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I. HISTORY OF CENSUS SEASONAL ADJUSTMENT METHODS

There are various and sundry methods for seasonally
adjusting economic time series, all of which are based on the
premise that seasonal fluctuations can be measured in an
original series (O) and separated from trend, cyclical,
trading-day, and irregular fluctuations. The seasonal com-
ponent (S) is defined as the intrayear pattern of variation which
is repeated constantly or in an evolving fashion from year to
year. The trend-cycle component (C) includes the long-term
trend and the business cycle. The trading-day component
(TD) consists of variations which are attributed to the com-
position of the calendar. The irregular component (I) is
composed of residual variations, such as the sudden impact
of some political events, the effect of strikes, unseasonable
weather conditions, reporting and sampling errors, etc. The
seasonally adjusted series (CI) consists of the trend-cycle
and irregular components. Experience has indicated that the
seasonal, trend-cycle, trading-day, and irregular components
are related in a multiplicative fashion (O=S x C x TD x I) for
most national economic time series.

The seasonal-adjustment method in the most widespread
use today is the ratio-to-moving-average method, which was
developed during the 1920’s by Frederick R. Macaulay at the
National Bureau of Economic Research (NBER). It has the
advantages of relative

ponents and flexibility concerning the types.of serigs.which..
may be well adjusted by it.

In 1954, the Bureau of the Census introduced the first
electronic computer program for seasonally adjusting
economic time series, making the application of the ratio-
to-moving-average method on a large-scale basis possible
for the first time. Variants of the Census Method are now in
widespread use throughout the world for adjusting series at the
company, industry, and national-aggregate levels.

In 1955, the original Census Bureau program was replaced
with a revised procedure called Census Method 1I. Since that
time, the Census Bureau has conducted anextensive research
program designed to improve seasonal adjustment methods.
This program has moved forward on two fronts. First, there
has been a major effort to improve the ratio-to-moving-
average method. This effort has been directed primarily to
methods of improving the moving averages used to compute
seasonal-factor and trend-cycle curves, the moving-average
weights used for computing the ends of these curves, the
estimation of trading-day variation from monthly data, and the
handling of extreme values. In addition, research intended
to exploit parametric methods using multiple regression
techniques has been undertaken. Regrem
for expl1'c1t functional specifications of the seasonal and trend-
cycle components which lend themselves to conventional
statistical analysis more readily than the estimates provided
by the ratio-to-moving-average method. However, such
techniques I esir. i
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From time to time, experimental variants of Method II
which incorporate the results of this researchare introduced.
They are identified with the letter “X” and a sequence number.
The first such variant to be made available to the public
(1960) was X-3. It differed from the original Method II in
the method of replacing extreme values and the method of
computing the seasonal factors for the most recent years.
The latest variants to be introduced (1961) were X-9, which
was used as the standard program, and X-10, which was used
to adjust more erratic series. X-10 contains a variable
seasonal-factor curve routine, which selects a seasonal-
factor moving average whose length depends on the relative
amplitudes of the irregular and seasonal fluctuations in a
given month. Thus, it is able to fit more stable seasonal
curves to highly irregular series than previous variants of
Method II.

In October 1965, the X-11 version of Method 1l replaced
the X-9 and X-10 versions as the standard program at the
Bureau of the Census and is now available to other users.
It includes several improvements over earlier versions.
Several of the new features in X-11 provide additional tools
for the time series analyst. While the computations in the
standard program are sufficient for most applications, the
analyst can select optional features peculiar to his own needs.
For example, he may choose between the additive and multi-
plicative versions and between the full seasonal-adjustment
routine and one limited to the calculation of summary
measures computed from seasonally adjusted data obtained
from other sources; the o limits for identifying extreme
values may be varied, providing for contingencies such as
strikes; and he may specify the moving averages to be used
in estimating the trend-cycle and seasonal components.
Another possibility is to take into account both the absolute
and relative relations among the seasonal, trend-cycle, and
irregular components of time series by making additive and
multiplicative adjustments sequentially. As a result of the
availability of these options, X-11 is an instrument, not only
for the massive seasonal adjustment of time series, but also
for seasonally adjusting unusual series, for research intonew
techniques of time series analysis, and for studies of the
relations among different types of flnctuations. *

The major improvements in X-11 are summarized in
section II and described in sections Il to VI. X-11is
compared with earlier versions of Method II in section VIL
Specifications and sample printouts are given in section
VIII. A list of available options and operating instructions
are provided in sections IX and X. Section XI contains a
list of references for further study in the field of seasonal
adjustment of economic time series.

1 For the advantages of time series analysis with the types
of adjustments made by this program, see Electronic Com-
puters and Business Indicators by Julius Shiskin, National

Bureau of Economic Research, Occasional Paper 57, New
York, 1957,



II. SUMMARY OF IMPROVEMENTS IN X-li

Quarterly Program

In addition to the monthly seasonal adjustment program,
a program (X-11Q) is now available to adjust quarterly
series. The operations in the quarterly program are analogous
to those in the monthly program.

Additive Programs

Both X-11 and X-11Q contain options which enable the user
to make additive as well as multiplicative adjustments. As
in earlier versions of Method II, an option is available to
compute summary measures of the trend-cycle and irregular
components from seasonally adjusted input data.

Fortran Coding

The X-11 and X-11Q programs are available in Fortran
1V, a simplified programming language which can be used on
many different computers. The selection of Fortran makes
X-11 readily available for use on many medium- and large-
scale electronic computers. Program modifications can
easily be made to adapt the computations or selection of
output tables to specific uses.

Trading-Day Routine

A technique for estimating trading-day variation from in-
formation contained in.the monthly data is included in X-11.
The monthly irregular values are regressed upon a calendar
that contains the number of timeseachday of the week occurs
in each particular month in order to estimate seven daily
weights. The user has the choice of basing a trading-day
adjustment solely on the internally computed estimates, com-
bining the internal estimates with a priori information that
may be available or basing the adjustment solely on a priori
information as in earlier versions of Method II. More in-
formation concerning the new trading-day routine is given in
section III.

