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W e prgpase an gotimal ... e o transtam the Caterence B cad
Canpaitel eading Index (CL 1) into reaessian prdoebi kties. W e abko
analyze the Cl |5 acauracy at atidpating autput gonmh. W e aomn
pare the pradictive parfomance of inear; VA R extersias ofFsmooth
transitian regessian and switthing riegmes, pradoit, naparanetric
madek and aanduce thata ambinatian ofthe switching regmes and
naparametric Torecssts is the best strategy at predicting both the
N BER business o/cke sdedukead( DP gonh. T his an.mms the
wselubhess of CL |, even in a real ime analysis.

Canmeants fran Pedio} harez, | riele B eyeart, Il idneel Creel and saminar partic
ipants at the U niverity A utonama de B arcslog U nivarsity ofll urda, Federal R eserve
B ankdfl ewY akandSevettht nnual Sympacsium oftheSadety Tl antl inearD ynam-
icsand Eaonanetricatll envY akU niversity, are grateilly adknonedoed. W eareinddoted
1l ideel B odin Tor gredasly sharing the datas Enars are of auronn respansibi ity

1



1 Inoocductian

Casunptian, samMngs and praductian dedsias made by individual agants
and manetary ad ...scal policy macke by paicy/makers are basad an Taecsts
abautthe TUture develgpmentts ofimaaoscoamic\variabks. T he state ofthe
business g/ is ae of e key ebBmants Torthe evoluition of sudh variabes.
H ence Tarecssting tumingpadnts is audal forthe gotimali ty ofthe eaanamic
agpts’ dedsias. .

A N extansive erature exdsts Whidh attempts 1 ..nd the bestforecssting
ool forthe business o/ce tuming pants, fran the early heunstic atlempts
byl itdelladB ums (19 ) o the mae sophisticated of S todkand W atsan
(1989). W hatever gopraadh we aasider; the Taecssting pradolem is tnolold.
First we nesd © identify the gaup ohwariabks tatmoe in and autrecs
sas before the rsstofthe econany. Secod wehae to..nd the gpoprprate
.. lerto exttact the sigal autof these series.

W e foas an the sacod agpect of the Torecssting prdolem by atfempting
10..nd an gotimal sigal extractian methad  analyze the predictive poner
of the Caonpaaite L eeding Index (CL 1). T his series, aombination of several
pranising keding \varabks is relesad by the Catlerae B cardd since 0 ¢
Toerl) 9 6ad by the B ureau ofF Econamich nalysis piartotatdate W e
e the C | becauss even thoudh ithes sue ered a number ofimpartant re
Mvsias ithes bean published withaut intenuption sinee 19 8, alloning the
researder o analyze the predictive ponerof the leding indexwith infooma
tion ad Bok in eedh time pariad!

Studies thatanalyze the acauracy ofthe CL | Torpradicing tumingpadrts
.nd atradidory results. D igbod and R udgbusdh (1991) do not detect
predictive ponerin a inearaatext T he prdoitmadel used by Estrellad
I ishikin (199 8) autline the poorperfomance of CL |, spadally in the aukoF
sampke aablysis. H amilton and P erezQ uircs (199 6§ and Kim (199 4) presaic
evdnee in faorofthe useluhess of CL 1. Flardo (199 4) aondudes that g
vabes of tre CL | eHEIs dangss in the prdosbi ity of switding fram an
epas arressian. Hrally ( ranger; Terd svraand A ndersan (199 3)
.nd thatthe C | is the diving ctar in a Smooth T rarsitian R egressian
(STR) madel

T hexe are tno main purpasss Tor this pgper: FHist we want to formally
amnpare these previas aalysis and 1 propae a setof allermatine . lers.

10 nly the experimantal keding index (XL 1) prgpcsed by Stodk and W atsan (1989)
wauld allov the same kind of analysis. H onever; a real ime evaluatian of X L | is aampl-
cted sinae the number of dosenvatians is oo amall and this index anly s a reasssian
intheearly 199 0s. Further researdh shauld goin the directiaon ofaomparing the predictive
ponerofXL | versus CL I




0 nly FHlado (1999), in indgpendatwork hes tried the same kind of ep
praadh. H onever; he usss adiz erentsstofmadels, aonducts anly adesaip
e analysis and does notfomally st the prediciive poner ofeech macel
Seaod amare anbitiaus goal of this pgper; is 1o aambine alll the dic eranit
goproades o propae a - ler tat trasfoms te datla fortte CL | intob a
prdosbi ity of recessian ae guarter haxe.

Toawrknonede thisis the.. istatiemptto address both issues. Infect
this pgperis the ... istiomal comparison ofhovwv the mastpoulartime sexies
.. liers analyze the predictive ponerofthe Q. | fTorforecssting tumingpdnts
In pariauler;, we aonpare the acauracy of the previasly prapased neax;
I arkov switthing and prdoitmadel, a vector autoregressive exiernsian of
STR spad..catias, and a new naparanetric .. llier: T han, we ambire the
infomatian aotained in alll of the moodek In ader o dotain a”aasass”’
- lertortastoming the Cl | datainto a recessian praosbi ity

In additan, we ad<knoniedce thatt predicting twiming pants may notbe
te oy galoftre C |. T haelre we repeat the gopraadh 1o analyze the
predictive poneroftte CL | an6 DP moamats.

W e andiude that a combinatian of dis erarit madek performs betferin
and autofFsample then eedh ofthe singe madel prapased. Ths e CL L is
wselul in antiapating both twiming pants and autputgonmh, even in real
tme anabsis. | asover; in atrsst ol ess and Ivnata (199 7), we ..nd that
naonlinearspad.. catias are betierthan simpler inearmadek at repraduding
the business oydes atures of reallc DP.

