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alarms and miss several commonly classified turning points. Amplitude and duration properties 
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l INTRODUCTION 

l Introd uction 

l 

Is the dating of business cycle turning points scusitive to tlte choice of detrendiug'! Are the am­

plitude, duration and persistence characteristics of the resulting reference cycle robust? Is there 

any detrending method which produces a reference cycle whose turning points match NBER or 

Department of Commerce ( DOC) turning points and replicates features of the US reference cycle? 

This paper attempts to shed some light on t!tese three issues. There are severa! reasons why 

these questions may be important for business c_vcle researchers. First, although there is a long 

history dating business cycle PXtrenws using len'l data. since Mintz (1969) it has become more 

standard to select turning points an d classify business cycle phases using a growth-cycle approach, 

i.e. using fluctuations aronne! the tre n d of the seri es ( see e.g. Zarnowi tz (I 991 b) or Niemera ( 1991) ). 

However, as Zarnowitz ( 1991a) has pointecl ont, trends vary over time. rnay interact in a nontrivial 

way with the cyclical component of the series and !w difficult to isolate and measure given the size 

of the available samples an d existing r'cononJetric techniques. In standard practice NBER or DOC 

growth cycles are extracted 11sing elabora1P and ad-hoc procedures which are hard to reproduce, 

involve a substantia.l amonnt of jndgmental derisions b.v the researchers a.nd a number of ex-post 

revisions as more informatiou is obtained owr time. It is therefore worthwhile to study, on one 

han d, whether any \veli known mechauical cletrencling procedure cau provi de a simple ràtionale 

for these complicated ancl subjective approaches ancl, on the other. whether there is a class of 

detrending methods which produce reference q·cles with "'desirable" properties. Canova (1993) 

showecl tha.t different tremi removal proceclmes, ali of which are reasonable given existing empirica! 

evidence and available ec01tometric tools. induce difTerent properties in the moments of the cyclical 

component of severa} rea! macro<'COIIOtllic sNÌPs aud cli(ferent Ìniplications for how we perceive the 

economy to work. It is therefore interestiug to check whether the path properties of the cycles 

induced by different cletrending rnethods are also substantially clifferent, thus providing a more 

complete perspective on the macroeconomic implications of different trencl-removal procedures. 

The ability to reproduce NBEI1 or DO C' t nruing points aud well known characteristics of the US 

reference cycle can be used as a limitecl inforruation test to disceru awong a variety of detrending 

procedures which a-priori \Vould be' on an equa.! footing. Second. man.Y researchers have examinecl 

the statistica! features ofthe i\ BEH rderc'uce cycle over the pre ami posl WvVII period, in particular 

the amplitude and duration properties (se'e e.g. lh~bold and Ruclehush ( 1990) and (1992), Romer 
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(1994) or Watson ( 1994) ). I t is thcrefore wortlt\vhilc to study whet!ter the statistica] features they 

unveil persist when mechanica.l detrending procedures are used to construct reference cycles. Third, 

there exists a large branclt of the literature whirh deals with the question of turning point predictions 

(see e.g. Wecker ( 1919) or Zellner a!ld Hong ( 1991 )) and hmv to better evaluate the record and 

the quality of turning point forecasts (se(' r>.g. 1\IcNees (1991)). However, the conclusions of this 

literature hinge on having availahle a ··corree!" notion of reference cycle at hand. Therefore, our 

study may also help resea.rchers studying this probleru to select one concept of cycle over another 

in deciding the validity of various forecasting approac!H'S. 

In examining the questions pused in this introduction, thP pa.per focuses on 12 widely used 

detrending methods (li near aml segutPillPd dd J'('II cl i n g. fi rst or der d iff"eren ci n g. freq uency domai n 

filtering, Hodrick and Prescott filtering. detrending witb the !lPveridgc and Nelson model, with 

an unobservable components mocleL with Hamilton's 2-state mode!. with a one dimensionai index 

model, with Blanchard and Quab's mode!. with 1\ing, Plosser and Hd>do's mode! and with King, 

Plosser, Stock and \Vatson 's !llodel ). To classi l\ turning points an d to construct business cycle 

phases, I consider two standard mecl!allical dating rules. The f1rst rule defines a trough as a 

situation w h ere two consec u ti V<' q aa.rter d P cl in es i 11 the refe re n ce cycle are followed by an increase. 

Likewise, a peak is ddined b:,: two consecutive increases followed by a decline. The second rule 

selects a quarter as a trough (peak) if thNf' han' been at least two consecutive negative (positive) 

spells in the reference cyde over a three quarter periocl. Although the search across detrending 

methods and dating rules is not cxhaustive and more complicateci clating rules may generically 

improve the quality of the outcomes. onr work provicles a first step in systernatically addressing 

these issues and methodically studying these features of the data. 

The results of the paper comp!ctJICllt t!IOS(' or Canova ( 199cl ). T h ere I showed that turning 

point dassification is essentially rohust to dPtrending \Vith tlw first dating rule but not with the 

other. In this paper l qualify this statellJ('llt b.v :;howing that with this latter dating rule many 

standardly reported turuing points are missed ancl ma.ny false alanns appear with the majority 

of the detrending methods. For those turning points which are correctly identified I find that the 

majority of methods produce da.tes which slightl.v leacl NBER peaks and troughs and lea.d DOC 

peaks but coincide with DOC troughs. 

In addition. I demonstra.te that thc statistica! properties of the generateci reference cycles are 

sensitive to both the detrellding JHOCPclure an d t !te dating rule. \Vi t h the fìrst rule, rega.rdless of the 
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detrending procedure nsed. cycles are sliglttly as.vnmtetric and the duration of expansions exceeds, 

on average, the duration of coutractious. \Ve also show that therc exists only a moderate degree 

of variability in the duration of each phase and in tlte amplitude of contractions. Furthermore, 

we find little eviclence that peak clates can be preclictecl using the information contained in past 

durations while trough da.tes are predictable with a.t least 7 rnethocls. The statistica! properties 

of the various refcreuce cyclcs are much wore ltcterogencous with the second rule. In generai, the 

average durati011 of contractions cxc<>eds the avcragc duratiou of expansions and there is a large 

degree of variability in the cluration of each phase an d i n the amplitude of contractions. Peak dates 

are more predictable than trouglt dat('S but differcuces across detrending methods are substantial. 

The only regularity that is robust lo hotlt tlw ciJOice of detrcnding method aud dating rule is that 

there appears to be very little perc;istc'nce in IJusittess cvde phases: tltc amplitudp of contractions 

is in fact UilCOrreiatcd with bot h the dnratiott of COittractÌOllS and of peak-to-peak cycles. 

Overall, two detn'!Hliug proccdtiJ'('S produn' rdet-euce cycles which come closest in reproducing 

the statistica] features aud the refen'IICe datPs of c>taudard :\BER or DOC refcrence cycles with 

both rules: the Hodrick aiHI Prescott filter and a frequency d01nain (f-IA) filter. 

I conclude that, in generaL statcments cotiCPrning the location of turning points and the prop­

erties of the reference cycle are not indep<'lldent of tlte statistica! assurnptions needed to extract 

the trend of the serics. \Vhile tltis outcontc is somc>what disappointiug. our exercise aiso provides 

important information on the characteristics of various cletrcndiug procedures and on the types of 

cycles they genPrate. \Vhen we t.akc t h<' ability to reproduce the characteristics of NBER or DOC 

growth cycles as a limited infonnation test to select a class of detrending procedures over another, 

the paper indicates that standard nwthods cmploy<'d by RBC rcsca.rchers (see e.g. Hodrick and 

Prescott {1980) or Baxter ancl l(ing (1D9-I)) are in fact getlerating cycles capturing the essence of 

what the community perceives as busitt<'ss cycle fluctuations. This obviously does not mean that 

these filters are appropriate for all pmposes. as tlte,v may wipe out c,vcles with important economie 

features (see Canova ( 199;))) ami rnay inducP spuricJils patterns in series which do not display any 

form of classica! cyclical fluctuations (see e.g. Cogley and Nason ( 1995)). But they appear to 

provide (i) a solid ratiOJtale for the cmrent :\BEH or DOC practice and (ii) a clear standard to 

study the path properties of time series generateci by dyuamic genNai ettuilibrium models. 

The rest of the paper is orgauized as fullows: the uext section describes the various detrending 

procedures employecl in the paper. Scction :{ prPsents the data. tlte dating rules and the statistics 
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used to characterize tbc properties of the reference cycle. Section Ll discusses the results. Section 5 

concludes describing the implications of t!te results for current macroeconomic practice. 

2 Alternative Detrending Methods 

This section reviews the procedures I use to extract trcnds from the observable time series. I divide 

the methods into two hroad categories: "statistica!" mcthods, which assume that thc trend and the 

cycle are unobservable hut use different statistica! assumptious to identify the two components, and 

"economie" methods, where the choice of trend is dictated by an economie mode!, by the preferences 

of the researcher or b.v the question hPing askPd. Sin<:<' only tn'ncl and cycle are assumed to exist, 

ali procedures irnplicitl.v assume that Pitlwr data has previously lwen sPasonally adjusted or that 

the seasonal ancl tlte c.vclical contpottPitt of th<' sPries are lumped togethPr a.ncl that irregular (high 

frequency) fluctuations pla.v littlt> role. 

2.1 Statistica! Procedures 

Most of the procedmes in this class assutnP that 

Yt =.l't+ Ct (l) 

where Yt is the natura! logaritltm of a time series . . T 1 its trend and c1 its cyclical component. 

2.1.1 Polynomial Functions of Time 

This procedure is the simplest a11d tlte oldesl CHIP. It asstimes tltat trend and cycle of the (log) of 

the series are uncorrelatecl a.nd that :r 1 is a cktenninistic process which can be approximated with 

polynomial functions of time. These assumptions itupl,Y a mode! for y1 of the form 

'l 

.Tt a+ Lbt1 /;(l- /0 ) il' l S: l 

1 

a+ L"2j]j(t- ti) if i+ l S: t S: T (2) 

where q is typically chosen to be smalL t0 and l 1 are given points 111 time scaling the origin of 

the trend. In (2) I allow for the possibility of a strudnral break in the secular component at a 

known time f. I present results for q= l. fdt- lo)= t and either t= T (I;r in the tables), or 

t1 =t= 1973,3 (SEG1I in the tables). The trend is estimateci by fìtting Yt to a constant and 
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to scaled polynomial functions of tiuw usiug !cast squares aud by taking the predicted value of 

the regression. The cyclical component is tl1e residua! fron1 (l). TIH' results l present are broadly 

insensitive to the choice ofiin the range [l!YI:Ll-1975.1]. 

