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Devwudfw

Zh suhvhqw d qhz iudphzrun iru wkh mrlqw hvwlpdwlrq ri wkh ghidxow0iuhh jryhuqphqw whup vwuxfwxuh dqg

frusrudwh fuhglw vsuhdg fxuyhv1 E| xvlqj d kljk0txdolw| gdwd vhw ri Jhupdq pdun ghqrplqdwhg erqgv/ zh vkrz

wkdw wklv |lhogv pruh uhdolvwlf vsuhdgv wkdq frqyhqwlrqdoo| rewdlqhg vsuhdg fxuyhv wkdw uhvxow iurp vxewudfwlqj

lqghshqghqwo| hvwlpdwhg jryhuqphqw dqg frusrudwh whup vwuxfwxuhv1 Wkh hvwlpdwhg vsuhdg fxuyhv duh qrz

vprrwk ixqfwlrqv ri wlph wr pdwxulw|/ dv rssrvhg wr wkh wzlvwlqj fxuyhv rqh jhwv iurp wkh wudglwlrqdo phwkrg/

dqg duh ohvv vhqvlwlyh wr prgho vshfl�fdwlrqv1 Pruhryhu/ wkh lpsolhg frusrudwh whup vwuxfwxuhv kdyh wljkwhu

frq�ghqfh lqwhuydov1



L Lqwurgxfwlrq

Wkh jurzwk ri wkh frusrudwh erqg pdunhw/ wkh udslg ghyhorsphqw ri wkh pdunhw iru fuhglw ghulydwlyhv dqg wkh

jurzlqj dzduhqhvv dprqj lqyhvwruv ri fuhglw ulvn lq ghulydwlyh surgxfwv/ kdv ohg wr d vxujh lq wkh ghyhorsphqw

ri qhz prghov1 Iru wkh vxffhvvixo lpsohphqwdwlrq ri sulflqj prghov iru frusrudwh erqgv ru fuhglw ghulydwlyhv

dqg ri prghov wkdw dvvhv ghulydwlyhv* fuhglw ulvn/ dq dffxudwh ghvfulswlrq ri wkh whup vwuxfwxuhv ri lqwhuhvw udwhv

iru gl�huhqw fuhglw ulvn fodvvhv lv d suhuhtxlvlwh1 Phdvxulqj d whup vwuxfwxuh iru d sduwlfxodu ghewru ru udwlqj

fodvv erlov grzq wr fdofxodwlqj lwv fuhglw vsuhdg fxuyh uhodwlyh wr wkh jryhuqphqw fxuyh/ zklfk lv dvvxphg wr eh

ghidxow0iuhh1 Wudglwlrqdoo|/ vsuhdg fxuyhv duh fdofxodwhg e| vxewudfwlqj lqghshqghqwo| hvwlpdwhg jryhuqphqw

dqg frusrudwh whup vwuxfwxuhv1 Lq wklv sdshu zh suhvhqw d qhz iudphzrun iru whup vwuxfwxuh hvwlpdwlrq wkdw

mrlqwo| hvwlpdwhv wkh jryhuqphqw fxuyh dqg fuhglw vsuhdg fxuyhv1 Xqolnh wkh wzlvwlqj fxuyhv rqh jhwv iurp wkh

wudglwlrqdo phwkrg/ wkh hvwlpdwhg vsuhdg fxuyhv duh qrz vprrwk ixqfwlrqv ri wlph wr pdwxulw|/ dqg duh ohvv

vhqvlwlyh wr prgho vhwwlqjv1 Pruhryhu/ wkh lpsolhg frusrudwh whup vwuxfwxuhv kdyh wljkwhu frq�ghqfh lqwhuydov/

l1h1 wkh| duh pruh uholdeo| hvwlpdwhg1

Wkh mrlqw hvwlpdwlrq ri whup vwuxfwxuhv lv edvhg rq wkh ghfrpsrvlwlrq ri d ulvn| whup vwuxfwxuh lqwr d

ghidxow0iuhh fxuyh dqg d fuhglw vsuhdg fxuyh1 Vlqfh wkh ghidxow0iuhh fxuyh lv wdnhq iurp wkh jryhuqphqw fxuyh/

rxu prgho iru d frusrudwh whup vwuxfwxuh fdq irfxv rq wkh fuhglw vsuhdg rqo| dqg fdq wkxv eh sduvlprqlrxv1 Doo

prgho sdudphwhuv/ l1h1 iurp erwk wkh jryhuqphqw fxuyh dqg wkh frusrudwh vsuhdg fxuyh/ duh mrlqwo| hvwlpdwhg

iurp d frpelqhg gdwd vhw ri erqgv1 Frpsduhg wr wkh wudglwlrqdo dssurdfk/ d vpdoohu qxpehu ri sdudphwhuv lv

hvwlpdwhg iurp d odujhu gdwd vhw1 Wkh prgho lv dssolhg wr d gdwd vhw ri Jhupdq pdun ghqrplqdwhg erqgv/ zkrvh

fuhglw udwlqjv udqjh iurp Vwdqgdug dqg Srru*v udwlqjv DDD wr E/ dqg rewdlq vprrwk dqg uholdeo| hvwlpdwhg

vsuhdg fxuyhv wkdw duh uhodwlyho| urexvw wr prgho plvvshfl�fdwlrq1 Zh ghprqvwudwh wkdw wkhvh uhvxowv fdq eh

dwwulexwhg wr erwk wkh mrlqw dqg wkh sduvlprqlrxv prghoolqj1 Lqghshqghqwo| hvwlpdwlqj wkh jryhuqphqw fxuyh

dqg d sduvlprqlrxvo| vshfl�hg frusrudwh fxuyh prgho grhv qrw |lhog wkh vdph uhvxowv/ dqg qhlwkhu grhv mrlqwo|

hvwlpdwlqj wkh jryhuqphqw fxuyh dqg d ulfko| vshfl�hg frusrudwh vsuhdg fxuyh1

Wkh uhpdlqghu ri wkh sdshu lv vwuxfwxuhg dv iroorzv1 Vhfwlrq LL suhvhqwv wkh qhz iudphzrun iru wkh

mrlqw hvwlpdwlrq ri wkh jryhuqphqw whup vwuxfwxuh dqg frusrudwh fuhglw vsuhdg fxuyhv1 Wkh frqvwuxfwlrq ri

frq�ghqfh lqwhuydov iru hvwlpdwhg whup vwuxfwxuhv dqg vsuhdg fxuyhv lv h{sodlqhg lq vhfwlrq LLL 1 Wkh prgho

vhwwlqjv dqg fkdudfwhulvwlfv ri rxu gdwd vhw duh ghvfulehg lq vhfwlrq LY 1 Vhfwlrq Y dssolhv wkh qhz prgho wr

wklv gdwd vhw dqg frpsduhv wkh shuirupdqfh ri mrlqwo| hvwlpdwhg whup vwuxfwxuhv wr lqghshqghqwo| hvwlpdwhg
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fxuyhv1 Ilqdoo|/ vhfwlrq YL frqfoxghv wkh sdshu1

LL Pxowl0Fxuyh Prgho

D frusrudwh whup vwuxfwxuh lv rewdlqhg e| dgglqj d whup vwuxfwxuh ri fuhglw vsuhdgv wr wkh ghidxow0iuhh jry0

huqphqw fxuyh1 Wkhruhwlfdo prghov ri frusrudwh erqg sulfhv/ vxfk dv wkh prghov e| Phuwrq +4<:7,/ Orqjvwd�

dqg Vfkzduw} +4<<8, dqg Mduurz/ Odqgr dqg Wxuqexoo +4<<:,/ lpso| vprrwk fuhglw vsuhdg fxuyhv1 Iru lqyhvw0

phqw judgh �upv wkhvh prghov suhglfw wkdw wkh vsuhdg fxuyh lv d prqrwrqlfdoo| lqfuhdvlqj ixqfwlrq ri wlph wr

pdwxulw|/ zkloh iru vshfxodwlyh judgh erqgv d kxpshg0vkdshg ru grzqzdug vorslqj vsuhdg fxuyh lv h{shfwhg1

Uhfhqw hpslulfdo uhvhdufk e| Khozhjh dqg Wxuqhu +4<<<, vxssruwhg wkh k|srwkhvlv ri lqfuhdvlqj fuhglw vsuhdgv

iru kljk0judgh lvvxhuv/ exw dovr irxqg vwdwlvwlfdoo| vljql�fdqw hylghqfh ri lqfuhdvlqj vsuhdgv iru orzhu udwlqj

fdwhjrulhv1

Lghdoo|/ zh zrxog olnh wr xvh d gl�huhqw vsuhdg fxuyh iru hdfk �up/ uh hfwlqj wkh xqltxhqhvv ri d �up*v

fkdudfwhulvwlfv wkdw ghwhuplqh lwv fuhglw ulvn1 Krzhyhu/ gxh wr gdwd frqvwudlqwv/ zklfk duh glvfxvvhg lq vhfwlrq

LY / zh kdyh wr uhvruw wr jurxslqj �upv wkdw kdyh vlplodu fuhglw zruwklqhvv dqg idfh vlplodu rshudwlqj hqyl0

urqphqwv1 Zh gr wklv e| fdwhjrulvlqj �upv e| fuhglw udwlqj dqg lqgxvwu| lqwr F fdwhjrulhv/ zkhuh fdwhjru| 4

fruuhvsrqgv wr jryhuqphqw erqgv1 Wkh sxusrvh lv wr hvwlpdwh d vsuhdg fxuyh iru hdfk fdwhjru|1 Rqh zd| ri

dfklhylqj wklv jrdo lv e| dsso|lqj d vwdqgdug whup vwuxfwxuh hvwlpdwlrq surfhgxuh iru hdfk ri wkh fdwhjrulhv/

vhh h1j1 Dqghuvrq/ Euhhgrq/ Ghdfrq/ Ghuu| dqg Pxusk| +4<<9/ fkdswhu 5, iru dq h{whqvlyh ryhuylhz ri whup

vwuxfwxuh hvwlpdwlrq phwkrgv1 D vhsdudwh prgho lv vshfl�hg iru hdfk fdwhjru| f dqg wkh prgho sdudphwhuv

duh hvwlpdwhg iurp d gdwd vhw ri erqgv ri wkdw fdwhjru|1 Wkh fuhglw vsuhdg fxuyh lv wkhq fdofxodwhg dv wkh

gl�huhqfh ehwzhhq wkh lqghshqghqwo| hvwlpdwhg whup vwuxfwxuhv ri fdwhjrulhv f dqg 4 +wkh jryhuqphqw,1 Lq

vhfwlrq Y / zh looxvwudwh wkdw wkhvh fdofxodwlrqv duh olnho| wr uhvxow lq wzlvw| vsuhdg fxuyhv wkdw dowhuqdwho|

kdyh srvlwlyho| dqg qhjdwlyho| vorshg vhjphqwv1 Wklv frqwudglfwv wkh vprrwk fxuyhv wkdw duh suhglfwhg e| wkh

wkhruhwlfdo erqg sulfh prghov phqwlrqhg deryh1 Pruhryhu/ wkh ohyho dqg vkdsh ri wkh vsuhdg duh vkrzq wr eh

vhqvlwlyh wr prgho plvvshfl�fdwlrq1

Lqvwhdg ri lqghshqghqwo| hvwlpdwlqj whup vwuxfwxuhv/ zh sursrvh d mrlqw hvwlpdwlrq dssurdfk1 Vlqfh d

