
Ghdolqj zlwk Vwuxfwxudo Fkdqjhv lq
wkh Frpprq G|qdplf Idfwru
Prgho= Ghwhuplqlvwlf Phfkdqlvp

Nrqvwdqwlq D1 Nkrorglolq�

Devwudfw

Frpsrvlwh hfrqrplf lqglfdwru lv d yhu| xvhixo wrro ghvljqhg
wr wudfh dqg suhglfw wkh exvlqhvv f|foh frqglwlrqv1 Lq wklv sdshu
zh vwxg| srvvleoh h{whqvlrqv ri wklv dssurdfk lqwhqghg wr frsh
zlwk wkh srwhqwldo gdwd sureohpv fdxvhg e| ydulrxv vwuxfwxudo
euhdnv d�hfwlqj erwk ohyho dqg yrodwlolw| ri wkh frpsrqhqw vhulhv1
Wkh vwuxfwxudo vkliwv duh lqwurgxfhg lq wkh frpsrvlwh hfrqrplf
lqglfdwru prgho yld ghwhuplqlvwlf gxpplhv fdswxulqj euhdnv lq
wkh revhuyhg yduldeohv* lqwhufhswv dqg lq wkh uhvlgxdo yduldqfhv
ri wkh vshfl�f idfwruv1 Dv dq looxvwudwlrq wkh Srvw0Zruog Zdu LL
XV prqwko| pdfurhfrqrplf vhulhv duh xwlol}hg iru zklfk gl�hu0
hqw vshfl�fdwlrqv ri wkh vlqjoh0idfwru olqhdu dqg uhjlph0vzlwfklqj
prgho duh hydoxdwhg1

Nh|zrugv= frpsrvlwh hfrqrplf lqglfdwru/ Pdunry vzlwfklqj/
vwuxfwxudo euhdn/ wxuqlqj srlqwv/ QEHU gdwlqj

MHO frghv= F7/ F8/ H6

�Wkh dxwkru judwhixoo| dfnqrzohgjhv wkh �qdqfldo vxssruw surylghg e| wkh Eho0
jldq Iuhqfk Frppxqlw|*v surjudp Dfwlrq gh uhfkhufkhv frqfhuwìh <<2370568 +LUHV/
Xqlyhuvlwì fdwkroltxh gh Orxydlq,1
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4 Lqwurgxfwlrq

Wkh frpsrvlwh hfrqrplf lqglfdwruv +erwk ohdglqj dqg frlqflghqw, fdq eh
yhu| xvhixo lq wkh srolwlfdo dqg exvlqhvv ghflvlrq0pdnlqj1 Lw fdq vxsso|
pruh wlpho|/ dffxudwh/ dqg frpsohwh lqirupdwlrq wkdq vrph frqyhqwlrqdo
lqglfdwruv olnh uhdo JGS +wrr orz iuhtxhqf| ri revhuydwlrq, ru lqgh{ ri
lqgxvwuldo surgxfwlrq +wrr qduurz vfrsh,1

Rqh ri wkh dssurdfkhv wr frqvwuxfwlrq ri wklv frpsrvlwh hfrqrplf
lqglfdwru lv wkh g|qdplf idfwru prgho dgyrfdwhg lq wkh olqhdu frqwh{w e|
Vwrfn dqg Zdwvrq +4<;;/ 4<;</ 4<<5, dqg lq wkh Pdunry0vzlwfklqj frq0
wh{w e| Nlp +4<<7,/ Nlp dqg Qhovrq +4<<<, dqg Fkdxyhw +4<<;,1 Vrph
uhfhqw h{dpsohv ri dsso|lqj wkh g|qdplf idfwru prgho zlwk Pdunry0
vzlwfklqj g|qdplfv lqfoxgh Fkdxyhw +5334,/ Ixnxgd dqg Rqrghud +5334,1

Krzhyhu/ txlwh riwhq wkh sudfwlfdo uhdolvdwlrq ri wkh g|qdplf idfwru
dssurdfk lv lpshghg e| wkh odfn ri wkh uhohydqw gdwd phdvxuhg dw kljk
+vd|/ prqwko|, iuhtxhqflhv1 Dqrwkhu vrxufh ri wkh sureohpv duh wkh ydu0
lrxv vwuxfwxudo euhdnv zklfk lqwurgxfh glvfrqwlqxlwlhv lq wkh wlph vhulhv/
wkxv/ vkruwhqlqj douhdg| qrw yhu| orqj frqwhpsrudqhrxv pdfurhfrqrplf
wlph vhulhv1 Wklv lv hvshfldoo| wkh fdvh ri prvw Hxurshdq frxqwulhv dqg
wkhlu uhjlrqv/ qrw wr phqwlrq wkh ghyhorslqj hfrqrplhv zkrvh vwdwlvwlfdo
gdwdedvhv pd| eh hyhq zruvh1 Wkh fdxvhv ri wkhvh euhdnv duh yhu| glyhu0
vl�hg udqjlqj iurp fkdqjhv lq wkh vwdwlvwlfdo phwkrgrorj| wr wkh qdwxudo
vkliwv lq wkh ehkdylrxu ri hfrqrplf yduldeohv1

Lq wklv sdshu zh h{dplqh d zd| ri ghdolqj zlwk wkh vwuxfwxudo euhdnv
lq wkh revhuyhg wlph vhulhv xvlqj wkh g|qdplf idfwru dqdo|vlv zlwk olqhdu
dqg uhjlph0vzlwfklqj g|qdplfv1 Wkh prghov frqvlghuhg khuh xvh gh0
whuplqlvwlf gxpplhv wr fdswxuh wkh vwuxfwxudo euhdnv lq gl�huhqw prgho
sdudphwhuv zlwk xqnqrzq euhdn0srlqwv gl�huhqw iru hdfk wlph vhulhv1
Wkhvh prghov* vshfl�fdwlrq exlogv rq wkh sdshu ri Nudqh dqg Zdvfkhu
+4<<<,/ zkr lqwurgxfh wkh vhdvrqdo gxpplhv lq wkh phdqv ri wkh revhuyhg
wlph vhulhv dqg ri wkh frpprq idfwru dv zhoo dv lq wkh idfwru ordglqjv
lq rughu wr wdnh dffrxqw ri wkh ghwhuplqlvwlf vhdvrqdolw| lq wkh frpprq
g|qdplf idfwru prgho/ dqg rq wkdw ri Fkdxyhw dqg Srwwhu +5334,/ zkr
pdnh wkh phdq dqg wkh dxwruhjuhvvlyh frh!flhqwv ri wkh frpprq idfwru
fkdqjh dv d ixqfwlrq ri wkh vwuxfwxudo euhdn1

