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1. Introduction

Several retail sales and whole sales series
published by the Bureau of Census are not only
seasonal but are also affected by other periodic
movements such as those generated by the
number of trading days in a month and the
Easter holidays. In this paper we present the
empirical results of a study of the comparative
performance of three seasonal adjustment
methods (i) State Space Model-Based (SSMB)
method of Jain (1992), (ii) Census X-12 ARIMA
and (iil) ARIMA Model-Based method of
Burman (1980) as applied to two Census
seasonal series which are also affected by trading
days and Easter holidays. The two series
analyzed in this paper are (i) Whole Sales of
Hardware Plumbing and Heating Equipment etc.
(HDW) (ii) Retail Sales of Men’s & Boy's
Clothing Stores (MBC).

2. SSMB Method and the Structural Models

In the SSMB method, a structural model of
a time series consists of a decomposition
equation with unobserved components such as
trend, seasonal etc., and regression components
such as trading day and Easter holiday, and the
models for the various such components. The
structural model is cast in a state-space form and
Kalman filtering and smoothing technique is used
to estimate all the components. The Kalman filter
is initialized by a diffuse prior. The hyper-
parameters of the model are estimated by EM
algorithm and a quasi-Newton algorithm. The
following are the minimum AIC structural
models for the HDW and MBC series
respectively:
Optimal Structural Model (OSM) for HDW
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All errors are assumed to be serially and
contemporaneously uncorrelated with means

zeros and finite variances. djr j=1,2,...6,7. are the

number of jth days in a month. See Kitagawa &
Gersch(1984).
Optimal Structural Model (OSM) for MBC
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where h, is the proportion of days before Easter

that falls in month t. It is zero for all months
except March and April.



3. Census X-12 ARIMA Method (X12)

X12-ARIMA method is an enhanced version of
X-11, in which those series affected by trading
day, Easter holiday, outliers etc. are first
adjusted for these effects by REGARIMA
models of this method and then seasonally
adjusted by X-11. REGARIMA models are
regression models with ARIMA errors. Six
trading day regression variables are defined as:
Tj: = (JDJ;r - Dg,) j=12,...6 where D, is the
number of jth days of the week in month t. Easter
holiday regression variable is defined as:
E(@w,t)=(1/@)* (number of @ days before
Easter in month t).This variable is zero in all

months except March and April so long as @ <
21

4. ARIMA Model-Based Method (BRM)

As in Census X-12A method, the series under
consideration are first’ adjusted for trading day
and Easter holiday effects. Trading day variables

are defined as: ?}: = Djr /N, j=12,...7

where Dﬂ is the number of j days in month t and

N,is the length of month t. Easter holiday

variable is defined as in X-12A method. This
method first finds the optimal (minimum AIC)
ARIMA model for the trading day and Easter
holiday adjusted series under consideration.
Then it estimates the optimal ARIMA model by
maximum likelihood method. The parameter
estimates and the forecasts and backcasts of the
chosen model are used to  partition the model
spectrum, generate the trend and seasonal filters
which are then applied to the series together with

its forecasts and backcasts. For this paper,
Burman’s computer program called PROPHET
was used

5. Empirical Results

Wholesale of Hardware, Plumbing
and Heating Equipment etc. (HDW): This is a
monthly series which is very seasonal and is non-
stationary. This is affected by the number of
trading days in a month but not the Easter
holiday. For analysis, we used 96 observations of
this series from January 1985 to December 1992.
The empirical results in Table 1 show that for
this series, the residuals generated by all three
methods are correlated since all Ljung-Box Q*
tests for the adequacy of the model reject the null

hypothesis. BDS and Modified BDS tests (See
Jain (1993) for references), however, accept the
null hypothesis of no auto-correlation in the
residuals at 5% level of significance for all three
methods. Other diagnostic tests indicate that for
OSM and BRM models, the residuals are linear,
homoscedastic and normally distributed and for
X12 only the null hypothesis of linearity with 12
and 24 autocorrelations and null hypothesis of
homoschedasticity are accepted. The Chi-square
test of normality rejects the null hypothesis of
normality for X12 residuals. In Table 2, the two
statistics, Akaiki Information Criterion (AIC) and
SGMASQ, the mean of the sum of squared
model residuals, give mixed results on the
goodness of fit of the three models. AIC is lowest
for the BRM and highest for X12 whereas
SGMASQ is lowest for OSM but highest for X12
indicating that the X12 has the worst fit of all
three methods. All three RBARSQ'’s are highest
for BRM and lowest for OSM indicating a
superior fit by BRM. The forecasting
performance also is best for BRM and worst for
OSM since RMPESS, root mean prediction error
sum of squares, is lowest for BRM.

