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A bstract

In this pgperwe aasidara aanddaiteaonanic indicator madel with
regme swittching dynamics and with the time series doserved at diz ererit
fiequendess, Trinstancg atmanthly and guarterly frequendes. U riilnowv
e anly soluitian wes 1 dip the bner frecqpenoy saries and to estimate
the madel based anly an the higherfrequency saries. T his gppraech bacs
W the sigi..catinfomatian Issss. W e prgpase an gppraach alloning
owerame this prablem and o estimate a nanlinear dynemic acomman £c
torwith the missing dosenatians taking achvartage ofall the informatian
aabok.

Keynwords: aomman dyremic ctor; Il arkov switching mided fie
quaxy datg Kalman ... ler; aampasite econanic indicator:

JBE Ckbssi.aatian: C5, E3.

1 Introductian

T he estimatian of a acanadat eaononic indicatar (CEl) at the riegaal ad
natical el plhys avery impartant roke in messuring and predicting the state
of aears in agwven riegan or cautry. T his indicatar can then be used Tor
the poitical and analvtical puipasss. T herefore this canddent econamic in
dicator shaud be reedily adBbe Eicbke ad represaritative of the o/dical
movamats in the main sectors of the econany.

T he CEl shaud satisfy the tho de. ning aonditias ofFthe buainess o/ce put
Torvard by B ums and |l itdhell and stressad by D iebold and R udebusdh (199 ©
in tharsurey ofthe madem twiming parts maceling namely. amoanaitof
the individual maaoeaaamic saries within the o/cde and asymmetric business
ok dynamics, when the behaviarofthe econamy duringepasias is ds ergait
fian thatin the reesssias.

U ntil recently there exdisted a separation betneen the madel cptuning the
aonman dyramics ofdis eratmaacscoamic\ariebks atthe buainess o cke fie
quendes, N the ae hand and the nonlinear gppraach treating dis erantpheses
ofthe business ok ssymmetrically, an the otherhand. T he .. iIstgppraadh is,



amang othars, praminently represaied by Stodkand W atsan (1988, 1989 and
199 2) who introducsd a acanadateconamic indicatormadel aming atextrack
inga et orundoserved aomman dynemicmadel T he seaod gppraadh wes
geatly achenad by H amiltan’s (1989 ) breskthrauch peper-

H anever; the nesd Tara madel syrthesizing these ®\0 gppraedhes expressed
by D igbold and R udebusdh (199 6 calld o edstanae all akossatchingaom-
man dynamicBctarmadel T his gppraach became feesibEe thenks to the t&d
nigue intraducd in Kim (199 4), whidh pemits o estimate Il arkosswitching
madek putin a state spae om. 4 Incstimmediaiely quite a rumber of o
plicatias of this tednique 1 estimating nanlinear aamman dynamic madek
surged. Chaunet (1998) and Kim and |l elbon (1999) goplied ittomodeling the
aonman dynamicBctonarthll arkos switdhing dynemics, Kim andY oo (199 5)
extended this madel 1 the time varying transi tian praosbi fties e

T his madkel allons 1o estimate simulianeasly both the cammaon feaa(s),
uderlying amman dynamics of several maaosconamic time saxies, and the
prdocbi kties of the reossias anespading 1o this Ecior:  In othaer wads
this gppraach inaapaates nonlineardynamics in the comman ectorexractian
by aombining the undoserved aamparentmadel of Stodk and W atson with the
I arkov regme switching methodology off ami on.

H onever; the practical gpplicatian ofthese gpproach is impeded by the bdk
ofthe rbwatdata messured athidh (say mathly) fiequendes. A Ibtohalbs
abke infomatian is kst because many impartant ime sexies are anly ada bk
atthe quarterly a-avual fiequendes. Farinstanas the CEl estimated with the
manthly data does nottake into acoountthe information arained inthet DP
series Whidh is aa Bbke oy at gquarterly or bner frecpendes. T his prdblEm
is epadally severe at the regaal bel sine the regaal statistical datsbeses
are mudh mare poor-then the naticnal aes.

