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Abstract

The paper treats the issue of the decreasing volatility of the U.S. economy which has been
observed since the mid−1980s. As a measure of volatility the residual variance of a
composite economic indicator is used. This indicator is constructed as a common dynamic
factor with Markov switching and hence it incorporates both the comovements of different
macroeconomic variables and the asymmetry between the contractions and expansions. Two
additional regimes are included capturing the secular shift in the volatility. Furthermore, the
mixed frequency is allowed for, permitting the use both of monthly and quarterly component
series. The low mean regime probabilities comply to the NBER business cycle dating, while
the low variance regime probabilities indicate the beginning of 1984 as a possible date of the
structural break in volatility.
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4 Lqwurgxfwlrq

Wklv sdshu h{dplqhv wkh vhfxodu yrodwlolw| ghfolqh lq wkh XV hfrqrp|
zklfk suhvxpdeo| wrrn sodfh lq wkh plg04<;3v1 Wkh vwdwh ri wkh XV
hfrqrp| lv fkdudfwhul}hg khuh e| dq xqrevhuyhg frlqflghqw hfrqrplf
lqglfdwru1 Wkhuhiruh wkh vwuxfwxudo vkliw lq yrodwlolw|/ li dq|/ zloo eh fds0
wxuhg e| wkh rqh0wlph fkdqjh lq wkh uhvlgxdo yduldqfh ri wklv lqglfdwru1

Wkh wrro xvhg wr fduu| rxw wkh vwxg| lv wkh g|qdplf idfwru dqdo|vlv1 D
vwdqgdug frpprq idfwru prgho zlwk uhjlph vzlwfklqj zdv prgl�hg/ �uvw/
wr lqfrusrudwh wkh dgglwlrqdo wzr uhjlphv uh hfwlqj wkh vwuxfwxudo euhdn
lq yrodwlolw| dqg/ vhfrqg/ wr pdnh xvh ri wkh pl{hg0iuhtxhqf| frpsrqhqw
vhulhv1

Wkh dgydqwdjhv ri wklv dssurdfk duh vhyhudo1 Iluvwo|/ frqvlghulqj
d ihz pdfurhfrqrplf wlph vhulhv dw rqfh udwkhu wkdq rqo| rqh doorzv
fdswxulqj rqh ri wkh nh| exvlqhvv f|foh fkdudfwhulvwlfv � wkh frpprq
 xfwxdwlrqv ri wkhvh yduldeohv1

Vhfrqgo|/ wkh suredelolvwlf dssurdfk wr wkh yrodwlolw| vkliw dgrswhg lq
wklv sdshu grhv qrw lpsrvh dq| suhgh�qhg euhdnsrlqw udwkhu hvwlpdwlqj
wkh prphqw zkhq wkh vwuxfwxudo euhdn rffxuuhg zklfk lv uh hfwhg lq wkh
frqglwlrqdo uhjlph suredelolwlhv1

Wklugo|/ wkh xvh ri pl{hg0iuhtxhqf| gdwd shuplwv dfklhylqj kljkhu
h!flhqf| ri wkh hvwlpdwhv vlqfh uhohydqw dgglwlrqdo lqirupdwlrq lv xwlol}hg
zklfk lv phdvxuhg dw orzhu iuhtxhqf| dqg qrupdoo| lv ohiw dvlgh dv kdylqj
wrr pdq| �plvvlqj revhuydwlrqv�1

Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 vhwv
xs d edvlf prgho zlwk Pdunry vzlwfklqj dqg glvfxvvhv lwv srvvleoh h{0
whqvlrqv1 Lq vhfwlrq 6 wkh hpslulfdo dqdo|vlv xvlqj wkh XV Srvw0Zruog
Zdu LL prqwko| dqg txduwhuo| pdfurhfrqrplf wlph vhulhv lv frqgxfwhg1
Vhfwlrq 7 vxppdul}hv wkh pdlq �qglqjv ri wkh sdshu1 Doo wkh looxvwudwlyh
pdwhuldo � wdeohv dqg judskv � lv sodfhg lqwr dsshqgl{ zklfk iroorzv
wkh olvw ri uhihuhqfhv1

5 Prgho

Zh frqvlghu d vhw ri wkh frlqflghqw wlph vhulhv zklfk duh vxssrvhg wr
hyroyh dw wkh vdph sdfh dv d fxuuhqw vwdwh0ri0d�dluv lqglfdwru +h1j1 JGS,1
Wkh frpprq g|qdplfv ri wkh frlqflghqw wlph vhulhv duh h{sodlqhg e| d
odwhqw frpprq idfwru1 Wkh lglrv|qfudwlf g|qdplfv ri hdfk wlph vhulhv duh
fdswxuhg e| rqh vshfl�f idfwru shu hdfk revhuyhg wlph vhulhv1 Irupdoo|=

{+| ' K{S| n �| +4,

zkhuh {+| lv wkh ? � � yhfwru ri wkh revhuyhg wlph vhulhv lq wkh �uvw
gl�huhqfhv> {S| lv wkh vfdodu uhsuhvhqwlqj wkh odwhqw frpprq idfwru lq
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wkh �uvw gl�huhqfhv> �| lv wkh ? � � yhfwru ri wkh odwhqw vshfl�f idfwruv>
K lv wkh ?� � idfwru ordglqjv yhfwru olqnlqj wkh revhuyhg vhulhv zlwk wkh
frpprq idfwruv> w lv wkh wlph vxevfulsw +| ' �c 2c ���c A ,1

