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A bzl ract

Thia arlicle converLa Lhe Conlerence Board Comipesi e Leading In-
dex [CLI} ine recession probabiliiea. Ale, we analyze Lhe CLI'a
accurecy al anticipaling culpul growih. Fical, we examine Lhe pre-
dictive performance of linear, YAH extensiona of amwoolh Leanailicn
regreaaion and awilehing regimea, proebil, nonparamelric modela. We
cond ude Lhal & combi natien o Lhe awiLching regimwea and nonpacamet-
ric [orecasla i3 Lhe beal auralegy aL predicling both Lhe SBER buainesa
cycle achedule and GDFP growih. Thia conficma Lhe uselfulneaa of TLI,

even in a reakLime analyaia.

"Comments from Pedro Alrarez. Arkelle Bevasert, Michael Oreel. and semilnar portl
Ipmnis at the Severd Annual Sympesium of Hie Sowcigdy jor Mon-Linear Dymamice amd
Eromumeiric al Mew Fork imiversity. are gratefilly scknowkedred. We see Indebted o
Mol Iz | Barldln Foir mrae: bowsly sheelng the data. Evors @qe of our own responsiblliny.



1 Imtroduction

{onsumption, savings and production decisions made by individusl agents
and monetary and hscal policy made by policy makers are based on lorecasts
about the luture developments of macroeconomic vanables. The state of Lhe
business cycle is one of Lhe key elements lor Lhe evolution of such wriables
Hence, I'umceﬁt.ing turning pointsiscuoal lor the optimahty ol the economic
aFents decisions. .

An extensive literature exists which attempts Lo Gnd Lhe best lorecasting
tool kor the business cycle turning points, [om the eacly heuristic atbempts
by bitchell end Bucns [ 1938) to the more sophisticated of Stock and Watson
[19.519} YWhatever approach we consider, bhe hrﬂ:ast.ing poblem = teolold.
First, we need bo ddentily the group of vanables that move in and ouk reces-
sions beloce Lhe rest of the economy. Second, we have bo find the appropriate
filter to extract Lhe signal out of these s=oes.

We locus on Lthe second aspect of the lorecacting problem by attempting
to ind an optimal signal extmction method Lo analyze the predictive porer
of the C'omposite Leading Index [{"LI}. This s=oes, combination of seveml
promising keading variables, is released by Lhe {(Conlerence Board since Oe-
tober LW and by Lhe Burean of Economic Analysis prior Lo that date. We
use the LI becauce, even though it has suffeced 2 number of important re-
visions, it hes been published without intecruption since LG8, allowing Lhe
researcher bo analyze the predict ive power ol Lthe leading index with informa-
tion awilable in each Lime penod.'

Studies that anal yze Lhe accuracy of the {LI loc predicting Luming points
find contradictory results. Driebold and Budebusch (L) do not detect
predictive power in 2 linear context. The probit model used by Estrella and
tMishkin [ 1992} outline Lthe pooc pedormance of (LI, specially in the out-ol-
sample analysis. Hamilton end Ftrﬂ—ﬂuimrs [l'ﬁ'ﬁ} and Kim [lﬂ!}i} present
evidence in [avor ol Lhe uselulness of (LI Filardo [ 1934} concludes Lhal lag
values of the Ll explains changes in the probability of switching Irom an
expansion bo & recession. Finally, (Granger, Ted@svirte and Anderson [ 133}
find that the {"LI is the doving lactor in & Smooth Transition Begrescion
(STE} model.

There are bwo main purposes for this paper. First, we want Lo loomally
compare these previous analysis and to propose & set of alternative Altecs

' Only the experimental lesding Indet (X LI proposed by Stock and Watzon |[1383)
would allow the same kind of analysls. Howerer, a real-tlme evaloatlon of XL s compll-
caled slnee The nwmber of observatlons |s oo smsll and Ths Indet only faces a tevesslion
Inche aarly 1HFHMs, Further resesrch should go In the divectlon of comrpest i ng he predls e
powwer af X LI verzus CLIL



{:lnIJ.r Filardo I:l’!}!;‘!;} in independent. work, hes toed the same kind ol ap-
proach. However, he uses a different st of models, conducts only & descrip-
tive analysic and does not lormally test the predictive poser of each model.
Second. 2 more ambitious goal of Lhis paper, = Lo combine all the diffecent
appmoaches Lo propose a fOlter that trancslorms the data kor the O°LI into &
probability of recession one quarter hence.

To our know kedge, Lhis is the hrst atlempt to address both issues. In [act,
this paper is the hrst lormal comparison of hos Lhe most popular Lime seces
filters analyze the predictive poser of Lhe LI for lorecasting turning points.*
In particular, we compeare Lhe accuracy of the previously proposed linear,
bdaccor switching, and probit models, & vector automegressive extenson ol
STHE. specihcations, and & new nonpammetric Olier. Then, we combine Lhe
inlormation contained in all of the models in order Lo obtain 2 " consensus™
hilter lor translorming the (LI data into a recession probability.

In addition, we acknowledge that predicting Luming points may not be
the only goal of the {’LI. T'herelore, we mepeat Lhe approach Lo analyze Lhe
predictive power of the C'LL on (3P movements.

