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RESUME

Il est bien connu qu'une erreur de spécification du *trend® produit de faux cycles dans les
- séries ol I'on a enlevé la tendance (é.g., Nelson et Kang (1981)). Les procédures d'ajustement
. saisonnier sont basées sur des hypothéses implicites ou explicites sur les racines au cercle-
E unité, aux fréquences saisonnidres et & la fréquence zéro. En conséquence, les procédures
‘ d'ajustement saisonnier peuvent produire un faux *detrending" et d'autres effets statistiquement

- fil¥ Indésirables.
Dans ce papier, on examine, pour une large classe de séries trimestrielles de données
- macroéconomiques américaines, les effets de différentes procédures d'ajustement saisonnier
' f sur les propriétés de séries univariées ajustées. Nous considérons également quelles
3 procédures sont appropriées, étant donné les propriétés des données. Dans Iensemble, nous
détectons des différences trés significatives ainsi que I'évidence de faux cycles dans les séries
: fdtrées par différentes procédures. Nous présentons également une extension des procédures
k de sélections de moddles dans les tests du type ADF, proposé par Hall (1890), & des tests du

type HEGY.
- Mots clés : désaisonnalisation et faits stylisés, procédures de test HEQGY, sélection de modéle

‘ basée sur I'échantillon, tests de racine unitaire.

ABSTRACT

it is well known that misspecification of a trend leads to spurious cycles in detrended data
- [see, e.g., Nelson and Kang (1981)}. Seasonal adjustment procedures make assumptions, either
3 ;knplicitly or explicitly, about roots on the unit circle both at the zero and seasonal frequencies.
. Consequently, seasonal adjustment procedures may produce spurious detrending and other
atistically undesirable effects.

in this paper, we document, for a large class of widely used U.S. quarterly macroeconomic
eries, the effects of competing seasonal adjustment procedures on the univariate time series
properties of adjustsd series. We also investigate which procedures are most appropriate, given
_-the properties of the data. Overall, we find very significant differences and evidence of spurious
Acycles among series filtered via different adjustment procedures. A byproduct of our paper is
an extension of data-dependent model selection rules in ADF tests, proposed and analyzed by
¢ Hall (1990), to HEGY-type procedures.
."Key words : seasonal adjustments and stylized facts, HEGY test procedures, data-based model
] selection, unit root tests.
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1. Introduction

Misspecification of a trend leads to spurious cycles in detrended data, as for
instance Nelson and Kang (1981) emphasized. What is perhaps less obvious is the fact
that seasonal adjustment procedures may produce similar effects. This paper takes up
the question whether spuriousness is a problem when seasonals are removed via an
adjustment procedure based on a misspecified model of seasonality. .

There exists, of course, a vast literature about the ideal properties seasonal
adjustment proceduras should have, including the fact that they should leave the time
series properties of the series unaffected except at the seasonal frequencies (see e.g.
Nerlove et al. (1979), Bell and Hilimer (1984) and Hyfleberg (1986) for surveys and
detailed discussion). As is now well known, many time series are nonstationary and they
are widely believed to contain a unit root at the zero frequency (see Campbell and Perron
1991 for a recent survey). Similarly, usual seasonal adjustment procedures make either
implicitly or explicitly assumptions about roots on the unit circle both at the zero as well
as at the seasonal frequency and its harmonics. Typically, in applied research, adjustment
for seasonality assumes that seasonality is deterministic and can be removed via
seasonal dummies thus ignoring the possibility of the stochastic and nonstationary nature
of seasonality. On the other hand, the commonly applied monthly Census X-11 program,
for instance, implies data transformations which include the (1 + L + L2 +.... + L'", where
L), is the lag operator for i periods) filter, resulting in a “removal® of unit rocts at the
monthly seasonal frequency and its harmonics.!

Data transformations that go along with the removal of seasonals may or may not
be appropriate, just like trend removal can be inadequately done. In this paper we
document for a large class of quarterly U.S. Post World War Il time series how several
of the data transformations typically associated with seasonal adjustment affect the
univariate time series properties of interest to economists, such as the autocorrelation and
partial autocorrelation functions of the transformed data. In addition, we use tests
proposed by Hylleberg, Englé. Granger and Yoo (1990; henceforth HEGY) to determine
which data transformation appears to be most appropriate.

! For a discussion of the X-11 filter and its linear approximation see ¢.g. Ghysels and Perron (1992).




With one exception, all the data transformations we consider imply the same
treatment with regard to zero frequency detrending. Namely, all transformations assume
thedatahaveaunilrootatthezerofrequencyexcem!ormeeasewhereaﬁm
difference is combined with a seasonal difference. In the latter case we obtain two unit
roots atthe zero frequency. All seasonal adjustment data transformations differ, however,
with regardtoﬂwﬂeaﬁnunofdetommmstodustbseasonamyandthepresence
ofunitrootatseasonalfrewetmshthestochasﬂccase In general, i Isfoundthat
summary statistics of the data are quite sensitive to the way seasonal ad‘ustmem is
applied. Very different conclusions can be found for the univariate characterization of the
datadependhgmﬂwwayseasombamelmnatedevenwmmedemndmgbehgkept
constant across different adjustment procedures.

Aby-preductofourpapensameorencal extension of the HEGYprooedure Aslhey i
involve an AR polynomial expansion, similar to Dickey-Fuller tests for unit roots at the - g
zero frequency, one has to select a lag length to calculate the tests. Recently, Haﬁ
(1930) derived the limiting distribution of the augmented Dickey-Fuller test when the AR
polynomial expansion is chosen using data-based methods, as is most often done in
practice. We extend Hall's zero frequency results to HEGY tests for unit roots at the zero ’
and seasonal frequencies. ’ :

It may be worth emphasizing a few fimitations of our paper. We\mllonlydlscussme '
effect of fittering on the univariate characterization of data and not the consequences of
filtering on estimation and testing. Hence, we will not elaborate on the issue of filtering '
andestmatmandtesmg.hpanbeeausemnssubjectlsdocumemedhdeta‘lhfor '
instance Sims (1974), Wallis (1974), Sims (1985), Ghysels and Perron (1992), Hansen
and Sargent (1992), Sims (1992), among others.