frusrudwh whup vwuxfwxuh frqvlvwv ri d ghidxow0iuhh fxuyh dqg d fuhglw vsuhdg fxuyh/ lw vhhpv qdwxudo wr rqo|

prgho wkh vsuhdg dqg wdnh wkh ghidxow0iuhh sduw iurp wkh jryhuqphqw fxuyh1 Vhyhudo uhsuhvhqwdwlrqv ri wkh
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whup vwuxfwxuh h{lvw/ vxfk dv e| phdqv ri glvfrxqw idfwruv ru vsrw lqwhuhvw udwhv/ exw lw lv frpprq sudfwlfh wr

prgho wkh glvfrxqw fxuyh1 Zh wkhuhiruh sursrvh wkh iroorzlqj iudphzrun iru mrlqwo| hvwlpdwlqj wkh glvfrxqw

fxuyhv4

G4 +w, @ g +w,

Gf +w, @ g +w, . vf +w, > f @ 5> 6> = = = > F>

+4,

zkhuh Gf +�, lv wkh glvfrxqw fxuyh ri fdwhjru| f/ g +�, lv wkh prgho iru wkh jryhuqphqw glvfrxqw fxuyh dqg vf +�,

lv wkh prgho iru wkh glvfrxqw vsuhdg fxuyh ri fdwhjru| f zlwk uhvshfw wr wkh jryhuqphqw fxuyh1 Doo sdudphwhuv

lq wkh prghov iru wkh jryhuqphqw fxuyh dqg wkh glvfrxqw vsuhdg fxuyhv duh mrlqwo| hvwlpdwhg iurp d frpelqhg

gdwd vhw ri jryhuqphqw dqg frusrudwh erqgv1 Zh uhihu wr wklv prgho dv wkh pxowl0fxuyh prgho dv rssrvhg wr

d vlqjoh0fxuyh prgho wkdw lqghshqghqwo| hvwlpdwhv d vlqjoh frusrudwh whup vwuxfwxuh1

Wr prgho g +�, dqg vf +�, > zh xvh vsolqh ixqfwlrqv/ dv lqwurgxfhg wr wkh whup vwuxfwxuh hvwlpdwlrq olwhudwxuh

e| PfFxoorfk +4<:4,1 Vrph frpprqo| xvhg vsolqh prghov duh wkh h{srqhqwldo vsolqhv/ e| Ydvlfhn dqg Irqj

+4<;5,/ dqg wkh E0vsolqhv/ dv glvfxvvhg e| Vkhd +4<;8, dqg Vwhhoh| +4<<4,1 Vsolqhv duh wdloruhg wr dssur{lpdwh d

vfdwwhu ri gdwd srlqwv e| d frqwlqxrxv dqg suhihudeo| vprrwk ixqfwlrq1 Wkhlu pdlq dgydqwdjh lv wkhlu  h{lelolw|=

wkhuh lv qr qhhg wr d sulrul lpsrvh d sduwlfxodu fxuydwxuh/ ehfdxvh wkh vkdsh ri wkh fxuyh lv ghwhuplqhg e| wkh

gdwd1 Eolvv +4<<:, frpsduhg vhyhudo qrq0sdudphwulf whup vwuxfwxuh hvwlpdwlrq prghov dqg irxqg wkdw vsolqh

prghov shuirup dw ohdvw dv jrrg dv frpshwlqj prghov/ dqg rxwshuirup wkh rwkhu frqvlghuhg prghov li wkh gdwd

frqwdlqv orqjhu pdwxulw| erqgv +ryhu 8 |hduv,1

Vsolqhv duh edvlfdoo| slhfhzlvh sro|qrpldov1 Wkh dssur{lpdwlrq lqwhuydo5 ^d> e` lv glylghg lqwr q vxelqwhuydov

^�3> �4` > ^�4> �5` > = = = > ^�q�4> �q`/ zkhuh wkh nqrwv � l duh fkrvhq vxfk wkdw d @ �3 ? �4 ? === ? �q @ e1 Wkh gdwd

srlqwv lq hdfk vxelqwhuydo duh prghoohg dv d nwk ghjuhh sro|qrpldo1 Wkh q sro|qrpldov duh frqvwudlqhg e| wkh

frqglwlrq wkdw wkh vsolqh kdv wr eh n � 4 wlphv frqwlqxrxvo| gl�huhqwldeoh1 Wklv lv d uhvwulfwlrq dw wkh nqrwv

4Dowhuqdwlyho|/ zh frxog prgho

(S E|� ' 6S E|�_ E|� c S ' 2c �c � � � c �c

zklfk frqwdlqv d pxowlsolfdwlyh vsuhdg 6S E|� lqvwhdg ri dq dgglwlyh vsuhdg rS E|� � Wkh vsrw fxuyh wkdw fruuhvsrqgv wr vxfk d

glvfrxqw fxuyh uhdgv

oS E|� '
3 *?(S E|�

|
'
3 *? _ E|�

|
n
3 *?6S E|�

|

 o� E|� n rW

S
E|� c

l1h1 dq dgglwlyh vsuhdg rq wkh jryhuqphqw vsrw fxuyh1 Dowkrxjk wklv vshfl�fdwlrq pd| eh lqwxlwlyho| pruh dsshdolqj wkdq dq

dgglwlyh vsuhdg rq wkh jryhuqphqw glvfrxqw fxuyh/ lw lv pruh gl!fxow wr hvwlpdwh gxh wr wkh qrqolqhdulw| ri (S E|�1 Wkhuhiruh/ zh
ohdyh wklv pxowlsolfdwlyh prgho iru d iroorz0xs sdshu dqg irfxv khuh rq wkh dgglwlyh prgho1

5Zlwk whup vwuxfwxuh hvwlpdwlrq wkh dssur{lpdwlrq lqwhuydo uxqv iurp 3 wr wkh orqjhvw erqg pdwxulw| lq wkh vdpsoh1
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�4> �5> = = = > �q�4 rqo| dqg srvhv n frqvwudlqwv rq wkh frh!flhqwv ri wzr dgmdfhqw sro|qrpldov1 Lq vxp/ zh kdyh

q +n . 4, frh!flhqwv plqxv +q� 4,n frqvwudlqwv/ ohdylqj rqo| q. n ghjuhhv ri iuhhgrp1 D pruh sduvlprqlrxv

zd| ri uhsuhvhqwlqj vsolqhv lv e| phdqv ri edvlv ixqfwlrqv/ vhh h1j1 Srzhoo +4<;4/ s1 55;,1 Dq| nwk ghjuhh

vsolqh ixqfwlrq V +�, zlwk nqrwv � fdq eh h{suhvvhg dv d olqhdu frpelqdwlrq ri q . n edvlv ixqfwlrqv i +�, @

ii4 +�, > i5 +�, > ===> iq.n +�,j

V +w, @
q.n[
v@4

�viv +w, @ i +w,3 �=

Rqfh wkh edvlv lv fkrvhq dqg wkh ghjuhh n dqg wkh nqrwv � duh vhw/ wkh edvlv ixqfwlrqv duh ixoo| vshfl�hg1 Wkh

vsolqh zhljkwv � krzhyhu duh xqnqrzq dqg zloo eh hvwlpdwhg iurp wkh gdwd1 Srzhoo +4<;4, uhfrpphqgv wkh

xvh ri d edvlv ri E0vsolqh ixqfwlrqv/ ehfdxvh ri wkhlu h!flhqf| dqg qxphulfdo vwdelolw|1 Vwhhoh| +4<<4, ghwdlov

wkh xvh ri E0vsolqhv iru whup vwuxfwxuh hvwlpdwlrq1

Zh xvh E0vsolqhv wr prgho wkh jryhuqphqw glvfrxqw fxuyh dqg frusrudwh glvfrxqw vsuhdg fxuyhv lq +4,1

Zh vhw g +w, @ j4 +w,
3 �4 dqg vf +w, @ jf +w,

3 �f> zkhuh jl +�, frqwdlqv ql. nl E0vsolqh edvlv ixqfwlrqv wkdw vsdq

d vsolqh ri nwkl ghjuhh zlwk nqrwv � l> vhfwlrq LY glvfxvvhv wkh vshfl�fdwlrq ri wkh ghjuhhv dqg nqrwv1 Wkh

pxowl0fxuyh prgho +4, lv wkhq uhzulwwhq dv

G4 +w, @ j4 +w,
3 �4+5d,

Gf +w, @ j4 +w,
3 �4 . jf +w,

3 �f> f @ 5> 6> = = = > F=+5e,

Wr hvwlpdwh wkh xqnqrzq vsolqh zhljkwv �4>�5> = = = >�F / zh frqvwuxfw d gdwd vhw/ frqvlvwlqj ri Ef erqgv ri

fdwhjru| f/ dqg xvh wkh glvfrxqwhg fdvk  rz +GFI, htxdwlrq wr olqn wkh erqg sulfhv wr d glvfrxqw fxuyh1 Wkh

GFI htxdwlrq h{suhvvhv wkh wkhruhwlfdo sulfh ri wkh ewk erqg ri fdwhjru| f dv wkh vxp ri glvfrxqwhg fdvk  rzv

SGFI>fe @
Qfe[
l@4

FIfelGf +wfel, /+6,

zkhuh SGFI>fe lv wkh wkhruhwlfdo erqg sulfh/ Qfe lv wkh qxpehu ri fdvk  rzv dqg FIfel lv wkh lwk fdvk  rz

wkdw lv sdlg dw wlph wfel1 E| xvlqj wkh GFI htxdwlrq dv wkh erqg sulfh prgho/ zh kdyh wr frq�qh wkh gdwd vhw

wr erqgv zkrvh fkdudfwhulvwlfv duh lq olqh zlwk lwv dvvxpswlrqv1 Wklv dprxqwv wr lqfoxglqj �{hg0lqfrph erqgv

zlwk nqrzq uhghpswlrqv dqg h{foxglqj dq| erqgv zlwk rswlrqdo hohphqwv � vxfk dv fdoodeoh dqg sxwwdeoh
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erqgv � dqg erqgv zlwk  rdwlqj ru lqgh{0olqnhg frxsrqv1

Iru fdwhjru| 4/ l1h1 iru jryhuqphqw erqgv/ zh vxevwlwxwh +5d, lqwr +6,/ |lhoglqj

SGFI>4e @

Q4e[
l@4

FI4el

#
q4.n4[
v@4

�4vj4v +w4el,

$
@

q4.n4[
v@4

�4v

#
Q4e[
l@4

FI4elj4v +w4el,

$
+7d,

�
q4.n4[
v@4

{4ev�4v @ {3

4e�4>

zkhuhdv iru fdwhjrulhv 5> 6> = = = > F vxevwlwxwlrq ri +5e, lqwr +6, uhvxowv lq

SGFI>fe @
q4.n4[
v@4

�4v

#
Qfe[
l@4

FIfelj4v +wfel,

$
.

qf.nf[
v@4

�fv

#
Qfe[
l@4

FIfeljfv +wfel,

$
+7e,

�
q4.n4[
v@4

{fev�4v .
qf.nf[
v@4

|fev�fv @ {3

fe�4 . |3

fe�f

Qrwh wkdw wkhvh htxdwlrqv iru wkh wkhruhwlfdo erqg sulfh duh olqhdu lq wkh xqnqrzq sdudphwhuv/ ehfdxvh doo

whupv lq { dqg | duh hlwkhu nqrzq iurp wkh fkdudfwhulvwlfv ri wkh erqg ru wkh vshfl�fdwlrq ri wkh vsolqh prghov1

