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Devwudfw

Hpslulfdo pruwjdjh suhsd|phqw prghov jhqhudoo| kdyh wurxeoh h{sodlq0
lqj gl�huhqfhv lq pruwjdjh suhsd|phqw vshhgv dprqj srrov zlwk vlplodu
lqwhuhvw udwhv rq wkh xqghuo|lqj pruwjdjhv1 Lq wklv sdshu/ zh prgho vrph
ri wkh vrxufhv ri whuplqdwlrq khwhurjhqhlw| dfurvv pruwjdjh srrov/ sdu0
wlfxoduo| wkh uroh ri uhjlrqdo yduldwlrqv lq krxvlqj sulfhv lq jhqhudwlqj
dw|slfdo suhsd|phqw vshhgv1 Xvlqj d vdpsoh ri Iuhgglh Pdf pruwjdjh
srrov iurp 4<<404<<;/ zh �qg hylghqfh wkdw gl�huhqfhv lq krxvh sulfh
g|qdplfv dfurvv uhjlrqv duh dq lpsruwdqw vrxufh ri ehwzhhq0srro khw0
hurjhqhlw|1 Wklv �qglqj lv wkhq vkrzq wr eh urexvw wr dowhuqdwlyh zd|v
ri sdudphwhul}lqj srro khwhurjhqhlw| lq pruwjdjh whuplqdwlrq prghov1

Wklv sdshu suhvhqwv wkh dxwkruv* ylhzv/ qrw wkrvh ri wkh Ihghudo Uhvhuyh
V|vwhp1



4 Lqwurgxfwlrq

Hpslulfdo pruwjdjh suhsd|phqw prghov jhqhudoo| kdyh wurxeoh h{sodlq0
lqj gl�huhqfhv lq pruwjdjh suhsd|phqw vshhgv dprqj srrov zlwk vlplodu
lqwhuhvw udwhv rq wkh xqghuo|lqj pruwjdjhv1 D frpprq idlolqj ri h{lvwlqj
prghov lv wkdw suhglfwhg suhsd|phqw ohyhov iru vhdvrqhg pruwjdjhv riwhq
ryhu2xqghuhvwlpdwh wkh ghjuhh wr zklfk h{lvwlqj srrov duh �exuqhg0rxw�
iurp sulru shulrgv ri lqwhuhvw udwh gulyhq uh�qdqflqj/ rzlqj wr lqdg0
htxdwh frqwurov iru wudqvdfwlrq frvw khwhurjhqhlw| ehwzhhq dqg zlwklq
wkh pruwjdjh srrov1 Lq wklv sdshu/ zh prgho vrph ri wkh vrxufhv ri whu0
plqdwlrq khwhurjhqhlw| dfurvv pruwjdjh srrov/ sduwlfxoduo| wkh uroh ri
uhjlrqdo yduldwlrqv lq krxvlqj sulfhv lq jhqhudwlqj dw|slfdo suhsd|phqw
vshhgv1 Lq frpslolqj wklv hylghqfh rq wkh lpsruwdqfh ri krxvlqj sulfh
gl�huhqfhv lq h{sodlqlqj ehwzhhq0srro khwhurjhqhlw|/ zh vkrz wkdw wkh
uhvxowv duh urexvw wr dowhuqdwlyh zd|v ri sdudphwhul}lqj wkh h�hfwv ri
khwhurjhqhlw| zlwklq pruwjdjh srrov1

D jurzlqj olwhudwxuh uhfrjql}hv wkh lpsruwdqfh ri xqghuvwdqglqj wkh
uroh ri krxvh sulfhv lq pruwjdjh whuplqdwlrqv1 Gl�huhqfhv dfurvv pruw0
jdjh kroghuv lq surshqvlwlhv wr suhsd| fdq dulvh hlwkhu iurp wkh fkdudf0
whulvwlfv ri wkh lqglylgxdo pruwjdjh kroghuv ru iurp wkh fkdudfwhulvwlfv
ri wkh uhjlrqdo krxvlqj dqg oderu pdunhwv lq zklfk wkh| sduwlflsdwh1
Prgholqj wkh uhjlrqdo frpsrqhqw ri suhsd|phqw ulvn lv pruh lpsruwdqw
wkdq prgholqj wkh lglrv|qfudwlf frpsrqhqw ri suhsd|phqw ulvn ehfdxvh
glyhuvl�fdwlrq fdq pruh hdvlo| uhgxfh wkh lglrv|qfudwlf ulvn +Dufkhu dqg
Olqj/ 4<<:> Dufkhu/ Olqj/ dqg PfJloo/ 4<<9,1 Wkh jhrjudsklf/ krxvlqj
pdunhw glphqvlrq ri pruwjdjh whuplqdwlrq lv vwuhvvhg lq uhfhqw uhvhdufk
frqfhuqlqj wkh ghwhuplqdqwv ri pruwjdjh ghidxow +Ndx hw do1/ 4<<5/ 4<<8>
Ghqj hw do1/ 4<<;,1 Lq dgglwlrq wr lqfuhdvlqj ghidxowv/ zhdn krxvlqj sulfhv
kdyh ehhq vkrzq wr ghfuhdvh uh�qdqflqj dqg prelolw|0uhodwhg pruwjdjh
whuplqdwlrqv14

4Hduo| frqwulexwlrqv wr wkh vwxg| ri khwhurjhqhlw| lq suhsd|phqw udwhv ri pruw0
jdjh srrov/ vxfk dv wkdw ri Ehfnhwwl dqg Pruulv +4<<3,/ xvhg wkh orfdwlrq ri wkh
rshudwlrqv ri wkh ruljlqdwru0vhuylfhu dv d sur{| iru wkh jhrjudsklf orfdwlrq ri wkh
froodwhudo dqg grfxphqwhg vxevwdqwldo yduldwlrq lq suhsd|phqw vshhgv e| vwdwh iurp
4<;5 wr 4<;;1 Hylghqfh iurp wkh hduo| 4<<3v dovr kdv fruurerudwhg wkh lpsruwdqfh
ri jhrjudsklf idfwruv wr suhsd|phqwv dqg lghqwl�hg krxvlqj sulfh ghyhorsphqwv dv
wkh sulpdu| jhrjudsklf idfwru1 Dv qrwhg e| Prqvhq +4<<5, dqg ghprqvwudwhg iru0
pdoo| e| Fdsolq hw do1 +4<<6,/ krph sulfhv ghfolqhg lq pxfk ri wkh Qruwkhdvw ryhu
wkh 4<<30<5 shulrg/ dqg wkh uhgxfwlrq lq froodwhudo ghsuhvvhg suhsd|phqw dfwlylw|
wkhuh uhodwlyh wr rwkhu vwdwhv1 Fdsolq hw do1 +4<<6, dwwulexwh wklv ghsuhvvhg ohyho ri
suhsd|phqw lq wkh Qruwkhdvw wr orzhu uh�qdqflqj dfwlylw|/ exw wkhlu gdwd grhv qrw
doorz wkhp wr dfwxdoo| glvwlqjxlvk ehwzhhq suhsd|phqwv uhodwhg wr uh�qdqflqj dqg
suhsd|phqwv uhodwhg wr krph sxufkdvhv1 Xvlqj ordq0ohyho gdwd rq uh�qdqflqjv/ Shul0
vwldql hw do1 +4<<9/ 4<<:, zhuh deoh wr grfxphqw d odujh h�hfw ri orz krph htxlw|
rq wkh surshqvlw| wr uh�qdqfh/ exw wkh| zhuh qrw deoh wr dgguhvv wkh lvvxh ri krz
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Lq Pdwwh| dqg Zdoodfh +4<<;,/ zh lqyhvwljdwhg whuplqdwlrqv e| w|sh
+uh�qdqflqj/ ghidxow/ dqg prelolw|, iru �iwhhq Fdoliruqld frxqwlhv iurp
4<<5 wkurxjk 4<<91 Zh irxqg wkdw wkh sdwk ri krxvh sulfhv zdv lp0
sruwdqw iru hdfk ri wkhvh w|shv ri whuplqdwlrqv= zhdn froodwhudo ydoxhv
khog grzq uh�qdqflqj dqg prelolw|/ zkloh errvwlqj ghidxowv1 Wkh h�hfw
ri krxvlqj sulfhv rq uh�qdqflqj zdv prvw hfrqrplfdoo| vljql�fdqw/ erwk
ehfdxvh wkh pdjqlwxgh ri wkh h�hfw zdv odujh dqg ehfdxvh wkh h�hfwv ri
krxvlqj sulfhv rq ghidxow dqg prelolw| zhuh sduwo| r�vhwwlqj1

Lq wklv sdshu zh h{whqg wkh Pdwwh| dqg Zdoodfh +4<<;, olqh ri dqdo0
|vlv wr lqfoxgh hpslulfdo hylghqfh iurp krxvlqj pdunhwv wkurxjkrxw wkh
Xqlwhg Vwdwhv dqg irfxv rq wkh vrxufhv ri whuplqdwlrq khwhurjhqhlw|
dfurvv lqglylgxdo pruwjdjh srrov1 Wkh eurdghu jhrjudsklf yduldwlrq lq
wkh srro0ohyho gdwd doorzv xv wr h{dplqh wkh h{whqw wr zklfk wkh Fdol0
iruqld h{shulhqfh zdv dw|slfdo/ sduwlfxoduo| zkhwkhu pdq| rwkhu vwdwhv
kdyh kdg zhdn hqrxjk krxvlqj pdunhwv wr krog grzq uh�qdqflqj udwhv
dv pxfk dv zh irxqg lq wkh Fdoliruqld vdpsoh1 Zh frqvlghu wkh h�hfwv ri
krxvh sulfh hyroxwlrq lq wkh frqwh{w ri wzr txlwh gl�huhqw vshfl�fdwlrqv
iru pruwjdjh whuplqdwlrqv= dq hpslulfdo kd}dug prgho dqg d udwlrqdo
suhsd|phqw prgho1 Zh �qg wkdw krxvh sulfhv duh d vwdwlvwlfdoo| vljqli0
lfdqw rplwwhg idfwru lq erwk ri wkhvh uhsuhvhqwdwlrqv ri w|slfdo suhsd|0
phqw prghov1 Dovr/ zh �qg wkdw wkh hpslulfdo kd}dug prgho/ dxjphqwhg
wr lqfoxgh krxvh sulfhv/ lv ehwwhu deoh wr h{sodlq pruwjdjh whuplqdwlrqv
lq srrov zlwk ordqv frqfhqwudwhg lq vwdwhv vxfk dv Fdoliruqld wkdw h{sh0
ulhqfhg odujh krxvlqj sulfh ghfolqhv lq wkh hduo| 4<<3v1 Zh dovr �qg
wkdw wkh Fdoliruqld h{shulhqfh zdv uhodwlyho| dw|slfdo lq wklv vdpsoh sh0
ulrg1 Kdzdll lv wkh rqo| rwkhu vwdwh iru zklfk krxvlqj pdunhw frqglwlrqv
fohduo| vkrzhg wkurxjk wr suhsd|phqw sdwwhuqv1

5 Pruwjdjh Whuplqdwlrq Prgho Vshfl�fdwlrq

Wkh dssurdfkhv xvhg lq wkh olwhudwxuh wr vshfli| hpslulfdo suhsd|phqw
prghov kdyh gl�huhg dffruglqj wr gdwd dydlodelolw| dqg sxusrvhv ri wkh
vwxglhv1 Zh duh lqwhuhvwhg lq wkh fodvv ri prgho ehvw0vxlwhg wr srro0ohyho
gdwd/ qrw lqglylgxdo ordq0ohyho gdwd1 Dovr/ zh vhhn pruwjdjh whuplqdwlrq
prgho vshfl�fdwlrqv wkdw fdq eh hdvlo| lqwhjudwhg lqwr dojrulwkpv iru
ydoxlqj sdvvwkurxjk pruwjdjh0edfnhg vhfxulwlhv +PEV,1