Variable Trend-Cycle
Moving-Average Routine

A choice of several moving averages is available in X-11
for estimating the trend-cycle component. The appropriate
moving average of the seasonally adjusted series is chosen
on the basis of a preliminary estimate of the 1/C ratio, which
relates the average absolute month-to-month percent change
in the irregular to that in the trend-cycle. While the trend-
cycle moving average selected for most series will be about
the same as that in previous versions of the program, where
a weighted 15-term average was applied regardless of the
I/C ratio, more appropriate moving averages will be selected
for highly irregular and very smooth series. In this manner,
the range of series which can be adequately adjusted by Method
II is extended. For special purposes, the user can specify the
moving average to be applied rather than acceptthe selection
provided by the program. More details are given in section
Iv.

Graduated Treatment of Extremes

An improved treatment of extreme values is introduced.
Rather than designating values in the irregular component
that fall more than 2 standard deviations (o’s) from 100 as
“extreme” and assigning them a “weight” of zero as was
done in earlier variants, a graduated scheme is used.
Values outside 2.5 0" are considered definitely extreme and
receive zero weight. Weights for values between 1.5 and
2.5 o are graduated linearly from full weight at 1.5 o to zero
weight at 2.5 0. Values within 1.5 o receive full weight.
Iteration, based upon a modified original series where ir-
regular values beyond 1.5 O are modified with the graduated
weights, is used to reduce the effect of large irregular
values upon the final estimates of the seasonal and trend-
cycle components. More details are given in section V.

Additional Tests and Summary Measures

New tests and summary measures have been added as
analytical aids. Included are the following:

1. New summary measures.—Estimates of the per-
cent contributions of S, C, I, TD, and P (prior adjust-
ment factors, such as holiday adjustments) to the
variation in O are given as additional summary
measures, These measures give the user a better
appreciation of the importance of each component than
did the previous technique of presenting ratios of average
absolute month-to-month percent changes (I/C, 1/S,
S/0, etc.). 1/C is now shown for 1- to 12-month spans
instead of the previous 1- to 5-month spans, although
MCD (months for cyclical dominance) is still shown as
“6” when 1/C21.0 over the 5-month span. Also, other
summary measures such as I, CI, etc., are computed
over spans other than 1 month. Inaddition to measures
of average percent change without regard to sign (I, C,
etc.), the average percent change with regard to sign
and the standard deviations of the percent changes in
0, I, C, S, CI and MCD (the MCD-span moving average
of CI) over several monthly spans are shown.

2. X-11 testfor stable seasonality.—This consists of
an analysis-of-variance F-test for stable seasonality.
The F-test is applied to the S-1 ratios to determine
whether seasonality is present in the unadjusted series.

3. Test for the existence of trading-day variation.—
An analysis-of-variance F-test may be applied to de-
termine whether trading-day variation is present inthe
unadjusted series. Since this method also tests the
significance of the daily weights which may be computed
internally from the data, the F-ratio may be used to
decide whether or not to apply the computed daily
weights.

4. Standard errors.—Estimates of standard errors
of the trading-day weights and monthly adjustment
factors are included to aid the user in assessing the
significance of trading-day variation in the series.

More details on these tests and summary measures are
given in section VI.



III. TRADING-DAY ADJUSTMENT

An option in X-11 provides for a trading-day adjustment
based upon the actual variations in the data. Seven daily
weights are estimated by regressing the irregular series
upon the number of times each dayof the week occurs in each
particular month, From these seven weights, monthly
factors are constructed and divided into the data to remove
trading-day variation. A trading-day adjustment based upon
the information contained in the datarather thanupon a priori
information concerning the daily pattern of activity has the
following advantages:

1. It is less expensive than attempting to establish
independently the pattern of daily activity for each
individual series.

2. It often provides a better adjustment because
allowance is made for the net effect of several factors
related to the calendar, some of which (such as the
effect of bookkeeping practices) may not be possible to
determine a priori.

In general, when the irregular component of the series has
an average absolute month-to-month change (I) of less than
about 8 percent, the estimates provided from the data are
adequate for the removal of trading-day variation.. When the
data are more irregular, the routine will not provide useful
estimates. Standard tests of significance are provided to
help appraise the reliability of the estimates for a given series
and to determine whether trading-day variation (or residual
trading-day variation if a prior adjustment has been made)
is present in the original series.

In addition to the option of estimating seven daily weights
from the data, two other options are available:

1. Rather than basing an adjustment upon estimates
made from the data, seven daily weights from which the

computer constructs monthly adjustment factors canbe
supplied by the user. This option is useful when
there is reliable a priori information concerning
trading-day variation or when the user wants to apply
the same weights as those used in another adjustment.

2. Seven daily weights can be supplied by the user;
and, if they do not entirely explain the trading-day
variation found in the data, they canbe corrected on the
basis of the internal evidence and the modified weights
can be used to make the trading-day adjustment.

In addition to these new techniques which use seven daily
weights, an option of supplying a set of monthly adjustment
factors which the computer divides into the unadjusteddata is
available. This option can be used in place of the new tech-
niques to adjust for trading-day variation; or it can be
used with or without the new techniques to adjust for holidays,
strikes, etc. =

In computing monthly trading-day adjustment factors from
a set of seven daily weights (a priori or those computed by
X-11), an option is available to include a length-of-month
adjustment in the monthly adjustment factors? The sea-
sonally adjusted series will be virtually the same whether
or not this option is used, since length-of-month variation
will be included in the seasonal factors if allowance is not
made for it in the trading-day factors.

The theoretical base and mathematical exposition of the
Census trading-day adjustment method, together with the
results of extensive tests of the method, may be found in
a technical paper by Young (20).> The exact steps in the X-11
trading-day routine are given in section VIIL.

IV. MOVING AVERAGES

Variable Trend-Cycle
Curve Routine

In X-11,-the moving average used to estimate the trend-
cycle component is selected on the basis of the amplitude of
irregular variations in the data relative to the amplitude of
long-term systematic variations. This routine selects a
moving average that provides a suitable compromise between
the need to smooth the irregular with a long-term inflexible
moving average and the need to accurately reproduce the
systematic element with a short-term flexible moving average.
For many series, the average chosen in X-11 has about the
same smoothing power as those used in earlier versions of
Method II. For highly irregular or very smooth series, a
more appropriate average is chosen, thereby extending the
range of series which can be well adjusted by Method II.

