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ABSTRACT
This paper purports to discuss the operations involved in the production and dissemination of seasonally adjusted data, with special
reference to the key functions available in the
X-II-ARlMA seasonal adjustment method. This method has recently been developed as a SAS procedure
PROC XllARIMA.
The topics discussed are:

adjusted data. Section 4 contains a brief-review of some of the computerized tools related to
Sections 2 and 3.
2.
STEPS IN SEASONAL ADJUSTMENT
2.0 An-OverView
There are three major steps involved in the
seasonal adjustment of time series, namely:
(Dagum, 1979): (1) an ex-ante seasonal analysis
of the original series; L.2) the seasonal adjustment per se;
(3) an ex-post seasonal analysis
of the seasonally adjusted series.
The results from the first step detennine all
the necessary parameters on the seasonality of
the original series in question. A successful
analysis requires close consultations between subject-matter specialists (who are familiar with
the subject on which the series is observed) and
methodological experts on seasonal adjustment.
The second step produces seasonally adjusted
data on a regular basis. Operations in this step
are very much dependent on a particular software
to carry out the adjustment. As reviewed in
Section 4, a majority of Canadian socio-economic
time series are seasonally adjusted using the
X-ll-ARIMA Seasonal Adjustment Program (Dagum,
1980). Subsequently, PROC XllARIMA, an equivalent
SAS procedure was developed at Statistics Canada,
(Gratton and Dagum, 1986a and 1986b).
In the case of the X-ll-ARIMA program, the
information for the third step can be obtained
from the regular operations of the second step.
With a large-scale mainframe computer, the cost
of seasonal adjustment, including extensive output
materials, has become negligible (less than one
second to seasonally-'adjust a monthly series).
In the remainder of this section, key functions in each step are explained.
2.1 Ex-Ante Seasonal Analysis of the Original
Series
2.l.l~t for the Presence of Seasonality
A test is available to assess the presence
of seasonality in the original series. A series
should only be seasonally adjusted if it has significant seasonal variations. Failure to adjust
a candidate series will seriously limit the use
of data. On the other hand, an inappropriate
seasonal adjustment will produce misleading infonnation.
2.1.2. Selection of a Decomposition Model
Once it is established that seasonality is
present, the correct decomposition model must be
selected. A test is available to determine the
correct model. Selection of the wrong decomposition model will yield an erroneous indication of
a turning point.
2.1.3. Prior Modifications before Attempting to
Seasonally Adjust the Original Series
The X-ll-ARlMA Program provides an option
that enables users to make prior changes to the
original series before its seasonal adjustment.
Generally, these prior modifications are temporary
(used to produce a better seasonal adjustment)
and they are re-introduced with the final seasonally adjusted values. For example, the replace-

CAl Key functions involved in each of the following three steps: (1) an ex-ante seasonal analysis of the original series; (2 ) the seasonal
adjustment per se;
(3) an ex-post seasonal analysis of the seasonally adjusted series.

eB) How

the seasonally adjusted series are disseminated
by means of publications, CANS 1M and TELICHART.
(c) A brief review of computerized tools including PROC XllARIMA.

1.

INTRODUCTION
The objective of seasonal adjustment is the
elimination of variations in a time series which
are attributable to predictable seasonal events.
This clearly reveals the more important underlying variations, trend and cycle. Figure I shows
an original series, its seasonal factors and the
corresponding seasonally adjusted series. The
resulting adjusted series can then serve as a
useful tool in analysis such as: in determining
at which stage of the business cycle the economy
stands; in relating the time series to other
series or external events, and comparing month-tomonth changes of various series.
The seasonal adjustment of a series is not
always a straightforward procedure. For instance,
the 1981-82 recession had a very great impact not
only on the structure of the series but also on
the estimation of the trend-cycle and seasonal
components at the end of the series. Consequently serious problems may occur, such as the overor underestimation of the seasonally adjusted figures, leading to a false indication of a turning
point.
There are practical problems when a large
number of time series must be seasonally adjusted
on a regular 1:a.sis. Such an environment requires
computerized tools with appropriate infrastructure
which enables automated procedures to function
properly. For example, a series of check points
is needed to ensure the accuracy of data production and dissemination. From time to time, a
problem may be discovered requiring further investigation and analysis. This may result in an
additional explanation, suggestion' for an alternative method of computation, or a piece of a new
problem leading to a new methodological development.
In response to the increasing interest in and
need for the seasonal adjustment of a large number of time series, this paper tries to synthesize
the seasonal adjustment operations practised over
Canadian socio-economic time series. Section 2
identifies major steps and key functions within
each step. Section 3 describes various aspects
of data dissemination related to the seasonally
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ment of some extreme values can be done by the
users instead of letting the program do it automatically.
2.1.4. Trading Day-Variations
If significant trading day variations are
present in monthly series. these variations
should be removed. Failure to remove them will
produce larger irregular fluctuations in the seasonally adjusted figures. There are several options available for estimating trading day variations. A new option allows the user to automatically estimate, in both the additive and the multiplicative decomposition models the trading day
variations before fitting an ARIMA model for data
extrapolation.
2.1.5. Graphical Displays for Exploratory
Analysis
Graphical displays of data are extremely useful in time series analysiS. They are particularly effective in the ex-ante seasonal analysis
of the original data.