Thepapensorgamzedasfollows In SecﬂonZwediscusstl’neautocorrelaimed
partial autocomrelation functions of a representative set of U.S. quaneﬂytmesenesaﬂer
being adjusted with a set of five commonly used filters for removal of Jseasona
fluctuations. Next, we present a summary of the HEGY procedure and extend 0 allo
for data based augmentation lag selection. Empirical results of the HEGY procedure are
reported in Section 3. Conclusions appear in Section 4.

2. Univariate Time Series Propertles of U.S. Quarterly Data

Quarterly data on a variety of U.S. macroeconomic sefies were considered similar
to Barsky and Miron (1989; hereafter BM) whose sample usually begins in 1946 and ends
in 1885 (see their Table 1). Not all of the series used by BM were considered in this
paper. We omitted the components of fixed investment expenditures, the money
muiplier, state and local government spending, and final sales. However, we added per
capita versions of GNP and consumption expenditures and its components as well as a
measure of real balances.2 We did, however, also update the data used by BM up to
the fourth quarter of 1989. in the results reported below, we report only the test results
for the extended sampie.3

Table 1 displays the sample autocorrelations (henceforth denoted AC) for three of

~ the key macroeconomic time series considered in this paper which are *seasonally

adjusted” using a selection of filters. The aim Is to Mustrate divergent pattems in the
autocorrelation and partial autocorrelation functions subjected to different filters. The data
transformations considered are those typically associated with adjustment for seasonality.
The most prominent of course is the official X-11 adjustment procedure used by the U.S.
Bureau of the Census. The entry Ag, corresponds to the first differenced seasonally
adjusted series by the Census. The transformation associated with Ag, assumes a unit
root at the zero frequency as well as the seasonal frequency and its hamonics. A
transformation making the same assumptions is taking the annual, i.e., fourth order
difference which is denoted by A,. It should be noted though, that Ag, and A,, while
making the same assumptions about roots in the unit circle, entail quite different
data transformations. The fourth difference is a fairly transparent transformatlon

while Ag,

2smnmmwdlﬂmbamthemlmdmlpummdmmdmwmme
results for the latter series are not reported in the main body of the paper.

3lemmngmﬂymﬂwdwmmdml6mmwmm
huwemwamdhelownue.mdlhedan.mmhbkﬁomthemmmm Some test results
for.the sample used by BM are reporied in the appendix of the working paper - e

41‘heledmmldemlsofdns:gmamunuwdhue They can be summarized as follows: it is assumed
that the X-11 procedure is applied o the monthly data first which is then aggregated o quarterly serics. The moathly
X-llﬁkercomammemb-ﬁlwr(l+L+ +L“) as discussed in Bell (1992) removing unit roots at the monthly
seasonal frequency and its b - I aggreg: ©q 1y scries will make this equivakeat to (1 + L
+ 12+ 1Y, Seeaugamsmum-duylmgauummmamm«w
aggregation and seasonal unit roots.
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corresponds to several transformations including judgemental corrections, aggregaticn
TABLE 1 ‘ ®  across industries, time, etc.
Autocorrelations of Some Key Macroeconomic Variables ' i i i i i ' i
ith Different S nal Adju Filters ‘ 1 Other transformations considered in Table 1 include a first difference with seasonal
dummies, denoted A-SD, and a multiplicative AA, adjustment advanced by Box and
Autocorrelations &
Lag J Jenkins (1976). The former assumes a deterministic seasonal pattem, while the latter
Series Transtorm | 1 2] 3] 4] s] e] 71 & takes two unit roots at the zero frequency.>
GNP Level .98 96| 94| 92! 90| .89 .87 85 For the purposes of comparison, we also listed the AC function for the level of the
A -.60 . - . - - . SR . - .
34/ -8 901 -83| 32 -60| .66 series as well as the first difference where seasonals are ignored. Lst us first discuss in
A, .83 54| 22| -08] -.18] -.16| -07 04
Aga 37| 25) 00| -10{ -12| -06] -02| -08 detail the first series listed in Table 1, namely US GNP. The autocorrelation at lag 1
A-SD -02| -003} -15] .38 -28] -.13] -.15 31 ranges from .88 to -.60 depending on which transformation (or lack of it) is considered.
32 12 -1 - - - - -
Ad, » 2] -46) -36] -21 07 00 The .98 value comes, of course, from the level series but, even with A, the removal of
Cons. Level | 98 97] 95| 93| 92| 90| .88 86
A -68| 41| -67]| 94] -65| 39| -65| .91 the annual seasonal still leaves a very high autocorrelation at the first lag equal to .83.
A, .78 65] 50| .32 33| 30} .35 38 The " differences between the Census adjusted result of .37 and the common
Asa 051 22| 04]-03] -06) -12( 05] -18 transformation A-SD (yielding -.02) suggests that transformations can have important
A-SD -.41 30 -38) .61 -30] .19] -32

54 .
AA, .22 13| 03] -43] .11 __21’ 08! -02 effects on some of the time series properties of the data.

AA, -.20 4] .08] -37| .14] -21]| 10| -0 The differences in the pattems displayed in Table T for GNP are fairly
M1 on

Level 98| .96 94| 91| 89| 87| .84 82 representative for the other cases as well. Consumption and M1 are just two of the
A 10 -15] o1 72| .02 -16| -05] e ; L . :
A, 92| so| 67| 56| s0| 46| 41| 37 examples appearing in Table 1 (additional details are also contained in the discussion

Aga 57| 40| 30| 47| 29| 26| .09 .06 paper version).

A . : -4
SO 3| .16 21} 50| 211 40| .08| - 41 What is clearly to be concluded, as a first impression from the results in Table 1,

AA, 31| .05} -04] -40] -.02] 05| -14
= is that modelling seasonality, and the adjustment of data on the basis of such a modsl,

* All series are seasonally unadjusted except for the Ag, filter which refies on seasonally
adjusted data at the source. All series are in logarithms of the levels except for the
ehange in business inventories, the unemployment rate, treasury bill rate, and ex post -
real interest rate, which are in levels.

seems to greatly affect whatever is left in univariate time series behavior at lags other

than the seasonal ones. The question which needs to be raised then is which data

s'I'hcmfomaﬁonwbichmimheliminain;mepairot‘roots(l-L)ot(l-L)(HL)omwpmdingnﬂle
biannual frequency apparendy common in many macrocconomic time series (¢.g., Lee and Sikios (1991a, 1991c)
wuakomﬂaed.mmunomhhwdhmeAWkonhemmdenm.




transformation appears most appropriate. For that, we tum to the issue of testing for unit
roots at the seasonal frequency as each of the data transformations considered treat tﬁlg '
key feature differently.