Wkh uhpdlqghu ri wkh sdshu lv rujdqlvhg dv iroorzv1 Lq vhfwlrq 5 zh
vhw xs d frpprq g|qdplf idfwru prgho zlwk ghwhuplqlvwlf vwuxfwxudo
euhdn+v, lq wkh revhuyhg wlph vhulhv1 Vhfwlrq 6 dqdo|vhv d uhdo h{dpsoh
� frpprq g|qdplf prghov +erwk olqhdu dqg zlwk Pdunry vzlwfklqj, ri
wkh X1V1 frpsrvlwh hfrqrplf lqglfdwru zlwk ghwhuplqlvwlf gxpplhv fds0
wxulqj wkh vwuxfwxudo euhdnv lq wkh phdqv dqg yduldqfhv ri wkh revhuyhg
vhulhv dqg lglrv|qfudwlf frpsrqhqwv1 Vhfwlrq 7 frqfoxghv wkh sdshu1
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5 Prgho

Zh ghdo zlwk d vhw ri revhuyhg wlph vhulhv/ zkrvh fr0pryhphqwv duh
h{sodlqhg e| rqh ru vhyhudo frpprq idfwruv zklfk pd| lqwhudfw lq d
frpsoh{ whpsrudo dqg2ru vsdwldo zd|1 Lq frqwudvw/ wkh lglrv|qfudwlf
g|qdplfv ri hdfk wlph vhulhv lq sduwlfxodu duh fdswxuhg e| rqh vshfl�f
idfwru shu hdfk revhuyhg wlph vhulhv1 Wkh revhuyhg frpsrqhqw vhulhv duh
vxemhfw wr d rqh0wlph vwuxfwxudo euhdnv zklfk pd| d�hfw erwk wkhlu ohyho
dqg yrodwlolw|1 Khqfh wkh prgho lq lwv jhqhudo irup fdq eh zulwwhq dv=

{+| ' dEW? � U|�B� n U|B2o n dEW? � U|�K� n U|K2o{s| n �| +4,

zkhuh {+| lv wkh ? � � yhfwru ri wkh orjjhg revhuyhg wlph vhulhv lq wkh
�uvw gl�huhqfhv +jurzwk udwhv,> {s| lv wkh &�� yhfwru ri wkh xqrevhuyhg
frpprq idfwruv lq wkh �uvw gl�huhqfhv> �| lv wkh ?� � yhfwru ri wkh xq0
revhuyhg vshfl�f idfwruv> B� dqg B2 duh wkh ? � � yhfwruv ri wkh phdqv
ri wkh revhuyhg wlph vhulhv> K� dqg K2 duh wkh ? � & idfwru ordglqjv
pdwulfhv olqnlqj wkh revhuyhg vhulhv zlwk wkh frpprq idfwruv/ W? lv wkh
?� ? lghqwlw| pdwul{/ dqg U| lv wkh vwuxfwxudo euhdn lqglfdwru ixqfwlrq1
Vlqfh/ lq sulqflsoh/ wkhuh lv qr uhdvrq wr vxssrvh wkdw doo wkh revhuyhg
wlph vhulhv zhuh vxemhfw wr wkh vwuxfwxudo euhdn dqg wkdw/ li dq|/ wkh
vwuxfwxudo euhdnv wrrn sodfh lq wkh vdph prphqw/ wkh euhdn0srlqw lqgl0
fdwru ixqfwlrq/ U|/ fdq eh zulwwhq dv d gldjrqdo pdwul{ zkrvh gldjrqdo
hohphqwv duh wkh lqglylgxdo lqglfdwru ixqfwlrqv=

U| ' U? 


3
EEEC
U�|
U2|
� � �
U?|

4
FFFD

zkhuh

U�| '

+
3/ li | 	 � �
4/ rwkhuzlvh

zkhuh � � lv wkh shulrg zkhq wkh vwuxfwxudo euhdn lq wkh �� |� revhuyhg
wlph vhulhv wrrn sodfh1

Wkh g|qdplfv ri wkh odwhqw frpprq idfwruv fdq eh ghvfulehg lq whupv
ri d yhfwru0dxwruhjuhvvlrq prgho=

{s| '
k
EW& � Us| �D� n Us| D2

l
n
k
EW& � Us| �x�Eu� n Us| x2Eu�

l
{s|3�n0| +5,

zkhuh D� dqg D2 duh wkh &�� yhfwruv ri wkh frqvwdqw lqwhufhswv> Us| lv wkh
& � & gldjrqdo pdwul{ kdylqj wkh vwuxfwxuh vlplodu wr wkdw ri U|( x�Eu�
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dqg x2Eu� duh wkh vhtxhqfhv ri R +R ' 4@ iRs�c ���c Rs&jc zkhuh Rs� lv
wkh rughu ri wkh dxwruhjuhvvlyh +DU, sro|qrpldo ri wkh � � |� frpprq
idfwru, &�& odj sro|qrpldo pdwulfhv> 0| lv wkh &�� yhfwru ri wkh vhuldoo|
dqg pxwxdoo| xqfruuhodwhg frpprq idfwru glvwxuedqfhv=

0| � �U(
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EEC
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4
FFD

Wkh vshfl�f idfwruv duh dvvxphg wr eh pxwxdoo| lqghshqghqw exw
vhuldoo| fruuhodwhg=

�| ' [Eu��|3� n #| +6,

zkhuh [Eu� lv wkh vhtxhqfh ri ^ +^ ' 4@ i^�c���c ^?jc zkhuh ^� lv wkh rughu
ri wkh DU sro|qrpldo ri wkh �� |� lglrv|qfudwlf idfwru, ?� ? gldjrqdo
odj sro|qrpldo pdwulfhv dqg #| lv wkh ?� � yhfwru ri wkh pxwxdoo| dqg
vhuldoo| xqfruuhodwhg Jdxvvldq vkrfnv=

#| �

3
EEC
3
EEC

3
111
3

4
FFD c

3
EEC

j2

�| � � � 3
111

1 1 1
111

3 � � � j2

?|

4
FFD
4
FFD

zkhuh j2

�| ' b�E�� U�|� n j2

� / � ' �c ���c ?�
Wkxv/ lq jhqhudo wkh phdqv ri wkh revhuyhg yduldeohv/ wkhlu idfwru

ordglqjv/ dqg wkh uhvlgxdo yduldqfhv ri wkh vshfl�f frpsrqhqwv pd| eh
vxemhfw wr wkh ghwhuplqlvwlf vwuxfwxudo euhdnv1

Dvvxph iru vlpsolflw| wkdw wkhuh lv rqo| rqh frpprq idfwru1 Ixuwkhu0
pruh/ vxssrvh wkdw rqo| revhuyhg yduldeohv duh vxemhfw wr wkh vwuxfwxudo
fkdqjh zklfk d�hfwv wkhlu phdqv exw qrw wkhlu idfwru ordglqjv1 Wkhvh
dvvxpswlrqv zrxog vhhp uhdolvwlf hvshfldoo| lq wkh fdvh ri fkdqjhv lq
wkh dffrxqwlqj phwkrgrorj| zklfk ohdg wr wkh vxgghq vkliwv lq wkh wlph
vhulhv ohyhov1

Zh hvwlpdwh wkh prgho xvlqj wkh pd{lpxp olnholkrrg phwkrg1 Wr
frqvwuxfw wkh olnholkrrg ixqfwlrq/ wkh prgho lv h{suhvvhg lq d vwdwh0vsdfh
irup=

{+| ' dB�E�� U|� n B2U|o n �q| +7,

q| ' kn �q|3�
n �| +8,

zkhuh q| ' Es|m�|�� lv wkh vwdwh yhfwru frqwdlqlqj yhfwru ri frpprq idfwru
dqg wkh yhfwru ri vshfl�f idfwruv vwdfnhg rq wrs ri hdfk rwkhu> �| lv wkh
yhfwru ri wkh frpprq dqg lglrv|qfudwlf idfwruv* glvwxuedqfhv zlwk phdq
}hur dqg yduldqfh0fryduldqfh pdwul{ '( k lv wkh yhfwru ri lqwhufhswv1
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� '

3
EEC
K� �^� �
111

111
111

K? � �^?