2.1.2 First Order Differencing 

The basic assumptions of a first order diff"Prencing prored 11 re ( FO D in t !te tables) are that the secular 

component of the series is a random walk with no drift. thc cyclical cornponent is sta.tionary and 

that the two components are uncorrelated. In addition, it is assumed tbat y1 has a unit root which 

is entirely due to the secular cOIII[HJIIC'Ilt of th(' series. Therel"or(' y1 can be represented as: 

.IJt=.i}t-I+(t (3) 

the trend is defìned as 1ì = y1_ 1 and an PstÌillatP of r· 1 is obtained as c~ 1 = y1 -y1_ 1 • 

2.1.3 Beveridge and Nelson's Procedure 

The key identifying assumption of Bcveridge and :\clsou·s ( 19~1) procedure is that the cyclical 

component of the seri es is staticma.ry w Il ile t h e sPc ula r coni potl('ll t accounts for i ts nonstationary 

behavior. Let w 1 = (l- [)y1 be a stationary AH~L\ process with moving average representation 

Wt =p+ rU)E 1, where Et"' i.i.d.(O,a 2 ) aucl rUl = C'J(f)- 1B(C) is a polynomial in the lag operator 

with the roots of q>(z:) =O outsidC' thc nnit circle. 

Beveridge and Nelsou sltow that tiH' scC!dar COinponPllt of a scncs can be defined as the long 

run forecast of Yt adjusted for its rnean rate of change /.:p : i.e 

(4) 

. h , ( .) ' l '\'x l '\'k-1 '\'J+k ..,or w1t Wt z = Edwt+i y1• Yt-J. · · ·) =p+ L .• ';= l ì 1 ( 1_ 1 so t 1at .1: 1 = y1 + L..,j=o(L..,i=j+I f'dEt-j· r, 

k sufficiently large, (4) collapsPs to: :r 1 = :rt-1 +l'+ (2::~ 1 ìilEt. The cyclical component of the 

series is then 

Ct = iÙt( l)+···+ IÌ.•t(/.;) -/.:tt = \({)Et (5) 

Two characteristics of this decomposition siiOuld be noted. First, smce trend and cycle are 

driven by the sarne shock, this decompositioll lias thc remarkable prop<'rty that the secular and the 

cyclical components are perfectly correlat<'d. Second, siuce estimates of the -y's and forecasts Wt(i) 
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are obtained frmn an ,\JUI\IA nwdcl. tli<' probkn1s inll('r<'llt to :\IUI\IA specifìcations are carried 

over to this method also (see e.g. Christia110 and Eiclicnbaum ( 1990)). 

Because the rcsults vary considcrabl.v witli tlie clioice of B(f.) and o(C). hoth in terms of the 

magnitude of the fluctuations and or the patii propnties or tll<' data. I exa.rnined various ARIMA 

specifications. Here l present results obtained using B(C) = l Vi, o(C) = l+ ( + ... + ( 5 , the 

actual value of Gl'\P at 1955.:2 as tlie initial rondition ami the quick cmnputational approach of 

Coddington ancl \Vinters ( 1981) (H.N in the tabk's). 

2.1.4 Unobserved Cmnponents Model 

The key identifying assumptions or tl1is procednrf' an~ that the s<'nilar component follows a random 

walk with drift and that the cyclica.l m!nponent is a sta.tionary finit<' order AR process. Also, 

contrary to a FO D procedure. a.11 UC: approach allows for correlation hetween the trend and the 

cycle. The most r<'n'n1 t'nobspn·ab]P ConiponPnts (t'C) litc'ratur<' assurnes that the drift terrn 

in the random walk 111<-l.V drift m·pr tirn<' as W<'ll (se<' e.g. Harvt'Y and .Jaeger ( 199:3)). However, 

since the task here is to corupare rnethodologi<'s, not to fìnd the best rnodel specification, I do not 

consider this possihilit.v. UC' rnodels are IISII(dly cast in a state space framework (see Jiarvey (1985) 

and vVatson (198G) among o!lt<'rs). The lll('<ISII!"('IIH'Ilt ('<jllation is ~iven b.v 

.') 1 = .r t + c 1 + E t • ; = l .... T. (6) 

where Et,..., N(O,a 2 ) for alli ancl L't(t( 1_;) =O fori f:. O. Tlte transition equations are 

.r 1 .r 1_ 1 +h+ 11 1• 

(7) 

where o is a drift parameter and t !te q roots of (>(z) =O lie outside the unit circle. The properties 

of Xt an d c1 are fully cha.racteri1-ed by the assumption that the distribution of u1 and Vt are jointly 

normal with cova.riancP ruatrix ~ ali(] hy the fact that ( 1 , u1 and v 1 are all pairwise uncorrelated. 

The parameters d= (a2 • a~, a~. b. Oj j = l. .... q) are typically estimateci using the prediction 

errar decomposition of the likeliltood and a s1noothing algorithrn tha.t reviscs recursive estimates 

(see, e.g. Harvey (1985)). To simplify. pstintates of :3's are obtained using the autocovariances of 

Wt =(l- e)yt (see Carvalho. Gretlter and Xerlow ( 1919)). Gin~11 the estirna.tes of /3 and a zero 
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mean and a diagonal covariann' 111atrix witl1 large but finite clenl<'llts as iuitial conditions, recursive 

estimates of the stai<' vector n 1 = [.r 1• c1 , ••• c1_,1 , l )l MP obtain<'d witli the l(alman filter. 

Here I report r<'sults obtain<'d using :2 lags l"or o({) witli no Slltoot hing of rccursive estimates 

(UC in the tables). Tlie results I report an' not v<>ry sensitive to th<' clioic<' of lag length for ljy(C) 

in the range [2, 4]. 

2.1.5 Frequency Domain Methods 

The frequency dot11ain procedurP <'lliployed ben' draws fro111 Sims ( HH-1 ). The procedure assumes 

that the cyclical aud secular coiiipOIH'tlts or tiH' sPries are indr'p<'li<kut. that the secular component 

has most of its power in a low frPf!lH'IIC_\' b;tnd of the spcctrutn and that away from zero the power 

of the secular componcnt deca.vs V<'l".\" fast. T h<' id<'lltification ;tssun1ptions do not restrict the trend 

to be either detcrministic or storltast i c <111d ;dlow:-- l'or changes in thr' t r<'nd on'r ti me as long a.s the 

changes are not too frt'f!lli'llt. ThP sPc!d;lr runtpuii('iil cau ])(' n'cov<'rr'd frotn y1 using 

(8) 

where a(w) = l[wJ.-<~2] is tliP F<JIIrier trattsiÒI'IIi or a .. low" pa.~s filtPr. l is the indica.tor function 

for the interval (w1,w2] aucl F,1(,,.:) and 1-'r(...v') an• t hP FouriN tr;u1sforms of y1 and :r 1 • In the time 

doma.in the polyuornial a(f). tli(' ÌIIV<'I'S(' FourÌt'r transfònn or a(w). has the form: 

(9) 

(see e.g. Priestley. 19:-\l. p.:21.')) wlten' w 1 and .-.,·2 an' the uppn and lmvPr limits of the frequency 

band where the secular contponetll has ali its pmvr'r. ,\n <'stintate oftli<' c.vclical component is then 

(l- a(f.))Yt· The key to this procNlurP is tlie appropriate selcctiotl of the upper and lower limits 

of the frequency band. Following the :\BEH taxonutli.V. wliiclt descrii>es a.s business cycle those 

fluctuations with :2-G years jWriodicit.v. and t!JP conventional wisdon1 that uo complete cycle has 

exceeded 8 yea.rs in length. r chos<' W] = o and w''J. = ;, . Sin ce 1 he spectrurn is symmetric a.round 

the origin, this filter wipes out ali tltP pow('l' of the series in t !te band (- ;
5

, ;
5

) and cycles with 

length less tha.t 30 quarters arP ali assutnPd to br.,long to the c.vclic;.tl component of Yt (FREQ in 

the tables). The res<tlts l JHPSé'lll <l]'(' IIOt too SC'IIsitive to clioices or values for Wz tha.t leave in Ct 

cycles with ma.ximum length fwtwe<'ll :20 ali(! :lO qllartf.'rs. Baxtc'r an d 1\ing ( 1994) provide a time 

domain version of this filter and stud.v its itnplication for st.vlized facts of the business cycle. 
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2.1.6 Hamilton's 2-State Markov Chain 

Hamilton (1989) assttlltes that altiJougiJ the tn•ttd is characterizcd by a unit root, its shifts are drawn 

from a binomia} distribution. Thc kcy ideutil\iug ilSSllllljliÌOilS or tltis procedure are that trend and 

cycle of the log of t h e series are independent an d t ha t bot h cornponents are nonstationa.ry. Because 

the nonstationari ty of the cyclical component is a n od d feat u re of t !t is decomposition, La.m ( 1990) 

suggests an alternative, but more cotuplicated specification which extracts cyclical components 

which are stationar.v. Because l'or ottr anal.vsis it is irrclevant wltetlter c1 is stationary or not, we 

employ Hamilton's originai approach. The mode! for .r 1 and c1 is given by: 

.r 1 

( l - (/) + "'·"t-l + l't 

C"t-l + O({)(Ct-1- Ct-2) +Et 

(lO) 

( 11) 

(12) 

where s 1 is a two stat(' :\larku\· ciJ<tÌll ttiJCOJT<'l<ttr•d witl1 ( 1 whose tr<tnsition tnatrix has diagonal 

e}ements ]J, q; /\ = fJ --t- fJ l. O( () ÌS a pol.VIllllilÌ<tJ Ìll t!J(• Jag uperator or order 1' with ali roots 

outside the unit cirde. (t ""i id .\'(0. a;) <lJJd ( t·tiS1_ 1 = l)= l -p with proha.bility p and -p with 

probability (l- p) and ( c1 jS1_ 1 =O)=-( l q) with proba.bility q and q witlt probability (l- q) 

Given an initial condition :r 0 an d estinJatPs or o0 , o. 1 aud .s 1• an estimate of the cyclical component 

of the series can be obtained n•cttrsiwly frorn ( 10)-( 1:2). Estirnates of rtu,a! aud Stare obtained 

using Hamilton's E}.l algorithm when o( C) is <l st>cond m·der polynmnial (11.:-\.MIL in the tables). 

2.1.7 One Dimensionai lndex Model 

The final procedurP in the statistir;d grot!p 1s nntltivariate and assun1Ps t!ta.t whiiP each series is 

trending, either dPtntninisticall~· or stoc!Jastically or hoth, sot!W linPar combination of them does 

not have trends (see e.g. Stock and Watson ( 1989)). The key assnmption is that in the low 

frequencies of the spectrurn tlier<' exists a onP ditllensional process (a secular component) which 

is common to ali series (see Qual1 an d Sargent ( !99~n for a two-index mode!). This process is 

chara.cterized by the property that it has ali its power al low frequc•ncies ami that away from zero 

it decays very fast. The mockl for the 11 x vec1.or y1 is given by (l) a.Hd 

A.:t 

.:1-1 + () + llt 

(13) 

( 14) 
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C t o(fJct-1 +(t 

9 

(15) 

where Zt is a scalar process. :\ is an 11 x l vPclor of loadings and :r· 1 is an n x l vector independent 

of c1• An estimatC' of :1: 1 is obtain<'d using a llll!ltivariat<' version of the procedure used for the UC 

model and c1 is obtainPd residuall,v fro111 (l) (:\11.\DEX in the tables). The vector y1 is composed 

in our case of GNP. C'onsu!llption. lnv<>strnent. l{eal \Y<1ge and Capitai. 