The selection of the appropriate moving average for
estimating the trend-cycle component is made on the basis
of a preliminary estimate of the I/C ratio (the ratio of the
average absolute month-to-month change in the irregular
to that in the trend-cycle). A 13-term Henderson average
of the preliminary seasonally adjusted series is used as the
preliminary estimate of the trend-cycle, and the ratio of the
preliminary seasonally adjusted series to the 13-term
average is used as the preliminary estimate of the irregular.
The appropriate average selected for a given value of I/C is
given in the following table:

2"'Length-of-month variation'' is defined as variation at-
tributable to the number of days in a particular month, while
"'trading-day variation' is defined as variation attributable to
the number of Mondays, Tuesdays, etc,, in a particular
month,

3 See references in section XI.



T/é ) Length of moving average selected

0.00-0.99 9-term Henderson

1.00-3.49 13-term Henderson

3.50 and over | 23-term Henderson

The three new weighted moving averages in the variable
trend-cycle routine replace the weighted 15-term Spencer
average used in earlier versions of Method II. They were
developed by Robert Henderson and are described in Macaulay
(7). The new averages meet the same criterion of smooth-
ness as the 15-term Spencer average; i.e., they minimigze.
e, sum-of..squares of the thixd differences..of the curve.
The distinctive feature in X-11 isthe introductionof.a 9-term
moving average for smooth series and a 23-term moving
average for highly irregular series. (A 5-term Henderson
average is used for all quarterly series.)

Seasonal-Factor Curve Routine

The S-1 ratios for each month are smoothed by a 3x5-term
moving average (a 3-term average of a 5-term average) to
estimate final seasonal factors. In the X-9 version, S-I
ratios were smoothed with a 3x3- or a 3x5-term average
depending on the value of I. The weights for extending the
3x5 average at the ends of series in X-11 are the same as
those used in X-9. The X-11 technique of using the same
moving average regardless of the value of I reduces revisions
in seasonal factors when additional data are added to series,

Optionally, the user may specify any of the following
seasonal factor curves to compute final seasonal factors for
any particular month: 3-, 3x3-, 3x5-, 3x9-, n-term,where “n”
is the number of years of data in a particular month (i.e., a
stable seasonal).

Plans for Future Research

The X-11 moving averages were selected on the basis of
experience with earlier versions of Method II. For the great

majority of economic time series, the trend-cycle and
seasonal-factor moving averages accurately separate the
systematic signals from the short-term irregular noise. The
following is a list of suggested areas of research designed to
further improve these averages.

1. The end weights for the seasonal-factor and the
trend-cycle moving-average curves are similar to those
used in earlier versions of Method II. These weights
assume that the future seasonal or trend-cycle values
will be at approximately the same level as the most
recent values, While these weights give satisfactory
results for most economic series, further research
may yield end weights which are more suitable for
series which have rapidly changing seasonal or cyclical
patterns.

2. The use of the centered 12-term moving average
as a preliminary estimate of the trend-cycle curve is
continued in X-11. Some investigators, including
Bongard (2, 3,) and Hannan (5), have experimented with
moving averages which separate the trend-cycle from
the seasonal but do not possess some of the limitations
of the centered 12-term moving average, such as its
inability to reach into peaks and troughs. Such moving
averages may eliminate the need for the iterative
methods which have been used thus far, When further
experimentation with these new averages bears fruit,
changes may be introduced.

3. The assumption of smooth, continuous change in
the seasonal-factor curves is not appropriate for all
series. For example, the individual withholding tax
filing date was changed from March 15 to April 15 in
1955. Similarly, abrupt changes in plant-wide vacation
schedules have sharply changed the seasonal patterns
of production for some industries. Currently, there
are no well-developed techniques for detecting such
discontinuities. There seems to be no substitute, in
such instances, for a thorough inspection of the empirical
data and a study of the causal factors of seasonality.
With such knowledge, it is sometimes possible todevise
a satisfactory ad hoc technique, such as breaking the
series at the discontinuity and processing the two
segments separately.

V. GRADUATED TREATMENT OF EXTREMES

Many economic series contain extreme values which must
be modified or removed before adequate estimates of the
seasonal, trading-day, and trend-cycle components can be
made. These extremes may reflect economic developments,
such as strikes; reactions to unexpected political events;
unseasonable weather; errors of measurement; etc. In many
instances, allowance for extremes can be made by the user
before the data are submitted for seasonal adjustment. How-
ever, it is generally more feasible to rely upon the com-
puterized statistical tests provided in Method II to detect
and remove extremes,

Previous versions of Method II computed preliminary
estimates of S and the standard deviation of I and designated

as extreme those S-I ratios which fell 2 or more o’s beyond
the estimates of S. The o’s were computed separately for
each month. Values designated as extreme were replaced in
the original version of Method II with an average of the
extreme value and the ratios for that month in the preceding
and following years. InX-3, X-9, and X-10, the extremes were
replaced with an average of the two nearest nonextreme S-I
ratios on either side of the extreme for that month.

The previous techniques are replaced in X-11 with a new
scheme that tests each value of a preliminary irregular
component against a standard deviation computed over a
moving S-year period (60 months or 20 quarters). Forx
example, the irregulars in 1952 are tested for extremeness



by comparing them with a ¢ computed from 1950 to 1954.
A preliminary o is computed, values beyond 2.5 g are re-
moved, and o is recomputed. Values outside 2.5 o are con-
sidered extreme and are assigned a zero (0.0) weight. Values
inside 1.5 o receive full weight (1.0). Values between 2.5
and 1.5 O receive partial weight, graduated lineariy from
zero at 2.5 o to full weight at 1.5 o.

The choice of 1.5 and 2.5 as o limits is optional. For
some purposes other limits may be desirable. Lower limits
are sometimes better for highly irregular series or series
substantially affected by strikes, where a greater portion of
the series may be regarded as extreme. Likewise, higher
limits are sometimes better for very smooth series,

Iteration is used in the following ways to improve the
designation of extremes:

1. The computation of & is iterated by computing a
preliminary o, removing extremes beyond 2.5 oand re-
computing o.

2. The process of developing a preliminary irregular
component in which extremes are identified involves
iteration by (a) modifying values in the' original series
corresponding to months where less than full weight
was assigned to anirregular, (b) reestimating the trend-
cycle and seasonal components and deriving a new
preliminary irregular component, and (¢) reidentifying
extremes and modifying the original series again. After
modifying the original series for the second time, final
estimates of the trend-cycle and seasonal are developed.

This new technique of identifying extremes results in the
following improvements:

1. It modifies the original series rather thanthe S-1
ratios, thereby taking account of the effect of extremes
upon the trend-cycle.

