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Abstract

A bifactor model of the unobserved common leading and coincident indicators with Markov
switching, introduced via the common factor intercept term, is examined. The model has four
regimes and the lag between the leading and coincident factors is reflected in transition
probabilities matrix. Three hypotheses concerning the relationship between the two factors
are evaluated: (1) cyclical dynamics of the two factors are independent; (2) cyclical dynamics
are common for both factors; (3) dynamics are interrelated, with coincident factor lagging
behind the leading factor. The models are estimated using US monthly macroeconomic time
series. The estimated recession probabilities reveal close correspondence to NBER business
cycle dating. Moreover, model 3 shows that the leading factor is entering the recession 5
months and the expansions 9 months earlier than the coincident one. This permits timely
forecasting of the future evolution of the coincident economic indicator.
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4 Lqwurgxfwlrq

Wkh remhfwlyh ri wkh sdshu lv wkh vlpxowdqhrxv frqvwuxfwlrq ri erwk frlqflghqw
lqglfdwru dqg ohdglqj lqglfdwru ri wkh pdfurhfrqrplf dfwlylw|/ zklfk zrxog
doorz wudflqj ri hyroxwlrq ri wkh exvlqhvv f|foh lq rughu wr eh deoh wr suhglfw
wkh uhfhvvlrqv ri wkh frlqflghqw lqglfdwru xvlqj wkrvh ri wkh ohdglqj lqglfdwru1
Zkloh wkh frlqflghqw lqglfdwru fdq eh xvhg wr fkdudfwhul}h wkh fxuuhqw vwdwh ri
wkh �exvlqhvv folpdwh�/ wkh ohdglqj lqglfdwru pd| vhuyh wr iruhfdvw wkh fkdqjhv
lq wklv vwdwh zklfk zrxog wdnh sodfh zlwklq wkh qh{w vhyhudo shulrgv1

Iru wkh frqvwuxfwlrq ri wkh lqglfdwruv lq txhvwlrq zh duh xvlqj wkh g|qdplf
idfwru dqdo|vlv phwkrgrorj|1 Rqh ri wkh prvw lq xhqwldo g|qdplf vlqjoh0idfwru
prghov ri wkh frlqflghqw hfrqrplf lqglfdwru zlwk olqhdu g|qdplfv lv wkdw e|
Vwrfn dqg Zdwvrq +4<;;,/ zkloh wkh vlqjoh0idfwru prghov zlwk Pdunry0vzlwfklqj
g|qdplfv zhuh sursrvhg �uvw e| Fkdxyhw +4<<;,/ Nlp dqg \rr +4<<8,1 Xqwlo
qrz/ wr rxu ehvw nqrzohgjh/ qr rqh kdv frph zlwk d pxowlidfwru prgho +lqfru0
srudwlqj erwk ohdglqj dqg frlqflghqw frpprq idfwruv, zlwk uhjlph vzlwfklqj1

Wklv sdshu lqwurgxfhv d wzr0idfwru prgho zlwk uhjlph0vzlwfklqj g|qdplfv
zkhuh rqh ri wkh odwhqw idfwruv lv srvwxodwhg dv d frpprq ohdglqj lqglfdwru/ zkloh
wkh vhfrqg idfwru lv wdnhq wr eh wkh frpprq frlqflghqw lqglfdwru1 Wkh frpprq
ohdglqj dqg frlqflghqw idfwruv duh hvwlpdwhg iurp d vhw ri revhuyhg wlph vhulhv
zklfk lv vsolw lqwr d vxevhw ri ohdglqj dqg d vxevhw ri frlqflghqw yduldeohv1 Wkh
dvvxphg ohdglqj uhodwlrqvkls lv uh hfwhg lq wkh wudqvlwlrq suredelolwlhv pdwul{
jryhuqlqj wkh vkliwv lq wkh uhjlphv ri wkh wzr frpprq idfwruv1 Khuh zh edvh
rxu dqdo|vlv rq wkdw ri Skloolsv +4<<4, zkr vkrzhg/ xvlqj d elyduldwh uhjlph
vzlwfklqj prgho/ krz wkh wlph odjv ehwzhhq wzr revhuyhg yduldeohv zlwk Pdunry0
vzlwfklqj g|qdplfv fdq eh h{suhvvhg lq whupv ri wkh wudqvlwlrq suredelolwlhv1

Wkh uhpdlqghu ri sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 irupxodwhv wkuhh
elidfwru prghov zlwk uhjlph0vzlwfklqj g|qdplfv gl�hulqj lq wkh zd| wkh f|folfdo
hyroxwlrq ri erwk idfwruv lv gh�qhg1 Lq vhfwlrq 6 wkhvh wkuhh Pdunry0vzlwfklqj
prghov zlwk ohdglqj dqg frlqflghqw frpprq idfwruv duh hvwlpdwhg xvlqj wkh
X1V1 Srvw0Zdu prqwko| pdfurhfrqrplf gdwd1 Vhfwlrq 7 vxppdul}hv wkh uhvxowv
ri wkh sdshu1 Doo wkh wdeohv dqg judskv duh sxw lqwr wkh Dsshqgl{ iroorzlqj wkh
olvw ri uhihuhqfhv1