3. The HEGY Procedurs with Pratest Data Besed Mode! Selection

In order to ascertain the presence of unit roots at the seasonal frequenciés, aswell
as at the zero frequency, we follow the Mres outiined by HEGY, and applied by
Beaulieu and Miron (1992), Engle, Granger, Hylieberg and Lee (1982), Franses (1991),
Lee and Sikios (18918), Otto and Wirjanto (1891), among others. Moreover, Ghysels, Lo
and Noh (1991) found the HEGY procedure compares favorably with altemaﬂve.i
procedures such as the Dickey, Hasza and Fuller (1984) tests, in terms of finite sample

size and power properties. In this section we introduce the HEGY procedure. Slnce it has ‘e

been widely documented elsewhere our discussion will be brief. Our main ﬁocus M

attention wiu instead be directed towards extending the HEGY procedure to take awoum S

of the fact one usually determines the order of the AR polynomial expansion used mh, G
test on the basis of the data. Thefaamatmelagbngmselecuonismba B%

something usually ignored in theory but quite relevant and knportant in praalee“resm
in some nontrivial distributional issues regarding the test statistics. Receritly, however,
work by Hall (1990) deals with data-based model selection in tests for unit roots at the
zero frequency. We extend Hail's results to that of HEGY procedures. o

The HEGY approach consists in estimating the following regression:

)

Ay x, = Ry Yy pq * Kpyp g * BaY3eg * K3 *H ¢ PO,

+ & vahyxy + 8%, @a.n

+oo'+aA‘x‘_p*e,

where t is a constant, 3 is the slope coefficient of the linear trend, D, is a vector
containing three deterministic seasonal dummies with coefficient vector B, (a,, .... ap) are
the AR lag augmentations, and the y,,'s (k=1 ,2,3) are series adjusted for unit roots at

other frequencies such that
yp =  (+L+2+9%
Ya = -(-L+12-19%
yva = -(-x

Thus, yy, is the series x, after all seasonal unit roots have been removed, leaving only
a unit root at the zero ffequency By contrast y,, leaves a unit root at the bi-annual
frequency for quarterly data so that (1+L1) y is stationary; yy then possesses a pair of
complex roots of the annual frequency so that (1+L2) y is stationary.

The test for the presence of unit roots is based on the t-statistic for x,, for the zero
frequency, x, for the biannual frequency. For the annual frequency we require a joint test
on x, and x,, namely an F-test of the null hypothesis that x;=x, = 0. Aftematively, the
t-statistic on x,, when x, = 0, may be used. Critical values for the tests were tabulated
by HEGY (1990), and the asymptotic distribution theory is discussed in Engle, Granger,
Hylleberg and Lee (1992).




A key assumption typically made both in the application of augmentod Dickey-
Fuller tests (hencsforth denoted ADF) as well as the HEGY procedure is that the AR lag
augmentation p is known a priori. Yet, in many applications this assumption is not
appmpriateasreseawhersusual!ydecidemmevalueofponmebaslsoftheavailable
data. Asnotodbyl'hl(1%0).lbcbmﬂwatifpbdlosenusmedata-basedmodel
sebﬁbnpmcedum.ﬂtehﬂhgwhbhAReoefﬁciemsamsignﬁbameta.MenmeADF
test, or the HEGY procedure, are actually based on a pretest estimator. Whether or not
the asymptotic distribution of the ADF test changes, and for which model selection rulcs
it doesn?, has also been studied by Hall. Drawing on his analysis and the results in
Ghyseb.LeemdNoh(1991)shMtgﬂweomspondenoebdweenADFandHEGYte§
will enable us to extend Half's analysis to the HEGY procedure.

CmsiderfwstﬁledatagmemﬂngpmoesstheHEGYpmcadureisdesignedtotest

X, =g+ ax, o + [T t = l,..... T (3'2)

where the error process has a AR(pg) representation, namely

,.‘.})_'l;ojp”u, 63

The set-up in equations (3.2) and (3.3) ponraysmedatabeneratingproeessesm
go along with null and alternative hypotheses of HEGY procedures. For simplicity, though”
not without loss of generality, we stripped away the time trend and seasonal dummies.-
Hence with & = 1 in (3.2) we obtain a unit root all four frequencies of interest. In addition, !
meseasamm«wedpmssA.x,fouowsanAR(po)pmesswhchismemsm ‘
d'étre for discussing AR augmentation. In particular, let:

Assumption 3.1:

(1}  The initial vector (xg, x4, ... , ‘P0'3) has a fixed distribution independent of {e,}.

(2)  Theroots of the characteristic equation of the AR(p,) polynomial in (3.3) lie outside
the unit circle.

(3)  The sequence of innovations {e,} are i.i.d. zero mean and constant variance o® >
0.

The order p of the AR expansion in the HEGY equation (3.1) is selected by using a model

selection procedure applied to the data. Namely, assume that p = Py is selected as the

estimated value of p,. The estimated AR expan#ion has a well-defined probability

distribution for any sample size T and [1{5; = j) represents the probability of obtaining an

expansion of order |, where j= 0, 1, ..., J < ==, Moreover, for any f; = j we define the t-

statistics t, where i=1, ... , 4 corresponding to the OLS estimates of x, through x, in the

HEGY equation (3.1). The fdllowing assumption will be key to the main result.

Assumption 3.2:

The model selection procedure satisfies the following conditions:

(1) s T, By - Py P, 0 where P has a well defined probability distribution;

(2) the distribution of Py is independent of the distribution of the statistics 1" for i=i.
4, 0. Jandall T.