PEV ydoxdwlrq dojrulwkpv duh ri wzr edvlf w|shv/ edfnzdug0vroylqj
rswlrq0sulflqj prghov dqg iruzdug0vroylqj Prqwh Fduor vlpxodwlrqv1 Lq
erwk dssurdfkhv wr ydoxdwlrq/ wkh wkhruhwlfdo ydoxh ri wkh PEV fdq eh

pxfk uhjlrqdo hfrqrplf frqglwlrqv d�hfw wkh surshqvlw| wr suhsd| iru rwkhu uhdvrqv/
vxfk dv krph sxufkdvhv1 Vwhlq +4<<8,/ Dufkhu/ Olqj/ dqg PfJloo +4<<9,/ dqg Pd|hu
dqg Jhqhvryh +4<<:, dovr hpskdvl}h krxvlqj sulfhv dv d ghwhuplqdqw ri krxvhkrog
prelolw|1
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zulwwhq dv wkh h{shfwhg suhvhqw glvfrxqwhg ydoxh ri wkh fdvk  rzv wr
eh uhfhlyhg ehwzhhq wkh suhvhqw dqg wkh whuplqdwlrq gdwh ri wkh pruw0
jdjhv/ zkhuh wkh glvfrxqw idfwruv duh vwrfkdvwlf ixqfwlrqv wkdw ghshqg
rq wkh hyroxwlrq ri lqwhuhvw udwhv dqg rq wkh sulfh ri lqwhuhvw udwh ulvn1
Lq iruzdug0vroylqj Prqwh Fduor whfkqltxhv +h1j1/ Sdwuxqr/ 4<<7> Fkdq
dqg Uxvvhoo/ 4<<:,/ wkh fdvk  rzv ghshqg rq fxuuhqw +dqg srwhqwldoo|
sdvw, lqwhuhvw udwhv/ exw wkhuh lv qr h{solflw ghshqghqfh ri wkh fdvk  rzv
rq zkdw wkhvh lqwhuhvw udwh uhdol}dwlrqv lpso| derxw wkh olnho| ixwxuh
frxuvh ri lqwhuhvw udwhv1 Lq edfnzdug0vroylqj rswlrq0sulflqj prghov zlwk
udwlrqdo suhsd|phqwv +Gxqq dqg PfFrqqhoo/ 4<;4> Wlpplv/ 4<;8> Vwdq0
wrq/ 4<<8/ 4<<9,/ wkh ixqfwlrqv gh�qlqj fdvk  rzv h{solflwo| lqfrusrudwh
wkh ghshqghqfh ri rswlpdo uh�qdqflqj ghflvlrqv rq h{shfwdwlrqv derxw
ixwxuh lqwhuhvw udwhv1 Lq rwkhu zrugv/ udwlrqdo prghov lqfrusrudwh wkh
rswlrq ydoxh0ri0zdlwlqj lqwr wkh phdvxuhv ri uh�qdqflqj lqfhqwlyhv1

Vroylqj iru wkh rswlpdo rswlrq h{huflvh uxoh fdq eh frpsxwdwlrqdoo|
exughqvrph/ sduwlfxoduo| li wkh prgho lqfrusrudwhv pxowlsoh vwrfkdvwlf
vwdwh yduldeohv1 Dffruglqjo|/ rxu hpslulfdo lpsohphqwdwlrq ri wkh udwlr0
qdo prgho iroorzv Gxqq dqg PfFrqqhoo +4<;4, dqg Vwdqwrq +4<<8/ 4<<9,
lq dvvxplqj wkdw d vlqjoh lqwhuhvw udwh idfwru/ wkh fxuuhqw ulvnohvv udwh o|/
vxppdul}hv doo pryhphqwv lq wkh hqwluh whup vwuxfwxuh ri lqwhuhvw udwhv1
Uhdol}dwlrqv ri wklv lqwhuhvw0udwh surfhvv fdq wuljjhu uh�qdqflqj> rwkhu
vrxufhv ri pruwjdjh whuplqdwlrq duh dvvxphg wr duulyh h{rjhqrxvo| dw d
phdq udwh ri b1

Wkh Vwdqwrq0w|sh udwlrqdo suhsd|phqw prgho fdq eh zulwwhq dv=

Z�| ' bn 4UEo| � oW�|� n v�| +4,

zkhuh wkh kd}dug ixqfwlrq jryhuqlqj whuplqdwlrq iru ordq � lq shulrg |
wdnhv rq wkh ydoxh b li o| : oW�| dqg wkh ydoxh bn 4 li o| � oW�|1 Khuh/ Z�|
lv wkh suhglfwhg whuplqdwlrq udwh iru pruwjdjh � dw wlph |/ b lv wkh phdq
Srlvvrq duulydo udwh ri h{rjhqrxv whuplqdwlrq/ 4 jryhuqv wkh iuhtxhqf|
zlwk zklfk uh�qdqflqj ghflvlrqv duh pdgh/ U lv dq lqglfdwru yduldeoh
iru zkhwkhu wkh vsrw lqwhuhvw udwh/ o|/ kdv idoohq ehorz wkh fulwlfdo ohyho/
oW�|/ dw zklfk uh�qdqflqj ehfrphv rswlpdo/ dqg ��| lv wkh huuru whup1
Wkh fulwlfdo lqwhuhvw udwh oW�| ghshqgv rq wkh h{shfwhg ixwxuh hyroxwlrq ri
lqwhuhvw udwhv dqg wkh ohyho ri wudqvdfwlrqv frvwv idfhg e| wklv lqglylgxdo1
Iroorzlqj Vwdqwrq +4<<9,/ zh surfhhg dv li qhlwkhu 4 qru b gl�hu dfurvv
pruwjdjh kroghuv1 Wkxv/ wklv udwlrqdo prgho lqfrusrudwhv khwhurjhqhlw|
lq whuplqdwlrq suhglfwlrqv rqo| wkurxjk wkh h�hfwv ri wudqvdfwlrqv frvwv
gl�huhqfhv rq wkh fulwlfdo lqwhuhvw udwhv/ oW�|1

Iru dssolfdwlrq wr srro0ohyho gdwd zh djjuhjdwh wkh prgho dfurvv
lqglylgxdov1 Lq wkh srro0ohyho frqwh{w/ suhglfwhg uh�qdqflqj udwhv iru wkh
&wk pruwjdjh srro/ Z&|/ duh odujho| ghwhuplqhg e| wkh ghflvlrq0iuhtxhqf|
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sdudphwhu 4 dqg wkh sursruwlrq ri vxuylylqj lqglylgxdo ordqv lq srro &
zlwk wudqvdfwlrqv frvwv orz hqrxjk iru uh�qdqflqj wr eh rswlpdo dw wlph
|1 Zh ghqrwh wklv sursruwlrq e| 8&|Eo| � oW&|�1 Dffruglqjo|/ wkh udwlrqdo
srro0ohyho vlqjoh0idfwru suhsd|phqw prgho fdq eh zulwwhq dv=

Z&| ' bn 48&|Eo| � oW&|� n �&|� +5,

Iroorzlqj Vwdqwrq +4<<8,/ zh dvvxph wkdw wkh lqlwldo glvwulexwlrqv ri
wudqvdfwlrqv frvwv dfurvv lqglylgxdov zlwklq wkh nwk srro duh jlyhq e| d
Ehwd suredelolw| glvwulexwlrq zlwk sdudphwhuv k dqg q/ vr wkdw wkh phdq
wudqvdfwlrqv frvw dw pruwjdjh ruljlqdwlrq lv k*Ek n q� ri wkh pruwjdjh
edodqfh1 Ryhu wlph/ wkh glvwulexwlrq ri wudqvdfwlrqv frvwv dfurvv vxuyly0
lqj pruwjdjhv zlwklq wkh srro hyroyhv/ dqg wklv hyroxwlrq ghshqgv rq
zkhwkhu suhsd|phqwv kdyh ehhq wuljjhuhg e| h{huflvh ri wkh uh�qdqflqj
rswlrq ru wkh uhdol}dwlrq ri dq h{rjhqrxv whuplqdwlrq1 Rq dyhudjh/ uhdo0
l}dwlrqv ri h{rjhqrxv whuplqdwlrqv gr qrw dowhu wkh orfdwlrq ru vkdsh ri
glvwulexwlrq ri wudqvdfwlrqv frvwv dfurvv kroghuv ri vxuylylqj pruwjdjhv1
Krzhyhu/ rqo| wkrvh pruwjdjh kroghuv zlwk vx!flhqwo| orz wudqvdfwlrqv
frvwv h{huflvh uh�qdqflqj/ vr zkhq d srro h{shulhqfhv dq lqwhuhvw udwh
hqylurqphqw lq zklfk h{huflvh ri wkh uh�qdqflqj rswlrq lv rswlpdo/ wkhuh
lv dq lqfuhdvh lq wkh phdq ri wkh glvwulexwlrq ri wudqvdfwlrqv frvwv dfurvv
kroghuv ri vxuylylqj pruwjdjhv1 Wkxv/ Vwdqwrq*v prgho kdv dq h{solflw
ehkdylrudo vwuxfwxuh iru wkh skhqrphqrq ri �exuqrxw�/ zklfk lv wkh whq0
ghqf| ri d pruwjdjh srro wr h{klelw ohvv uhvsrqvlyhqhvv wr uh�qdqflqj
lqfhqwlyhv li lw suhylrxvo| h{shulhqfhg vxfk uh�qdqflqj lqfhqwlyhv15

Sulru wr Vwdqwrq*v dssolfdwlrq ri wklv udwlrqdo prgho wr gdwd/ hpslu0
lfdo pruwjdjh whuplqdwlrq prghov xvhg rqo| orrvho| prwlydwhg phdvxuhv
ri wkh uh�qdqflqj lqfhqwlyhv +Juhhq dqg Vkryhq/ 4<;9> Vfkzduw} dqg
Wrurxv/ 4<;<,1 Dw ehvw/ wkhvh phdvxuhv fdq eh lqwhusuhwhg dv vlpsol0
�hg dssur{lpdwlrqv wr Vwdqwrq*v h{solflwo| rswlpl}dwlrq0edvhg phdvxuhv
ri uh�qdqflqj lqfhqwlyhv1 Wkhvh hduolhu0ylqwdjh hpslulfdo suhsd|phqw
prghov dovr xvhg dg krf sdudphwhul}dwlrqv iru wkh exuqrxw skhqrphqrq1
Wkdw vdlg/ hyhq zlwk rqo| irxu xqnqrzq sdudphwhuv + kc qc 4c b,/ hvwlpd0
wlrq ri wkh Vwdqwrq0vw|oh udwlrqdo prgho lv frpsxwdwlrqdoo| exughqvrph/
dqg wkh dgglwlrq ri pruh h{sodqdwru| idfwruv wr wkh prgho zrxog dgg
wr wkh frpsxwdwlrqdo exughq1 Lq frqwudvw/ qrq0rswlpl}dwlrq0edvhg prg0
hov jhqhudoo| fdq eh vfdohg xs wr kdqgoh d uhodwlyho| odujh qxpehu ri
h{sodqdwru| yduldeohv1

Jlyhq wkhvh frpshwlqj frqvlghudwlrqv/ zh hvwlpdwh erwk d Vwdqwrq0
vw|oh udwlrqdo prgho dqg dq h{srqhqwldo kd}dug prgho wkdw xvhv qrq0
rswlpl}dwlrq0edvhg phdvxuhv ri uh�qdqflqj lqfhqwlyhv dqg exuqrxw1 Lq

5Zh xvh Vwdqwrq*v +4<<8, glvfuhwh dssur{lpdwlrq wr wkh hyroxwlrq ri wkhvh wudqv0
dfwlrqv frvwv glvwulexwlrqv1

7



wklv h{srqhqwldo kd}dug prgho wkh orjdulwkp ri wkh kd}dug udwh fdq eh
zulwwhq dv

,J}dZ&|o ' qf nf&|q n 0&| +6,

zkhuh qf lv d frqvwdqw wkdw ghwhuplqhv wkh orfdwlrq ri wkh edvholqh kd}0
dug/ zklfk jlyhv wkh suredelolw| ri whuplqdwlrq +iurp doo vrxufhv frqvlg0
huhg mrlqwo|, zkhq wkh yhfwru ri fryduldwhv f&| duh htxdo wr wkhlu vdpsoh
phdqv1 Wkh xqsuhglfwdeoh frpsrqhqw ri whuplqdwlrqv lv vxevxphg lq dq
huuru whup/ 0&|1 Zh lpsohphqw d wlph0ydu|lqj fryduldwh yhuvlrq ri wkh
prgho1 Zlwk wlph0ydu|lqj fryduldwhv/ wkh fxuuhqw shulrg uhdol}dwlrqv
ri f&| ghwhuplqh wkh fxuuhqw shulrg kd}dug udwh Z&| / dqg wkh hqwluh
klvwrulfdo sdwk ri wkh fryduldwhv d�hfwv wkh suredelolw| ri vxuylylqj orqj
hqrxjk wr eh dw ulvn ri suhsd|phqw gxulqj wkdw shulrg1

Hpslulfdo vwxglhv kdyh vkrzq wkdw dyhudjh suhsd|phqw udwhv whqg wr
eh orzhvw dw wkh ehjlqqlqj ri wkh pruwjdjh whup dqg whqg wr lqfuhdvh
gxulqj dq lqlwldo �vhdvrqlqj� shulrg wkdw odvwv iru d ihz |hduv16 Vxfk
d udps0xs gxulqj wkh lqlwldo vhdvrqlqj shulrg fdq eh lqfrusrudwhg lqwr
d sdudphwulf edvholqh kd}dug wkdw ydulhv zlwk � / dq lqgh{ ri wkh djh
ri wkh ordqv lq wkh srro wkdw lqfuhphqwv e| rqh zlwk wlph |1 Dowhuqd0
wlyho|/ lq rxu idyruhg vshfl�fdwlrq zh sur{| iru wklv vhdvrqlqj h�hfw e|
ohwwlqj wkh �uvw fryduldwh/ f�&|/ eh d slhfhzlvh olqhdu ixqfwlrq ri ordq
djh � 17 Zh fkrrvh wkh nlqn lq wklv slhfhzlvh0olqhdu vhdvrqlqj yduldeoh
wr eh dw ordq djh prqwk wkluw|/ zklfk lv wkh prqwk dw zklfk wkh zlgho|0
uhihuhqfhg �SVD Vfkhgxoh� dovr nlqnv1 Dffruglqjo|/ wklv uhsuhvhqwdwlrq
ri wkh djh0uhodwhg frpsrqhqw ri suhsd|phqw vshhgv fdq lqfrusrudwh wkh
�SVD Vfkhgxoh� ydoxhv iru wkh edvholqh kd}dug dv d vshfldo fdvh1