We conclude that & combination of diffecent models perlorms betler in
and out of sample than each of Lhe single model proposed. Thus, the 'L s
uselul in anticipating both Lurning points and output grosth, even in real-
time analysis. Moreover, in contmest to Hes and Twata [ LN}, we Gnd Lhat
nonlinear specifications are better Lhan simpler linear models at eproducing
the business cycles leat ures of ceal GGODP.

The paper is ocganized as bllows. Section 2 describes Lhe data, section
3 outlines the diferent models, section 4 presents the empincal =vidence,
section & anelyzes Lhe combination of lorecasts, and section § concludes.

2 Preliminary analysis of data

For the insample study, we use historically revised {'LI series i=ped in Jan-
vary 1R, For the (GDF, we use chained-seighted data. The date cuns rom
the second quarter ol 1'% to the lourth quarter ol 7. YWe tmnslorm the
monthly (L1 series into quartecly by choosing the last obserwation ol each
quarter. Asa preliminary analysis, we bect Lhe stabionarity properties of our
series. The augmented Dickey-Fuller test can not reject the null hypothesis
ol 2 unit ot for the log levels of the sedes, but it is consistent with 2 sta-

Sk and Watson [1F08) analyse a battery of models that Includes |inear. nonllnesr.
paramettl: nonparamestls and & comblnatlon of them. Howerer, they do mot fcns on
predleting twrnlng polnts and thel Tudy |5 o edrenshre That they cannot apply o for sl
AR Tt S,



Lionacy speciﬁcati:n lor the diferences of Lhe logarithms. Thus, lor now on,
our zerwes of interest will be the growth rates of (GODP and {'LL, dencted as
and .

In addition, Johansen procedure [zils bo detect evidence of cointegation?.
)t her authors as Hamilton and Pecez-{Juiros [ 1) and {sranger, Tecasvirta
and Anderson [19&3} have lound that PrEvIOUS SECkes ol the LI presented
cointegration with (G3DP. However, as pointed out Harvey in 2 comment
Ciranger et sl [ 1¥)3), there wac not strong economic resson for GOP and
{’L1 to be cointegrated. Thus, Lhe absence of cointegmtiion is an important
characterstic of the lest ©'LI revisions.

3 Models description

In ocder to quantily Lhe accuracy of the LI to predict both {3DF movements
and periods of recession in the ['5 economy, we analyze diffecent linear and

nonlinear, parametric and nonpammetrc models This section brefly de-
scribes these models.

3.1 Univariate and hivariate linear models

Linear models hawe been widely developed in the eadier lorecasting litera-
ture. However, Lhese models have been applied just to genemte & lomecast
ol the explained variable, ket’s say, mie of gowth of GOP, mte of gowth
ol industrial production or some coincident indicator. It s not common Lo
uze Lhem to lorecast & non-linear phenomensa such as & tuming point. In Lhe

literature, Stock and YWatson [ 13} propose a hlter Lo extract Lurning points
locecasts Irom & linear model. This is used by Hamilton and Perez-{Juiros
[ 1¥¥} to successlully describe the predictive power of the (LI over Lhe busi-
nexs cycles. Their bacic Andings are Lthe lollowing. Let the linear processes
loc the (GDP be either an Rﬂ[p}

wom ot a{ By = ph+ e (L)
or a VAR(p)

w o= pta(Ehye - g+ WEEL e

= yte{bye- = ph+ A5 =) oy, (2}

IThe IMellhood ratle test of the null hypothesk of moe oolntermatlon agalnst The altes
nat [ we of one colntegrating relaton |s 14 458




where [ 15 Lhe la,g—upcratur_" Erors in [l} are i1d. gaussian with zero mean
and variance 7 ;. Emors in (2} lollow the usual asumptions

“Y iid N[ (0).( v e
u t4. o)\ 2 o .
['nder Lhe previous hypotheses, one and two quarter ahead output growth
predictions borm the mndom wector

(!-trﬂ-'"!'ih!"*"-“" '3’") bl Mg, ] (3}

!:|:r.|..-,|.l'ly:|-1y',_ 1M
Bt al by —p)
"= (.u + a(E)y - p})'

o A
¢= [u.-:r.. {1+ a* (1)) ]
However, lor the VAR, case

" _(ﬁ p+ ol Ll = ph+ BL)E =) )
+ @)+ S(L) LNy = )+ @UECL) + SLMCEN (e =)

For the AR, case

and

and

11 111 +b| [ I
= [ artes A bitrn (14 0 (T e 841 by b ] '

We adopt Okun's rube of thumb that & recession occurs whenever the real
(P Llks lor at least two consecutive pecods. Thereloce, Lhe probehility of
being in recession sk | 4 | depends on bhe actual wlue ol ¥ 1 =< L, 4
focecasted probability of recession is Lhe probability that y,,, was less Lhan
zero. i0n the other hand, the probability that Lhe downtucn starts st @ 4 1
when y, = . coincides with Lhe probabiliby that both w5 and ¥, »ere less
then z#m. Thus, given observations until (. these probabilities can be easily
calculated lrom probability tebles or Monte (Carbo simulations on [3).

A For now on. we define b= (R ha. Bl BL] = (R hal + o # RPN KL =
TrRIL- g2 gh,h,v-'u-'_ and h(1) = (A + A3+ .. + B2) wich & belng 2. b
1 iz
and d.