4
FFD

zkhuh K� lv wkh �� } yhfwru ri wkh idfwru ordglqjv ri wkh �� |� revhuyhg
yduldeoh= K� ' E��c�c ���c ��c}�c ���c f� zlwk } ' 4@ i}�c ���c }?j�

� '

3
EEEEC
x f � � � f
f [� � � � f
111 f

1 1 1
111

f f � � �[?

4
FFFFD

x '

#
�� f

UR�3� JR�3�

$

zlwk �� ' E�
�c���c�R� ehlqj wkh �� R yhfwru ri wkh DU frh!flhqwv ri wkh

frpprq idfwru1 Wkh pdwulfhv [�c ���c[? kdyh wkh vdph vwuxfwxuh dv x��
Rqh lpphgldwh h{whqvlrq ri wklv prgho lv lqwurgxfwlrq ri wkh uhjlph0

vzlwfklqj g|qdplfv1 Wklv zrxog doorz wdnlqj lqwr dffrxqw wkh dv|pph0
wulhv h{lvwlqj ehwzhhq gl�huhqw skdvhv ri exvlqhvv f|foh zklfk/ dorqj zlwk
wkh fr0pryhphqwv ri pdfurhfrqrplf yduldeohv/ dffruglqj wr Glherog dqg
Uxghexvfk +4<<9,/ duh wkh wzr nh| fkdudfwhulvwlfv ri exvlqhvv f|foh1 Zh
lqwurgxfh wkh Pdunry0vzlwfklqj g|qdplfv wkurxjk wkh lqwhufhsw ri wkh
frpprq idfwru=

{s| ' >Er|� n xEu�{s|3� n 0| +9,

zkhuh >Er|� lv wkh uhjlph0ghshqghqw lqwhufhsw +orz lq frqwudfwlrqv dqg
kljk lq h{sdqvlrqv,> r| lv wkh vwdwh yduldeoh iroorzlqj �uvw0rughu Pdunry
fkdlq surfhvv1 Lq wklv sdshu zh frqvlghu d wzr0uhjlph fdvh= rqh uhjlph
iru h{sdqvlrqv dqg dqrwkhu rqh � iru uhfhvvlrqv1 Wr vdyh vsdfh zh gr
qrw hqwhu ixuwkhu lqwr ghwdlov dqg vlpso| uhihu rxu uhdghuv wr wkh frp0
suhkhqvlyh glvfxvvlrq ri frpprq g|qdplf prgho zlwk Pdunry vzlwfklqj
lq Nlp dqg Qhovrq +4<<<,1

Lq zkdw iroorzv wkh deryh g|qdplf idfwru prgho zloo eh ghqrwhg dv
FI+s/t,/ zkhuh s lv wkh dxwruhjuhvvlyh rughu ri wkh frpprq idfwru> t lv
wkh dxwruhjuhvvlyh rughu ri wkh vshfl�f idfwruv1 Lq sduwlfxodu/ wkh prghov
zlwk Pdunry0vzlwfklqj zloo eh ghqrwhg dv FI0PV+s/t,1

6 Uhdo h{dpsoh

Wkh X1V1 prqwko| frlqflghqw wlph vhulhv fryhulqj 4<8<=405335=9 duh dqdo0
|vhg � vhh Wdeoh 4 ri Dsshqgl{1 Lq idfw/ wkh frpsrqhqw vhulhv zh xvh wr
exlog rxu frpprq frlqflghqw idfwru duh wkrvh xwlolvhg e| wkh Frqihuhqfh
Erdug +XVD, wr frqvwuxfw lwv frpsrvlwh frlqflghqw lqgh{1

8



Wkh �uvw txhvwlrq wr dqvzhu lv zkhq wkh vwuxfwxudo euhdnv wrrn sodfh1
Wr dgguhvv wklv txhvwlrq zh hpsor|hg wkh iroorzlqj surfhgxuh dv lq Pf0
Frqqhoo dqg Shuh} Txlurv +5333,1 Iluvwo|/ iru wkh jurzwk udwhv ri hdfk
ri wkh wlph vhulhv lq txhvwlrq dq DU+4, prgho zlwk d frqvwdqw zdv hvwl0
pdwhg=

{+�| ' >� n ��{+�|3� n 1�| +:,

zkhuh � ' �c ���c ?1
Vhfrqgo|/ wkh uhvlgxdov ri wkhvh prghov zhuh xvhg wr hvwlpdwh wkh

iroorzlqj prgho=

u
Z

2
m1�|m ' k��(��| n k2�(�2| n /�| +;,

zkhuh (��| dqg (�2| duh wkh gxpplhv fdswxulqj vwuxfwxudo euhdn lq wkh
yduldqfh ri wkh �� |� wlph vhulhv1

(��| '

+
3/ li | 	 � �
4/ rwkhuzlvh
dqg

(�2| '

+
3/ li | : � �
4/ rwkhuzlvh

Wkh lghd lv wr fkdqjh wkh orfdwlrq ri wkh euhdn0srlqw � � dqg iru hdfk
orfdwlrq frpsxwh wkh fruuhvsrqglqj Zdog vwdwlvwlf1 Wkh srlqw zkhuh
Zdog vwdwlvwlf dfklhyhv lwv �vxsuhpxp� lv wdnhq wr eh wkh euhdn0srlqw1
Krzhyhu/ qrw doo wkh srlqwv ri wkh vdpsoh zhuh frqvlghuhg � rqo| wkrvh
ehwzhhq f��DA dqg f�HDA / zkhuh A lv wkh vdpsoh vl}h/ dv vxjjhvwhg e|
Dqguhzv +4<<6,1

Wr whvw iru wkh vwuxfwxudo euhdn zlwk xqnqrzq euhdn0srlqw lq wkh
yduldqfh ri wkh �� |� wlph vhulhv zh dsso| wkh vxsuhpxp Zdog vwdwlvwlf
dv Dqguhzv +4<<6, sursrvhv=

7�R`� ' 4@ 
Z

A

%
/�

�-/�- � /�

�L/�L

/�

�L/�L

&
+<,
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zkhuh Z ' �*A > - vwdqgv iru �uhvwulfwhg�/ zkloh L phdqv �xquhvwulfwhg�1
Lq rwkhu zrugv/ iru hdfk wlph vhulhv zh duh orrnlqj iru wkh srlqw ri wlph
zkhuh wkh hvwlpdwhg Zdog vwdwlvwlf dwwdlqv lwv vxsuhpxp1