Lq dgglwlrq wr wkh vhdvrqlqj yduldeoh/ wkh fryduldwhv f2&| dqg f�&|

duh phdvxuhv ri wkh exuqrxw skhqrphqrq dqg uh�qdqflqj lqfhqwlyh/ uh0
vshfwlyho|1 Rxu �exuqrxw� phdvxuh lv wkh Vfkzduw} dqg Wrurxv +4<;<,
vshfl�fdwlrq> wkdw lv/ zh xvh wkh +rqh0prqwk odjjhg, orjdulwkp ri wkh
udwlr ri wkh dfwxdo srro idfwru wr wkh vfkhgxohg edodqfh ri wkh srro +lq
wkh devhqfh ri suhsd|phqwv, dv d phdvxuh ri wkh fxpxodwlyh ghjuhh ri

6Wkh wkhru| ri pruwjdjh fkrlfh surylghv wkhruhwlfdo vxssruw iru wkh qrwlrq wkdw
frqyhqwlrqdo �{hg0udwh pruwjdjhv vkrxog dsshdu wr kdyh dq lqfuhdvlqj kd}dug ryhu
dq lqlwldo udqjh1 Eruurzhuv zkr nqrz wkdw wkh| duh olnho| wr kdyh d eulhi whqxuh lq
d pruwdjh +h1j1/ ehfdxvh wkh| sodq wr pryh, duh pruh olnho| wr vhohfw dgmxvwdeoh udwh
ordqv zlwk lqlwldo udwhv orzhu wkdq suhydlolqj �{hg udwhv1 Wkh h�hfw ri wklv vhohfwlrq
eldv rq wkh edvholqh kd}dug glplqlvkhv zlwk ordq djh1

7Pruh vshfl�fdoo|/ rxu phdvxuh ri VHDVRQLQJ lv wkh orjdulwkp ri wkh SVD
vfkhgxoh/ zklfk lqfuhdvhv olqhduo| iurp }hur wr d vlqjoh0prqwk pruwdolw| +VPP, ri
derxw 8 edvlv srlqwv +9 shufhqw shu dqqxp, lq prqwk wkluw| dqg uhpdlqv frqvwdqw
wkhuhdiwhu1 Li �3 @ 3 dqg �4 @ 4/ wkhq wkh edvholqh kd}dug ri wklv h{srqhqwldo prgho
lv wkh SVD vfkhgxoh1
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suhylrxv suhsd|phqw1 Iru wkh uh�qdqflqj lqfhqwlyh yduldeoh/ zh xvh wkh
vsuhdg ehwzhhq wkh zhljkwhg0dyhudjh frxsrq +ZDF, pruwjdjh udwh ri
wkh srro dqg wkh +odjjhg, sulpdu| pruwjdjh udwh iru qhzo| lvvxhg pruw0
jdjhv1 Wr lvrodwh flufxpvwdqfhv zkhq wklv vsuhdg olnho| lv vx!flhqwo|
zlgh wr ryhufrph wkh wudqvdfwlrqv frvwv dvvrfldwhg zlwk uh�qdqflqj/ rxu
h{sodqdwru| yduldeoh wdnhv rq wkh ydoxh ri wkh vsuhdg rqo| iru vsuhdgv lq
h{fhvv ri 4 shufhqwdjh srlqw dqg lv }hur rwkhuzlvh1

Wkhvh wzr prghov�wkh udwlrqdo prgho jlyhq e| htxdwlrq +5, dqg wkh
h{srqhqwldo kd}dug prgho jlyhq e| +6, zlwk rqo| wkh wkuhh deryh0gh�qhg
fryduldwhv f�&|/ f2&|/ dqg f�&|�duh qrw zhoo0vxlwhg wr h{sodlqlqj khwhur0
jhqhlw| ri suhsd|phqw udwhv dfurvv pruwjdjh srrov1 Xqghu wklv yhuvlrq
ri wkh Vwdqwrq udwlrqdo prgho/ doo srrov zlwk d frpprq prqwk ri rulj0
lqdwlrq dqg xqghuo|lqj pruwjdjh udwh +ZDF, kdyh frpprq suhglfwhg
ydoxhv iru suhsd|phqwv18 Xqghu wklv sduvlprqlrxv yhuvlrq ri wkh h{sr0
qhqwldo kd}dug prgho/ srrov zlwk d frpprq prqwk ri ruljlqdwlrq dqg
xqghuo|lqj pruwjdjh udwh +ZDF, kdyh gl�hulqj suhglfwhg ydoxhv iru suh0
sd|phqwv rqo| li wkh| kdyh gl�hulqj fxpxodwlyh suhsd|phqw klvwrulhv
dqg wkh frh!flhqw +q2� rq wkh uhodwhg exuqrxw phdvxuh lv qrq}hur1

Uhfhqw wkhruhwlfdo frqwulexwlrqv wr wkh pruwjdjh ydoxdwlrq olwhud0
wxuh dqg hpslulfdo uhvhdufk rq ordq0ohyho pruwjdjh whuplqdwlrqv vxjjhvw
wkdw uhjlrqdo krxvlqj pdunhw frqglwlrqv olnho| duh sduwlfxoduo| lpsru0
wdqw wr xqghuvwdqglqj zk| pruwjdjh suhsd|phqw sdwwhuqv gl�hu dfurvv
pruwjdjh srrov1 Dv suhylrxvo| qrwhg/ wkh jhrjudsklf/ krxvlqj sulfh gl0
phqvlrq ri pruwjdjh whuplqdwlrq kdv ehhq vwuhvvhg lq uhfhqw uhvhdufk
frqfhuqlqj wkh ghwhuplqdqwv ri pruwjdjh ghidxow/ dqg krxvlqj sulfhv
dovr kdyh ehhq vkrzq wr eh fruuhodwhg zlwk erwk uh�qdqflqj0uhodwhg dqg
prelolw|0uhodwhg whuplqdwlrqv1

Zdoo Vwuhhw prghov ri pruwjdjh edfnhg vhfxulw| +PEV, suhsd|phqw/
vxfk dv wkrvh ghvfulehg e| Sdwuxqr +4<<7, dqg Kd|uh dqg Udmdq +4<<8,/
lqfoxgh vxeprghov iru vhsdudwh slhfhv ri djjuhjdwh suhsd|phqw dfwly0
lw|/ lqfoxglqj ghidxow +Z(&|,/ uh�qdqflqj +Z

-
&|,/ dqg prelolw|0uhodwhg +Z�&| ,

pruwjdjh whuplqdwlrqv1 Vxfk prgholqj ri yduldwlrqv dfurvv srrov lq gh0
whuplqdqwv ri wkhvh vhsdudwh slhfhv ri djjuhjdwh suhsd|phqw dfwlylw|
fdq eh lpsruwdqw ehfdxvh pruwjdjh ydoxhv duh vhqvlwlyh wr wkh vrxufh ri
wkh suhsd|phqwv1 Krzhyhu/ xqolnh Ghqj hw1 do1 +4<<;, dqg rwkhuv zkr
kdyh hvwlpdwhg ordq0ohyho prghov iru vhsdudwh w|shv ri suhsd|phqw/ prvw
prghohuv ri PEV srro suhsd|phqwv pxvw zrun zlwk gdwd lq zklfk doo

8Dowkrxjk wkh Vwdqwrq +4<<8, prgho zh lpsohphqw khuh grhv qrw kdyh dq| vwuxf0
wxuh iru h{sodlqlqj gl�huhqfhv lq suhsd|phqw udwhv dprqj srrov zlwk frpprq ZDF
dqg prqwk ri ordq ruljlqdwlrq/ Vwdqwrq +4<<9, grhv h{whqg wkh prgho wr doorz rqh ri
wkh sdudphwhuv lq wkh Ehwd glvwulexwlrq iru wudqvdfwlrqv frvwv wr gl�hu dfurvv pruw0
jdjh srrov1
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wkuhh ri wkhvh vrxufhv ri whuplqdwlrqv�ghidxowv/ uh�qdqflqjv/ dqg krph
vdohv�dsshdu dv dq djjuhjdwh udwh ri pruwjdjh whuplqdwlrq=

Z&| ' Z�&| n Z(&| n Z-&|� +7,

Lq wklv sdshu/ zh vhhn wr h{sdqg rq rxu hduolhu +Pdwwh| dqg Zdo0
odfh +4<<;,, hylghqfh wkdw wkh vlqjoh0idfwru udwlrqdo prgho/ htxdwlrq
+5, lv plv0vshfl�hg lq rplwwlqj krxvh sulfhv �&| dv dq h{sodqdwru| ydul0
deoh/ rzlqj wr wkh xqprghohg vhqvlwlylw| ri ghidxowv/ uh�qdqflqj dqg
prelolw|0uhodwhg whuplqdwlrqv +krph sxufkdvhv, wr krxvlqj sulfhv1 Dovr/
zh vhhn wr vkrz wkdw wkh edvlf h{srqhqwldo kd}dug prgho +zlwk wkh
wkuhh fryduldwhv gh�qhg deryh, dovr lv plv0vshfl�hg ehfdxvh ri vxfk rplv0
vlrqv1 Rxu pdlq dowhuqdwlyh k|srwkhvlv lv wkdw ghfolqhv lq krph sulfhv
whqg wr lqfuhdvh ghidxowv EYZ(&|* � Y�&|� : f/ ghfuhdvh whuplqdwlrqv uh0
odwhg wr krph sxufkdvhv EYZ�&|* � Y�&|� 	 f/ dqg ghfuhdvh uh�qdqflqj
EYZ-&|* � Y�&|� 	 f1 Dovr/ zh h{shfw wkdw wkh h�hfw ri krxvh sulfhv rq
krph sxufkdvhv lv odujhu wkdq wkh r�vhwwlqj h�hfw ri krxvh sulfhv rq
ghidxowv EmYZ�&|*� Y�&|�m : mYZ(&|*� Y�&|m�/ vr wkdw wkh vxp ri h{shfwhg
ghidxowv dqg prelolw|0uhodwhg whuplqdwlrqv whqgv wr ghfuhdvh dv krxvlqj
sulfhv idoo EYdZ�&|nZ(&|o *�Y�&|� : f1 Wklv odwwhu lpsolfdwlrq uxqv frxqwhu
wr wkh lpsolfdwlrqv ri wkh wzr0idfwru udwlrqdo prgho ri ghidxow dqg uh�0
qdqflqj +h1j1/ Ndx hw do1/ 4<<5> Ndx dqg Nhhqdq/ 4<<8, wkdw surylghv wkh
prwlydwlrq iru wkh uhfhqw hpslulfdo vwxglhv e| Ghqj +4<<:, dqg Ghqj/
Txljoh|/ dqg Ydq Rughu +4<<;,1

Jhqhudoo|/ wkh wzr0idfwru udwlrqdo prgho dvvxphv wkdw prelolw|0
uhodwhg whuplqdwlrqv gr qrw ghshqg rq krph sulfhv +l1h1/ EYZ�&| *Y��&|� '
f�, dqg lpsolhv wkdw uh�qdqflqj lv uhgxfhg e| ghfolqhv lq krxvlqj sulfhv
+l1h1/ EYZ-&|*� Y�&|� 	 f� rqo| wr wkh h{whqw wkdw wkh frpshwlqj ulvn ri
ghidxowlqj kdv lqfuhdvhg1 Lq wkh wzr0idfwru prgho/ wkh frpshwlqj ulvn
h�hfw lv uhodwlyho| odujh zkhq lqwhuhvw udwhv duh orz hqrxjk wr rwkhuzlvh
wuljjhu uh�qdqflqj +l1h1/ EYZ-&|*�Y�&|� � �EYZ(&|*�Y�&|�,/ exw wkh frp0
shwlqj ulvn h�hfw lv qhjoljleoh dw kljkhu lqwhuhvw udwhv +l1h1/ EYZ-&|*�Y�&|�
� f,1 Krzhyhu/ wkh hpslulfdo hylghqfh ri Shulvwldql hw1 do1 +4<<9/ 4<<:,
dqg Pdwwh| dqg Zdoodfh +4<<;, vxjjhvwv wkdw wkh h�hfw ri krph sulfh
fkdqjhv rq uh�qdqflqj lv odujhu lq devroxwh ydoxh wkdq wkh h�hfw rq gh0
idxowv1 Dffruglqjo|/ zh h{shfw wkdw wkh djjuhjdwh udwh ri whuplqdwlrqv/
Z&|/ whqgv wr ghfuhdvh dv krxvlqj sulfhv idoo EYZ&|*� Y�&|� 	 f1 Wklv lv
olnho| wr ohdg wr d qhjdwlyh fruuhodwlrq ehwzhhq phdvxuhv ri wkh h{whqw
wr zklfk krxvlqj sulfhv kdyh ghfolqhg dqg wkh uhvlgxdov iurp hvwlpdwhv
ri wkh prghov wkdw rplw krxvh sulfhv1