2.2 Economie Procedures 

2.2.1 A Model of Common Deterministic Trends 

King, Plosser and Hefwlo ( 19~.1.() presPnt a neoclassical mode! of capitai accmnulation with labor 

supply choices whNP ti1NP is detnministic la.bor augmenting technical progress. Their mode! 

implies that ali Pndog<'tiOits variabks l1a\'<' a <:OillltiOii dc'i<·riiiÌtlistic trend (the growth rate of lahor 

augmenting technical progress) <llld tll<ll fltic1ua1iot!S arottil<l 1hf' cOIIIIIIOtl linear trend are ali of a 

transitory nature. Each t ime s<>ries is t ltnPforP g<'tl<'ratPd by a I!IO<kl lik<' (l) where the secular and 

cyclical components are independ<'ill. wll('l"l' .1· 1 is (OtiliiiOII to ali sPrÌ<'s and given by 

·~"t = .ru +M ( 16) 

where {) is the growth rate of tPchuological pro?;ress. To construct a dcterministic trend which is 

common to all seri<'s I use data on Cf\P. C'onstllllption, fttvesl.nwnt. Ht>al \Vagc and Capitai and 

select x 0 to be an estimatC' of tiH' unconditional lll!'an of eaclt serics. The resulting estimate of {) is 

0.7%. This differs frolli the OIW of 1\ing;. Plosser and Hebelo ((U<;{.) lwcause they employ per-capita 

variables, do not use tlw capitai stock in thP ralcnlatiuns aud thcy emplo,Y a different sample (CDT 

in the tables ). 

2.2.2 A Model of Common Stochastic Trends 

King, Plosser, Stock aud Watson (l Wll) proposp a versiou of l\ ing. Plosser aud Rebelo's (1988) 

mode! where the long run propNties of thP Pndogeuous variables are driven by the same nonsta­

tionary technological shock. The coJTl'S)HllHiiug statistica! cmnnton trend representation, developed 

in Stock and \Vatson ( 19X:-\), ÌtllpliPs tltat ali t h<' ('JI(Iog<'ltOIIS variabks have a common trend. This 

approach produces. as a b,v-prod11ct. <l dC'con1position into sc'cular (nonstationary) and cyclical 

(stationary) COfll))()llé'llh which is tlw Jttllltivari<l1<' countcrpart of the method of lleveridge and 
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Nelson. Let Wt be an 71 x l vector or IÌlllP SPI"ÌPS, lllt = (l- ()yl with lllOVÌng average representation 
l 

Wt = 8 + C(C)f1 + B(C)::1 wht're n'C( l) = O. (t = (,''I t·, with u, ""' iid (O. l) and o: is a set of 

cointegrating vectors. Stock and \Vatson show that tll<' IIIO<lPI Ìlllplit's that: 

.rt = .Ilo+ .·1 r, = .IJo +M+('( l )(1 (lì) 

(18) 

where A is an n x 1.: vector. r1 = 11 + r 1_ 1 + IJt· IJt is a sc•ri;dly uncorrelated randorn noise, dirn( rt) = 
k ~n, Dj= - L:i~I+j C; and ( 1 =L~= l r,. Hathor than U•stin~ wh<>ther thcre is a cointegrating 

vector Zt. I estimate a \'<•ctor error cOIT<>ctinn IIJod<>l (VE< ').1) a11d IIS<' Oli<' lag of two cointegrating 

vectors (GNP/consllnlption. G.\'P/invPsllll<'llt) tu obt<JÌit t>slil!lalt's of h. C'(() and c1 . An estimate 

of the transitory COill]lOlt<'nt is o bi ai n ed by takin~ (· 1 = y1 - Yo- bt- C'( l )~:t· 

As in the Beverid~c'-:\t'lson decOJII]lOSition. estitllal<'s of .r, an d c1 difrc•r for different speciflcations 

of the VECf..rf mod<'l (bolli in l<'I'IIIS or t hP lltiiJIIH·r of Vill'iah[ps and la~ length ). llere I present the 

results obtained using data on G:\P. Co!ISIIIIIjltion. IIIVPslnJPIIL llo11rs. Heal \Vagc and Capitai and 

five lags for each variable (CO[.\' in t il<' tabks). 

2.2.3 The Blanchard and Quah Approach 

Bla.nchard a.nd Qual1 (l D:-\9) proposP a pmcPdiir<' to dPculnpos<' bi variate systems into trend and 

cycle which ha.s its ecmtouiic justifìcatio11 in a version of Fìscher·s ( 1977) mode] of staggering 

contracts. Their behavioral modd d<>lin•rs a repr<'sunta.tion for thc• bi variate vector X = (f::ly, u), 

where y represents GNP and 11 Illlemployllll'llL of the fon~~: 

ét ""'(0. f) (19) 

where the upper left entri es of A(() Slllll t o zno. i.P. n( l )I 1 = O. This implies that one shock has long 

run effects o n G N P a n d t h e o t IH•r do es no t. w !ti k• nPÌ ther h a.vc long ru n effects o n u. The implied 

trend-cycle decomposition satisfies the assumption that the two conlponcnts are uncorrelated and 

that the trend has uuit root. lik<' IH'havior. To l'l'rm·cr th<' lwhavioral mode! from an unrestricted 

VAR the following restrictions m11st be sa.tisfiPd: 

l.' t 

.. l) 

.. l (O )r r 

C', A( O) 

(20) 

(21) 
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where v1 are the innovations of tlrP unrestrictc'd V:\H repres('lllation of the data and Cj is the 

matrix of moving aw'r<I!?;P codficients fro111 t hP da t ;1. In practÌn'. the Blanchard and Quah de­

composition requires t hl' estirnation of an 1111 n'strictPd \'.\H an d t h e COlllpllt.ation of the structural 

coefficients and innovations using (20) and _,\ 1 = C 1 .-1(0) .. A11 estimate of the trend in GNP is 

Tt = Lj a1z(j)e2(t- j) an d <UI Psti11rate of t hP cyde is r1 = Yt- il. 
One a.ppea.ling katun' of tlris decomposition is th;il, it genNates an unrestrictcd perma.ment­

tra.nsitory decompositiorr for S('ries with rlnit. roots whicl1 overcornes the lack of economie inter-

preta.bility of decornpositions like UC or H;\. One inrportant drawback is that the properties of 

the cyclical compoiH'nt of (;;\P are se11sitin' lo hotlr the dirne11sion of the V:\H. to the varia.bles 

included and to the nurnbn of shocks irnpi11p,i11,!!; oJr t lr(' MI ual ecoiiOJtr.v (se<' e.g. Faust and Leeper 

(1993)). The results pn':'>l'nled l1n<' pNlaÌJI lo 1 Ire s;tJJI<' specificatio11 f'Inplo,ved by Bla.ncha.rd and 

Qua.h (1989) (BQ i11 the l<~hles). 

2.3 The Hodrick and Prescott's Filtet· 

The Hodrick an d P rPsco11 (l I P) ( 19~0) fi Il N lr as t w o j u sti fica t i C!ll s: o n e i 11 tu i t iv e an d o ne statistica!. 

In the Rea] Business Cycle (lUI(') literat lll'l' t Ire treud of a lÌ111e serics is not intrinsic to the 

data. but is a. repn'S<'IIliltioll of thP preferPIICPs of th<' re:-;earclrer and depends on the economie 

question being inV('sti~;llf'd (s('P ;-liso ~lar;-tvall ( 199:3)). ThP popul;nity of the HP filter among 

applied macroeconornisls rPsults frnJtl its lkxibilit,v to accontntodate tlwse needs since the implied 

trend line resembi<'S wltal a11 attalysl would dr<tW by li<-tlld tlirou~lt lite plot of the data (see e.g. 

Kydland a.nd Presco1t (l 990) ). 

The selection mechanisrn that: Pcononrtc tlr<'or.v imposes 011 the data vra the HP filter ca.n be 

justified using the st:atisticalliti'ralur<' 011 ctrn·p fittin~ (s<'(' P.g. \Yabha (IDRO)) 1
. In this fra.mework 

the HP filter optirnall.v f'Xtracls a trc'nd \\lticlt is stoclrastic hut IIIOV<'S srnoothly over time a.nd is 

uncorrela.ted with thP cyclical COIIIjlOII<'Ilt. The <-tssti!IIjltion that thP trend is srnooth is imposed 

by assuming that the stilli of squares of the s<'COIId difrerencPs of :c 1 is small. An estimate of the 

secular component is obtained b.v ruinitnizin~: 

T T 

rniy [2..::>f + /\ L((.rt+l- .et)- (.1:1- .c,_r))
2

] 

k<lt=l t=l t=1 

À>O (22) 

where T is the samph' srzP and /\ is a p<-trarnetn thal pcnaliz<'s t.lrP varia.bility of trend. As À 

1 Harvey and Jaeger ( l'l'J:l) off'er <lll tltiObscrvable co!ltportent iutcrpreta.tion of tltis filter. 
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increases, the penalty Ìlllposed for l<ll')?;<' flllctnations 111 tlte spcular con1ponent increases and the 

172 
path for Xt becomes stnoothPr. In this l·onlext. th(' .. optirnal" value of À is À = ;;t. where O'x and 

. c 

O'c are the standarcl deviations of t}l(' intto\'ations in tlll' trPtld and in the cycle. 

Users of the IIP fìlter se!Pct /\ a-priori t o isola t.<' tllose cyclical flue t uatious wltich belong to 

the specific frequency band the r<'searclt('r wants to investigate. With quarterly data, À = 1600 is 

typically chosen whicll resnlts in a filter that leaves in the data c.vcles of average duration of 4-6 

years. vVhiJe tltis approach is trl<'<lllill)?;flll l'ro111 tbc point ol' viPw of a business cycJe resea.rcher, the 

assurned ma.gnitud<' of À is dPbat a biP . .\'elsou an d Plosser ( 1982) estirnated /\ to be in the range 

[~,l] for most of t.he serics tlll',\' exalltine. l!ar\'f',V and .Jeager find valu<'s in the range [1,8]. This 

implies that nmch of llt(' V<triahility 1 hai 1 ile Iludrick an d Prescot.t filter attributes to the cyclical 

component is, in t'art, part of tl1e ln'llll. To irtwstigatP this possibilit,v l experirnent with two 

values of /\: a standard Oli(' (Il P]()()() in t. h t' tabl('s) an cl one obtaiiH'CÌ b,v assuming tha.t the relative 

standard deviation of tlte innuv<tl iu11s in tltt' roi!lJlUll('lil:-; is 2 (Il P l in t hP tablcs). Results obtained 

when À is estimatPcl b.v IllaxÌililllll likc'lihuud <ti'<' intPI'liledial<' betwPen tlt('S<' two a11d not reported. 

In practical tC'I'lllS t.lte pron'diii'P ÌII\'OJ\·ps tlll' solution or a s.vstern or T linear sirnultaneous 

equations in T unktiO\\'IIS. oftlt(' l'ur1n .1:1· = iJ wh('l'C' .r = [.r 1,.r 2 ••·• •. r·r]' and y = [Yt,Yz,···,yTJ' 

and A is a sparse mat.rix. :\n pstirnatp of tiH' cn·Jical compouet1l is obtained from (1). 