Wkh whvw fulwlfdo ydoxhv zhuh frpsxwhg xvlqj errwvwudsslqj surfhgxuh
dv ghvfulehg lq Glherog dqg Fkhq +4<<9,1 Zh lpsohphqwhg wkh surfhgxuh
dv iroorzv=

41 Hvwlpdwh prgho lq +:, dqg vdyh wkh uhvlgxdov1

51 Hvwlpdwh uhvwulfwhg dqdorj ri htxdwlrq +;,/ wkdw lv/ dq htxdwlrq
zkhuh/ lqvwhdg ri wzr vwuxfwxudo euhdn gxpplhv/ (��| dqg (�2|/ zh
sxw d frqvwdqw whup1

61 Frqvwuxfw wkh svhxgr0revhuydwlrqv ri wkh vwdqgdug huuruv/
t

Z
2

���	1�|���/
xvlqj wkh hvwlpdwh ri wkh frh!flhqw zlwk wkh frqvwdqw whup ri wkh
prgho iurp vwhs 5 dv zhoo dv lwv uhvlgxdov gudzq zlwk uhsodfhphqw1

71 Hvwlpdwh htxdwlrq +;, dqg frpsxwh wkh vwdwlvwlf ydoxh xvlqj htxd0
wlrq +<,1 Vdyh wklv vwdwlvwlf dqg uhshdw vwhsv 607 odujh hqrxjk
qxpehu ri wlphv1

Zh xqghuwrrn wkh errwvwuds surfhgxuh rxwolqhg deryh zlwk4333 lw0
hudwlrqv1 Wkh uhvxowlqj fulwlfdo ydoxhv fruuhvsrqglqj wr 43(/ 8(/ dqg
4( vljql�fdqfh ohyhov duh uhsruwhg lq Wdeoh 51

Wkhq zh hvwlpdwhg wkh Zdog vwdwlvwlfv iru hdfk wlph vhulhv zlwklq
wkh vxe0vdpsoh rewdlqhg iurp wkh ruljlqdo vdpsoh zkhq 48( ri wkh re0
vhuydwlrqv zhuh ohiw rxw lq wkh ehjlqqlqj dqg 48( lq wkh hqg ri wkh
vdpsoh1 Iljxuh 4 vkrzv wkh hvwlpdwhg Zdog vwdwlvwlfv wrjhwkhu zlwk fru0
uhvsrqglqj errwvwuds fulwlfdo ydoxhv dw 43( dqg 8( vljql�fdqfh ohyhov
+lqihulru dqg vxshulru krul}rqwdo olqhv/ uhvshfwlyho|, iru hdfk ri wkh wlph
vhulhv1 Wkh uhvxowv ri wkh whvw dlplqj dw ghwhuplqdwlrq ri wkh wlplqj
ri wkh vwuxfwxudo euhdnv lq wkh yduldqfhv ri wkhvh vhulhv duh uhsruwhg lq
Wdeoh 61 Wkuhh wlph vhulhv rxw ri irxu � iru LQF wkh qxoo k|srwkhvlv ri
qr vwuxfwxudo euhdn frxog qrw eh uhmhfwhg � vhhp wr kdyh h{shulhqfhg
d vwuxfwxudo euhdn lq wkh yduldqfh/ wkrxjk wkh euhdn0srlqwv duh vsuhdg
dfurvv wkh vdpsoh1 Lw lv zruwkzkloh wr qrwlfh/ krzhyhu/ wkdw wzr rxw ri
wkhvh irxu wlph vhulhv kdg wkh vwuxfwxudo euhdn lq yduldqfh lq wkh hduo|
4<;7/ qdpho| HPS dqg LLS1
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Testing the timing of structural break
Wald statistic
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Lw lv zruwk wr fkhfn wkh lqwhufhsw ri htxdwlrq : iru d vwuxfwxudo euhdn/
ehfdxvh wkh vwuxfwxudo vkliwv lq wkh uhvlgxdo yduldqfhv pd| eh gxh wr
wkh fkdqjhv lq wkh lqwhufhswv1 Wkhuhiruh wkh iroorzlqj xquhvwulfwhg dqg
uhvwulfwhg uhjuhvvlrqv zhuh hvwlpdwhg wr whvw wkh qxoo ri qr vwuxfwxudo
euhdnv lq wkh lqwhufhswv=

Xquhvwulfwhg uhjuhvvlrq=

{+�| ' q��(�� n q2�(�2 n ��{+�|3� n 1�| +43,

Uhvwulfwhg uhjuhvvlrq=

{+�| ' q�(� n ��{+�|3� n 1�| +44,

;



zkhuh � ' �c ���c ?1 Wkh qxoo k|srwkhvlv lv irupxodwhg dv= (� ' (�� ' (�2

iru doo �/ wkh gxpplhv ehlqj gh�qhg dv deryh1 Qrwlfh wkdw wkh wlph
vxevfulswv duh vxssuhvvhg/ vlqfh wkh vwuxfwxudo euhdn orfdwlrqv zhuh �{hg
dw wkh euhdn0srlqwv lghqwl�hg lq Wdeoh 51 Krzhyhu/ wkh yduldeoh vxevfulsw
lv vwloo wkhuh phdqlqj wkdw hdfk yduldeoh kdv lwv vshfl�f euhdn0srlqw1

Wkh sdudphwhu hvwlpdwhv ri uhjuhvvlrqv E�f� dqg E��� duh uhsruwhg
lq Wdeohv 7 dqg 8/ uhvshfwlyho|1 Wkh uhvxowv ri wkh I whvw frqgxfwhg
xvlqj wkhvh wzr uhjuhvvlrqv duh glvsod|hg lq Wdeoh 91 Rqo| iru LQF wkh
qxoo k|srwkhvlv ri qr vwuxfwxudo euhdn lq lqwhufhsw pd| eh uhmhfwhg dw
wkh xvxdo 3138 vljql�fdqfh ohyho1 Wklv lpsolhv wkdw prvw suredeo| wkh
vwuxfwxudo euhdnv ghwhfwhg iru wkh rwkhu wkuhh yduldeohv duh gxh hqwluho|
wr wkh euhdnv lq wkh uhvlgxdo yduldqfhv1