Zh ghyhors hylghqfh rq wkh vwdwlvwlfdo vljql�fdqfh ri wkh rplvvlrq ri
krxvh sulfh yduldeohv iru wrwdo whuplqdwlrqv e| h{dplqlqj wkh uhvlgxdov
iurp hvwlpdwhv ri wkh vlqjoh0idfwru udwlrqdo prgho 	�&| dqg wkh uhvlgxdov
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iurp hvwlpdwhv ri wkh edvlf h{srqhqwldo kd}dug prgho +zlwk wkh wkuhh fr0
yduldwhv gh�qhg deryh, 	0&|1 Wkhq/ zh ixuwkhu h{soruh wkh hylghqfh iurp
wkh hvwlpdwhv ri wkh h{srqhqwldo kd}dug prgho xqghu wkh dvvxpswlrq
wkdw lwv vshfl�fdwlrq ri wkh uh�qdqflqj lqfhqwlyh dv d vsuhdg lq h{fhvv ri
4 shufhqwdjh srlqw kdv vxffhvvixoo| gholqhdwhg d vzlwfklqj0uhjlph prgho1
Wklv lghd iroorzv Ndx dqg Vsulqjhu +4<<5,/ zkr xvh d vzlwfklqj0uhjlph
prgho wr lghqwli| wkh vhsdudwh sdudphwhuv jryhuqlqj vxew|shv ri suhsd|0
phqw ehkdylru zlwk srro0ohyho gdwd/ hyhq wkrxjk rqo| wkh djjuhjdwh udwh
ri pruwjdjh whuplqdwlrq dfwxdoo| lv revhuydeoh zlwk vxfk gdwd1 Pruh
vshfl�fdoo|/ qrwh wkdw rxu edvlf h{srqhqwldo kd}dug prgho fdq eh lqwhu0
suhwhg dv dvvxplqj wkdw wkh edvholqh kd}dug +zlwk vhdvrqlqj dqg exuqrxw
h�hfwv, uhsuhvhqwv wkh vxp ri suhglfwhg whuplqdwlrqv iurp prelolw| dqg
ghidxowv=

. dZ�&| n Z(&|o ' i Tqfnf�&|q�nf2&|q2 +8,

dqg wkh uhpdlqlqj frqwulexwlrq wr wrwdo suhglfwhg whuplqdwlrqv uhsuh0
vhqwv whuplqdwlrqv iurp uh�qdqflqj=

. dZ-&|o ' i Tqfnf�&|q�nf2&|q2di Tf�&|q� ��o +9,

Ehfdxvh wkh uh�qdqflqj lqfhqwlyh yduldeoh f�&| htxdov }hur zkhq wkh
lqwhuhvw udwh vsuhdg lv qhjdwlyh ru qduurz +ohvv wkdq 4 shufhqwdjh srlqw,/
wkh suhglfwhg udwh ri uh�qdqflqj lv }hur lq vxfk fdvhv1

Wr ghyhors hylghqfh rq wkh vhqvlwlylw| ri uh�qdqflqj wr krxvh sulfhv
dqg wkh vhqvlwlylw| ri wkh vxp ri prelolw| dqg ghidxowv wr krxvh sulfhv/
zh dovr hvwlpdwh d yhuvlrq ri wkh h{srqhqwldo kd}dug prgho zlwk wzr
dgglwlrqdo h{sodqdwru| yduldeohv +fe&| dqg fD&|, wkdw duh d sduwlfxodu
+lqfuhdvlqj, ixqfwlrq ri krxvh sulfh ghfolqhv dqg lqwhudfw zlwk wkh uh�0
qdqflqj lqfhqwlyh vzlwfk srlqw1 Wkh fe&| yduldeoh dvvxphv qrq}hur ydo0
xhv uhodwhg wr krxvh sulfhv rqo| li wkh vsuhdg lv qhjdwlyh ru qduurz/ dqg
fe&| lv }hur rwkhuzlvh/ zkhuhdv wkh fD&| dvvxphv qrq}hur ydoxhv uhodwhg
wr krxvh sulfhv rqo| zkhq wkh vsuhdg h{fhhgv 4 shufhqwdjh srlqw1 Wkhuh0
iruh/ wklv h{whqghg prgho suhvhuyhv wkh vzlwfklqj0uhjlph ghfrpsrvlwlrq
dv iroorzv=

. dZ�&| n Z(&|o ' i Tqfnf�&|q�nf2&|q2nfe&|qe +:,

dqg

. dZ-&|o ' i Tqfnf�&|q�nf2&|q2nfe&|qe di Tf�&|q�nfD&|qD ��o +;,

Wklv ghfrpsrvlwlrq lv xvhixo ehfdxvh lw doorzv xv wr lqwhusuhw wkh vljq
ri wkh hvwlpdwh ri wkh frh!flhqw +qe, rq fe&| dv wkh hvwlpdwhg vljq ri
EYdZ�&| nZ(&|o *�Y�&|� dqg wkh hvwlpdwhg vljq ri EYZ-&| *�Y�&|� lv ixuwkhu
ghwhuplqhg e| wkh vljq ri wkh hvwlpdwh ri wkh frh!flhqw +qD, rq fD&|�
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6 Suhsd|phqwv lq Iuhgglh Pdf Pruwjdjh Srrov

Rxu hpslulfdo dqdo|vlv irfxvhv rq wkh suhsd|phqw fkdudfwhulvwlfv ri d
eurdg fodvv ri Iuhgglh Pdf sdvvwkurxjk uhvlghqwldo pruwjdjh0edfnhg vh0
fxulwlhv1 Iuhgglh Pdf lv rqh ri wkh wzr odujhvw lvvxhuv ri PEV srrov/
dorqj zlwk Idqqlh Pdh1 Wkh xqlyhuvh ri gdwd iru wklv vwxg| frqvlvwv
ri doo Jrog Sduwlflsdwlrq Fhuwl�fdwh +Jrog SF, srrov lvvxhg e| Iuhg0
glh Pdf ehwzhhq Mdqxdu|/ 4<<4 dqg Ghfhpehu/ 4<<71 Wkh xqghuo|lqj
pruwjdjhv lq Jrog SFv sulpdulo| duh �uvw olhq uhvlghqwldo pruwjdjh ordqv
vhfxuhg e| rqh0wr0irxu idplo| gzhoolqjv1 Dprqj wkh Jrog SFv/ zh ir0
fxv rq wkrvh srrov edfnhg e| qhzo|0lvvxhg/ vwdqgdug 630|hdu �{hg0udwh
pruwjdjh ordqv19 Dv vkrzq lq wdeoh 4/ wkhuh duh 5:/;:; PEV srrov
zklfk phhw rxu lqlwldo vdpsoh vhohfwlrq fulwhuld1

Rq dyhudjh/ wkhuh duh derxw 73 pruwjdjh ordqv edfnlqj hdfk Jrog
SF1 Wkxv/ rxu gdwd rq 5:/;:; pruwjdjh srrov shuwdlqv wr suhsd|phqw
klvwrulhv rq derxw 414 ploolrq xqghuo|lqj pruwjdjh ordqv1 Zh revhuyh wkh
suhsd|phqw klvwrulhv ri wkhvh srrov iurp wkh prqwk ri lvvxdqfh wkurxjk
Mxqh/ 4<<;1 Dffruglqjo|/ wkh suhsd|phqw klvwru| ri wkh hduolhvw0lvvxhg
srrov duh revhuyhg iru <3 prqwkv/dqg wkh odwhvw0lvvxhg srrov duh wudfnhg
iru 75 prqwkv1

Lq wkh sulpdu| pdunhw zkhuh pruwjdjh ordqv duh ruljlqdwhg/ lqwhuhvw
udwhv zhuh uhodwlyho| yduldeoh ryhu wkh irxu |hdu shulrg gxulqj zklfk wkhvh
srrov zhuh lvvxhg1 Lqwhuhvw udwhv rq frqyhqwlrqdo pruwjdjhv hyroyhg lq
vrphzkdw ri d X0vkdshg sdwwhuq> wkh shdn zdv lq 4<<4/ dw wkh ehjlqqlqj
ri wkh shulrg/ dqg sulpdu| pruwjdjh udwhv ghfolqhg wr d wurxjk lq odwh
4<<6 ehiruh prylqj xs vkduso| djdlq gxulqj 4<<71 Wklv yduldelolw| lv
uh hfwhg lq wkh glvwulexwlrq ri pruwjdjh frxsrq udwhv rq wkh srrov/ zklfk
zh vxppdul}h lq wdeoh 4 e| |hdu ri lvvxdqfh dqg sdvvwkurxjk frxsrq1

Wkh sdvvwkurxjk frxsrq udwhv rq Iuhgglh Pdf Jrog SFv kdyh fkdqjhg
uhodwlyho| lqiuhtxhqwo| dqg lq glvfuhwh/ �iw| edvlv srlqw vwhsv1 Lw lv frq0
yhqlhqw wr vxppdul}h wkh djjuhjdwh surshuwlhv ri wklv gdwd vhw dw wkh
ohyho ri �uhihuhqfh srrov�/ zklfk duh jurxslqjv ri srrov dffruglqj wr
frpprq |hdu ri lvvxdqfh dqg sdvvwkurxjk frxsrq1 Dw wkh ehjlqqlqj ri
wkh vdpsoh shulrg/ wkh 4<<4 ylqwdjh/ <13 frxsrq uhihuhqfh srro jurxs ri
7/45: srrov frqvlvwhg ri 47;/<95 xqghuo|lqj ordqv1 Wkh zhljkwhg dyhudjh
frxsrqv +ZDFv, rq wkh xqghuo|lqj ordqv whqg wr uxq derxw 83 edvlv
srlqwv deryh wkh sdvvwkurxjk frxsrq udwhv/ dqg iru wkh 4<<4 <13v/ wkh
ruljlqdo ZDF zdv <19 shufhqw1 Wkh ZDFv ri wkh uhihuhqfh srrov guliwhg
grzq wr ;0425 shufhqw gxulqj 4<<5 dqg frqwlqxhg idoolqj wr d orz ri

9Vshfl�fdoo|/ zh vxevhw wr srrov zlwk d Srro W|sh ri 63 |hdu Jrog Sduwlflsdwlrq
Fhuwl�fdwhv/ dq ruljlqdo zhljkwhg dyhudjh ordq djh ri wzr prqwkv ru ohvv/ dqg dq
ruljlqdo zhljkwhg dyhudjh uhpdlqlqj pdwxulw| ri 683 prqwkv ru pruh1
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derxw :0425 shufhqw dw wkh ehjlqqlqj ri 4<<7/ ehiruh slfnlqj edfn xs wr
;0425 shufhqw e| wkh hqg ri wkdw |hdu1

Wkh ixoo vdpsoh dyhudjh suhsd|phqw udwh rq wkhvh PEV iurp srro
lqfhswlrq wr Mxqh/ 4<<; zdv 413< shufhqw shu prqwk1: Jlyhq wkdw/ rq
dyhudjh/ wkh suhsd|phqw klvwru| ri wkh srrov zdv iroorzhg iru derxw 93
prqwkv/ wklv phdqv wkdw derxw 7; shufhqw ri wkh ordqv lq wkh srrov zhuh
suhsdlg ryhu wkh frxuvh ri wkh revhuydwlrq shulrg1

614 Hvwlpdwlrq ri wkh Udwlrqdo Prgho
Rqh ri wkh sulpdu| srwhqwldo dgydqwdjhv ri d Vwdqwrq0w|sh udwlrqdo
prgho lv wkdw wkh suhglfwhg suhsd|phqwv iurp wkh udwlrqdo prgho df0
wxdoo| reh| wkh rswlpdo h{huflvh uxoh iru wkh uh�qdqflqj rswlrq1 Dv glv0
fxvvhg deryh/ wkh prgho lpsolhv wkdw wkh ryhudoo suhsd|phqw suredelolw|
iru wkh nwk srro lv d ixqfwlrq ri wkh lqwhuhvw udwh dw zklfk uh�qdqflqj eh0
frphv rswlpdo/ oW&|> wkh iuhtxhqf| ri uh�qdqflqj ghflvlrqpdnlqj dprqj
eruurzhuv lq wkh srro/ 4> d kd}dug ixqfwlrq dffrxqwlqj iru wkh olnholkrrg
ri h{rjhqrxv suhsd|phqw/ b> dqg d ehwd glvwulexwlrq ri wudqvdfwlrq frvwv
zlwk vkdsh dqg orfdwlrq jryhuqhg e| wkh sdudphwhuv k dqg q1 Wr lpsoh0
phqw wklv prgho/ zh dovr pxvw vshfli| wkh g|qdplf surfhvv iru lqwhuhvw
udwhv dqg surylgh d qxphulfdo vroxwlrq dojrulwkp iru fdofxodwlqj wkh rs0
wlpdo h{huflvh uxoh iru wkh uh�qdqflqj rswlrq1

Iru wkhvh prgho lpsohphqwdwlrq ghwdlov/ zh iroorz Vwdqwrq +4<<8,
lq prvw uhvshfwv1 Zh dvvxph wkdw wkh qrplqdo lqwhuhvw udwh surfhvv
lv d rqh0idfwru Fr{/ Lqjhuvroo/ dqg Urvv +4<;8, +FLU, surfhvv/ dqg zh
fdoleudwh wkh FLU lqwhuhvw udwh surfhvv wr wkh sdudphwhu ydoxhv iurp
Shduvrq dqg Vxq +4<;<,1; Zh fdofxodwh wkh rswlpdo h{huflvh vwudwhj|