2. Assigning a graduated weight pattern to near-
extreme values removes the all-or-nothing decision in
earlier versions of Method II, where a value might
receive full weight in one adjustment and zero weight in
a subsequent adjustment containing additional data. This
phenomenon had, at times, contributed to substantial
revisions in the seasonal factors.

3. Computing the o limits over all 12 months makes
it possible to identify more extremes ina single month.

4. Computing the o limits over moving S-year
periods substantially abates the effect of additionaldata
upon revisions in the seasonal factors for the early
years of the series.

In estimating trading-day variation, a less complex tech-
nique is used to identify extremes than that described above.
A “trading-day standard deviation” is computed, extremes
beyond 2.5 o are removed, and o is recomputed. For the
entire period included in the trading-day regression, ir-
regular values beyond 2.5 o limits are excluded from the
regression.

The X-11 technique is a refinement of that introduced in
1964 by the Bureau of Labor Statistics (BLS) (19). It
combines the iterative procedure with the variable trend-
cycle moving average and trading-day routines. Also, the
Census Bureau procedure of developing a modified original
series allows for the contigency that several consecutive
values may be regarded as extreme, as in the case of a
prolonged strike, The limits of 1.5 and 2.5 o are optional
in X-11, whereas the BLS procedure uses fixed limits of
1.0 and 2.8 o

VI. NEW TESTS AND SUMMARY MEASURES

X-1l Test for the Existence of
Stable Seasonality

A test for the existence of stable seasonality (available
optionally in X-9 and X-10) is performed on the final un-
modified S-1 ratios in X-11. Itconsists of computing the ratio
of the “between months” variance to the residual variance.
If this F-ratio is above a given tabled value, a message is
printed that stable seasonality is present. The theoretical
basis of the test is explained in appendix A.

Some caveats in interpreting the results of the X-11 test
are given below:

1. The test may not be completely reliable whenthe
variance of the irregular is very large or very small
relative to the variance of the seasonal. In such cases,
the user may find itnecessarytoexaminel and S before
making a decision.

2. When the variance of the seasonal is sufficiently
small in absolute value or small relative to the variance
in the other systematic components (trend-cycle and
trading-day), there may be a case for not making a
seasonal adjustment even though the tests show thatthe
seasonal is significant relative to the irregular.

3. The existence of moving seasonality may reduce
the “between months” variance in the stable seasonality
test so that the test may find no evidence of stable
seasonality when in fact a pronounced seasonal pattern
is present.

‘4, Special problems arise when a series contains
discontinuities in the seasonal pattern or when parts of
a series contain no seasonal pattern. These conditions
may be ascertained by an inspection of the seasonal
factors and their charts. When a series contains an
abrupt change in the seasonal pattern, itis best to break
the series at the change and test and adjust the two parts
of the series separately. When the amount of seasonal



variation in a series has been declining over time, it
would be well to analyze only the mostrecent years and
to base decisions concerning adjustment of currentdata
on this analysis.

Tests for the Existence of
Trading-Day Variation

As part of the trading-day routine in X-11, tests for the
existence of trading-day variation are provided as follows:

An F-test is performed to test for the significance of the
trading-day regression. If prior daily weights (or monthly
factors) are applied to the original series, this test de-
termines the adequacy of the prior adjustment. If not, this
test determines the existence of trading-day variation in the
unadjusted data. In addition, t-tests are provided to de-
termine whether each of seven computed daily weights is
significantly different from the corresponding prior weight
and/or 1.0 (no trading-day variation is represented by all
seven weights equal to 1.0). As anoption, the user may make
the decision as to whether to apply the estimated weights
according to the value of the F-ratio.

Also, standard errors of the daily weights and monthly
adjustment factors are supplied to aid the user in assessing
the significance of trading-day variation.

New Summary Measures

As a set of new summary measures, estimatesof the per-
cent contributions of S, C, I, TD and P to the variation in O

VII. COMPARISON OF X-1I WITH

The sample printouts in section VIII illustrate many of the
improvements introduced in X-11. The trading-day routine
and the new tests and summary measures are shown in the
first sample printout (U.S. Retail Sales). The quarterly and
additive variants are illustrated in the second sample print-
out (Short-Term Bank Balances, U.S. Capital).

It is to be noted that only a few of the innovations in X-11
apply to the seasonal adjustmentprocess itself. Most concern
prior adjustments of the data and add further measures for
analyzing and interpreting the seasonally adjusted series.
Experience in developing X-11 (and earlier variants of Census
Method 1I) has demonstrated that we find it difficult to make
improvements in our method of seasonal adjustment. We

are given. For example, the percent contribution of S would
g2
e T
52 +C2 +T2 +TD¢ +P2
where S, C, I, TD and P are as defined in sections I and II,
The theoretical basis for these percent measures comes from
the approximation :

07 = SH+CR+T#+TD°+P%»

which was derived by Joseph Bongard of the Organization for
Economic Cooperation and Development(4.) In practice,0?
may be slightly less than the sum of the right-hand side of
the preceding equation. To give a measure of the closeness
of this approximation, the ratio

S

B4 +Ce +T2 +TDR +P2
is presented with the percent contributions.

The measures of average percent change without regard to
sign (I, C, etc.), which are computed over 1-month spans in
spans, O, CL, I, C, S, Pand TD are computed and printed out
over 1- to 6- and 7-, 9-, 11,12-month spans. ' Also, measures
of the average percent changes with regard to sign and the
standard deviations of the percent changes for O, I, C, S, CI
and MCD over the same spans are given to facilitate ap-
plications of statistical tests to the components. The T/C ratio
is now printed out for 1- to 12-month spans, although months
for cyclical dominance (MCD) is still designated as “6” when
I/C21.0 over the 5-month span as in earlier versions of
Method II.

EARLIER VARIANTS OF METHOD II

feel that while X-11 has much to contribute to time series
analysis in the broad sense, it represents only a small step
forward so far as seasonal adjustment is concerned.

Highly irregular series may be more adequately adjusted
by X-11 because of the graduated treatment of extremes and
the choice of several moving averages to estimate the trend-
cycle, Revisions between preliminary and final seasonal-
factor estimates for early years of a series have been
virtually eliminated in X-11. Limited evidence indicates
that current year revisions in X-11 are about the same as
those in X-9 and X-10. When widespread experience with
this variant is acquired by our staff and other users, a
systematic evaluation of these changes will be made.