T he pagperis aganized as Ollons. Sedtian 2 desaribes the dala secion
3 autlinss the direratt model, sectian 4 presats the empincal eddence
ssatian 5 analyzes the aombination ofFforecssts, and sectian 6aondlces.

2 P reiminary aalsis ofdaia

Faorthe insampke study, we use histarically revised CL | series issued inJan
uary 1998. Farthet D P, we usedaned wadited data T he data runs fran
the sscod qarterof Y 6 o the ourth guarterof1997. W e trarsfom the
manthly CL | series into quarterly by dossing the st doservatian ofeedh
ouaxter: A sapreiminay analss e testthe stationarty praperties ofaur
saxies. T he augmated D idey Fullertest can not rigject the null hypothesis
ofaunitrootforte g bek oftre saries butitis asistEattwith asta

2Stodkand W atsan (199 8) analyze a battery ofmadek thatindludes Enear; nonlinear;
parametric naparametric and a ambinatian of than. H onever; they do not oas an
predicting tuming pdnts and theirstudy is so extasive that they annotgoply a fomal
amparisan.



tToary Joad..cation Torthe dis erencss ofthe Iogartms. T hus, Tornovan,
aursaries ofinterestwillbe tegomh rates oft DP adCL |, daoled ss y
ad x.

Inadditian, Jdarnsan procecure i b todetectevidence ofadintegratian .
0 therauthars asH amilton andP erezQ uiras (199 6 andt rangey; T e svra
and A ndarsan (199 3) have Tound that previas saxies of the CL | presaried
antegaticnwth ¢ D P. H onever; as panted auth arey in acanmaitin
¢ rngeretal (199 3), there wes notstrang econamic reeson Tort DP and
Cl | ©be adrtegated. T hus, the absance ofadrtegration is an impartant
daacsristicofte bstCl | reisias.

3 N odelb desanptian

Inadartoquattify the acaracy ofthe CL | topredictbotht D P movamats
and periads of reasssian in the U S econamy; we anallyze dis eranit ineerand
naonlinear; parametric and naparanetric madek. T his section briety de
saribes these madek.

31 U narate ad bivaexiate inrsesrmocek

L inear madek have bean widely develpead in the eardier frecssting era
wre H oneer; these macek have been gpplied just to ganerate a Torecsst
of the eplEnNad variebk ECs say rate of gonth of 6 D P, rate of gronvih
of industrial production arsane adnddattindicator: I'tis notacmman ©
use them o faecstanat ineerphaonaasud ss atumingpant Inte
erature StodkandW atson (199 3) pragpcse a.. ertoexractiuming pants
Taecssts fian a ineermaodel T his is usad by H amilton and P exezQ urss
(199 6 suasssiully desaibe the predictive ponerofthe CL | oerthe bus-
ness o/des. T harbesic..ndings are the Tdlloning. L et the near prooesses
Torthel DP beatherani R (p)

Y= T+ alL)Mg1 i)t eg @
aaVi R (p)
Ye = T+rall)Mu: 1)+ bL)Kg1 1)+ et
Xe = T+ @)V i) ILEg1 1) W @

3T he likelihood ratio testof the nulll hypothesis of no adintegration acpirst the aller
native of e adrtegrating reletian is 14.48



wherelL is the Bgoperatar? Enas in (1) arei.i.d. gassan with zeromean
and \ariane¥; - Enars in (2) Do the usual sssumptias
M, il -Ho‘ﬂ 3 1.
T -

Y11 H

U s il N 0 ; %y Yy

U nderthe previas hypotheses, ae and thoguarterahead autputgromh
predicias fam the random vectar

Ve 1=Ye Y15 M . } .
s il :N : 3
Ve 2 Ve Ve 155 W [9s Q] (©))
Fortel R =

Mas aOeei )T

o aO%kiD

Y11 a1

Q= L L+ a®(L))n

H onever; IrtteVA R G2
et L4 a0 i )+ LT ) T
T @)+ MO T )+ @KL+ LY L))

ad

_ Y11 ar¥igr + ¥y,

Q= ardn t by, (@t @))%y + Py, + abihy
W e adgpt0 kun’s ik of tumb that a reeessian caaurs whanever the el
¢ DP ik forat best tho casaautive periacs. T herefag the prdosbi ity of
bangin reeessian attt 1 dgpaxks an the actal valbe oFy,: 1Ty < 0; the
Taecssted prdosbi ity of reasssian is the prdosbi ity thatye: 1 Wes ss then
zaxa. 0 n the other hand the prdosbi ity that the donntum starts att+ 1
wheny,> (; aadnddes with the prdosbi ity thatboth v ; and v, 1 were Ess
then zera T hus, gven dosenatias uitil € these prdosbi kities an be essily
alubtied fran prdosbi ity t8bks arll atie Cardo simublatias an (J).

“quno%cn vgce.reh= @ shimhp R hO=@ + hl + =+ Bl PEYH)=
TR L2 Rl and HFO= @ + B + =+ BXwithhbdnga b c
i i<j

add
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The resuls Torte Ineerk R ad VA R gpad..catias are presaiied in
te ..1istad sseaod rovofTabE 1. T he gotimal rumber of bBgs, gopMing
Sdwarz aiteriais 1 in both cees. In additian, as inH amilton and P erez
Quircs we ..nd that lbbgged gronth of 6 D P does not heb in Torecssting
nather cumantgronth rates oft D P noraunentgonth rates of CL 1.