:Lq frpsxwlqj srro0ohyho vlqjoh prqwk pruwdolw| +VPP, frqglwlrqdo suhsd|phqw
udwhv/ zh iroorz wkh Eduwohww +4<<7/ s1 538, irupxod iru hvwlpdwlqj whuplqdwlrqv/
jlyhq gdwd rq srro idfwruv/ wlph wr pdwxulw|/ dqg frxsrq lqwhuhvw udwhv1 Lq frpsxwlqj
zhljkwhg dyhudjh VPPv dfurvv srrov ru wlph shulrgv/ wkh ehjlqqlqj0ri0shulrg xqsdlg
edodqfhv uhpdlqlqj lq hdfk ri wkh srrov dw wkrvh wlphv duh xvhg dv zhljkwv1

;Wkh FLU prgho lv d orqj uxq prgho ri qrplqdo lqwhuhvw udwhv lq zklfk wkh lq0
vwdqwdqhrxv ulvn0iuhh lqwhuhvw udwh uw vdwl�hv wkh gl�huhqwldo htxdwlrq

guw @ �+�� uw,gw. �
s
uwg}w

Lq sulqflsoh jlyhq wkh orqj uxq jhqhudo htxloleulxp qdwxuh ri wkh prgho/ �wwhg
prgho sdudphwhuv vkrxog eh xqd�hfwhg e| wkh vdpsoh shulrg xvhg iru hvwlpdwlrq1
Zh xvh wkh Shduvrq dqg Vxq +4<;<,

� @ 3=5<69;>

� @ 3=44758

t @ �=45498
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iru wkh rswlrqv xvlqj vwdqgdug qxphulfdo phwkrgv wr ydoxh lqwhuhvw udwh
frqwlqjhqw fodlpv zulwwhq rq frxsrq erqgv1<

Iru dq lqglylgxdo eruurzhu/ wkh rswlpdo uh�qdqflqj ghflvlrq ghshqgv
rq wkh srvlwlrq ri wkh fxuuhqw lqwhuhvw udwh o| uhodwlyh wr d fulwlfdo lq0
whuhvw udwh oW�| wkdw ghshqgv rq wkh h{shfwhg ixwxuh hyroxwlrq ri lqwhuhvw
udwhv dqg wkh ohyho ri wudqvdfwlrqv frvwv idfhg e| wkh lqglylgxdo1 Iru
hdfk pruwjdjh srro +n,/ wkh lqglylgxdo wudqvdfwlrqv frvwv dw srro rulj0
lqdwlrq duh dvvxphg wr eh gudzq iurp d ehwd glvwulexwlrq zlwk vkdsh
dqg orfdwlrq sdudphwhuv k dqg q1 Ryhu wlph wkh glvwulexwlrq ri wudqv0
dfwlrqv frvwv dfurvv uhpdlqlqj pruwjdjh kroghuv hyroyhv/ ghshqglqj rq
wkh xqnqrzq sdudphwhuv +kc qc 4c b, dqg dovr rq wkh uhdol}hg vhtxhqfh
ri lqwhuhvw udwhv xs wr wkdw wlph/ zklfk zh ghqrwh dv dq lqirupdwlrq vhw
[|1 Zh vroyh wkh prgho iru wkh sursruwlrq ri vxuylylqj lqglylgxdo ordqv
dw wlph | lq srro & zlwk wudqvdfwlrqv frvwv orz hqrxjk iru uh�qdqflqj
wr eh rswlpdo/ 8&|Eo| � oW&|( [|(kc qc 4c b�/ e| glvfuhwho| dssur{lpdwlqj
wkh hyroxwlrq ri wkh wudqvdfwlrqv frvw glvwulexwlrq> vhh Vwdqwrq +4<<8,
htxdwlrqv +4<,0+58, iru ghwdlov rq wkh xsgdwlqj uxoh iru 8&|1

Zh hvwlpdwh wkh xqnqrzq sdudphwhuv +kc qc 4c b, ri wkh udwlrqdo prgho
xvlqj revhuydwlrqv rq srro suhsd|phqw udwhv Z&| dw wkh prqwko| iuh0
txhqf| ri wlph |/ xvlqj htxdwlrq +5, dv wkh edvlv iru rxu hfrqrphwulf
hvwlpdwlrq vwudwhj|=43

Z&| ' b n 48&|Eo| � oW&|( [|(kc qc 4c b� n �&|� +<,

Iroorzlqj Vwdqwrq +4<<8,/ zh hvwlpdwh wkh prgho e| plqlpl}lqj dq re0
mhfwlyh ixqfwlrq wkdw lv wkh vxp ri vtxduhg dyhudjh suhglfwlrq huuruv1
Vshfl�fdoo|/ dyhudjlqj dfurvv wkh Q srrov/ wkh dyhudjh suhglfwlrq huuru

dw wkh ||� prqwk lv
b
�| ' �*�

�S

&'�

�&|Ekc qc 4c b�/ dqg wkh remhfwlyh ixqfwlrq

dvvxplqj wkdw wkh orqj0uxq phdq lqwhuhvw udwh lv � @ 3=37<681
Wr ghulyh d prqwko| vhtxhqfh ri ulvn0iuhh lqwhuhvw udwhv uw/ zh pdwfk wkh lpsol0

fdwlrqv ri wkh prgho iru 430|hdu |lhogv wr dfwxdo prqwko| revhuydwlrqv rq 430|hdu
Wuhdvxu| |lhogv dqg wkhq edfn rxw wkh vkruw0uxq ulvnohvv udwh lpsolhg e| wkh FLU
prgho1 Srro0ohyho pruwjdjh suhsd|phqwv duh dvvxphg wr uhvsrqg wr wkhvh prqwko|
fkdqjhv lq lqwhuhvw udwhv zlwk d wkuhh0prqwk odj1 Wklv odj uh hfwv wkh exlow0lq gh0
od|v ehwzhhq wkh wlph ri pruwjdjh uh�qdqflqj ordq dssolfdwlrqv dqg uhdol}dwlrqv ri
suhsd|phqwv lq PEV sdvvwkurxjk fdvk  rzv1

<Zh xvh �qlwh gl�huhqfh dssur{lpdwlrqv wr edfnzdugo| vroyh wkh ydoxh ixqfwlrq
vxemhfw wr dssursuldwh erxqgdu| frqglwlrqv1 Wkh vroxwlrqv zhuh irxqg e| wkh Fudqn0
Qlfkrovrq dojrulwkp1

43Vwdqwrq +4<<8,/ Wdeoh 4/ vkrzv sdudphwhu hvwlpdwhv ri 193:6 dqg 13678/ uh0
vshfwlyho|/ iru �f dqg �f sdudphwhuv zklfk duh frqwlqxrxv0wlph Srlvvrq duulydo
udwhv h{suhvvhg dw dqqxdo udwhv1 Zh suhvhqw uhvxowv lq whupv ri wkh prqwko| glv0
fuhwh wlph frxqwhusduwv/ zklfk duh uhodwhg wr wkhvh e| � @ +4 � h{s��

f@45, dqg
� @ +4� h{s��

f@45, 1
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lv wkh vxp ri wkh vtxduhv ri wkhvh dyhudjh uhvlgxdov/ lA ' �*A
AS

|'�

b
�
2

| 1 Zh

xvh wkh dgdswlyh vlpxodwhg dqqhdolqj dojrulwkp ri Lqjehu +iruwkfrplqj,
wr �qg wkh ydoxhv ri wkh sdudphwhuv wkdw plqlpl}h wklv remhfwlyh ixqf0
wlrq1

Xvlqj wkh ixoo vdpsoh ri 5:/;:; srrov/ wkh remhfwlyh ixqfwlrq zrxog
lqyroyh pruh wkdq 40425 ploolrq srro0e|0prqwk revhuydwlrqv1 Wr orzhu
frpsxwdwlrqdo exughqv/ zh dsso| wkh udwlrqdo prgho hvwlpdwlrq surfh0
gxuh wr d vxevhw frqvlvwlqj ri 5/8:8 srrov1 Wkhvh srrov duh vwudwl�hg
dfurvv wkh qlqh uhihuhqfh srro jurxsv/ dqg zlwklq hdfk uhihuhqfh srro
jurxs zh vhohfw doo srrov zlwk zhljkwhg0dyhudjh frxsrq h{dfwo| �iw| ed0
vlv srlqwv deryh wkh sdvvwkurxjk frxsrq udwh1

Hvwlpdwlrq uhvxowv duh vkrzq lq wkh �uvw urz ri wdeoh 51 Doo frh!0
flhqwv duh hvwlpdwhg uhodwlyho| suhflvho|/ dqg k|srwkhvhv wkdw wkh| duh
vwdwlvwlfdoo| lqglvwlqjxlvkdeoh iurp }hur fdq eh vkduso| uhmhfwhg1 Wkh hv0
wlpdwh ri 	b ' �ff. lpsolhv wkdw wkh prqwko| udwh ri +h{rjhqrxv, ghidxow
dqg prelolw|0uhodwhg whuplqdwlrqv lv derxw :3 edvlv srlqwv/ frqvlvwhqw
zlwk wkh �qglqjv ri Vwdqwrq +4<<8, dqg rwkhu vwxglhv/ zklfk w|slfdoo|
vkrz 	b lq wkh 83 wr 433 edvlv srlqw udqjh1 Wkh hvwlpdwhv ri E	k ' 2�2bDc
	q ' e�Sb2� lpso| dq lqlwldo phdq wudqvdfwlrqv frvw ri derxw rqh0wklug wkh
pruwjdjh edodqfh/ zklfk lv yhu| vxevwdqwldo exw vrphzkdw orzhu wkdq
wkh iruw| shufhqw phdq irxqg e| Vwdqwrq +4<<8, iru klv vdpsoh ri 4333
JQPD srrov1 Rxu hvwlpdwh ri 	4 ' ���� lpsolhv wkdw li lqwhuhvw udwhv
vxgghqo| gurs dqg pdnh lw rswlpdo iru d jurxs ri pruwjdjhkroghuv wr
uh�qdqfh/ rqo| derxw 44 shufhqw ri wkrvh pruwjdjhkroghuv dfwxdoo| zloo
uh�qdqfh lq wkdw lqlwldo prqwk1 Devhqw dgglwlrqdo fkdqjhv lq hfrqrplf
frqglwlrqv/ uh�qdqflqj zloo frqwlqxh lq vxevhtxhqw prqwkv/ zlwk d phdq
hodsvhg wlph xqwlo odfn ri lpshglphqw wr udwlrqdo h{huflvh ri derxw <
prqwkv1 Vwdqwrq +4<<8, irxqg dq hyhq orqjhu dyhudjh ghod| wr udwlrqdo
uh�qdqflqj1

615 Hvwlpdwlrq ri wkh edvlf h{srqhqwldo kd}dugprgho
Zh hvwlpdwh wkh wlph0ydu|lqj fryduldwh h{srqhqwldo kd}dug prgho xvlqj
wkh phwkrg ri pd{lpxp olnholkrrg144 Wkh pd{lpxp olnholkrrg phwkrg
doorzv xv wr frqwuro iru wkh lpsruwdqw ihdwxuh wkdw prvw srrov kdyh qrw
ixoo| suhsdlg sulru wr wkh hqg ri wkh revhuydwlrq shulrg1 Xvlqj wkh ixoo

44Wkh orj0olnholkrrg ixqfwlrq iru wklv sureohp lv wkh vxp ri orj0olnholkrrgv iru
lqglylgxdo revhuydwlrqv/ zlwk hdfk revhuydwlrq frqwulexwxlqj d vxuylyru ixqfwlrq wr
wkh olnholkrrg1 Revhuydwlrqv wkdw h{shulhqfh whuplqdwlrqv gxulqj wkh vdpsoh shulrg
dovr frqwulexwh wkh suredelolw| ghqvlw|/ hydoxdwhg dw wkh srlqw ri whuplqdwlrq/ wr wkh
olnholkrrg ixqfwlrq1 Lq frqvwuxfwlqj wkh vxuylyru ixqfwlrq/ zh kdqgoh dssursuldwho|
wkh idfw wkdw wkh fryduldwhv duh wlph ydu|lqj1 Wkdw lv/ zh dffxpxodwh wkh lqwhjudwhg
kd}dugv dssolfdeoh wr hdfk wlph shulrg lq wkh vdpsoh1
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vdpsoh/ wkh olnholkrrg ixqfwlrq zrxog lqyroyh derxw 9: ploolrq ordq0e|0
prqwk revhuydwlrqv145 Iru wudfwdelolw|/ zh suhvhqw hvwlpdwhv frpsxwhg
iurp d udqgrp vdpsoh ri 4/333 srrov shu prgho hvwlpdwlrq/ zklfk vwloo
fryhuv pruh wkdq 5 ploolrq ordq0e|0prqwk revhuydwlrqv shu hvwlpdwlrq1