Wkh uhvxowv ri Wdeoh 6 zhuh xvhg wr frqvwuxfw wkh vwuxfwxudo euhdn
gxpplhv lq wkh frpprq g|qdplf idfwru prgho1 Zh hvwlpdwhg hljkw
prghov= irxu olqhdu dqg irxu zlwk uhjlph0vzlwfklqj g|qdplfv1 Xqghu
hdfk g|qdplfv dvvxpswlrq wkh iroorzlqj prgl�fdwlrqv ri wkh prgho zhuh
frqvlghuhg= +4, qr vwuxfwxudo euhdn/ +5, vwuxfwxudo euhdn rqo| lq wkh re0
vhuyhg yduldeohv* phdqv/ +6, vwuxfwxudo euhdn rqo| lq wkh uhvlgxdo yduldqfh
ri wkh vshfl�f frpsrqhqwv/ dqg +7, vwuxfwxudo euhdn erwk lq phdqv dqg
lq yduldqfhv1 Rqo| vshfl�fdwlrq FI+3/3, � erwk iru olqhdu dqg uhjlph0
vzlwfklqj prghov �zdv xvhg1 Wkh hvwlpdwhg sdudphwhuv ri wkhvh prghov
wrjhwkhu zlwk wkhlu vwdqgdug huuruv duh uhsruwhg lq Wdeohv :0431 Wkh uh0
vshfwlyh orj0olnholkrrg ixqfwlrq ydoxhv duh suhvhqwhg lq wkh khdghu diwhu
wkh vshfl�fdwlrq ri wkh prgho �olqhdu� ru �Pdunry0vzlwfklqj�1

Lw fdq eh vhhq wkdw wkh vwuxfwxudo0euhdn0lq0phdqv gxpplhv lq prvw
fdvhv +h{fhsw vrphwlphv wkh LQF yduldeoh, duh qrw vljql�fdqwo| gl�huhqw
iurp }hur1 Wklv lv qrw wkh fdvh/ krzhyhu/ ri wkh uhvlgxdo yduldqfhv zklfk
duh doprvw dozd|v vljql�fdqw dw 3138 vljql�fdqfh ohyho1 Wklv lpsolhv wkdw
lw zdv udwkhu yrodwlolw| ri wkh udwhv ri jurzwk ri wkh X1V1 pdfurhfrqrplf
yduldeohv wkdw ghfuhdvhg gxulqj wkh odvw 63 |hduv/ zkhuhdv wkh dyhudjh
jurzwk udwhv ohyho glg qrw h{shulhqfh dq| qrwhzruwk| fkdqjhv1

Wkh olqhdu hvwlpdwhv ri wkh frpsrvlwh hfrqrplf lqglfdwruv zlwk dqg
zlwkrxw euhdnv lq lqwhufhswv dqg2ru yduldqfhv duh sorwwhg rq Iljxuh 51
Wkh hvwlpdwhv zlwk ghwhuplqlvwlf gxpplhv duh vwulnlqjo| forvh wr FI+3/3,
zlwk qr euhdnv1 Wklv lv hvshfldoo| wuxh lq wkh fdvh ri FI+3/3, zlwk euhdnv
lq wkh phdqv1
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Figure 2: Linear CF(0,0) with and without dummies
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Wkh sur�ohv ri qrq0olqhdu frpsrvlwh hfrqrplf lqglfdwruv zlwk dqg
zlwkrxw ghwhuplqlvwlf gxpplhv duh vkrzq rq Iljxuh 61 Lw dsshduv wkdw
wkh FI0PV zlwk qr euhdn dqg FI0PV zlwk euhdn lq wkh uhvlgxdo ydul0
dqfhv kdyh wkh forvhvw sur�ohv1 Lq frqwudvw/ wkh prgho zlwk euhdnv erwk
lq phdqv dqg uhvlgxdo yduldqfhv ri wkh vshfl�f idfwruv glvsod|v txlwh glv0
wlqfw ehkdylrxu � lw kdv d fohduo| h{suhvvhg grzqzdug wuhqg zklfk lv
qrw wkh fdvh ri rwkhu FI0PV/ zkhuhdv wkh FI0PV zlwk euhdnv lq phdqv
surgxfhv d FHL zlwk dq xszdug jurzlqj sur�oh1

43



Figure 3: CF-MS(0,0) with and without dummies
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Gl�huhqw vshfl�fdwlrqv ri wkh prgho duh frpsduhg lq Wdeoh 441 Wkh
olnholkrrg udwlr +OU, whvw lv xvhg wr frqgxfw wklv frpsdulvrq1 Hdfk fhoo
ri wkh wdeoh frqwdlqv wkh grxeoh gl�huhqfh ehwzhhq wkh orj0olnholkrrgv
ri wkh xquhvwulfwhg dqg pruh uhvwulfwhg prghov1 Qxpehuv lq wkh sduhq0
wkhvhv vwdqg iru wkh ghjuhhv ri iuhhgrp1 Wkh dvwhulvnv vkrz wkh whvw
vwdwlvwlfv ydoxhv zklfk h{fhhg wkh fulwlfdo �2

f�bD ydoxhv1 Wkh xsshu wul0
dqjxodu pdwul{ frqwdlqv wkh OU0vwdwlvwlfv iru wkh olqhdu prghov/ zkloh
wkh orzhu wuldqjxodu pdwul{ glvsod|v wkrvh fruuhvsrqglqj wr wkh Pdunry0
vzlwfklqj prghov1 Wkh prghov +5, dqg +6, duh qrw qhvwhg dqg wkhuhiruh
fdqqrw eh frpsduhg xvlqj wkh OU whvw1 Wkhuhiruh wkh fruuhvsrqglqj
fhoov duh ohiw hpsw|1

Wkh prgho zlwk wkh vwuxfwxudo euhdn rqo| lq wkh phdqv ri wkh re0
vhuyhg yduldeohv grhv qrw ohdg wr dq lpsruwdqw lpsuryhphqw ri wkh orj0
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olnholkrrg= lq wkh olqhdu fdvh wkh gl�huhqfh ehwzhhq wkh prgho zlwk qr
vwuxfwxudo euhdnv dqg zlwk euhdnv rqo| lq wkh phdqv lv qrw vljql�fdqw/
zkloh lq wkh uhjlph0vzlwfklqj fdvh lw lv vljql�fdqw dw 8( ohyho1 Wkh lqwur0
gxfwlrq ri wkh vwuxfwxudo euhdnv lq wkh uhvlgxdo yduldqfhv ri lglrv|qfudwlf
frpsrqhqwv vxevwdqwldoo| lpsuryhv wkh shuirupdqfh ri wkh prgho1 Rq
wkh rwkhu kdqg/ lq wkh olqhdu fdvh wkhuh lv qr vljql�fdqw jdlq ri lqwur0
gxflqj wkh vwuxfwxudo vkliwv erwk lq phdqv dqg yduldqfhv dv frpsduhg
wr wkh prgho zlwk euhdnv lq yduldqfhv rqo|1 Lq wkh Pdunry0vzlwfklqj
fdvh wkh hvwlpdwhg whvw vwdwlvwlf djdlq lv yhu| forvh wr wkh fulwlfdo ydoxh
�2

f�bDEH� ' 2��f�1 Wklv lpsolhv wkdw wkh exon ri wkh lpsuryhphqwv lq wkh
prgho vwhp iurp lqfoxglqj wkh ghwhuplqlvwlf gxpplhv dffrxqwlqj iru
wkh vwuxfwxudo euhdnv lq wkh uhvlgxdo yduldqfhv ri vshfl�f idfwruv1 Wklv
fdq eh uhjdughg dv dq hylghqfh ri wkh qhjdwlyh vwuxfwxudo vkliw lq wkh
yrodwlolw| zklfk kdv d�hfwhg wkh irxu X1V1 pdfurhfrqrplf wlph vhulhv lq
txhvwlrq1