Lq rughu wr hvwlpdwh wkh vsolqh zhljkwv/ zh vxevwlwxwh wkh wkhruhwlfdo sulfhv SGFI>fe e| revhuyhg pdunhw sulfhv

Sfe dqg dgg dq huuru whup %fe wr wkh htxdwlrqv1 Wkh huuru whup lv qhfhvvdu|/ ehfdxvh wkh GFI phwkrg lv qrw

deoh wr shuihfwo| h{sodlq erqg sulfhv16 Xvlqj pdwul{ qrwdwlrq/ zh rewdlq wkh iroorzlqj olqhdu uhjuhvvlrq prgho
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�
/+8,

zkhuh [f lv d +Ef � +q4 . n4,, pdwul{ zlwk urzv
�
{3

f4>{
3

f5> = = = >{
3

fEf

�
dqg \f lv d +Ef � +qf . nf,, pdwul{ zlwk

urzv
�
|3

f4>|
3

f5> = = = >|
3

fEf

�
1 Zh doorz wkh glvwxuedqfhv wr kdyh gl�huhqw yduldqfhv iru hdfk fdwhjru|/ ehfdxvh

sulfhv ri orzhu udwhg erqgv duh jhqhudoo| pruh qrlv| gxh wr orzhu oltxlglw| dqg d kljkhu xqfhuwdlqw| derxw

wkhlu shufhlyhg fuhglw zruwklqhvv17

6Ri frxuvh lw lv srvvleoh wr rewdlq dq duelwudu| kljk jrrgqhvv ri �w e| lqfuhdvlqj wkh qxpehu ri sdudphwhuv1 Krzhyhu/ wkh
uhvxowlqj whup vwuxfwxuh lv olnho| wr kdyh d wzlvwlqj vkdsh dqg d zlgh frq�ghqfh lqwhuydo1

7Dovr/ wkh uhvlgxdov ri lqghshqghqwo| hvwlpdwhg vlqjoh0fxuyh prghov fdq eh vkrzq wr kdyh vljql�fdqwo| gl�huhqw yduldqfhv xvlqj
d khwhurvfhgdvwlflw| whvw1

8



Hvwlpdwhv a�4> a�5> = = = > a�F ri wkh vsolqh zhljkwv duh uhdglo| rewdlqhg e| dsso|lqj Ihdvleoh Jhqhudolvhg Ohdvw

Vtxduhv +IJOV, hvwlpdwlrq wr +8,18 Vlqfh zh prghoohg wkh glvfrxqw fxuyhv dv frqwlqxrxv ixqfwlrqv ri wlph wr

pdwxulw|/ zh fdq hydoxdwh aGf +w, iru dq| pdwxulw| w1 Lw lv lpsruwdqw wr hpskdvlvh krzhyhu/ wkdw vsolqhv duh

dq lqwhusrodwlrq whfkqltxh1 Wkhuhiruh/ glvfrxqw idfwruv iru pdwxulwlhv eh|rqg wkh pd{lpxp pdwxulw| erqg

ehfrph xquholdeoh1

LLL Frq�ghqfh Lqwhuydov

Erqg sulfhv duh qrw shuihfwo| h{sodlqhg e| rxu prgho1 Frqvhtxhqwo|/ wkh whup vwuxfwxuh fdqqrw eh phdvxuhg

h{dfwo| dqg ydoxhv ghulyhg iurp lw duh vxemhfw wr udqgrp phdvxuhphqw huuru1 Wr hydoxdwh wkh dffxudf| ri

hvwlpdwhg glvfrxqw/ vsrw/ glvfrxqw vsuhdg dqg vsrw vsuhdg fxuyhv/ zh frqvwuxfw frq�ghqfh lqwhuydov iru wkhvh

hvwlpdwhv1 Iru wkhlu frqvwuxfwlrq/ yduldqfhv ri wkh hvwlpdwhv duh uhtxluhg/ zkrvh frpsxwdwlrq lv ghwdlohg ehorz1

Zlwk vsolqh hvwlpdwlrq lw lv vwudljkwiruzdug wr fdofxodwh wkh yduldqfh ri dq hvwlpdwhg glvfrxqw idfwru iru d

vshfl�f pdwxulw| w1 Vlqfh wkh hvwlpdwh aGf +w, ri wkh glvfrxqw idfwru iru pdwxulw| w lv d olqhdu frpelqdwlrq ri

wkh sdudphwhu hvwlpdwhv/ zh fdq dsso| wkh uhvxow wkdw wkh yduldqfh ri d olqhdu frpelqdwlrq d3� ri d yhfwru ri

udqgrp yduldeohv � zlwk fryduldqfh pdwul{ fry +�, lv jlyhq e| wkh txdgudwlf irup

ydu +d3�, @ d3 fry +�,d=+9,

Khqfh/

ydu
�
aG4 +w,

�
@ j4 +w,

3 fry
�
a�4

�
j4 +w, / dqg

ydu
�
aGf +w,

�
@ +j4 +w, >jf +w,,

3 fry
�
a�4> a�f

�
+j4 +w, >jf +w,, > f @ 5> 6> = = = > F1

Vlploduo|/ wkh yduldqfh ri dq hvwlpdwhg glvfrxqw vsuhdg avf +w, @ aGf +w,� aG4 +w, htxdov

ydu +avf +w,, @ jf +w,
3 fry

�
a�f

�
jf +w, > f @ 5> 6> = = = > F1

Lw lv dovr lqwhuhvwlqj wr kdyh dq h{suhvvlrq iru wkh dffxudf| ri wkh fruuhvsrqglqj vsrw fxuyhv dqg vsrw vsuhdg

8Dfwxdoo|/ zh duh xvlqj Uhvwulfwhg IJOV/ ehfdxvh zh lpsrvh wkh frqvwudlqwv wkdw wkh glvfrxqw ixqfwlrqv kdyh ydoxh 4 iru
pdwxulw| 3/ l1h1 (S Ef� ' �1 Wklv lv d olqhdu uhvwulfwlrq rq wkh vsolqh zhljkwv/ vhh +5d, dqg +5e,1

9



fxuyhv1 Ehfdxvh wkhvh fxuyhv ghshqg qrq0olqhduo| rq wkh hvwlpdwhg sdudphwhuv/ wkhlu yduldqfhv duh qrw vwudljkw0

iruzdugo| frpsxwhg1 D xvhixo dssur{lpdwlrq lv jlyhq e| wkh iroorzlqj uhvxow/ zklfk lv d jhqhudolvdwlrq ri +9,=

wkh yduldqfh ri d ixqfwlrq ! +�, ri � lv dssur{lpdwhg e| wkh txdgudwlf irup

ydu +! +�,, �
�
C! +�,

C�

�
3

fry +�,

�
C! +�,

C�

�
1+:,

Wkh hvwlpdwhg vsrw udwh auf +w, lv d ixqfwlrq ri wkh hvwlpdwhg glvfrxqw idfwru aGf +w,

auf +w, @ !
�
aGf +w,

�
@ � oq aGf +w,

w
>+;,

vr wkdw lwv yduldqfh lv dssur{lpdwho|

ydu +auf +w,, �
#

�4

w aGf +w,

$
ydu

�
aGf +w,

�# �4

w aGf +w,

$
@

ydu
�
aGf +w,

�
�
w aGf +w,

�5 1+<,

Wr frqvwuxfw wkh yduldqfh iru dq hvwlpdwhg vsrw vsuhdg fxuyh

avu>f +w, @ auf +w,� au4 +w, @ �
oq
�
ag +w, . avf +w,

�
w

.
oq ag +w,

w
/+43,

zh zulwh lw h{solflwo| dv d ixqfwlrq ri wkh hvwlpdwhg sdudphwhuv a�4 dqg a�f

avu>f +w, @ !
�
a�4> a�f

�
@ �

oq
�
j4 +w,

3 a�4 . jf +w,
3 a�f

�
w

.
oq
�
j4 +w,

3 a�4

�
w

1

Xvlqj +:,/ wkh yduldqfh lv wkhq dssur{lpdwhg dv

ydu +avu>f +w,, �
�
Cavu>f +w,

Ca�4
>
Cavu>f +w,

Ca�f

�
3

fry
�
a�4> a�f

��Cavu>f +w,

Ca�4
>
Cavu>f +w,

Ca�f

�
/+44,

zkhuh

Cavu>f +w,

Ca�4
@

�j4 +w,

w
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j4 +w,

3 a�4 . jf +w,
3 a�f
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j4 +w,

wj4 +w,
3 a�4

dqg

Cavu>f +w,

Ca�f

@
�jf +w,

w
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j4 +w,

3 a�4 . jf +w,
3 a�f
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LY Prgho Vhwwlqjv dqg Gdwd

D Prgho Vhwwlqjv

Ehiruh zh duh deoh wr hvwlpdwh wkh uhjuhvvlrq prgho +8,/ zh kdyh wr vshfli| wkh h{dfw irup ri wkh edvlv ixqfwlrqv1

Wkh ixqfwlrqdo irup ri wkh edvlv ixqfwlrqv iroorzv e| fkrrvlqj wkh ghjuhh ri wkh vsolqhv dqg wkh qxpehu dqg

orfdwlrq ri wkh nqrwv1 Wkhvh fkrlfhv uh hfw wkh idploldu wudgh0r� ehwzhhq  h{lelolw| dqg vprrwkqhvv1 Wkh

ghjuhh ri wkh vsolqhv vkrxog qrw eh fkrvhq wrr kljk/ wr suhfoxgh wkh sureohpv ri kljkhu rughu sro|qrpldov9 1

Li wkh rughu lv wrr orz krzhyhu/ wkh hvwlpdwhg fxuyh zloo qrw �w wkh gdwd yhu| zhoo1 Li wkh qxpehu ri nqrwv lv

fkrvhq wrr orz/ wkh prgho zloo qrw eh deoh wr �w whup vwuxfwxuhv zlwk gl!fxow vkdshv1 Rq wkh rwkhu kdqg/ li

lw lv wrr kljk/ wkh hvwlpdwhg fxuyh lv vhqvlwlyh wr rxwolhuv1

Iru wkh vsolqh prgho iru wkh jryhuqphqw glvfrxqw fxuyh/ zh fdq xvh uhvxowv iurp wkh whup vwuxfwxuh hv0

wlpdwlrq olwhudwxuh1 Doprvw doo vwxglhv wkdw hpsor| vsolqh ixqfwlrqv wr prgho wkh glvfrxqw fxuyh xvh wklug

ghjuhh vsolqhv1: Ehlp +4<<5, frqgxfwhg d vlpxodwlrq vwxg| dqg frqfoxghg wkdw fxelf vsolqhv duh suhihudeoh1

Srlulhu +4<:9/ s1 7<, ghprqvwudwhg wkdw �wwlqj d fxelf vsolqh plqlplvhv wkh lqwhjudo ri wkh vtxduh ri wkh vhfrqg

ghulydwlyh/ zklfk lv dq dssur{lpdwlrq ri d ixqfwlrq*v vprrwkqhvv/ vhh dovr Dgdpv dqg ydq Ghyhqwhu +4<<7,1

Frqvhtxhqwo|/ fxelf vsolqhv duh d frqyhqlhqw frpsurplvh ehwzhhq kljk jrrgqhvv ri �w dqg vprrwk fxuyhv1