Fatunately the prdolem of disagpancy in the frequency of dosenatias
saams o be sohed. T he solution wes recatly pragposad by Il arfanoand |l ura
sana (2000). T hey aasidera madel where dic ererit fiequandes, say maithly
and quarterly, Tor dic et variebks atering the model are alloned. T his is
espedally usslull ifwe vant aur canadat indicator 1o be a proxy or sane
agacaie dsenebkevariabEe eg (6 DP.A samkthet DP data ae rekssd
atmudh bnaarfrecpency then individual series dnaracterizing sped.. c sectars of
theaeaany. T hell uressanaandll ariano’s madel enebks us totake advantace
ofthe valliebE infomation axtainad in the lonerfraquancy time sexies.

0 urideais 1O goply this gpproach B tre il arkosswittching comman dy
namic fector modkel so that o be able 1o estimate CEl whidh aaosiders bath
the conmoementofthe maateoonanic variebks and the ssynmetry ofthe df
et business o/de phesss withaut lsing the important infomatian whidh is
otherise wested because ofthe disagpandes in the dosenvatiaon spadng

T he restofthe pgperis structured as ollons. 1N the nextsaction we disass
the tednical deta b of asttudian ad estimation of te il arkossnitching
anman Bctor madek.  In the sedtion three we aasider goplicatian of this
methadology o the real datas Section Touraoncludes the peper: A e grepls
and ebks are putinto the) ppendix olloning the st of relerances.



2 Themodel ad its estmatian

T he madel ofthe comman Bdtorwith nonlinear (| arkosswitthing) dynemics
&s the ae estimated by Kim and |l elbon can be eoressed as Olbns

¢t ye=2+°C ) G+ U @

where ¢ y¢ is the n£1 vedor of the .. 1st dic erencess of the doserved time
saries in boop; ¢ G is ... istdir erence of the undoserved comman Ectorbaving a
reagme switchingdynamics; uy is the Nl vectorofthesped... ¢ aridicsynaatic
anmpaats daracerizing the individual dynemics ofeedh of the dosened s2
ries and® ( )is the legpolyamial in the fector loedings.

T he aamman dynamic tectoris modekd es:

ACY G=1GD+ "t €)

whereA ( Disthel R (p) Igpolynamial; 1 Gpis the aamman Bdtorinteragpt
depending an the state variabe s olbninga.. istader!l arkosdan processs
and "t >»N D ;% G ths the variance of the comman dtor shadk may
ako be state dgpendait 1N amare geneval spad. Gatian the ae¢ dents of the
autoregressive polynamial A ( ) may dgpand an the state oo

T he vector ofF the idicsynaatic aampaats can be represated as Dlbns

A =" €

where ", >»> N ID( ;8) and bath the g polynamial A ( ) and ariane
@ariance matrix 8 hae a dagoal stucture. Each idicsynaatic aanpaatit
is macelled as AR @)where i =1 ;5N In prindpE the autosgessive ader
may be dir erartaacss the sped..c caampaaits and may be equal b zexa

I on assume that dic exent series' are doservebke at dic exant flieguendes.
Suppce thatn time saxies (v, v) are dosenad at the bnerfiecpency T, vihie
tercsstoftesriesn, = njn (Y29 ae messurd at a higer fiecuency
whidh we may nomalize 10 1: D enote by y; 7 the undoserved \alles of the .. 1st
N messured atthe higherfirequency. T hen the doserved series can be exoressed
in tems of the undoservad as Tollons.

1 i,, =
yltz?; L'yt (&)

i=

H enceafterakdngthe . istdin erance ofthe doserveb e bner-frecpenoy series
the gonth rates of these series waull be es:

14 ere we ansider only the case of the o variebles.
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T harefore the vadar of the gonth rates of the doserved series may be de
ampod es
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INn ader 1o be estimated  this madel an be epressd in the state space
fom.