Iljxuhv 7 wkurxjk 9 looxvwudwh wkh orz0lqwhufhsw uhjlph suredelolwlhv
iru hdfk ri wkh prghov zlwk ghwhuplqlvwlf gxpplhv1 Wkhvh suredelolwlhv
duh vxshulpsrvhg rq wkh Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk +QEHU,
exvlqhvv f|foh fkurqrorj|1 Wkh vlpsoh �h|hedoo dqdo|vlv� ri wkh slfwxuhv
shuplwv frqfoxglqj wkdw wkh lw lv wkh FI0PV+3/3, zlwk euhdn lq wkh phdqv
wkdw uhsolfdwhv wkh QEHU gdwhv wkh ehvw1 Wkh rwkhu wzr prghov/ zkloh
fdswxulqj jrrg hqrxjk prvw ri wkh uhfhvvlrqv/ h{djjhudwh wkh odvw rqh
zklfk wrrn sodfh lq hduo| 4<<3v1 Wkh| pdnh lw odvw wzlfh dv orqj dv wkh
�r!fldo� frqwudfwlrq kdg odvwhg1
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Figure 4: Recession probabilities vs. NBER dates
Model with break in means
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Figure 5: Recession probabilities vs. NBER dates
Model with break in variances
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Figure 6: Recession probabilities vs. NBER dates
Model with break in means and variances
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Zh frqfoxgh wkh dqdo|vlv ri wkh qrq0olqhdu prghov h{dplqhg lq wklv
sdshu e| frpsdulqj wkhlu shuirupdqfh lq whupv ri wkh lq0vdpsoh suhglf0
wlrq ri wkh QEHU wxuqlqj srlqwv1 Zh xvh wkh txdgudwlf suredelolw| vfruh
+TSV, sursrvhg e| Glherog dqg Uxghexvfk +4<;<, wr hydoxdwh wkh shu0
irupdqfh/ zklfk lv uhsruwhg lq Wdeoh 451 Qxpehuv lq wkh wklug froxpq
ri wkh wdeoh ghqrwhg e| GP duh wkh ydoxhv ri wkh vwdwlvwlf lqwurgxfhg
e| Glherog dqg Pduldqr +4<<7, wr whvw wkh k|srwkhvlv ri htxdolw| ri wkh
iruhfdvw dffxudf| ri wzr dowhuqdwlyh prghov1 Wkh Glherog0Pduldqr +GP,
vwdwlvwlf zdv frpsxwhg xvlqj wkh uhfwdqjxodu vshfwudo zlqgrz ri ohqjwk
5341 Wkh iruhfdvw dffxudf| ri hdfk vwuxfwxudo euhdn prgho lv frpsduhg
wr wkdw ri wkh ehqfkpdun +qr vwuxfwxudo euhdn, prgho 1 Wkh qxoo k|0
srwkhvlv vwdwhv qr gl�huhqfh ehwzhhq wkh suhglfwlyh dffxudf| ri wkh wzr
prghov1 Wkh whvw vwdwlvwlf lv vwdqgdugl}hg dqg khqfh lw lv dv|pswrwlfdoo|
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glvwulexwhg dv Q+3/4,1
Iluvw frqfoxvlrq wkdw fdq eh gudzq iurp wklv wdeoh lv wkdw dprqj

wkh ghwhuplqlvwlf euhdn prghov rqo| prgho zlwk euhdn lq phdq jlyhv
ehwwhu hvwlpdwhv ri wkh QEHU wxuqlqj srlqwv wkdq wkh ehqfkpdun prgho1
Krzhyhu/ li zh wdnh lqwr dffrxqw wkh Glherog0Pduldqr vwdwlvwlfv zh kdyh
wr frqfoxgh wkdw wkhuh lv qr vljql�fdqw gl�huhqfh lq wkh lq0vdpsoh wxuqlqj
srlqwv iruhfdvw dffxudf| ehwzhhq wkh ehqfkpdun prgho dqg wkh ehvw
prgho zlwk vwuxfwxudo euhdn +ghwhuplqlvwlf euhdn lq wkh phdqv ri wkh
revhuyhg yduldeohv,1

Vhfrqgo|/ wkh vprrwkhg frqglwlrqdo suredelolwlhv duh dv d uxoh forvhu
wr wkh QEHU gdwhv wkdq wkh �owhuhg frqglwlrqdo suredelolwlhv1 Wkh iru0
phu wdnh lqwr dffrxqw erwk sdvw dqg ixwxuh lqirupdwlrq zklfk doorzv
ghwhfwlqj ehwwhu wkh vljqdo/ l1h1/ wxuqlqj srlqwv ri wkh exvlqhvv f|foh1

7 Frqfoxglqj uhpdunv

Lq wklv sdshu zh h{dplqhg d frpprq g|qdplf idfwru prgho zlwk wkh
rqh0wlph ghwhuplqlvwlf vkliwv lq wkh phdqv ri wkh revhuyhg yduldeohv dqg
lq wkh uhvlgxdo yduldqfh ri wkh lglrv|qfudwlf frpsrqhqwv1 Wkh vwuxfwxudo
vkliwv lq wkh phdq riwhq rffxu zkhq wkh dffrxqwlqj phwkrgrorj| xvhg
wr frqvwuxfw wkh vwdwlvwlfdo lqglfdwruv lv fkdqjhg1 Xvxdoo| wklv fdxvhv
d glvfrqwlqxlw| lq wkh revhuyhg wlph vhulhv qrw doorzlqj wr frpsduh
wkh g|qdplfv ehiruh dqg diwhu wkh vwuxfwxudo euhdn1 Dowhuqdwlyho|/ wkh
vwuxfwxudo euhdnv/ hvshfldoo| wkrvh klwwlqj wkh yduldqfh/ pd| uh hfw vrph
�uhdo� hfrqrplf skhqrphqrq olnh vwdelolvdwlrq ri wkh hfrqrplf v|vwhp
zkhq wkh f|folfdo  xfwxdwlrqv ehfrph ohvv zlog1

Li zh zdqw wr lqyhvwljdwh wkh exvlqhvv f|foh zklfk lv dssur{lpdwhg
e| wkh  xfwxdwlrqv ri wkh frpsrvlwh hfrqrplf lqglfdwru/ wkhvh vwuxfwxudo
euhdnv pd| fdxvh d orw ri wurxeohv glvwruwlqj wkh f|folfdo vljqdo1 Wkhuh0
iruh zh qhhg vrph phfkdqlvp wr lvrodwh wkh f|folfdo frpsrqhqw1 Wkh
prghov ri frpsrvlwh hfrqrplf lqglfdwru frqvlghuhg khuh r�hu d vroxwlrq
wr wklv sureohp1