32 VedorSmooth T rasitionR egressian (V STR)

W eextend the STR madek prapased by 6 rangerand Texé svirta (199 3) 1o
aVvh R atext T hese were develpad 1o pture the ot that may edst
™o (ormare) data generating procsssss that dange with the state of the
eaonany. T he prdosbi ity ofbbaing in eedh statke is determined by the trarsi-
ton fUnaion. T ostudy howvthese madeb wark we start fram the Tolloning
VSTR mackel " i
Ye = Tt ayg:t bLxget hé+ eL)ys1+ BL)xg1 Fy+ ee
i

Xe = T+ dl)ygit dWXg1+ €+ &)yt AXgy Fx+t 1 (@

where Ieg qoeratars and errars hold the same assumptias then in (2). | oie
thatthere are as passibEV STR gpad..catias as dis eratepbratory \an-

abkes and fTuncticnal forms are aasidaad in the traston Tndian F. In
ader o sebctanang them, we use inearty and madel seledtian tests based
an maxmum lkelihood prindples as Ollons. W e .. istgpedfy a inear'VA R

ad doe the gotimal g Bgth p. Secod we goply nearty t5sts Tor
each sebcted candidate to be epbratary \vaiebke in F . T hird foreadh of
them thatigeds neartty, We canty autmacel selbction tests todotain aeof
tepasibeV STR fams. Fnally we perfam insampke axd astofFsample
macel evablation tedniques o sebctae . nal soed...catian fran the setof
passibEV STR modek”. Fran this amabysis, we ..nd thattthe bestsped..ca

o Iy ad x¢isal agsticV STR wih the olloning functical orm or
Fy ad Fy:

1
Fil) = 1+ ei 50a2igD’ ©)
where 1= y; X:V arables < andg; are caalled smaoter parameter and tresh
oH respecinely.
T hese madek implidtly aatain information abaut reasssian prdoebi kties
as Pllons. Farsmplidty in the eqpaitian essume both, that paraneters in

5D etei b of the sebection proeess and resuls Tor the estimatian ofeach of the passible
madek axsidered can be faund in Camadho (1998).
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e(L) ad8(L) arezaoand that <, and & are paitive. In extiame aoniec
tas vy EBkes amud braenalle then the threshod. H enas thehideris
the snaother parameter; the doser 1O zer0 s the transition Tunctiaon \valle.
L ikenwisg greattepasias Gan be essodated with transitian Tonction valles
neartoae. H enas the trasition Tundian locates the madel ethernear o
afrfron reassias dgpaending an thevalles ofyy;; relte 1o the thresh
od Thus axe (4) is esimated with information utill € F (y4;1) Gan be
interpreted as a ae guarter aheed Torecssted recessian prdocbi Kty

T he resuls Tor this estimatiaon are presanted in the third rov of T abke
1. A sinte Iiner s e getan gotimal ieg egth equal © 1 and we
..nd that legged gronth oft D P does notheb tofarecsstnathery narx. In
addition, weaaxptthe null thatthe aastantis the anly dang ngparameter-.
T harefore e,8; ead € are statistically insigni.. cantan this macel

33 Swtdhing regmes mockel

0 urstatistical de.. nrtian ofthe switching regme model is desatbed in detal
iNH amilton and P erezQ uircs (199 6. A s in the preias Geg 0 Iegmes
ae adsdaad. | etse be an undoserved Etentvariabke whidh takes avale
eguak 101 when the econamy is in an eparsian ad 2 when the econany
isinaantraction. Intheformercee (¢ DP and CL | are eqpected 1O gowv
by anaaits 1, ad ", :H oneer; in a aatractias they gowv at a bner
raies 1, and’, : In switching regmes madek, the dnangss betnwean regmes
do notollovwa bgstic functian (Whidh dgpands upan doseneble variabks).
T hair wofFmatian is govarmed by the undosereble state \ariabke s¢ that
evoles accadingtoahanagaeas!l arkov dain thattis indgpaendantofpast
dosenatias ANy ad X T his implies that the prdosbi ity that s, equak
same partiaulr\valle j dpas an the passt anly thraugh the most recac
\EIBSql:

. B ] ¢ -
p ISt: _.“5!.‘.1: Esl.iz = K:::‘A‘ﬁl = p(St: _.Iplil: i): pii;
vhereA (= (Vg X6 Y 15 Xg 15 T):
T hus aurtime saries model is
Ye Toet a(l—)()‘tilsﬁl)'*' KL)(Xti,sﬁril)-}- et
Xe = ,sﬁr+ C@—)(Ytilsﬁl)+ d(L)(Xti,sﬁril)-}- u; ©

with g qoerators and enrars Tolloning the same assumptias as in (2).
A flertesting weimpoethe ressticdiion thectheCL | andthet D P "share’



the state of the business o/l as inH amilton and P erez-Q uirss (199 6.6 In
partiailer; as they sugest e Gl | moes r periak bekxet DP. T hs the
andtical eqectatian of CL | dgpaxds o Se -

W ith this knd of sped...catiaon, recessias are predicied as ollons. FHist
wece.nes; as a \lentwarieble vihidh summarizes thevalles of s, , thraugh
Se r; ad the trarsition prdocbiities matrix P°: Seaod we estimate the
mablardcamlaleitemptb' whoe it eEmantg\es the prdosbi ity
thatstatie 1ooaurs, gven the dosenadvabiess ofy ad x uiil € 4 forecsstor
whetherthe econamny willl be in a reasssian ane guarter from nowis dotained
by summing thcse elements of B, ;.= PH. conespadingos,= 2 :

W e..nd thesame kind ofresuls as iInH amillon and P erez(Q uircs (199 6.
Sdwarz aiterian hes sebcted p = 1 in (6. T he higestvalbe T tre ke
ihood inciaon is reeded by r = 1: Furhbermore ke in preias Gess
te aetCdaits Iorte bBgped( D P gonth are notsgii.. catin any of the
equatians. T he Tourth panel of T abe 1 presants the resuls Torthis madel

