145

Wkh hvwlpdwhv ri wkh prgho wkdw sdvvhv rxu udwkhu vwulqjhqw vhohfwlrq
surfhvv lqglfdwh wkdw wkh wuhqg ri dw ohdvw rqh ixqgdphqwdo yduldeoh � wkh
udwh ri lqwhuhvw dqg2ru xqhpsor|phqw � lv d pdmru gulyhu ri lqyhvwruv* h{shf0
wdwlrqv lq hyhu| vxeshulrg ri dssur{lpdwh sdudphwhu frqvwdqf|1 Lq frqwudvw/
h{wudsrodwlrq sod|v d wudqvlhqw uroh lq hyhu| olqhdu vhjphqw1

Zh dovr �qg wkdw wkh frpsrvlwlrq ri wkh yduldeohv dffrxqwlqj iru lqyhvwruv*
h{shfwdwlrqv gl�huv dfurvv vxeshulrgv1 Zkhuhdv erwk wkh lqwhuhvw udwh dqg
wkh xqhpsor|phqw udwh gulyh h{shfwdwlrqv lq rqh ri wkh vxeshulrgv/ rqo| rqh
ri wkhp pdwwhuv lq wkh rwkhu wzr1

Pruhryhu/ wkh hvwlpdwhg txdolwdwlyh h�hfwv +vljqv ri sdudphwhuv, ri ixq0
gdphqwdo yduldeohv dsshdu wr surylgh d vhqvleoh h{sodqdwlrq ri h{shfwdwlrqv
gxulqj wkh vxeshulrgv dssur{lpdwhg e| hdfk ri wkh olqhdu vhjphqwv1 Dffrug0
lqj wr wkh prgho/ iurp 4<96 wr 4<;3/ lqyhvwruv* h{shfwdwlrqv dsshdu wr kdyh
ehhq gulyhq e| erwk wkh lqwhuhvw udwh dqg exvlqhvv0f|foh h�hfwv1 Wkh exoo
pdunhw iurp wkh 4<;3v wr 4<<</ krzhyhu/ dsshduv wr kdyh ehhq gulyhq sul0
pdulo| e| idoolqj lqwhuhvw udwhv/ zkloh srvw04<<< h{shfwdwlrqv djdlq irfxvhg
rq wkh pdfurhfrqrplf rxworrn/ dv sur{lhg e| fkdqjhv lq xqhpsor|phqw1

Wkh iruhjrlqj frqfoxvlrqv � wkdw erwk h{wudsrodwlrq dqg ixqgdphqwdov
pdwwhu iru xqghuvwdqglqj lqyhvwruv* h{shfwdwlrqv � duh edvhg rq d zhoo0
vshfl�hg/ slhfh0zlvh olqhdu prgho1 Lq rughu wr xqghuvfruh wkh fhqwudo lp0
sruwdqfh ri rshqlqj �qdqfh prghov wr vwuxfwxudo fkdqjh dqg lpsrvlqj glvfl0
solqh rq hfrqrphwulf dqdo|vlv wkurxjk vshfl�fdwlrq whvwlqj/ zh frpsduh rxu
�qglqjv � wkdw erwk h{wudsrodwlrq dqg ixqgdphqwdov pdwwhu � zlwk wkrvh ri
Vkohlihu dqg Juhhqzrrg +5347,1

Uho|lqj rq wkh vdph vxuyh| phdvxuh dqg wkh vdph vhw ri ixqgdphqwdo
yduldeohv dv zh gr khuh/ Vkohlihu dqg Juhhqzrrg +JV, irxqg qr uroh iru ixq0

45Jhqhudwlqj txdqwlwdwlyh suhglfwlrqv wkdw vsdq pruh wkdq rqh vhjphqw uhtxluhv ixuwkhu
uhvwulfwlrqv rq fkdqjh/ iru h{dpsoh/ wkdw fkdqjh ehwzhhq vhjhphqwv lv jryhuqhg e| d
Pdunry vzlwfklqj uxoh1 Iru d ghprqvwudwlrq/ vhh Kdplowrq +4<<7, dqg Iu|gpdq dqg
Jrogehuj +533:,1 Krzhyhu/ Vwloozdjrq dqg Vxoolydq +5349, dqg Iu|gpdq hw do1 +5349d/e,
vkrz wkdw/ dowkrxjk d Pdunry vzlwfklqj ru dqrwkhu suredelolvwlf uxoh pljkw surylgh dq h{
srvw dssur{lpdwlrq ri wkh surfhvv gxulqj d vdpsoh shulrg/ wklv hpslulfdo fkdudfwhul}dwlrq
hyhqwxdoo| idlov wr uhsuhvhqw vwuxfwxudo fkdqjh lq ixwxuh shulrgv1
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gdphqwdov dqg wkxv frqfoxghg wkdw lqyhvwruv* h{shfwdwlrqv duh sxuho| h{wuds0
rodwlyh1 Lq Dsshqgl{ E/ zh vkrz wkdw JV*v hfrqrphwulf prgho lv vwurqjo| uh0
mhfwhg e| hdfk ri wkh vwdqgdug vshfl�fdwlrq huuru whvwv1 Rqh ri wkh lpsruwdqw
vrxufhv ri wklv plvvshfl�fdwlrq lv wkh prgho*v suhplvh wkdw wkh vdph vhw ri
yduldeohv/ zlwk xqfkdqjlqj sdudphwhu ydoxhv/ fdq uhsuhvhqw krz vwrfn0pdunhw
lqyhvwruv irup h{shfwdwlrqv dw hdfk srlqw lq wlph1 Wkhvh �qglqjv looxvwudwh
krz qrw doorzlqj iru vwuxfwxudo fkdqjh dqg qrw dfklhylqj d zhoo0vshfl�hg
prgho pd| ohdg wr xquholdeoh frqfoxvlrqv frqfhuqlqj dq hvvhqwldo txhvwlrq lq
�qdqfh dqg pdfurhfrqrplfv= Gr UHK dqg2ru ehkdylrudo lqvljkwv pdwwhu iru
xqghuvwdqglqj pdunhw sduwlflsdqwv* h{shfwdwlrqvB

Wkh sdshu lv rujdql}hg dv iroorzv= Vhfwlrq 5 suhvhqwv wkh vxuyh| gdwd1
Vhfwlrq 6 vnhwfkhv rxu dssurdfk wr prgho vhohfwlrq dqg irupxodwhv dq xquh0
vwulfwhg prgho1 Vhfwlrq 7 vkrzv wkdw doorzlqj iru vkliwv lq wkh frqvwdqw whup
lv qrw vx!flhqw iru Dxwrphwulfv wr surgxfh d zhoo0vshfl�hg prgho1 Vhfwlrq 8
fduulhv rxw wkh nh| vwuxfwxudo0fkdqjh vwhs ri rxu dssurdfk wr prgho vhohfwlrq
dqg vkrzv wkdw doorzlqj iru vxfk fkdqjh |lhogv d zhoo0vshfl�hg prgho1 Vhf0
wlrq 9 uhodwhv rxu �qglqjv � wkdw erwk ixqgdphqwdov dqg h{wudsrodwlrq pdwwhu
iru lqyhvwru h{shfwdwlrqv� wr lqvljkwv ri wkh UHK dqg ehkdylrudo0�qdqfh ds0
surdfkhv1