Zlwk uhjdug wr wkh vshfl�fdwlrq ri wkh nqrwv/ wkhuh lv ohvv djuhhphqw1 PfFxoorfk +4<:4, sursrvhg wr vhw wkh

qxpehu ri nqrwv htxdo wr wkh lqwhjhu qhduhvw wr wkh vtxduh urrw ri wkh qxpehu ri erqgv lq wkh vdpsoh1 Wkh nqrwv

duh wkhq orfdwhg vxfk wkdw dq dssur{lpdwho| htxdo qxpehu ri erqgv lv sodfhg lq hdfk vhjphqw1 Olw}hqehujhu

dqg Uroir +4<;7, vwdwhg wkdw wkh PfFxoorfk vfkhph lv olnho| wr uhvxow lq d srru �w iru orqjhu pdwxulwlhv gxh

wr wkh odujhu qxpehu ri vkruwhu pdwxulw| erqgv1 Dv dq dowhuqdwlyh/ wkh| vxjjhvwhg wr h{rjrqhrxvo| sodfh wkh

nqrwv dw 4/ 8 dqg 43 |hduv/ urxjko| fruuhvsrqglqj wr dq hfrqrplf vhjphqwdwlrq lqwr vkruw/ phglxp dqg orqj

pdwxulwlhv1 Odqjhwlhj dqg Vprrw +4<;<, whvwhg wkh PfFxoorfk nqrw sodfhphqw vfkhph djdlqvw wkh hfrqrplf

vfkhph dqg irxqg wkdw wkh odwwhu w|slfdoo| shuiruphg ehwwhu1 Vwhhoh| +4<<4, h{shulphqwhg zlwk wkh vshfl�fdwlrq

ri wkh nqrwv dqg uhfrpphqghg sodflqj nqrwv dw 8 dqg 43 |hduv dv d vwduwlqj srlqw iru ixwxuh uhvhdufk1 Wkh

vlpxodwlrq vwxg| e| Ehlp +4<<5, uhyhdohg wkdw fxelf vsolqhv zlwk wzr nqrwv plqlplvhg wkh vwdqgdug huuru ri

9Xvlqj kljkhu rughu sro|qrpldov riwhq uhvxowv lq vsxulrxv fxuydwxuh ehwzhhq wkh gdwd srlqwv/ vhh h1j1 Vkhd +4<;7/ s1588,1 Wklv
lv hvshfldoo| wuxh li vxfk sro|qrpldov duh �wwhg wr gdwd wkdw duh qrw xqlirupo| glvwulexwhg ryhu wkh dssur{lpdwlrq lqwhuydo/ dv lv
wkh fdvh zlwk whup vwuxfwxuh hvwlpdwlrq/ vhh �jxuh 4 lq vhfwlrq E 1

:Rqo| PfFxoorfk +4<:4, xvhg txdgudwlf vsolqhv lq klv slrqhhulqj vwxg|/ uhvxowlqj lq *nqxfnohv* lq wkh iruzdug fxuyh1 Lq klv
iroorz0xs sdshu/ PfFxoorfk +4<:8, vzlwfkhg wr fxelf vsolqhv1

;



�w ehwzhhq wkh hvwlpdwhg dqg wkh vlpxodwhg cwuxh* glvfrxqw fxuyhv1

Zh dovr xvh vsolqh ixqfwlrqv wr prgho glvfrxqw vsuhdg fxuyhv/ exw wkhuh lv qr sulru hylghqfh dydlodeoh rq

wkh vshfl�fdwlrq ri wkh ghjuhh dqg wkh nqrwv1 Zh surylgh d khxulvwlf mxvwl�fdwlrq ri wkh prgho vhwwlqjv lq

vhfwlrq Y 1 Rxu fkrlfhv duh jxlghg e| wkh revhuydwlrq wkdw d vsuhdg fxuyh jhqhudoo| kdv d ohvv frpsolfdwhg

vkdsh wkdq d whup vwuxfwxuh1 Wkhuhiruh/ zh uhgxfh wkh  h{lelolw| ri wkh vsolqh prgho iru wkh vsuhdg fxuyh e|

uhgxflqj wkh ghjuhhv ri iuhhgrp1 Frpsduhg wr wkh vsolqh iru wkh glvfrxqw fxuyh ri fdwhjru| f lq d vlqjoh0fxuyh

prgho/ zh vshfli| wkh glvfrxqw vsuhdg fxuyh vf +�, lq wkh pxowl0fxuyh prgho dv d orzhu ghjuhh vsolqh zlwk d

vpdoohu qxpehu ri nqrwv1 Wkdw lv/ zh xvh d txdgudwlf vsolqh ixqfwlrq dqg wkh nqrwv duh fkrvhq wr eh d vxevhw

ri wkh nqrwv ri wkh vlqjoh0fxuyh vsolqh prgho1

E Gdwd

Wr dssudlvh wkh shuirupdqfh ri wkh sursrvhg pxowl0fxuyh prgho dqg frpsduh lw wr lqghshqghqwo| hvwlpdwhg

vlqjoh0fxuyh prghov/ zh xvh d gdwd vhw ri Jhupdq Pdun +GHP, ghqrplqdwhg erqgv1 Wkhlu fkdudfwhulvwlfv/

olnh wkh pdwxulw| gdwh/ frxsrq shufhqwdjh dqg udwlqj/ duh rewdlqhg iurp Eorrpehuj/ zkhuhdv erqg txrwhv duh

uhwulhyhg gdlo| dw 7133sp iurp Uhxwhuv* WUHDVXU\ dqg HXURERQG sdjhv1; 1 Iru looxvwudwlrq/ zh suhvhqw

wkh uhvxowv iru wkh wudglqj gd|v ri Mxqh 4<<;/ |lhoglqj d wrwdo ri 45<4 txrwhg erqgv1 Wr hvwlpdwh wkh whup

vwuxfwxuhv/ zh frqvwuxfw d vdpsoh ri �{hg0frxsrq/ exoohw erqgv dqg wr hqvxuh wkhlu oltxlglw|/ zh rqo| xvh erqgv

wkdw duh txrwhg rq dw ohdvw 4; gd|v ri wkh 53 wudglqj gd|v ri Mxqh 4<<;1 Wkhuh duh 953 erqgv wkdw vdwlvi| wkhvh

uhvwulfwlrqv1

Lq hvwlpdwlqj wkh whup vwuxfwxuh rq d sduwlfxodu wudglqj gd|/ zh dovr frqvlvwhqwo| h{foxgh doo erqgv zlwk

d pdwxulw| ohvv wkdq 4 |hdu/ ehfdxvh vxfk erqgv w|slfdoo| kdyh orz oltxlglw|< 1 Lqvwhdg/ zh dgg irxu v|qwkhwlf

}hur0frxsrq erqgv wr wkh vdpsoh/ zkrvh sulfhv fruuhvsrqg wr 40/ 60 dqg 90prqwk dqg 40|hdu prqh|0pdunhw

udwhv/ uhvshfwlyho| +vhh dovr E kohu/ Xkulj0Krpexuj/ Zdowhu dqg Zhehu/ 4<<</ s1 48,1 Zh xvh Iudqnixuw

Lqwhuedqn R�huhg Udwhv +ILERUv, dv prqh|0pdunhw udwhv/ exw vlqfh prvw frpphufldo edqnv kdyh dq DD

udwlqj wkhvh udwhv duh qrw vwudljkwo| dssolfdeoh wr rwkhu udwlqj fodvvhv1 Wkhuhiruh/ zh fruuhfw wkh ILERUv e|

dgglqj ru vxewudfwlqj d udwlqj0ghshqghqw vsuhdg1 Wkh sulfh Sfw ri d v|qwkhwlf erqg iru fdwhjru| f ri pdwxulw|

;Wkhvh Uhxwhuv sdjhv duh frqqhfwhg wr eurnhu sdjhv/ dqg hdfk wlph d eurnhu xsgdwhv d txrwh iru d erqg/ wkdw txrwh lv dovr
uhiuhvkhg rq wkh Uhxwhuv sdjh1 Wkhuhiruh/ wkh WUHDVXU\ dqg HXURERQG sdjhv surylgh d jrrg uhsuhvhqwdwlrq ri wkh pdunhw1

<Wkhuh duh dw ohdvw wkuhh uhdvrqv iru wkh looltxlglw| ri erqgv zlwk d uhpdlqlqj pdwxulw| ri ohvv wkdq 4 |hdu1 Iluvw/ wkh| duh
xvxdoo| nhsw lq sruwirolr xqwlo uhghpswlrq wr uhfhlyh wkh sulqflsdo1 Vhfrqg/ gxh wr wkhlu vpdoo gxudwlrq/ wkhlu sulfh lv uhodwlyho|
lqvhqvlwlyh wr fkdqjhv lq lqwhuhvw udwhv1 Wklug/ wudqvdfwlrq frvwv lq xhqfh vkruw whup |lhogv pruh wkdq orqj whup |lhogv1 Wkhvh
idfwruv pdnh vkruw pdwxulw| erqgv xqsrsxodu dprqj lqyhvwruv1

<



w lv wkxv frpsxwhg dv

Sfw @
4

+4 . ILERUw . fruuhfwlrqf,
w
=

Wkh qxpehu ri vxlwdeoh erqgv ri d vlqjoh frusrudwh ghewru lv olplwhg1 Wkuhh dujxphqwv h{sodlq wklv vpdoo

vdpsoh vl}h1 Iluvw/ d qrq0jryhuqphqw ghewru kdv vpdoohu eruurzlqj uhtxluhphqwv/ vr wkdw wkh qxpehu ri lvvxhg

erqgv lv w|slfdoo| udwkhu vpdoo1 Dovr/ wkhlu dprxqw rxwvwdqglqj lv pxfk vpdoohu/ zklfk xvxdoo| lpsolhv ohvv

oltxlglw|1 Vhfrqg/ iru �qdqfldo ulvn pdqdjhphqw sxusrvhv/ pdq| frpsdqlhv lvvxh wkhlu erqgv lq gl�huhqw

frxqwulhv wr r�vhw fxuuhqf| h{srvxuhv lq wkrvh frxqwulhv1 Dv d uhvxow/ wkh qxpehu ri erqgv ghqrplqdwhg lq d

vlqjoh fxuuhqf| fdq eh udwkhu vpdoo1 Ilqdoo|/ pdq| frusrudwh erqgv kdyh hpehgghg rswlrqv dqg wkxv gr qrw

frpso| zlwk wkh dvvxpswlrqv ri wkh GFI prgho1

Wkhuhiruh/ zh uhvruw wr jurxslqj �upv e| udwlqj dqg lqgxvwu|1 Iluvw zh vkrz d glylvlrq ri wkh lqfoxghg erqgv

e| udwlqj/ vhh wdeoh 41 Zh xvh frpsrxqghg/ djjuhjdwhg udwlqjv/ l1h1 frpsrvhg ri Prrg|*v dqg Vwdqgdug )