5 Prgho

Lw zdv revhuyhg e| pdq| dxwkruv/ dprqj wkhp e| Glherog dqg Uxghexvfk
+4<<9, wkdw wkh prgho ri wkh exvlqhvv f|foh zrxog eh lqfrpsohwh li lw zrxog
qrw wdnh lqwr dffrxqw erwk wkh frpryhphqw ri ydulrxv pdfurhfrqrplf ydul0
deohv dqg wkh dv|pphwulhv ehwzhhq wkh skdvhv ri wkh f|foh1 Wkh olqhdu ohdglqj0
frlqflghqw idfwruv prgho zrxog lqfrusrudwh rqo| wkh skhqrphqrq ri wkh vlpxo0
wdqhrxv fkdqjhv lq wkh ohyhov ri gl�huhqw lqglylgxdo wlph vhulhv1 Krzhyhu/ lw
odfnv d phfkdqlvp zklfk zrxog uh hfw wkh txdolwdwlyho| gl�huhqw ehkdylru ri
wkhvh vhulhv gxulqj uhfhvvlrqv dqg h{sdqvlrqv1 Rqh ri wkh zd|v wr lqwurgxfh wklv
phfkdqlvp lq rxu prgho lv wr dgg wr lw wkh uhjlph0vzlwfklqj g|qdplfv1
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Zh frqvlghu wzr vhwv ri wkh revhuyhg wlph vhulhv= ohdglqj dqg frlqflghqw1
Wkh frpprq g|qdplfv ri wkh wlph vhulhv ehorqjlqj wr hdfk ri wkhvh jurxsv duh
h{sodlqhg e| d vlqjoh frpprq idfwru= ohdglqj idfwru iru wkh �uvw jurxs dqg
frlqflghqw idfwru iru wkh vhfrqg jurxs1 Wkh lglrv|qfudwlf g|qdplfv ri hdfk wlph
vhulhv lq sduwlfxodu duh fdswxuhg e| rqh vshfl�f idfwru shu hdfk revhuyhg wlph
vhulhv1 Wkhuhiruh wkh prgho fdq eh zulwwhq dv=

�|w @ ��iw . xw +4,

zkhuh �|w @ +�|Ow m �|Fw,
3 lv wkh q�4 yhfwru ri wkh revhuyhg wlph vhulhv lq wkh

�uvw gl�huhqfhv> �iw @ +�iOw m �iFw,3 lv wkh 5� 4 yhfwru ri wkh odwhqw frpprq
idfwruv lq wkh �uvw gl�huhqfhv> xw @ +xOw m xFw,3 lv wkh q� 4 yhfwru ri wkh odwhqw
vshfl�f idfwruv> � lv wkh q� 5 idfwru ordglqjv pdwul{ olqnlqj wkh revhuyhg vhulhv
zlwk wkh frpprq idfwruv1

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

�iw @ �+vw, . �+O,�iw�4 . %w +5,

zkhuh �+vw, @ i�O+vw,> �F+vw,j lv wkh 5 � 4 yhfwru ri wkh vwdwh0ghshqghqw lq0
whufhswv ri wkh frpprq ohdglqj dqg frlqflghqw idfwruv/ fruuhvsrqglqjo|/ zklfk
wdnh gl�huhqw ydoxhv ghshqglqj rq wkh uhjlph> �+O, lv wkh vhtxhqfh ri s +s @
pd{isO> sFj> zkhuh sO lv wkh rughu ri wkh DU sro|qrpldo ri wkh ohdglqj idfwru/
dqg sF lv wkh rughu ri wkh DU sro|qrpldo ri wkh frlqflghqw idfwru, 5�5 odj sro|0
qrpldo pdwulfhv> %w lv wkh 5� 4 yhfwru ri wkh vhuldoo| dqg pxwxdoo| xqfruuhodwhg
frpprq idfwru glvwxuedqfhv zlwk srvvleo| vwdwh0ghshqghqw yduldqfh=

%w � QLG

��
3
3

�
/
�

�5O+vw, 3
3 �5F+vw,

��

zkhuh vw lv wkh xqrevhuyhg uhjlph yduldeoh1 Lq wkh wzr0uhjlph +h{sdqvlrq0
uhfhvvlrq/ ru kljk0orz jurzwk udwh, fdvh lw wdnhv wzr ydoxhv= 3 ru 41 Ghshqglqj
rq wkh uhjlph/ wkh frpprq idfwru*v lqwhufhsw dvvxphv gl�huhqw ydoxhv= orz lq
frqwudfwlrqv dqg kljk lq h{sdqvlrqv1 Wkxv/ wkh frpprq idfwruv jurz idvwhu
gxulqj wkh xsvzlqjv dqg vorzhu +ru hyhq kdyh qhjdwlyh jurzwk udwh, gxulqj wkh
grzqvzlqjv ri wkh hfrqrp|1