Wklv prgho pd| eh h{whqghg wr wkh pl{hg0iuhtxhqf| fdvh/ l1h1/ d fdvh
zkhuh wkh frpsrqhqw wlph vhulhv4 duh revhuyhg dw gl�huhqw iuhtxhqflhv/
h1j1/ prqwko| dqg txduwhuo|1 Wkh phwkrgrorj| ri wkh pl{hg0iuhtxhqf|
frpprq idfwru prgho zlwk olqhdu dqg uhjlph0vzlwfklqj g|qdplfv lv gh0
vfulehg lq Pduldqr dqg Pxudvdzd +5333, dqg Nkrorglolq +5334,/ uhvshf0
wlyho|1

Dvvxph wkdw zh kdyh ? ' ?�n ?2 revhuydeoh frpsrqhqw vhulhv1 Wkh
�uvw ?� frpsrqhqw vhulhv/ +�/ duh revhuyhg dw orzhu iuhtxhqf| +hdfk s : �
shulrgv,/ zkloh wkh uhpdlqlqj ?2 vhulhv/ +2/ duh phdvxuhg dw d kljkhu iuh0
txhqf| zklfk zh pd| qrupdol}h wr 41 Wkxv/ li zh kdyh txduwhuo| dqg
prqwko| gdwd/ s ' � dqg zh revhuyh +� ' i+��c +�S���c +��A3�c +��Aj dqg
+2 ' i+2�c +22���c +2�A3�c +2�Aj� Ghqrwh e| +W

�| wkh ydoxhv ri wkh �uvw ?�
frpsrqhqw vhulhv wkdw zh pljkw kdyh revhuyhg li wkhvh vhulhv zhuh phd0
vxuhg dw wkh vdph iuhtxhqf| dv +2/ wkdw lv/ +W� ' i+W

��
c +W

�2
c ���c +W

��A3�c +
W

��Aj1
Wkh revhuyhg orzhu0iuhtxhqf| vhulhv fdq eh h{suhvvhg dv dq dulwkphwlf
dyhudjh ri wkhvh xqrevhuyhg ydoxhv=

+�| '
�

s

s3�[
�'f

u�+W
�| +5,

zkhuh wkh o1k1v1 yduldeoh lv phdvxuhg dw shulrgv sc 2sc ���c A dqg wkh u1k1v1
yduldeoh lv revhuyhg hdfk shulrg/ l1h1 �c 2c ���c A 1

Diwhu wdnlqj wkh �uvw gl�huhqfhv ri wkh revhuyhg orzhu0iuhtxhqf| vh0
ulhv5/ wkh jurzwk udwhv ri wkhvh vhulhv zrxog eh=

E�� us �+�| '
�

s
E
s3�[
�'f

u��2E�� u�+W
�| +6,

zkhuh u lv wkh odj rshudwru dqg E
Ss3�

�'f u
��2 '

S2s3�
�'f Es n �� m�� s m�u�1

Wr hvwlpdwh wkh prgho dw wkh kljkhu iuhtxhqf|/ wkh xqrevhuyhg ydoxhv
ri wkh orzhu0iuhtxhqf| wlph vhulhv duh wuhdwhg dv plvvlqj1 Dv Pduldqr
dqg Pxudvdzd +5333, vkrzhg/ wkh| fdq eh uhsodfhg e| dq| udqgrp
yduldeoh dv orqj dv lw lv lqghshqghqw ri wkh sdudphwhuv ri wkh prgho1
Lq sduwlfxodu/ wkhvh plvvlqj revhuydwlrqv pd| eh vxevwlwxwhg e| }hurv1
Wkxv/ wkh jurzwk udwhv ri wkh �uvw ?� yduldeohv h{suhvvhg dw wkh kljkhu
iuhtxhqf| fdq eh frqvwuxfwhg dv=

4Khuh zh frqvlghu rqo| wkh fdvh ri wkh  rz yduldeohv1
5Ohw/ iru h{dpsoh/ |4w eh wkh txduwhuo| vhulhv1 Wkhqfh wkhlu �uvw gl�huhqfh lv

wkh txduwhuo| jurzwk udwh1 Exw vlqfh rxu prgho lv h{suhvvhg lq whupv ri wkh kljkhu
+prqwko|, iuhtxhqf|/ wr ghvljqdwh wklv �uvw0rughu gl�huhqfh zh qhhg rshudwru �6 @
4� O61
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E�� u��+W
�| '

+
E�� us�+�|/ li | ' sc 2sc ���c A

3 rwkhuzlvh

Wkhuhiruh wkh yhfwru ri wkh jurzwk udwhv ri doo wkh q revhuyhg vhulhv/
{+|/ phdvxuhg dw wkh kljkhu iuhtxhqf| pd| eh ghfrpsrvhg dv=

#
E�� u��+W

�|

E�� u�+2|

$
' K

#
�

s
E
Ss3�

�'f u
��2U|

�

$
E��u�S|n

#
�

s
E
Ss3�

�'f u
��2U|

�

$
�| +7,

zkhuh U| lv wkh lqglfdwru ixqfwlrq= U| ' � zkhq | ' sc 2sc ���c A dqg
U| ' f rwkhuzlvh> K lv wkh ?�2 idfwru ordglqjv pdwul{ gh�qhg vrphzkdw
gl�huhqwo| wkdq wkdw iurp +4,=

K '

#
K� �?�

�?2 K2

$

zkhuh K� dqg K2 duh wkh yhfwruv ri idfwru ordglqjv iru wkh orzhu0 dqg
kljk0iuhtxhqf| vhulhv/ uhvshfwlyho|> �? lv ?� � wkh yhfwru ri }hurv1

Wkh g|qdplfv ri wkh xqrevhuyhg frpprq idfwru lv ghvfulehg lq whupv
ri d qrqolqhdu dxwruhjuhvvlyh +DU, prgho=