The X-II-ARIMA method is a non-linear estimation procedure thus. the annual totals of the
seasonally adjusted data will generally not
equal the totals of the original data. Some
series used for accounting purposes. for example,
require the two annual totals to coincide. The
X-II-ARIMA program has an option which forces the
two totals to be equal without distorting the
month-to-month changes of the seasonally adjusted
series.
2.2.6. CompOSition of Series
A composite series is one that results from
the addition. subtract:ion. multiplication and/or
division of several component series. The component series can enter into the aggregation with
equal or different weights. Because of the nonlinearities already discussed, the direct and indirect seasonally adjusted composites are usually
different. In order to decide whether the composite series should be seasonally adjusted using
the direct or the indirect procedure, the criterion of smoothness is often used. The wrong
choice of method will produce highly varying seasonal factors which are usually undesirable. The
X-II-ARIMA program offers two statistics to measure the degree of smoothness.
In an indirect seasonal adjustment, some
component series may have no significant seasonality and in such cases. it is best to use the
unadjusted figures in the total.
2.2.7. Concurrent versus Forecast Seasonal
Factors
The current seasonal adjustment of a given
series can be made using either a "concurrent" or
a "forecast" seasonal factor. A concurrent seasonal factor is obta~ned by running the X-llARlMA each time a new observation is added to the
series whereas a forecast seasonal factor is generally obtained from a series that ended in the
previous calendar year. A concurrent adjustment
always produces a more accurate seasonally adjusted series. hence subject to smaller revisions.

2.2
Seasonal Adjustment - A Regular Operation
2.2.1. Extrapolations -from an ARIMA Model
If a series can be fitted and extrapolated
well by an ARIMA model of the Box and Jenkins
(1976) type, this should be done in order to estimate correctly changing seasonal patterns and
turning points in the trend-cycle at the end of
the data. The use of ARIMA extrapolated values
reduces the magnitude of revisions of the current
seasonally adjusted values (Oagum, 1982.a). The
model may be specified by the user or selected
automatically from a set of three program-supplied
ARIMA models according to a set of criteria for
fitting and extrapolation (Oagum. 1981). The
length of the forecast horizon is variable and
the user can choose from 6 to 24 months. (12
months being the default option.)
2.2.2. Selection"or-the Length of Seasonal and
Trend~Cycle'Movirtg Averages
The X-II-ARIMA program allows the user to
choose moving averages of different lengths to
estimate the trend-cycle and seasonal factors.
(The longer the moving average applied. the smoother the final output.) This program also enables the application of different seasonal moving averages for different months. For instance,
in some series. seasonality for a given month
may be much less regular than for any other month,
and the user may apply a longer moving average
for that month while the default option operates
for the remaining months.
2.2.3. Automatic Identification and Replacement
of Extreme-Values
The automatic treatment of extreme values is
of great importance. The user should exercise
great care in choosing the designated number of
standard deviations (sigma limits) of the irregulars to replace extreme values. Too much adjustment will produce an artificially smooth series,
too little, will produce large fluctuations and
thus. a poor estimate of the seasonal factors.
2.2.4. Strike option
The occurrence of a strike may affect different series in different ways. A strike-treatment option is available in the X-II-ARIMA which
should be used with care similarly to the automatic treatment of extreme values.
2.2.5. Revised Annual Totals

CDagum, 1982 and 1982. aJ.

2.2.8. Frequency of Revision
Users may have their own practices on revisions. However. when concurrent adjustments are
made, the best revision policy (best from the
viewpoints of cost reduction and gain in accuracy)
is to revise each monthly value when the next
month appears. keep this estimate constant for the
remainder of the year and then, revise annually
when the first month of the next year is available
(Dagum, 1986). By revising each month once. the
reliability of the end point filter increases
significantly. Thus changes in month-to-month
comparisons can be ascribed to the new data only
and not due to a change in the moving average.
The annual revision usually provides a significant
improvement in the seasonally adjusted figures.
Furthermore. it is advisable to revise only the
last three years of data given the properties of
the moving averages used by the X-II-ARIMA progrrua
2.3