Wkh hvwlpdwhg frh!flhqwv ri wkh edvlf h{srqhqwldo kd}dug prgho duh
vkrzq lq vhfrqg urz ri wdeoh 51 Doo frh!flhqwv duh hvwlpdwhg uhodwlyho|
suhflvho| dqg duh vwdwlvwlfdoo| glvwlqjxlvkdeoh iurp }hur1 Dovr/ wkh hvwl0
pdwhg frh!flhqwv kdyh wkh dqwlflsdwhg vljqv1 Wkh hvwlpdwhg frh!flhqw
rq wkh Orj+SVD, vfkhgxoh lv srvlwlyh/ uh hfwlqj wkh lqlwldo udqjh ri lq0
fuhdvlqj kd}dugv dv ordqv vhdvrq1 Srrov whqg wr exuqrxw> wkh| h{shulhqfh
kljkhu suhsd|phqwv li wkh| kdyh qrw h{shulhqfhg d orw ri fxpxodwlyh sulru
suhsd|phqwv/ dv phdvxuhg e| wkh odjjhg idfwru wr edodqfh udwlr1 Odvw/ dq
lqfuhdvh lq wkh uh�qdqflqj lqfhqwlyh dv phdvxuhg e| wkh vsuhdg ehwzhhq
wkh ZDF dqg wkh fxuuhqw pruwjdjh udwh whqgv wr kdyh d odujh srvlwlyh
h�hfw rq whuplqdwlrqv1

616 Hylghqfh ri Plv0vshfl�fdwlrq iurp wkh Uhvlgx0
dov

Wr fkhfn iru hylghqfh wkdw wkhvh prghov duh plv0vshfl�hg lq rplwwlqj
krxvlqj sulfhv dv d ghwhuplqdqw ri pruwjdjh suhsd|phqwv/ zh �uvw qhhg
wr ghylvh wlph0vhulhv phdvxuhv ri krxvlqj pdunhw frqglwlrqv iru hdfk
pruwjdjh srro1 Rxu gdwd vhw frqwdlqv lqirupdwlrq rq wkh jhrjudsklf
glvwulexwlrq dfurvv X1V1 vwdwhv ri wkh xqghuo|lqj ordqv lq hdfk srro dw wkh
wlph ri srro ruljlqdwlrq1 Zh xvh wklv glvwulexwlrq wr gh�qh wkh zhljkwv
xvhg lq frqvwuxfwlqj srro0vshfl�f krxvlqj sulfh vhulhv iurp sxeolvkhg
krxvlqj sulfh lqglfhv iru wkh �iw| vwdwhv +dqg wkh Glvwulfw ri Froxpeld,1

Zh h{shfw wkh uhodwlrqvkls ehwzhhq krxvh sulfh fkdqjhv dqg pruw0
jdjh srro suhsd|phqwv wr eh kljko| qrq0olqhdu/ hyhq diwhu frqwuroolqj
iru wkh idfwruv lqfoxghg lq wkh udwlrqdo prgho dqg wkh edvlf h{srqhq0
wldo kd}dug prgho1 Prghov ri ghidxow lqwurgxfh vxfk d qrq0olqhdulw| e|
hpskdvl}lqj wkdw d qhfhvvdu| +exw shukdsv qrw vx!flhqw, frqglwlrq iru
rswlpdo ghidxow lv wkdw krxvlqj sulfhv pxvw ghfolqh hqrxjk iru wkh fxu0
uhqw pruwjdjh ordq0wr0krxvlqj0ydoxh udwlr wr h{fhhg xqlw|1 Wkxv/ iru
pruwjdjh ordqv ruljlqdwhg zlwk dq hljkw| shufhqw ordq0wr0ydoxh udwlr/

45Ehfdxvh zh nqrz wkh ruljlqdo frxqw ri ordqv lq wkh Iuhgglh Pdf srrov/ zh duh deoh
wr frqvwuxfw glfkrwrprxv ghshqghqw yduldeohv iru hdfk srro wkdw uhsuhvhqw wkh qxpehu
ri ordqv ixoo| suhsdlg lq hdfk prqwk1 Wklv fdofxodwlrq lv pdgh uhfxuvlyho| e| urxqglqj
wr wkh qhduhvw lqwhjhu wkh hvwlpdwhg qxpehu ri suhsdlg ordqv/ zkhuh wkh odwwhu lv
frpsxwhg e| pxowlso|lqj wkh dfwxdo suhsd|phqw udwh +VPP, e| wkh qxpehu ri ordqv
uhpdlqlqj lq wkh srro dw wkh ehjlqqlqj ri wkh shulrg1 Dowkrxjk vxfk d frpsxwdwlrq
devwudfwv iurp sduwldo suhsd|phqwv/ wkhvh glvfuhwl}hg ghshqghqw yduldeohv dsshdu wr
zhoo0dssur{lpdwh wkh dfwxdo frqwlqxrxv suhsd|phqw klvwru|/ zklfk lqfoxghv sduwldo
suhsd|phqwv1
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wkh suredelolw| ri ghidxow lqfuhdvhv pxfk idvwhu zlwk dgglwlrqdo ghfolqhv
lq krxvh sulfhv dv wkh fxpxodwlyh ghfolqhv lq krxvh sulfhv vlqfh ordq
ruljlqdwlrq dssurdfk wzhqw| shufhqw1 Krzhyhu/ wklv vhqvlwlylw| wr krxvh
sulfhv lv qrw v|pphwulf> ghidxow udwhv gr qrw whqg wr gurs idvwhu zlwk dg0
glwlrqdo krxvh sulfh lqfuhdvhv dv wkh fxpxodwlyh fkdqjh lq krxvh sulfhv
vlqfh ordq ruljlqdwlrq uhdfkhv wzhqw| shufhqw1 Vlplodu qrq0olqhdulwlhv
pd| eh suhvhqw iru wkh rwkhu w|shv ri suhsd|phqw/ ehfdxvh wkh hljkw|
shufhqw ordq0wr0ydoxh wkuhvkrog iru pruwjdjh lqvxudqfh dovr d�hfwv wkh
vhqvlwlylw| ri uh�qdqflqj dqg prelolw|0uhodwhg pruwjdjh suhsd|phqwv wr
krxvh sulfhv1

Jlyhq wkhvh frqvlghudwlrqv/ zh iroorz Ghqj/ Txljoh|/ dqg Ydq Rughu
+4<<;/ dsshqgl{ D, lq wudqviruplqj rxu lqirupdwlrq rq krxvh sulfhv lqwr
d phdvxuh ri wkh suredelolw| wkdw wkh fxuuhqw ordq wr ydoxh udwlr h{fhhgv
xqlw|1 Edvlfdoo|/ wklv frqvlvwv ri uroolqj iruzdug wkh ghqrplqdwru ri wkh
lqlwldo ordq wr ydoxh udwlr ri wkh ordqv lq wkh srro e| wkh vhtxhqfh ri
revhuyhg fkdqjhv lq d krxvh sulfh lqgh{ iru wkhlu jhrjudsklf duhd dqg
h{wudsrodwlqj wkh qxphudwru e| wkh vfkhgxohg ghfolqh lq wkh sulqflsdo
edodqfh ri wkh ordq1 Vxfk dq hvwlpdwh ri wkh fhqwudo whqghqf| ri wkh
fxuuhqw ordq wr ydoxh udwlr lv frqyhuwhg wr d suredelolw| e| dvvxplqj
wkdw wkh glvwulexwlrq ri orjdulwkplf fkdqjhv lq krxvh sulfhv lv qrupdoo|
glvwulexwhg1 Wkh yduldqfh ri wklv qrupdo glvwulexwlrq lv hvwlpdwhg iurp
wkh prphqwv ri wkh xqghuo|lqj lqglylgxdo krph sulfh gdwd iurp zklfk
wkh djjuhjdwh krph sulfh lqglfhv duh frqvwuxfwhg146

Lq frqvwuxfwlqj wklv yduldeoh/ zh dvvxph wkdw doo srrov kdyh wkh vdph
lqlwldo ordq0wr0ydoxh udwlr ri ;3 shufhqw147 Wkxv/ lq wkh �uvw prqwk diwhu

46Zh xvh wkh R!fh ri Ihghudo Krxvlqj Hqwhusulvh Ryhuvljkw +RIKHR, txduwhuo|
uhshdw vdohv krph sulfh lqglfhv e| vwdwh dv wkh gdwd vrxufh1 Wkhvh duh lqwhusrodwhg
e| d vsolqh wr wkh prqwko| iuhtxhqf|1 Zh wkhq frpsxwh d sulfh lqgh{ iru hdfk srro/
xvlqj wkh ruljlqdo glvwulexwlrq dfurvv vwdwhv ri dprxqwv ri sulqflsdo rxwvwdqglqj wr
frqvwuxfw d zhljkwhg dyhudjh ri wkh vwdwh0ohyho sulfh lqglfhv1 Iru wkh suredelolw|
fdofxodwlrq/ zh dovr frpsxwh srro0vshfl�f krxvh sulfh yrodwlolw| lqglfhv xvlqj wkh
srro0vshfl�f zhljkwhg dyhudjh ri wkh vwdwh ohyho yrodwlolwlhv sxeolvkhg e| RIKHR1

47Rxu gdwdvhw grhv qrw frqwdlq dq| lqirupdwlrq rq lqlwldo ordq0wr0ydoxh udwlrv e|
srro1 wkh survshfwxv rq Iuhgglh Pdf Jrog SFv lqglfdwhv wkdw lqlwldo ordq0wr0ydoxh
udwlrv fdqqrw h{fhhg ;3 shufhqw xqohvv vdwlvidfwru| pruwjdjh lqvxudqfh ri rqh irup ru
dqrwkhu lv rewdlqhg> ehfdxvh vxfk lqvxudqfh lv frvwo|/ prvw ri wkh pruwjdjh vhfxuwl}lhg
e| Iuhgglh Pdf kdyh phw wkh uhtxluhphqw ri kdylqj dq lqlwldo OWY ohvv wkdq ;3
shufhqw/ klvwrulfdoo|1 Iru h{dpsoh/ Ghqj/ Txljoh| dqg Ydq Rughu +4<<;, uhsruw
wkdw derxw 48/333 ri wkh urxjko| 55/333 ordqv wkh| vwxg| +ruljlqdwhg ehwzhhq 4<:9
dqg 4<;6 dqg sxufkdvhg e| Iuhgglh Pdf, kdg lqlwldo OWYv ohvv wkdq ;3 shufhqw/
zlwk wkh uhpdlqghu sulpdulo| lq wkh ;3 shufhqw wr <3 shufhqw udqjh1 Rzlqj wr rxu
odfn ri lqirupdwlrq rq lqlwldo OWYv e| srro/ rxu dqdo|vlv olnho| lv eldvhg wrzdug
�qglqj djdlqvw wkh delolw| ri srro0vshfl�f krxvh sulfh lqglfhv wr h{sodlq srro0ohyho
suhsd|phqwv1 Wkh idfw wkdw zh gr �qg vrph h�hfw ri krxvh sulfhv ghvslwh wkh gdwd
olplwdwlrq/ vxjjhvwv wkdw rxu uhvxowv zrxog eh hyhq vwurqjhu li zh kdg gdwd rq lqlwldo
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ordq ruljlqdwlrq/ lw zrxog wdnh d 53 shufhqw ghfolqh lq krph sulfhv wr
holplqdwh wkh krphrzqhu*v htxlw|1 Dffruglqjo|/ dw wkh ehjlqqlqj ri d
ordq*v djh sur�oh/ wkh suredelolw| phdvxuh edvlfdoo| lv }hur1 Wkh sured0
elolw| phdvxuh lqfuhdvhv d elw lq wkh �uvw wzr |hduv ri wkh ordq iru doprvw
doo srrov/ dqg wkhuhdiwhu lw*v hyroxwlrq lv vwurqjo| d�hfwhg e| wkh gluhfwlrq
dqg udwh ri fkdqjh lq wkh krph sulfh lqgh{ iru wkh srro1

Iru prvw ri wkh prqwkv gxulqj zklfk zh revhuyh srrov* suhsd|0
phqw klvwrulhv/ wkh �oJKEuAT EM�|� : �� phdvxuh lv ehorz 40425 shu0
fhqw1 Rqo| derxw rqh0txduwhu ri wkh srro0prqwk revhuydwlrqv kdyh d
�oJKEuAT EM�|� : �� ydoxh wkdw h{fhhgv 60425 shufhqw1 Krzhyhu/ d
vpdoo sruwlrq +derxw rqh0whqwk, ri rxu revhuydwlrqv h{shulhqfh uhdol}d0
wlrqv ri wklv fryduldwh deryh ; shufhqw1 Orrnlqj dw wkh glvwulexwlrq ri
�oJKEuAT EM�|� : �� e| srro/ 986 ri wkh 5:/;:; srrov h{shulhqfh uhdo0
l}dwlrqv ri wklv yduldeoh deryh 53 shufhqw dw vrph srlqw lq wkhlu revhuyhg
suhsd|phqw klvwru|1 Doo ri wkhvh 986 srrov zlwk kljk phdvxuhg sured0
elolw| ri qhjdwlyh htxlw| +vkdus ghfolqhv lq krxvh sulfhv, kdyh dw ohdvw :8
shufhqw ri wkhlu ordqv lq hlwkhu Fdoliruqld ru Kdzdll1 Fdoliruqld h{shul0
hqfhg d vkdus ghfolqh lq krph sulfhv ehjlqqlqj lq 4<<3 dqg h{whqglqj
wkurxjk 4<<9/ dqg wkh kljkhvw sursruwlrqv ri hvwlpdwhg qhjdwlyh htxlw|
duh frqfhqwudwhg lq 4<<8 dqg 4<<9 lq srrov wkdw zhuh ruljlqdwhg lq 4<<41