Ilqdoo|/ vhfwlrq : glvfxvvhv vrph eurdghu lpsolfdwlrqv ri rxu �qglqjv1 Lw
r�huv d qhz lqwhusuhwdwlrq ri wkh vljql�fdqfh ri Vkloohu*v +4<;4, vhplqdo uh0
mhfwlrq ri wkh UHK0edvhg suhvhqw0ydoxh prgho dv d zd| wr uhsuhvhqw krz
pdunhw sduwlflsdqwv irup h{shfwdwlrqv rq wkh edvlv ri ixqgdphqwdov1 Lq frq0
wudvw wr wkh ehkdylrudo0�qdqfh dssurdfk/ zh vxjjhvw wkdw Vkloohu*v dqg pdq|
vxevhtxhqw �qglqjv vlpso| uh hfw wkh idloxuh ri UHK wr uhsuhvhqw udwlrqdo
iruhfdvwlqj1 Udwkhu wkdq lpso|lqj luudwlrqdolw|/ wkhvh �qglqjv duh frpsdwl0
eoh zlwk sduwlflsdqwv* udwlrqdolw| lq uhdo0zruog pdunhwv/ zkhuh fkdqjh lv dw
ohdvw lq sduw xqiruhvhhdeoh1 Wkh sdshu frqfoxghv zlwk d fdoo wr hfrqrplvwv wr
uhfrjql}h wkh lpsruwdqfh ri xqiruhvhhdeoh fkdqjh dqg wkh Nqljkwldq xqfhu0
wdlqw| wkdw vxfk fkdqjh hqjhqghuv1 Eh|rqg khoslqj xv wr xqghuvwdqg krz wr
uhsuhvhqw udwlrqdo iruhfdvwlqj/ rshqlqj prghov wr vxfk fkdqjh surplvhv wr eh
wkh nh| wr uhvroylqj pdq| sx}}ohv wkdw kdyh uhvlvwhg h{sodqdwlrq rq udwlrqdo
jurxqgv iru ghfdghv1
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5 Vxuyh| Gdwd
Wkh dydlodelolw| ri vxuyh| gdwd kdv pdgh lw srvvleoh wr lqyhvwljdwh gluhfwo|
zkhwkhu wkh UHK dqg2ru ehkdylrudo0�qdqfh lqvljkwv pdwwhu iru xqghuvwdqg0
lqj lqyhvwru h{shfwdwlrqv1 Krzhyhu/ jlyhq vhqvlwlylw| wr txhvwlrq iudplqj
dqg lqwhusuhwdwlrq/ wkh hylghqfh iurp vxuyh| gdwd kdv ehhq frqvlghuhg xquh0
oldeoh1 Lw lv dujxhg wkdw wkh vxuyh|v duh hlwkhu wrr qrlv| ru xquhsuhvhqwdwlyh
wr eh xvhixo/ ru wkdw uhvsrqghqwv duh plvlqwhusuhwlqj wkh txhvwlrq +Frfkudqh/
5344,1

Lq d uhfhqw sdshu/ Juhhqzrrg dqg Vkohlihu +5347, frqylqflqjo| dujxh
djdlqvw wklv glvplvvdo ri vwrfn0pdunhw vxuyh| gdwd1 Wkhlu sdshu vkrzv wkdw
ydulrxv phdvxuhv ri h{shfwhg uhwxuqv +vhyhq vrxufhv ri vxuyh| gdwd lq wr0
wdo, fr0pryh vwurqjo| dqg srvlwlyho|/ hyhq wkrxjk wkh vxuyh|v wkdw xqghuslq
wkhp uho| rq yhu| gl�huhqw phwkrgrorjlhv1 Ixuwkhupruh/ wkh| duh kljko|
fruuhodwhg zlwk pxwxdo ixqg  rzv/ lqglfdwlqj wkdw wkh| duh uhsuhvhqwdwlyh ri
h{shfwdwlrqv wkdw duh uhohydqw iru pdunhw sduwlflsdqwv* ghflvlrqv1 Wklv hyl0
ghqfh exwwuhvvhv Juhhqzrrg dqg Vkohlihu*v dujxphqw wkdw vxuyh| phdvxuhv
duh qrw mxvw �phdqlqjohvv qrlvh� +s1 :48,1

Rxu dqdo|vlv ri lqyhvwru h{shfwdwlrqv uholhv rq wkh Lqyhvwruv Lqwhooljhqfh
Qhzvohwwhu +LL, vxuyh|/ wkh orqjhvw dydlodeoh vdpsoh dprqj wkrvh xvhg e|
Juhhqzrrg dqg Vkohlihu +JV,/ vsdqqlqj wkh shulrg iurp 4<96 wr 53481 Wkh
LL vxuyh| uhfrugv wkh shufhqwdjh ri lwv sduwlflsdqwv* exoolvk/ qhxwudo/ dqg
ehdulvk iruhfdvwv rq d zhhno| edvlv1 Jlyhq wkdw prvw ri wkh rwkhu yduldeohv
duh phdvxuhg dw prqwko| lqwhuydov/ zh xvh d prqwko| dyhudjh1 Pruhryhu/
iroorzlqj JV/ zh sur{| lqyhvwruv* wlph0w h{shfwdwlrq ri �udz� vwrfn uhwxuqv
+vwrfn0sulfh fkdqjh, ryhu wkh vxffhhglqj 450prqwk shulrg/ w n �2/ zlwk wkh
gl�huhqfh ehwzhhq wkh sursruwlrq ri lqyhvwruv zkr duh exoolvk dqg ehdulvk dw
w frqfhuqlqj vwrfn sulfhv dw wn �2=

H{swn�2�w ' dI exoolvkw �I ehdulvkwo +4,

Phdvxuhv frpsxwhg dffruglqj wr +4, duh qrw qxphulfdo revhuydwlrqv ri
sulfh fkdqjhv h{shfwhg e| vxuyh| sduwlflsdqwv1 Krzhyhu/ JV vkrz wkdw wkhvh
sur{lhv duh kljko| fruuhodwhg zlwk wkh vkruwhu dydlodeoh vdpsoh iurp Jdooxs
vxuyh|v zklfk surylgh qxphulfdo iruhfdvwv ri vwrfn uhwxuqv iurp Vhswhpehu
4<<; wkurxjk Pd| 53361
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6 Rxu Dssurdfk wr Prgho Vhohfwlrq

Rxu h{dplqdwlrq ri wkh hpslulfdo uhohydqfh ri UHK dqg ehkdylrudo0�qdqfh
lqvljkwv uholhv rq wkh olqhdu vshfl�fdwlrq uhodwlqj lqyhvwruv* h{shfwdwlrqv wr
ixqgdphqwdov dqg h{wudsrodwlrq1 Zh uhtxluh wkdw lq rughu wr vhuyh dv wkh ed0
vlv iru dvvhvvlqj wkhvh dssurdfkhv/ wkh hpslulfdo prgho pxvw sdvv d edwwhu| ri
vwdqgdug whvwv ri vshfl�fdwlrq huuru1 Zh dlp wr dfklhyh d zhoo0vshfl�hg prgho
e| uhphg|lqj wzr vrxufhv ri prgho plvvshfl�fdwlrq= qrq0vwdwlrqdulw| ri wkh
uhjuhvvruv dqg wkh frpprq sudfwlfh ri frqvwudlqlqj wkh prgho*v vwuxfwxuh wr
eh wlph0lqyduldqw � wkdw lv/ suhvxplqj wkdw wkh vdph vhw ri yduldeohv/ zlwk
xqfkdqjlqj sdudphwhu ydoxhv/ fdq uhsuhvhqw krz lqyhvwruv irup h{shfwdwlrqv
dw hyhu| srlqw lq wlph1 Zh vkrz wkdw rshqlqj prghov wr vwuxfwxudo fkdqjh
lv wkh nh| wr dfklhylqj d zhoo0vshfl�hg prgho1

614 Dxwrphwulfv

Zh xvh Dxwrphwulfv wr vxjjhvw d vhw ri yduldeohv wkdw pljkw eh uhohydqw
lq prgholqj lqyhvwru h{shfwdwlrqv1 E| doorzlqj iru vwuxfwxudo euhdnv lq d
frqvwdqw whup/ Dxwrphwulfv lv dovr xvhixo lq gldjqrvlqj wkh lpsruwdqfh ri
vwuxfwxudo fkdqjh1

615 Jhqhudo Xquhvwulfwhg Prgho

Dxwrphwulfv uholhv rq wkh jhqhudo0wr0vshfl�f phwkrgrorj|/ zkhuhe| doo srwhq0
wldo yduldeohv duh lqfoxghg iurp wkh rxwvhw1 Zh xvh wkh Dxjphqwhg Glfnh|0
Ixoohu surfhgxuh +Vdlg dqg Ixoohu/ 4<;7, wr whvw wkh qrq0vwdwlrqdulw| ri hdfk
ri wkh fdqglgdwh yduldeohv1 Dv uhsruwhg lq Wdeoh D4 lq Dsshqgl{ D/ wkh whvw
�qgv wkh ghshqghqw yduldeoh � wkh vxuyh| phdvxuh iru h{shfwdwlrqv � dqg wkh
sdvw udwh ri uhwxuq rq wkh V)S 833 edvnhw ri vwrfnv wr eh vwdwlrqdu|1