The results lor the linear AR and VAR spe:i[:lcati:mE are presented n
the brst and second mow of Table 1. T'he optimal number of lags, applyng
Schwarz coteria is | in both ceses. In addition, a5 in Hamilton and Peoe-
Quiros, we hnd Lhat lageed growth of GUP does not help in lorecasting
neither current growth mtes of (3DF noc cucrent growth cates of O°LL

3.2 Vector Smooth Transition Regression { VSTR)

YWe extend the STE. models proposed by Grang:r and Terasvirte [lm-?r} Lo
a VAR context. These were developed to capture the [act Lhal may exist
two [or more) data penerating processes Lhat change with Lhe state of Lhe
economy. The probability of being in each stabe is determined by Lhe Lansi-
tion Tunction. To study how thess modeks sodk, we start rom the Tollosing
YETE. model:

vi = pta(lhy o+ L), + [F +@(Lhy-1 + B L, |] Fyte

5w bbb d(Be + [+ s +d (B Fet e (4)

where lag-operators and errocs hold Lhe same assumptions Lhan in [2). Note
that Lhere are as possible YVETE, 5|:|¢|:i[:n:at'||:m5 as different explanatory van-
ables and lunctional forms are consideced in the trensition lunction F. In
order Lo select among Lhem, e use lineanty and model selection tests based
on meximum likelibood ponciples as bllows. We st specily 2 linear VAR,
and choose the optimal lag length p Second, we apply lineadty tests loc
ench selected candidate Lo be explanatory varmble in F. Thicd, loc each ol
them that rejects linearity, we carcy out model selection tests bo obtain one of
the possible YSTE, lorms. Finelly, s« pedorm insample and out-olsample

model evaluation techniques bo select one hinal specification Irom the set of
possible VSTE. models.®. From Lhis analysis, s Gnd Lhat the best specifica-
tion lor ur end 1, 5& [ﬂ_gisti:—vETH, with the [ulluwing lunctional kbrm loc

Fyand Fi

1
14 & nlb-a-#0°

Ff'{!.l':-i} = [5}

wherei m y . Variables~_ and g are called smooiher pororeeler and thresh-
old, respect ively.

Thes models implicitly contain information about cecession probabilities
as lollows. For simplicity in Lhe exposition assume both, Lthat parameters in

Detalk of the selectlon process and results For the estimatlon of each of The possible
mdels consldered can be found In Camecho [1088).
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E{ L} and E{ L} are zem and Lhat Ty and ;E are posibive. In extreme contme-
tions, ;- 3 Lakes a much bower value Lhan the threshold. Bence, Lhe higher i=
the smoother parameter, Lhe closer bo zero is Lhe transition Tunction value.
Likewise, great expansions cen be associated with trensition lunction wlues
near Lo one. Hencoe, the tensition lunction locates the model eitber near Lo
or lar l[rom recessons depending on Lhe values ol Yi-2 relative bo Lhe thoesh-
old. Thus, once (4} is estimated with information until ¢, Fly_ )} can be
interpreted ac s one quarter ahead lorecasted recesion probability.

The results loc this estimation are presented in the thicd row of Table
l. As in the linear cace, we get an optimal lag kength =qual Lo | and we
bBnd that lagred growth ol GDFP does not help to lorecast n:ith:ry nor . In
addition, we acoept Lhe null Lhat Lhe constant isthe only changing parameter.
Therelore, 5.5, and 4 are statistically insignifcant on this model

3.3 Bwitching regimes model

Our statistical definition of Lhe switching regime model is described in detail
in Hamilton and Pece=-(juiros (1K), As in the previous cace, Leo regimes
are considered. Let s, be an unobserved latent vanable which Lakes & value
equals Lo | when the economy s in an expansion and 2 when the economy
5 in & contaction. In the brmer cese, (GOF and CLI ane expected Lo grow
by amounts g, and 1,. However, in a contractions they grow at o lower
rabes g and 1q. In switching regimes models, Lhe changes betreen regimes
do not lollow 2 bogistic lunction [which depends upon observable vanables).
Their law of motion is governed by the unobservable state vadeble 5, Lhat
evolves srcording Lo a2 homogeneous barkov chain that is independent of past
observations on y; and I;. This implies Lhal the probability that 3; equals
some particular wlue 1 depends on the past only Lhrough Lthe most recent
valwe 3;_,:

F'liﬂ.r - jlﬂt-l LR TR 'k....,}{}-.} - F{H:' jlﬂ.r-l '1';} = Py

where v = [y 5w g2 T e )

Thus, our Lime-sees model =

Vi ™ Hy +m::£'}|[y¢-.”m-l} +'b|::£'}|::IJ-TLJ+r-|} + £
O T S

with lag-operators and ermors lollowing the same assumptions as in (2},
Alter testing, we impose the restoction Lhat the {'LI and the GGDF "share"



the state of Lhe business cyche, as n Hamilton and F'tr:z—Quirurs [l%"}}.“ In
perticular, as they sugpest, Lhe LI moves r penods beloce (3P Thus, Lhe
conditional expectation of CLT depends on sy,

With this kind ol specification, recessions are predicted as bllows Fist,
we define 5* as a latent vanable which summarizes Lhe walues of 5, ; Lhrough
T and the Lransition pmb&bjlitiﬁ matrx P* Second, se estimate the
model and calculate the vector . whose tif: element gives the probability
Lhat state ¢ occurs, given the observed valuesol y and 1 until ¢ A lorecast of
whether Lhe economy will be in & recession one quarter [com now is obtained
by summing Lhose ebe ments of Lrprie ™ P‘{*F corresponding Lo 5, = 2

YWe bind the same kind of cesults a5 1n Hamilton and F'tr:z—Quirurs [:l'!}m}
Schwarz critecion hes sebected p w1 in (). The highest valoe lor the like-
lihood Tunction is reached by v = 1. Furthermore, like in previous cases,
the coethcents foc Lhe lageed (3P growth are not significent in any of Lhe
equations. The lourth panel of Teble | presents Lhe cesults kor this model.