Wkh fkdqjhv lq wkh uhjlphv duh jryhuqhg e| wkh �uvw0rughu Pdunry fkdlq
surfhvv/ zklfk lv vxppdul}hg e| wkh wudqvlwlrq suredelolwlhv pdwul{/ zkrvh fkdu0
dfwhulvwlf hohphqw lv slm @ sure+vw @ mmvw�4 @ l,=

Vlqfh zh kdyh wzr frpprq idfwruv hdfk ri zklfk sdvvhv wkurxjk lwv rzq orz
dqg kljk uhjlphv/ wkh zkroh surfhvv lv wr eh fdvw lq d irxu uhjlphv iudphzrun
dv lw lv grqh lq Skloolsv +4<<4,1 Qdpho|=

vw @ 3 vw @ 4 vw @ 5 vw @ 6

vOw @ 3 vOw @ 4 vOw @ 3 vOw @ 4
vFw @ 3 vFw @ 3 vFw @ 4 vFw @ 4
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zkhuh vOw dqg vFw duh wkh xqrevhuyhg vwdwh yduldeohv iru ohdglqj idfwru dqg frlq0
flghqw idfwru/ uhvshfwlyho|1

Wkh zd| wkh xqrevhuyhg uhjlphv ri ohdglqj lqglfdwru dqg frlqflghqw lqglfdwru
duh lqwhuuhodwhg d�hfwv wkh irup ri wkh 7�7 wudqvlwlrq suredelolwlhv pdwul{1 Iluvw/
zh pd| vxssrvh wkdw wkh vwdwh yduldeohv vOw dqg vFw duh pxwxdoo| lqghshqghqw1
Lq wkdw fdvh wkh wudqvlwlrq pdwul{/ �/ orrnv olnh=

3
EEC

sO44s
F
44 +4� sO44,s

F
44 sO44+4� sF44, +4� sO44,+4� sF44,

+4� sO55,s
F
44 sO55s

F
44 +4� sO55,+4� sF44, sO55+4� sF44,

sO44+4� sF55, +4� sO44,+4� sF55, sO44s
F
55 +4� sO44,s

F
55

+4� sO55,+4� sF55, sO55+4� sF55, +4� sO55,s
F
55 sO55s

F
55

4
FFD

Lq idfw/ � @ �F 
 �O> zkhuh �O dqg �F duh wkh wudqvlwlrq suredelolwlhv
pdwulfhv iru vwdwh yduldeohv vOw dqg vFw 1

Vhfrqg k|srwkhvlv pd| eh wkdw wkhuh lv qr wzr gl�huhqw vwdwh yduldeohv/
exw rqo| rqh uhsuhvhqwlqj d vlqjoh surfhvv dqg wkdw erwk frpprq idfwruv hqwhu
lqwr hdfk uhjlph vlpxowdqhrxvo|/ zlwkrxw dq| odjv dprqj wkh wzr idfwruv1 Lq
rwkhu zrugv/ wkh uhfhvvlrqv +h{sdqvlrqv, ri wkh ohdglqj idfwru duh wkh uhfhvvlrqv
+h{sdqvlrqv, ri wkh frlqflghqw idfwru1 Lq wklv fdvh wkhuh lv qr vhqvh wr wdon
derxw ohdglqj idfwru/ ehfdxvh erwk idfwruv duh frlqflghqw1 Wklv fdvh pd| eh
uhsuhvhqwhg zlwk dq ruglqdu| wzr0uhjlph wudqvlwlrq suredelolwlhv pdwul{=

� @

�
s44 4� s44

4� s55 s55

�

Xqghu wkh wklug k|srwkhvlv wkh wzr xqrevhuyhg surfhvvhv duh lqwhuuhodwhg/
zlwk ohdglqj idfwru hqwhulqj wkh uhfhvvlrqv +h{sdqvlrqv, vhyhudo shulrgv hduolhu
wkdq wkh frlqflghqw lqglfdwru1 Dv Skloolsv +4<<4, uhpdunv/ wkh prgho zlwk dq
lqwhjhu odj h{fhhglqj rqh shulrg zrxog uhtxluh d Pdunry surfhvv zlwk wkh rughu
kljkhu wkdq 41 Krzhyhu/ wkh uhdo0ydoxhg +srvlwlyh, odj fdq eh prghohg zlwk d
�uvw0rughu Pdunry surfhvv e| frqvwuxfwlqj wkh iroorzlqj wudqvlwlrq suredelolwlhv
pdwul{=