Krzhyhu/ wkh DGI whvw grhv qrw uhmhfw wkh xqlw urrw lq wkh lqwhuhvw udwh/
xqhpsor|phqw udwh/ frqvxpswlrq/ dqg lqgxvwuldo surgxfwlrq1 Wkh whvw dovr
lqglfdwhv wkdw glylghqgv dqg hduqlqjv kdyh d olqhdu wuhqg1 Frqvhtxhqwo|/ lq
rughu wr dyrlg plvvshfl�fdwlrq dqg lqihuhqfh sureohpv vwhpplqj iurp qrq0
vwdwlrqdulw|/ zh lqfoxgh rqo| �uvw gl�huhqfhv dprqj wkhvh uhjuhvvruv1 Ixu0
wkhupruh/ wzr odjv duh lqfoxghg iru hdfk uhjuhvvru dqg wkh ghshqghqw ydul0
deoh wr dgguhvv srwhqwldo lvvxhv ri vhuldo fruuhodwlrq1 Rxu lqlwldo xquhvwulfwhg
vshfl�fdwlrq fdq eh zulwwhq dv iroorzv=

;



H{swn�2�w ' fnP2
m'�H{swn�23m�w3m nP.

l'�P
2
m'f�l>m[l>w3m n %w +5,

zkhuh Ef> �l>m iru l ' �===./ dqg m ' f> �> 2� lv d yhfwru ri sdudphwhuv/ H{swn�2�w

ghqrwhv wkh sur{| iru wkh h{shfwhg udwh ri uhwxuq/ dqg [l @ ^Uw>w3�2/ {xw>{lw>
{*?EHw�>{*?EFw�>{*?EGw�>{*?E\w�` lv d yhfwru ri yduldeohv lqfoxglqj/ uh0
vshfwlyho|/ wkh uhwxuq ryhu wkh sdvw |hdu wr wkh V)S 833/ xqhpsor|phqw/ wkh
rqh0|hdu Wuhdvxu| eloo udwh/ hduqlqjv/ frqvxpswlrq/ glylghqgv/ dqg lqgxvwuldo
surgxfwlrq1

7 Uhvxowv iurp Dxwrphwulfv
Rxw ri 56 fdqglgdwh uhjuhvvruv +vhyhq yduldeohv lqfoxglqj wzr odjv iru hdfk/
dqg wzr odjv ri wkh ghshqghqw yduldeoh,/ Dxwrphwulfv uhwdlqv wkh sdvw udwh ri
uhwxuq rq wkh V)S 833/ zklfk uhsuhvhqwv h{wudsrodwlrq/ dqg wzr ixqgdphqwdo
yduldeohv � wkh fkdqjh lq xqhpsor|phqw dqg wkh Wuhdvxu| eloo udwh � lq wkh
hvwlpdwhg hpslulfdo prgho ri h{shfwdwlrqv1

Wdeoh 4
Dxwrphwulfv Uhvxowv iru wkh LL Vxuyh| Phdvxuh1

H{swn���w3� f=H�f
d�.=Heo

Uw>w3�2 f=beS
d��=S.o

Uw3�>w3�� �f=HHH
d3�2=.eo

{lw �e=2Db
d3D=��o

{xw32 ��=Hfb
d3�=.Do

V=4<99+37, e=.eD
d2=.fo

V=4<:<+3<, �f=SbH
d�=2eo

V=4<;3+39, ���=eSe
d3�=Deo

V=5348+38, 2=�.H
de=fSo

Fdswlrq= Wkh vhfrqg froxpq glvsod|v wkh frh!flhqw hvwlpdwhv zlwk wkh w0ydoxhv
lq eudfnhwv ehorz1

Zh qrwh wkdw/ dowkrxjk wkh xqhpsor|phqw udwh lv qrw vljql�fdqw dw 8(/
lw zdv vwloo uhwdlqhg e| Dxwrphwulfv1 Dssduhqwo|/ wkh vhdufk dojrulwkp*v
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dwwhpsw wr gurs wklv yduldeoh zhdnhqhg wkh prgho*v vshfl�fdwlrq1
Eh|rqg vxjjhvwlqj zklfk yduldeohv/ rxw ri pdq| fdqglgdwhv/ pljkw eh uho0

hydqw lq prgholqj lqyhvwru h{shfwdwlrqv/ Dxwrphwulfv lv xvhixo lq gldjqrvlqj
vwuxfwxudo fkdqjh1 Zh xvh d vwhs lqglfdwru vdwxudwlrq +VLV, surfhgxuh +Fdv0
woh hw do1/ 5348, wr doorz iru euhdnv lq wkh frqvwdqw whup146 Wdeoh 4 vkrzv wkdw
Dxwrphwulfv uhwdlqv irxu ri wkh vwhs gxpplhv lqglfdwlqj vwuxfwxudo euhdnv1

Krzhyhu/ frqvwudlqlqj wkh vhw ri uhjuhvvruv +rwkhu wkdq d frqvwdqw whup,
dqg wkhlu sdudphwhuv wr uhpdlq wlph0lqyduldqw/ zklfk wkh VLV surfhgxuh grhv/
irufhv Dxwrphwulfv wr lpsxwh wkh prgho*v vwuxfwxudo fkdqjh wr vkliwv lq wkh
frqvwdqw whup1 Dv Wdeoh 5 ehorz vkrzv/ wklv vwrsv Dxwrphwulfv* vhdufk dojr0
ulwkp ehiruh lw fdq dfklhyh d zhoo0vshfl�hg prgho1

Wkh gldjqrvwlfv lq Wdeoh 5 lqfoxgh wkh Odjudqjh pxowlsolhu whvw ri vhu0
ldo fruuhodwlrq/ odehohg dv DU +Jrgiuh| 4<:;,> whvwv ri dxwruhjuhvvlyh khw0
hurvnhgdvwlflw|/ ru DUFK +Hqjoh 4<;5,> qrupdolw| +Grruqln dqg Kdqvhq
533;,> khwhurvnhgdvwlflw| +Zklwh 4<;3,> dqg wkh UHVHW whvw ri prgho plv0
vshfl�fdwlrq +Udpvh| 4<9<,1

Wdeoh 5
Vshfl�fdwlrq Whvwv diwhu Dxwrphwulfv

Prgho 5
DU f=ffHH
DUFK f=�fSD
Qrupdolw| f=S2b�
Khwhur f=ffee
UHVHW f=fSHe

Fdswlrq= Wkh �jxuhv uhsuhvhqw wkh s0ydoxhv iru wkh uhvshfwlyh whvwv ri wkh prgho
lq wdeoh 41

Wdeoh 5 pdnhv fohdu wkdw doorzlqj iru vkliwv lq rqo| wkh frqvwdqw whup
surgxfhv d plvvshfl�hg hpslulfdo prgho= lwv uhvlgxdov duh dxwrfruuhodwhg
dqg khwhurvnhgdvwlf/ idlolqj wkh uhvshfwlyh whvwv dw wkh 4( ohyho1

Dv zh vkrz qh{w/ wklv gl!fxow| vwhpv iurp frqvwudlqlqj vwuxfwxudo fkdqjh
wr rffxu vroho| lq wkh frqvwdqw whup1 Rqfh zh doorz iru vkliwv lq doo rwkhu
sdudphwhuv/ zh dfklhyh d zhoo0vshfl�hg/ slhfh0zlvh olqhdu prgho1

46Dxwrphwulfv dovr xvhv dq lpsxovh lqglfdwru vdwxudwlrq surfhgxuh wr frqwuro iru rxwolhuv
+vhh Khqgu|/ Mrkdqvhq/ dqg Vdqwrv/ 533;,1
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8 Vwuxfwxudo Fkdqjh dv Prgho Vhohfwlrq
Wkh nh| vwhs lq rxu dssurdfk wr prgho vhohfwlrq lv wr doorz iru vkliwv lq wkh
sdudphwhuv ri doo yduldeohv1 Vlqfh rxu remhfwlyh khuh lv wr h{dplqh zkhwkhu
UHK dqg2ru ehkdylrudo0�qdqfh lqvljkwv pdwwhu iru lqyhvwru h{shfwdwlrqv/ zh
gr qrw vhhn wr ghwhuplqh zklfk vshfl�f yduldeohv pdwwhu1 Dv orqj dv rxu vhw
ri uhjuhvvruv lqfoxghv vrph ixqgdphqwdo dqg ehkdylrudo yduldeohv/ dfklhylqj d
zhoo0vshfl�hg prgho hqdeohv xv wr whvw wkh uhohydqfh ri wkhvh wzr dssurdfkhv
� zlgho| frqvlghuhg pxwxdoo| h{foxvlyh � wr prgholqj lqyhvwru h{shfwdwlrqv1