Srru*v pdmru udwlqjv/ dqg frqvlghu DDD0udwhg jryhuqphqw erqgv dv d vhsdudwh fdwhjru|/ lqglfdwhg e| cudwlqj*

v|pero JRYW1 Lw lv fohdu wkdw wkh qxpehu ri erqgv shu udwlqj ghfuhdvhv zlwk fuhglw txdolw|1 Wkhuhiruh/ wkh

uholdeoh hvwlpdwlrq ri whup vwuxfwxuhv ri orzhu udwlqj fdwhjrulhv lv kdpshuhg e| dq lqvx!flhqw qxpehu ri erqgv

li zh zhuh wr xvh d vlqjoh0fxuyh phwkrg1 Wkh sursrvhg pxowl0fxuyh prgho r�huv d vroxwlrq/ ehfdxvh lw rqo|

irfxvhv rq wkh vsuhdg fxuyh dqg lqyroyhv ohvv sdudphwhuv1

^lqvhuw wdeoh 4 durxqg khuh`

Wkh glvwulexwlrq ri wkh erqg*v pdwxulw| gdwhv lv vkrzq lq �jxuh 41 Iru jryhuqphqw erqgv dqg DDD erqgv/

odujh jdsv lq wkh pdwxulw| glvwulexwlrq duh revhuyhg eh|rqg d pdwxulw| ri 43 |hduv1 Wklv lv fdxvhg e| wkh yhu|

lqiuhtxhqw lvvxdqfh ri orqj whup erqgv +h1j1 630|hdu erqgv,/ dv rssrvhg wr wkh uhjxodu lvvxdqfh ri 80|hdu dqg

430|hdu erqgv1 Wkhuhiruh/ d whup vwuxfwxuh hvwlpdwlrq surfhgxuh kdv ihz gdwd srlqwv eh|rqg 43 |hduv dqg

lghqwl�fdwlrq ri wkdw sduw ri wkh whup vwuxfwxuh lv pruh gl!fxow1 Wkh frq�ghqfh lqwhuydo lv wkhuhiruh zlghu/

l1h1 wkh hvwlpdwhg fxuyh lv ohvv uholdeoh/ lq vsduvh pdwxulw| vhjphqwv1

^lqvhuw �jxuh 4 durxqg khuh`

Iru fuhglw fodvvhv DDD dqg DD wkhuh duh hqrxjk erqgv wr doorz d ixuwkhu fodvvl�fdwlrq e| lqgxvwu|/ exw

iru wkh rwkhu udwlqjv wklv lv qrw ihdvleoh gxh wr olplwhg qxpehu ri erqgv1 Wkh lqfoxghg erqgv iurp udwlqjv

43



DDD dqg DD duh dvvljqhg wr rqh ri irxu frpsrxqghg Uhxwhuv lqgxvwu| fodvvl�fdwlrqv1 Dffruglqj wr wdeoh 5/

wkh pdmrulw| ri wkh erqgv lv lvvxhg e| �qdqfldo frpsdqlhv/ zkhuhdv vxsud0qdwlrqdo rujdqlvdwlrqv duh dovr zhoo

uhsuhvhqwhg1

^lqvhuw wdeoh 5 durxqg khuh`

Y Uhvxowv

D Vlqjoh0Fxuyh Uhvxowv

Ehiruh zh glvfxvv wkh uhvxowv ri wkh pxowl0fxuyh +PF, prgho/ zh �uvw suhvhqw vrph hvwlpdwlrq uhvxowv ri

vlqjoh0fxuyh +VF, prghov1 Zh rqo| ghvfuleh wkh uhvxowv iru wkh udwlqj fodvvhv lq wdeoh 41 Wkh uhvxowv iru wkh

lqgxvwu| fodvvl�fdwlrqv ri wdeoh 4 duh vlplodu dqg gr qrw surylgh dgglwlrqdo lqvljkwv1 Wdeoh 6 vxppdulvhv wkh

vshfl�fdwlrqv ri wkh VF prgho1 Zh xvh wklug ghjuhh E0vsolqhv iru doo erqg fdwhjrulhv/ exw wkh qxpehu dqg

sodfhphqw ri wkh nqrw srlqwv gl�hu1 Iru wkh udwlqjv JRYW/ DDD/ DD dqg D/ zh vhw wkh nqrwv dw 6 dqg <

|hduv/ dssur{lpdwho| fruuhvsrqglqj wr d vhjphqwdwlrq lqwr vkruw0/ phglxp0 dqg orqj0whup pdwxulwlhv1 Iru wkh

orzhu udwlqj fodvvhv/ EEE/ EE dqg E/ zh xvh rqo| rqh nqrw dw 8 |hduv/ ehfdxvh wkh qxpehu ri erqgv lq wkhvh

fodvvhv lv uhodwlyho| vpdoo1 Wkh wdeoh dovr phqwlrqv wkh fruuhfwlrqv wr eh dssolhg wr wkh DD0udwhg Iudqnixuw

Lqwhuedqn R�huhg Udwhv +ILERUv, lq wkh fdofxodwlrq ri wkh v|qwkhwlf erqgv* sulfhv wr wdnh fuhglw ulvn lqwr

dffrxqw143

^lqvhuw wdeoh 6 durxqg khuh`

Wdeoh 7 vxppdulvhv wkh whup vwuxfwxuh hvwlpdwlrqv iru doo 53 wudglqj gd|v ri Mxqh 4<<; e| dyhudjlqj

wkuhh nlqgv ri hydoxdwlrq vwdwlvwlfv= jrrgqhvv ri �w/ vprrwkqhvv dqg uholdelolw|1 Zh phdvxuh jrrgqhvv ri �w dv

wkh Urrw Phdq Vtxduhg Huuru +UPVH, ri wkh uhvlgxdov/ fdofxodwhg dv wkh pdunhw sulfh ri d erqg plqxv lwv

wkhruhwlfdo GFI sulfh +7d, ru +7e,1 Iroorzlqj Srlulhu +4<:9/ s1 7<,/ zh fdofxodwh wkh vprrwkqhvv ri hvwlpdwhg

vsrw fxuyhv dqg vsrw vsuhdg fxuyhv dv wkh lqwhjudo ri wkh vtxduh ri wkhlu vhfrqg ghulydwlyh1 Wkh uholdelolw| ri

dq hvwlpdwhg vsrw fxuyh lv lqglfdwhg e| lwv vwdqgdug huuru/ hydoxdwhg dw pdwxulwlhv 5/ 8 dqg 43 |hduv1 Iljxuh 5

judsklfdoo| looxvwudwhv wkh VF hvwlpdwlrq uhvxowv iru wkh �uvw gd| ri rxu gdwd vhw/ Mxqh 5qg/ 4<<;/ e| ghslfwlqj

vsrw lqwhuhvw udwh fxuyhv zlwk wkhlu <8( frq�ghqfh lqwhuydov/ vsrw vsuhdg fxuyhv/ uhvlgxdov dqg vwdqgdug huuruv

43Wkh fruuhfwlrqv duh wdnhq iurp Eorrpehuj dqg duh lqhylwdeo| dssur{lpdwlrqv1 Iruwxqdwho|/ wkh hvwlpdwhg fxuyhv duh udwkhu
lqvhqvlwlyh wr vpdoo fkdqjhv lq wkhvh fruuhfwlrqv1

44



iru wkh hvwlpdwhg glvfrxqw fxuyhv1 Qrwh wkdw zh hvwlpdwh glvfrxqw fxuyhv dqg glvfrxqw vsuhdg fxuyhv dqg wkdw

wkh fruuhvsrqglqj vsrw fxuyhv dqg vsrw vsuhdg fxuyhv duh vxevhtxhqwo| fdofxodwhg iurp wkhvh hvwlpdwhv1

^lqvhuw wdeoh 7 durxqg khuh`

^lqvhuw �jxuh 5 durxqg khuh`

Wkh uhvlgxdo vfdwwhu sorwv lq �jxuh 5e vkrz wkdw wkh pdunhw sulfhv ri jryhuqphqw erqgv duh uhdvrqdeo|

dssur{lpdwhg e| wkh wkhruhwlfdo GFI sulfhv/ vlqfh doo devroxwh ghyldwlrqv/ h{fhsw rqh/ duh ohvv wkdq GHP 31581

Wkh vfdwwhuv iru wkh erqg fdwhjrulhv DDD/ DD/ D dqg EEE duh pruh glvshuvhg/ exw wkh devroxwh huuruv duh

vwloo vpdoohu wkdq GHP 41 Ilwwhg sulfhv iru EE0 dqg E0udwhg erqgv duh wkh ohdvw dffxudwh zlwk wkh odujhvw

uhvlgxdov ehlqj derxw GHP 431 Vlplodu frqfoxvlrqv duh gudzq iurp wkh UPVH vwdwlvwlf lq wdeoh 7/ zklfk kdv

wkh orzhvw ydoxh iru JRYW erqgv dqg jhqhudoo| lqfuhdvhv iru orzhu udwhg erqgv1 Dssduhqwo|/ wkh erqgv lq

orzhu udwlqj fdwhjrulhv duh lqfuhdvlqjo| pruh khwhurjhqhrxv/ zklfk fdq eh dwwulexwhg wr uhodwlyh gl�huhqfhv lq

shufhlyhg ghidxow suredelolwlhv dqg uhfryhu| udwhv ri wkh lvvxhuv1 Oltxlglw| gl�huhqfhv ehwzhhq wkh erqgv fdq

dovr frqwulexwh wr wkh odujhu glvshuvlrq ri sulflqj huuruv1

Wkh h{whqw wr zklfk pdunhw sulfhv fdq eh �wwhg dffxudwho|/ kdv frqvhtxhqfhv iru wkh uholdelolw| ri wkh

hvwlpdwhg fxuyhv1 Iru wkh JRYW/ DDD/ DD dqg D fxuyhv/ wkh frq�ghqfh erxqgv lq �jxuh 5d doprvw frlqflgh

zlwk wkh vsrw fxuyh/ zkhuhdv iru wkh EEE/ EE dqg E fxuyhv wkh xsshu dqg orzhu erxqgv duh glvwlqfwo|

revhuydeoh lq wkh judskv1 Wkhuhiruh/ wkh uholdelolw| ghfuhdvhv zlwk fuhglw zruwklqhvv1 Wkh sorwwhg vwdqgdug

huuruv lq �jxuh 5f dqg wkh uholdelolw| vwdwlvwlfv lq wdeoh 7 dovr vkrz wkdw wkh hvwlpdwlrq huuru lqfuhdvhv zlwk

pdwxulw|1 Wklv odujho| fruuhvsrqgv wr wkh uhpdun lq vhfwlrq LY wkdw frq�ghqfh lqwhuydov duh zlgh lq pdwxulw|

vhjphqwv wkdw frqwdlq d vpdoo qxpehu ri erqgv1

Prvw lqwhuhvwlqj iru rxu sxusrvhv duh wkh fuhglw vsuhdg fxuyhv wkdw fdq eh rewdlqhg e| vxewudfwlqj wkh

hvwlpdwhg frusrudwh vsrw fxuyh iurp wkh hvwlpdwhg jryhuqphqw vsrw fxuyh1 Doo vsrw vsuhdg fxuyhv ri Mxqh 5qg/

4<<; lq �jxuh 5d kdyh dq xquhdolvwlfdoo| wzlvwlqj vkdsh/ ehfdxvh wkh| kdyh dowhuqdwho| srvlwlyho| dqg qhjdwlyho|

vorshg vhjphqwv1 Hvshfldoo| wkh vsuhdg fxuyhv iru lqyhvwphqw0judgh erqgv glvsod| wzlvw| ehkdylrxu1 Wklv fdq

eh h{sodlqhg iurp wkh uhodwlyho| vpdoo pdjqlwxgh ri wkhvh vsuhdgv frpsduhg wr lqwhuhvw udwh ohyhov= vsrw udwhv

iru fodvvhv DDD/ DD/ D dqg EEE duh dssur{lpdwho| 618( wr 818(/ zkhuhdv vsrw vsuhdgv udqjh iurp 314( wr