3.4 Pruobit model

The Gith model Lhat we analyze kbllows Lhe lines of the probit model proposed
in Estrella and Mishkin [ 1338}, These authors develop & hlter bor quantilying
the predictive recessions power of the wriables contained in & d-dimensional
vector z, .

Let 2z, be lageed LI grosth rates. Let v, be an unobservable waciable
Lhat determines Lhe occurrence of & recession at Lime (. T'he model s defined
in relerence to the Lheoretical relation

voom B2+ &, (7}

where z; lollows & standacd normal distobution. Since v, is unobservable, Lhe
estimation is besed in a dichotomous recession indicator 4, that equals one il
the economy is in recession in quarter £, and zemo otherwise. Il Lthe model is
correct, v, should be greater Lhan zero whenever 4, was equal to one. This
implies that

Pld, = 1) = Plr, > 0) = F{Fz,_,). (8

where F 5 the cumulat ive normal distobution lunction. The estimation of
the paremeter uses standerd maximum likelibood proceduces on the logs-
rithmic likelihood lunction of probit models”

I Thk sonehow ¢olnecldes with the reso it that a slmllar Transitlon functlon bvsates both
LGOF and CLI hetween reginmes In YS5TE modek.
?The reasder will ind In (18] an apllclt expreshn.

A



In prectioe, s cely on bhe MEBER. recession indicator kor determining 4.
To examine the {'LI's uselulness at predicting recessions, we bry current and

lageed values of 5, in [7). For each, we calculate the pseudo £2

PR - (1—“5 Lo

log L. )

)'{EJ'TJH La
where f, and f.. are the unconstmined maximum valoe of the likelihood
function, and such valee under the constraint that all coethcients are zero
except lor the constant. InLuiLi'l.EIJ.r, this cormesponds to tLhe coethcwent of
determination in linear regression. The maximum valoe is achieved by 1, ,.*
The cesults lor Lhis model ace shown in Lhe lest ow of Table L

3.6 Nonparsmetric gaussian lernel

Smoot hing met hods provide & powedul methodology kor gaining insights into
the data since Lhey avoid the problem ol specilying & closed lorm lor the den-
sity lunction. However, & search lor Lthe optimal non-pammetric specification
using all possible ==t of explanatory wnables could be costly. Therelore, we
use some results rom Lhe previous analysis. In pacticular, we have leamed
that all parametric models show & common chamcteristic: 'Ll s 2 tucning
point predictor in the short run. Specifically, s find & relation hebeeen curc-
rent {(30F growth and cumrent recessions with (LI growth during the previ-
ous quarter. Then, we will use 5, acexplanatory vanablke in nonpammetcic
models.

In lorecasting growth, s« approximate Lhe relaktion

y]- L3 Tﬂl:.':l.'-;-|} + IE']-.,

using the standard Medamys-YWatzon estimator in line with Hardle [ 1943} 7

We locuson the question of how recessions can be predicted nonpammet-
rically. [{uping in mind the Okun’s rule of thumb, s propose Lhe I'ulluwing
methodology lor predicting probabilities of ecession in reallime. A=ume
that gy, < ©. First, e construct the conditional density lunction, depending

IThk walwe ls 0280 and decl nes within a yes.
Fonecl Beally. we estl mste

e [ (o 2 ()

P FL ]

where K |z the sansslan kernel and b 1z selected by laare- ome-ouT iross-val Matlon.



upon the unknown wmlue Wil - given the growth ol the ULT at [, that &

. 1)
Sy o) = fEIt} . (10
Second, we calculake the expectation Lhat ik Lakes values bess than zero:
Pl <O/zh= [ flanindun. (1)
JITEN L i)

{On the other hand, when g, = @, Lhe probability at  for & recession at { + 1
coincides with the probability that both y, ., and y, ., would be lexs Lhan
zero. Following the same methodology we propose

]'-'-'r'[!r:ﬂ Sl LN, TR [I',."I,} - f f f':!l'rﬂ-!l'ul.l'lir}dyrﬂdyul- [lﬂ}
Hiag gy g <t

Standard smoother techniques suffer lrom & dight drasback when applied
to multidimensional data with long-tailed distribution. This is precisely Lhe
case ol predicting recessions."™ In orer Lo avoid Lhis problem, we have used
edopioe kernel eslonalion, which consists of Flm:ling kemel estimators with
bandwidth varying [rom one point to another. In partticular, the estimated
joint distribution of any 4-dimensional wriable z st any point 7 =5 gven by

ﬁ:z'i} - E l_[ F“.-".“ m:”} 3}

el Il

where | is the bondvcdih, and 3, = the locel bondvadih foclor at time (.
The procedure that we use bo get fi and 3 in [L?r} iz Lhe hlluwing. Ficst,
we define the bocal bandwidih lactor as

- (m) b
g

where f{z,} is & pilot estimation of [L3}, with 4. equals Lo one, and Lhe
bandwidth chosen by relerence Lo & standard distobution." Pammeter g
is Lhe prometric mean of fl{z,} We =t & equal to 1/2, lollowing Abramson

[ 1842},

"GP growth ohservarlons are wsually non-negative. hot estmating thelr densly Treat-
Ing them as chaervatlons on (—aoo0). Thi leads To noky denslty estlmatlon (v the vlght-
hand Tall.