� @

3
EEC

s44 4� s44 3 3
3 4� 4

D
3 4

D
4
E

3 4� 4
E

3
3 3 4� s55 s55

4
FFD

zkhuh D dqg E duh wkh h{shfwhg ohdgv lq wkh uhfhvvlrq dqg h{sdqvlrq/ fruuh0
vsrqglqjo|1 Wkh h{shfwhg gxudwlrq ri wklv uhjlph +vw @ 4, lv=

D @ 4 . s+vw @ 4mvw�4 @ 4, . s+vw @ 4mvw�4 @ 4,5 . ===
wkdw lv

D @ 4
4�s+vw@4mvw�4@4,

Wkxv/ zh fdq dqdo|}h wkh wkuhh deryh vwdwhg fdvhv 0 lqghshqghqw f|folfdo
hyroxwlrq ri ohdglqj dqg frlqflghqw idfwruv +ohw xv fdoo lw prgho 4,/ lghqwlfdo
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f|folfdo hyroxwlrq ri erwk idfwruv +prgho 5,/ dqg vlplodu f|folfdo hyroxwlrq zlwk
frlqflghqw idfwru odjjlqj ehklqg wkh ohdglqj lqglfdwru +prgho 6, 0 dqg frpsduh
wkh uhvxowlqj wkuhh k|srwkhvhv wr fkhfn zkhwkhu wkh ohdglqj frpprq idfwru lv
uhdoo| ohdglqj dqg li vr/ krz idu lw lv dgydqflqj wkh frlqflghqw frpprq idfwru1

Zh dvvxph iru vlpsolflw| wkdw wkh wzr idfwruv duh uhodwhg rqo| wkurxjk wkh
wudqvlwlrq suredelolwlhv/ qr fruuhodwlrq dqg qr Judqjhu0fdxvdolw| dprqj wkhvh
idfwruv ehlqj dvvxphg1 Wkh odvw suhplvh lv/ krzhyhu/ ihdvleoh dqg lw zdv frq0
vlghuhg lq rxu suhylrxv sdshu 0 Nkrorglolq +5334,1 Wklv dvvxpswlrq phdqv wkdw
wkh pdwulfhv �l +l @ 4> ===> s, duh gldjrqdo ru orzhu gldjrqdo iru doo l=

�l @

�
!O>l 3
3 !F>l

�

Wkh lglrv|qfudwlf idfwruv duh e| gh�qlwlrq pxwxdoo| lqghshqghqw dqg duh
prghoohg dv wkh DU surfhvvhv=

xw @ �+O,xw�4 . �w +6,

zkhuh �+O, lv wkh vhtxhqfh ri t +t @ pd{it4>===> tqj> zkhuh tl lv wkh rughu ri wkh
DU sro|qrpldo ri wkh l� wk lglrv|qfudwlf idfwru, q�q gldjrqdo odj sro|qrpldo
pdwulfhv dqg �w lv wkh q � 4 yhfwru ri wkh pxwxdoo| dqg vhuldoo| xqfruuhodwhg
Jdxvvldq vkrfnv=

�w �

3
EC
3
EC

3
111
3

4
FD >

3
EC

�54 3
1 1 1

3 �5q

4
FD
4
FD

Wr hvwlpdwh wklv prgho zh h{suhvv lw lq d vwdwh0vsdfh irup=

�|w @ D�w +7,

�w @ �+vw, . F�w�4 . yw +8,

zkhuh �w @ +iwmxw,3 lv wkh vwdwh yhfwru frqwdlqlqj vwdfnhg rq wrs ri hdfk rwkhu
yhfwru ri frpprq idfwruv dqg wkh yhfwru ri vshfl�f idfwruv> yw lv wkh yhfwru ri wkh
frpprq dqg lglrv|qfudwlf idfwruv* glvwxuedqfhv zlwk phdq }hur dqg yduldqfh0
fryduldqfh pdwul{ T> �+vw, @ +�O+vw,> �F+vw,> ===> 3,

3 lv wkh vwdwh0ghshqghqw yhf0
wru ri lqwhufhswv1 Wkh vwuxfwxuh ri wkh v|vwhppdwul{D lv gh�qhg dv lq Nkrorglolq
+5334,/ zkloh pdwul{ F kdv vrphzkdw gl�huhqw vwuxfwxuh jlyhq wkh idfw wkdw wkh
dvvxpswlrq ri Judqjhu fdxvdolw| ehwzhhq wkh frpprq idfwruv kdv ehhq uhpryhg
iurp wklv prgho=
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F @

3
EEEEEC

�O R 3
R �F

�4

1 1 1
3 �q

4
FFFFFD

zkhuh pdwulfhv �O/ �F / dqg �l +l @ 4> ===> q, duh irupxodwhg h{dfwo| wkh vdph
zd| dv lq Nkrorglolq +5334,1