319(1 Wkhuhiruh/ vpdoo huuruv lq hlwkhu wkh jryhuqphqw ru wkh frusrudwh vsrw fxuyh fdq uhvxow lq vxevwdqwldo

huuruv lq wkh vsuhdg> lq rwkhu zrugv/ dq| glvvlplodulw| lq wkh fxuyhv* fxuydwxuhv lpsolhv wzlvwv lq wkh vsuhdg

fxuyh1 Wkhvh  xfwxdwlrqv duh lqghhg revhuyhg lq wkh judskv1 Wkh wzlvwlqj vsuhdg fxuyhv duh qrw lq olqh zlwk
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wkh vprrwk vsuhdg fxuyhv wkdw duh suhglfwhg e| wkh wkhruhwlfdo erqg sulfh prghov ri Phuwrq +4<:7,/ Orqjvwd�

dqg Vfkzduw} +4<<8, dqg Mduurz hw do1 +4<<:,1 Dovr/ wkh k|srwkhvlvhg srvlwlyh vorsh iru lqyhvwphqw0judgh

erqgv lv ylrodwhg1

E Pxowl0Fxuyh Uhvxowv

Wkh PF prgho lv h{shfwhg wr vroyh wkh deryhphqwlrqhg sureohpv ri VF prghov1 Zh h{solflwo| dqg sduvl0

prqlrxvo| prgho wkh vsuhdg fxuyh/ vr wkdw zh duh deoh wr rewdlq vprrwk vsuhdg fxuyhv1 Vlqfh wkh prgho

iru d frusrudwh erqg fdwhjru| qrz rqo| kdv wr irfxv rq wkh glvfrxqw vsuhdg uhodwlyh wr wkh ghidxow0iuhh jry0

huqphqw glvfrxqw fxuyh/ wrjhwkhu zlwk wkh xvh ri d frpelqhg gdwd vhw ri jryhuqphqw dqg frusrudwh erqgv/

wkh sdudphwhuv fdq eh hvwlpdwhg pruh uholdeo|144 Wkhuhiruh/ wkh uholdelolw| ri wkh hvwlpdwhg frusrudwh fxuyhv

lpsuryhv1

Wdeoh 6 vkrzv wkh vshfl�fdwlrq ri wkh ghjuhh dqg nqrwv iru wkh PF prgho1 Iru wkh jryhuqphqw glvfrxqw

fxuyh/ zh xvh h{dfwo| wkh vdph vhwwlqjv dv lq wkh VF prgho/ exw iru doo frusrudwh glvfrxqw vsuhdg fxuyhv zh

orzhuhg wkh ghjuhh dqg iru vrph fxuyhv dovr wkh qxpehu ri nqrwv1 Udwlqj fdwhjrulhv DDD/ DD dqg D xvh

txdgudwlf vsolqhv zlwk rqh nqrw dw < |hduv/ zkloh wkh EEE/ EE dqg E glvfrxqw vsuhdg fxuyhv duh prghoohg dv

txdgudwlf vsolqhv zlwk rqh nqrw dw 8 |hduv1 Odwhu zh vkrz krz wkhvh vshfl�fdwlrqv zhuh irxqg/ exw �uvw zh

vkrz wkdw wkh| lqghhg |lhog wkh k|srwkhvlvhg idyrxudeoh surshuwlhv ri wkh PF prgho ryhu lwv VF frpshwlwru1

Iljxuh 6 surylghv d judsklfdo uhsuhvhqwdwlrq ri wkh uhvxowv ri Mxqh 5qg/ 4<<; dqg wdeoh 7 djdlq vxppdulvhv wkh

pdlq fkdudfwhulvwlfv e| dyhudjlqj wkh jrrgqhvv ri �w/ vprrwkqhvv dqg uholdelolw| vwdwlvwlfv ryhu doo 53 wudglqj

gd|v ri Mxqh 4<<;1

^lqvhuw �jxuh 6 durxqg khuh`

Wkh judskv lq �jxuh 6d frqwdlq wkh hvwlpdwhg vsrw vsuhdg fxuyhv iurp wkh PF prgho dqg/ iru frpsdulvrq/

dovr wkh VF vsrw vsuhdgv iurp �jxuh 5d1 Iru doo erqg fdwhjrulhv/ wkhuh lv d pdmru lpsuryhphqw lq wkh

vprrwkqhvv ri wkh vsuhdg fxuyhv1 Frpsduhg wr wkh  xfwxdwlqj VF vsuhdg fxuyhv/ wkh PF vsuhdg fxuyhv duh

vprrwk/ prvwo| lqfuhdvlqj ixqfwlrqv ri wlph wr pdwxulw|1 Krzhyhu/ prvw vsuhdg fxuyhv/ h{fhsw iru udwlqjv

DD dqg D/ duh ghfuhdvlqj iru wkh orqjhvw pdwxulwlhv145 Wdeoh 7 dggv txdqwlwdwlyh hylghqfh wr wkhvh judsklfdo

44Vlqfh wkh sdudphwhuv ri wkh prgho iru wkh jryhuqphqw glvfrxqw fxuyh duh mrlqwo| hvwlpdwhg zlwk wkh sdudphwhuv ri wkh frusrudwh
vsuhdg prgho/ wkh hvwlpdwhg jryhuqphqw fxuyh gl�huv iurp dq lqghshqghqwo| hvwlpdwhg jryhuqphqw fxuyh1 Krzhyhu/ wkh fkdqjhv
duh udwkhu vpdoo dqg khuh zh duh rqo| lqwhuhvwhg lq wkh frusrudwh fxuyhv1

45Khozhjh dqg Wxuqhu +4<<<, vkrzhg wkdw wklv ehkdylrxu lv dwwulexwdeoh wr d sduwlfxodu w|sh ri khwhurjhqhlw| zlwklq d udwlqj
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lqvljkwv= wkh vprrwkqhvv vwdwlvwlf lv ghflpdwhg iru doo udwlqj fdwhjrulhv/ h{fhsw E1 Wkh lpsuryhphqwv udqjh

iurp d idfwru 8 iru fdwhjru| D wr 73 iru EEE0udwhg erqgv1 Frusrudwh vsrw fxuyhv/ fdofxodwhg dv wkh vxp ri

wkh hvwlpdwhg jryhuqphqw dqg vsuhdg fxuyhv/ dovr kdyh ehfrph vprrwkhu/ djdlq zlwk fdwhjru| E dv wkh rqo|

h{fhswlrq1 Qrwh wkdw wkh vprrwkqhvv vwdwlvwlfv iru wkh vsrw vsuhdg fxuyhv duh qrz pxfk vpdoohu wkdq iru wkh

vsrw fxuyhv/ frq�uplqj rxu sulru eholhi lq vhfwlrq LY wkdw vsuhdgv kdyh d ohvv frpsolfdwhg vkdsh1

Wkh vhfrqg dgydqwdjh ri wkh PF prgho ryhu lqghshqghqwo| hvwlpdwhg VF prghov uhvlghv lq wkh lqfuhdvhg

uholdelolw| ri wkh hvwlpdwhg frusrudwh whup vwuxfwxuhv146 Iljxuh 6f dqg wdeoh 7 vkrz wkdw iru doo udwlqjv dqg

doo pdwxulwlhv wkh vwdqgdug huuruv ri PF fxuyhv duh orzhu wkdq wkrvh ri VF fxuyhv1 Wkh uholdelolw| iru wkh EE

dqg E fdwhjrulhv lpsuryhv prvw1 Iru vhjphqwv zlwk d vpdoo qxpehu ri erqgv/ vxfk dv wkh lqwhuydo 534305353

iru fdwhjru| DDD dqg 533705339 iru DD/ wkh vwdqgdug huuruv ehfrph pxfk vpdoohu1 Wklv fdq eh dwwulexwhg

wr wkh frpelqdwlrq ri gdwd vhwv/ zklfk lpsuryhv wkh ghqvlw| ri wkh glvwulexwlrq ri pdwxulw| gdwhv1

Vlqfh wkh wrwdo qxpehu ri sdudphwhuv lq wkh PF prgho lv vpdoohu wkdq lq wkh fruuhvsrqglqj VF prghov/ wkh

jrrgqhvv ri �w pd| eh h{shfwhg wr ghfuhdvh1 Wklv lv dovr csuhglfwhg* e| wkh idploldu wudgh0r� ehwzhhq  h{lelolw|

dqg vprrwkqhvv1 Krzhyhu/ wkh sulfh zh kdyh wr sd| iru wkh lpsuryhphqwv lq vprrwkqhvv dqg uholdelolw| lv udwkhu

olplwhg/ ehfdxvh wkh UPVH vwdwlvwlfv lq wdeoh 7 duh dssur{lpdwho| htxdo iru wkh VF dqg PF prgho iru doo udwlqj

fdwhjrulhv1 Wkh vfdwwhu sorwv lq �jxuh 5e dovr vkrz derxw wkh vdph glvshuvlrq ri wkh uhvlgxdov dqg gr qrw

uhyhdo dq| vljql�fdqw eldvhv1 Dssduhqwo|/ wkh irfxv rq wkh fuhglw vsuhdg dqg wkh mrlqw hvwlpdwlrq zlwk wkh

ghidxow0iuhh jryhuqphqw fxuyh/ r�vhw wkh qhjdwlyh h�hfwv ri wkh lpsrvhg sduvlprqlrxv vwuxfwxuh1

Ilqdoo|/ zh surylgh d mxvwl�fdwlrq iru wkh PF prgho vshfl�fdwlrqv lq wdeoh 61 Dorqj wkh zd|/ zh looxvwudwh

wkdw wkh idyrxudeoh surshuwlhv ri wkh PF prgho fdqqrw eh rewdlqhg iurp xvlqj d sduvlprqlrxvo| vshfl�hg

frusrudwh VF prgho ru iurp d ulfko| vshfl�hg PF prgho1 Pruhryhu/ zh vkrz wkdw wkh vkdsh ri wkh vsuhdg

fxuyh lq wkh VF prgho lv vhqvlwlyh wr wkh suhflvh vshfl�fdwlrq ri wkh prgho/ zkloh wkh PF prgho lv uhodwlyho|

urexvw wr prgho plvvshfl�fdwlrq1 Zh ghvfuleh wkh vshfl�fdwlrq surfhgxuh iru D0udwhg erqgv1

Dv vwduwlqj srlqw iru wkh vshfl�fdwlrq ri wkh D glvfrxqw vsuhdg fxuyh lq wkh PF prgho/ zh fkrrvh wkh

vshfl�fdwlrq ri D*v glvfrxqw fxuyh lq wkh VF prgho/ l1h1 d fxelf vsolqh zlwk nqrw vfkhph ~6/ <�1 Vxevhtxhqwo|/

zh uhgxfh wkh  h{lelolw| ri wkh vsolqh prgho e| orzhulqj wkh ghjuhh ru wkh qxpehu ri nqrwv +ru erwk,/ ehfdxvh

fodvv1 Zlwklq d gdwd vhw ri erqgv zlwk wkh vdph udwlqj/ xvxdoo| wkh orqjhvw pdwxulw| erqgv kdyh ehhq lvvxhg e| wkh uhodwlyho|
prvw fuhglw zruwk| �upv1 Wkhuhiruh/ fuhglw vsuhdgv pd| ghfuhdvh iru wkh orqjhvw pdwxulwlhv lq vxfk d gdwd vhw1