34 P rdotmockl

T he.. fith madel thatbwe analyze llons the ines ofthe praoitmadel prapcsed
inEstelbad|l ikin (1998). T heseauthars develp a.. lier forguenttfing
the pradictive recessias poner of the variablkes aotained inad -dimasiaal
\&:Iﬂ’zﬁ 1-

L etz 1 be lbopd CL | gonth raes. L etrbe an undosereble \varieble
thatdetermines the coounence ofa reassian actime t T hemaodelis de.ned
in relerence 1 the theoetcal relatian

re=  Zgit eg @)

wheree « Olbns astendardd nomal distribution. Sincer¢is undosernebke the
estimatian is besed in adidotonas reesssan indicatart « thatequak aeit
the ecoany is in reasssian in guarter t and zevo athetwise. 1'Fthe madel is
anect, r shauld be greater then zzrovwaever (| « Wes equal toae. T his
implies that

Ple= 1)= P(re> 0)= F( %g1); ®)

whare F is the amulative namal distribution oncion. T he estimatian of
the parameter usss standard maxamum  ikelihood proceduress an e loocg
rittmic kelihood Tnatian ofprdoitmaocek.’

S his somehovadnddes with the resulitthatasimi brtransition £inction ocates both
6 DP andCL | betneen reagmes inV STR madek.

T he reederwill ..nd in (18) an eplidteresian.
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Inpractice we rely n el BER recessian indicaior fordetermining( ¢
ToeamiretheC I’s uselulbhess atpredicling recsssias, We try aumaitand
boped \alLes oFx¢ in (7). Fareadh, we calulate the psaudoR ¢

9 I)gLuﬂ i C=T)bgLc

2 —
R =1 [ | |)ch ’ (9)

where L, ad L c are the unastranad maxdimun \albe of the kelihood
TTndian, ad sudh valle uder the astrant that all et dats are zaro
ecpt or e astant Inuthely this conespacs 1 the ae¢ datt of
determinatian in nearregressian. T he maximum valle is adhieved by X 1 2

T he resuls Tathis model are shonn in the Bstrovof T abke 1.

35 N apaanetric gassian kermel

Smaoothingmethacs provice aponerful methadology Torganingirnsdits into
the datasinae they axdd the prdblem ofgped fingadosed fom forthe den
sty fTncian. H onever; assardh Torthe gotimal non paranetric sped.. Galian
wsing all passibke setofepbrnatary \variables aould be astly. T herefore we
use sane resuls fram the prevass analysis. |n pariauler; we have lamed
thatall parametric macek shova aomman daacteristic CL | is atuming
pantpredicarin the shatun. Sped. clly we..nd a relatian betneen aur
ratt D P gonth and aunat reeessias with Gl | gonth dunng the prev-
as guarter: T hen wewillusexy; 1 as eplbrnatary ariebe in naparanetric
macek.
In Taecsting gonth, We gpprodmate the relation

Ye= M Xg1)+ €g

wsing the standard | adaraya\l atsan estimatarin inewith H & rdie (1989 ).

W etoas an the questian ofhovw recessias Gan be predicied naparamet
rnally. Kempingin mind the0 kun’s ruke ofFttumb, we prapcse the olloning
methodology Tor predicting prdoebi kties of reesssian in real ime. A ssume
taty < 0 : Frst we astruct the anditical dansity Tunctian, dgpending

8T his vale is 0280 and dedines within a year-

' Sped..cally, we estimate

°2 M 1 3% u T

= =

vhare K is the gaussian kemel and his selbedted by kbave ane aut acss \validation.



upan the unknonn\ale v, 1, gven the gonth ofthe CL | att. thatkis
TOVe X0 .

Ve 1=X0 = o (10)
Sexod we calauBEte the eedtation that it takes \vales Ess than zera
Z
PeVe1 < 0=X9 = T 17X Vo 1 - 11)
Y 1<0

0 N the otherhand wheny> (; the prdoebility attiorarecesssan att 1
ainddss with the prdosbi ity that both y4 ;. ad e, Wwoul be Ess then
zexo. Folloning the same methodology wWe prapase
zZ Z
PeVe2 < 05Ye1 < 0=X9 = O Ve 17X Ve Y12 (12)

Ye2<0 y&1<0

Standard smaotherted nigues sue erfram asligitdranbad<when gpplied
o mulidmasiagal datlawrth log@E Bd distribution. T his is predsely the
Gee ofpredicting reaessias.!? In adertoadd this prdokem, we hae used
adgpte kermel estimation, wnidh aosists of..nding kemel estimators with
bandwidth varying from ae pant o ancother: 1N pariaul; the estimated
Jantdistribution ofany | -dimensiaal varieble z atany pant j is gven by

X Y
Rep - 3 o dk(z" i Zay a3

bt

whereh is the bendnidih and | « is the oAl bendnidih Bctor attime ©
T he procedure thatwe use togeth ad | in (13) is the llbbaing FHirst
wecde.rete bcalbard/\idmﬁclpras
A

5

V\Y'EIE‘RZQ is a pilbt esimatian of (13), with ., equabk b ae ad te
bandwidth dasen by reerence 1 a stendad distribution!! P arameter g
is the geaometric meen off{z,):W eset® egqal tol=; Hlbaningh bramson
(1982).