Ex-Post Analysis of the Seasonally Adjusted
Series
An ex-post analysis of the seasonally adjusted series should be made to assess the reliability of the adjustment.
The most common criteria used and which are
available as measures and statistics in the X-Il-
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ARlMA program are: (1) testing the presence of
residual seasonality; (2) testing the randomness of the residuals; (3) measuring the average revision of the seasonal factors for each
month; (4) measuring the relative contribution
of the components to the total variance of the
series; (5) measuring the number of months (quarters) it takes the change in the trend-cycle to
surpass the amount of change in the seasonals as
compared to those of the irregulars; (7) measuring the amount of stable seasonality relative to
the amount of moving seasonality. These measures
are produced by the X-ll-ARIMA in two major
tables on Summary Measures and Quality Control
Statistics. Their interpretation requires some
level of expertise from the users and knowledge
of the series in question.

example, one of them, I.P. Sharp Associates [lOJ
offers 47 economic data bases including CANS 1M
MAIN BASE.
A subset of the MAIN BASE consists of about
25,000 popular time series stored in a
CANS 1M MINI BASE. These series are also accessible via secondary distributors.
Both MAIN BASE and MINI BASE are updated
any time a new observation of the time series
becomes available. For those who have less time
critical needs, UNIVERSITY BASE is offered
(25,000 series) with quarterly updates.
Another mode of data dissemination services
offered by CANS 1M is TELICHART Information Services. This system consists of a data base similar to the MINI BASE, TELl DON based graphics
displays and user-friendly data retrieval facility. TELICHART Service is extremely effective
for a rapid exploratory analysis of time series,
which may occur at the beginning of the ex-ante
seasonal analysis.

3. DISSEMINATION OF SEASONALLY ADJUSTED DATA
3.0. Background
The demand for seasonally adjusted time series data changed dramatically when a new ffisthod
of data dissemination became available. This
new method was based on computer technology and
created a large new market in addition to the
existing one for usual printed publications. In
Canada, Statistics Canada began distributing
CANS 1M Data Bank on magnetic tapes in mid 1960's.
Then, the Data Bank was considered as a repository of officially published time series which
covered a wide spectrum of Canadian socio-economic statistics. Since then, CANS 1M has evolved
into one of the most, if not the most significant
data dissemination machinery for Canadian statistical data.
3.1. Printed Publications
Roughly speaking, several thousands time
series are seasonally adjusted at Statistics
Canada on a regular basis. A majority of these
becomes a part of official publications. For
example, the Labour Force [15J and New Motor Vehicle Sales [16J are monthly publications. In
each case, there is a clear explanation about the
method of seasonal adjustment used to produce
seasonally adjusted series. This kind of explanation is helpful not only for the data users but
also for the purpose of data quality assurance.
As described in 3.2, in a modern computing
environment, data users can access a large volume of time series on publicly available data
bases. However, it is not always easy for the
useT to ascertain: (a) that the series are the
ones they are looking for; (b) that they are
the appropriate ones for their purposes.
For these and other reasons, printed publications are a necessary part of public data use.
3.2. Electronic Dissemination Via CANS 1M
After seasonally adjusted series are officially published, some of them (approximately
1,400) enter into thp- CANSIM MAIN BASE. This
data base is a repository of Canadian socio-economic time series consisting of approximately
400,000 time series.
Since data on CANSIM MAIN BASE are not confidential, anyone can request a selection of
series from Statistics Canada, or can obtain data
via one of the ten secondary distributors. The
secondary distributors are private computer services firms under a contract with Statistics Canada to distribute data to their clients. For

4.

COMPUTERIZED TOOLS
For the purpose of briefly reviewing computerized tools, the following basic requirements
emerge from sections 2 and 3: (1) flexible data
retrieved facility for time series; (2) a comprehensive set of facilities for statistical and
econometric data analysis; (3) a facility for
graphical data displays; (4) a seasonal adjustment program.
If one is to look for an integrated environment, the SAS system from SAS Institute and
SHARP APL for I.P. Sharpe Associates are the only
ones which come close to satisfying most of the
requirements.
SAS/ETS UIJ has PROCXll, which is basically
the same as the X-II Variant of the Census Method II (Shiskin, Young and Musgrave, 1967). A
similar facility is also available in SHARP APL.
However. most of the statistical agencies of the
world are using the X-Il-ARIMA Seasonal Adjustment Program for the production of their seasonally adjusted data and a large number of these
organizations uses the SAS System extensively,
including Statistics Canada. Thus, PROC XllARIMA
was developed (Gratton and Dagum, 1986a, 1986b),
for the required functions to be performed within the SAS System. Figure 2 shows functional relationships of PROC XIIARIMA.
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