1 Bee Bllvermean 1986, page 87

1D



Second, we select the bandeidth that meximizes the Ekelihood cross-
velidolion funclion

T
OV (i) - %Zlugf-;(z;l
=1

with f_J[zJ} defined a< in (13}, and where the sum does not include wlues
ol | equal Lo j_”

4 FEmpirical evidence

The ability of any keading indicetor bo anticipate events depends on using Lhe
appopnate technique to extract Lhe information contained in Lhe predictor.
We apply two different statistics Lo messure the accuracy of the diffecent
specifications at locecasting growth and recessions.  First, Lo analyze Lhe
accuracy et lorecasting growth, we use the Meon Squere Error

M3E = —E (14}

=l

where 33 and % are actual and estimated (GOEPY.

{On the other hand, to compare the poser of such modeks sk anticipating
turning points, we construck Lhe Turming Poinls Eror, 8 measuce ol the
squared deviation [rom the NBEE, schedule:

TPE = Em, — 4,7, (L5}

f=l

where 4, is & dichotomous vadable which equalks 1 il, according Lo Lh:nNB EE.
the economy s in recession ab Lime L, and O otherwise. Variable 4, is Lhe
locecasted probability of being in recession at Lime (1

"In Fer. real-time predlelons In nonparamerd: models follows The same STrTery as
In parametrlc models AT any perlod I paraneters b and A are estimated In (11) from
the relatlon between Y and Ir_y wherens They are estimated In (12) from the relatlonship
among ¥r. Yo and Irog Onve These values areappros mated. we nse Them e antlomting
recezlons for I+ 1

A For the out of sample aerclze. we define. hean Square Forecasting Evror [MEFE)
defined with the same formuks, where ;15 The estimated value For 3 with Infornatlon up
T perlod £ — 1.

' For the owt of sample awerclse. we define Turnlng Polnt Foremzing Erwt [TPFE]
with The same formola, where d; |z the oStinmted value foe d; with Informstlon op o
petlod £ — 1.



In order to Lest il the diferences between each pair of models ame sgnil-
icant, we use the Lest proposed by Dhebold and Manano (1335}, hencelorth
Cid.. Specibeally, consider teo difecent specifications, model £ and model
7. Let {537 and 5,17 be theic respective lorecasts'® Let £, be either

_ - w2
{H, - fﬂ}‘ - ':'H: - fﬁ}‘ at hr:ca:;t.mg growth. or (.-_{: - .-_{”) - (d, - .-_'IJ,) atk

— T

antiipating recessons. Finall}r, let £ be equal to %E £ ["nder the null
£=1

hypothesis of no difference in the accumcy of Lhese Levo competing lorecasts,

Lhe larpe-sample statistic

pM=—E (16)
‘b/'n,rﬂ;!
T
where
i ;= . T B B
E-"TJII;{G} = f E .Il::HET}} E {EJ‘ - E:“:EJ‘- Il = E}"
P=-{F-1 t=lrl 41

the indicator functon

’ 1hor Jo2) < 1
"y { 0 b

is the lag window . and (T} i= the truncation lag, bllows a M, 1) random
varinble.

The hrst two columns of Table 2 display the in-sample M3E and TPE
loc the whole set of models "™ For each model, the first entoy relecs Lo Lhe
entice sample. The second and Lhicd entnes exclusively reler Lo ecessionary
and expansionary periods, according Lo the NEER, schedule. The insample
results show: that the Madoy seitching model peclorms better than any other
specification in both the (GI'P and tumning points lorecasts In addition, most
ol the gains come [rom the reduction in Lhe mean square ecooc in ecessions [in
the case of Lhe switching versus the AR model, 58% of Lhe reduction comes
[mom recessions whereas only 26% comes [rom expansions). Therelore, n
sample we can conclude Lthat the {'L1I has predictive power over the business
cychke and (GOF movements. These are better captured with 2 non-linear
Markov switching specification that allows the lomecaster bo take into account

I Mote that o |s efther i (In 14) or d [In 15). Alse that Foreast errors may be non
galsslans, moenzene mean. and serhally and contenposaneols]y ooerelated
9 hladels CORIB and KTOONMB will be weated |n detall |n The ned sectlon.
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the changes in Lhe dats penecating proocess ol both GDP and UL due to the
phenomena of expansions and recesions.

Ling the Db test, Table 5 presents statistical evidence of Lhe signibice-
tivity of these gains. {"ompanng linear modeks, the inclusion of the LI n
the {zDF equation gives an statistically significant impoovement in Lhe M3E
[D['n.-" Lest of 2.47} but not in the TPE [DM Lest of l.ﬂﬂ}. Hosever, in &
nonlinear context, we reject Lhe null of no gain wikh respect to the uniwriate
linear model in both the MSE and TPE and we reject alco the null of no gein
with respect to the multivariate VAR "

Hevertheless, such promising results in-sample do not necessadly imply
that the (LI &5 uselul loc real-time predictions. Ficst, it 5 sellFinown Lhat
very Hexible nonlinesr models have & poor pedormance in out-obsample ex-
ercises. Second, the (LI series is revised very Irequently, and therelore, Lhe
in-sample analysis contains inkbormation not available for prediction ak each
peciod of time.