Wkh vshfl�fdwlrq vxjjhvwhg e| Dxwrphwulfv surylghv d sduvlprqlrxv zd|
wr h{dplqh wkh hpslulfdo uhohydqfh ri wkh UHK dqg ehkdylrudo0�qdqfh ds0
surdfkhv1 Wr eh vxuh/ doorzlqj iru vwuxfwxudo fkdqjh lq doo sdudphwhuv lq d
vshfl�fdwlrq vxjjhvwhg e| Dxwrphwulfv pljkw qrw uhvxow lq d zhoo0vshfl�hg
prgho147 Lq wkdw fdvh/ d prgho lqyroylqj rwkhu yduldeohv pljkw kdyh wr eh
xvhg1

Wkh vshfl�fdwlrq vxjjhvwhg e| Dxwrphwulfv lv zhoo vxlwhg wr h{dplqlqj wkh
uhohydqfh ri wkh UHK dqg ehkdylrudo0�qdqfh dssurdfkhv1 Wklv vshfl�fdwlrq
lqfoxghv wkh sdvw udwh ri uhwxuq rq wkh V)S 833 dqg lwv odj +uhsuhvhqwlqj wkh
ehkdylrudo lqvljkw wkdw lqyhvwru h{shfwdwlrqv duh h{wudsrodwlyh, dqg wkh wzr
srwhqwldoo| lpsruwdqw ixqgdphqwdo yduldeohv/ xqhpsor|phqw dqg wkh lqwhuhvw
udwh +uhsuhvhqwlqj UHK*v irfxv rq ixqgdphqwdo idfwruv* nh| uroh lq gulylqj
lqyhvwru h{shfwdwlrqv,1

Zh xvh wkh Edl dqg Shuurq +4<<;, surfhgxuh wr hvwlpdwh vwuxfwxudo euhdnv
lq dq hpslulfdo prgho148 Wdeoh 6 suhvhqwv wkh hvwlpdwhv iru wkh wlplqj ri
vwuxfwxudo euhdnv1

47Lq wklv vhqvh/ uhtxlulqj wkdw wkh prgho eh zhoo vshfl�hg glvflsolqhv wkh hfrqrphwulf
lqyhvwljdwlrq1 Lw jxdugv djdlqvw dq lqyhvwljdwru*v xvh ri vwuxfwxudo0fkdqjh dqdo|vlv wr vhohfw
d prgho wkdw pljkw idyru klv suhihuuhg k|srwkhvlv1 Iru dq h{dpsoh ri dq hpslulfdo prgho
lq zklfk doorzlqj iru vwuxfwxudo fkdqjh grhv qrw uhvxow lq d zhoo0vshfl�hg prgho/ vhh dq
hduolhu yhuvlrq ri wklv sdshu +Iu|gpdq dqg Vwloozdjrq/ 5349,1 Vhh dovr Dsshqgl{ D ehorz
iru dq looxvwudwlrq ri wkh gdqjhu wkdw/ xqohvv prghov duh zhoo vshfl�hg/ lqyhvwljdwruv pd|
huurqhrxvo| frqfoxgh wkdw ixqgdphqwdov gr qrw pdwwhu lq lqyhvwru h{shfwdwlrqv1

48Hulfvvrq +5345, sursrvhv dq dowhuqdwlyh wr doorz iru fkdqjlqj ehwdv ryhu wlph/ uhihuuhg
wr dv pxowlsolfdwlyh lqglfdwru vdwxudwlrq +PLV,/ zklfk xvhv uhjuhvvruv lqwhudfwhg zlwk vwhs
lqglfdwruv dqg frqgxfwv prgho vhohfwlrq zlwk Dxwrphwulfv1 Nlwry dqg Wderu +5349, lqyhvwl0
jdwh wkh surshuwlhv ri PLV1 Wkh dssolfdwlrq ri PLV wr wkh prgholqj ri lqyhvwru h{shfwdwlrqv
lv ohiw iru ixwxuh uhvhdufk1
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Wdeoh 6
Lqwhuydov ri Dssur{lpdwh Sdudphwhu Frqvwdqf|

96=360;3=36 ;3=370<<=43 <<=44048=39

Lw lv qrwhzruwk| wkdw wkh wlplqj ri wkh vwuxfwxudo euhdnv ghwhfwhg e| wkh
Edl0Shuurq whvw vhhpv wr frlqflgh zlwk pdmru hyhqwv lqfoxglqj wkh uhjlph
fkdqjh ri wkh Yrofnhu glvlq dwlrq dqg wkh erwwrp ri wkh ehdu pdunhw lq
4<;3/ dqg wkh qhdu shdn ri wkh LW exeeoh lq 4<<<1 Vxfk klvwrulfdo hyhqwv duh
dw ohdvw lq sduw xqltxh1 Wkxv/ wkh Edl0Shuurq whvw lqglfdwhv wkh hpslulfdo
uhohydqfh ri xqiruhvhhdeoh fkdqjh149

814 Dfklhylqj d Zhoo0Vshfl�hg Prgho e| Doorzlqj iru
Vwuxfwxudo Fkdqjh

Xvlqj wkh wlplqj ri euhdnv lqglfdwhg e| wkh Edl0Shuurq whvw/ zh hvwlpdwh
wkh olqhdu vhjphqwv ri dssur{lpdwh sdudphwhu frqvwdqf|1 Zh frqvlghu d
slhfh0zlvh olqhdu prgho uhvxowlqj iurp whvwlqj iru vwuxfwxudo fkdqjh wr eh
zhoo vshfl�hg li hdfk ri lwv olqhdu vhjphqwv sdvvhv d edwwhu| ri vwdqgdug vshf0
l�fdwlrq huuru whvwv1 Vxemhfwlqj wkh prgho hvwlpdwhg iru hdfk olqhdu vhjphqw
wr vxfk whvwv lv wkh nh| vwhs lq rxu dssurdfk wr prgho vhohfwlrq1

Froxpqv 608 ri Wdeoh 7 suhvhqw wkh uhvxowv ri d edwwhu| ri vshfl�fdwlrq
whvwv iru hdfk olqhdu vhjphqw1 Iru frpsdulvrq/ zh dovr suhvhqw wkh uhvxowv ri
wkhvh whvwv iru d wlph0lqyduldqw yhuvlrq ri wkh prgho1

Wdeoh 7
Vshfl�fdwlrqv Whvwv

Wlph0lqyduldqw Prgho 96=360;3=36 ;3=370<<=43 <<=44048=39
DU f=ff�2 f=fb.� f=f.fD f=�b�D

DUFK f=f�.. f=bH2. f=eD.. f=fb22
Qrupdolw| f=ffff f=fe2D f=�DbH f=S.fD
Khwhur f=��2. f=eb.H f=�.f2 f=fbbS
UHVHW f=ff�D f=f�b� f=�S�H f=�b�e

Fdswlrq= Wkh �jxuhv uhsuhvhqw wkh s0ydoxhv iru wkh uhvshfwlyh whvwv dqg vdpsohv1

49Wklv hfrqrphwulf hylghqfh fruurerudwhv �qglqjv lq Iu|gpdq hw do1 +5348, wkdw sdu0
wlflsdqwv sd| dwwhqwlrq wr qryho klvwrulfdo hyhqwv lq iruplqj wkhlu h{shfwdwlrqv ri vwrfn
sulfhv1
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Froxpq 5 fohduo| vkrzv wkdw frqvwudlqlqj wkh prgho sdudphwhuv wr eh
wlph0lqyduldqw uhvxowv lq jurvv plvvshfl�fdwlrq1 Krzhyhu/ doorzlqj iru vwuxf0
wxudo fkdqjh surylghv d vxevwdqwldo uhphg|= dv fdq eh vhhq lq froxpqv 608/
wkh DU/ DUFK/ Qrupdolw|/ dqg UHVHW whvwv wxuq iurp kljko| vljql�fdqw wr
lqvljql�fdqw1