46Qrwh wkdw zh fdqqrw mxgjh wkh fkdqjh lq uholdelolw| ri wkh vsuhdg fxuyhv/ ehfdxvh zh duh xqdeoh wr fdofxodwh vwdqgdug huuruv

ri hvwlpdwhg vsuhdgv iru wkh VF fdvh1 Zlwk VF prghov/ wkh sdudphwhuv ri wkh jryhuqphqw dqg frusrudwh whup vwuxfwxuh prghov

duh hvwlpdwhg lqghshqghqwo|/ vr wkdw zh gr qrw jhw wkh uhtxluhg fryduldqfhv1

47



zh sxuvxh d vprrwk/ lqwxlwlyho| dsshdolqj vsuhdg fxuyh1 Lqfoxglqj wkh lqlwldo frpelqdwlrq/ wklv |lhogv 9

dowhuqdwlyh vshfl�fdwlrqv= ghjuhh 6/ nqrwv ~6/<�> 6/~6�> 6/~<�> 5/~6/<�> 5/~6� dqg 5/~<�1 Wkh vshfl�fdwlrq iru

wkh jryhuqphqw fxuyh lv xqfkdqjhg dv d fxelf vsolqh zlwk nqrwv ~6/ <�1

Iljxuh 7 vkrzv hvwlpdwhg vsrw vsuhdg fxuyhv iurp wkh PF prgho iru wkh 9 frpelqdwlrqv1 Iru frpsdulvrq/

wkh �jxuh dovr frqwdlqv vsrw vsuhdg fxuyhv wkdw duh fdofxodwhg iurp lqghshqghqwo| hvwlpdwhg VF prghov/ zkhuh

wkh vshfl�fdwlrq ri wkh JRYW glvfrxqw fxuyh lv xqfkdqjhg dqg wkh D glvfrxqw fxuyh lv vshfl�hg dffruglqj

wr rqh ri wkh 9 ghjuhh0nqrwv frpelqdwlrqv1 Wkh xsshu0ohiw kdqg judsk lq �jxuh 7 ghslfwv wkh hvwlpdwhg VF

dqg PF vsuhdgv iru wkh �uvw frpelqdwlrq1 Wkh vkdsh ri wkh PF vsuhdg lv mxvw dv wzlvw| dv wkdw ri wkh VF

prgho1 Lw lv wkhuhiruh fohdu wkdw dq PF prgho zlwk wkh vdph qxpehu ri sdudphwhuv dv dq VF prgho/ grhv qrw

|lhog wkh ghvfulehg idyrxudeoh uhvxowv ri d sduvlprqlrxvo| vshfl�hg PF prgho1 Iljxuh 7 dovr uhyhdov wkdw wkh

frq�ghqfh erxqgv ri wkh vsrw vsuhdg ri d ulfko| vshfl�hg PF prgho duh zlghu wkdq wkdw ri wkh vsrw fxuyh/ fi1

�jxuh 51

^lqvhuw �jxuh 7 durxqg khuh`

Zh fdq vprrwk wkh vsuhdg fxuyh e| ghfuhdvlqj wkh vsolqh ghjuhh dqg uhgxflqj wkh vhw ri nqrwv1 Zh dsso|

wklv lghd iru erwk wkh frusrudwh glvfrxqw fxuyh lq wkh VF prgho dqg wkh frusrudwh glvfrxqw vsuhdg fxuyh lq wkh

PF prgho1 Wkh judskv lq �jxuh 7 uhyhdo wkdw wkh vkdshv ri wkh VF vsrw vsuhdg fxuyhv fdofxodwhg zlwk wkhvh

qhz vhwwlqjv ydu| frqvlghudeo|1 Wklv vkrzv wkdw hvwlpdwlqj d sduvlprqlrxvo| vshfl�hg VF prgho grhv qrw |lhog

vprrwk dqg lqwxlwlyho| vkdshg vsuhdg fxuyhv1 Wkh vsuhdg fxuyhv rewdlqhg iurp wkh PF prgho/ krzhyhu/ vwl�hq

dqg duh qrw dv vhqvlwlyh wr gl�huhqw ghjuhh0nqrwv vhwwlqjv1 Wklv urexvwqhvv wr prgho vshfl�fdwlrq lv d glvwlqfw

dgydqwdjh ri wkh PF prgho ryhu lwv VF frpshwlwru1 Wkh frq�ghqfh erxqgv ri wkh vsrw vsuhdg fxuyh qduurz

zlwk wkh uhgxfwlrq ri wkh qxpehu ri sdudphwhuv1 Sduwlfxoduo| d 5qg ghjuhh vsolqh prgho zlwk rqh nqrw dw <

|hduv kdv pxfk wljkwhu frq�ghqfh erxqgv wkdq wkh lqlwldo vshfl�fdwlrq zlwk d 6ug ghjuhh vsolqh zlwk nqrwv dw

6 dqg < |hduv1 Vlqfh wklv prgho dovr |lhogv d prqrwrqlfdoo| lqfuhdvlqj vsrw vsuhdg fxuyh/ wklv lv wkh suhihuuhg

vshfl�fdwlrq iru wkh fdwhjru| ri D0udwhg erqgv1

Uhshdwlqj wkh ghvfulehg surfhgxuh iru wkh rwkhu erqg fdwhjrulhv |lhog uhpdundeo| vlplodu frqfoxvlrqv= PF

vsuhdgv duh ohvv vhqvlwlyh wr wkh vshfl�fdwlrq ri wkh glvfrxqw vsuhdg prgho wkdq wkh VF glvfrxqw fxuyh prgho>

e| orzhulqj wkh qxpehu ri sdudphwhuv/ frq�ghqfh lqwhuydov wljkwhq iurp wkhlu lqlwldo odujh zlgwk wr pruh

qduurz erxqgv> d sduvlprqlrxvo| vshfl�hg PF prgho lv suhihudeoh gxh wr dq lqwxlwlyho| dsshdolqj vkdsh dqg

kljkhvw uholdelolw|1 Zh �qg wkdw d txdgudwlf vsolqh zlwk rqh nqrw dw < |hduv lv prvw frqyhqlhqw iru fdwhjrulhv
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DDD dqg DD/ dqg d txdgudwlf vsolqh zlwk rqh nqrw dw 8 |hduv lv suhihudeoh iru EEE/ EE dqg E1

YL Frqfoxvlrqv

Zh suhvhqw d qhz iudphzrun iru wkh mrlqw hvwlpdwlrq ri whup vwuxfwxuhv dqg fuhglw vsuhdgv1 E| ghfrpsrvlqj

d frusrudwh whup vwuxfwxuh lq d ghidxow0iuhh fxuyh dqg d fuhglw vsuhdg fxuyh/ zh fdq xvh d sduvlprqlrxvo|

vshfl�hg prgho iru wkh vsuhdg fxuyh dqg wdnh wkh ghidxow0iuhh sduw iurp wkh jryhuqphqw fxuyh1 Erwk wkh

jryhuqphqw dqg wkh vsuhdg prgho duh prghoohg dv E0vsolqhv dqg wkhlu sdudphwhuv duh mrlqwo| hvwlpdwhg iurp

d frpelqhg gdwd vhw1

Zh xvh d kljk0txdolw| gdwd vhw ri Jhupdq pdun ghqrplqdwhg erqgv/ zlwk udwlqjv udqjlqj iurp DDD wr E1

Iru frpsdulvrq/ zh �uvw lqghshqghqwo| hvwlpdwh vhsdudwh vlqjoh0fxuyh whup vwuxfwxuh prghov iru hdfk ri wkh

udwlqj fodvvhv1 Vsuhdg fxuyhv wkdw duh rewdlqhg e| vxewudfwlqj wkh hvwlpdwhg jryhuqphqw dqg frusrudwh fxuyhv/

kdyh xquhdolvwlfdoo| wzlvwlqj vkdshv dqg zh dujxh wkdw wklv fdq eh dwwulexwhg wr wkh uhodwlyho| vpdoo pdjqlwxgh

ri vsuhdgv frpsduhg wr lqwhuhvw udwhv1 Wkhuhiruh/ dq| glvvlplodulw| lq wkh fxuydwxuhv ri wkh jryhuqphqw dqg

frusrudwh fxuyhv lpsolhv wzlvwv lq wkh vsuhdg fxuyh1 Wkhvh wzlvwlqj vsuhdg fxuyhv frqwudglfw wkh vprrwk fxuyhv

wkdw duh suhglfwhg e| wkh wkhruhwlfdo erqg sulfh prghov ri Phuwrq +4<:7,/ Orqjvwd� dqg Vfkzduw} +4<<8, dqg

Mduurz hw do1 +4<<:,1

Wkhq zh dsso| wkh sursrvhg pxowl0fxuyh prgho wkdw h{solflwo| dqg sduvlprqlrxvo| prghov wkh vsuhdg fxuyh

dqg mrlqwo| hvwlpdwhv lw zlwk wkh jryhuqphqw fxuyh1 Zh looxvwudwh wkdw wkh prgho |lhogv vprrwk vsuhdg fxuyhv

wkdw duh pruh lq olqh zlwk wkh wkhruhwlfdo erqg sulfh prghov1 Ehfdxvh wkh sdudphwhuv duh hvwlpdwhg iurp d

frpelqhg gdwd vhw ri jryhuqphqw dqg frusrudwh erqgv/ wkh uholdelolw| ri hvwlpdwhg whup vwuxfwxuhv lpsuryhv

frqvlghudeo|1 Wklv h�hfw lv vwurqjhvw iru wkrvh pdwxulw| vhjphqwv ri d whup vwuxfwxuh wkdw frqwdlq rqo| d vpdoo

qxpehu ri erqgv iru wkdw sduwlfxodu udwlqj fodvv1 Wkh delolw| ri wkh pxowl0fxuyh prgho wr dffxudwho| �w pdunhw

sulfhv ri erqgv lv kdugo| d�hfwhg/ lq vslwh ri wkh vpdoohu qxpehu ri sdudphwhuv1 Zh �qg wkdw wkh idyrxudeoh

uhvxowv ri wkh prgho fdq dwwulexwhg wr erwk wkh mrlqw dqg wkh sduvlprqlrxv prghoolqj ri wkh vsuhdg fxuyhv1

Wkh qhz whup vwuxfwxuh hvwlpdwlrq iudphzrun lv ydoxdeoh iru hdfk prgho wkdw uhtxluhv dffxudwho| hvwlpdwhg

whup vwuxfwxuhv iru gl�huhqw fuhglw ulvn fodvvhv1 H{dpsohv duh sulflqj prghov iru frusrudwh erqgv/ prghov wkdw

ydoxh fuhglw ghulydwlyhv dqg prghov wkdw dvvhv fuhglw ulvn lq ghulydwlyh surgxfwv1
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Uhihuhqfhv

Dgdpv/ N1 M1 dqg ydq Ghyhqwhu/ G1 U1 +4<<7,/ cIlwwlqj |lhog fxuyhv dqg iruzdug udwh fxuyhv zlwk pd{lpxp

vprrwkqhvv*/ Mrxuqdo ri Il{hg Lqfrph 7+4,/ 85�951

Dqghuvrq/ Q1/ Euhhgrq/ I1/ Ghdfrq/ P1/ Ghuu|/ D1 dqg Pxusk|/ J1 +4<<9,/ Hvwlpdwlqj dqg lqwhusuhwlqj wkh

|lhog fxuyh/ Mrkq Zkloh| ) Vrqv/ Owg1/ Fklfhvwhu1

Ehlp/ G1 R1 +4<<5,/ Whup vwuxfwxuh dqg wkh qrq0fdvk ydoxh lq erqgv/ Zrunlqj Sdshu <5073/ Judgxdwh Vfkrro

ri Exvlqhvv/ Froxpeld Xqlyhuvlw|1

Eolvv/ U1 +4<<:,/ cWhvwlqj whup vwuxfwxuh hvwlpdwlrq phwkrgv*/ Dgydqfhv lq Ixwxuhv dqg Rswlrqv Uhvhdufk