Wkhuh duh gl�huhqw zd|v ri hvwlpdwlqj wkh xqnqrzq sdudphwhuv dqg wkh od0
whqw idfwruv +pd{lpxp olnholkrrg/ HP/ PFPF whfkqltxhv 0 vhh Nlp dqg Qhovrq
+4<<<, iru pruh ghwdlov,1 Khuh zh dssolhg wkh pd{lpxp olnholkrrg phwkrg zlwk
orj0olnholkrrg ixqfwlrq rewdlqhg xvlqj Ndopdq �owhu uhfxuvlrqv1 Wr vdyh vsdfh
zh zloo qrw suhvhqw wkhp khuh/ uhihuulqj wkh uhdghu/ iru lqvwdqfh/ wr Kdplowrq
+4<<7, zkr jlyhv yhu| fohdu dqg v|vwhpdwlf h{sodqdwlrq ri wkh Ndopdq �owhu
phwkrgrorj|1

6 Uhdo h{dpsoh

Wkh olqhdu wzr0idfwru prgho zdv hvwlpdwhg xvlqj wkh XV prqwko| gdwd iurp
Mdqxdu| 4<8< wr Ghfhpehu 4<<;1 Wr frqvwuxfw wkh ohdglqj frpprq idfwru wkh
gdwd iurp Zdwvrq +5333, zhuh xvhg/ qdpho| rqh uhdo dqg wkuhh �qdqfldo wlph
vhulhv= dxwkrul}hg krxvlqj 0 wrwdo qhz krxvlqj xqlwv lq wkrxvdqgv +KVEU,/
vsuhdg ehwzhhq wkh XV Wuhdvxu| eloov 60prqwk lqwhuhvw udwh dqg ihghudo ixqgv
h�hfwlyh dqqxdol}hg udwh +VI\JP6,/ vsuhdg ehwzhhq wkh XV Wuhdvxu| eloov zlwk
frqvwdqw pdwxulw| 40|hdu lqwhuhvw udwh dqg ihghudo ixqgv h�hfwlyh dqqxdol}hg udwh
+VI\JW4,/ dqg Q\VH frpprq vwrfn sulfh lqgh{ +IVQFRP,1 Wkh frpprq
frlqflghqw idfwru zdv hvwlpdwhg edvhg rq wkh irxu uhdo wlph vhulhv eruurzhg
iurp Pduldqr dqg Pxudvdzd +5333,= hpsor|hhv rq qrqdjulfxowxudo sd|uroov>
shuvrqdo lqfrph ohvv wudqvihu sd|phqwv> lqgh{ ri lqgxvwuldo surgxfwlrq> dqg
pdqxidfwxulqj dqg wudgh vhulhv1

Wkh ohdglqj wlph vhulhv zhuh vhohfwhg e| frpsdulqj wkhp lqglylgxdoo| wr d
frlqflghqw idfwru frpsxwhg dv li lw zhuh qrw ghshqghqw ri d k|srwkhwlfdo ohdg0
lqj frpprq idfwru1 Iljxuh 4 vkrzv wkdw wkh fruuhodwlrq ehwzhhq wkhvh vhulhv
+VI\JP6/ VI\JW4 lq ohyhov dqg wkh �uvw gl�huhqfhv ri wkh orj ri KVEU dqg
IVQFRP,/ rq rqh kdqg/ dqg wkh jurzwk udwh ri wkh frpprq frlqflghqw lqglfd0
wru/ rq wkh rwkhu kdqg/ lv uhodwlyho| kljk dw ohdgv 7081 Lw lv dovr yhu| lpsruwdqw
wkdw wkh vhulhv duh vx!flhqwo| kljko| fruuhodwhg dprqj hdfk rwkhu/ wkxv shu0
plwwlqj wr srvwxodwh h{lvwhqfh ri d odwhqw frpprq idfwru vwdqglqj ehklqg wkhlu
frpprq hyroxwlrq1