VIII. SPECIFICATIONS AND SAMPLE PRINTOUTS

This section includes specifications for the X-11 program and two sample
printouts: The full multiplicative printout for monthly series and the standard
printout for quarterly series. Tables that appear in the printouts are noted in
the specifications section. A single asterisk (*) indicates that the table appears
in the standard printouts (monthly or quarterly) while a double asterisk (**) indi-
cates that the tables appear in the long printouts (monthly or quarterly). See

section IX for the various options and tables available.

As an aid in following the specifications, each step is shown symbolically as
well as described in text form. The symbolic notation is not elegantly precise
in an algebraic or statistical semse. The symbols used in the notation are as

follows:

Description Multiplicative

Additive

Original series (0) composed =CSsSI D
of trend-cycle (C), seasonal (8),
trading-day (D), and irregular = Dy Dp;

” :
(1”) variations. Prior trading-day adjustment factors;

0
D
D =
D, = Any residual trading-day variation left
after applying D, (or all trading-day

variation if no prior trading-day factors

are used);
Irregular variations (I”) include I” =PEI;
holiday variation, major strikes,
etc., which may be removed by I’ = E I, where E = lI’ —1.0|> 2.501
prior adjustment factors (P),
plus extremes (E) and residual or I¥ = 1.0 +w (I’-1.0);

ftrue" irregular (I). Extremes
are defined as irregular values
falling outside 2.5 standard de-
viations (g's). For the purpose
of fitting curves in parts C and
D, the unmodified irregular (I)
values are assigned linearly
graduated weights varying between
0.0 and 1.0 for values between
2.50 and 1.55. Values within
1.50 receive full weight.

where w = 0.0 when lI'-l.O|> 2.5077

"

1.0 when]I'-l.ol< 1.50p

2.5 -‘1'-1.0[/61,

when 1.scl,s|1'-1.o!s 2.507 1

The selection of 1.5 and 2.5
as ¢ limits is optional. For
special purposes other limits
may be advisable. See section
IX for their selection.

In general, if U = upper ¢ limit and L =
lower ¢ limit,

U L0

Ll = A = [!1 ‘1'°|/°I’]
when Loy < lI'-l.Ols Uo -

Mj /Y7 represents a moving average of

length i computed from series Y.

NOTE: 'The irregular (I) is presented
here as having a niean of 1,000 although it
is shown in the computer printout as a
percentage with a mean of 100.0... Seascnal,
trading-day, and prior factors are also
shown as percentages.

0 = C+S+I"+D;

D= Dp;
D, = All trading-day variation;
I” = P+E+I;

I/ = E+I, where E =|I’[> 2.507 /5
IV = I’/ w, where
w = 0.0 when|I’|> 2.507,

= 1.0 when[I'l< 1501,

25 -y

when l.ScI,sv{I"s 2.5011.

In general, if U = upper o
limit and L = lower ¢ limit,

.U 0

R A v [11'1/01']
when LUI =< lI’ is UgI,.

M; /Y/ represents a moving

average of length i computed

from series Y.




Specifications--Monthly X-11

PART A. OPTIONAL

Before any seasonal adjustment is performed on the monthly data, various
prior adjustments can be made using factors supplied by the user. If no prior
adjustments are made, the computations start with those described in part B.

Table number and title

Multiplicative and additive

Symbolic notation

Multiplicative

Additive

*Al. Original series

*¥A2. Prior monthly adjust-
ment factors

%43, Original series adjust-]
ed by prior monthly ad-|
Jjustment factors

*A4. Prior trading-day

ad justment factors

NOTE: Additive descriptions are (underlined).
Original monthly time series.

To adjust for the effect of certain holidays,
change the level of the series, etc., the user
may supply monthly adjustment factors.

Divide the A2 factors into (subtract the A2
factors from) the original data (Al).

To adjust for trading-day variation, the user may
supply seven daily weights from which the computer
constructs monthly adjustment factors that are
divided into (Al) or (A3). The computer adjusts
the seven daily weights to total 7.000. For the
multiplicative case, the monthly calendar factors
are computed by the formula:

= X (Op;) + Xpy (Dp)) 4.0t Xy (Dpy)
\ N
1

where Mi is the monthly factor for month i;

Xji is the number of times that day-of-the-week j
occurs in month i;

Dp,j is the prior daily weight for day-of-the-week j;

Ni is 31, 30, or 28.25 depending upon whether month
i”is a 31- or 30-day month or February.

If length-of-month variation is to be included in
the trading-day factors,N, is 30.4375 for all
months. See section III “for more details and
section IX for the selection of this option.

option is not available for the additive case.
The result is printed in table Bl. A similar
trading-day adjustment can be based upon factors
estimated from the data in parts B and C, below.

This

0o=Ccs1"p.
P.

o/P=¢C S I'D.

’

- u
0 = C+S+IL +Dr'
P.

O0-P = C+S+I '+Dr.

NA

PART B. PRELIMINARY ESTIMATION OF TRADING-DAY VARIATION

AND WEIGHTS

Preliminary trading-day adjustment factors and weights for reducing the
effect of extreme or near-extreme irregular values are developed from the data.
These estimates are refined in part C, where final estimates are developed.

Table number and title

Symbolic notation

Multiplicative and additive

Multiplicative Additive
¥B1. Prior adjusted Either the original series or the original CcS I’Dr. C+S+I’+DI_.
original series or series adjusted by the prior factors shown in
original series A2 and/or Al is shown.

#xB2, Trend-cycle Compute a centered 12-term moving average (a 2- [cCSI’D.]=c¢C. [C+S+I/+D.] = Cy.
term average of a 12-term average) of (Bl) as Yo % a Yo B 4
an estimate of the trend-cycle.

B3. Unmodified S-I ratios Divide (B2) into (Bl) (subtract (B2) from (B1)) cs I’Dr/Cl = (C+S+17+D )-c1 =
(differences) to obtain seasonal-irregular (S-1) ratios r
8 (differences). S TD,. S+I'+DL.,



Table number and title

Multiplicative and additive

Symbolic notation

Multipliecative

Additive

Bli. Replacement values
for extreme S-I
ratios (differences)

BS. Seasonal factors’

To the B3 S-I ratios (differences), apply a
weighted S5-term moving average separately to
each month to estimate preliminary seasonal
factors. See appendix B for the weights for
the 5-term (3x3) average.