Some of the properties of t hP II P filtc'r when T- x aud tlie penalty function is two-sided ha.ve 

bee n highlighted by Cogley a 11 d .\' a:->on ( l DD l) an cl l~ i ng an cl Rebelo ( l 99:3). Some of the si mi lari ti es 

between tlte HP procedun' and seaso1I<tl <Hijustlll<'ll1 pro('(~dures and some of tbc drawba.cks of the 

approach are disctlSS('d by \lar<t\·all ( l!l~J:n. Th(' rld<ttionsltips IH'!W('<'Il the HP a11d exponential 

smoothing (ES) filters bave be<'tl investig;t\('d by l~ing <tncl il('belo ( l!)CJ:q. 

2.4 A Word of Caution 

Before proceeding witl1 t hP analy:-;is il is llsdtil to stn'ss tltree ÌlllJlOI'tant facts wltich rna.y ma.ke the 

approaches not exactl,v comp;uab!C>. First. tlie inl'onnation used to compute the trend of the series 

differs across detrending rnetliods. W h ile rnost procedures er11plo,v inforll!a.tion up to the end of the 

sample, FOD. UC and IL\:..IIL onl.v use the infonnatior1 available at l- .c; to compute the trend 

for t- s + l. This ma.v geHPratl' a rnon' itnprerise <'stirnatP of t lw 1 rPnd ami. as a. consequence, 

produce cyclical component.s whiclt arP tliOI'P Prratir tltan tltos<' obtained with other methods. 

As a consequence. most nwt.hods daU' peaks ami throHghs ltaving a.vailahle da.ta for the entire 
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time span, w h ile others ··cali thent out as they go ... S<>cotid, while rnost methods use maximum 

likelihood procedures to ('slirnatP the pararneters. others IIS(' only approximatc maximum likelihood 

techniques and with tiirec procedures (FOD.IIP ami FHEQ) 110 param<>ter is estimatcd from the 

data. Because the sample size is relativcly short. this may induce srnall samplc differcnccs in the 

estimates of the c,yclical components. Th('Se diffen'nn's should be kept in rnind when comparing 

turning point dates and the a1nplitude propcrtÌ('S of' tl1c c'stiuia1Ps of' the cyclical component across 

detrending methods. Tliir(L bccaitSP the tlC rnodel asslllli<'S th(' prcsencc of both an irregular and 

a cydical componcnt. care should IH' <'X('t-cised in cottiparing thc path propertics of c1 (and the 

record of turning poi n t classificatiou) oht aÌII('d wit.l1 lì(' and otll('l' tli<'lliods sin ce the UC cyclical 

component is likely to be llllH:h srnootli('I' tblti others. 

3 The Data, the Dating Rules and Summary Statistics 

3.1 The Data 

The data used in t he PX('lTÌS(' i;; t;dwn frulli tli(' Citi base Tape. Th,, rcsults referto the logarithm 

of seasonally adjustPd quarterly l'S sPries for thi' jl('riod ID0::d-19DO.l. For all univariate proce­

dures we use rea! gross 11ation;d prod1tcl in !CJ.'~2 dollars (Cit.ibase nallt<': G:\'P82). For rnultivariate 

procedures we a.dd to G?\P cousurnpt.iou ('Xpcndittll'(' b~· don1Pstic rPsidents on nondurables and 

services (Citihase uau1Ps: GSC'82+GC';\82). fixed investtiiPitt iu plants and equipmcnt plus con­

sumer durables (Citibase uant<>s: CI:\'PD8"2+CCD82), tot.<d 11111111wr of hours of la.bor input as 

reported by establishment SIHVP.V data (Citibas(' tl<llliP: LP:\IIIU). rea! wage constructed as the 

ratio of nomina] total coniJH'IIsation of nonagricult11ral en1plo.vees and the CPI (Citibase names: 

GCOMP/PUNEW) and <l capitai ;;tork series ronstructed using the 11('1 capita.! stock for 19.54, the 

quarterly series for invt'strneut <lnd a <kpreria.tiou rate of 2.0% per quarter. For the IJQ decompo­

sition I use, in additiou to GSP, thc seasonally adj1tsted lltlCtllployntent rate for males, age 20 and 

over, as reported by the lJS Bureau of Labor Statistics (Table .:\-:~9). 

3.2 Determining the Reference Cycle 

The first step in examini11g thP properties of tlie c.vcle is to ddinPate periods of economie expansions 

and contractions .. \ccordinp; to :'\BEH practices as set out b.v Burns and !vlitchcll (1943), this is 

typically dane by cxarnining t !t(' IH'II<tvior an d t he COIIIO\"('rti('ttts ol' a variety of series, many ofwhich 

are not perfectly in phase, aud constructing an ind('X of cyrliral rnovPnwnts (thc refcrence cycle). 
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From this inforrnation a set of rPf<•n•ttc!' dates. which specif.v turning points in aggregate economie 

activity, are se!Pctc•d and husiuess cycle phases are antotnalically constructed. This process has the 

drawback of being tintP consunting; and involving; a considerahle <Uttottllt of subjective judgement 

in selecting refer<'liC<' dat<•s. 

In this paper I depart front the standard Bu rus an d \litrhcll approach in severa! ways. First, 

as in Simkins ( 199-1) a nel 1\iug aud PlossPr ( 1991 ). instr•ad of constructing an index of cyclical 

fluctuations, I USP tltP r,vclical contpott<'llt of rea! C::\ P <ts a sitnple ttteas11re of the reference cycle. 

Although it has h('<'ll suggPst<•d that using lite cyclic;tl cutttponPttt ofGNP to proxy for the reference 

cycle fa.ils to captllr<' cerlaiu cout r<tctious (sP<' <'.g. Zaruo\\'i1z aud :-Ioore ( 1991 )). our choice has the 

advantage of elimiuat iug judgtttPttl ;ti asp<•ct s pn's<'ttt iu t h<• s1 <lltdard procPdure an d of heing easily 

reproducible. I11 addition. h<•cattsP a i<1rge lltlttthN of ecottotnic variahks appear to be procyclical 

and coincident with C:\P. thi:; choic<' of n•f<•r<'ltC<' c_n·le :;hould onl.v ntiuorly distort the dating of 

turning points even lltotq~lt t ltP <t ili plit.ud<' clt<lrac1 Prist ics of' t l t<' cvck <111d t !te sPverity of contractions 

may be misrepres<•ntPd. Finali_\·. tlt<' l'o11r tttltltivariate prou•clurPs do tts<' tlte information contained 

in severa.! additional series. Tlt1•n•fon•. IJ.v contparing tlte da.ting rPcorcl obtained with univariate 

and multivariatC' tltelltods \\'1' c;ttl clt<•ck wltl'llter t hP itd'ortttaliott contaiu<'d in GNP is sufficient to 

accurately characll'rizP lttrtting point.s artd desrribe tlt(• propNties of tltl' n•fprence cycle. 

Second, as malt,V it;tve dotti' itt tlti:; literat un•. l ll:i<' tJI!'Cit<lttiral ruks lo select. the reference cycle 

turning points. llmwvl'l'. rontrary to c.g. Sintkins (1991) or 1\ing ancl Plosser (199•1), which use 

variants of the Br,v an d llo:;citl'll ( 1911) alguritlttit. l use two ,.;intple <lltd corutnonly used rules to 

date turning poinls. Tlte fir:;t classificaliott ru!P I use is very stanclard (seP e.g. Wecker (1979) 

or Zellner and Hong (1991)). lt dditt<':i a lruuglt as a situa1io11 wltPr<' lwo declines in the cyclical 

component of GI\P <tre followPd b.v an incrPase. i.e .. al tinte t. Ct+I > r: 1 < c1_ 1 < c1_z. Similarly, 

a peak is defìned as a :;ituation wltl'r<' lwo cottS!'Cittiv<' innea:;p:; in tlte c,vclical component of GNP 

are followed by a. decline. i.e. al tinte l. 1· 1+ 1 < c1 > c1_ 1 > c1_ 2 • Th1• second classification rule is 

less standa.rd but it has SOllll' appealing f'patlt!T:i (sPe P.g. \\'piJIJ ( 1991 )). lt selects quarter t as a 

trough (peak) if there ltave lwen at l<•a:;l lwo cotts<'Citt.ive negativi' (positive) spells in the cyclical 

component of Gl'\ P ovPr a t.hn•P quarter JH'riod. i.e. wlten c1 < ( > )0 an d c1_ 1 < (>)O or when 

ct+l < (>)0 and c1 < (>)0. 

The first classifiratiott rlliP l'lttplt;lsÌz<':i prittl<lrily tltP dmatiott rltar<lclPristics of the cycle (no 

mention ofseverit.v is lltade) and tlt1•rdorP tna.v pirk 11p tnild rontractiotts and rnild recoveries, while 
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this is not necessa.rily tl1e case with thc ~(·coli d ruk. O n t Il(' othcr han d. a Iso the second classification 

ma.y suffer from a.mplitudP misspccificatio11~ if tll(•n• are Illllllipk sequc11tial peaks (and troughs) in 

the reference cycle (for au exaiiiplc of this typl' ~<'(' li?,tlre l). In generai. thc first rule may signa! 

the presence of a turning point earliPr tli<III thP sc•cond one. Tl1erefore the two rules balance thc 

scope for an ea.rly !'('cognition of t hl' piH'IIOIIIC!la ( a.l the cost of possihle fa.! se alarrns) vs. its more 

accurate description (at th(• rost of a latPr discovPry). ,\Iso. it is important to emphasize that we 

make no adjustments for situa t ion~ wl IN<' t hl' rPf<'r<'IICP cyclP rnay rP<tcll a plateau a.round a turning 

poi n t. 

One reason for usÌH?, thPsP two r11ks instPad of othNs is tl1at sPVPral authors (\Vecker (1979), 

vVebb (1991)) have sl1owll t ha t whr•n t hP.v are a.pplied to <1 standardl~· constructed (leve!) reference 

cycle they generate tumin)!; points wl1ich lli<Ilch NBF~H ch·ilc•s. TIH•n• are variants and combinations 

of these two ruks wl1ich ra11 IHI11n• 1 he freqttl'IIC.\" of 111Ìssi11g si.u,llals <\lld discount false alarms 

(see e.g. Hyma!ls ( 197:n or Zarn01vit1. <111d \loure ( 1991 )) and onr• can design sequential dating 

procedures (as in Zamowitt. and \[oorc• ( 1\J,'tn). or ruks l'X<IIIIinillg t.he path propcrties of the 

reference cycle ovcr lon.u,<'r spans of 1 i Ili<' ( s<'<' c•.g. \[c.'\ccs ( 1991) or Stock an d \Vatson ( 1990)) an d 

ad d to the mecha.nical n•co?,Iti1 ÌCJII of lite• l'Xl r<'JII('S of t h e c_vcle 1 h e fie xi bility of cx-post adjustrnents 

to improve the ovNall datiitg rr•cord (sPe i{oJII('I' ( 19!ll)). llmvpver. we restrict attention to these 

two because they <H<' sin1pl(•, <'<~~il.v n•pruducihlc• and providP a usefnl bench1nark to compare the 

properties of the variotJs rt>f<'rc'IIC<' cycles. These 1 \\'0 rules an• a !so pn•fr.rahle to the Bry an d Boschen 

algorithm for our purposcs hecalls<• tl1<' la11Pr is sufficicntl_v coniplicatc•d to render the comparison 

across detrending methods less tra11sparent. !11 addit.ion. siiiCl' tltc' Br.v-Bosche11 algorithm computes 

turning point dates by cletn'nding the data with a serics of ~L\ filtcrs. it appears inappropriate to 

apply it in its originai forni to detrC'nded data. 