{S| ' >Er|� n �Eu�{S|3� n 0| +8,

zkhuh >Er|� lv wkh vwdwh0ghshqghqw lqwhufhsw ri wkh frpprq frlqflghqw
idfwru zklfk wdnhv gl�huhqw ydoxhv ghshqglqj rq wkh uhjlph +orz lq uh0
fhvvlrqv dqg kljk lq h{sdqvlrqv,> r| lv wkh xqrevhuyhg uhjlph yduldeoh>
�Eu� lv wkh frpprq idfwru DU odj sro|qrpldo ri rughu R> 0| lv wkh vhul0
doo| xqfruuhodwhg frpprq idfwru glvwxuedqfh whup zlwk vwdwh0ghshqghqw
yduldqfh=

0| � �U( Efc j2Er|��

Wkh frpprq idfwru jurzv idvwhu gxulqj wkh xsvzlqjv dqg vorzhu +ru
hyhq ghfuhdvhv, gxulqj wkh grzqvzlqjv ri wkh hfrqrp|1 Khuh zh lqwur0
gxfh dq dgglwlrqdo glphqvlrq ri wkh sureohp e| doorzlqj wkh frpprq
idfwru uhvlgxdo yduldqfh/ j2Er|�/ wr kdyh lwv rzq uhjlphv= uhjlph ri orz
dqg kljk yrodwlolw|1 Zh dvvxph wkdw wkh phdq vwdwh yduldeoh/ r>| / lv lqgh0
shqghqw ri wkh uhvlgxdo yduldqfh vwdwh yduldeoh/ rj| 1 Wklv nlqg ri prgho
zdv xvhg e| PfFrqqhoo dqg Shuh} Txlurv +5333, wr h{dplqh wkh Srvw0
Zruog Zdu LL hyroxwlrq ri wkh XV txduwhuo| uhdo JGS1

Wkh fkdqjhv lq wkh uhjlphv iroorz d �uvw0rughu Pdunry fkdlq sur0
fhvv/ zklfk lv vxppdul}hg e| wkh wudqvlwlrq suredelolwlhv pdwul{ zlwk d
fkdudfwhulvwlf hohphqw R�� ' RoJKEr| ' �mr|3� ' ���
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Vlqfh zh kdyh wzr sdudphwhuv � phdq dqg yduldqfh � hdfk ri zklfk
sdvvhv wkurxjk lwv rzq orz dqg kljk uhjlphv/ wkh zkroh surfhvv vkrxog
eh fdvw lq d irxu uhjlphv iudphzrun dv lw lv grqh lq PfFrqqhoo dqg Shuh}
Txlurv +5333,1 Qdpho|=

r| ' f r| ' � r| ' 2 r| ' �

r>| ' f r>| ' � r>| ' f r>| ' �
rj| ' f rj| ' f rj| ' � rj| ' �

zkhuh r>| dqg rj| duh wkh xqrevhuyhg vwdwh yduldeohv iru frpprq idf0
wru phdq +lqwhufhsw, dqg frpprq idfwru uhvlgxdo yduldqfh/ uhvshfwlyho|1
Hdfk vwdwh yduldeoh kdv lwv rzq 2� 2 wudqvlwlrq suredelolwlhv pdwul{=

r�|
Kljk Orz

r�|3� Kljk R��� �� R���
Orz �� R�22 R�22

zkhuh � ' i>c jj1
Jlyhq wkdw wkh vwdwh yduldeohv r>| dqg rj| vwd|lqj ehklqg wkh hyroxwlrq

ri wkh frpprq idfwru lqwhufhsw dqg uhvlgxdo yduldqfh duh lqghshqghqw/
wkh e � e wudqvlwlrq suredelolwlhv pdwul{/ Z/ jryhuqlqj wkh ehkdylru ri
wkh �frpsrvlwh� vwdwh yduldeoh/ r|/ zrxog orrn dv=

3
EEEC

R>��R
j
��

E�� R>���R
j
��

R>��E�� Rj
��
� E�� R>���E�� Rj

��
�

E�� R>22�R
j
��

R>22R
j
��

E�� R>22�E�� Rj
��
� R>22E�� Rj

��
�

R>��E�� Rj
22
� E�� R>���E�� Rj

22
� R>��R

j
22

E�� R>���R
j
22

E�� R>22�E�� Rj
22
� R>22E�� Rj

22
� E�� R>22�R

j
22

R>22R
j
22

4
FFFD

Lq idfw/ Z ' Z>Zjc zkhuh Z> dqg Zj duh wkh wudqvlwlrq suredelolwlhv
pdwulfhv iru wkh vwdwh yduldeohv r>| dqg rj| 1

Wkxv/ lq rxu irxu0uhjlph prgho zh kdyh irxu vwdwh0ghshqghqw phdqv/
>��/ zkhuh � ' ir>| ' fc r>| ' �j dqg � ' irj| ' fc rj| ' �j/ dqg wzr
vwdwh0ghshqghqw uhvlgxdo yduldqfhv/ j2� / zkhuh � ' i��}�c ,J�j1

D frqvwudlqhg yhuvlrq ri wkh deryh prgho zdv dovr frqvlghuhg iro0
orzlqj wkh prgho sursrvhg e| Nlp dqg Qhovrq +4<<<d, iru wkh XV uhdo
JGS1 Wkh| wuhdw wkh orz yrodwlolw| uhjlph dv dq devruelqj vwdwh1 Wklv
phdqv wkdw zkhqhyhu wkh v|vwhp dwwdlqv wklv vwdwh/ lw uhpdlqv wkhuh iru0
hyhu1 Wklv dvvxpswlrq wudqvodwhv lqwr wkh iroorzlqj frqvwudlqw lpsrvhg
rq wkh wudqvlwlrq suredelolwlhv pdwul{ Zj=