9 Wkh Prgho*v Txdolwdwlyh Suhglfwlrqv

Kdylqj vkrzq wkdw wkh slhfh0zlvh olqhdu yhuvlrq ri rxu prgho sdvvhv vshfl�fd0
wlrq whvwv iru doo ri lwv olqhdu vhjphqwv/ zh qrz h{dplqh zkhwkhu lw jhqhudwhv
suhglfwlrqv frqfhuqlqj txdolwdwlyh fr0pryhphqwv ehwzhhq lqyhvwru h{shfwd0
wlrqv dqg uhjuhvvru yduldeohv wkdw uhsuhvhqw ghwhuplqdqwv ri wkhvh h{shfwd0
wlrqv1 Zh xvh wkhvh suhglfwlrqv wr dvvhvv wkh hpslulfdo uhohydqfh ri UHK dqg
ehkdylrudo0�qdqfh lqvljkwv iru xqghuvwdqglqj lqyhvwru h{shfwdwlrqv1 Wr wklv
hqg/ Wdeoh 8 glvsod|v wkh hvwlpdwhv dqg whvw vwdwlvwlfv iru hdfk olqhdu vhjphqw1

Wdeoh 8
Sdudphwhu Hvwlpdwhv ri Olqhdu Vhjphqwv

96=360;3=36 ;3=370<<=43 <<=44048=39
H{swn���w3� f=.��

d�D=f2o
f=.Sb
d�b=D2o

f=...
d��=HSo

H{swn�f�w32 �f=�S�
d32=e�o

Uw>w3�2 �=2fb
dS=2bo

f=bb.
d�f=�fo

f=Sbf
dS=H.o

Uw3�>w3�� ��=fff
d3D=fSo

�f=HDf
d3H=�fo

�f=D..
d3D=bDo

{lw ��f=b2e
d3e=Sbo

��=fD.
d3�=2Do

e=HHH
d�=Dbo

{xw32 ��2=e�2
d32=2Do

f=.eH
df=2eo

�.=�Df
d3�=bDo

f �=��H
d2=b.o

�f=2��
d3f=2bo

H=fHb
dS=H2o

Dgm1 U2 f=.f. f=..D f=.2e
Fdswlrq= Wkh w0ydoxhv duh suhvhqwhg ehorz frh!flhqw hvwlpdwhv lq eudfnhwv1

Lq rughu wr idflolwdwh wkh glvfxvvlrq ri wkh uhvxowv/ zh jurxs wkh txdolwdwlyh
uhjxodulwlhv suhglfwhg e| d slhfh0zlvh olqhdu prgho lq Wdeoh 8 lqwr wkuhh fdwh0
jrulhv1 Wkh �uvw frqfhuqv wkh ghjuhh ri shuvlvwhqfh wr lqyhvwru h{shfwdwlrqv1

46



Wkh vhfrqg dqg wklug lqyroyh suhglfwlrqv derxw wkh uroh ri h{wudsrodwlrq dqg
ixqgdphqwdov lq gulylqj wkhvh h{shfwdwlrqv1

914 Shuvlvwhqfh ri Lqyhvwru H{shfwdwlrqv

Lqyhvwru h{shfwdwlrqv whqg wr eh shuvlvwhqw1 Wkh odjjhg ghshqghqw yduldeoh
lv kljko| vljql�fdqw/ zlwk w0ydoxhv deryh �f1 Uhpdundeo|/ qrw rqo| duh doo ri
wkh hvwlpdwhv ri wkh frh!flhqw iru wkh sur{| ri odjjhg h{shfwdwlrqv srvlwlyh>
wkh| dovr olh lq d udwkhu qduurz udqjh/ ehwzhhq f=. dqg f=H14:

915 H{wudsrodwlrq

Wdeoh 8 vkrzv wkdw/ dv wkh ehkdylrudo0�qdqfh dssurdfk vxjjhvwv/ erwk wkh
sdvw uhwxuq dqg lwv odj duh vljql�fdqw lq hdfk vxe0shulrg1 Krzhyhu/ wkhlu
hvwlpdwhv duh dssur{lpdwho| wkh vdph lq pdjqlwxgh dqg kdyh wkh rssr0
vlwh vljq1 Wklv phdqv wkdw lw lv wkh fkdqjh ri wkh sdvw uhwxuq/ {Uw>w3�2 '
EUw>w3�2 � Uw3�>w3���/ udwkhu wkdq lwv ohyho/ wkdw pdwwhuv iru lqyhvwruv1 Wklv
fkdqjh lv kljko| srvlwlyho| fruuhodwhg zlwk d rqh0prqwk fkdqjh lq sulfh/ {Sw

+dw f=ffffI ohyho/ zlwk d fruuhodwlrq frh!flhqw ri f=SS,1 Dv erwk {Uw>w3�2

dqg {Sw duh vwdwlrqdu| dqg qrw sduwlfxoduo| shuvlvwhqw +zlwk dxwrfruuhodwlrq
frh!flhqwv ri ohvv wkdq f=�,/ wkh h{wudsrodwlyh frpsrqhqw ri h{shfwdwlrqv
glvvlsdwhv idluo| txlfno|1

Wkxv/ dowkrxjk rxu �qglqjv vkrz wkdw lqyhvwru h{shfwdwlrqv duh lq sduw
h{wudsrodwlyh/ wkh| dovr lqglfdwh wkdw h{wudsrodwlrq glg qrw gulyh d vxvwdlqhg
vzlqj lq h{shfwdwlrqv/ dqg wkxv lq vwrfn sulfhv/ gxulqj dq| ri wkh vxe0shulrgv
ri rxu vdpsoh1

916 Ixqgdphqwdov

Wdeoh 8 vkrzv wkdw/ dv wkh UHK dssurdfk hpskdvl}hv/ wuhqgv lq ixqgdphqwdov
zhuh sulpdu| gulyhuv ri vzlqjv lq lqyhvwru h{shfwdwlrqv dqg wkxv vwrfn0sulfh
 xfwxdwlrqv gxulqj doo wkuhh vxe0shulrgv1

4:Exloglqj rq lqvljkwv ri Nh|qhv +4<69,/ Iu|gpdq dqg Jrogehuj +5346e, surylgh d wkhr0
uhwlfdo dffrxqw ri wklv shuvlvwhqfh wkdw lv frpsdwleoh zlwk pdunhw sduwlflsdqwv* udwlrqdolw|1
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91614 Lqwhuhvw udwh

Wkh lpsruwdqfh ri wkh lqwhuhvw0udwh yduldeoh lv hylghqw lq Wdeoh 81 Lw kdv d
kljko| vljql�fdqw dqg qhjdwlyh h�hfw rq lqyhvwru h{shfwdwlrqv lq wkh �uvw wzr
vxe0shulrgv1

91615 Xqhpsor|phqw Udwh

Wkh xqhpsor|phqw udwh lv vljql�fdqw lq wkh �uvw dqg wklug vxe0shulrgv/ gxu0
lqj zklfk lw kdv d qhjdwlyh h�hfw rq h{shfwdwlrqv1

: Frqfoxglqj Uhpdunv
Ehkdylrudo0�qdqfh wkhrulvwv kdyh lqwhusuhwhg wkh uhmhfwlrq e| Vkloohu +4<;4,
dqg rwkhuv ri wkh UHK suhvhqw0ydoxh prgho dv lpso|lqj wkdw vwrfn0pdunhw
h{shfwdwlrqv duh gulyhq e| idfwruv wkdw duh odujho| xquhodwhg wr ixqgdphqwdov1
Ehfdxvh wkh| hpeudfh wkh eholhi wkdw UHK surylghv wkh zd| wr uhsuhvhqw
udwlrqdo iruhfdvwlqj/ pdq| hfrqrplvwv kdyh lqwhusuhwhg ehkdylrudo lqvljkwv
dv lpso|lqj wkdw pdunhw sduwlflsdqwv duh �ohvv wkdq ixoo| udwlrqdo� +Eduehulv
dqg Wkdohu/ 5336,1