Doo wkh wkuhh prghov zhuh hvwlpdwhg xqghu wkh lghqwli|lqj dvvxpswlrq ri
wkh �uvw idfwru ordglqj iru hdfk frpprq idfwru ehlqj htxdo 41 Wkh sdudphwhu
hvwlpdwhv/ wrjhwkhu zlwk wkhlu vwdqgdug huuruv dqg fruuhvsrqglqj s0ydoxhv/ ri wkh
wkuhh prghov fdq eh irxqg lq Wdeohv 406 ri Dsshqgl{1 Lq doo wkh prghov erwk
wkh frpprq dqg vshfl�f idfwruv duh wdnhq wr iroorz dxwruhjuhvvlyh surfhvvhv ri
rughu 31 Rwkhuzlvh wkh qxpehu ri sdudphwhuv wr hvwlpdwh zrxog eh wrr kljk1
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Erwk wkh prgho zlwk lqghshqghqw ohdglqj dqg frlqflghqw lqglfdwruv dqg wkh
prgho zlwk wkh ohdglqj dqg frlqflghqw lqglfdwruv kdylqj wkh vdph f|folfdo g|0
qdplfv zlwk frlqflghqw idfwru odjjlqj ehklqg wkh ohdglqj rqh vhhp wr eulqj
vljql�fdqw lqfuhdvh lq wkh pd{lpxp olnholkrrg frpsduhg wr wkh prgho zlwk wzr
frpprq idfwruv kdylqj frpprq f|folfdo g|qdplfv1 Wkh lqghshqghqw idfwruv
prgho wxuqv rxw wr rxwshuirup voljkwo| wkh prgho 51 Krzhyhu/ prgho 5 gholyhuv
vrph dgglwlrqdo lqirupdwlrq ri lqwhuhvw/ qdpho| wkh ohdgv lq orz dqg kljk vwdwhv1
Dffruglqj wr Wdeoh 5 wkh ohdglqj idfwru hqwhuv wkh uhfhvvlrqv rq dyhudjh dssur{0
lpdwho| 8 prqwkv hduolhu wkdq wkh frlqflghqw idfwru dqg jrhv lqwr wkh h{sdqvlrqv
urxjko| < prqwkv hduolhu wkdq wkh frpprq frlqflghqw lqglfdwru grhv1

Iljxuh 5 uhsuhvhqwv wkh wkuhh hvwlpdwhv ri wkh frpprq ohdglqj dqg frlqflghqw
idfwruv fruuhvsrqglqj wr wkh wkuhh prghov= lqghshqghqw ohdglqj dqg frlqflghqw
idfwruv/ wzr frlqflghqw idfwruv zlwk frpprq g|qdplfv/ dqg ohdglqj dqg frlqfl0
ghqw idfwruv zlwk frpprq g|qdplfv1 Wkh frpprq idfwruv zhuh uhfrqvwuxfwhg
dv wkh sduwldo vxpv ri wkhlu jurzwk udwhv rewdlqhg dv dq rxwsxw ri wkh hvwlpdwlrq
surfhgxuh1 Wkhuhiruh wkh| iroorz udqgrp zdonv1 Qhyhuwkhohvv/ wkhlu sur�ohv duh
txlwh vlplodu uhjdugohvv ri wkh prgho1 Wkh frlqflghqw idfwruv lq doo wkuhh fdvhv
vhhp wr odj doprvw dozd|v wkh ohdglqj lqglfdwruv1

Rq Iljxuh 6 wkh frqglwlrqdo +vprrwkhg, suredelolwlhv ri wkh uhjlphv 4/ 5/
dqg 6 duh ghslfwhg hvwlpdwhg iru wkh fdvh ri vxssrvhgo| lqghshqghqw ohdglqj dqg
frlqflghqw lqglfdwruv1 Uhplqg wkdw uhjlph 4 fruuhvsrqgv wr wkh ohdglqj lqglfdwru
vljqdoolqj wkh orz vwdwh dqg frlqflghqw lqglfdwru vwloo ehlqj lq wkh kljk vwdwh/
zkloh lq wkh uhjlph 5 wkh ohdglqj idfwru lv douhdg| lq kljk vwdwh dqg frlqflghqw
idfwru vwd|lqj lq wkh orz vwdwh1 Qrw vxusulvlqjo| wkh frqglwlrqdo suredelolwlhv ri
vwdwh 4 duh ohdglqj wkrvh ri vwdwh 51 Rqo| rqh uhfhvvlrq idlov wr eh fdswxuhg e| wkh
uhjlph 4 suredelolwlhv 0 wkdw ri wkh hqg ri 4<83v1 Krzhyhu/ lw lv hdv| wr h{sodlq
0 wkh ohdglqj idfwru uhfhvvlrq pxvw kdyh vwduwhg zhoo ehiruh wkh ehjlqqlqj ri rxu
vdpsoh1 Uhjlph 6 phdqv wkdw erwk frpprq idfwruv duh lq wkh orz vwdwh1 Wklv
uhjlph lv vxshulpsrvhg rq wkh Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk +QEHU,
exvlqhvv f|foh fkurqrorj| iru wkh X1V1 hfrqrp|1 Wkh frqglwlrqdo suredelolwlhv
ri erwk idfwruv ehlqj vlpxowdqhrxvo| lq wkh uhfhvvlrq frlqflgh doprvw shuihfwo|
zlwk wkh QEHU gdwlqj1

Iljxuh 7 uh hfwv wkh uhfhvvlrq suredelolwlhv iru wkh prgho 51 Lq wklv fdvh/ vlqfh
erwk idfwruv kdyh frpprq f|folfdo g|qdplfv/ wkhuh duh rqo| wzr vwdwhv= orz dqg
kljk1 Khqfh zh glvsod| rqo| wkh +�owhuhg dqg vprrwkhg, uhfhvvlrq suredelolwlhv
djdlqvw wkh QEHU gdwhv1 Wkhvh suredelolwlhv duh voljkwo| ohdglqj wkh QEHU
f|foh/ wkh ohdglqj idfwru sod|lqj pruh surplqhqw uroh lq wkh ghwhuplqdwlrq ri
wkh frqglwlrqdo suredelolwlhv1