Zj '

#
Rj
��
�� Rj

��

f �

$
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Wkh txdqwlw| �

�3Rj
��

phdvxuhv wkh h{shfwhg gxudwlrq ri wkh kljk yrodwlo0
lw| uhjlph dqg khqfh lqgluhfwo| lqglfdwhv wkh dssur{lpdwh orfdwlrq ri wkh
euhdnsrlqw1 Wkh wzr prghov � xquhvwulfwhg dqg uhvwulfwhg � fdq eh
frpsduhg xvlqj wkh vwdqgdug olnholkrrg udwlr +OU, whvw1

Wkh lglrv|qfudwlf idfwruv duh pxwxdoo| lqghshqghqw dqg duh prghoohg
dv DU surfhvvhv=

�| ' [Eu��|3� n #| +9,

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 qrupdoo| glvwulexwhg vkrfnv=

#| � �U(

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

Wkh prgho lv h{suhvvhg lq wkh vwdwh0vsdfh irup dqg hvwlpdwhg yld
pd{lpxp olnholkrrg xvlqj wkh Ndopdq �owhu dqg vprrwkhu dv lq Nlp
dqg Qhovrq +4<<<e,1

6 Uhdo h{dpsoh

Wkh suhylrxv uhvhdufk +h1j1 PfFrqqhoo dqg Shuh} Txlurv +5333,, lp0
solhv wkdw d vwuxfwxudo euhdn lq wkh XV hfrqrp| kdg suhvxpdeo| wdnhq
sodfh lq hduo| 4<;71 Iru wkh vdnh ri looxvwudwlrq/ zlwkrxw wu|lqj wr gh0
whfw wkh euhdnsrlqwv iru wkh pdmru XV pdfurhfrqrplf vhulhv/ zh dqdo|}h
wkhlu ehkdylru ehiruh dqg diwhu wkdw gdwh1 Iljxuhv 405 vkrz wkh hyrox0
wlrq ri wkh jurzwk udwhv ri wkh XV uhdo JGS +txduwhuo| gdwd, dqg wkh
irxu prqwko| frpsrqhqw vhulhv ri wkh XV frpsrvlwh hfrqrplf lqglfd0
wru dv hvwlpdwhg e| Vwrfn dqg Zdwvrq +4<;;,= hpsor|hhv rq qrqdjul0
fxowxudo sd|uroov +HPS,> shuvrqdo lqfrph ohvv wudqvihu sd|phqwv +LQF,>
lqgh{ ri lqgxvwuldo surgxfwlrq +LLS,> dqg pdqxidfwxulqj dqg wudgh vhulhv
+VOV,1 Ixuwkhupruh/ wkhlu phdqv dqg wkh wzr0vwdqgdug0ghyldwlrqv edqg
iru wzr vxeshulrgv � 4<8<=404<;6=45 iru prqwko| gdwd +4<8<=504<;6=7
iru JGS, dqg 4<;7=404<<;=45 iru prqwko| gdwd +4<;7=404<<;=7 iru JGS,
� duh sorwwhg1 Wkh phdqv kdyh qrw dssduhqwo| fkdqjhg pxfk/ zkloh
wkh yduldqfhv/ hvshfldoo| wkrvh ri JGS/ HPS/ dqg LLS kdyh xqghujrqh
dq lpsruwdqw ghfolqh1

Wkh txdqwlwdwlyh fkdudfwhul}dwlrq ri wkhvh fkdqjhv lv irxqg lq Wdeohv
4d04e ri Dsshqgl{ zklfk frqwdlq phdqv/ vwdqgdug ghyldwlrqv +Vw1ghy1,/
frh!flhqwv ri yduldwlrq +FY,/ plqlpd +Plq,/ dqg pd{lpd +Pd{, ri wkh
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wlph vhulhv lq txhvwlrq ehiruh dqg diwhu wkh ehjlqqlqj ri 4<;71 Dv frp0
sdulvrq ri Wdeohv 4d dqg 4e vkrzv/ wkh phdqv kdyh ghfuhdvhg/ dowkrxjk
qrw vljql�fdqwo|1 Wkh yduldqfhv kdyh ghfuhdvhg/ hvshfldoo| wkrvh ri HPS
dqg LLS/ zklfk lq wkh vhfrqg vxevdpsoh kdyh h{shulhqfhg doprvw grxeoh
uhgxfwlrq1 Wkh frh!flhqwv ri yduldwlrq ihoo grzq wrr/ vdih iru wkh fdvh
ri LLS zkrvh yduldqfh glplqlvkhg idvwhu wkdq wkh phdq1 Lw vhhpv dovr
wkdw wkh jurzwk udwhv kdyh fkdqjhg dv|pphwulfdoo|= li lq wzr fdvhv rxw
ri �yh +LQF dqg VOV, wkh orzhvw jurzwk udwhv zkhuh dwwdlqhg lq wkh
vhfrqg vxeshulrg/ rqo| lq rqh fdvh rxw ri �yh +VOV, wkh kljkhvw jurzwk
udwh kdg ehhq dfklhyhg diwhu Mdqxdu| 4<;71