As a term of referPIICC' in our exercisPs WP usP tlw clat:ing report<•d by thP C'enter for International 

Business Cycle Research for the :\BEH (\'IlEI{) and by the DeparlnH'Il1 ofCommerce (DOC) (both 

of which are taken from .\'ieinNa ( l~Nl )). Thc• procedure the :\BEH employs to construct growth 

cycles is complicated and involws th<> calcul;ltion of the trend of a vector of series by piecewise 

smooth interpolation of segments of a series obtai11ed by filtering the originai data with long term 

moving averages (see Zarnowit.t. (!~Ella)). ThP DOC rdC'rencr• growth cycle. on the other hand, 

is constructed by detrPitding t ltc rdPrc•Itu• i11dex ttsi11g a11 <'XJHlliCIItial sntoothing method (Higgins 

and Poole procedure. sl'P .'\i('llt<'nt ( JlFJI )). In bot.lt cases. tur11iu.u, poiuts and cycle phases are 
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identified USÌng a lt~ÌX(III'<' of ltlPCitallÌCCl] l'llks and sulJjr>cfÌVC Ìlli.IIÌ(ÌOII. 

3.3 Summary Statistics 

To analyze the statistica! featun•s of t he rder('IIC<' c.vclP <tlld how ~<'llcrated co11tractions and expan­

sions match up \VÌtlt standardl,v rcpurtt•d businPss cyclt• pliétses. l rolnpilt> a number of statistics. 

To evaluate the datiu~ record of a procedure it is quitP cullltnon to usP si1nple summary statistics 

ofthe differences (in quarters) bet\VC'Pil the signa! amltlt<' NBEH or DOC turning point. llecausc 

such an approach wastes usdul infor111ation. I Clll(lloy a difl"ercnt Sllllllllary statistic based on the 

timing of the cvcnt. l rank t,ll(' sigi1al as false ifa :\BI·: H or a !)()(' ltnning point does not appear 

WÌthÌll a± a ([Uéll'lCI" intervaJ ili"UIIIld til<' St']PC!Pd da lP éllld lllÌSSÌilg if 110 signa] appears WÌthin a± 

3 qua.rter interval around t hP actual Slll-:H or l)()(' turning pui111. Tlte proportion of false alarms 

a.nd illÌSSÌllg signa]s to the tot;il n1111JiH'I" uf (llrliÌilg points gives <Ili idt>a of !Jow each dctrcnding 

procedure tradPs orr liti' two typps uf lossPS. For 1 hw;p 1lll'llillg points which are corrcctly identi-

fiecl, I also rPcord tlte pruportion of c;l.'i<'S \\"hen' th<' sPI<•ctr>d date is kading. coincidcnt or lagging 

the corresponding :\111-:H or l)()(' date. This iid"onllatiou 111av :-;ugf!pst whPthcr some detrcnding 

method genera.tes a systematic hias in n•cog11izing standardly cl<lssifi<•d tllrllillg points with one of 

the two rules. 

Together witlt t]l(' dati1tg rPcord of tnrning points l also prPsPitt fivP st.atistics Sllmma.rizing the 

statistica! properties of paclt r<>~'<>r<'IIC<' cv ciP: tlt<' <t\"Pr<tg<> <-tlliplit ud<' of cont.ractions, the maximum 

amplitucle and tlw date al. wltich it orcurs. tltt' <tV<'ragt' duration uf <'Xpansions and contractions 

(trough-to-peak (TP) ami peak-to-lrc)llgh ( PT) half-cycks) and t li<' percentag;e of times the econ­

omy is expanding. \\"hil<' it is lypical to llll'asure tllf' sPwrity of r<'n'ssions using the distance 

between the peak and tl1e trouglt of tl1<> c.\·ciP. l d<'finl' severit.\· usi11g tl1e distance of the troughs 

from the trenclline. an approaclt whiclt is lltOr<' co11sistent wit.l1 thP growth-cycle approa.ch adopted 

in the paper. This Itl<'aslln' of llit' sev<>rit..v is ckarly irnperfect. but gives a rough idea of how the 

different detrellding 111<'1 hods pict ur<' contractions wit:h Pach of the two dati Hg rules. The percentage 

of times the econollt.v is in an <'xpausion. on tlte other h<tnd. is <t usdul statistic to gauge whether 

the reference cycle g<'ll('ratPd b.v Pacl1 d<'ln'llding lll<'tliod and each rul<' is symrnetric or not (see 

e.g. Klein and 1vloore ( 19~0)) 2 • 

2As an alternative, it would be iustructi\·c tu conlplllc. l'or c<tclt mcthod and cach chtting rtde, the ratio between 
the percentage of dates t h c cconomy is a buvc· t h c t ITll d ;llJd bcluw thc t rc11d. ;\l t houg,h t h c a.bsolu te magnitude of the 
numbers differ from t h e o ne report ed, t h c rcLtt iv c r<lll ki ng a cross dd re11di n,g rnct ltods an d dati ng rules is unaltered 
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To examine whetlt('f' t l H' l'C' is a U'udeucy for coutractious an d expausions to terminate the longer 

they have lastNI.. a qu('stion n'n'ntly investig;ated using .\'BEH dates by Diebold and Rudebush 

(1990) and (1992) .. I also colltptttPd a nonparantPtric l.<'st lòr dtiration dependence ofeach business 

cycle phase.. This l.<'st fonnally ex;unines wlwt.lter co!tf.ractions or expansions have a recurrent 

and stable (periodic) structure with any detrending; nwthod or dating rule, a feature which would 

facilitate the prcdiction of tuming points. TIH' test. dé'\·eloped by Stephens ( 1978), is exact cven 

for samples of thn'l' dur<tlions and incorpora t es tltl' idc'a t !tal tll('l'l' is a IllÌIIÌIIllllll duratimi of each 

phase. In our casP t he lltÌliÌllllllll duration 1 is two quartPrs for each pha.se. This selcction is 

based on the crilt>ria 11sed by .\'BEH rPS('arclwrs in dating cuutrllctious lllld expausiorts aud on the 

characteristics of the two dliiÌltg rtiles WC' <'lrrpluy. Thl' n'strlts we report.. however .. are not too 

sensitive to the choicl' of this par<lllll'l<'r withiu li reasonable rangl'. Tltl' sta.tistic used to test for 

duration dependence is giw'n by: 

(L,~ t -:;-l )2 

IV( tu=~,)= \' \' (2:3) 
\'[ \' ""' l . •) '\'· . )2] . (. +l l* L~ ... ;=t\:, -~l-- (L..,=t :, - ì 

where z; is thl' i-tlt orderc>d dnnttion for c>aclr detrcndi1tg jHOn'dllrt' a.nd each da.ting rule. The 

f;V(t 0 = rl statistic for .\' dur<ttÌ<JIIS ltas an PXctct SI!Ictll sallrpk distrib11tion which can be recovered 

from Sha.piro ami Wilks'( !9/:Z) tal>ks using; t hl' !in<' cotT<'sponding to .\'+l dura.tions. 

Finally, to study whetlH'r tlt<'rl' is <tll.v syst<'llt<tfic rt'lationsltip lwt\\'P('ll tlte severity of contrac­

tions and either their duratiotr or th<' dl!r<tfiort of full pcak-to-peak cycks .. l computed Spearman's 

rank correlation codficient bet\\<'<'lt tltl' anrplitll(l<' of co!tlr;Jctiolts and t !te lwo t.ypes of cycles and 

tested if they are diff'Pr<'trl. llu rtts <lttd ~li t clrf'll (l~~ t:l) <lttd ~loon' (!l);),'\) suggested that .. because of 

the Wa.y fCCCSSÌOIIS Sjll'P<td Ìll t ft(' t'COI!Olll\'. fliP iiSSUCÌ<tlÌOII iJP\\H'<'II !ltf' S('\'('l'Ìty or the COHtractiOilS 

and pea.k to peak cyrl<'s slronld IH' st rongc'r t lr<lll t hr' llssociatiott bPtWcPn the severity and the du­

ration of contractions. 1\ttowing t lr<' sPn'rity uf a coutractiott is tllf'r<'fon' considered an important 

ingredient to predì et how long i t would t akP t liC' ('COIIOillY to rea eh another pea.k leve!. Also, as 

emphasized by Romer ( 19!H) .. tlre associatio11 h<'twc'<'II the sPvcrit..v and the duration of contrae-

tions may indicate how rapidly t he dkcts of a coni raction <Hl' 1111done. thPrebyP providing a rough 

measure of the [)Pl'SÌSf.l'IICC' or f Jtis lJIISÌIIC'SS c_vcl(' pltasc. 

by this alternative proccdnrc. 
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4 The results 

The results of the ÌllVPstigatioll appr•ar in tal>ks l and 2. Tabk l. Pane! :\ reports, for each de­

trending method. the lllltlliH'r of tro11ghs (collllllll l) and of peaks (column l) found, the percentage 

of false alarms and tnissing signals for troughs (colttlllils 2-:3) and for peaks (columns 8-9) and for 

correct signals if tiJPV <H<' kading. coillcÌdl'llt or lagging tl1e :\BEl~ classification (columns 4-G and 

10-12) for each of tl1r' two dating ruks. Pane! H of th(' table reports the same information when 

the DOC classif1cation is usPd as a IPrlll of cmnparison. 

Table 2 presr'llls. for r'<H:h dr•tn'IJding tnethod. th<' a1·r•ragP sPvnit.\· of contractions and its 

standard deviati o n ( colut1111 l). t hP III<txi tlllllll ;ttll pii t 11de of t hP contr<tct Ìtl!IS an d the date at which 

it occurs (columns L-:~). tll(' per-cr'lll<Jge of IÌJIIC's the r•collOIII.\' is in an expansion phase over the 

sample period (coltlltltl l). tl1r' al'l'rag;r' d11ration ()f etllllractiulls a11d PXJl<IIlsions <111d their standard 

deviations (colunii!S :) <111(1 1). ti!(' ,.<tlur's ol.thr' ~tepiir'n .. s test l'or d11ration dPpendence (columns 6 

and 8), the rank correlation cucfficir'llt l>et11·een t lie illllplìtudP of coni r<tcl ions all(l the duration of 

full peak to peak cycks and bP\\\('('11 1l1r' <1111plìtudP ;ttid thP rlur<t1ÌotJ of contract.ions (columns 9 

and 10) for each of the two dating rules. 