In table 3 the F-tests for stable
seasonality estimated for all three models reject
the null hypothesis of no stable seasonality which
obviously confirms our visual belief that the
series is seasonal. However the F-tests for all
three methods accept the null hypothesis of no
moving seasonality in the series. The m7
statistics for all three methods are within
acceptable range which indicates that the
seasonality is identiftable. In figure 1. first row,
the trends from all three methods are smooth
although the BRM trend is a bit less smooth than
the other two. The TRS statistics in table 3 bear
this out being the smallest for BRM. The
seasonally adjusted series (not shown ) are not
very smooth for any method although the SAS
statistics as given in Table 3 indicate that BRM
gives the least unsmooth series. The reason for
the roughness in seasonally adjusted series is the
presence of the periodic movements generated by
the differing trading days in a month in the
monthly series. Thus when we compare the
combined seasonally and trading day adjusted
series for the three methods in figure 1. row 2,
OSM gives the smoothest adjusted series
whereas for X12 and BRM, the combined
adjusted series are still pretty unsmooth. The
reason for this phenomenon can be found in the
graphs of the residual errors of the three methods



in row 3. The OSM residuals have the smallest
range between -0.03 and +0.03; the XI2
residuals have the biggest range and lie between
-500.00 and +375.00; and the BRM residuals
have the range much smaller than that of X12 but
much bigger than that of OSM. This indicates
that the X12A and BRM methods do not
decompose the series as well as OSM does.

Retail Sales of Men’s & Boy’s Clothing
Stores (MBC):- This also is a monthly non-
stationary time series with a significant seasonal
component. This series is affected by trading
days and Easter holiday as described above. For
analysis, we used 96 observations of this series
from January 1985 to December 1992, The
empirical results in Table 1 show that for this
series , Ljung-Box Q*, the adequacy tests for
both OSM and BRM models accept the null
hypothesis of no autocorrelation in the residuals
but reject the null for X12 method. On the other
hand, BDS and MBDS tests accept the null
hypothesis of no autocorrelation in the residual
for OSM and X12 models but reject the null for
BRM. Other diagnostic tests indicate that the
OSM and Xl12 residuals are linear,
homoscedastic and normal whereas BRM
residuals are linear and homoscedastic but not
normal. The goodness of fit statistics AIC and
SGMASQ favor OSM but all three RBARSQ’s
favor the BRM model. The forecasting
performance of BRM is superior to those of
OSM and X12 for this series with lower
RMPESS (Table 2)for multi-step forecasts. In
Table 3 the F-tests indicate the presence of
stable but not moving seasonality for all three
methods. The m7 statistics for all three methods
are within acceptable range which indicates that
the seasonality is identifiable. The TRS and SAS
statistics in table 3 indicate that BRM gives the
smoothest trend and smoothest seasonally
adjusted series; however these statistics are not
very far apart as the graphs in figure 2 row 1
indicate that the trend for all methods is quite
smooth; and the graphs of the seasonally adjusted
series (not shown) are quite unsmooth for all
three methods because of the presence of trading
day and Easter holiday effects in them. The
combined seasonally, trading day and Easter
holiday adjusted series as shown in figure 2, row
2, on the other hand, are smoother for BRM and
OSM and is least smooth for X12 method. It is
not clear, however, what has caused the

emergence of annual upward blips in the
combined adjusted series for OSM and a single
big upward blip in the combined adjusted series
for BRM. The residual errors as shown in figure
2 row 3 show that OSM residuals lie in the range
-0.20 and 0.20 and the X12 residuals lie in the
widest range -80.00 and 80.00. The BRM
residuals except for February 1990 also lie in a
narrow range. The implication of this is that the
OSM model decomposes the series better than
the other two methods except that BRM also
does that quite well but for a single point.

5. Summary and conclusions
This paper has presented empirical

comparison of the three methods of seasonal
adjustment in the presence of trading day and
Easter holiday effects. The SSMB and Burman'’s
ARIMA model-based methods perform much
better than Census’s X-12 ARIMA method in
case of both series. Although the model statistics
for Burman’s method are superior to those of
SSMB method, the estimated trend and
seasonally, trading day and Easter holiday
adjusted series are smoother for the SSMB
method.
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Figure 1. Whole Sales of Hardware Plumbing and Heating Equipment etc.
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Figure 2 Retail Sales of Men’s and Boys’ Clothing Stores