Wkh irupdo whvw6 ri wkh gl�huhqfhv ehwzhhq wkh phdqv dqg yduldqfhv
lq wkh wzr vxevdpsohv lv frqwdlqhg lq Wdeoh 51 Wkh froxpqv wzr dqg irxu
uhsuhvhqw wkh whvw vwdwlvwlfv ydoxhv � ~ glvwulexwhg dv d qrupdo dqg 8
iroorzlqj 8 E?�c ?2� glvwulexwlrq � iru phdqv dqg yduldqfhv/ uhvshfwlyho|1
?� dqg ?2 vwdqg iru wkh vl}hv ri hdfk ri wzr vxevdpsohv1 Wkh R0ydoxhv +vhh
froxpqv wkuhh dqg �yh ri Wdeoh 5, ri wkhvh whvw vwdwlvwlfv doorz whvwlqj
wkh qxoo k|srwkhvlv ri qr gl�huhqfh ehwzhhq wkh prphqwv ri wkh wzr
vxeshulrgv1 Rqo| iru wkh phdq ri wkh yduldeoh LQF wkh qxoo k|srwkhvlv
pd| eh uhmhfwhg dw vljql�fdqfh ohyho ri 43(/ zkloh wkh uhvw ri wkh phdqv
vhhp qrw wr fkdqjh1 Wkh yduldqfhv ri doo wkh wlph vhulhv dsshdu wr kdyh
fkdqjhg vljql�fdqwo|1 Wkh odujhvw ghfuhdvh lq wkh jurzwk udwh yduldqfh
klw HPS/ JGS/ dqg LLS1

Jlyhq wkh idfw wkdw wkh JGS kdv h{shulhqfhg odujh yrodwlolw| vwuxf0
wxudo euhdn/ dv rxu rzq fdofxodwlrqv vkrz dqg dv zdv glvfryhuhg e|
PfFrqqhoo dqg Shuh} Txlurv +5333,/ zh ghflghg wr hvwlpdwh erwk vlqjoh0
iuhtxhqf| prgho edvhg rqo| rq wkh prqwko| wlph vhulhv vwuhwfklqj iurp
Mdqxdu| 4<8< wr Ghfhpehu 4<<; +qdpho|= HPS/ LQF/ LLS/ dqg VOV, dqg
d pl{hg0iuhtxhqf| prgho xvlqj/ lq dgglwlrq wr wkh prqwko| vhulhv/ wkh
txduwhuo| JGS1 Wkh wlph vhulhv lq ohyhov zhuh orjjhg/ wkhq wkhlu �uvw
gl�huhqfhv zhuh wdnhq dqg pxowlsolhg e| 4331 Ilqdoo|/ doo wkh frpsrqhqw
vhulhv zhuh ghphdqhg dqg qrupdol}hg1

Irxu prghov kdyh ehhq hvwlpdwhg= +4, xquhvwulfwhg vlqjoh0iuhtxhqf|
prgho> +5, xquhvwulfwhg pl{hg0iuhtxhqf| prgho> +6, uhvwulfwhg vlqjoh0
iuhtxhqf| prgho/ dqg �qdoo| +7, uhvwulfwhg pl{hg0iuhtxhqf| prgho1

Doo wkh prghov zhuh hvwlpdwhg xqghu wkh lghqwli|lqj dvvxpswlrq ri
wkh �uvw idfwru ordglqj ehlqj htxdo 41 Wkh sdudphwhu hvwlpdwhv/ wr0
jhwkhu zlwk wkhlu vwdqgdug huuruv/ ri wkh xquhvwulfwhg dqg uhvwulfwhg
vlqjoh0iuhtxhqf| prghov fdq eh irxqg lq Wdeoh 6/ zkloh wkrvh ri wkh
xquhvwulfwhg dqg frqvwudlqhg pl{hg0iuhtxhqf| prghov lq Wdeoh 71 Lq wkh
irxu prghov wkh frpprq idfwruv iroorz DU+4,/ zkloh wkh vshfl�f idfwruv
iroorz DU+5,1

6Iru ghwdlov rq lqihuhqfhv edvhg rq wzr vdpsohv vhh Ghyruh +4<;:,1
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Wkh OU whvw ri wkh uhvwulfwlrq lpsrvhg rq wkh wudqvlwlrq suredelolwlhv
pdwul{ ri wkh yduldqfh vwdwh yduldeoh vkrzv wkdw wkh qxoo k|srwkhvlv ri
Rj
22

' � fdq eh uhmhfwhg dw 8( vljql�fdqfh ohyho= wkh whvw ydoxh iru wkh
vlqjoh0iuhtxhqf| prgho lv htxdo 4919 dqg iru wkh pl{hg0iuhtxhqf| prgho
lw lv 461; +vhh wkh �uvw urzv ri Wdeohv 6 dqg 7, yv1 �2

f�bDE�� ' ��He1
Wkh orz frpprq idfwru uhvlgxdo yduldqfh lv pruh wkdq qlqh wlphv

vpdoohu wkdq wkh kljk frpprq idfwru uhvlgxdo yduldqfh1 Wklv gl�huhqfh
lv vrphzkdw vxusulvlqj jlyhq wkdw wkh suh04<;7 dqg srvw04<;7 udwlr ri
yduldqfhv ri wkh lqglylgxdo frpsrqhqw wlph vhulhv grhv qrw h{fhhg 71 Wkh
vwdwh0ghshqghqw phdqv fruuhvsrqglqj wr wkh kljk yduldqfh uhjlph +>

��

dqg >2�, duh pxfk juhdwhu lq wkh devroxwh ydoxh wkdq wkhlu frxqwhusduwv
lq wkh orz0yrodwlolw| uhjlph1 Wklv lpsolhv wkdw wkh vkliw lq wkh yrodwlolw|
zdv dffrpsdqlhg e| d �vwdelol}dwlrq� ri wkh jurzwk udwhv1 Erwk wkh
uhfhvvlrqv dqg h{sdqvlrqv ehfdph ploghu1

Wkh h{shfwhg gxudwlrq ri wkh kljk yrodwlolw| vwdwh frpsxwhg xvlqj
wkh hvwlpdwh ri wkh wudqvlwlrq suredelolw|/ Rj