4.1 Dating Tut·ning Points 

The main featurr's of tab!P l <tn' the setJsitil·ity of tnrning poitil classification to dctrending and 

dating rules aud. t o su111P ex leni. t hP dcpelldr'IIC(' uf t IH' n•sttlts un tiJ(' rdnence dating employed. 

The lack of robust l!Pss in the charart.NiZC~tiotJ nf t lll' <'Xlrr'tll<'s of t h<> rderl'nn' cyclc appears in 

severa! aspects of thr• tabiP. First. in agrPPtlletrt witl1 :-IcSees (ID~)!) and Zamowitz and Moore 

(1991), the numlwr of cottlplete c.vcles identifìerl depends on t!JC' detreudìng rnr~thods ancl the dating 

rule. \Vith thc lìrst rnk. ali l!lethorls sr•lect at lr•ast S peaks aud S trouglts (with a maximum of 

11), while \VÌth tll(' sr•coud rulr• the r<lll)!;P of ext rPmes irlentified b.1· t hP various dctrending methods 

is much larger (lwtwl'r'lt L at1d [.') p(•aks and L a11d !(i trougl1s). 

Second, the pern•ntag;t' of fabP ;-dartlls varir'.~ snbstantiall.v witli t hP det.rending method and the 

dating rule. For trotlghs. thP JlPl'C('l!tag;p or f<tlse alartliS Ìs bdWPPll 2;') and 90l)( with the ftrst dating 

rule and O and 80% with the sl'cond whet1 t he :\li EH classificatìon is used and hetween 37..5 and 

87.5% with the first dating rulc <tnrl () <Jnd l:l% witl1 thl' Sl'cond when the DOC classif1cation is 

used. For peaks tiH• hl'terogettr'Ìt.v is Pn'll Jnore r•\·idcnt. Wlwn Wl' 11se the NBEH classiftcation as 
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a reference thc [>Cf'C('!ilage or ralsP alartiiS is l)('l\\'('('11 TI.:) alld .'l~.~% witlt tlte fìrst dating rule and 

O and 100% with tltc serolld datili?; r11!C'. WhPll W<' ttse tltc DO(' classifica.tion as a reference the 

percentage of false alarms is bet\H'('tt "20 ali d ll.ì(X witlt thf' first dating r11le and O and 100% with 

the second dating rule. 

Third, the pcrccllt age or llllSSÌII?; SÌ?;llals dPpPnds Oli tltP detrending mcthod and differs sig­

nificantly between trottglts alld peaks. For ('Xatllple. wltc'll tltc NBEH classifìcation is used as a 

benchrnark the l"<lllgP or lliÌSSÌllg fl"Ollghs ÌS IJP!WC'('ll (.J:2 <tlld :-\0.ì1r Wltil f>oth dating ru!es, whiJe 

the range of missing jH'aks is bet\\"('<'ll l 1."2 alld .S:L !Vt" with tltP first r11lP an d betwccn O and 100% 

with the second Oli<'. lrtt<'n'stitt~h·· tltPn' an' two :'\ll[H troughs (GI.-l all(l ì."iJ) and onc DOC 

trough (ì-5,2) whiclt an' tttissPd by prartirally ;di llt<'tltods. :'\ote tltat tlte !01.') recession was a 

multiple dips r<'n'ssiott Ì11 wltirlt t !te' gmwtlt rate uf out put was positivP during two quarters so 

that both da.ting ruiPs fi11d it diffirttlt lo appmprÌ<~ll'l.v ickntify tlt<' trough date. Noticc a.lso tha.t, 

generally speaking. ali tttctl10ds MI' wurse ufl" i11 dating peaks tlt<ltl tltrouglts witlt tlte second rule. 

This rnay be due to th<' farl tlt<ll JH'aks <ljlj)('<lr IIIOn' <~s platc<Jtt tllatl sh<~rp edges and the second 

rule finds it difficult to ckarly pick a turning datP in this situation. 

rourth, for tltOSC' lllrtlÌIIg JlOÌills \VIIÌC!i al"<' id('lltÌfied WÌtliÌII t li<' citoSPll COllfÌdCIICC intervaJ, there 

are differences across dPtrending liiPt huds. types of t.uming point.s and. lo some cxtent, benchrna.rk 

classiftcation. In g<'IINal. wll<'ll :\Il EH lwnchllta.rk is used ma n _v detrending methods generate 

troughs which lead or coiuridP and pPaks wltich l<'ad th<' stalldard classification regardless of the 

dating rule employ('d. Th<' exreptiotls <lr<' IIQ alld IL'\ dP1r<'Itding which produce refercnce cycles 

whose turning poÌHts la~ :'\III·:H d<tll's hutl1 fur jH'<-tks and trougl1s. Wltl'lt DOC reference is used, 

the results are morc' hc•t.progcll<'OIIS. \\'itlt tl1c' first datillg ruk ali detrending rnethods produce 

troughs which lead or coillcid<' wit l1 f)()(' t ruugl1s w h ile with ti t<' SPCO!Id da.ting rule trough dates 

generally lead DOC troll)?;hs. O n ti1P otl1c'r liattd. t h<' rcportr'd JH'ak dat.cs generally lag sta.ndard 

DOC dates with tlH' fir:-;t dati11g rul('. btil !Pad witlt the :-;ccond. _-\Iso with this classificatior1, both 

the BQ a.nd BN melhods prod11rc' t1trni11g points which l<'Hd to lag lw11rhtnark dates. 

Furthermore. llJIÌVarial<' proct'dllr<':i gPn<'ratp truugh dates which anticipate henchmark trough 

dates in severa) Ìllsta!lrcs. wltiiP tllllltivariat<> procPdun;s selPct trough dates which, in generai, co­

incide with benchmark datcs wh<'II tl1P first dati11g rul<' is used. This ltet<'rogeneity is less evident 

with the second dating ruk' b111 this tll<t.\" lw diH' lo tltr• fact tl1<ll ti1P tllttnber of correctly recognized 

turning points is t_vpicall.v smalln. OV<'rall. with the second dati11g rul<' ali detrending rnethods 
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generate turning point diitPs wltirl1 kad by abo111 l-:2 quartPrs. regardlcss of tlte benchmark clas­

sification used. On avPragC' and n•gard!Pss of the dating ruiP <'lliJlloy<'<l. each method appears to 

produce smaller discrepancies n•lative to t h<' DO(' referciiCC' classification. 

Fifth, although rnultivariat<' del rending prucedures Clliploy IIIOH' information to construct the 

reference cycle tha11 uuivariate onPs. th<'.v do not provid<' a necessarily superior picture in dating 

business cycle phases. !tt particular. tltes<' 1nethods produn' rei'Pr<'lln' cycles whose turning points 

do not match NBER or DOC datr•s and for thrr'<' oul of the four rktr<'nding methods, the dating 

performance is definitiwi.Y infNior rPiative to th<' otll' of uuivariatP procedures with at lea.st one 

dating rule. \VI1ik the n•I<'V<tiiCP of t his fit1ding ckarly depr•nds on tlt<' variables included in the 

econometrician's infoi'IIICltioll sPI and difl"r'r<'IJI inf'ormation sets lll<l,V givP different conclusions, the 

results suggest that tlt<' loss of' inf'nrlllatioll incurred in const r1rcti1Jg rr•fr'n'lln' cycl<'s using real GNP 

alone may be small. 

In conclusiou. t !te da t ing of t 11 r11 ing poi nts <tpp<'<trs t o be sensi t in• !o t h c choice of dctrending. 

Differences emerg;<' in t itf' datf',.; ,.;f'lr'ctr•d. in t lw IIIIIJihl'r of cvcJP,.; discon•n•d and in the number of 

false alarrns and 111issing; sig;11<tls t il<'.\' gell('l'<ttP. 

4.2 The Statistical Proped.ies of Reference Cycles 

Next we study tlie statistica] prop(•rtiPs ufg('ll<'l"atr•d rder<'llCP cycles. In particular, I am interested 

in the amplitude charact.eristics of COlli ractions <tnd in th<' duration and persistence of various 

business cycle phasPs. as these arP ti1P statistics t.vpicall.v <'111ploycd in the litera.ture to summarize 

the properties of referenc<' c.vrlcs. 

4.2.1 Amplitudes 

Amplitude measurPs display signific<llll diff'pr('ll<'<'s a.cross dPtr<'IHiing methods and dating rules. 

With the first rule the larg<•st <tVPrag;P a1nplitude is -G.O% which is obtained \Vith llQ, while the 

others range from -0.1% obtained witl1 ?\ILT 1o -2.·1/(' ohtaiued with ?\IINDEX. For two methods 

(UC and SEGl'vf) tlte awrag<' a111plitnde of coutrac1ions is positiv<'. i.e. on a.vcrage, contractions 

were mere slowdown,.; uf PCOIIOIIIic acti\·ity whicl1 dici not involve nossing below the trend of the 

real GNP serics. \Vi t h the ,.;econd ruk t. h<' <lVPragP ampli t 11dc of coutractions is. in general, smaller. 

The maximurn valuP is -2.:)/(' obtain<'d. oun• ag;<~iu, with BQ. wl1ile the othcrs range from -0.1% 

obtained with UC to -l. l/('. obtained with FOD filter. 
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Additional infor!lla.tion 011 tlie <1111plillid(' or t Ire J"('SI!It ing cyc!Ps cari IH' obtained by examining 

the timing and tlre sevcrity of tlie 11·orsr co11tractiorr. Wirlr tlie first dating rule. tlic sevcrity of the 

worst contraction varies subs!antially wit lr tlie dPtn•uding nrethod. ranging frorn -0.4% with UC to 

-11.3% with BQ, witlr IIIOst of th0 ot lr<'r lll<'ll10ds produci11g a drop of approximately 11.0-.5.0% below 

the trend line. Out of the J:~ dPin'JI(Iillg proc<•dures. ;j pickPd 19.'\2.-1 as tlie worst time and one 

1982,1, while the n•nrai11i11g l lll<'llrods s<'i<•ct('(l dates fro111 19.)1 to 1%0. illterestillgly enough, no 

method except UC s<"lected a date i11 thc rniddl<' ol'th<' 1910's a.~ !h<' worst. tirne in thc sample. Once 

again, there is muc!t 11101'<' hornogeuPit.v i11 the n•srdls \\'Ìt lr t lrf' second rule: the range far amplitude 

ofthe worst contractiorr is bet\1<'<'11 -0.:2(/. witlr l'(' <-tlld -G.IVt witlr BQ. with rnost other methods 

producing a maxillllllll f;dl of l . .i-:2.0\ft hPim1· th!' tr<'lld lin<'. This lrornoge11eit.v however is more 

the result of tlH' poor dating r<'cord uf rna11y pmcedtrrc's ratll('r tlia11 an intrinsic sirnilarity of the 

reference cycles g<'IINatPd II'Ìtlr this datirtg rule. This irrrpn•ssiorr is confirllif'd by tlre ronsidcrable 

variety of dates pid.:Pd by <'aclr nrctlrod ""t lr<' wurst colltractioll dal<'. Four llletlrods selected dates 

between 19.57 allei !9.)S a11d t wo pid.:r•d l <J,-.;().:2. but l'or t Ire l'f'S1 t lrerf' appears to be little congruence. 