Compute a centered 12-term moving average of
the preliminary factors for the entire series.
To obtain the six missing values at either end
of this average, repeat the first (last) avail-
able moving average value six times, Adjust
the factors to sum to 12.000 (0.000) (approxi-
mately) over any 12-month period by dividing
(subtracting) the centered 12-term average
into (from) the factors.

Divide the seasonal factor estimates into the
S-I ratios (subtract the seasonal factor esti-
mates from the S-1 differences) to obtain an
estimate of the irregular component.

Compute a moving 5-year standard deviation (g)
of the estimates of the irregular component
and test the irregulars in the central year of
the 5-year period against 2.5c. Remove values
beyond 2.5¢ as extreme and recompute the moving
S-year c.

Assign a zero weight to irregulars beyond 2.5¢
and a weight of 1.0 (full weight) to irregulars
within 1.5c. Assign a linearly graduated
weight between 0.0 and 1.0 to irregulars be-
tween 2.5¢ and 1.5¢.

For values receiving less than full weight,
the corresponding S-I ratios (differences)
are replaced with an average of the ratio
(difference ) times its weight and the two
nearest preceding and two nearest following
full-weight ratios (differences) for that
month.

For the first two years, the ¢ limits com-
puted for the third year are used; and for the
last two years, the ¢ limits computed for the
third-from-end year are used. To replace an
extreme ratio (difference) in either of the two
beginning or ending years, the average of the
ratio -(difference) times its weight and the
three nearest full-weight ratios (differences)
for that month is taken.

The moving 5-year o's and the replacement
values for the extreme S-I ratios (differences)
are shown in table Bh.

To the B3 S-I ratios (differences) with extreme
values replaced by the corresponding Bl values,
apply a weighted 5-term average to each month
separately to estimate preliminary seasonal
factors.

Adjust the factors to sum to 12.000 using a
centered 12-term moving average (see second
paragraph in Bl).

To obtain factors for the six missing values

at either end of the series due to the use of
the centered 12-term trend-cycle moving average
in step B2, repeat the nearest available factor
for that particular month.

Mg(s I'D.] = s.

’
s I’DI/S = 1'D.

I’ = IV for
|1"-1.0[> 1.507 7.

8 IV D,.

Mg[S TV D] = §.

Mg[S+I/+D,] = S.

(s+17+D,)-5 =
’
o +D..

I’ = I¥ for
iI/l> l.SfyI/.

S+1"+D,.

Mg[S+1"+D.] = Sy.



Symbolic notation

Table nunber and title Multiplicative and additive

Multiplicative

Additive

BS.

B7.

Seasonally adjusted
series

Divide (BS) into (Bl) (Subtract (B5) from (BL))
to obtain a preliminary seasonally adjusted
series.

s I’ =
C DI,/.S:L

(¢4 I’Dr.

Apply the variable trend-cycle curve routine
(modified so that the weighted 13-term average
is selected for I/C > 0.99) to (B6). See note
at the end of these specifications for details
of the variable trend-cycle curve routine.

Trend-cycle Mg[C I°D.] = Ca.

(C+S+I’+D,)-Sl =

C+I’+D .
b o

¥ -
M [C+1'+D ] = Cpe

Ad justment of Trend-Cycle for Strikes (optional).--The effects of extreme values on
the B7 trend-cycle component are reduced bythe optional computations inthe remainder
of step B7, below. These computations can be of use when adjusting series affected
by major prolonged strikes or similar irregular occurrences. See section IX for the

selection of this option.

B8.

BY.

10

Unmodified S-I
ratios (differences)

Replacement values
for extreme S-I
ratios (differences)

Divide (subtract) the trend-cycle estimates
provided by the variable trend-cycle curve
routine into (from) the seasonally adjusted
series to obtain an estimate of the ir-
regular.

Compute a moving 5-year standard deviation of
the monthly estimates of the irregular com-
ponent and test the irregulars in the central
year of the 5-year period against 2.5¢ limits.
Remove values beyond 2.5¢ and recompute o.

Assign a zero weight to irregulars beyond

2.5 ¢ and a weight of 1.0 (full weight) to ir-
regulars within 1.5 ¢. Assign a linearly
graduated weight between 0.0 and 1.0 to ir-
regulars between 2.5 ¢ and 1.5 ¢.

For values receiving less than full weight,

the corresponding seasonally adjusted values
are replaced with an average of the value times
its weight and the two nearest full-weight
preceding and two nearest full-weight following
seasonally adjusted values.

For the first two years, the ¢ limits computed
for the third year are used; and for the last
two years, the ¢ limits computed for the third-
from-end year are used. To replace an extreme
value in either of the two beginning or ending
months, the average of the value times its
weight and three nearest full-weight values is
taken.

To the seasonally adjusted values modified for
extremes, apply the variable trend-cycle curve
routine to estimate a preliminary trend-cycle
which is shown in B7.

Same as B3 except that B7 trend-cycle values
are used.

Same as Bl except that B8 S-I ratios
(differences) are used and that a weighted
7-term average is applied to estimate
seasonal factors. See appendix B for the
weights for the 7-term (3x5) average.

I’ = 1% for

J17-1.0]> 1.50;/-

C IV Dy.

1]
o

M[C IV D]

C s I'D./C,
S I'Dp.

Mg[S I'Dp] = S.
$1'D/s = I'D,.
I’ = IV for

lI’—l.0|> 15070

W
S I¥ D..

(C+I’+Dr)—C=I'+DI,.

I’ = I¥ for
II'I> 1.5@11.

C+I¥+D,.

Mc[C+I¥+D.] = C,.

(C+S+1/+D,)-C, =
S+I7+D,.

Mg[S+I‘+D,] = S.
(S+I7+D,)-S = 1/+D,.
I’ = IV for

lI/l> 1.50-1 e
S+I¥+D,..



Symbolic notation

Table number and title Multiplicative and additive

Multiplicative Additive

To the B8 S-I ratios (differences) with
extreme values replaced by the corresponding
B9 values, apply the weighted 7-term average
to each month separately to estimate pre-
liminary seasonal factors.

##Bl0. Seasonal factors Mg[S IwDr] =8 MSESJ'IW*DI‘] =s,.

Adjust the factors to sum to 12,000 using a
centered 12-term moving average. (See second
paragraph in BL.)