Wkh �qglqj suhvhqwhg khuh � wkdw wuhqgv lq ixqgdphqwdov duh d pdmru
gulyhu ri lqyhvwru h{shfwdwlrqv � lv lqfrqvlvwhqw zlwk wklv lqwhusuhwdwlrq1
Hfrqrphwulf hylghqfh fruurerudwhv wkh h{whqvlyh ghvfulswlyh hylghqfh lq Iu|0
gpdq hw do1 +5348, frqfhuqlqj wkh idfwruv wkdw pdunhw sduwlflsdqwv frq0
vlghu uhohydqw iru xqghuvwdqglqj vwrfn0pdunhw pryhphqwv1 Dv uhsruwhg e|
Eorrpehuj*v pdunhw zudsv/ sduwlflsdqwv phqwlrq dw ohdvw rqh ri wkh ixqgd0
phqwdo idfwruv dv d pryhu ri vwrfn sulfhv rq qhduo| doo +<<17(, ri wkh wudglqj
gd|v ryhu d 4:0|hdu shulrg +iurp Mdqxdu| 4<<6 wr Ghfhpehu 533<,1 Sv|fkr0
orjlfdo dqg whfkqlfdo frqvlghudwlrqv +vxfk dv h{wudsrodwlrq, zhuh phqwlrqhg
frqvlghudeo| ohvv iuhtxhqwo|1 Qrqhwkhohvv/ wkhlu vljql�fdqfh lv reylrxv= Sdu0
wlflsdqwv frqvlghuhg wkhp uhohydqw rq urxjko| kdoi ri wkh wudglqj gd|v lq wkh
vdpsoh1

Wklv ghvfulswlyh dqg hfrqrphwulf hylghqfh srlqwv wr d qhz h{sodqdwlrq ri
wkh idloxuh ri wkh UHK0edvhg suhvhqw0ydoxh prgho= UHK grhv qrw uhsuhvhqw
krz udwlrqdo/ sur�w0vhhnlqj sduwlflsdqwv lq uhdo0zruog pdunhwv irup h{shf0
wdwlrqv rq wkh edvlv ri ixqgdphqwdov1 Iu|gpdq dqg Jrogehuj +5346d, kdyh
wudfhg wkh uhdvrq wr UHK*v fruh suhplvh= Lq iruplqj wkhlu h{shfwdwlrqv/ pdu0
nhw sduwlflsdqwv glvuhjdug doo fkdqjhv lq wkh surfhvv xqghuslqqlqj rxwfrphv
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wkdw fdqqrw eh iruhvhhq zlwk d suredelolvwlf uxoh1
Iu|gpdq dqg Jrogehuj +5346d, kdyh vkrzq wkdw rshqlqj prghov wr xq0

iruhvhhdeoh fkdqjh dqg wkh Nqljkwldq +qrq0suredelolvwlf, xqfhuwdlqw| wkdw
vxfk fkdqjh hqjhqghuv lv wkh nh| wr lqfrusrudwlqj erwk UHK dqg ehkdylrudo
lqvljkwv lqwr uhsuhvhqwdwlrqv ri udwlrqdo iruhfdvwlqj1 Dv Nh|qhv xqghuvwrrg
hduo| rq/

Zh duh phuho| uhplqglqj rxuvhoyhv wkdw1 1 1 rxu udwlrqdo vhoyhv ^duh`
fkrrvlqj ehwzhhq dowhuqdwlyhv dv ehvw dv zh duh deoh/ fdofxodwlqj
zkhuh zh fdq ^rq wkh edvlv ri ixqgdphqwdov`/ exw riwhq idoolqj
edfn iru rxu prwlyh rq zklp ru vhqwlphqw ru fkdqfh ^Nh|qhv/
4<69/ ss1 496/ hpskdvlv dgghg`1

Wklv ylhz ri krz udwlrqdo sduwlflsdqwv iruhfdvw rxwfrphv lq uhdo0zruog
pdunhwv zkhq idfhg zlwk fkdqjh wkdw fdqqrw eh iruhvhhq suhflvho|/ hyhq lq
suredelolvwlf whupv/ srvhv frqvlghudeoh fkdoohqjhv iru erwk prgho0exloglqj
dqg hfrqrphwulf phwkrgrorj|1 Wkh dssduhqw hpslulfdo uhohydqfh ri Nqljkw0
ldq xqfhuwdlqw| dqg wkh uhvxowv suhvhqwhg khuh vxjjhvw wkdw dgguhvvlqj wkhvh
fkdoohqjhv lv dq lpsruwdqw remhfwlyh ri ixwxuh uhvhdufk1
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^5<` Mxvholxv/ N1 +5339,/ Wkh Frlqwhjudwhg YDU Prgho= Phwkrgrorj| dqg
Dssolfdwlrqv1 R{irug Xqlyhuvlw| Suhvv1

^63` Nh|qhv/ M1P1 +4<69,/ Wkh Jhqhudo Wkhru| ri Hpsor|phqw/ Lqwhuhvw dqg
Prqh|/ Kdufrxuw/ Eudfh dqg wkh Zruog1

^64` Nlwry/ R1 dqg P1 Wderu +5348,/ �Ghwhfwlqj Vwuxfwxudo Euhdnv lq Olqhdu
Prghov= D Yduldeoh Vhohfwlrq Dssurdfk xvlqj Pxowlsolfdwlyh Lqglfdwru
Vdwxudwlrq/� Zrunlqj Sdshu/ Xqlyhuvlw| ri Frshqkdjhq1

^65` Nqljkw/ I1K1 +4<54,/ Ulvn/ Xqfhuwdlqw| dqg Sur�w/ Ervwrq= Krxjkwrq
Pl"lq1

4<



^66` Oxfdv/ U1 H1/ Mu1 +4<:9,/ �Hfrqrphwulf Srolf| Hydoxdwlrq= D Fulwltxh/�
lq Euxqqhu/ N1 dqg D1 K1 Phow}hu +hgv1,/ Wkh Skloolsv Fxuyh dqg Oderu
Pdunhwv/ Fduqhjlh0Urfkhvwhu Frqihuhqfhrq Sxeolf Srolf|/ Dpvwhugdp=
Qruwk0Kroodqg1

^67` Oxgyljvrq dqg Qj +533<,/ �Pdfur Idfwruv lq Erqg Ulvn Suhpld/�Uhylhz
ri Ilqdqfldo Vwxglhv 55+45,/ 835:0839:1

^68` Qhzh|/ Z1N1/ dqg N1G1 Zhvw +4<;:,/ �D Vlpsoh Srvlwlyh Vhpl0Gh�qlwh
Khwhurvnhgdvwlflw| dqg Dxwrfruuhodwlrq0frqvlvwhqw Fryduldqfh Pdwul{/�
Hfrqrphwulfd 88+6,/ :360:3;1

^69` Udpvh|/ M1E1 +4<9<,/ �Whvwv iru Vshfl�fdwlrq Huuruv lq Fodvvlfdo Olq0
hdu Ohdvw Vtxduhv Uhjuhvvlrq Dqdo|vlv/� Mrxuqdo ri wkh Ur|do Vwdwlvlfdo
Vrflhw| E/ 64+5,/ 68306:41

^6:` Vdlg/ V1H1 dqg G1D1 Glfnh| +4<;7,/ �Whvwlqj iru Xqlw Urrwv lq
Dxwruhjuhvvlyh0 Prylqj Dyhudjh Prghov ri Xqnqrzq Rughu/� Elr0
phwulnd :4+6,/ 8<<093:1

^6;` Vkloohu/ U1M +4<;4,/ %Gr Vwrfn Sulfhv Pryh Wrr Pxfk wr eh Mxvwl�hg e|
Vxevhtxhqw Fkdqjhv lq GlylghqgvB/% Dphulfdq Hfrqrplf Uhylhz :4+6,/
75407691

^6<` Vkohlihu/ D1 +5333,1 Lqh!flhqw Pdunhwv= Dq Lqwurgxfwlrq wr Ehkdylrudo
Ilqdqfh1 R{irug= R{irug Xqlyhuvlw| Suhvv1

^73` Vwloozdjrq/ M1U1 dqg S1 Vxoolydq +5349,/ %Pdunry Vzlwfklqj Prghov ri
wkh H{fkdqjh Udwh= Duh Wkhuh Rqo| Wzr UhjlphvB% zrunlqj sdshu1

^74` Wderu/ P1Q1 +5347, %Hvvd|v rq Lpshuihfw Nqrzohgjh Hfrqrplfv/ Vwuxf0
wxudo Fkdqjh/ dqg Shuvlvwhqfh lq wkh Frlqwhjudwhg YDU Prgho% Sk1G1
Wkhvlv/ Xqlyhuvlw| ri Frshqkdjhq1