Finally, note that LT se!Pctf'd 19/.'i.l as t lr<' worst n'cP;,sÌoll and a t t bis d<tl<' tlre cyclical component 

of GNP was a.bout 2 . .')\ì{ below t lrP trend. 

4.2.2 Durations 

The average duration of !'xpa11sio11s is 11ut sensitive to detre11di11g wh<'ll the first rule is used: the 

range is betwccn G.G a11d l 0.1 quarters ( witlr a standard de\·iatioll uf about .') quarters) an d, except 

marginally for BQ, tlr<'re is 110 <•vidc•rrrc' nf duratio11 depPI!denn' for tlris plrase. That is, thcre is 

no evidence that expallsÌol!s lf'lld to tPrrliÌilat!' t.lr(• lo11ger tlrPy Ira\'(' lastcd. ,\ somewhat different 

picture emerges wh!'ll \l'P look a t colli ract io11 c.vci<'S. [n t lris casP t h<• ra11ge of averagc durations is 

slightly larger varyi11g frcm1 :u.; lo 9.:2.') qu<trtc•rs but for l ottt of! Ire l:~ llt<'thods. the null hypothesis 

of no duration depend('IIC<' of contr;rctions is rejected. However. t bere sf'<'IIls to be no relationship 

between the average dura t iott of co111 ractio11s a11d tbc rejection of tiH' hypothesis of no duration 

dependence. Therefore. in agn'<'lll<'llt with l)jpiJold and !{ud<'bush ( 1990). thc prediction of peak 

dates is problewatic. given th<• lrighly irregular nat.un• of expa11sioll phases. but it appears to be 

easier to predict trough dates. This is generall.v t rue r<'gardless of thP detre11ding method. 

The averagc durati01r of expa11sio11s !'XCPeds t hP avcrag0 duration of contra.ctions forali reference 

cycles except those g<'ll!'ratf'd witlr FOD and COI~. T,vpically. ('XpctiiSÌous last about 1..5 times 



4 THE HESC'LTS 

longer than contractio11s. l11 addilio11. ali rden'll<"<' cycles illdicatc• l hat th<• Pcononty is expanding 

5-15% more times than COIItractin,e;. a result i11 broad agn'<'lll<'lll witl1 those of Klein and l\loorc 

(1985). 

With the second rul(' ti1P featun•s of th(' durations of bllsiness cyck phas('S strongly depend on 

detrending. The averagc d 11 rat io n of PX p a nsion s ra 11ges frollt 1.5 qua rters w i t h FO D t o 36 quarters 

with MINDEX. w h ile l ile a\·<·ragP dura t i un of contractio11s rallg<'s front .J quarters witlt IIP<t to :36.3 

quarters with UC. Th(• rallg(' of slandard deviatio11s is largP as wPII ranging frcm1 4 to 24 quarters 

for expansions ancl fro11t l.G lo 2-1.1 for c011traclions. Willt this second dating rule there is some 

evidence of cluratÌOII d('jH'IldPIIC<' of PXj><IIISÌUii C.VCJ('S for fiV<' lll('llrods. w!ijjp COiltractÌOilS display 

duration dependence ollly with LT. ).Jorc•ov<•r. for l detrending IIIPlhods th(' average duration of 

contra.ctions exc('eds tiH' an•rag(' du ral Ì<JII of <'Xpansions an d <'xcept for Il P-1. LT. IIAMIL a.nd 

MLT the economy is contracting in lrlorf' tlr<lll .)()/{ of lite ti111<' JH'riods. l·'inally. there are strong 

asymmetries in tlre diii"<ItioJI oi.I>IISÌII<'S.~ n·c!P plr<~s<':-i witlr FO]) arrd ('(' detn'nded data. 

4.2.3 Persistence 

Burns and l\litchell ( 19-1:) ) . .\loor<' (l().'),'\) <tnd o t lr<•rs lr<ì\'l' argued t Ira t t hP severit.v of contractions 

is an important ingn•dient lo knuw lrow long it will lak<' to tlr<' ('COIIOIII.\' to recover to its previous 

peak level. A direct. !est or tlreir cunjPClllre IS ÌllljlUSSiblf' wit h in t llf' present context because 

their analysis did not distinguislr llrP tn•nd frolli tlr<' cyck . . \sa closP substitute. I examine the 

relationship lwtWC('Il \"<li'ÌOIIS l>usiii('SS cyc!P phasPs <ili d t hP S('V<'rit.v or cont.ractions. The hypothesis 

then states tira t tlJ<' <i<'c>JH'r is t li<' conl racl iotr (as tllt'<tSIIrcd lrne by tlr<' a111plitude of tbc trough 

relative to the tn'lld). th<' longr'r is tli(' duraliOII or the COIIIjlklf' peak to peak cyclc. On the 

other hand, there should IH' 110 syst!'lllclt i c relat ionship bPtWf'('ll t il<' d<·pt h or contractions a.nd their 

duration. (See HotnN ( 199-1) ror an altc'rllativ<' vi<'w regardiug tlr<' rdatiouship between the depth 

of the contra.ctioH and thPir drtration ). 

Table 2 indicat(•s tlrat tlr<' conj<'dtii'P is 1101 si!pport<•d i11 tl1c' data. llowever, the results should 

be interpreted witlr caution lwcat1se or t Ire s1nall lllllllhN of d urat ions available with rnany reference 

cycles, especially witlt tlrt' spcond rule. lu genPral. altlrouglr th<' correlation between the severity of 

contractions and tlle duratiou or full peak t o peak cyrles appears to lw stronger than the correlation 

between the severit.v of coutractio1rs <111d tlr<'ir dr1ration l'or ali referPIICf' c.\·cles, the differences are 

statistically insignifìcant. i\lon'oV('I'. in i>ullr cas<'s. tlre rank coiTPiatioll codficients are not signif-
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icantly different frcm1 :t.<'ru <llld tl1is is tr11c n·g;ndk:-.s o!' tl1c' dPln•nding; lll<'lhod used to construct 

growth cycles and the dating r11k c'liiployed to classi!\ lilr!ling points 

To summarize. tli(' al!lplitiH!e and duration propr•rtiPs of ti1P h11siiiPSs cycle phases dcpend, 

as in the case of turning point classification. 011 tllt' <1<-tn•Jtding llletl1ods and on the dating rule. 

However, the persistcnce propert ies of ront ractions an d p<'ak-to-pcak cyclc-s are robustly unrelated 

to the severity of contractions. 

4.3 Comparison with Benchmark Growth Cycles 

vVe next turn to tht• fina! <jlH'stiun addn•ssed in this paper. Ì.t'. is tlterc• a detrPIIding method which 

rcproduccs the fcat III"<'S uf ,;t <lltdard n•fert•JtU' r.vclc·s reg<trd!Pss of t hr• dating ntlr• employcd'! 

Tablcs l and "2 indicate thc• !lP filtn <111d tlte FHI·:Q filtPr mllt<' closcst to do the job. In 

particular, they <H<' tll(• d<'trPnding prcH·edltrr•s wlticl1 IIIÌitiiiiÌ:t.e tltc• lll!Weig;ltted Sllllt of false ala.rrns 

and missing signals. rPgMdiPss of thc• d<tlillg r11lr• or th(• iJPIIrhlllark classification uscd. These 

methods are conservati\'(' in t l1t' st'IIS<' t IJ<il t l~t• illqllic•d rf'l'cn•lt<·e c.vcks art• sufficienti~· srnooth to 

avoid the generation or lou 111<111.\' fals(' ethi'IIIS wltilc• <1\'0iding lllissillg Ìlliport.ant. si?;llals. As a rnatter 

offact, the IIPIGOO fill<•r <11rd tlw FH EQ filtc•r capi IIIP ali DO(' pt•aks witl1 tlrP first dating rule while 

HP4 capturcs ali :'\llEH a11d !)()(' d;Jt(•,; witlt 1IH· s<•colld dati11g nde. 011 <1\'('rage the turning points 

they generate slightl.v lead :\BUl t Jll'llillg poi11h <Ili d an• coiltcident witl1 DOC' turning points. 

The sirnilarities lwt\VC'('II IIPlfiOO a11d FHEQ filt('J's Wl' tln\·r·il confinn. 011 one hand, the low 

band-pass fea.tures of tltP !lP filtN ltiglrliglltPd by 1\ing and Ht•helo ( 19!J:q and. 011 the other, the 

MA features of thP FHEQ filtPr (s<'P alsu llaxt('J' <t11d l\i11g; ( JDC)J)). 

Among the other tllPI hods. i t. is \\'OIII1 11oli11g that t hP BQ approach does wcll both in terms 

of false alanns and 111is,.;ing sig11ab with t h(• fi1st dati11g r11le b11t is ckarly i11appropriate with the 

second da.ting rule. Tli(' ll<1111ilton filtC'r also JH'rforlltS \'N,V poorly with the secoud dating rule 

where it either misses or iiiCOIIectl_v id(•Jitifies U of the !.'i ttirllillg points of tl1e sample regardless 

of the benchmark cl<!ssification PlllployPd. Tltis. 110\\'('\'er. is noi. surprising since the method was 

designed to be opti111al wit h a prohahilist ic dilt.ÌIIg r11k :~. 

The statistica! propPrt iPs uf t h c• \'a 1iut1s hllsiitc•ss c.\'(·Jp pltas(•s gPJt('l'<llPd witlt t l tese two methods 

are also broadly consistPIII with IJOth \BU{ and !)()(' c_vc!Ps. !11 partict1lar. the HP1600 filter 

3According lo li<unilton's r•tlc tJ,c ccutiOIII\' is i11 a cot•tr;t<:liotl il thcrc is <il lc;lsl 'J()'J\, prob<lbilit.y of being in a 
low state. 
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generates cyclcs which are slightly as_vllllll<'lric as are t ile \Jn:H cycles. whilc the FREQ filter 

cycJe closeJy replica(('S tll<' IliO!"(' S,\'llllll('(ric patter11 of !)()(' c.vcles. J.JorCOVN, the ampJitude 

characteristics of both bellcltlll<lrk cycles are sufficientl.v wc'll approxilllated by the reference cycles 

generated by t !tese mct hods. 