(3) Mr <pg) =0, L.e. the probability of underestimating p, is zero as T—s«.
The latter of the three conditions is important as it guarantees the convergence of
the t-statistics of. the HEGY procedure to their distribution as characterized in
Engle, Granger, Hylleberg and Lee (1992). Hence, under assumption 3.2 the
model selection rule leaves the test statistics unaffected. This is summarized in the

following theorem, with the proof appearing in the appendix to the paper.
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Theorem 3.1:

Let assumption 3.1 and 3.2 hold, then using Py to determine the AR lag expansion inthe
OLS equation (3.1) yields the asymptotic distributions:

ny = b2 - 1z [ wea
= {wy(1)? - 1j2 [_L' Wg(r)zdr]m
= [! Cwgdy + wade)1[ [ Cuser)? wieyar|

ty = [ Cusduy + wadw )1 1 0s2)? + osrPrar]?

where = denotes weak convergence in distribution, j = Py and w(r), (=1,2,3,4), are
standard Brownian notions on the unit intervals [0, 1}. |

The proof of the theorem appears In the appendix. Weshouldnoﬂethatseved
model selection criteria satisfy the assumption 3.2. Hall (1990) discusses several of them
and analyzes their relative merits via a Monte Carlo investigation. While several of the :
criteria yield more or less similar results Hall's simulations showed a sfight advantageto o |
ushgwhatlslclownasaoeneral-(o-specmcmodelselecﬂonnﬂestanhgwiﬁwso;f‘\oj
upper bound on the length of the AR expansion. Inmeﬁnalanalysis.melengmofﬁel‘\é
expansion is determined by the longest statistically significant lag, where statistical&
smmnmmamwmwmmass%mw%.meappkeﬁm
mmismmummeammomosemm crteria such as the
Hannan and Quinn criterion in particular. We conducted our empiricaltests by utilzingthe ~~ JE
generakto-specific search procedure as well as the AIC and BIC criteria. Since there was i
little differences in the empirical results with the different criteria, and since the simulation **

"

evidence in Hall tended to favor the general-to-specific rule, we will only report the
empirical evidence with the latter in the following section.

4, Testing for Seasonal Unit Roots

Wa now report test results to determine whether there is evidence of seasonal unit
roots. Table 2 contains empirical evidence based on the HEGY procedure described in
section 3 above. Such tests will allow us to shed some light on which transformation is
the most appropriate for generating the stationary component of a particular time series.
Table 2 indicates whether the hypotheSis of a unit root at the seasonal and zero
frequencies can be rejected. If not, Table 2 labels such a result by a 1, an indication that
the_ time senes in question is integrated of order one or I(f). Otherwise, Table 2 labels
a result with a zero because the series is I{0) at the frequency in questibn. All inferences
are based on a 5% significance level. Moreover, Tabie 2 only shows test resuits for the
case where equation (3.1) includes a constant, a trend, and detenministic seasonal
dummies. The volume of results precludes a complete description of test outcomes for
all the combinations of equation (3.1) which could have been considered.

The sensitivity of unit root findings may be influenced by the choice of lag length
selection criteria for the autoregressive correction factor in equation (3.1). Akaike’s
iﬁformation criterion (AIC) and Schwartz’s information (SC) are well known and commonly
employed criteria. EGHL (1992) rely on the “augmentation” approach which consists,
first, in estimating equation (3.1) for some lag length (seven quarters in the present cgse).
One then establishes which of the lags are statistically significant say at the 5% level.
Finally, one reestimates equation (3.1) by including only the statistically significant
autoregressive correction terms. The net result is to leave gaps or *holes” in the lag

distribution of the AR terms in equation (3.1). The rationale for this approach is "to whiten
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the regiduals at the cost of the minimum number of parameters. Too many parameters
will decrease the power of the tests while too few will render the size far greater than the
level of significance.” (EGHL 1992). Based on Hall (1890), however, the preferred
approach consists in estimating the number of AR terms in equation (3.1) according to
the longest lag with a statistically significant coefficient, beginning with a maximum tag

lengthof?quaﬂem.ﬁdewmmpoﬁrssuﬂsushgsmue&procedure.agalnatme :

5% level of significance. Towxservespacewem!yptasemtastrasmmhﬂezbasea
on the generak-to-specific selection path. It should be noted, however, that the lhdmg of
an I(1) or I(0) was not generally sensitive, especially at the zero frequency, to the lag
selection technique.® |
Tuming to the results, it is apparent, espeeh!yﬁomﬁelastcoluﬁmofﬁbb&
that very few series possess a unit root at me annual frequency. The only excepﬁons ;re
total consumption spending, consumption of non-durables, and the avoragg real wage
These resuts reinforce the comparative difficulty of finding seasonal unit rootshat the
annual frequency found by other researchers using macroeconomic data from ether

countries such as Canada and Japan (e.g.. Lee and Sikios 1991, and EGHL 1992, "

respectively). This also means that the AA, fitter advocated

S The wnemployment rate and fixed e . i

Same Conclesi ixed investment being possible exceptions. Lee and Siklos (1991b) also reached

:rpimﬁuu mh Cmmmmhmmmmmhzew

differont of WﬂMMmMMMWmﬂMW
™ mmmamm:e.a..nmmmm. 1989, : iRy
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TABLE 2
Seasonal Unit Root Test Results: HEGY Method'
Sample ends In 1989.4
Lag Selection Coefficients in (3.1)

Series Criterion flags] | = | %, | %y | x| xs,
GNP Longest sig. lag [} 1j1]1]0 0
Consumption {5} t]1]1}10 1
Consumption {s] 111111} 1

Non-Durables
Consumption fof |1]ojojo| o
Durables
Consumption 51 1{110{1 0
Services '
Fixed Investment {1 ojojolo 0
Govemment Exp. i |olojofjo]| o
Govemment Exp. {o) 1j0l1}]0 0

Federal
Govemment Exp. toy” 1lolojo| o

Defense
Exports 1 1{ojo]o| o
imports (0} olojo| o
Change in Bus. 5] o|1]0 0
Inventories
Employment 1 1101110 0
Unemployment 1 ojojtjo 0
Average Hours {0] 11]0}1}]0 0
Labor Force [1] 1]{o]jojo| o
Cons. Price index [0) 1{]0]0]0 0
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-TABLE 2 (Continued) by Box and Jenkins is generally unwarranted. The implication then is that, as in Osbom
y 4 (1990), Box and Jenkins adjustments which ignore deterministic seasonality can be
_ Lag Selection Coefficients in (3.1) ype acjustm & &
Series Criterion lags] | =, | x| x5 | 7 ) mis-specified.” Moreover, since there are differences in the stochastic behaviour of
Interest Rate [4] 1j10jojo 0 consumption and income at the seasonal frequencies. These results may also have
Ex real :
htepr:: rate o] ojojojo Y implications for the estimation and interpretation of consumption functions (see Lee and
Average Wage 2) 1{o0fl1]o 0 Siklos 1991a).
A ‘ E . .
wmge Real Y] 11011 1 3 There is, however, more evidence of roots on the unit circle at the biannual
Monetary Base [0]' 11ololo P { frequency. For total consumption, consumption of non-durables, consumption of services,
Money Supply - M1 3] 1]oj1jo] o the change in business inventories and GNP. If we restrict the analysis to the sample
Real Balances - 5 1
(5] olofo 0 - chosen by Barsky and Miron (1989) there is still more evidence of a seasonal unit root
1 E:
Based on estimates of E
dummies are hdudedm (3.1). A constant, trend, and deterministic seasonal - at the bi-annual frequency since for the labour force and wages series, one cannot reject