^75` Zklwh/ K1 +4<;3,/ �D Khwhurvnhgdvwlf0frqvlvwhqw Fryduldqfh Pdwul{ Hv0
wlpdwru dqg Gluhfw Whvw iru khwhurvnhgdvwlflw|/� Hfrqrphwulfd/ 7;+7,/
;4:06;1
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Dsshqgl{ D

Wdeoh D4
Xqlw Urrw Whvwv

DGI z2 wuhqg DGI z2r wuhqg
H{swn�2�w 313333 313333
Uw>w3�2 313333 313333

*?ESw@Gw� 317:8< 318883
xw 3148<< 313773
lw 3159:; 3175<<

*?E\w� 315833 315795
*?EHw� 31333 319:85
*?+Gw� 313359 31<545
*?EFw� 413333 313333

Fdswlrq= s0ydoxhv iurp wkh Glfnh| Ixoohu whvwv ri wkh qxoo ri d xqlw urrw

Dsshqgl{ E
Wkh Shulov ri Wlph0Lqyduldqw/ Srruo| Vshfl�hg Prghov

Lqwurgxfwlrq

D uhfhqw sdshu e| Juhhqzrrg dqg Vkohlihu +JV/ 5347, xvhv vxuyh| gdwd
rq lqyhvwru h{shfwdwlrqv lq wkh XV vwrfn pdunhw wr h{dplqh zkdw uroh h{0
wudsrodwlrq dqg ixqgdphqwdov sod| lq gulylqj wkhvh h{shfwdwlrqv1 JV suhvhqw
hfrqrphwulf dqdo|vlv vxssruwlqj wkh k|srwkhvlv wkdw lqyhvwru h{shfwdwlrqv
duh doprvw sxuho| h{wudsrodwlyh dqg odujho| xquhodwhg wr ixqgdphqwdov1 Wkh|
frqfoxgh wkdw wklv hpslulfdo hylghqfh lv lqfrqvlvwhqw zlwk wkh UHK wkhru|
dqg idyruv wkh ehkdylrudo dssurdfk1 Dowkrxjk zh uho| khuh rq rqh ri wkh
vxuyh| phdvxuhv � wkh rqh vsdqqlqj wkh orqjhvw wlph shulrg e| 57 |hduv �
dqg wkh vxevhw ri ixqgdphqwdov wkdw Juhhqzrrg dqg Vkohlihu +JV, xvh/ zh
uhdfk d yhu| gl�huhqw frqfoxvlrq1

Wklv Dsshqgl{ irfxvhv rq d odujho| ryhuorrnhg sureohp wkdw lv lqkhuhqw lq
prgholqj dvvhw pdunhwv= plvvshfl�fdwlrq dulvlqj iurp dvvxplqj dzd| vwuxf0
wxudo fkdqjh1 Zh vkrz wkdw JV*v prgho vx�huv iurp jurvv plvvshfl�fdwlrq
dqg wkdw wklv lv dw ohdvw sduwo| uhodwhg wr wkhlu dwwhpsw wr uhsuhvhqw lqyhvwru
h{shfwdwlrqv zlwk d wlph0lqyduldqw vhw ri yduldeohv dqg sdudphwhu ydoxhv1
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Juhhqzrrg dqg Vkohlihu*v Dssurdfk wr Prgho Vhohfwlrq

JV xvh vhyhq phdvxuhv vxppdul}lqj vxuyh|v ri vwrfn0pdunhw h{shfwd0
wlrqv1 Wkh| hvwlpdwh d qxpehu ri dowhuqdwlyh uhjuhvvlrq prghov wkdw uhodwh
hdfk ri wkh phdvxuhv wr d sur{| iru h{wudsrodwlrq dqg d vhw ri ixqgdphqwdo
yduldeohv1 Wkh| slfn wkhlu suhihuuhg vshfl�fdwlrq e| vhohfwlqj wkh vxevhw ri
wkh yduldeohv wkdw duh frqvlvwhqwo| hvwlpdwhg/ uhjdugohvv ri wkh vxuyh| phdvxuh
xvhg wr sur{| h{shfwdwlrqv1

Ixqgdphqwdov duh riwhq vwdwlvwlfdoo| lqvljql�fdqw lq wkh uhjuhvvlrqv hvwl0
pdwhg e| JV1 Pruhryhu/ zkhqhyhu wkh| duh vljql�fdqw/ yduldeohv wkdw vhhp wr
pdwwhu gl�hu dfurvv hvwlpdwhg vshfl�fdwlrqv ru kdyh wkh zurqj vljq1 E| frq0
wudvw/ wkh sur{lhv iru h{wudsrodwlyh h{shfwdwlrqv duh vwdwlvwlfdoo| vljql�fdqw
dqg kdyh wkh fruuhfw vljq lq vshfl�fdwlrqv xvlqj gl�huhqw vxuyh| phdvxuhv1
Edvhg rq wkhvh uhvxowv/ JV slfn dv wkhlu suhihuuhg prgho d vshfl�fdwlrq wkdw
dffrugv qr uroh wr ixqgdphqwdov dqg uhsuhvhqwv vwrfn0pdunhw h{shfwdwlrqv
dv sxuho| vshfxodwlyh1 Wkh| frqfoxgh wkdw wkhvh h{shfwdwlrqv �duh zhoo h{0
sodlqhg e| wzr yduldeohv1 Iluvw/ zkhq uhfhqw sdvw uhwxuqv duh kljk/ lqyhvwruv
h{shfw kljkhu uhwxuqv jrlqj iruzdug1 Vhfrqg/111lqyhvwru h{shfwdwlrqv duh srv0
lwlyho| fruuhodwhg zlwk wkh sulfh glylghqg udwlr� +s1 :5<,1

Krz JV Frqfoxgh wkdw Ixqgdphqwdov Gr Qrw Pdwwhu

Rxu DGI whvwv/ uhsruwhg lq Dsshqgl{ D/ vkrz wkdw vrph ri wkh ixqgd0
phqwdo yduldeohv xvhg e| JV*v vwxg| dqg rxuv duh qrq0vwdwlrqdu|1 JV gr qrw
dgguhvv wkh lqihuhqfh sureohpv lpsolhg e| lqfoxglqj qrq0vwdwlrqdu| yduldeohv
lq d vwdqgdug uhjuhvvlrq prgho1 Wkhvh sureohpv duh zhoo nqrzq dqg kdyh
uhfhqwo| ehhq vkrzq wr ohdg wr xquholdeoh lqihuhqfh lq wkh frqwh{w ri dvvhw
pdunhwv1 Edxhu dqg Kdplowrq +5348, ghprqvwudwh wkdw wkh eldv ri vwdqgdug
huuruv lq prghov wkdw lqfoxgh kljko| shuvlvwhqw ru qrq0vwdwlrqdu| yduldeohv
frxog eh yhu| odujh dqg ohdg wr huurqhrxv frqfoxvlrqv frqfhuqlqj idfwruv
gulylqj erqg suhpld1 Iru h{dpsoh/ wkh| vkrz wkdw �11wkh whvwv hpsor|hg e|
Oxgyljvrq dqg Qj +533<,/ zklfk duh lqwhqghg wr kdyh d qrupdo vl}h ri �yh
shufhqw/ fdq kdyh d wuxh vl}h ri xs wr 87(� +Kdplowrq dqg Edxhu/ s16,1

Wdeoh D5 glvsod|v uhvxowv iru irxu vshfl�fdwlrqv hvwlpdwhg e| JV1 Lq JV
Prghov LL4 dqg LL5/ wkh ghshqghqw yduldeoh lv wkh sur{| iru wkh h{shfwhg udwh
ri uhwxuq/ edvhg rq wkh vdph LL vxuyh| wkdw zh xvh lq wklv sdshu1 Prghov
DDL4 dqg DDL5 xvh dv wkhlu ghshqghqw yduldeoh d phdvxuh edvhg rq wkh
vxuyh| e| wkh Dphulfdq Dvvrfldwlrq ri Lqglylgxdo Lqyhvwruv zklfk surylghv
d vkruwhu vdpsoh ehjlqqlqj lq 4<;:1