T he messuramaTteuatiat

¢ yt=ASt+ Wk (8)
T ransition equatia
St=1t+csti1+vt (9)
i, ) o)
weret ye= € il "ye C il et
is 1hen£1 of doserved \vaxriebks in div erencss;
¢ & U islhem£1 state \vedor ining the camnman dynamic
m\m¢ c‘t’= ¢ G ¢ G2 0 Gyr , Wthr=maxip;2f jlg;
aﬂlli‘eqoeacmnpa‘ewlsm &
U= _U¢ I Ugga ‘l\o Ut =5 Untig, SWith I=maxiq ;2T jl1g;
1t=i' 1G 00 = 0 |slhe»€:la‘%lnlercqois ad ..nally
ve= "¢ 0 Ty o 0 is the vector of disturbanaces:
Thedmensicnogheslalem m, is detamined as
m=r+nolk L . q

T he systam matricss have the olloning structLre
T he messuramentNn£m matrix
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whereais thel £QF j 1 )vectorofaet dets ofthe (. Fi' L 7Y ;qcisthe
k£] vador of zaxcs, ad ik is e .. istrov of the kKE K identity matrix and

i@ is thejndicator undiat

e 0, ift=1h;::zF §loh
1= 1, athernise
whare h=1;2;3;:=:
T he gh £m arsitian matrix 1

© o 0

“il

= a
C = ‘il
an (}h

0 bt

where © ad &5 (i = 1;:5;n) ae the rov vadtars of the autoregressive

=t daits; Lis the k£ Kidantity matyix
T he nEn variane amwariance mattix of the disturbanacss to the messuramantt

equati
fb KD 0 !

R = 0 O

where KD)is ttediagoaln £n matixwith the indicatorfunctias, i(F)
an the main diagxal

T he mE£m variance avariance matrix ofthe disturbancss 1o the tiarsitian

1
%2 GO 0
Q= i

0 %2

W e inraduce three idantifing gs,mpuds in this sped..catian ofF madel
First thevariance coariance matrixQ is diagral Seaxdly we may setather
° =1 a¥%’Ge=1)=1:W edoe te..Istptian.

T he undoservad valLes ofthe e friecuency time series are treated s miss:
ing A sl aano and |l urasana (2000) have shonn, they can be replbaad by
any randan \ariebke as som &g itis not conelated with the parameters of the
maodel we are gdng to estimatie. 1N partiaular; these missing doservatias may
besubstituted by zaxcs. T hus, the .. 1stn doserved \ariables wi llbe arstructed
a6 ollons/,

_ 0, iIft=lk:;E il
ne= v othernise



In prindpk we can dothis kind ofsubstitLition notanly farthe doseratias
betneen the doserved vallies of the bner-frecuency time series, butabko in Gaee
of the saries Whidh are shorter then the others.  1n the gaeral Gase we may
ce..re thejpdicator UNCian &s.

T 1, ift2¥

0, othernise

where ¥ is the setof dates Tarwhidh the shartest ime sayies is doseneble
Forirstence when the € inftial dosenatias are missing the sst ¥ willl be
ce.ned &

¥=fgr tg

INn the cese wWhen the same \variebke is albo the ae whidh is messured at the
bnerfieguenoy, the de.niian ofR¥willbe es:

¥=fgt> t adt&lh;:;{ il )y waeh?2!

W e estimate the madel uising maximum lkelihaod method. Forthe derve
tian of the gpoprodamate ikelihood fondian Tor the aamman dyramic Bcor
maodek withll arkov snrtchingwe releraur reeder to Kim and i elsaon (1999).

3 A ppicatian

31 Simulted eanpke

First in adaertodaedkkaarmadel we have simulated asimple acomman dynamic
TBdormadelwith all arkosswitching dynamics. T he parametars used tosim-
ubte the arti. dal time saries are presaied in the seaond coblmn of the T abke
1 oft ppendix T hareweare ..\e time saries with 540 doseratias in eech grer
ated. T hen the .. 1stsaries wes dhaosen 1o be the bwrequency series. T herefore
there were ’quarterly’ dosenatias alaulied ss the means oer eedh ’ouer
=, T hs Torthis ime saries we may dosernve anly the data aggrecated oer
each three dosernatias, Whi e the remaning Tour time saries are doserned at
the ”manthly’ frequaency.