105 p P gronth doservatias are usually nan necative, butestimating the rdasity treak
ingthem as dsenatias an (31,1 ). T his kack to ndsy dansity estimatian in the igke
hand &L

HSeeSiharman 1986 page8 7.
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Seaad we sebct the bandwidth that maxdmizes the kelihood acss
alcatiaon fonctian

X
Lev= = baRsey);

F1

with ﬁ)j(zj) de.ned as in (13), and whare the sum does notindude vales
oftequal 1 §2

4 BEmpincal eadence

T he &b ity ofany lkeeding indicakartoantidpate evats dgoencs anusing the
gopropriate tednigue o extrect the infomatiaon aattainad in the prediciar-
W e goply tho dir et statistics 1O messure the acauracy of the dic erant
Soed.. Galias at Taecssting gomh ad recsssias. Hist o aalyze the
acurecy atfarecssting gonth, we use thell een Sguare Enor:

1 X 2
WSE= 2 kil @9
€1
where v, and 13 are adtual and estimated ¢ D P 3.
0 n the otherhand 1© compare the poner ofsud madek atantiapating
wwming pants we aastruct the Tuming Pant Enor;, a messure of the
squared deviation fron thell B R sdedulke

1 X
TPE= - (i) (5)
€1l

where( ¢isadidotonas\arsbkevnidhiegek l it accodingtotel B R,
theecoxamyis in reeEessah attime t and (0 othernise. V arisbke R is the
forecssted prdosbi iy ofbaing in reasssian attime €4

21n ct; realtime predictias in nanparametric maokk ollons the same strategy &6
in paramettic madkek. A tany pariad t; paaneters h and | are esimated in (11) firan
the reltion betinaen y and >4;1 , Wheress they are estimated in (12) fron the reltiaship
anagys Yiji ad>g;2- 0 neethesevalues aregpprodmated we usethem torantidpating
recssiaos ort+ 1.

BFar the aut of sampk exardss we ce.ng Il een Square Forecssting Enor (| SFE)
ce.ned with the same Tormulp, where 1 is the estimatied valle Tory with informatiaon up
paeriadtij!l.

MFor the aut of sampke exardsg we ce.ne Tuming P dnt Farecssting Enor (T P FE)
with the same mul V\hale@ is the estimated \alle Tor &t with infimatian up
paicdtij!l.
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In ader o testifthe dic eranas betnean eedh parofmadek are sigif
icant, we Lee the testprgpassd by D iebdd and il arfano (1995), hencskarth
DN .. Spea calycr:rsdart/\odnermtqoea .atias, madel 1 and madel
3 Letftpg,, and fpg, , beitsrraoecu\egecaslslf’ L%Etbeeuher
Geitm) i ilg) atfresstnggomth ar (i dk i deidde at

— P
antidpating rec=ssias. Finally BtE beeq;allol Et U nderthe rull
rypdtesscfmdnerernalniteanﬂayoﬁheset/\ocnnpenngﬁecasls
the lvge sanpk statistic
E

DM = g——; 19
21/441‘5_3(0)

o1 X X
24 490) = T (S(T)

r=i(Tid) €yl

the indcator tncian

(Eci E)Eqjj i E);

( - =
PELENAES -
ST) 1 othernise

is the EgwWindowwy and S(T) is the truncation g Dllons aN (0;1) randon
\aricbke

T he ..ist o columrs of Tabk 2 disply te insampkell SEadTPE
for the whoke set ofFmadek.!© Fareadh madel the .. istatry 1efrs o the
attire sampk. T he saaod and third entries edLei\ely e 1o recessiaary
and epasicary pericds, acoodingtothell BER sdeduke. T heinsamplke
resulis shovthatthell arkor swrtchingmadkel perfams betferthen any other
soad..catianinboththet D P and tumingpants farecsts. |nadditian, mast
ofthe gains ame fram the rieducian inthemeaen sguareenarin rieesssias (In
the cse ofthe switching versus thed R madel 58% ofthe reductian aomes
flon re=ssias Wharess aly 26 aanes fram epasias). T haekag in
samplkewe can aaduce thatthe CL | hes predictive poneroerthe business
ockad( DP moamnais. T hese are betier cgpotured with a nan inear
Il arkov swrtdinggpad... catian thatallons the Torecsster o ke intoacoount

%) oe thatgis ethery (in 14) ard(in 15). 4 ko that forecsst enars may be nant
caussians, nazero mean, and sarially and antemparaneasly conelated.
18 odeb QO B andRT CO Il B will be treated in detailin the nextsection.
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the dangss in the data generating proasss ofbotht DP and CL | due tothe
phanomena ofepasias ad reeEsias.

UsingtheDll test Tabk 3 presats statistial evidence of the sigi. &G
vty of these gairs. Camparing ineearmaodels, the indbsan oftte CL | in
el DP egation gves an statistically sigi. aitimproanaitin tell SE
Ol testof247) butnotin teTPE QI t=tof1.02). H oneer; in a
naonlinearaaiext, we rgjectthe null ofino gain with respectto the univariate
inearmacelin both thell SE and T P E and we rgjectalbo the null ofinogain
with respect to the multivaxiate Vi R 17

I everttelss, sudh pramising resulls insample do not neassaxily imply
thatthe C | is uselul Tor real ime predictias. First itis well knoan that
\ary texible nanlinearmadek have a poorperfamance in autoFsamplke ex
adsss. Seaod the C | saries is revised \vary frequantly, ad therelag the
insampk analysis aotars infkamatian notava Bbke forpredictian ateadh
periad oftime.

T heautoFsamplk anabysis predicss in real ime 104 vabes. T he..istdaia
pdantionhidh predidtias alemackis the second quarterof19 72 .1 Fareadh
periad of ime t we estimate eedh madel with data from the begnning of
the sampk up 1 periad t using the rvisian of tre CL | aa BbE in that
periad ofime. T he trarstomatian from manthly 1o guarterly dosenatias
is doe a5 In the insampke analysis. T hen with the ae¢ dat estimates
aae parad eheed Torecstis aamputed through the . istquarter of 199 8.
T his procdure mimics what a statistical model wauld have predicied with
the infomatian ad Bbk atany pantin the past®

Itis impartant O mention thatsanetimes te rekese of el BER de
dsian ebaut the state of the econamy in periad tmay be delayed Toraincst
toyears. T his bads toasarias prdolem vwhen real time analysis is gpplied
o the prdbitmadel sined ¢ is usually unknonn atime t Tosdle this, at
aytmetwesstimate in @) wthdsernatias uttiltj 8; toasure tat
( isadaBbk. T his esimatian is then usad 1o predict a prdosbi ity at tof

DIl test camparing the insample acauraoy of SW ITCH versts VA R is 49 Tl SE
ad32 TrTPE

18\ eselbectthis date becausewevwarttio have encugh numberofdosenatias toestimate
the dir erantmaodek and o pture in the astofFsamp e anabysis the reesssian in the early
19 70s.