��
/ lq erwk fdvhv +vlqjoh0 dqg

pl{hg0iuhtxhqf| prghov, lv htxdo 666 prqwkv1 Li zh dvvxph wkdw wkh kljk
yduldqfh vwdwh frpphqfhv dw wkh yhu| ehjlqqlqj ri wkh vdpsoh +Iheuxdu|
4<8<,/ wkh 666ug shulrg zloo fruuhvsrqg wr Rfwrehu 4<;91 Wkh gdwh lv
vrphzkdw odwh frpsduhg wr wkh ehjlqqlqj ri 4<;7 sursrvhg dv wkh gdwh
ri wkh vwduw ri yrodwlolw| ghfolqh1

Iljxuh 6 glvsod|v wkh hvwlpdwh ri wkh frpprq frlqflghqw idfwru re0
wdlqhg xvlqj wkh vlqjoh0iuhtxhqf| prgho dqgpl{hg0iuhtxhqf|prgho sorw0
whg djdlqvw wkh Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk +QEHU, exvlqhvv
f|foh gdwhv1 Ilyh pdmru uhfhvvlrqv fdq eh revhuyhg rq wkh slfwxuh1

Rq Iljxuhv 708 wkh frqglwlrqdo +vprrwkhg, suredelolwlhv ri wkh orz
phdq uhjlph +vxp ri wkh frqglwlrqdo suredelolwlhv fruuhvsrqglqj wr wkh
uhjlphv 4 dqg 6, dqg orz phdq � kljk yduldqfh uhjlph +frqglwlrqdo
suredelolwlhv fruuhvsrqglqj wr wkh uhjlph 4, iru erwk wkh vlqjoh0 dqg
pl{hg0iuhtxhqf| prghov duh ghslfwhg1 Erwk frqglwlrqdo suredelolwlhv duh
frqwudvwhg djdlqvw wkh QEHU fkurqrorj|1 Krzhyhu/ rqo| wkh frqglwlrqdo
suredelolwlhv ri wkh orz phdq � kljk yduldqfh uhjlph glvsod| idluo| kljk
ghjuhh ri frqiruplw| wr wklv gdwlqj � vhh Iljxuh 81 Wkh orz uhjlph
suredelolwlhv ghwhfw txlwh d elw ri idovh vljqdov= 5 idovh uhfhvvlrqv lq 4<93v/
4 lq 4<;3v/ dqg 4 lq 4<<3v1 Wkh slfwxuh lv wkh vdph iru wkh wzr prghov/
dowkrxjk wkh pl{hg0iuhtxhqf| prgho dwwhqxdwhv voljkwo| wkh idovh dodupv
frpsduhg wr wkh vlqjoh0iuhtxhqf| prgho1

Iljxuh 9 glvsod|v wkh vprrwkhg suredelolwlhv ri wkh orz yduldqfh
uhjlph +vxp ri wkh frqglwlrqdo suredelolwlhv fruuhvsrqglqj wr wkh uhjlphv
3 dqg 4, iru erwk prghov1 Lw vhhpv wkdw/ uhjdugohvv ri prgho/ wklv uhjlph
ehfrphv pxfk pruh suredeoh vlqfh Iheuxdu|0Pdufk ri 4<;71 Iurp wkdw
shulrg rq wkh frqglwlrqdo suredelolwlhv ri wkh frlqflghqw hfrqrplf lq0

:



glfdwru kdylqj orz uhvlgxdo yduldqfh duh doprvw dozd|v � vdih iru wzr
vkruw lqwhuuxswlrqv � h{fhhglqj 31:1 Wklv hylghqfh lv lq dffrugdqfh zlwk
wkh �qglqj ri PfFrqqhoo dqg Shuh} Txlurv +5333, zkr xvlqj wkh txdu0
whuo| JGS gdwd vljqdo wkh �uvw txduwhu ri 4<;7 dv wkh ehjlqqlqj ri orz
yrodwlolw| �hud�1

Wkh orz phdq dqg orz yduldqfh uhjlph suredelolwlhv fruuhvsrqglqj wr
wkh uhvwulfwhg prghov �zlwk vlqjoh dqgpl{hg iuhtxhqf|� duh glvsod|hg
rq Iljxuhv : dqg ;/ uhvshfwlyho|1 Wkh uhfhvvlrq +orz phdq, suredelolwlhv
rewdlqhg iurp wkh frqvwudlqhg prgho gr qrw gl�hu iurp wkrvh uhvxowlqj
iurp wkh xqfrqvwudlqhg hvwlpdwlrq1 Wkh uhvwulfwhg prgho orz yrodwlolw|
uhjlph suredelolwlhv duh pxfk vprrwkhu wkdqnv wr wkh uhvwulfwlrq lpsrvhg
rq wkh wudqvlwlrq suredelolw|/ Rj

22
1 Wkh vprrwkhg suredelolwlhv vljqdo wkh

duulydo ri wkh orz yrodwlolw| uhjlph hduolhu wkdq wkh �owhuhg frqglwlrqdo
suredelolwlhv gr1 Rqh fdq fohduo| vhh wkh iurqwlhu ehwzhhq wkh kljk dqg
orz yduldqfh uhjlphv zklfk sdvvhv wkurxjk wkh plggoh ri 4<;71

7 Frqfoxglqj uhpdunv

Wkh sdshu kdv h{dplqhg 7 vlqjoh0idfwru prghov zlwk Pdunry vzlwfk0
lqj= wzr xquhvwulfwhg prghov zlwk d vlqjoh +prqwko|, iuhtxhqf| dqg wzr
uhvwulfwhg prghov zlwk wzr revhuydwlrq iuhtxhqflhv +prqwko| dqg txdu0
whuo|,1 Wkh frpprq idfwru*v lqwhufhsw dqg uhvlgxdo yduldqfh h{shulhqfh
lqghshqghqwo| vkliwv lq wkh uhjlphv1 Wklv ohdgv wr frqvlghulqj d irxu0
uhjlph prgho zkhuh iru hdfk ri wkh wzr frpprq idfwru uhvlgxdo yduldqfh
uhjlphv +orz dqg kljk yrodwlolw|, wkhuh lv d sdlu ri frpprq idfwru phdq
uhjlphv +orz dqg kljk phdq,1