Iljxuh 8 lv suhww| vlplodu wr Iljxuh 61 Rq wkh xsshu sdqho rqh fdq vhh wkh
uhjlph 4 dqg uhjlph 5 frqglwlrqdo suredelolwlhv/ wkh iruphu ohdglqj wkh odwwhu1
Zkloh rq wkh orzhu sdqho wkh uhjlph 6 suredelolwlhv duh sorwwhg yhuvxv wkh QEHU
f|foh1 Djdlq/ wkhuh lv txlwh forvh fruuhvsrqghqfh ehwzhhq rxu gdwlqj dqg wkdw
ri wkh QEHU1

9



7 Vxppdu|

Wkh sdshu lqwurgxfhv d pxowlidfwru prgho zlwk wzr frpprq idfwruv +ohdglqj
dqg frlqflghqw, kdylqj uhjlph0vzlwfklqj g|qdplfv1 Wkh ohdg0odj uhodwlrqvkls
ehwzhhq wkh frpprq ohdglqj dqg frlqflghqw idfwruv lv uh hfwhg lq wkh wudqvlwlrq
suredelolwlhv pdwul{1

Wkh prgho zdv dssolhg wr wkh XV Srvw0ZruogZdu LL prqwko| pdfurhfrqrplf
gdwd1 Lwv hvwlpdwlrq uhvxowv lpso| wkdw wkh frpprq frlqflghqw idfwru lv odjjlqj
ehklqg wkh frpprq ohdglqj idfwru 8 prqwkv zkhq hqwhulqj lqwr frqwudfwlrqv
dqg durxqg < prqwkv zkhq jrlqj lqwr h{sdqvlrqv1 Pruhryhu/ wkhuh h{lvwv d
forvh fruuhvsrqghqfh ehwzhhq rxu hvwlpdwhg uhfhvvlrq fkurqrorjlhv dqg wkrvh
surylghg e| wkh QEHU1

Wkh ryhudoo frqfoxvlrq lv wkdw lw lv ihdvleoh wr xvh wklv elidfwru prgho iru
iruhfdvwlqj wkh hyroxwlrq ri wkh XV Srvw0Zdu frlqflghqw hfrqrplf lqglfdwru dqg
lwv wxuqlqj srlqwv xs wr wkh krul}rq ri qlqh prqwkv1

Uhihuhqfhv

^4` Fkdxyhw P1 +4<<;, �Dq Hfrqrphwulf Fkdudfwhul}dwlrq ri Exvlqhvv F|foh
G|qdplfv zlwk Idfwru Vwuxfwxuh dqg Uhjlph Vzlwfklqj� Lqwhuqdwlrqdo Hfr0
qrplf Uhylhz 6</ <9<0<91

^5` Fkdxyhw P1/ Srwwhu V1 +5333, �Frlqflghqw dqg Ohdglqj Lqglfdwruv ri wkh
Vwrfn Pdunhw� Mrxuqdo ri Hpslulfdo Ilqdqfh :/ ;:04441

^6` Glherog I1[1/ Uxghexvfk J1G1 +4<<9, �Phdvxulqj Exvlqhvv F|fohv= DPrg0
huq Shuvshfwlyh� Wkh Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv :;/ 9:0::1

^7` Kdplowrq M1G1 +4<<7, Wlph Vhulhv Dqdo|vlv1 Qhz Mhuvh|= Sulqfhwrq Xql0
yhuvlw| Suhvv1

^8` Nkrorglolq N1D1 +5334, �Odwhqw Ohdglqj dqg Frlqflghqw Idfwruv Prgho
zlwk Pdunry0Vzlwfklqj G|qdplfv� Hfrqrplfv Exoohwlq 6/ 40461

^9` Nlp F10M1 +4<<7, �G|qdplf Olqhdu Prghov zlwk Pdunry0Vzlwfklqj� Mrxu0
qdo ri Hfrqrphwulfv 93/ 40551

^:` Nlp F10M1/ Qhovrq F1U1 +4<<<, Vwdwh0Vsdfh Prghov zlwk Uhjlph Vzlwfklqj=
Fodvvlfdo dqg Jleev0Vdpsolqj Dssurdfkhv zlwk Dssolfdwlrqv1 Fdpeulgjh=
PLW Suhvv1

^;` Nlp P10M1/ \rr M10V1 +4<<8, �Qhz Lqgh{ ri Frlqflghqw Lqglfdwruv= D Pxo0
wlyduldwh Pdunry Vzlwfklqj Idfwru Prgho Dssurdfk� Mrxuqdo ri Prqhwdu|
Hfrqrplfv 69/ 93:0631