* Signifies that the test result for the x, coefficient differed as between the seasonally the null that x, = 0, in addition to the series found to have a bi-annual seasonal unit root

adjusted and unadjusted series. :
for the extended sample. However, the foregoing exceptions to the finding of no seasonal

unit roots at the bi-annual frequencies are interesting. For example, in the case of the
inventory series, the omission of stochastic seasonality may have implications for models
which purport to show a link betwsen inventory fluctuations and business cycles (e.g., see
Ramey 1989, and references therein). The finding of a seasonal unit root for the services
component of total consumption reveals the possible importance of aggregation in
estimating economic relationships such as the consumption function. Thus, the seasonal

unit root tests reveal potentially a considerable amount of mis-specification of seasonality

when only deterministic seasonality is assumed to exist.
This confirms not only the outcome of most unit root tests at the zero frequency.

applied to a wide variety of U.S. seasonally adjusted macroeconomic data by several

7Asnmedmcvbmly,momﬂuaeddlowmw%andvﬁ&mduamhisﬁcmkawmmn
of the latter feature of the data influences the conclusions reached in Table 2.
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researchers (see Campbell and Perron 1991 for a recent survey), but also reaffirms the
neutrality of the X-11 seasmaladjustmemwocedutewiﬂlresmdtoﬁsinpactmme
existence of a unit root (see Lee and Siklos 1991 for Canadian ‘evidence). One must,
therefore, conclude that while deterministic seasonal dummies capture much of the
seasonal variation in the data there is sufficient evidence of the existence of seasonal unit
foots to warrant the statement that the no seasonal unit root approach leads to mis-
mmammmmm.ma'hmm'mnkmym
explahedbyargmmabngﬂw_hesofdnnghgseasmalmems.seeehysels

(1991), and Canova and Ghysels (1992). Indeed, changes in seasonal pattems will not

bewpunedbyseasonalpanemmmhadmspudousﬁndhgsofmotsatseasonal
frequencies.

5. Conclusions _
This paper has Investigated the properties of various fillers applied for the
purposes of seasonal adjustment. Examination of autocorrelation and partial

autocorrelation functions for widely used US quarterly macroeconomic time series
suggests considerable differences across the various data transformations considered,

We also extended Half's work on the issue of lag length selection In unit root tests o the
unit root test introduced by HEGY.

The empirical results suggest that, while seasonal dummies capture a great deal
o'wasmalpaﬁem.ﬂwydondseembadequa&e!ydesabeaﬂaﬁnbﬁes.lnd%mh
mowmmeseasmalﬁequendésaremguhnyfomd.Mormr.nmeofmestandard

transformations typically used to remove seasonals match the findings emerging from

HEGY data-based model selection rules. One possible explanation for our findings is that
seasonal pattems change, only occasionally though, as noted in Ghysels (1991) and

17

Canova and Ghysels (1992). As such, none of the standard transformations suit this
framework. Moreover, whatever transformation is applied seems to have a great impact

on what is left as nonseasonal variation.
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APPENDIX

Proof of Theorem 3.1

Proof of Theorem 3.1:

We concentrate our proof on the case of t,‘ as the arguments for ty through tq are
similar. Ghysels, Lee and Noh (1991), henceforth denoted GLN (1991), show there is a
finite sample as well as an asymptotic equivalence between the HEGY t, statistic, for
fixed and finite j, and the ADF t-statistic with a (j + 3) AR polynomial expansion. To
discuss the equivalence we shall first make abstraction of the fact that a trend and
seasonal dummies appear in equation (3.1). Consider, first, the DGP as described by
(3.2) and (3.3). Then GLN show that the regression equation

Arp = ¢y xpy + QA5 + $4Ax 5 + Qx5 + 1y

where ¢, =a - 1, while ¢ =-afori=2, .., 4, yields a t statistic for ¢, whose finite sample
and asymptotic distribution is the same as that of the HEGY t,, test. Naturally, this
equation corresponds to that of an ADF regression with an AR(3) expansion. This
equivalence can be extended to HEGY procedures with jAR lags forj= 1, ..., J <, and
also to HEGY procedures which include a trend and/or seasonal dummies. In the latter
case, as Dickey, Bell and Miller (1986) show, ona consults the DF distribution for a test
statistic with a constant in the ADF regression equation. With this correspondence
between HEGY Y and ADF with a (j + 3) expansion being established we can rely on the
theoretical results in Hall (1990a, b). In particular, assumption 2.2 still holds with the
transformation showing the equivalence between HEGY and ADF, namely (1) (py + 3) -
(Pp +3) ¥, 0, (2) the distribution of py + 3 is still independent of the t statistic and (3) M(py
+ 3 < pg + 3) = 0 also holds. Then applying theorem 2.1 and corollary 2.1 in Hall (1990)
yields the result for the ty statistic. An argument similar in nature also apply to the test
statistics ty through ty, see GLN (1991) for further discussion. ’
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(1-L)Y1+L) 201 -63] -01f 63] .05] .71| .08 S98 201 -70) 7] 40| -as| .12 J7] -14

Avg. Hours Level 88 201 51 32 a9 . o8] 06 881 -321 -1} -09] 09| 07 081 -1l
A 0| -6 02| M| .03] -68] o1 1) of 69| 06] a5 040 221 .06 .17