Lq wkh uhvwulfwhg prghov d frqvwudlqw lv lpsrvhg rq wkh wudqvlwlrq
suredelolwlhv pdwul{ ri wkh yduldqfh vwdwh yduldeoh iruflqj wkh orz ydul0
dqfh uhjlph wr eh dq devruelqj vwdwh1 Wkh uhvwulfwlrq uhvxowv lq vprrwkhu
frqglwlrqdo uhjlph suredelolwlhv exw �qgv qr vxssruw lq wkh uhdo gdwd �
wkh gl�huhqfh ehwzhhq wkh orj0olnholkrrg ixqfwlrq ydoxhv ri wkh uhvwulfwhg
dqg xquhvwulfwhg prghov ehlqj vwdwlvwlfdoo| lqvljql�fdqw1

Wkh prghov zhuh hvwlpdwhg xvlqj wkh XV prqwko| dqg txduwhuo|
pdfurhfrqrplf gdwd fryhulqj wkh shulrg 4<8<04<<;1 Wkh vkliw lq wkh
frpsrvlwh hfrqrplf lqglfdwru dsshduv wr kdyh kdsshqhg lq wkh hduo|
4<;71 Wklv frqirupv wr wkh suhylrxv �qglqjv/ h1j1 PfFrqqhoo dqg Shuh}
Txlurv +5333,/ Fkdxyhw dqg Srwwhu +5334,1 D wljkw olqn ehwzhhq rxu
prgho*v uhfhvvlrq suredelolwlhv dqg wkh QEHU fkurqrorj| lv hylghqw1

Uhihuhqfhv

^4` Fkdxyhw P1 +4<<;, �Dq Hfrqrphwulf Fkdudfwhul}dwlrq ri Exvlqhvv
F|foh G|qdplfv zlwk Idfwru Vwuxfwxuh dqg Uhjlph Vzlwfklqj� Lq0

;



whuqdwlrqdo Hfrqrplf Uhylhz 6</ <9<0<91
^5` Fkdxyhw P1/ Srwwhu V1 +5334, �Uhfhqw Fkdqjhv lq wkh XV Exvlqhvv

F|foh� iruwkfrplqj lq Wkh Pdqfkhvwhu Vfkrro1
^6` Ghyruh M1O1 +4<;:, Suredelolw| dqg Vwdwlvwlfv iru Hqjlqhhulqj dqg

Vflhqfh1 Prqwhuh|= Eurrnv 2 Froh Sxeolvklqj Frpsdq|1
^7` Nkrorglolq N1D1 +5334, �Pdunry0Vzlwfklqj Frpprq G|qdplf Idf0

wru Prgho zlwkPl{hg0Iuhtxhqf| Gdwd� LUHV Glvfxvvlrq Sdshu Qr1
53340531

^8` Nlp F10M1 +4<<7, �G|qdplf Olqhdu Prghov zlwk Pdunry0Vzlwfklqj�
Mrxuqdo ri Hfrqrphwulfv 93/ 40551

^9` Nlp F10M1/ Qhovrq F1U1 +4<<<d, �Kdv wkh X1V1 Hfrqrp| Ehfrph
Pruh VwdeohB D Ed|hvldq Dssurdfk Edvhg rq d Pdunry0Vzlwfklqj
Prgho ri wkh Exvlqhvv F|foh� Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv
;4/ 93;09491

^:` Nlp F10M1/ Qhovrq F1U1 +4<<<e, Vwdwh0Vsdfh Prghov zlwk Uhjlph
Vzlwfklqj= Fodvvlfdo dqg Jleev0Vdpsolqj Dssurdfkhv zlwk Dssolfd0
wlrqv1 Fdpeulgjh= PLW Suhvv1

^;` Nlp P10M1/ \rr M10V1 +4<<8, �Qhz Lqgh{ ri Frlqflghqw Lqglfdwruv=
D Pxowlyduldwh 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 Uhvhdufk +N|rwr Xqlyhuvlw|, glvfxvvlrq sdshu 84;1

^43` PfFrqqhoo P1P1/ Shuh} Txlurv J1 +5333, �Rxwsxw Ioxfwxdwlrqv lq
wkh Xqlwhg Vwdwhv= Zkdw Kdv Fkdqjhg Vlqfh wkh Hduo| 4<;3vB� Wkh
Dphulfdq Hfrqrplf Uhylhz <3/ 4797047:91

^44` Vwrfn M1K1/ Zdwvrq P1Z1 +4<;;, �D Suredelolw| Prgho ri wkh Fr0
lqflghqw Hfrqrplf Lqglfdwruv�/ QEHU zrunlqj sdshu 5::51

<



8 Dsshqgl{

Wdeoh 4d1 Wkh frpsrqhqw vhulhv vwdwlvwlfv lq �uvw vxeshulrg
Phdq Vw1ghy1 FY Plq Pd{
Prqwko| gdwd 4<8<=404<;6=45

HPS 314;< 315;6 4183 031;9 4156
LQF 315:: 3177: 4194 04154 419;
LLS 315<9 41383 6187 07158 9133
VOV 315;9 41453 61<7 06143 6143