The out-ol-semple analysis predicts in real-time 104 values. The brst data
point for which predictions are made is Lhe second quarter of 1972.'* Foreach
perod ol time [, »e estimate each model with date lmom the beginning ol
the sample up to petod ¢, using the revision of the (LI awilable in Lhat
period of time. The tenclormation rom monthly to quartecly obsecvations
is done a5 in the in-sample analysis. Then, with the coefhcient estimates,
a one penod ahead lorecast = computed through the Gst quarter of 1338
This procedure mimics what a statistical model would have predicted with
the information available at any point in Lhe past '?

It is important Lo mention that sometimes the releace of the NBEE. de-
cision about Lhe state of the economy in peood | mey be delayed bor almost
two years. This keads Lo a serious problem when real-Lime analysis s applied
to the probit model, since 4, 15 usually unknown at Lime (. To solve this, at
any Lime ¢, we estimake 3 in [} with observations until L =3, to ensure Lhat
4 is available. This estimation is then used to predict & probebility st ¢ of

"7 Dl est compating the |nesample sty of SWITOH vesos VAR 1s 4.9 foe MSE
and 3.2 for TPE.

13 e selbedt Ths date hecalse WeWwant Lo ke enongzh nomber of obserarlons To et mote
the diferent models and o capture In the outofcample analycls the reoszlon [nThe eatly
1470s.

%1y order 1o forecast for quarter I+ 1 with the Informatlon up to perlod 1. we nesd The
CLI In perdod ©. which Iz not know untll one month afier the end of quarter . Howewer,
thiz st number |s usually strongly revized. Thus. we use the ivst publkhed revizion of
this dats. meide Twoe months afier the end of the perlod. Therefore. for example T forecast
the GOF In the st guerter |fgores avalbble In may ). we nse the CLI In december [The
rerlslon publlshed In Febromiy].
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being in recession atk £ 4 1 85 lolloss:

Prldrsr = 1) = F(B,_ 421}

The last teo columns of Table I present the mesults for the real-time
analyzis. Lu-u-king at the results, e observe Lthat #wen in Lhe uuL—u'—s&mpl:
exercise, there is still grin [rom using the CLL and, agsin, the best model
is the Markov-switching. In addition, »e cen conclude that all the gains
Irom wsing the ('Ll come Irom Lhe ecessionary periods. However, as shown
in Table 3. #vwen though Lthe bivariate specifications’ MSFE are numencally
lower Lhan in the case of the univenate lineer model, not even Lhe best of
them is statistically significant according to Lhe DM tesis ™ Bence, while
the {LI AppeArs uzelul in lu-rm:asting {GDFP within the histoocal sample, it
seems not be as pselul in 2 ealtime execise. The eader can Gnd similac
conclusions st anticipating recessions.

5 Combination of forecasts

As shown in Table 2, diffecent models have different predictive poser de-
pending on Lhe stete of Lhe business cycle. For example, Lhe nonpammetric
estimator presents the best T'PEFE in ex pansions but it holds the sost ecod
in recession bimes among the biariste speci[:lcal.i:rrﬁ. Filado [lm!;} alzo
finds that the pedormance of Lthe diferent models change with the sample
period considered. T'hecelore, he proposes Lhat the best say Lo improve Lheir
reliability is by continuously monitoning their peclormance, thereby kearning
shout when they are likely to predict cocrectly and when Lhey are likely Lo
lail. This is precisely what e allow by using encompas=ing methods. Hence,
we sugpest that a combination of Lhe borecasts may draw more keading inlor-
mation [rom the LI than any of the individual lorecasting models.

In order Lo combine gmowth's lorecests, we apply Lhe linear combination
rube proposed by {3rmnger and Eamanathan (1384}, To combine insample
locecasts, weights are obtained by smple linear squares Lechniques on

vow Ff 4o (17}

where y, = outpul growth at £ 5 = {ﬂnﬁl ---~ﬁm+|} . ¥ 5 the number of
different furecaiting met hods, J|'} - I::l~f1.l~"'1ff.m+l} ., and fu s Lthe lorecast
for Lime ¢ Lhat corresponds to AR, VAR, LVSTR., SWITCH and KERNEL.,

respectively. To combine out-oFsample lomecacts, even though individual

" This result s simllar To Hebold and Rodebusch (1991 condluslons and oontadl: s
Hamifon and Perez-Ghubhos [1986) results.
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models predict growth foc i+ 1, Lhe dependent wmnable T = mot actually
available at any time . YWe solve this problem by using real-time combing-
tion. More specibically, we bt [17) with in-sample predictions until ¢, and we
use Lhese weighs bo combine Lhe out-ol-sample Torecests Ji41,4 bo obtain an
ectimation of 1., .