¥ In aderooesstrouarert+ 1 with the informatian up o periad t; we need the
C | in paiad t whidh is notknov until ae manth afler the ed of ouarter t H onever;
this ..istnumberis usually stragly revisad. T hus, we use the ... ist published revisian of
this data made thomantths afterthe end ofthe periad. T herefoe, Toreamplke toforecsst
et DP inthe .. 1istouarter (.gurss ad Bbkin may), we use the Cl | in dscamber (the
revisian published in February).

13



bangin reessian attt 1 as ollons

Rle:= 1)= F(B,4z0:

T he st 0 columrs of T ebke 2 presat the resuls or the real ime
anabsis. | odking atthe resulls we dosere thateven in the aukofFsample
eerdss taeis still gan fran lsing the G | ad agan, the best madel
is e ll akosswitding In additian, we an anduce that all the cars
fron tsing the CL | ame fram the recesssiaary periacs. H onever; as shoan
inTabk 3 een thoudh the bivariate sped..catias’ il SFE are rumerically
bner then in the e of the unihariate ineer madel noteven the bestof
tham is statistically sigi.cantacooding o the Dl &6 H encg vihike
e C | gopears us=lul in Torecssting 6 D P within the histrical ssampk it
saams notbe as usell in a realime eerdse. T he reeder aan ..nd similar
andlsias atantidpating recsssias.

5 Cambirnation of forecssts
A s shonn in Tebke 2, dizeratt maoek hae dic eratt pradictive poner de
pending an the state ofthe business o/cde. Fareamplke the naparametric
estimatorpresats thebestT P FE in eansias butithols the warstrecod
iNn reeEssian times anag the bivarate sped..catias. Filado (1999) abko
..Nds that the perfomance of the dic erant mackek dhange with the sampke
pericd cosidared. T hareloe he prgpasss that the bestway toimproe trar
relabi ity is by antinuasly maitaing tharperfiaomance therdby aming
abautwhen they are likely 1 predct aconectly and when they are likely o
Bl T his is predsely whatwe allowvby usingenaompassing methods. H encs
we sugsst thatta aombinatian ofthe Tarecssts may dravwvmaore lkeeding inior
matian from the CL | than any ofthe individual Tarecssting maookek.

In aderto ambine gonihs Taecssts, e goply the ineer aambinatiaon
ruke prgpased by ¢ ranger and R amanathen (1984). T o aambine insample
Taecssts wagts are dotained by simp e inearsguares tednigues an

Vem et W an
i ¢

where y, is aitputgonth att = LO;_l;:::_m+l ; mis the number of
dic erantforecstingmethads, = (1 F; 25 Fg + 1) ; and Ty is the Torecsst
Tortme thatanespaxs A R, VAR, LVSTR, SW ITCH aad KRR H
respectinely. To ambine autofFsampk foeessts even thaudh individual
20T his resultis similar 1o D igoold and R uddbusdh (199 1) aondusias and aotradicts

H amilton and P erezQ uircs (199 6 results.

14



macek predictgonth Tort+ 1; the dgpandatvaniebke v, | is notaciually
adabBbk atay time t W e sole this prdolem by using real ime combina
ton. Il aespad..clly we.. t(17) with insamplke predicias uttil €t ad we
ue these vwads o aombire the autofsample forecsts Ty 1.« OdotEin an
estimatian ofyg 1 -

In the Gase oFforecssiting reasssias, itis notdearthatsudh a ukewauld
imply an autput Ming between zevoand ae. Irsteed in the spintoft | and
D arfman (199 6, we prgpcse an enaampassing strategy besad ypan disaete
dxaceanabsis. Toaambine insampe prdosbi kities ofrecsssion, aasiderthe
llboning relatian

re= @pet €g

were® = 0);01;50,41), pr= @pw; 5Ppm+1)readm hae bean
cde.ned aboe adpy; is the insample Tascssted rea=ssian prdosbi ities Tor
tmetfanA R, VAR, LVSTR, SW ITCH, PROBIT adKERN B madek.
L et ¢bethel BERR indicatonariabk presaritied in ssction 34. W eaconduce
that

P«= 1)= F@pv;

where F is the amultive namal distribution fUnctian as in the prdoit
madel W egrs are dotained by gpphing maxdmum lkelihood prindples
the dojectinve TUNCian

X
L@)=  ®FEpo]+ A ido M1 iFE@pob: (18)

€1

Cambining Taecssts in real time we ..nd the same prdolem thatin aukoF
sampke estimatian fram the prdortmadel T he delby an whidh d ¢ is knoan
hes bean soled using real ime aombinatian as before. T hus © combine
Taecsts Tr ay time t+ 1, we estimate the @ in (18) that aombines in
sampke racssts uttil t 8.2 T hen we use sudh estimatian ©or aambining
the autoFsample prdosbi ities of recssson o & 1. | ofe that the reall ime
anbinatian uses drangngwadghts Toreadh periad oftime.