</ 4<:�5641

E kohu/ Z1/ Xkulj0Krpexuj/ P1/ Zdowhu/ X1 dqg Zhehu/ W1 +4<<<,/ cDq hpslulfdo frpsdulvrq ri iruzdug� dqg

vsrw�udwh prghov iru ydoxlqj lqwhuhvw0udwh rswlrqv*/ Mrxuqdo ri Ilqdqfh 87+4,/ 59<�6381

Khozhjh/ M1 dqg Wxuqhu/ F1 P1 +4<<<,/ cWkh vorsh ri wkh fuhglw |lhog fxuyh iru vshfxodwlyh�judgh lvvxhuv*/

Mrxuqdo ri Ilqdqfh 87+iruwkfrplqj,1

Mduurz/ U1 D1/ Odqgr/ G1 dqg Wxuqexoo/ V1 P1 +4<<:,/ cD Pdunry prgho iru wkh whup vwuxfwxuh ri fuhglw

vsuhdgv*/ Uhylhz ri Ilqdqfldo Vwxglhv 43+5,/ 7;4�8561

Odqjhwlhj/ W1 F1 dqg Vprrw/ M1 V1 +4<;<,/ cHvwlpdwlrq ri wkh whup vwuxfwxuh ri lqwhuhvw udwhv*/ Uhvhdufk lq

Ilqdqfldo Vhuylfhv 4/ 4;4�5551

Olw}hqehujhu/ U1 K1 dqg Uroir/ U1 +4<;7,/ cDq lqwhuqdwlrqdo vwxg| ri wd{ h�hfwv rq jryhuqphqw erqgv*/ Mrxuqdo

ri Ilqdqfh 6<+4,/ 4�551

Orqjvwd�/ I1 D1 dqg Vfkzduw}/ H1 V1 +4<<8,/ cD vlpsoh dssurdfk wr ydoxlqj ulvn| �{hg dqg  rdwlqj udwh ghew*/

Mrxuqdo ri Ilqdqfh 83+6,/ :;<�;4<1

PfFxoorfk/ M1 K1 +4<:4,/ cPhdvxulqj wkh whup vwuxfwxuh ri lqwhuhvw udwhv*/ Mrxuqdo ri Exvlqhvv 77/ 4<�641

PfFxoorfk/ M1 K1 +4<:8,/ cWkh wd{�dgmxvw |lhog fxuyh*/ Mrxuqdo ri Ilqdqfh 63+6,/ ;44�;631

Phuwrq/ U1 F1 +4<:7,/ cRq wkh sulflqj ri frusrudwh ghew= wkh ulvn vwuxfwxuh ri lqwhuhvw udwhv*/ Mrxuqdo ri Ilqdqfh

5<+5,/ 77<�79<1

4:



Srlulhu/ G1 M1 +4<:9,/ Wkh Hfrqrphwulfv ri Vwuxfwxudo Fkdqjh/ Qruwk Kroodqg Sxeolvklqj Frpsdq|1

Srzhoo/ P1 M1 G1 +4<;4,/ Dssur{lpdwlrq Wkhru| dqg Phwkrgv/ Fdpeulgjh Xqlyhuvlw| Suhvv/ Fdpeulgjh1

Vkhd/ J1 V1 +4<;7,/ cSlwidoov lq vprrwklqj lqwhuhvw udwh whup vwuxfwxuh gdwd= htxloleulxp prghov dqg vsolqh

dssur{lpdwlrqv*/ Mrxuqdo ri Ilqdqfldo dqg Txdqwlwdwlyh Dqdo|vlv 4<+6,/ 586�59<1

Vkhd/ J1 V1 +4<;8,/ cLqwhuhvw udwh whup vwuxfwxuh hvwlpdwlrq zlwk h{srqhqwldo vsolqhv= D qrwh*/ Mrxuqdo ri

Ilqdqfh 73+4,/ 64<�6581

Vwhhoh|/ M1 P1 +4<<4,/ cHvwlpdwlqj wkh jlow0hgjhg whup vwuxfwxuh= edvlv vsolqhv dqg frq�ghqfh lqwhuydov*/ Mrxuqdo

ri Exvlqhvv Ilqdqfh ) Dffrxqwlqj 4;+7,/ 846�85<1

Ydvlfhn/ R1 D1 dqg Irqj/ K1 J1 +4<;5,/ cWhup vwuxfwxuh prgholqj xvlqj h{srqhqwldo vsolqhv*/ Mrxuqdo ri Ilqdqfh

6:+5,/ 66<�67;1

4;



JRYW DDD DD D EEE EE E QU Wrwdo
Doo 445 744 65< 44< 63 86 6; 4<< 45<4
Lqfoxghg <6 55; 478 86 46 49 49 93 957

Wdeoh 4= Glvwulexwlrq ri erqgv lq wkh gdwd vhw e| udwlqj1 Doo duh doo Jhupdq Pdun Hxurerqgv wkdw duh txrwhg
dw ohdvw rqfh lq Mxqh 4<<;1 Lqfoxghg duh �{hg0lqfrph/ exoohw erqgv wkdw duh txrwhg rq dw ohdvw 4; gd|v ri
wkh 53 wudglqj gd|v ri Mxqh 4<<;1 Udwlqj v|perov= JRYW= DDD0udwhg jryhuqphqw erqgv> QU= qrw udwhg>
DDD/ DD/ D/ EEE/ EE/ E= Vwdqgdug dqg Srru*v pdmru udwlqj ohwwhuv1

Ilqdqfldov Jryhuqphqw Djhqflhv Vxsud0Qdwlrqdov Lqgxvwuldov Wrwdo
DDD 46< 56 8< : 55;
DD << 66 46 478

Wdeoh 5= Glvwulexwlrq ri *lqfoxghg* erqgv lq wkh gdwd vhw e| udwlqj dqg lqgxvwu|1 Ilqdqfldov frqvlvwv ri
Uhxwhuv fodvvl�fdwlrqv *Edqnv* dqg *Ilqdqfldov*> Jryhuqphqw Djhqflhv lv pdgh xs e| *Jryhuqphqw Qd0
wlrqdo*/ *Jryhuqphqw Uhjlrqdo* dqg *Jryhuqphqw Djhqf|*> Vxsud0Qdwlrqdo frqvlvwv ri *Zruogedqn*/ *Lqwhu0
Dphulfdq Ghyhorsphqw Edqn* dqg *Vxsud0Qdwlrqdo*1 Lqgxvwuldov lv frpsulvhg ri *Jdv ) Wudqvplvvlrq*/ *Xwlolw|
) Hohfwulflw|*/ *Wudqvsruw0Qrqudlo*/ *Whohskrqh* dqg *Lqgxvwuldo*1

vlqjoh0fxuyh pxowl0fxuyh ILERU
ghjuhh nqrwv ghjuhh nqrwv fruuhfwlrq

JRYW 6 6/ < 6 6/ < 053

DDD 6 6/ < 5 < 043
DD 6 6/ < 5 < 3
D 6 6/ < 5 < .43
EEE 6 8 5 8 .53
EE 6 8 5 8 .63
E 6 8 5 8 .73

Wdeoh 6= Prgho vshfl�fdwlrqv iru vlqjoh0fxuyh dqg pxowl0fxuyh prghov1 Ghjuhh dqg nqrwv uhihu wr wkh vshf0
l�fdwlrq ri wkh E0vsolqhv1 ILERU fruuhfwlrq lv wkh vsuhdg dssolhg wr Iudqnixuw Lqwhuedqn R�huhg Udwhv
+ILERUv, lq fdofxodwlqj wkh sulfhv ri v|qwkhwlf erqgv wr wdnh fuhglw ulvn lqwr dffrxqw1

4<



jrrgqhvv vprrwkqhvv uholdelolw|
ri �w vsrw vsuhdg 5| 8| 43|

JRYW VF 313< 718 418 41: 719

DDD VF 3165 517 518 615 616 915
PF 3166 515 314 513 519 817

DD VF 315; <14 619 618 61< <16
PF 315< 718 31: 515 51< :1;

D VF 3165 56 :18 915 918 4<
PF 3165 719 31< 61: 71: 47

EEE VF 317: ;3 94 56 58
PF 3185 91; 418 4: 4<

EE VF 618 437< 43:9 4:: 476 4;9
PF 61; 64 464 69 63 6<

E VF 816 9;< 8<7 53< 6;6
PF 816 ;5< :;; ;: 443

Wdeoh 7= Vxppdu| vwdwlvwlfv ri vlqjoh0fxuyh +VF, dqg pxowl0fxuyh +PF, hvwlpdwhv/ dyhudjhg ryhu doo 53 wudglqj
gd|v ri Mxqh 4<<;1 Jrrgqhvv ri �w lv fdofxodwhg dv wkh Urrw Phdq Vtxduhg Huuru +UPVH, ri wkh uhvlgxdov1
Vprrwkqhvv lv phdvxuhg dv +43; wlphv, wkh lqwhjudo ri wkh vtxduh ri wkh vhfrqg ghulydwlyh/ dqg lv fdofxodwhg
iru wkh vsrw fxuyh dqg wkh vsrw vsuhdg fxuyh1 Uholdelolw| lv +437 wlphv, wkh vwdqgdug huuru ri wkh hvwlpdwhg
vsrw fxuyh/ hydoxdwhg dw pdwxulwlhv 5/ 8 dqg 43 |hduv1

1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028

GOVT
AAA
AA
A
BBB
BB
B

Iljxuh 4= Glvwulexwlrq ri wkh pdwxulw| gdwhv ri wkh erqgv lq wkh hvwlpdwlrq vdpsoh e| udwlqj fdwhjru|1
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Iljxuh 5= Vlqjoh0fxuyh +VF, hvwlpdwhv iru Mxqh 5qg 4<<;1 Judskv +d, vkrz hvwlpdwhg vsrw fxuyhv +zlwk <8(
frq�ghqfh lqwhuydov, dqg vsrw vsuhdg fxuyhv> judskv +e, frqwdlq uhvlgxdov> judskv +f, glvsod| +4333 wlphv, wkh
vwdqgdug huuruv +v1h, ri hvwlpdwhg glvfrxqw fxuyhv1
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Iljxuh 6= Vlqjoh0fxuyh +VF, dqg pxowl0fxuyh +PF, hvwlpdwhv iru Mxqh 5qg/ 4<<;1 Judskv +d, vkrz vsrw vsuhdg
fxuyhv +zlwk <8( frq�ghqfh lqwhuydov iru PF vsuhdgv,> judskv +e, frqwdlq uhvlgxdov> judskv +f, glvsod| +4333
wlphv, wkh vwdqgdug huuruv +v1h, ri hvwlpdwhg glvfrxqw fxuyhv1
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Iljxuh 7= Vlqjoh0fxuyh +VF, dqg pxowl0fxuyh +PF, vsrw vsuhdg fxuyhv iru fdwhjru| D rq Mxqh 5qg/ 4<<;
rewdlqhg zlwk gl�huhqw vhwwlqjv ri wkh ghjuhh dqg wkh nqrwv1
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