Wr fkhfn iru srwhqwldo plv0vshfl�fdwlrq/ zh frpsxwh wkh udwlrqdo
prgho dqg edvlf h{srqhqwldo kd}dug prgho suhglfwlrqv ri suhsd|phqw
suredelolwlhv Z&| iru doo 5:/;:; srrov lq rxu gdwd vhw iru hdfk prqwk lq
zklfk wkh srro idfwru klvwru| lv revhuyhg1 Wkhq/ zh frpsxwh wkh uhvlg0
xdov iru wkh orjdulwkpv ri wkhvh kd}dugv/ *L}EZ&|� � *L}E	Z&|�1 Lq wkh
fdvh ri wkh udwlrqdo prgho/ wklv orj kd}dug uhvlgxdo lv orj+4.+	�&|*	Z&|,,/
zkhuhdv iru wkh h{srqhqwldo prgho wkh uhvlgxdo lv mxvw 	0&| 1Zh glvsod| wkh
vorsh frh!flhqw uhvxowv ri ROV uhjuhvvlrqv ri wkhvh suhglfwlrq huuruv rq
dq lqwhufhsw dqg wkh +wudqviruphg, krxvlqj sulfh phdvxuhv lq wkh uljkw0
prvw froxpq ri wdeoh 51 Dv vkrzq wkhuh/ hdfk ri wkh prghov* uhvlgxdov
duh qhjdwlyho| fruuhodwhg zlwk �oJKEuAT EM�|� : ��1 Wklv lqglfdwhv
wkdw wkh ryhudoo udwh ri pruwjdjh whuplqdwlrqv whqgv wr eh ghsuhvvhg iru
wkrvh pruwjdjh srrov lq krxvlqj pdunhwv h{shulhqflqj sduwlfxoduo| odujh
ghfolqhv lq krxvlqj sulfhv1

617 Hvwlpdwlrq ri wkh dxjphqwhg h{srqhqwldo kd}0
dug prgho

Zh dovr kdyh hvwlpdwhg d yhuvlrq ri wkh h{srqhqwldo kd}dug prgho dxj0
phqwhg wr lqfoxgh wzr dgglwlrqdo h{sodqdwru| yduldeohv +fe&| dqg fD&|,
wkdw duh d sduwlfxodu +lqfuhdvlqj, ixqfwlrq ri krxvh sulfh ghfolqhv dqg
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lqwhudfw zlwk wkh uh�qdqflqj lqfhqwlyh vzlwfk srlqw +wdeoh 6/ �uvw urz,1
Wkh fe&| yduldeoh htxdov �oJKEuAT EM�|� : �� rqo| li wkh vsuhdg lv
qduurz ru qhjdwlyh/ dqg fe&| lv }hur rwkhuzlvh/ zkhuhdv fD&| htxdov
�oJKEuAT EM�|� : �� rqo| zkhq wkh vsuhdg h{fhhgv 4 shufhqwdjh srlqw
dqg fD&| lv }hur rwkhuzlvh1 Wkh hvwlpdwhg frh!flhqwv rq wkh lqwhu0
fhsw/ vhdvrqlqj dqg uh�qdqflqj lqfhqwlyh yduldeohv duh qrw yhu| vhqvlwlyh
wr zkhwkhu ru qrw wkh krxvlqj0sulfh0uhodwhg h{sodqdwru| yduldeohv dovr
duh lqfoxghg lq wkh prgho1 Dowkrxjk wkh hvwlpdwhg frh!flhqw rq wkh
exuqrxw yduldeoh lv prghudwho| vhqvlwlyh wr zkhwkhu ru qrw wkh krxvlqj0
sulfh0uhodwhg h{sodqdwru| yduldeohv dovr duh lqfoxghg lq wkh h{srqhqwldo
kd}dug prgho/ wklv yduldeoh grhv qrw frqwulexwh pxfk wr wkh suhglf0
wlyh srzhu ri wkh prgho> wkxv/ fkdqjhv lq wkh hvwlpdwhg frh!flhqw rq
exuqrxw kdyh d uhodwlyho| vpdoo lpsdfw rq wkh ryhudoo �w ri wkh prgho1

Wkh hvwlpdwhg frh!flhqwv 	qedqg 	qD rq wkh �qdo wzr krxvlqj0sulfh0
uhodwhg yduldeohv duh qhjdwlyh dqg vwdwlvwlfdoo| glvwlqjxlvkdeoh iurp }hur1
Wkh uhvxow E	qe 	 f� wkdw idoolqj krxvh sulfhv whqg wr ghsuhvv ryhudoo
suhsd|phqwv zkhq uh�qdqflqj lqfhqwlyhv duh qhjoljleoh lv frqvlvwhqw zlwk
wkh dowhuqdwlyh k|srwkhvlv zh ghvfulehg deryh= wkh vxp ri ghidxow dqg
prelolw|0uhodwhg whuplqdwlrqv whqgv wr ghfuhdvh dv krxvlqj sulfhv idoo1
Dssduhqwo|/ wklv lv ehfdxvh prelolw|0uhodwhg whuplqdwlrqv gurs lq zhdn
krxvlqj pdunhwv +EYdZ�&| * � Y��&|� 	 f�,/ dqg wklv odwwhu h�hfw ri krxvh
sulfhv rq krph sxufkdvhv lv odujhu wkdq wkh r�vhwwlqj h�hfw ri krxvh
sulfhv rq ghidxowv +mYZ�&| *� Y�&|�m : mYZ(&|*� Y�&|m,1 Wkh uhvxow Em	qDm :
m	qem� wkdw zhdn krxvh sulfhv kdyh dq hyhq odujhu ghsuhvvlqj h�hfw rq
ryhudoo whuplqdwlrqv zkhq uh�qdqflqj lqfhqwlyhv duh dfwlyh wkdq zkhq
wkh| duh lqdfwlyh vxjjhvwv wkdw zhdn krxvlqj sulfhv d�hfw uh�qdqflqj
wkurxjk pxfk pruh wkdq mxvw lqfuhdvlqj wkh ulvn ri ghidxow1

618 Prgho Dghtxdf| dqg Urexvwqhvv ri Uhvxowv
Iljxuh 4 vkrzv d frpsdulvrq ri wkh wlph0vhulhv dyhudjh dfwxdo VPPv wr
wkh djjuhjdwhg suhglfwlrqv ri wkh wkuhh prghov zh kdyh hvwlpdwhg1 Wkh
xsshu sdqho sorwv wkh uhvxowv iru wkh ixoo gdwd vhw ri 5:/;:; srrov dqg
wkh orzhu sdqho sorwv wkh uhvxowv iru wkh 986 zhdn krxvlqj pdunhw srrov
frpsulvhg sulpdulo| ri pruwjdjhv iurp Fdoliruqld dqg Kdzdll1 Vhyhudo
ihdwxuhv ri wkhvh sorwv duh qrwdeoh1 Iluvw/ xvlqj wkh ixoo gdwd vhw/ doo
wkuhh prghov phhw wkh plqlpdo uhtxluhphqw ri ehlqj deoh wr suhglfw hoh0
ydwhg/ vslnlqj suhsd|phqwv lq ghfolqlqj lqwhuhvw0udwh hqylurqphqwv/ vxfk
dv wkdw h{shulhqfhg lq 4<<61 Vhfrqg/ doo wkuhh prghov glvsod| vkruw0
frplqjv lq vrph klvwrulfdo hslvrghv1 Wkh h{srqhqwldo prghov jhqhudoo|
xqghusuhglfwhg suhsd|phqwv lq wkh kljk suhsd|phqw shulrg ri odwh 4<<5
dqg 4<<6 dqg wkhq ryhusuhglfwhg suhsd|phqwv wkurxjkrxw wkh txlhwhu
uhpdlqghu ri wkh plg04<<3v/ xqwlo wkhuh zhuh xqsuhglfwdeo| odujh vslnhv

49



lq suhsd|phqwv lq hduo| 4<<9 dqg hduo| 4<<;1 Wkh udwlrqdo prgho ryhu0
suhglfwhg suhsd|phqwv lq wkh uh�qdqflqj zdyhv ri 4<<6 dqg hduo| 4<<91
Odvw/ lq wkh wlph0vhulhv glphqvlrq/ wkh djjuhjdwhg �w ri wkh h{srqhqwldo
kd}dug prgho lv uhodwlyho| lqvhqvlwlyh wr zkhwkhu ru qrw wkh krxvh sulfh
yduldeohv duh lqfoxghg lq wkh prgho1

Iru wkh zhdn krxvlqj pdunhw vxevdpsoh vkrzq lq wkh orzhu sdqho ri
Iljxuh 4/ wkh wzr prghov wkdw rplw krxvh sulfhv�wkh udwlrqdo prgho dqg
edvlf h{srqhqwldo kd}dug prgho�vljql�fdqwo| ryhusuhglfw suhsd|phqwv lq
wkh orz lqwhuhvw udwh hqylurqphqwv ri odwh 4<<6 dqg hduo| 4<<91 Wkhvh
duh shulrgv zlwk sduwlfxoduo| odujh fxpxodwlyh ghfolqhv lq krxvlqj sulfhv
lq Fdoliruqld dqg Kdzdll uhodwlyh wr 4<<4/ zkhq prvw ri wkhvh zhdn
krxvlqj sulfh srrov zhuh ruljlqdwhg1 Wkxv/ wkh uhvxowv glvsod|hg lq wklv
�jxuh vxjjhvw wkdw wkh qhjdwlyh fruuhodwlrq ehwzhhq krxvlqj sulfhv dqg
wkh suhglfwlrq huuruv ri wkh prghov wkdw rplw krxvlqj sulfhv lv odujhvw
zkhq krxvlqj sulfhv duh orz dqg lqwhuhvw udwhv duh orz1 Dovr/ wkhuh lv
vrph hylghqfh wkdw wkh vxssuhvvlrq ri uh�qdqflqj dqg prelolw|0uhodwhg
whuplqdwlrqv lq wkh plg04<<3v ohg wr �uhyhuvh exuqrxw� lq hduo| 4<<;/
zkhq lqwhuhvw udwhv ihoo djdlq exw krxvlqj sulfhv kdg uhfryhuhg1 Iru wkh
srrov vkrzq lq wkh orzhu sdqho/ wkh yhuvlrq ri wkh h{srqhqwldo prgho
dxjphqwhg wr lqfoxgh krxvh sulfhv lv deoh wr fdswxuh erwk wkh vxevxphg
suhsd|phqwv lq wkh plg04<<3v dqg wkh dffhohudwlrq ri suhsd|phqwv lq
hduo| 4<<;1 Wklv delolw| ri wkh prgho wr lpsuryh wkh �w iru wkhvh zhdn
krxvlqj sulfh srrov olnho| lv sduw ri wkh uhdvrq zk| wkh krxvlqj sulfh ydul0
deohv duh vwdwlvwlfdoo| vljql�fdqw lq wkh dxjphqwhg h{srqhqwldo kd}dug
prgho +wdeoh 6/ �uvw urz,1

Wkh �qglqj wkdw wkh krxvh sulfh yduldeohv duh vwdwlvwlfdoo| vljql�fdqw
lq wkh dxjphqwhg h{srqhqwldo kd}dug prgho lv urexvw1 Ydulrxv dxwkruv
kdyh vxjjhvwhg dowhuqdwlyh phdvxuhv ri vhdvrqlqj/ exuqrxw/ dqg uh�qdqf0
lqj lqfhqwlyhv iru hpslulfdo suhsd|phqw prghov/ dqg wkh xvh ri vxfk
dowhuqdwlyh phdvxuhv grhv qrw fkdqjh wklv uhvxow rq krxvh sulfhv1 Iru
h{dpsoh/ wkh xvh ri d txdgudwlf ixqfwlrq ri djh lqvwhdg ri wkh orj+SVD,
vfkhgxoh iru wkh vhdvrqlqj h�hfw surgxfhv olwwoh fkdqjh lq wkh hvwlpdwhg
vl}h dqg vwdqgdug huuruv ri wkh frh!flhqwv rq wkh krxvh sulfh/ exuqrxw/
dqg uh�qdqflqj lqfhqwlyh yduldeohv +wdeoh 6/ urz 5,/ sduwo| ehfdxvh wkh
lpsolhg �wv ri wkh txdgudwlf dqg wkh orj +SVD, vhdvrqlqj yduldeohv duh
yhu| vlplodu ryhu wkh �uvw vl{w| prqwkv ri ordq djh1 Vhfrqg/ dowkrxjk
ydulrxv dxwkruv kdyh dgyrfdwhg xvlqj d exuqrxw phdvxuh wkdw dffxpx0
odwhv wkh �lq0wkh0prqh|qhvv� ri wkh suhsd|phqw rswlrq/ lqvwhdg ri wkh
Vfkzduw} dqg Wrurxv +4<;<, orj idfwru wr edodqfh udwlr zh xvh wr phdvxuh
exuqrxw/ wkh xvh ri vxfk dq dowhuqdwlyh exuqrxw phdvxuh grhv qrw fkdqjh
rxu pdlq uhvxowv1 Vshfl�fdoo|/ Vfkzduw} dqg Wrurxv +4<<6, sursrvh dffx0
pxodwlqj wkh ydoxhv ri wkh lqwhuhvw udwh vsuhdg yduldeoh iru wkrvh shulrgv
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zkhq wkh vsuhdg h{fhhgv wkh uh�qdqflqj lqfhqwlyh wkuhvkrog1 Zkhq zh
xvh dv d exuqrxw phdvxuh wkh dffxpxodwhg ydoxhv ri wkh vsuhdg zkhq wkh
vsuhdg h{fhhgv rqh shufhqwdjh srlqw/ wkh krxvh sulfh yduldeohv uhpdlq
vwdwlvwlfdoo| vljql�fdqw/ dqg wkh frh!flhqwv rq rwkhu h{sodqdwru| ydul0
deohv dovr duh olwwoh0fkdqjhg +wdeoh 6/ urz 6,1 Odvw/ vrph dxwkruv kdyh
dujxhg wkdw wkh udwlr ri rxwvwdqglqj pruwjdjh frxsrq wr fxuuhqw sulpdu|
pdunhw pruwjdjh udwhv lv d ehwwhu phdvxuh ri uh�qdqflqj lqfhqwlyhv wkdq
wkh vsuhdg ehwzhhq wkhvh lqwhuhvw udwhv1 Rxu uhvxow wkdw zhdnqhvv lq
krxvlqj sulfhv whqgv wr ghsuhvv uh�qdqflqj dqg prelolw|0uhodwhg suhsd|0
phqwv lv urexvw wr wkh xvh ri wkh udwlr irup ri wkh uh�qdqflqj lqfhqwlyh
yduldeoh +wdeoh 6/ urz 7,1