^<` Pduldqr U1V1/ Pxudvdzd \1 +5333, �D Qhz Frlqflghqw Lqgh{ ri Exvlqhvv
F|foh Edvhg rq Prqwko| dqg Txduwhuo| Vhulhv� Lqvwlwxwh ri Hfrqrplf Uh0
vhdufk +N|rwr Xqlyhuvlw|, glvfxvvlrq sdshu 84;1
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^43` Skloolsv N1O1 +4<<4, �D Wzr0Frxqwu| Prgho ri Vwrfkdvwlf Rxwsxw zlwk
Fkdqjhv lq Uhjlph� Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv 64/ 4540751

^44` Vwrfn M1K1/ Zdwvrq P1Z1 +4<;;, �D Suredelolw| Prgho ri wkh Frlqflghqw
Hfrqrplf Lqglfdwruv�/ QEHU zrunlqj sdshu 5::51

^45` Zdwvrq P1Z1 +5333, �Pdfurhfrqrplf Iruhfdvwlqj Xvlqj Pdq| Suhglf0
wruv�/ suhvhqwhg dw wkh Zruog Frqjuhvv ri wkh Hfrqrphwulf Vrflhw|/ Dxjxvw
53331

8 Dsshqgl{

Wdeoh 41 Hvwlpdwhg sdudphwhuv ri prgho 4
Orj0olnholkrrg= 0796618

Sdudphwhu Hvwlpdwhg Vw1 huuru s0ydoxh
sO=44 31<;; 3134 313
sO=55 31<54 3137 313
sF=44 31<;3 3134 313
sO=55 31;<5 3137 313
�O4 313;7 3135 313
�O5 03185: 3144 313
�F4 31588 3137 313
�O5 041663 31465 313
�45 31:78 31574 313
�46 61853 319<6 313
�47 6179 319:5 313
�59 31:;9 3138 313
�5: 31;<; 3139 313
�5; 31988 3139 313
�54 31<69 3139 313
�55 31<96 3139 313
�56 3155; 3136 313
�57 31589 3136 313
�58 315:< 3137 313
�59 31887 3137 313
�5: 3174< 3137 313
�5; 319;< 3138 313
�5O 3134; 3133: 3134
�5F 316;3 31375 313
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Wdeoh 51 Hvwlpdwhg sdudphwhuv ri prgho 5
Orj0olnholkrrg= 079;519

Sdudphwhu Hvwlpdwhg Vw1 huuru s0ydoxh
s44 31<;; 3134 313

4� s55 31399 3136 3134
�O4 313;7 3135 313
�O5 031767 313< 313
�F4 31467 3137 313
�O5 0319;< 3143 313
�45 31:79 3158 313
�46 61<;3 31;5 313
�47 6194 31:8 313
�59 31;5< 3139 313
�5: 31<<; 3139 313
�5; 31:6; 3139 313
�54 31<78 3139 313
�55 31<9< 3139 313
�56 31497 3136 313
�57 31644 3136 313
�58 3168; 3137 313
�59 3188; 3137 313
�5: 31693 3137 313
�5; 3197< 3138 313
�5O 31349 3134 3134
�5F 3187; 3139 313
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Wdeoh 61 Hvwlpdwhg sdudphwhuv ri prgho 6
Orj0olnholkrrg= 0797414

Sdudphwhu Hvwlpdwhg Vw1 huuru s0ydoxh
s44 31<;6 3134 313
s55 31;:6 3138 313
D 71<83 514; 3134
E ;1;73 618 3134
�O4 313<3 3135 313
�O5 03179: 313< 313
�F4 315:; 3137 313
�O5 041373 3143 313
�45 31:93 3158 313
�46 618<3 31:4 313
�47 61863 319< 313
�59 31:<4 3138 313
�5: 31;;< 3139 313
�5; 31989 3139 313
�54 31<6; 3139 313
�55 31<96 3139 313
�56 3155< 3136 313
�57 31587 3136 313
�58 315:: 3137 313
�59 3187; 3137 313
�5: 3175< 3137 313
�5; 319;; 3138 313
�5O 3134; 3134 3134
�5F 31766 3137 313
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Cross-correlation of common coincident factor and observed variables
US monthly data 1959:1-1998:12
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Common leading and coincident indicators

Independent leading and coincident indicators
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Two indicators with common dynamics
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Related leading and coincident indicators
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Model 1. Recession probabilities

Regimes 1 and 2 probabilities
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Regime 3 probabilities vs. NBER chronology
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Model 2. Recession probabilities

Filtered recession probabilities vs. NBER chronology
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Smoothed recession probabilities vs. NBER chronology
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Model 3. Recession probabilities

Regimes 1 and 2 probabilities
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Regime 3 probabilities vs. NBER chronology
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