Txduwhuo| gdwd 4<8<=404<;6=7
JGS 31;66 41433 4165 05176 61:6

Wdeoh 4e1 Wkh frpsrqhqw vhulhv vwdwlvwlfv lq vhfrqg vxeshulrg
Phdq Vw1ghy1 FY Plq Pd{
Prqwko| gdwd 4<;7=404<<;=45

HPS 314:< 3146: 31:9 03157 3189
LQF 31558 316;5 41:3 0415: 4155
LLS 3158: 31858 5138 04167 5139
VOV 315;9 31<56 6156 0615: 6188

Txduwhuo| gdwd 4<;7=404<<;=7
JGS 31:68 31867 31:5: 04136 515<

Wdeoh 51 Whvwlqj vljql�fdqfh ri gl�huhqfhv ehwzhhq wkh phdqv dqg
yduldqfhv ri wzr vxevdpsohv

Phdq ] Phdq s0ydoxh Yduldqfh I Yduldqfh s0ydoxh
HPS 3184; 31635 715: 313
LQF 41683 313;; 416: 31344
LLS 31873 315<8 7133 313
VOV 3 31833 417: 31335
JGS 31:85 31559 7157 313
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Wdeoh 61 Hvwlpdwhg sdudphwhuv ri xquhvwulfwhg dqg uhvwulfwhg prghov
zlwk vlqjoh0iuhtxhqf| gdwd

Sdudphwhu Xquhvwulfwhg= 043:51; Uhvwulfwhg= 043;414
Hvwlpdwh Vw1 huuru Hvwlpdwh Vw1 huuru

R>�� 31<79 31356 31<:8 31343
R>22 31<5: 3135; 31;:< 3137<
Rj
��

31<56 31374 31<<: 31336
Rj
22

31<89 31353 4 0
>
���}� 31435 31368 31393 3134;

>
2��}� 03149: 31383 0314;3 31368
>�,J� 31369 31345 31337 31339
>
2,J� 031356 31348 031496 31369

�U�� 4185 31449 417< 31445
�UU� 714: 3159; 61<7 3158<
�7u7 6158 31567 6146 31564
� 31639 31446 31665 313<5

�.���� 31455 3137< 31434 3137;
�.���2 31786 31386 317;9 31387
�U���� 031359 3138< 03136< 31385
�U���2 31375 3138< 31366 31387
�UU��� 031467 313:: 0313:< 31398
�UU��2 0313<: 3139< 03139< 31393
�7u7�� 031763 31384 031746 31384
�7u7�2 031545 3137< 031536 3137<
j2��}� 3136; 3133: 3135: 31336
j2,J� 31335 31334 31334 31334
j2.�� 31349 31335 31347 31335
j2U�� 3143: 3133; 31439 3133;
j2UU� 3157< 3135: 315:9 3135:
j27u7 3195: 31379 3196< 3137:
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Wdeoh 71 Hvwlpdwhg sdudphwhuv ri xquhvwulfwhg dqg uhvwulfwhg prghov
zlwk pl{hg0iuhtxhqf| gdwd

Sdudphwhu Xquhvwulfwhg= 047<31< Uhvwulfwhg= 047<:1;
Hvwlpdwh Vw1 huuru Hvwlpdwh Vw1 huuru

R>�� 31<83 31353 31<:9 31343
R>22 31<56 3135< 31;;6 3139:
Rj
��

31<78 3135< 31<<: 31336
Rj
22

31<8; 3134< 4 0
>
���}� 3153; 31388 31448 31377

>
2��}� 031664 313:6 031663 3139<
>�,J� 31385 31353 31337 31344
>
2,J� 031384 31357 031674 313:5

�.�� 31847 3136< 31847 31374
�U�� 31;46 31397 31:<6 31399
�UU� 5143 31467 5139 31469
�7u7 41:4 3144: 419; 31454
� 31589 31433 31654 31443

�C(��� 031;58 31436 031;:5 313;;
�C(��2 31367 31453 031347 313<:
�.���� 31458 3137; 3144: 3137;
�.���2 31784 31386 317<5 31386
�U���� 031389 31387 03137; 31387
�U���2 31359 31378 31364 31396
�UU��� 031395 31397 031386 31398
�UU��2 031389 3138; 03138; 3138;
�7u7�� 03177< 31384 031758 31383
�7u7�2 031559 3137< 03153< 3137<

Wdeoh 71 frqwlqxdwlrq
Sdudphwhu Xquhvwulfwhg Uhvwulfwhg

Hvwlpdwh Vw1 huuru Hvwlpdwh Vw1 huuru
j2��}� 31454 31356 31433 3134;
j2,J� 31338 31337 31338 31336
j2C(� 3155< 31384 31575 3137;
j2.�� 31349 31335 31348 31335
j2U�� 31436 3133: 31438 3133:
j2UU� 315:7 31358 315;4 31359
j27u7 3193< 31378 31958 31378
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US real GDP in 1959:2-1998:4
Structural change: mean and 2 standard deviations
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Component series of US coincident indicator
Structural change: mean and 2 standard deviations
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US coincident economic indicator 1959:1-1998:12

Unrestricted model
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Low mean regime probabilities vs. NBER dates
Unrestricted model

Single-frequency model
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Low mean - high variance regime probabilities vs. NBER dates
Unrestricted model

Single-frequency model
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Low variance regime probabilities
Unrestricted model

Single-frequency model
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Mixed-frequency model

1959 1962 1965 1968 1971 1974 1977 1980 1983 1986 1989 1992 1995 1998
-0.2

0.0

0.2

0.4

0.6

0.8

1.0

SMOOTHED
FILTERED

Iljxuh 9=

4;



Low mean regime probabilities vs. NBER dates
Restricted models

Single-frequency model
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Low variance regime probabilities
Restricted models

Single-frequency model
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Mixed-frequency model
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