In the case of hre:asting recessons, ik 1s nob clear that such & rule would
imply an output lying between zero and one. Instead, in the spirit of Li and
Codmen (1K), se propose an encompassing strategy based upon discrete
choice analysis. To combine in-sample probabilities of recession, consider Lhe
lollosing relation

T = Opy o+ 2y,

whereo = [reg doy ... tepg ) 7 2nd v heve been defined above, p; = (1.E; 4. . Brome F s
and g, is the insample lorecasted recession probabilities loc time | [rom

AR, VAR, LVSTE. SWITCH, PEOBIT and KEEMNEL models. Let 4, be the

MNBEFR. indicator wriable presented in section 3.4, YWe conclude that

P(d, = 1) = Flap,).

where F 5 the cumulative normael distobution [unction Bs in bhe probit

model. Weighs are obtained by applying maximum likelibood principles to

the objective [uncton

T
Lia)m 3 {di In[Flapd] + (1 = d)1n 1 = Flap)]}. (L8}

{lombining locecasts in realtime, we Gind the same problem Lhat in out-ol-
sample estimation [rom the probit model. The delay on which 4, = known
hes been solved using real-time combination as belore. Thus, bo combine
locecasts for any Lime { 4 1, we estimate Lhe & in [18) that combines in-
sam ple lorecasts until L = 3.9 Then, we use such estimation kbr combining
the out-ol-sample probabilities of recession loc £+ 1. Note Lhat Lhe real-Lime
combination uses chenging weights lor each peciod of Lime.

Az a st approximation, we mede 8 combinetion of the six [bve, lor lore-
casting growth} altemative models in insample and out-ol-sample lorecasts
Aswe expected, bhese locecasts ane highly correlated, v hich suggests that the
combination uses redundant inbormation. Since 3YWITT'H and KERNEL are

Lhe best models within recession and expanson data, we bry an encompassing

Az In the case of The out-ofsample forevasts from the problt model. we are assuming
that the delay on the releas of the NBER declslon abowt the state of the economy |5 of
BT WHAST TW PEuis.
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method Lhat combines Lhese Lo EFEEiEEB.LiDIE. In terms of PR® and TPE,
this combination s as good as the combination that conteins the whole set
ol models. In-sample and out-ol-sample combinations of switching regimes
and nonparametoc borecasts are called COMB and ETCOME respectively.

The out-ol sample results precented in Tables 2 and 3 reveal one Lhe
most imporkant FII'H:“I'IEE ol this Paper. ET{{OME presents Lhe lowest MSFE
and TPFE Moreover, DM tests [Table 3} conbrm that Lhis combination
significantly improves the linear model's results. This implies that the {7L1 is
useful in anticipating both recessions and (3DF growth. even in real-time
Figures | and 2 present the insample and out-olsample probabilities of
recession predwcbed Irom SWITCTCH and KEEMNEL. Th:J.r alzo show how weell
the in-sample and real+ime combinations mimic Lhe NEEE. schedule.

We are now ready to propose a hiter Lhat trenslorms the (LT releases
into probabilities of recession next quarter. The (LI was originally designed
ac a tool Lo predict business cycle tucning points. However, every month
the {'onlerence Board only releases the rate of growth of such keading index.
Alemnatively, »e construct & hltering rule bo extract the CLL's keading infor-
mation about tuming points, by t.rarﬁhrming the growth rate ol LT into
probabilites of recession. Based on previous mesults, we propose a real-lime
combination of the switching regimes model and the nonpammetoc specifi-
cabon.

To see how ib works, we present Lhe bllow ing empirical exercise. Suppose
we ame in bhe last quarter ol I¥7. and »e want & FlIL:ring rube kor the {LI
release. YWe simulate the possible outcomes ol the (LI growth cake Irom -29%
to +2%% and we predict in cealtime the probability of recession lor 1AL
(belonging to & wide ex pansionary peood). Figure 3 displays the predicted
probabilit y of recession, associated Lo each U'LL growth mie wiue, Lhat ane Lhe
outcomes ol SWIT{UH, KEENEL and ETTOME. Fucthermore, e present
in Figure 4 the results of 2 similar analysis, but we predict pobability of
recessions kbor LFRDL | (just alter & reoession) using exclusively the inlormation
available at 1T 4.

Since we proved Lthat the hest flter is Lthe real-time combination, ket us
concent ke in the analysis ol ETTOME results As s can see [rom the
pictures, the same {'L1 growth rate contains vy diferent information about
the probability of an imminent recession depending on the pecod that we
consider. Specibically, in 1.4, a {'LI growth rate of 5% would be associated
to a probability of recession next quarter of almost 1. However, in 1374,
the same (LI growth mbe would have impled 2 recession probahbility next

DN tems To compare The sy oof SWITOH and BTOOMEB ave 1.7 for MSE and
1.2 for TPE. Thk Implles that there edsts some evldence In Favor of RTOOMB.
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period close bo (). The intuition & clkear. In oder Lo predict that & recession
s coming, we need stronger evidence in the (LT behavior alter 9 years of
expansions Lhat just alter & recession Lo beliew that & recession is imminent.
Owr hlter ethciently uses the inkbormation about Lhe state of the economy Lo
interpret the cate of growth of the CLL in each peciod of Lime.

6 Conclusions

{Conkrence Board's LI is meleaced to anticipate Lurning points. Hosever,
the ability of & predictor depends upon our model's accuracy ab extractk-
ng itz leading inlormation shout luture events. Thus, we have evaluated
hoe well the most standard specifications predict mecesions. We propose
a methodology to combine different borecasied probabilibies. YWe conclude
that & combination of 2 switching VAE, model and & nonperametnc system
is Lhe best approach Lo anticipate recessions. This kind of approach uses Lhe
{’L1 to reproduce the ['5 business cycle data laidy well, compared with Lhe
=x-post MNBEE, schedule. Hence, s ind that the {LIL is statistically uselul
at anticipating recessions, even in real-time analysis.