A sa..rstgpprodmatian, we made aconmbination ofthe six (.\e forfae
Gsting gonth) alliernative modek in insample and aut ofFsamp e Taecsts.
A sweepeded these Taecssts are highly aonelated whidh sugessts thatcthe
ambinatian uses redundantinfomation. SineSW ITAH aad KRR B are

21} s in the se of the autofFsample Tarecssts firam the pradoitmadel we are assuming
tat the delbby o the rekese of el B R dadsian abaut the state of the eaonamy is of
atmcst o years.
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the bestmadek within recsssiaon and eparsian datg, e try an encompassing
methad that combines these two sped..catias. Intems of R ad TP E,
this aombinatian is as goad as the cambinatian that aontairs the whoke set
ofmadek. Insampke ad autoFsample ambinatias of switching regmes
and noparametrictoreacsts arce allBd Q0 B andRT QO B respectinvely.

T he autof sampke resuls presaited in Tabkes 2 ad 3 revaal ae the
maostimpartant..ndings ofthis pgper- RT CO Il B presants the lonestll SFE
adTPFE. Il aeoer;, DIl tests (Tabk 3) an.m that this combinatian
sgii.. catly improwes the ineermaderl’s resulls. T hisimplies thatcthe CL | is
wsefil in atidpating both reaessias and ¢ D P gronth, even in real time??
Fgues 1 ad 2 presat the insampke and autofFsample prdosbi ities of
recessian prediced rom SW ITCH and KER I B . T hey albo showvhovwell
the insampk ad real ime combinatias mimictell B R sdedule

W e are now reedy 1o propaee a .. ler that ttarstormss the CL | releesss
into prdosbi kties of reasssian nextguarter. T he CL | was adgnallly desiged
as a ool o predict business o/cke Wwiming pants. H onever; every mah
the Calerence B card anly rekessss the rate ofgronth offsudh lieeding index
A Hematively we aastructa.. liering uke o extract the CL |15 lkedinginior
matian ebaut twming padrts, by ttarsfaming the gonth rate of CL | into
prdosbi kties of recessian. B asad an previas resulls e prapcse a real ime
anbinatian of the switding regmes madel and the naparametric peq...-
cation.

T osee havitwarks we presatthe lloningempinaleerdse. Suppcse
we are in te bstquarterof199 7, and we vaita .. leving uke forthe CL |
rekese. W esmulate the passible autoomes ofthe CL | grondh rate fram -2%
1+ 2% . andwe predictin real ime the prdoebi ity of reasssian 1998 .1
(belongng 1O awnice eqparsiaary paeriad). Figure 3 dsplys the prediced
prdoshi ity ofrecessian, essadated toeedh CL | gondth ratieval e thatare the
atoones of SW ITCH , KRR B adRTCO M B . Furthermag we presait
in Figure 4 the resuls of a similar analysis, butwe predict prdoebi ity of
recessias Trl9 9 0.1 (ustafterarecssian) tsingexdlsively the infomatian
adbBEbEat1997A4.

Sine we proed that the best.. leris the realime acombinatian, kEtus
anarrake in the analysis oFRTCO N B results. A s we Gan se= fran the
piciures, thesameCl | gonth rate aritains \ery dis erantinfomatian abaut
the prdosbi ity of an imminant reasssian dgpading an the periad thatwe
axsider: Spad..cally in19904, aCl | gonth rate of0% waould be assodated
10 a prdoabi Ity of recessian next guarter ofaincst 1. H onever; in 19974,

22D}l tests O aonpare the acauracy of SW ITCH andRTCOll B are 1.7 forll SE ad
1.2 ©TPE. T his implies that thare exdsts sone evidenez in BvarofRT CO N B .
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te same C | gonth rate would have implied a recsssian prdosbi ity next
periad dese 100. T heintuitian is cear. 1N ader o predict thata recsssian
is aming we nesd strager eddence in the CL | behaviar after ) years of
epasas that justaftera reacssian o belee thata recesssian is iImminat
0 ur..leret dattly usss the informatian ebaut the state of the econamy O
interpret the rate ofgronth ofthe CL | in eedh periad ofFime.

6 Cadieias

Caterence B aard’s CL | is relssad 1o antidpate twiming parts. H onever;
the ability of a pradicor dgpencs upan aur madels acaurecy at extrack
ing is lEeding infomatian ebaut Uitbre events. T hus we have evalated
how well the most standard sped. catias predict reessias. W e prgpase
a methadology 1© aombine dis erant Taecested prdocbifties. W e andude
thata ambination ofaswtdingVA R madel and a naparametric system
is the bestgppraadh to antidpate recessias. T his kind of gppraadh usess the
C | orepraduce theU S buainess oycke data Eiry well aompared with the
expcstl BER sdeduke H axe we..nd thatthe Cl | is statistically ussiul
atanidpating reeessias, evan in real ime anabysis.

W eadudetatC | isabouselulin forecsstingU S ¢ DP gonth even
inastoFsampkEeadse. A gan aaombinatian is the bestgppraadh in real
tme an.ming the ponerofthe combination ofFforecssts atextracting the
keding infamation fron the C I

T hus we propase a.. liering ruke o extract the CL 15 keding infomatiaon
sbautwming pants. 0 urprgpaitian ttarsfoms the rate ofgonth of the
Cl | in acoodance with the state of the eaonany in the periad of ime in
whidhitis relbesad.
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Tabkl.ll adamum lkelhood estimates of parameters

I adel estimatian VARCOV
AR =0/+ 028 j0 ;5 =0:8
h 019) @ﬂ?)(yq“(oﬂg)) B 099)
0B+ 06 024 b. =18
= 0B+ Xg1 0
VAR = (8 (a1 i gL =05
=024 + 023 g 024 0902)
k= 020+ 1i5aa 1020 o, = 099
093
= +
= (R (B
=032+ ;3 + (2 ;=055
k% 035, '(ooaglﬂ?’ 9035%(13;1 D
VSTR g 1he “-135(3&_, i013) TR
4 _ Xpu.(”@ 2'(01)1)‘” f, = 011
|:b =il 093
Y= 1+ ep  i875AVe:+ 033
P l(15:@6) 2(0147)(1);
= + 7 M
=R, goggixﬁllh"ﬁld:
=Rt 035 Xg1 i =
k= R, 03B X1 ik, 1o, %;—53
= 190; = §023 =034
SWIT CH B=30 0 08) k. = 1
Q=1012; = 057 o, =097
091) 0 98) 091)
P11 =095 p;; =0:A
012) 010
PROBIT Q= 097119 fig
020) =~ @©22)