The worst pcrforrncrs in tl1is co111parison witl1 IH'IIcl1111<1rk growth c.vcles are FOD, LT, SEGM 

and HAMIL. To invcstigal<' why tiH'se procedures fai! tu gc'nerate cycles that rcsemblc the ones 

identified by NBEH and DOC researcl1ers l pn'ser1t in figi! n' 2 thc tir11e paths of the reference q·cles 

generated by these four detrending rncthods. Shaded n'gions represcut coutractions according to 

the NBER classifìcation. Th<' r<'f<'I'PIIl'~' cycli' g<'ll<'r;llr'd by FOD is V<'ry nratic. in many standardly 

cla.ssified contractions it ·rs abon' tl1c' ln'!ld <tlld in ot hPrs il does not conform to the two-quarter­

declines-over-thre<' ruk. T hP ollll'r t h l'<'e IIIC'lhods prod li C<' refen'IICP c.vclcs which are visually 

similar even though the arnplit ud<' uf tl1e f11Jcl uatior1s difi'Pr. \ote that thesP rderence cycles are 

persistently on O!le sid<' uf tl1<' t rend li11<' l'or lung pPriods of tiiiH' produring infrequent shifts in the 

turning point indicator wh<'JI t l1<' s<'COJI(I dating r1llc is IJ.~<'d. F1Jrt l1crn1ore. the avcrage duration of 

a cycle is 1..5 years \Vith FOD. / .. 1 yc'<HS with IL\).IIL <llld llton' thar1 S years wit.h LT a.nd SEG~L 

Therefore, none of thc'se df'irendin?, rnethods prodtrc<' c~·clical culllJlOII<'lll.s whose a.verage dura.tion 

matches the averagc d11 r;lt ion of :\BEH growt h cycles ( wl1ich havP a pcrioclicity of about 4-6 years). 

5 Conclusions 

This paper exarnincd tlm~c qucstions cortn'rning (i) the scnsitivity of lurning points classification 

to different detrcnding mcthods and dating r11ks. (ii) thP robustli('Ss of thc tinte scries properties 

of the implied referencP c.vc!Ps an d (iii) 1 he a!Jilit.\· of diff'er<'llt Jnet hods t o replicate NBER or DOC 

dating. \Ve use a vari<'t.V of <ktr<'llding 111('1 hods t o sepantt<' tl1c' tn'nd fn)l}l the cycle in the data 

and two different clating nilc's lo sekct turning points and cor1strllct business cycle phases. 

Overall, the results indicate tl~<tt the dat.iug of t.uruiug points is scnsitive to detrending and 

dating rules and that bot h thP arnplituck ancl d11ration propc'rties of the growth cycles generateci 

with alternative cletrcnding n1C'thods ;;ignificantl.v diff'c'r. Thc's<' res1dts confirrn the findings of 

Canova (1993), who shows that thP S<'COIId !IIOIIIeril.s of th<' cyclical cornponent of severa! US rea! 

macroeconomic variabks atT very s<'11sit i ve' t o c!Ptr('!ldiJig. The sensi t ivit.y of outcomes to detrending 

is easily interpretable since diff'PI'PJII det r<'r1ding lllf'lllods IPa\'C' cyciC's of diffcrcnt average duration 
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in the data. \Vhat is surprising is tltat diff'crPIJCcs in the an'rage duration of cycles are somewhat 

irrelevant w h eu tlrP fi rst da t i ug ruk is used. That. is. w h ile t h e second morncnt properties of the 

data vary with dPtrending. t h<' t Ìlll<' patlts of the variuus cyclical conrponents are uot too different. 

These differences are howPver anrplifi<'d witlt th<' second rul<' bPcause th<' cruda! fa.ctor for dating 

turning points an d selecting busin<'SS cycle phas<'S is wlr<'l lrer tlr<' referPnce c.vcle is above or below 

the trend line. In this case. asylllllletri<'s <'111<'1-gl' b('C<tlls<' tll(' average spans of time spcnt above 

and below the trcnd li ne differ anoss d et rendiug III<'Llrod;-;. 

Is there any sensible way lo redlle<' tlte rangc of oulcurrres by eliminating some dctrending meth­

ods as "unreasonabk"'! lf \W tak<' tlr<' abilit_v to r<'prodiln' a sl<JIId<trd turning points classification 

as a limited infonnation U•st to s<'i<•ct a class of dl'lr<'lrding 111Ptl10ds. then the results suggest tha.t 

HP and FREQ filters are t l rose which shuuld bP sl'l<'cl <'d as 1 hey co111C' closest in reproducing stan­

dard dating and biisinC'ss c.vclC' fPatun•s. Turning poirrt.~ li1r<' 11p irr th<' right way and, regardless 

of the dating rule. tlrr' fr•atllr<'s of t l1e irrrpli<•d cyck r<'sr'llli>IP t !rose uf :\BEH or DOC growth cy­

cles. Tlris appé1H'll1 Silperiority of t lris cl<lSS or low balrd-p;l.~S fil t ns. lrowever. should be weighed 

against the drawhacks 1101 Pd i>.v Cop;!ey ii !id :\asorr (l 991 ). Ilarve.v an d .Jcager ( 199:~) an d rviaravall 

(1993). Fora. !IIOn' corrrp]P1<' alrs\wr· 011 thr• s11i>jr•ct it is tlrereron' ll<'cPssary to confront the various 

detrending procednn•s witlr aiL<·ru;llive a1rd. possibly. 11101'<' flO\\'<'rful L<'sts. 

This paper did not <tddrPss questions ronn•rn'rug; the ronstruc1ion of leading indicators and of 

Useful statÌstÌCS to cvallla!P tJre J'('COJ'd <tlld tllr' qll<ility or 1111'11ÌIIg jlOÌII1 forecasts. fn the literature 

on the subject (seP <'.g. \Vl'ckr•r ( l<J/9). \lc.\<'<'s ( J(j<)J) ur Zr•li11N and Hong; ( 1991)), the results 

generally hinge 011 haviug a\'<tilablc ;1 "coiTr'ct .. rr•fr'I'Pilc<' c.n:le. Tlr<'rPfor<'. 1lH' results conta.ined in 

this paper are of intnest to rr's<'arrll<'rs r'llg<~g;cd Ì11 tl1esc iniportalr1 ac1ivitiPs as t.lrey may give a 

rationale for cltoosing o ne conc<'pl or c_vc!P or Oli P da t ing n11P over anothPr. O n t. h e other hand, 

forecasting exercises ron1paring bot h tlrr• rr•cord a1rd 1lre qualit.v of turrring point selections may be 

a useful class of test:s to exa1nine tlrr• superiorit.v of Oli<' trend specific<ll.ion over a.nother. vVe plan 

to conduct these cxpcrilm'n1.s iu rr1111n' r<'sParcli. 
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Tahle Al: lln:>ÌIH!ss Cyclc Chrouology. Smuplc aa.3-90,1 
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58,4; 6:1,3; 67,3; 70,3; 73,1; 75,3; 77,3; 81,1; 83,2 

.')9.:3: 62,•1: 68,<1; 73,2; 76,2; 77,4; 81,2; 84,3 
61.2: G:Ll: (5<1,4: Gi,2; 69,3: 74,2; 77,3; 82,2; 85,3(*) 
57.1: ':i'U: 62.:3: GS.:l; 73.1; 76,1: 77,3; 81,1; 84,2 

09.2: G2.:l: fi8.2; 7:3.1: 76.1; 77,3; 81, l; 84,2 
~.i. l: 5~!.2: 6'.!,1: 6:3.3:66.1: 68,2; 73,1; 76,1; 77,3; 
81.1: iH.2(*) 
5'!,2: fi2.2: r;:u: Gll.2: 7:U: 76,1:77,3: 81.1; 84,2 

iii.l: .~'l.2: G.!.:l: 68.2; 7:~,1; 76,1; 77,3; 81,1; 84,2 

MINDEX 58,2; 61,3; G8,'1; 7:U: 77.1: 78,1; 7q.2: i:l2.1 .'\7,1: 5K.I: G/,3: iJ,I: 76,1: 77,3; 78,4; 80,1; 84,2(*) 
BQ 57,1; 58,,1: 61.2: rd.·l: !ii. l: iO.·I: is.J: .sLI: 5i.:l: 5~1.2: h2.:l: r;G,:l: 69.1: 76,3; 80,3; 84,1(*) 
COIN 58,2; 60.4: 6i,2: fi8A: 7:U: 7G.:l: 7~1.2: 82.1: .~5 . .!(*) 5'ì.2: GL3: G:-\.2; 7:3.1: iG,I; 77,3; 81,1; 84,2 

HP1600 
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FOD 
BN 
uc 
LT 
SEGM 
FREQ 
H AMI L 
CDT 
MINDEX 
BQ 
COIN 

Filter Rnle 2 

57.4: GO.:~: 62.·1: (l'lA: 7·Ll: K0.2 81 .•1 
56.1(*): 58.1: 5'!.:3: fiO.'!; fi:.!,tl; fH,4: fif;,.J: 70.1: 
71,4; /.).l: 7ti.:l: ii.l: 7'!.1: i)(J.2: 82.:3; .';·1.1(*) 
57,4; G9,'l: ì·l,:l: 1)1.·1 
57,:~(*): 75.1: l:ill,J(*) 
76, l; 8:3,2 
56,1; 75,1; 'iG,:l; 80.2(*) 
57,4; 70,1: 7·1.:~: 8 L1 
57,4; 60,1; 62.·1: G9..1: 7•1.·1: S0.2: Xl,.!; Xfi.l(*) 
56.1(*): G'l.4: 75.1: iti.J: 80.:.!(*) 

56,3: 7•1.4: 80.2( *) 

58,1(*): ì·I.J 
57,2:61.1: td.2: Gi.2: ill . .!: i·l.2: il-\:.!: 8U.I 

57,3(*): 70,1; 71,1(*) 

55.'1(*): .)~l. l: !il.4: 65.2; 72,2; 77,3; 80,4: 84.1(*) 
5G,4: 58.·1: GO. l; 61,4; 64,1; 65,4; 68,2; 71,1; 73,1; 
i5,3: 77.2: 78.2: 79,3; 81,1: 84,1 
;)fi,2: 58,2: 7:.!.1: 75,2: 82,4(*) 

65.2: 77.2 
GU.•I(*): 76.·1: 84,:3(*) 
55,.1(*); 6'1.1: iG,l: 77,1 
.55,'1(*): 65.1: i:!. l; 77.2; 84,1(*) 
.'d.·l(*): .')8.·1: Gl.'l: 6.5,3: 72,2; 78,2; 80,4; 83,4 
fi5.·1: 71.1; 7G.l: ii.! 
5.';.'1(*): 64.1: i7.1 
:)G,•I(*): 65.2; .';1.1(*) 

55.4 ( * ): fiU.J: fi.!.l: G4 ,3: G8.3: 72,3; 76,2; 78,4; 84,3(* ); 
65,'1; 72.·1 

Note: With Filtcr Hulc l <t trou)!,h occurs iLl l if c,+ l >c,< Ct-1 < Ct-2 aud a peak if Ct+J < c1 > Ct-l > c1_ 2 , 

\Vith Filter Hulc 2 a lron)!,h occiii'S at l if c,< O aud c,_,< O or if c,+ l< O i!.IJ(I c,< O a.nd a. pea.k if c1 <O 
a. n d c,_, < O or if c,+ 1 < O a.ud c, < O. N BER relérs lo t h e N BER chronology reported by the Center 
for Internai io n a.! Business Cycle Research a t Colombia lJ uiversity. DOC refers to the Higgings and Poole 
chronology compiled from tl1e DOC' co111posile iudex of leadiug iudicat.ors. Both are taken from Niemera 
( 1991) ali(! checked agai n si t ho se reported h.1' Si 111 ki ns ( 1994). r\ ''*" i ndicat.es t h a t the previous or the next 
turning point is ceusored. 
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