A, 78 AT} 4 12| 220 -26( -30( -280 78 ~36| -211 -081 47| -26] -.1s 08

Agy 24 05| -3 ] 21| 24| -22] -03| -160 24 00| -05f -20{ -16] .18 05| -23

A-SD 05 4] -201 a2 -0 01} -19| -0s 051 o4) .20 asj -1 -03{ -14{ .00

AA, 041 -0 05{ -45] -06] -00) -01{ -09 041 -01)] 05| -asf .02 .2} .05 -37

(LLY(1+L) A3 _-68; 03| i) -01] -68] 01] 6 A5 -12] 68} -a3] - -9 231 -03

Labor Force Level 9 971 95| 94| 2| 91| 9| 880 99 01} -0t -02) .01] 01| -00] -m
' A 021 -82] .04| 90| 02| -79| -04 86 02’ -82| -28( 67] -17] 03 -00f .8
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(1-LY(1+L) 061 -88| 0| 90| 0] .34] o1 83} 08{ -88] 69| .10] -03]| -07 14| 06
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] Autocorrelations of Additional Macroeconomic Variables
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m ;mﬁﬁﬂ._mm_?.&.mmmi.%m IV i e ot Nl e B d B
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TABLE B4

us. Unadjusted Quarterly Data from Barsky and Miron
oy . @ : Sample Ends 1948.1 - .
1"-value of AR Cosrection u;TamsmHEGYSem';I Unit !loo('l'm‘19894

Model includes [1, SD. Tej

34
TABLE B3
U.S. Unadjusted Quarterly Data from Barsky and Miron: Sample Ends 1948.1 - 19894
Seasonal Unit Root Test Using Selective Augmentation Technique
. “t"-test results
Mode! includes [I, SD, Te]
Frequencies
x, L) x, =, AUG
Gross National Product -1.80 362+ -3.08 558 11
Per Capita 290 339 348 | 581 |1
Consumption Exp. 2.04 157 265 257 | 1245
Durabies -181 532+ 903 | 643 |~
Nondurables 234 211 -281 154 | 1245
Services 201 2n 407 | 028 | 145
Per capita 260 -146 489 | 259 |14
Durables 3.18 564 729* | 699 | -
Nondurables -396* 284 450* | 124 |1
Services - 262 439* 031 | 145
Fixed Investment 246 EXTU 252 | 738 |1
Govemment Expendi-
tures 424° 5.63° 3810 | 831* |1
_ Federal 298 -5.52¢ 964* | -1005* | -
Defense 325 695 -1153* | -1237% | -
Exports 347 £6.15* 658 | -710* |1
Imports 143 134 662* | -790* | -
Change in Inventories 639 -5.86* 939+ | -768* | 245
Unemployment -3.65¢ 6271+ 255 878 |1
Employment 313 524 232 685 |1
Average Hours 144 493* 470 | 764* | -
Labor Force 374 3.10* 326 454 |t
Price Level -198 9.60* 780 | -1023* | -
Interest Rate 2239 9.02¢ £96* | 620 | 4
Ex post real -539¢ 119 “1145* | 100 |-~
Nominal Wage 244 127 230 461° 12
Real Wage 235 1310 596* | 476* |7
Monetary Base 487 742¢ 850* | -324* | -
Money Supply (M1) -140 377 0.16 436° | 145
Real Balances 291 4.62¢ -1.88 462¢ | 145

AR Lag Length
1 2 3 4 s 6 7 AUG
5.71(.00) -52(60) ~81(42) -1.70(09) 20(.42) 58(.50) ~24(81) | t
4.91(.00) -1.5812) 43(49) 12422 81(.38) -20(34) 26019 | 1t
451(.00) 2.04.04) ~44(66) -3.40(.00) 2.06(.04) -.09(.93) 142016) | 1245
1.22(22) 2878) -31(.76) L0331 0B(98) -48(63) J448) | - .
$.55(.00) 2.08(.04) -120(2%) -2.75(0t) 22100 -62(.34) 20(34) | 1245
6.60(.00% L1127 2682) 3.87(00) 3.09(.00) A9(63) 58(.56) I.dli
5.42(.00) -05(.96) 20(42) 23400 8(44) 29(43) 180N | 14
L3on 1 182019 LI9D3) -1.56(.12) 00(.99) -60(55) 1071(29) | ~
5.90(.00) £6(.51) ~90(.37) -118(24) 1.67(.10) 08(.94) -08(94) | t
$.54(.00) ~356(.58) 70(.48) 3.29(00) 271(01) -05(.96) 12%20) | 145
_3.81(.00) ~68(30) 201(.04) 1.91(.06) -1.88(.06) 1.20023) ~15¢45) | 1
261(.01) -.03(.98) -30(.77) -94(35) 66(.51) -35(73) 96034 | 1
~13(90) ~58(.56) 1.48(.14) -34074) -.74(.46) -$7(38) 226000 | -
291 ~90(43) 1.03(30) ~80(.42) -.19(.85) 9%(32) -16(37) | ~
2.84(01) -1.10(27) -9133) ~58(.56) L60C11) .12(90) A5412) | 1
145(.1%) S3.59) 122020 -99(.32) 32(.75) 1.03(29) -86(39) | ~
23(.82) 2.16(03) 1.91(.06) 225(03) 239(02) ~69(.49) 53(60) § 245
2.49(01) -1.74(08) 21(84) -21(43) . «29(78) -68(.50) -83(53) f 1
3.16(.00) -1.14(29) 56(.58) -1.49(.14) .74(.46) 15(38) -91036) | 1
1.32(19) -93(36) £1(34) -75(.46) £0(55) -1.01(32) -15(88) | —
3.26¢.00) -SHsn 1.2023) -1.62(09) 37(.09) -56(.58) 6349 { 1
-84(40) L0231 A46(65) £2(41) -43(.63) -30(77) 35¢13) | -
91(36) ~THAT) 3.45(.00) 3.61(00) 69(.49) ~23(82) 12220 1 ¢
33(.60) 44(66) 3439 | 248 -35(72) 69(.49) ~60(55) 1 -~
36(.72) 235000 -1.42016) -03(.98) ~85(.40) 136(.18) -082(96) | 2
A49(63) 182007 -L84(07) S56(58) ~99(33) 170007 19905 | 7
-31(75) 1.0928) -35(58) -23(82) -.12(90) 36070 -35(58) | ~
6.10(.00) -1.44015) 59(36) -3.65(.00) 412000) -1.03(.30) -11924) | 145
2.80(.01) -4 67) F A0 265(01) 212(03) -34(73) -24(81) | 145
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TABLE BS