55



Wdeoh D5
Hvwlpdwhv ri JV Vshfl�fdwlrqv

JV Prgho LL4 JV Prgho LL5 JV Prgho DD4 JV Prgho DD5
F ��.=Hb�

d3�=�Do
2=�fS
df=�fo

�S�=b�D�
d3e=DHo

�..=.HD
d32=DHo

Uw>w3�2 f=D�f
d.=ffo

f=DeD
dH=�fo

f=2bf
dD=�Ho

f=2S.
de=eeo

*?ESw@Gw� ��=2e2
de=�bo

2=bDH
df=SSo

�H=f.S
dD=fDo

2f=D�.
d�=bSo

lw �2=�fb
d3e=Sbo

f=SDD
df=Heo

xw �=�2H
d�=eeo

f=�D.
df=2eo

{*?EHw� �=D�S
df=�fo

f=.bS
df=f.o

Fdswlrq= Wkh ghshqghqw yduldeoh lv ^(exoov0(ehduv`1 Vdpsoh iurp
4<96=3405348=39 iru LL dqg 4<;:=3:05348=39 iru DD1 Qhzh|0Zhvw w0ydoxhv lq

eudfnhwv1

Zh xvh vrphzkdw gl�huhqw gdwd vrxufhv iru wkh uhjuhvvruv/ dqg rxu vdpsoh
hqgv derxw 618 |hduv odwhu1 Qhyhuwkhohvv/ wkh hvwlpdwhv lq Wdeoh D5 duh txlwh
vlplodu wr wkrvh uhsruwhg e| JV lq wkhlu Wdeoh 6 +s1 :63,14; Dowkrxjk JV
lqwhusuhw wkh sulfh0glylghqg udwlr dv dq h{wudsrodwlyh yduldeoh/ wklv yduldeoh
fdswxuhv erwk wkh h�hfw ri h{wudsrodwlrq/ uh hfwhg lq sduw lq wkh sulfh fkdqjh/
dqg wkh lq xhqfh ri ixqgdphqwdov/ zklfk h{huw dq h�hfw rq erwk wkh fkdqjh
lq wkh vwrfn sulfh dqg glylghqgv14<

Dv JV revhuyh/ h{wudsrodwlrq lv txlwh hylghqw1 Wkh h�hfw ri wkh sdvw uh0
wxuq lv kljko| vljql�fdqw lq doo prghov zlwk ru zlwkrxw ixqgdphqwdov/ exw wkh
oq+S2G, ehfrphv lqvljql�fdqw zkhq ixqgdphqwdov duh lqfoxghg1 E| frqwudvw/
ixqgdphqwdov gr qrw vhhp wr pdwwhu/ ohw dorqh frqvlvwhqwo|/ dfurvv prghov LL5
dqg DD51 Hduqlqjv jurzwk dqg xqhpsor|phqw duh erwk lqvljql�fdqw/ dqg
wkh odwwhu kdv wkh zurqj vljq1 Wkh lqwhuhvw udwh lv vljql�fdqw dqg kdv wkh
fruuhfw +qhjdwlyh, vljq lq prgho LL51 Krzhyhu/ rqfh wkh DD phdvxuh lv xvhg

4;Zh xvh wkh Vkloohu gdwd iru wkh V)S 833/ hduqlqjv/ dqg glylghqgv1 Lqgxvwuldo surgxf0
wlrq/ wkh rqh0|hdu Wuhdvxu| udwh/ wkh X06 xqhpsor|phqw udwh/ dqg shuvrqdo frqvxpswlrq
h{shqglwxuh duh iurp wkh IUHG gdwdedvh1

4<Wr idflolwdwh frpsdulvrq ri rxu uhvxowv zlwk wkrvh e| JV/ zh kdyh dovr dssolhg rxu
prgho0vhohfwlrq surfhgxuh wr wkh prgho wkdw lqlwldoo| lqfoxghg �oq+Sw2Gw,1 Zh irxqg
wkdw hyhq diwhu xvlqj wkh fkdqjh lq wkh sulfh0glylghqg udwlr +wr dyrlg sureohpv vwhpplqj
iurp qrq0vwdwlrqdulw|, dqg doorzlqj iru vwuxfwxudo fkdqjh/ rxu prgho0vhohfwlrq surfhgxuh
frxog qrw dfklhyh d zhoo0vshfl�hg prgho1 Vhh Iu|gpdq dqg Vwloozdjrq +5348, iru ixuwkhu
ghwdlov1
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dv d sur{| iru wkh h{shfwhg uhwxuq lq prgho DD5/ wkh lqwhuhvw udwh vzlwfkhv
vljq wr srvlwlyh dqg orvhv vljql�fdqfh frpsohwho|1 Edvhg rq vxfk uhvxowv
dfurvv doo vhyhq phdvxuhv/ JV frqfoxgh wkdw lqyhvwru h{shfwdwlrqv duh sxuho|
h{wudsrodwlyh1

Vshfl�fdwlrq Whvwv

Uholdqfh rq vwdqgdug w0udwlrv dqg fruuhfw vljqv ri wkh h�hfwv ri wkh h{wuds0
rodwlyh yduldeohv dfurvv doo vshfl�fdwlrqv duh qrw vx!flhqw wr vxssruw JV*v
frqfoxvlrq wkdw lqyhvwru h{shfwdwlrqv �duh zhoo h{sodlqhg� dv ehlqj odujho|
xquhodwhg wr ixqgdphqwdov153 Wkh uhvxowv ri wkh vshfl�fdwlrq whvwv uhsruwhg
lq Wdeoh D6 vwurqjo| vxssruw wklv fodlp1

Wdeoh D6=
Vshfl�fdwlrq Whvwv

JV Prgho LL4 JV Prgho LL5 JV Prgho DD4 JV Prgho DD5
DU f=ffff f=ffff f=ffff f=ffff

DUFK f=ffff f=ffff f=ffff f=ffff
Qrupdolw| f=SSfe f=.2S� f=2fbe f=�ee2
Khwhur f=ffff f=ffff f=ffbH f=f2�D
UHVHW f=ffff f=ffff f=HDf2 f=HDeH

Fdswlrq= Wkh �jxuhv uhsuhvhqw wkh s0ydoxhv iru wkh uhvshfwlyh whvwv dqg prghov1

Wkhvh uhvxowv lqglfdwh wkdw uhjuhvvlrqv lq Wdeoh D5 duh jurvvo| plvvshfl0
�hg1 Wkhlu huuruv duh vwurqjo| dxwrfruuhohwhg/ duh khwurvnhgdvwlf/ dqg vx�hu
iurp DUFK h�hfwv/ lpso|lqj wkdw JV*v uhjuhvvlrqv gr qrw dghtxdwho| uhs0
uhvhqw wkh uroh wkdw hlwkhu h{wudsrodwlrq ru ixqgdphqwdov sod| lq gulylqj
lqyhvwru h{shfwdwlrqv1

Wkh vkdus gl�huhqfh ehwzhhq rxu frqfoxvlrqv dqg wkdw uhdfkhg e| JV
looxvwudwhv wkh shulov ri wkh frpprq sudfwlfh ri forvlqj prghov wr vwuxfwxudo
fkdqjh1 Dv wkh ydvw pdmrulw| ri h{lvwlqj prghov lqyroylqj h{shfwdwlrqv frq0
vwudlq wkhlu vwuxfwxuh wr eh wlph0lqyduldqw/ wklv Dsshqgl{ xqghuvfruhv wkh
lpsruwdqfh ri rshqlqj wkhruhwlfdo prghov wr vwuxfwxudo fkdqjh dqg uhtxlulqj
wkdw wkhlu hpslulfdo frxqwhusduwv eh zhoo vshfl�hg1

53JV uho| rq wkh dssurdfk xvhg e| Qhzh| dqg Zhvw +4<;:, wr fruuhfw wkh vwdqgdug
w0udwlrv iru dxwrfruuhodwlrq dqg khwhurvnhgdvwlflw| zlwk Khwhurvnhgdvwlflw| dqg Dxwrfru0
uhodwlrq Frqvlvwhqw +KDF, vwdqgdug huuruv1 Krzhyhu/ Edxhu dqg Kdplowrq +5348, vkrz
wkdw uholdqfh rq KDF fruuhfwhg w0udwlrv grhv qrw dghtxdwho| dgguhvv wkh eldv ri vwdqgdug
huuruv lq prghov wkdw lqfoxgh kljko| shuvlvwhqw ru qrq0vwdwlrqdu| yduldeohv1
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