We conclude thet {'LI is aleo ucelul in borecasting "5 (0P growth, =ven
in cut-ofsample exercize. Again, & combinetion is Lhe best approech in real-
time, confirming the power of Lthe combination of borecasts al extmcting Lhe
leading in lormation Irom the {LL

Thus, we propose a hltering rube Lo extract Lhe {'LTs keading inlormation
about tuming points. {dur proposition translorms the rate of growth of Lhe
{’L1 in accordance with the state of the economy in Lhe period of Lime n
which it is released.
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Teblke 1. Maximum likelibood estimates of parameters

blodel estimeton YaE{COV
AR, -[I'?E-I-[I'EH - =0TE o = 078
H’ 0] s {m;} " e,
Aoy = {6
o= 7R 4 G6 iz, = 0.2} . {i.0)
VaE Ty {06 a7 Oy m [} 51
Tyom 024 + Cd3x, =024} {.0z)
{0 {0 {0 . —
i)
m ]F .60z,
N R +{ R
=042 + =G HF, u ] Fu = 055
I {'“3:'+ {m% + ﬂit .." {ﬂ“;:'
LVATE. ~ Hoy = {1,
o= |1 ] —a= 1] . m
v [ +“P( {“EEJ{H {meﬁ})] Fyz = 111
- )
Fem [l + exp ( BT ET{y, el 33})]
| {'“'-’i'
E* mHa +{%ﬂﬂ{zl' -.ul.l |
I = L + {%ﬂaﬁl{:ﬂhl - TI!J-I} EII - -[ﬂl]‘%'la:l
' g,om 100, gy = =013 F .44
SWITCH T ey T e T
1, = 42, 1y = =057 o = 07
) {1 Xy )
Fn = [I-QE P ™ {ﬂ“?g
PEOBIT ¥ o= -{I-.QT - 1.1% i1}
oy {tE)

FMote. This estimation uses the sample 160 2-1907 4. Variables o, and
v, are growth of GO and LI respectively. Vaneble v, determines how
probable it i= Lhat & recession will occur sk Lime | Parameters »#,, and 15,
are woances of (0P and UL emocs, wheress parameter g, 15 Lhe covenanoe
between Lhem. Standard ermors ace in parent heses. Note Lhe joint uncetainky
in the estimation of smoother parameter and threshold shen the brmer is
large. Following Estrella and Mishkin, the probit model's standard emors are
ectimated by using the Nadaraye-\Watcon estimator.
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Table 2. MSE and TPE n-sample and mt.—ul'—ﬁamplc.

M3 E TPE MSFE | TPFE

in in ol L cul

(.78 a1 (.74 a.1

AR 1.7% (.57 2.19 (.62
{.57% 0.008 0.49 0.008

{.60 a.n {.7a .04

VAR 1.4 (.62 1.42 (.47
.49 0.006 (.53 a.dan

{.55 0. 16 {.70 a.17

LYSTH {1.58 0. 30 1.4 {.58

0.45 0125 0.54 0.091
0.44 Q.05 0.64 0.8

SWITCH Q.72 Q.22 1.56 Q.27
0.42 aan 0.50 0.060
0.1 .00
FROBIT 0.40 Q.35
0.03%5 0.035
0.6 Q.11 Q.73 0.1
kERMEL 1.14 Q.61 1.50 Q.87
0.47 0.002 0.45 0.006
.58 Q.03
COMEB 0.450 0.1
0.47 0.009
0.640 008
KITOMB 1. Q.24
0.44 0.007

Mowe. “In” cefers Lo 1960.2-1997 .4 " Oul” celers vo 1972.2-1995.1. For each
mendel, fral entey have been caleulaled Crom Lhe enlive lorecasling aample. See-

ond and Lhicd eniriea only relers Lo receasicnary and expansionacy dala, uaing
the MBEHR achedule. MSE and TPE ace defined in (14} and (15} TOMB and

HIT'OMPB are Lhe combination of KERMEL and SWITCH 83 Seclion 5 describes.
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Table 3. Dwebold and Mariano tests

AR COMB RTCOMB

MSE TPE MSE TPE MSE TPE

I v a2 248 043

SWITCH ouT 1.3 d.64 L&D 20% LTI 119

I 247 1402 2186 254

vaR ouT 0.42 183 280 1.8
I 2.v9 142

COMB ouT

RTCOME I
ouT 1.95 248

BMote. “In™ celers vo M960.2-1997.4. "Oul™ celers vo 1972.2-1995. 1. MSE and
TPE are defined in (14} and (15} {OMB and HTOOMB are Lhe combinalion

of KERMEL and SWIT{TH a3 Seclion & deacribea. All uvhe eniries relera wo Lhe
abacluLe value of Lhe DM aLaLialic which i3 ealeulated [oc in-cow and in-eclumn
mecvdels az [ 16} deacribes. For examiple, 379 (312} ia Lhe abaclule value of Lhe D
alaListica under Lhe hy poiheaia of ne diference in Lhe aocurecy of models SWITOH

and AR aL anLicipaling in-aample gromih (receasicnsa}.
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