W e estimated a nanlinear dynamic aamman ctormacel with dic ereritdo
senation frequandes whose structure ieplicates e D6 P ofthe simulbated se
ries. T he estimates ofthe parameters togethernnith the aonespading standard
enas, ad p\abes ae atainad in the columins 3 thiraugh 5 of the Tebke 1.
T he estimated paranetars, sae for the \ariancee of the idsynaatic aampo
nent conespading o the guarterly dosened saries, are very doe o the e
parameters.

Fgure 1 anparing the true and estimated conman ampaaitas well ss
the e igme with the smoothed aaditiaal prdosbifties of the regme 2
(raa=ssian), akbo shons striking simi bty betinean the tiue and estimated s2
ries. T he aditical rmgme prdozbi kities sanetimes miss the reaessian when
its duration is very shart

T hus aurmadel when itanrespands o the D6 P of the series, estimates
the unknonn parameters of the proa=ss sud darily well



32 R eaeaeanpk

H aing tested the perfoimance of aur madel an the arti. gal data. we gpplied
itoteacaldaia T hedatlausad are tesameas inll arfanoand il uresana
(2000) stidy. These are e quarterly U S realt DP series fran the .1istquar
terofl)y il the bstquarter of 1998 and four maithly U S maaceaonamic
time saries stretching from January 1959 10D edamber1998, namely. enplyess
an nanegriauliural payrdlk; perscnal inaome kss trarsker paymeants; index of
indLstrial productian; and manuecturing and tracke series’ .

Tossbct the Eg ader; we goplied ! kaike infamatian arerian ¢ 1IC) ad
Sdwaz B ayesian infomatian arterian (SB 1C) aaomputed as Tollons:

A kake infbrmation arteriat

AL =2kdl @liznp+ redl 10

wherel @)is the ikelihood function valbe atmaximum; N number of the
b frequacy saries (in this aee we have anly ae sudh time sevies - quarterly
6 D P); np is the rumberof the high fieouency series; p and qare the adas of
et R paynaniak ofthe bw and high frequenoy saries respectively.

Sdwaz B aesian information arteriat

SB L =2kdl @i [np+ nallogl ) an

where T is the number of dosenatias.

T hevabes of the Ig kelihooos Tor the varias autoregressive oder am-
binatias ;) as well a5 the o infmation aiteria are presartied in T ebke 2
ofthel ppaxdx Thel IC doosss (33) whike SB IC selbts (1,2) aambinatian
as the gotimal ae W e are ging 1o use the Ettier aambinatiaon as a mare par
simanias. T his is the same aaombinatian whidh was sugoested by the SB IC in
the Inearceee (seell aanoand il urasana (2000)).

W e repreant the sstimates of the parameters of the inear conman Bctor
maodel (BEen franll arianoandll uresana (2000)) and auronn estimates of the
anman Bctormadel with Il arkov switching in the Tablke 3 ofthe A ppadix
T he estimated parametars Tor the nearand noninearmodek are very simibar;
with the exgption of the autoegessive paraneter of the amman dynamic
Batorwhidh is sigtly smallerwhen trell arkov switching is intraduad.

B asad an the parameter estimates of the nonlinearr camman ctor madel
with diz erantdoseration fiequendes, we alulatied the estimate ofthe conman
Bdorin the sanmeway as itis doe in Kim and |l elbon (1999), thatis

2T he datawere demeaned and normalized o have unitvariance. T heywere kindly provided
ushbyY )l urssana



G=Gj *+¢ G+ = 12

whare + is the mean of the comman fecioraomputed as inStodkand W atsan
(1988).

Figure 2 shons the evolLition of the aomman cior and the aondiiaal re
assian prdocbi ities dotained filan the estimatian oFaurmaocdel plotied against
tel BR reessian dales where the Etler are igpresanied by the sheding
T he smaothed reosssian prdosbi fities exactly aonrespad O ttel BERR recss
sian chraolgy, the anly dis erance being the reasssian detected by aurmadel
in the very begning of the samplke and missed by thell BER .