Bll. Seasonally adjusted Same as B6 except that BlO seasonal factors

(c+s+1’+nr)-s2 =
series are used.

'
C+1 +Dr'
Bl2. Not used

Divide (B7) into (subtract (B7) from) (Bll)

to obtain a preliminary irregular series.

##Bl3. Irregular series (C+I’+Dr)—02 =

I’+D..

Adjustment for Trading-Day Variation (optional).--Steps Bl4 to B1l6 and B18 to B19 are
included only when a trading-day adjustment based upon the information in the monthly
series is desired. To adjust for trading days on the basis of external information,
table A4 is used.. Various combinations of these options are described in sections
IIT and IX.

s#B1l. Extreme irregular
values excluded
from trading-day
regression

#¥B15. Preliminary trad-
ing-day regression

Sort Bl3 irregulars for 3l-day months into
seven groups depending upon the day of the
week the month begins. Likewise, sort 30-day
months into seven groups. For February,
separate leap years from non-leap years.

For 31- and 30-day months and non-leap-year
Februaries, compute the mean of each group
and the squared deviations of the values from
their respective means. From these, compute
a "trading-day" variance (c?) over the entire
series, which is used to identify extremes.
Identify and remove values beyond 2.5 o,
limits. (The built-in ¢ limit is 2.5, but a
different 1limit for identifying extremes may
be e)specified in the option card. See section
X. ;

Recompute the means and ¢, and re-identify
and remove extremes beyond 2.5 ¢;. For leap-
year Februaries, throw out values that de-
viate from 1.0 (0.0) by more than 2.5 ¢, .
Values removed as extremes are shown in table
Blh. They are not included in the trading-
day regression in Bl15.

Estimate by least squares seven daily weights
from the Bl3 irregular (with extremes omitted)
using the specification:

Multiplicative:

X138y ¥¥p Bt +ky Byl
E
N;

where (I Dp); is the irregular component for
month i with residual trading-day variation;

(I D) -1.0=

Additive:
[I+D,]; = Xq3By+KpiBotr--+XgyBotIy;

For I I’-1.0|>
2.5 Crs I’ DI‘

removed from re-
gression.

[T n.]~ D,.

For l I’|> 2.5 ops
[1/+D.]

removed from re-
gression.

[T+D,] = D



Table number and title

Multiplicative and additive

Symbolic notation

Multiplicative

Additive

**B15, (Continued)

Blé., Trading-day adjust-
ment factors derived
from regression
coefficients

12

where [I+D.]}; is the irregular component for
month i with residual trading-day variation;
in is the number of times that day-of-the-
week j occurs in month i;
Monday = 1, ---, Sunday = 73
Bj's are the seven "true" daily weignts,
7
where T B; = O3
1 J

N; is either 31, 30, or 28.25, if no prior ad-
Justment was made dependlng upon whether
month i is a 31- or 30-day month or February.
N; is equal to the sum of the prior daily
welgh‘hs (Dp) for all the days of the month
if a prior adjustment was made;

I; is the "true" irregular for month i.

Let b, denote the least-squares estimave of
Bj and G4 the standard error of b.

Multiplicative:

If prior weights (Dp.) are used, combine with
regression weights by the formula:

bj = b, +Dp , where DJ are the combined

welghts.
If no prior weights are available, use 1.0
for all Dp. Cornpute

. =b./8
tg (p) j/cj and

tJ(l) (D'l'o)/é'\j (J = 1)"':7)
which are the t-ratios for testing whether
combined weight D‘.J is significantly different
from prior weignt and 1.0, respectively.

6\3 1s also the standgrd error for DJ.
Additive:
Dj = b, and

t' (O) = DJ/GJ (J = l)""7):
where t (0) is the t-ratio for testing whether
D; is Slg‘ﬂlflt,antly ditferent trom 0.0.

If the computed t-ratios are greater than the
tabled 1 percent level (2.62), messages of
signiticance are printed.

Compute F = (_v%/o‘ﬁ, where o'% and gﬁ are the
variance explained by the regression and the
residual variance, respectively. If the com-
puted F-ratio is greater than the tabled 1
percent level. (2.95), a message that signif-
icant trading-day variation is present is
printed.

Construct monthly calendar adjustment factors
by the formula:

Multiplicative:

u, = Xli(b1+1'O)+X2i(b2+1'o)+"—_+X7i(b7+l’0)
Ny
Additive:
Mg = Xy 3Byt Pot ==ty by

where Mi is the monthly factor for month i;




Symbolic notation

Table number and title Multiplicative and additive
Multiplicative Additive

B16. (Continued) N, is 31 or 30 where month i is a 31- or 30-day
ménth. N, is 28.25 for February if no prior

ad justment was made. N; is 29 or 28 for leap
year and nonleap year February if a prior ad-
Justment was made.

Print out monthly factors in table Bl6. Divide 1’ /D, = I (I’+D,]-D, = I'.
these factors into (B1l3) (subtract these £

factors from (B13)) to obtain an irregular

component without trading-day variation.

Bl7. Preliminary weights Compute a moving S-year ¢ of the irregular
for irregular com- in BL6 (or Bl3 if a trading-day adjustment is
ponent not made) and test the irregulars in the

cegrbral year of the S-year period against
8 o . .

For the first two years, the o limits
computed for the third year are used; and for
the last two years, the ¢ limits computed for
the third-from-end year are used.

Remove values beyond 2.5 ¢ and recompute the
moving 5-year o.

Assign a zero weight to irregulars beyond 1] = w. [1'] = w.
2.5 ¢ and a weight of 1.0 (full weight) to
irregulars within 1.5 g. Assign a linearly
graduated weight between 0.0 and 1.0 to ir-
regulars between 2.5 ¢ and 1.5 ¢. Print out
the moving S-year ¢'s and the weights for the
irregular component in table BL7.