Zh frqvlghu wkh prghov zlwk erwk olqhdu dqg uhjlph0vzlwfklqj g|0
qdplfv kdylqj d vlqjoh frpprq g|qdplf idfwru1 Wkh prgho doorzlqj
vwuxfwxudo euhdnv erwk lq wkh phdqv ri wkh revhuyhg wlph vhulhv dqg lq
wkh uhvlgxdo yduldqfhv ri wkh lglrv|qfudwlf idfwruv zdv hvwlpdwhg iru wkh
uhdo X1V1 srvw0Zruog Zdu LL prqwko| gdwd1 D prgho zlwkrxw vwuxfwxudo
euhdnv lv frpsduhg wr +4, prgho zlwk vwuxfwxudo euhdnv lq wkh revhuyhg
yduldeohv phdqv> +5, prgho zlwk vwuxfwxudo euhdnv lq wkh uhvlgxdo ydul0
dqfhv ri wkh vshfl�f idfwruv/ dqg +6, prgho zlwk vwuxfwxudo euhdnv erwk
lq wkh phdqv dqg yduldqfhv1 Lw wxuqv rxw wkdw wkh k|srwkhvlv ri vwuxf0
wxudo euhdn lq wkh phdqv �qgv qr vxssruw lq wkh uhdo gdwd/ zkhuhdv wkh
k|srwkhvlv ri wkh vwuxfwxudo euhdnv lq wkh yduldqfhv/ dowkrxjk rffxuuhg
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dw gl�huhqw srlqwv ri wlph iru gl�huhqw revhuyhg yduldeohv/ lv olnho| wr eh
frq�uphg e| wkh hpslulfdo hylghqfh1
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+Hgv1, R10M1Eodqfkdug/ V1Ilvfkhu/ PLW Suhvv/ Fdpeulgjh/ Pdv0
vdfkxvvhwv/ dqg Orqgrq1

^49` Vwrfn/ M1K1/ Zdwvrq/ P1Z1 +4<<5, D Surfhgxuh iru Suhglfwlqj Uh0
fhvvlrqv zlwk Ohdglqj Lqglfdwruv= Hfrqrphwulf Lvvxhv dqg Uhfhqw
H{shulhqfh/ QEHU Zrunlqj Sdshu 73471

8 Dsshqgl{

Wdeoh 41 Wkh frpsrqhqw vhulhv ri wkh XV frpsrvlwh hfrqrplf lqglfdwru
Prqwko| gdwd/ Mdqxdu| 4<8< � Mxqh 5335

Vhulhv Vkruw0kdqg Ghvfulswlrq
Hpsor|hhv rq qrqdjulfxowxudo sd|uroov HPS 43�/ VD
Shuvrqdo lqfrph ohvv wudqvihu sd|phqwv LQF 43b 4<<9 '/ VD/ dqqxdo udwh

Lqgh{ ri lqgxvwuldo surgxfwlrq LLS wrwdo lqgh{/ 4<<9@433/ VD
Pdqxidfwxulqj dqg wudgh vdohv VOV fkdlqhg 43S 4<<9 '/ VD

Qrwdwlrq= 43b 4<<9 ' @ eloolrqv ri 4<<9 grooduv> VD@ vhdvrqdoo| dgmxvwhg1
Qrwh= Fkdlqhg +4<<9, groodu vhulhv duh fdofxodwhg dv wkh surgxfw ri wkh
fkdlq0w|sh txdqwlw| lqgh{ dqg wkh 4<<9 fxuuhqw0groodu ydoxh ri wkh fru0
uhvsrqglqj vhulhv/ glylghg e| 4331
Vrxufh= QEHU +zzz1qehu1ruj2f|fohv2kdoo1{oz,= wkh lqgxvwuldo surgxf0
wlrq vhulhv kdv dq huurqhrxv hqwu| lq Ghfhpehu 4<;8 zklfk zdv uhsodfhg
e| wkh �jxuh wdnhq iurp wkh lqgh{ ri lqgxvwuldo surgxfwlrq zlwk 4<<5
edvh/ jlyhq wkdw wkh qhljkerulqj ydoxhv +ehiruh dqg diwhu 4<;8=45, duh
h{dfwo| wkh vdph iru erwk lqglfhv1

Wdeoh 51 Errwvwuds fulwlfdo ydoxhv ri wkh Zdog vwdwlvwlfv
4333 lwhudwlrqv

Yduldeoh Vljql�fdqfh ohyho
43( 8( 4(

HPS 4613:4 471953 4:193<
LQF 461386 471553 491;59
LLS 451:59 47144< 4:1<;:
VOV 461657 471;;3 4:15:3
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Wdeoh 61 Vwuxfwxudo euhdnv wlplqj

Yduldeoh Zdog vwdwlvwlf Gdwh
HPS 97158-- 4<;7=6
LQF :14:4 4<:5=9
LLS 5818<-- 4<;7=7
VOV 4617;- 4<<5=5

Wkh vwdwlvwlf kdv vxshuvfulswv - dqg -- li lw h{fhhgv 43( dqg 8( fulwlfdo
ydoxh/ uhvshfwlyho|1

Wdeoh 71 Xquhvwulfwhg uhjuhvvlrq
Euhdn0srlqwv= dv vxjjhvwhg e| Wdeoh 5
Yduldeoh (� (2 {+|3�

HPS 313364 031338: 317696
LQF 313873 03135;4 315956
LLS 3133;< 031357< 316:98
VOV 03135:6 3144:3 0313;<7

Wdeoh 81 Uhvwulfwhg uhjuhvvlrq
Euhdn0srlqw= qrqh

Yduldeoh ( {+|3�

HPS 0313335 31769<
LQF 0313339 315:85
LLS 0313369 316::4
VOV 0313358 0313;:4

Qxoo k|srwkhvlv= ( ' (� ' (2

Wdeoh 91 I0whvw iru vwuxfwxudo euhdn lq lqwhufhsw
Edvhg rq uhvxowv ri wkh uhjuhvvlrqv lq Wdeohv 7 dqg 8

Yduldeoh I0vwdwlvwlf s0ydoxh
HPS 314;; 31997
LQF 71566 31373
LLS 314;; 31998
VOV 415;5 3158;
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Wdeoh :1 Hvwlpdwhg sdudphwhuv ri wkh olqhdu dqg uhjlph0vzlwfklqj
prghov zlwk qr vwuxfwxudo euhdn 4<8<=405335=9

Olqhdu OO@0595:1< Pdunry0vzlwfklqj OO@0587:1;
Sdudphwhu Hvwlpdwhg Vw1huuru Hvwlpdwhg Vw1huuru

R�� � � 31<:< 3133;
�� R22 � � 313;8 31364
>� � � 315<9 31375
>
2

� � 04149 31437
�U�� 31;58 3138: 31::; 31385
�UU� 4133 31398 31;;: 31389
�7u7 31:43 31395 3194< 31389
j2 3196< 31399 316;8 31373

j2

.�� 3168< 3136< 315:3 3136:
j2

U�� 31896 31375 3188: 31373
j2

UU� 31686 31373 31759 3136<
j2

7u7 319:9 3137: 31:53 3137<

OO @ wkh ydoxh ri orjolnholkrrg ixqfwlrq
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Wdeoh ;1 Hvwlpdwhg sdudphwhuv ri wkh olqhdu dqg uhjlph0vzlwfklqj
prghov zlwk vwuxfwxudo euhdn lq phdqv 4<8<=405335=9