Seasonal Unit Root Test Results: HEGY Method

Samgple Ends 1985.4

37

Lag Selection Coefficients in (3.1)
Series Criterion {tags] Lix || n] mx
NP 1. AIC 15 11}t }]o 0
¢ 1. SC 131 1 tjojo 0
HL Augmentation in 1 0 1 4] 0
1V. Longest sig. lag i 1 0 1 0 0
capita 1 12} 1 1 0ojo 0
ONP per I 12) 1 1 0} o0 0
m [81] 110 1 0 (1]
v [} 1 0 1 0 (1]
Consumption I [0)] 1 ojojo 0
1 ()] 1j0j0]0 0
m {1.24.5) 1 1 010 0
134 151 1 1 1 1 1
Consumption capita 1 {51 1 1 1 0 0
per 4 (R} 1 1 1 0 0
m {14] 1 1 00 0
v (4 t{1]ojo 0
' 1 ()] 1 0jo0f}o 8
rables n (V)] 1 0]j]0]O0
NonDu m [1.24.5] 1 ojo}o (4]
v 51 1 1 1 1 1
i 1 5] 1jt|ofn 0
Non-Durables 1 [0} i (l) g (l) g
i m 1] 1
per capia v )] 1j1lo}t 0
Consumption I (V] 1{fojo}o (V]
Durables 14 (V)] 110jo0}]o 0
- m [0 1 0ofjol]o 0
v {0} 1 0j0]o 0
0
Consumption Durables 1 (2] 1{o]Jojo :
per capita I [(1)] tJ]ojojo 0
m {0) 1 0jo0j]o 0
v {4) 1 ojojoy}-o0

Lag Selection Coefficients in (3.1)
Series Criterion lags] 1% |m|nm o | xe,
Cons.nmption I 0] 1]ojojo 0
Services 1 )] 1fofojo 0
1| (145) [ O O A 1
v 151 1lt1iof1 0
Consumption Services i fy)] [ I AT A 1
per capita I 151 I I O 1
m (1481 1 {1 1] 1
v s} tlr]1 ] 1
Fixed Investment I {0} t{olo]o 0
I 0] tjojolo 0
m (1] 1jloji1]o 0
v (] 1jol1io 0
Govemment Exp. 1 ()] 1jolojo 0
I ()] 1tiololo 0
m in t{ic|1}lo 0
v n 11olt]o 0
Govemment Exp. 1 [0 11o0tlo 0
Federal un (o1 1jojt]o 0
1 o] tjoft]o 0
v 0] tjojli1]o 0
Govemment Exp. 1 {0 1jojojo 0
Defense 1t {0 1tjojloljo 0
{1} o tjo{ojo 0
v )] t{ojJojo 0
Exports 1 10 1{ojoilo 0
n 0] 1t{ojol]o 0
m {1 tjr1jolo 0
v {n t{1lo]o 0
Imports 1 10) tjojojo 0
1 1o} tjojo]o 0
m {0} t{ojJojo 0
v 10} 1jojJojo 0
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Lag Selection Coefficients in (3.1)

Series Criterion [tags) lmx x| o
Ex post real interest 1 {51 0jojol1 0
rate 1n {o1 0jojo01 0
m (o1 ofo]o]1 0
1w {0} 0j01]o0 1 0
Average Wage 1 {3] 1 0jo}t 0
I [4] 1 oj11}o0 0
mn 21 1 1 110 0
v 2} 1 1 1jo 0
Real Average Wage 1 m 1 ojJo|o (4]
n [13] 1 ojoj|o 0
m n 1 ociojo 0
v 71 1 0lolo0 0
Monetary Base I {5} 1 0j1}o0 0
i {0} 0joj1]o 0
mn [0} 0joj1io 0
v (V)] ojJojtio 0
Money Supply - M1 1 151 1l1ji]oe 0
n 12} 1 0 1 0 0
m [14.5] 1 0j110 0
, v {51 tfofl1]o 0
Real Balances 1 (51 0jojolo 0
n {0) 0jojojo 0
In {1.4.5] 0jojojo 0
v {5} 0}10j101]0 0

38
Lag Selection Coefficients in (3.1)
Series Criterion Mags) I1x |x |x |x | xnm,

Change in Bus. 1 (51 oj1{t1]1 1
Inventories I 151 ofi1]1]1 t
1] 12451 |o0jo]|ojo 0

v 151 oj1]1]1 1

ployment 1 15 1{1f{1}o 0
£ u )] 1Jojt]o 0
m n t{ofl1io 0

v [} 1foli1}o 0

nemployment 1 151 1{1j1]o 0
Y i o) 1tjoli1]o 0
m f1) 1jo]i1]o 0

v {1l 1joji1]o 0

Hours I {1} 1{t1]1]o 0
Average ) u m 1]ltj1]o 0
m [0} 1/ojo]o 0

v ()] 1{ojo]o 0

Labor Force 1 {1 t{1j1{o 0
1 i t{tli1}o 0

m m 1{tjt1}o 0

v 1] tltj1}o ]

Cons. Price Index 1 Is1 1{ofojo 0
u * 8l t{ofo]o 0

m o} 1]1]oio 0

Y (o1 1j1]o0}jo ]

nterest I 4] tfi1]1}o 0
! Rate 1 151 1j1{i1}o 0
m (41 1jo]ojo 0
v (4] 1jojojo 0

Based on estimates of equation (3.1). A constant, trend, and deterministic seasonal dummies are included.




%0 g

L e

TABLE Bé 4

U.S. Seasomally Adjusted Quarterly Data from Citibase: Sample Ends 1989.4
“t"-value of AR Correction Lag Terms in Unit Root Test

TABLE B?
U.S. Seasonally Adjusted Quarterly Data from Citibase:

Model includes (1, Tr]
AR Lag Length Unit Root Dickey-Fuller Test Statistic
Series 1 2 3 N 5 6 7 AUG : Viodel meludes 1. T
: nc . 11
m 4265 2656° 5| -z -319 -6T1 2412 L satidtic-seloction criterion
g:c:-nm ad R el IR B 58| 16812 Series Longest Sign Lag | Sekeonns Aug. A s
Durables s3] 23t 36| as3 1303 m| x|z GNP 3084 -1993 a2 @ | x ©
Nondurables 908 1018 1627 -878 -532 -496 11960 Cons. Exp. 2113 2113x 158 || x )
Services 1.496 -019 s -637 -2.690° 1.284 1312} 5 Durables -3.582° 3781 3315 | | x ©
Iovesment 6919° 1303 7| 0w 1182 504 a3 Ns:::*b‘ "::‘: z" -906 |©@ | x ©
Gov. Exp. 2.708° T4 39 -103 -2 418 <11 B Fored I 5.176' B 35 |m ) -26 | o
Fed. & 8791 2.136' 1342 -1303 1.145 161 889112 - -S. -5.176 336 (@ | 3408 | (»
Defensc’ Gov. Exp. 2362 2362 2050 | | 2653 |0
Exponts -1.508 2238 2228 1268 590 509 441 Fed. Govt. Exp, 2,609 2609% o | 225 |
Imports -.087 384 019 1347 -312 48 430 Defense 583 aor o | a2 1o
Change in Inv. 2487 1574 4453 685 507 08 23 Bxports 214 o i L
Unemployment' | 8.747° -510 -158 -1515 -.063 1.180 367 mports L 1643 1 (O | x (0]
Employment 5471° -044 -206. 538 -1.751 462 400 -1 -1.638x -1.700 © | x ©
Average 3384 328 955 -1.619 -.634 14711 1742 Change in Inv. -1.849° -8.000° 65100 | (© | x ©)
Hours™ Unemployment 4.548° -4.548' 3602 | @ | -1834 | (0
Labor Force* 28 244 -084 1977 1.215 348 =12 Employment 2716 -2.716x 2418 ®) | -1857 | ©
Price Level* 8.642° -58 46127 3504 1.660 -1.884 L Avg. Hours 3208 .
Interest Rate* sns| 43 4302 1216 2.003° o3| 243 4381 334 1O | x ©
Ex post real* -1338 <2783 2213 -1.689 1.308 -1399 577 Labor Force -2.395 -2457 2887~ | (0 | 2520 | (0
Nominal Wage Not| Available Price Level -1.842 -1.849 1407 [ () | =x V)
Real Wage Not | Available Interest Rate 2503 2902 2939 [ @ | -2490 |2
Monetary Base® | 5322° .37 947 1233 1.698 -978 .190 Ex Post Real A 5615 3508 | ® | x ®
Mt 4809° 292 3171 2n0 279" 47| 2009 Monetary Base 492 2303 an0e |@ | s | o
Real Balances 5738 o 1963° -1.551 1914 637 -881 gV 219 2188 298 | | 69 | ©
Simplifies statistically significant at the 5% level. Real Balances -2.348 -2.303 207 |@|-1927 |

Federal and Defense could not be obtained separately
Manufacturing sector.

Si@iﬁsnjecﬁmofmennllofamitmatmes%levelusingMacKhmon‘scﬁﬁmlvalm

Significs that lag selection

Lag length given in parenthesis

necfniqu:; (1) and (2) resulted in the same lag selection
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TABLE B$

Seasonal Unit Root Test Results: HEGY Method'

Sample ends in 1989.4

Lag Selection Coefficients in (3.1)
Series Criterion  egsl mm x| ] xem
L {51 1jt1jutryto 0
NP i'sc is) 1l1}1]o 0
fil. Augmentation [} 1jojtjo 0
- 1 5] ili]1]oe 0
Consumption n (5] tji1li1fo} o
m (1.24.5) 1 1 1 0 0
e EEERHARAE
- 1} i L I
Noa m w2451 {1lololo] o
- 1 w 1jojlofo] o
ey tian 1 o |1]ofofo] o
I (ol 1tjofoflo] o
- 1 s titj041t 0 .
Sonsumption n isi 1f1fef1 )
B 4sp J1 i 1
1 or ojojofo]l o
Fixed Investment 1 1) 1 0 ol o 0
u ar 1fojtfof o
1 ur ] (] olo 0
Govemnment Exp. o s olololo. 0
u ur ojojojo 0
1 n 1 0jo0}{o 0
Government Exp. u 1 1 0 0 0 0
F m 0] 1jojofof o
1 m 1]ofo]o 0
Government Exp. I ) 1 0 olo 0
Defense m (VY 1 0 oj]o 0
1 12! tjojojo 0
Exports n 21 1tj1ojo]o 0
m [tV 1 0 ofjo 0
I 1s) 1t{ojo]oe 0
imports o o |[t]ojolo]| o
m 101 1Jolo]o 0
5 1 151 ojt1}jo}lo 0
Change in Bus. o Bl olololo 0
Inventories m 245 |ojojojo 0

43
Lag Selection Coefficients in (3.1)

Series Criterion [lags] LN R B R LAl
Employment 1 61 1 1 1 0 0
1 {2} 1 0 1 0 [}
. 0 1} 1 0 1 0 0
Unemployment I 131 1 0 0 1] [}
I 12} tjo 1}0 0
m {1} 0lo 110 0
Average Hours 1 {1} 1 0 1 (1] 0
n 1)) 1 (1] 1{o 0
1 oy 1{f0j0}o [y
Labor Force 1 {1} 1 ojolo 0
1 m PrH1ojJo]o 0
m 1r 0o 1jo 0
Cons. Price Index 1 R2) 1]ojofo 0
i 2 1101010 0
it 0 110jo0]lo 0
Interest Rate 1 [4) 1 01o0]o0 0
. 1 {0 1]J]ojo}fo 0
m 4} 1 0jo]o 0
Ex post real interest rate 1 &) 0ojo0}lo 1 0
n 1] glojo 1 0
1 {0} 0jojojo [
Average Wage I 1)} 1 [ 1 0 0
1 1) 1 0 1 0 0
1 2] 1 0 1 [ 0
Real Average Wage 1 [43] 1 ojojo 0
I {1} Ljojojo 0
m N 1{jojo}lo 0
Monetary Base 1 o) 1]1]0jJo0]o0 0
H [0)* - 1 ojojo 0
it [oj* 0jojo]o 0
Money Supply - Mt 1 {6] 1 1 1 0 0
1 {1} 1 0 1 0 0
m [14.5] 1 0 1 0 0
Real Balances 1 {1) 1 0Jojo 0
I {1 1 0]0j]o0 0
m 114.5) 1 [} 1 1} 0

* Based on estimates of equation (3.1). A constant,
appendix.

additional details about test results, see the

fSigl\iﬁesﬂmﬂiemmhforﬂiex.coefﬁciaudiﬂuedsbﬂm

senes.

trend, and deterministic seasonal dummies are incloded. For

the seasonally adjusted and unadjusted