\ ofe. T his estimatian usss the sampk 19 6.2-1997.4. Vanabks X and
Yeare gonth oft DP and C | respeciinely. Vaiabke re determines how
prdosbk itis thata recsssian Wil cour at time € P arameters %1, and ¥y,
are\arianasoft DP andCl | enmars, wheress paraneter’, (; is theariance
betnean them. Stendardd enas arein parathesss. | ole the jJantuncertainty
in the estimatian of smoother parameter and threshold when the Tamer-is
e, FdlbningEstrelbandll ishkin the prdoitmaoder’s stendard enrars are
estimated by Lsing thell adaraya\l atsan estimator.

21



Tebk2.ll SEadTP E insampk and aut oFsample.

I SE TPE N SFE TPFE

in in aut aut

0.78 0.10 0.79 0.11

AR 1.73 0.57 2.19 0.Ga
0.57 0.005 0.4 0.008

0.6 0.11 0.75 0.09

VAR 1.09 0.Ga 182 0.47
04 0006 0.53 0011

0.55 0.16 0.70 0.17

LVSTR 0.88 0.3 146 0.55
0.4 0.133 054 0091
0.4 0.05 0.8 0.09

SWIT CH 0.72 0.22 156 0.27
0.4 0011 0.50 0068

0.10 0.09
PROBIT 0.40 0.3%
003 003
0.6 0.11 0.73 0.10
KRNI B 1.18 0.8 180 0.57
0.47 0.002 0.4 0006
0.55 0.03
Col B 090 0.10
0.47 0.009
0.8 0.05
RTCOll B 144 0.24
048 0.007

loe "IN s l162-19974. "0ut’ reers ©19722-1998.1. Fareadh
madel .. istantry have been alulaied fram the entire Torecssting sampke. Sec
ad ad thid ettries oy rers 1 rieeEessicary and epasiaay datlga using
tel BER sdeduke. | SEadTPE are de.ned in (14) ad (15). COll B ad
RTCON B arethe ambination of KERN BH adSW IT CH as Secian 5 desaribes.
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Tabk 3. D idood ad |l ariano tests.

AR COoMl B RTCOMN B
WSE TPE WSE TPE WSE TPE
IN 3.7 312 245 083
SWATGH ouT 1.30 054 180 203 171 1.19
VA R I 247 1.02 215 234
ouT 04 183 250 1.89
I 2.9 282
Col B ouT
RTCOM B I
ouT 198 2.4

loe "IN’ s 1) 6.2-19974. "0ut’ ks 1©19722-1998.1. | SE ad
TPE arede.ned in (14) ad (15). COll B and RTCOl B are the aombinatian
OFKERRIN B adSW ITCH as Sectian 5 desaibes. A Il the entries 1ebrs O the
ebsolte valbe of the DIl statistic whidh is alulated or in riowv and incobmn
madkek as (1§ desaibes. Fareampk 3.79 (3.12) is the absolute valle of theD I
statistics undarthe hypothesis ofno div erace in the acauracy ofmadek SW 1T CH
andi R atatidpating in samplke gonh (recessians).
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Figure 1: In-sampl e probabilities of recession
Graph 1. SWITCH model
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Note: Graph 1 and Graph 2 represent in-sampl e probabiliti es of recessi on from the switching regi mes and the nonparametri ¢ speci fi cati ons respectively.
Graph 3 shows in-sampl e probabilities of recession using acombination of thefirst two models as Section 5 describes. "In-sampl €' refers to the period
1960.2-1997.4. Shaded aress correspond to the NBER recessions.
Figure 2: Out-of-sampl e probabilities of recession
Graph 1. SWITCH model
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Note: Gragph 1 and Graph 2 represent out-of-sample probabilities of recession from the switching regimes and the nonparametric specifications
respectively. Graph 3 shows out-of-sampl e probabilities of recession using a red-time combination of thefirst two modes as Section 5 describes.
"Out-of-sampl " refers to the period 1972.2-1998.1. Shaded aress correspond to the NBER recessions.
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Probability of recession 1998.1

Probability of recession 1998.1

Probability of recession 1998.1

Probability of recession 1991.1

Probability of recession 19911

Probability of recession 1990.1

Figure 3: Smulation for 1998.1

Graph 1. SWITCH simulation

CLI quarterly growth 1997.4
Graph 2. KERNEL simulation
CLI quarterly growth 1997.4
Graph 3. RTCOMB simulation

Note Horizonta axes represent simulated CLI quarterly growth vaues for 1997.4. Verticd axes show the red-time forecasts of the probability of
recession in 1998.1 from the switching regimes moded (Graph 1), the nonparametric specification (Graph 2), and the red-time combination of them

CLI quarterly growth 1997.4

(Graph 3) as Section 5 describes.
Figure4: Smulation for 1991.1
Graph 1. SWITCH simulation
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Graph 2. KERNEL simulation
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Graph 3. RTCOMB simulation

Note Horizonta axes represent simulated CLI quarterly growth vaues for 1990.4. Vertica axes show the red-time forecasts of the probability of
recession in 1991.1 from the switching regimes mode (Graph 1), the nonparametric specification (Graph 2), and the red-time combination of them

(Graph 3) as section 5 describes.

CLI quarterly growth 1990.4
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