Olqhdu OO@0595717 Pdunry0vzlwfklqj OO@0586;18
Sdudphwhu Hvwlpdwhg Vw1huuru Hvwlpdwhg Vw1huuru

R�� � � 31<:< 3133;
�� R22 � � 31437 31369
>� � � 31697 313:6
>
2

� � 04154 31447
�U�� 31;49 3138: 31::6 31385
�UU� 4134 31399 31<47 31389
�7u7 31:46 31395 31965 31389
j2 31967 31399 31685 3136;

j2

.�� 3168; 3136< 315;; 31368
j2

U�� 31894 31375 3188; 31373
j2

UU� 31686 31373 3173; 3136:
j2

7u7 319:9 3137: 31:49 3137;
B��.�� 31387 31387 31359 31393
B��U�� 3145: 313:3 31436 313:8
B��UU� 31358 3138; 313 31369
B��7u7 031335 31365 031377 3139:
B2�.�� 0313:7 31394 031585 313<4
B2�U�� 031389 3137: 03147: 3139;
B2�UU� 031368 3138< 0314<< 313<3
B2�7u7 31339 31365 031434 313<6

OO @ wkh ydoxh ri orjolnholkrrg ixqfwlrq
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Wdeoh <1 Hvwlpdwhg sdudphwhuv ri wkh olqhdu dqg uhjlph0vzlwfklqj
prghov zlwk vwuxfwxudo euhdn lq yduldqfhv 4<8<=405335=9

Olqhdu OO@058;91: Pdunry0vzlwfklqj OO@057<513
Sdudphwhu Hvwlpdwhg Vw1huuru Hvwlpdwhg Vw1huuru

R�� � � 31<:; 3133;
�� R22 � � 313:6 31359
>� � � 315<3 31367
>
2

� � 04146 313:;
�U�� 31<33 31399 31;49 31389
�UU� 31<:; 313:5 31:<8 31389
�7u7 31:9< 313:5 31948 3138<
j2 31886 31398 31634 31367

j2

.�� 314:8 31367 3135< 31357
j2

U�� 31884 31376 3189; 31373
j2

UU� 314;6 31366 315<6 31368
j2

7u7 31934 313;6 31997 313;9
b.�� 31696 3139< 31759 3138;
bU�� 313 313 313 313
bUU� 31698 313:3 31697 313;3
b7u7 313;< 31433 31446 31437

OO @ wkh ydoxh ri orjolnholkrrg ixqfwlrq
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Wdeoh 431 Hvwlpdwhg sdudphwhuv ri wkh olqhdu dqg uhjlph0vzlwfklqj
prghov zlwk vwuxfwxudo euhdn lq lqwhufhswv dqg yduldqfhv 4<8<=405335=9

Olqhdu OO@058;51< Pdunry0vzlwfklqj OO@057;71;
Sdudphwhu Hvwlpdwhg Vw1huuru Hvwlpdwhg Vw1huuru

R�� � � 31<:; 3133;
�� R22 � � 313:8 3135;
>
�

� � 3159: 313;3
>2 � � 0414: 31457

�U�� 31;<6 3139: 31:<< 3138:
�UU� 31<;6 313:6 31:<6 3138;
�7u7 31::9 313:6 31946 31393
j2 31878 31397 315<5 31367

j2

.�� 314:6 31367 31359 31359
j2

U�� 3187< 31375 3189< 31374
j2

UU� 314;6 31366 315<8 31369
j2

7u7 318<< 313;5 31993 313;9
B��.�� 31388 31389 31465 313<3
B��U�� 31463 313:3 314;3 313<4
B��UU� 3135: 31386 313<3 313;3
B��7u7 031335 31369 3135< 3139<
B2�.�� 0313:8 31383 031397 313:6
B2�U�� 03138; 31383 031356 31374
B2�UU� 03136: 3137: 031364 3139:
B2�7u7 31338 31357 31367 313<4
b.�� 31699 3139< 3175: 3138;
bU�� 313 313 313 313
bUU� 31698 313:3 31695 313;3
b7u7 313<3 313<< 31453 31438

OO @ wkh ydoxh ri orjolnholkrrg ixqfwlrq
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Wdeoh 441 Frpsdulvrq ri gl�huhqw prgl�fdwlrqv ri wkh prgho1
Vshfl�fdwlrqv FI+3/3, dqg FI0PV+3/3,1 Olnholkrrg udwlr whvw

Olqhdu prghov
Qr VE :13 +;, ;517- +7, <314- +45,
4;1:- +;, VE lq P ;614- +7,
4441:- +7, VE lq Y :1: +;,
45913- +45, 43:16- +7, 4716 +;, VE lq P ) Y

Pdunry0vzlwfklqj prghov

�Qr VE� @ qr vwuxfwxudo euhdn> �VE lq P� @ vwuxfwxudo euhdn lq wkh
phdq ri revhuyhg yduldeohv> �VE lq Y� @ vwuxfwxudo euhdn lq wkh uhvlgxdo
yduldqfh ri vshfl�f frpsrqhqwv> �VE lq P ) Y� @ vwuxfwxudo euhdn erwk
lq wkh phdq dqg lq wkh uhvlgxdo yduldqfh1
Wkh dvwhulvnv vkrz wkh OU0vwdwlvwlfv h{fhhglqj wkh fulwlfdo �2

f�bD ydoxhv1

Wdeoh 451 Lq0vdpsoh iruhfdvwlqj shuirupdqfh ri wkh Pdunry0vzlwfklqj
frpprq idfwru prghov zlwk ghwhuplqlvwlf vwuxfwxudo euhdn

Prgho0ghulyhg uhfhvvlrq suredelolwlhv frpsduhg wr wkh QEHU exvlqhvv
f|foh fkurqrorj|/ 4<8<=405335=9
Prgho TSV GP s0ydoxh

Ilowhuhg suredelolwlhv
Qr euhdn +ehqfkpdun prgho, 31383 � �

Euhdn lq phdq 3137: 316:; 31686
Euhdn lq yduldqfh 31393 0415: 31435

Euhdn lq phdq dqg yduldqfh 31389 031;95 314<7
Vprrwkhg suredelolwlhv

Qr euhdn +ehqfkpdun prgho, 3136: � �
Euhdn lq phdq 3135< 31<8< 3149<

Euhdn lq yduldqfh 31384 041;< 3135<
Euhdn lq phdq dqg yduldqfh 31377 031::< 3154;

TSV @ txdgudwlf suredelolw| vfruh
GP @Glherog0Pduldqr vwdwlvwlf whvwlqj wkh k|srwkhvlv ri htxdolw| ri wkh
iruhfdvw dffxudf| ri wzr dowhuqdwlyh prghov � vhh Glherog dqg Pduldqr
+4<<7,
s0ydoxh @ vljql�fdqfh ydoxh ri GP0vwdwlvwlf
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