4 Sunmaxy

In this paperwe introduce all arkos switching aamman dynamic fectormadel
with missing doseratias. U ntil nowvanly the data of the same frequency and
with the same bgth ware usad 1o estimate the et aamman Bdtor macek
withll arkorsswitching dynemics. B ullding an the edtarsian ofthe inearaom-
man Bcdtormadel 1 the ase ofFthe datla with diz erat dosernvation frecqpendes
prapcsed byl arifanoand |l uresana (2000), we o erasoltian 1o the prdblEm
ofmissing dosenatias in the naoninear case.

T his waud allbw 1 pravent the bsses ofhvaliebke infamation ancming
the evolution of the aamman dynamic tector whidh may be axtaingd in the
bnerfieguency time series and in general i the time sexies with any type of
missing\valles.
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5 A ppaxix

Tabk1l. Simulbled eanpke true and estimated paraneters
| Parameter | Tre | Estimated | St enmor | pale |

P 095 093 0.02 00
P22 084 087 0.03 00
1, 0.4 043 0.03 00
1, 06| 0.6 0.05 00
°, 05 044 0.05 00
°3 08 081 0.02 00
°, 20 201 006 00
°g 1.7 1.73 0.05 00
A 0.6 056 0.03 00
A, -05 0.6 016 00
A, 0.6 059 0.04 00
A, -0.1 -006 0.05 0.12
A, -02 -0.17 006 00
Ag -08 -084 0.02 00
%2 0.25 099 016 00
%5 036 0.3 0.02 00
%3 016| 016 0.01 00
g 0.4 053 0.05 00
%2 081 081 006 00
%2, 0.16| 0.15 0.02 00

TabE?2. | agssbdtian analysis

@] Ladik| AIC | SBIC

0,0) | -1&352 | -28704 | -2087.04
01) | -165.8 | -221.36| -24282
©0,2) | -15685 | -3151.7 | -3V4.&
0,3 | -155595 | -31413 | -3004.48
1,0) | -1@637 | -25474 | -35) 03
@,1) | -1589 89 | -3191.78 | -1753
1,2) | -1550.3L | -3122.68 | -31B 83
@,3 | -153 81 | -3111.6 | -3178.37
@0) | -1853 | -25476| -2E@34
@1) | -1589.3 | -3192.6 | -222.6&
.2) | -154 .@ | -312336| -317486
2,3 | -153 81 | -3113.@ | -318454
(30) | -1€652) | -25668 | -26.10
(31) | -158) 26| -318452 | -227.89

(32) | -1545.73 | -311746| -3171.6
(33 | -153441 | -310482 | -37 §1

10



T abk 3. R esults of sstimation of inearand !l arkos switchingmodek

Paameter| | inear™ N anlineer
Coetdat| Coetdait| St enar| pvale
P - 097 0.01 00
P22 - 083 0.13 00
1, - 006 0.02 00
1, - -0.3 0.11 00
°, 0.4 04 0.04 00
°3 083 083 006 00
°, 2.10 2.10 0.13 00
°g 171 1.72 0.11 00
A 056 0.3 0.07 00
A, -0.02 -0.04 0.10 0.36
A, -0.78 -0.79 011 00
A, 011 0.10 0.05 0.01
A,, 0.45 0.45 0.05 00
Ay -0.04 -0.05 0.05 0.17
As 0.02 0.02 0.08 0.43
A, -0.03 -0.02 0.07 0.41
AL -006 -006 0.07 0.21
Ag -0.44 -0.44 0.05 00
Ae, -022 -022 0.05 00
%2 0.19 0.19 0.04 00
%5 0.02 0.02 0.00 00
%3 0.10 0.10 0.01 00
%g 026 027 0.03 00
%E 0.6 0.6 0.04 00
%2, 0.08 006 0.01 00

* T he estimaties of the parameters Torthe inearmacel are den fram | ar
ianoand |l urasana (2000).
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US coincident indicator, 1959:1-1998:12
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