Dowkrxjk wkh gldjqrvwlfv zh kdyh dssolhg vxjjhvw wkdw wkh udwlrqdo
prgho dqg edvlf h{srqhqwldo kd}dug prgho duh dghtxdwh iru lqyhvwljdw0
lqj wkh dgglwlrqdo h{sodqdwru| srzhu ri krxvh sulfh yduldeohv iru suh0
sd|phqwv/ zh dovr uhfrjql}h wkdw wkhvh prghov kdyh vrph dgglwlrqdo
vkruwfrplqjv1 Wr ixuwkhu uhylhz prgho shuirupdqfh/ zh dovr glvsod|
wkh �wv ri wkh prghov dqg dfwxdo suhsd|phqw klvwrulhv e| vhohfwhg uhi0
huhqfh srro jurxsv +Iljxuh 5,1 Pxfk ri wkh srro0vshfl�f yduldwlrq lq
dyhudjh suhsd|phqw udwhv lv dvvrfldwhg zlwk wkh ylqwdjh ri ruljlqdwlrq
dqg ZDFv ri wkh srrov/ zklfk duh foxvwhuhg e| uhihuhqfh srro jurxs1
Wkh 4<<4 ylqwdjh uhihuhqfh srro jurxs +zlwk <13 shufhqw sdvvwkurxjk
frxsrq dqg <19 shufhqw ruljlqdo ZDF, h{shulhqfhg wkh kljkhvw udwhv ri
suhsd|phqw wkurxjkrxw doo ri wkh vdpsoh h{fhsw hduo| 4<<;1 Wkh 4<<5
;13v dovr h{shulhqfhg odujh uh�qdqflqj zdyhv lq 4<<6 dqg 4<<7/ zkhq
sulpdu| pruwjdjh udwhv zhuh uhodwlyho| orz1 Wkh 4<<6 :13v +orzhu sdqho,
dqg rwkhu srrov ruljlqdwhg lq 4<<6/ jhqhudoo| fduu| wkh orzhvw frxsrqv ri
wkh srrov lq wkh vdpsoh> wkhvh srrov jhqhudoo| h{shulhqfhg suhsd|phqw
udwhv ri ohvv wkdq 4 shufhqw shu prqwk xqwlo hduo| 4<<;1 Srrov ruljl0
qdwhg lq odwh 4<<7 jhqhudoo| ehdu ZDFv ri ;0425 shufhqw ru deryh dqg
h{shulhqfhg d plog erxw ri uh�qdqflqj lq hduo| 4<<9 dqg d odujhu vslnh
ri suhsd|phqwv lq hduo| 4<<; +qrw vkrzq,1 Ilwwlqj wkh zlgh ydulhw| ri
suhsd|phqw sdwwhuqv dfurvv uhihuhqfh srro jurxsv zlwk d vlqjoh vhw ri
sdudphwhu hvwlpdwhv lv d pdmru fkdoohqjh iru wkh prghov1

Qhlwkhu w|sh ri prgho +udwlrqdo ru h{srqhqwldo kd}dug, lv deoh wr �w
wkh ydulhw| ri suhsd|phqw sdwwhuqv zhoo zlwk d vlqjoh vhw ri sdudphwhu hv0
wlpdwhv1 Dv vkrzq e| wkh �wv ri wkh ydulrxv prghov e| vhohfwhg uhihuhqfh
srro djjuhjdwhv dovr vkrzq lq Iljxuh 5/ wkh udwlrqdo prgho fdswxuhg wkh
edvlf ihdwxuhv ri dfwxdo suhsd|phqwv iru wkh uhodwlyho| kljk frxsrq 4<<4
<13v dqg 4<<5 ;13v/ exw wkh udwlrqdo prgho vkrzv wrr pxfk lqwhuhvw udwh
vhqvlwlylw| iru wkh orz frxsrq 4<<6 :13v1 Lq frqwudvw/ wkh h{srqhqwldo
prghov �w wkh orz frxsrq 4<<6 :13v sdwwhuq zhoo/ exw wkh h{srqhqwldo
prghov qrwdeo| xqghusuhglfw wkh odwh 4<<6 suhsd|phqw vslnh lq wkh 4<<5
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;13v dqg qrwdeo| ryhusuhglfw wkh odwh 4<<6 suhsd|phqw vslnh lq wkh 4<<4
<13v1

Dowkrxjk wklv sdshu lv qrw wkh sodfh wr dwwhpsw wr ixoo| uh�qh wkhvh
suhsd|phqw prghov/ zh zloo qrwh d ihz gluhfwlrqv iru ixwxuh uhvhdufk1
Wkh h{srqhqwldo kd}dug prgho fohduo| frxog ehqh�w iurp vrph lpsuryh0
phqw lq lwv vshfl�fdwlrq ri uh�qdqflqj lqfhqwlyhv1 Rqh lqglfdwlrq ri
wklv frphv iurp d sorw ri wkh dyhudjh dfwxdo dqg �wwhg ydoxhv ri suh0
sd|phqwv e| glvfuhwh +43 edvlv srlqw zlgh, fodvvhv ri wkh lqwhuhvw udwh
vsuhdg yduldeoh +Iljxuh 6/ xsshu sdqho,1 H{fhsw iru d voljkw xqghusuh0
glfwlrq ri suhsd|phqwv lq wkh udqjh ri 83 wr 433 edvlv srlqwv ri vsuhdg/
wkh edvlf h{srqhqwldo prgho �wv zhoo iru udqjhv ri wkh vsuhdg ehorz 533
edvlv srlqwv1 Exw/ wkh prgho vxevwdqwldoo| ryhusuhglfwv suhsd|phqwv dw
yhu| zlgh vsuhdgv wkdw h{fhhg 533 edvlv srlqwv1 Lq frqwudvw/ wkh udwlrqdo
prgho �wv wkh dfwxdo gdwd e| fodvv ri vsuhdg iru d zlghu udqjh ri vsuhdgv1

Wkh edvlf h{srqhqwldo prgho �wv wkh vhdvrqlqj sur�oh lq wkh gdwd zhoo
+Iljxuh 6/ orzhu sdqho,/ exw wkh udwlrqdo prgho fohduo| frxog ehqh�w iurp
vrph lpsuryhphqw lq lwv vshfl�fdwlrq ri krz suhsd|phqw suredelolwlhv
ydu| dv ordqv djh1 Lq wklv uhjdug/ wkh plv0vshfl�fdwlrq ri wkh udwlrqdo
prgho rffxuv sulpdulo| lq wkh �uvw wzr |hduv diwhu pruwjdjh ruljlqdwlrq/
gxulqj zklfk suhglfwhg suhsd|phqwv rq lqglylgxdo srrov uhpdlq dw ru
deryh wkh edfnjurxqg +ghidxow dqg prelolw|, kd}dug udwh ri 	b ' �ff. /
dqg dyhudjh dfwxdo suhsd|phqwv idoo vkruw ri wkh suhglfwhg ydoxhv1

7 Frqfoxvlrqv

Dv zh kdyh vkrzq/ d frpprq idlolqj ri h{lvwlqj prghov ri pruwjdjh
whuplqdwlrq lv wkdw suhglfwhg suhsd|phqw ohyhov iru vhdvrqhg pruwjdjhv
riwhq ryhu2xqghuhvwlpdwh wkh ghjuhh wr zklfk h{lvwlqj srrov duh �exuqhg0
rxw� iurp sulru shulrgv ri lqwhuhvw udwh gulyhq uh�qdqflqj/ rzlqj wr lq0
dghtxdwh frqwurov iru wudqvdfwlrq frvw khwhurjhqhlw| ehwzhhq dqg zlwklq
wkh pruwjdjh srrov1 D sduwlfxodu irfxv ri rxu zrun kdv ehhq wr ghwhu0
plqh wkh ghjuhh wr zklfk uhjlrqdo yduldwlrqv lq krxvlqj sulfhv jhqhudwh
dw|slfdo suhsd|phqw vshhgv1 Rxu �qglqjv lqglfdwh wkdw pruwjdjh whupl0
qdwlrq prghov wkdw gr qrw lqfoxgh krxvlqj sulfhv dv d vwdwh yduldeoh duh
plv0vshfl�hg1

Dgglwlrqdoo|/ zh �qg wkdw zhdn krxvlqj sulfhv kdyh d odujhu ghsuhvv0
lqj h�hfw rq ryhudoo whuplqdwlrqv zkhq uh�qdqflqj lqfhqwlyhv duh dfwlyh
dqg wkdq zkhq wkh| duh qrw zklfk vxjjhvwv wkdw krxvlqj sulfhv d�hfw
whuplqdwlrqv lq zd|v rwkhu wkdq vlpso| lqfuhdvlqj wkh ulvn ri ghidxow1
Wklv uhvxow lv urexvw wr dowhudwlrqv lq wkh vshfl�fdwlrq ri wkh whuplqdwlrq
prghov/ krzhyhu/ ehfdxvh prvw Iuhgglh Pdf srrov whqg wr eh uhodwlyho|
zhoo0glyhuvl�hg dfurvv jhrjudsklf duhdv/ dqg jlyhq wkdw krxvlqj sulfhv
zhuh lqfuhdvlqj lq prvw vwdwhv gxulqj wkh 4<<4 wr 4<<; klvwrulfdo shulrg
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zh vwxg|/ prvw Iuhgglh Pdf srrov zhuh qrw vxemhfw wr wkh whvw ri zkhwkhu
zhdn krxvlqj sulfhv krog grzq djjuhjdwh suhsd|phqwv1 Iurp wkh �w ri
wkh krxvlqj0sulfh dxjphqwhg h{srqhqwldo prgho uhodwlyh wr wkh rqh wkdw
rplwv wkhvh h�hfwv/ zh �qg wkdw wkh prgho zlwk krxvlqj sulfh h�hfwv zdv
pxfk ehwwhu deoh wr h{sodlq orz ohyhov ri pruwjdjh whuplqdwlrqv lq srrov
zlwk frqfhqwudwlrqv ri ordqv lq Fdoliruqld1

Rxu lqyhvwljdwlrq ri wkh shuirupdqfh ri udwlrqdo dqg h{srqhqwldo
prghov ri pruwjdjh whuplqdwlrq lqglfdwhv wkdw qhlwkhu fodvv ri prgho/
zkhq frqvwudlqhg wr d vlqjoh vhw ri sdudphwhu hvwlpdwhv/ lv deoh wr dffx0
udwho| �w wkh ydulhw| ri suhsd|phqw sdwwhuqv h{klelwhg e| Iuhgglh Pdf
srrov ri gl�huhqw frxsrqv dqg ylqwdjhv1 Ixuwkhupruh/ zh �qg wkdw wkh
h{srqhqwldo prgho dsshduv wr qhhg uh�qhphqw ri lwv vshfl�fdwlrq iru uh0
�qdqflqj lqfhqwlyhv zkhuhdv wkh udwlrqdo prgho qhhgv wr uh�qh lwv vshf0
l�fdwlrq ri krz suhsd|phqw suredelolwlhv ydu| dv ordqv djh1 Wrjhwkhu
wkhvh �qglqjv kljkoljkw wkh qhhg iru dgglwlrqdo uhvhdufk rq zk| odujh
ghfolqhv lq krxvh sulfhv whqg wr krog grzq uh�qdqflqj dqg krph vdohv
uhodwhg pruwjdjh whuplqdwlrqv dqg zkdw idfwruv xqghuolh wudqvdfwlrq frvw
khwhurjhqhlw| zlwklq dqg ehwzhhq pruwjdjh srrov1
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Figure 1

Full Sample Actual and Fitted
Weighted Average Single Month Mortality by Month
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         Figure 2
        Reference Pool Aggregates of Actual and Fitted
    Weighted Average Single Month Mortality by Month
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         Figure 3

Weighted Average Single Month Mortality
by Spread between WAC and Primary Mortgage Rate
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