B18. Trading-day factors Construct monthly trading-day factors from the D= Dp D..
derived from com- combined prior and estimated trading-day
bined daily weights factors developed in Bl5 using the same

formula as shown in step BL6 except that D,

is substituted for (bj+1.0). d

Bl9. Original series Divide (subtract) (Bl8) into (from) (A3) for csI’'Yyp=CsS I’ [C+S+I'+Dp]-Dy =
adjusted for (A1) or [BL) if A3 does not appear). C+8+T
trading-day and :
prior variation

PART C. FINAL ESTIMATION OF TRADING-DAY VARIATION
AND IRREGULAR WEIGHTS

‘L'he original series adjusted for trading-day variation is modified for extreme
and near-extreme values with the B17 weights, and improved trend-cycle and
seasonal estimates are obtained. These improved estimates are divided into (sub-
tracted from) the ariginal series, and final trading-day factors and weights are
estimated from the resulting irregular,

Symbolic notation
Table number and title Multiplicative and additive
' Multiplicative Agditive
#%Cl. Original series Modify the original series adjusted for C S I[1.04w(I’-1.0)]| [C+S+I‘]-I‘(1.0-w)
modified by pre- trading-day and prior variation (B1l9 or BL I?
liminary weights and if the trading-day option is not used) for 3
adjusted for extreme values by reducing the irregular =¢s I = C+S+I".
trtading-day and variations where less than full weight was
prior variation assigned to the irregular in Bl17.




Table number and title

Multiplicative and additive

Symbolie notation

Multiplicative

Additive

C2. Trend-cycle
C3. Not used

ch. Modified S-I ratios
(differences)

C5. Seasonal factors

C6. Seasonally adjusted
series

#%C7. Trend-cycle

¢8. Not used

C9. Modified S-I ratios
(dgifferences)

##C10. Seasonal factors

Cll. Seasonally ad-
justed series

Cl2. Not used
33¢C13. Irregular series

Compute a centered 12-term moving average
of (CL) as an estimate of the trend-cycle.

Divide (C2) into (Cl) to obtain S-I ratios
(subtract (C2) from (Cl) to obtain S-I
differences).

Szme as B5 except that Ch ratios (differences)
are used. ZaE

Divide (C5) into (Cl) (subtract (C5) from
gm))to obtain a preliminary seasonally
adjusted series.

Apply the variable trend-cycle curve
routine to (C6) to estimate a preliminary
trend~cycle.

Divide (C7) into (Cl) to obtain S-I ratios
(subtract (C7) from (Cl) to obtain S-I
differences).

Same as B1lO except that C9 S-I ratios
(differences) are used.

Reintroduce trading-day variation and ex-
treme and near-extreme values by dividing
(B1) by (€10) (subtracting (C10) from (Bl)).

Divide (C11) by (C7) (subtract (C7) from (Cl1))
to obtain an estimate of the irregular.

W =
Me[C s I = .
cs Iw/c3 =5 I

Mg[s I'] = s,

¢cs I"/s3 =c 1"

Mg[C 1I¥] = c-

cs Iw/Ch =s1Iv.

Mg[S 1] = 5.

’ = ’
CSID:'\"/S)4 CIDr.

CI’Dp/C =1
r‘/l.l IDr'

Adjustment for Trading-Day Variation (optional).--When the trading-day routine is
applied in Bl4 to B16 and B18 to Bl9, it is reapplied in Cl4 to C16 and C18 to C19 to
obtain improved estimates.

W) =
MGTCHS+I¥] = C,.
[c+s+1wj|—c3 = S+I".
M[S+I"] = 8,0

[c+s+1"]-s3 = C+I¥,

Mo[C+I¥] = Cy-

[c+s+1“]—ch = S+IV,

Mg[S+I'] = §),.
[C+s+17+D )-8), =

C+I’/+D,.

[C+I '+Dr]_ch =
1°4D,.

*C1lh. Extreme irregular
values excluded
from trading-day
regression

*CLS. Final trading-day
regression

14

In reapplying the trading-day routine, the
variance is computed using the 22 types of
monthly trading-day factors shown in B16
instead of the means of the 3l- and 30-day
months and non-leap-year Februaries. This
improves the treatment of extremes, partic-
ularly for leap-year Februaries. Extremes
beyond 2.5 g, are shown in Cllh.

Same as BlS5 except that the computations
are based on C13 (with extremes omitted).

Using the standard errors of the seven
daily weights, compute estimates of the
standard errors of the monthly calendar
adjustment factors M._L as follows:

Multiplicative:

31-day months beginning on day-of-the-week j:
N

G, _ 1 87462

My =31 [

34183

J+2

+2(8, . 446 +8 C
(GJ’J+1+Gj:j+2 Gj“’l:j"’?b &

For |1/-1.0]>2.50;,
I’ D, removed from

regression.

(1 D }Dy.

ForlI” >2.507 5
1’+D, removed from

regression.

[T+D]-D,.



Table number and title

Multiplicative and additive

Symbolic notation

Multiplicative Additive

*C15, (Continued) 30-day months beginning on day-of-the-week j:

A P TaY 1

1 47483,,%28. . .75

My = 53573705y, 507
Leap-year Februaries: & = )

ap-y es 0M29 5%_0 H

v

Non-leap-year Februaries: gM28 = 03

where 85,7 = E'\j‘
If a length-of-month adjustment is included
in the trading-day factors, the denominator
of all SM'S is 30.L375.
Since the G 's, for each length month, are
almost c-.\quag.I in practice, only one estimate
is shown for each of the seven 3M31's,
Py A
Oy tg and Oy 'S
My o9
Additive:
Same as multiplicative except that the de-
nominator of ¢y's is 1.0 in all cases rather
then 31, 30, 2)5'?( or 30.4375.

*#(16. Final trading-day Same as Bl6 except that the factors are I’ p./D, =1, [1°+D.]-D, = I".
adjustment factors divided into (subtracted from) (Cl3). 4
derived from re-
gression coeffi~-
cients

*C17. Final weights for Same as Bl7 except that Cl6 [or C13 if the [1I7] = w. 1] = w.
irregular component trading-day option is not used] is used.

%C18. Final trading-day Same as B1l8 except that the final residual D= D, D.
factors derived weights estimated in C15 are used. If length-of-
from combined daily month variation is included with the trading-day
weights factors, Ni is 30.4375 for all months. This

option is not available with an additive adjust-
ment.

%C19. Original series ad- Divide (subtract) (C18) into (from) (A3) CSI'UD=CS I’ | [C+S+I'+Dy]-Dp =
justed for trading- [or (BL) if A3 does not appear]. i
day and prior C+5+17%
variation

PART D. FINAL ESTIMATION OF SEASONAL FACTORS, TREND-CYCLE,
IRREGULAR, AND SEASONALLY ADJUSTED SERIES

The original series adjusted for trading-day variation is modified for extreme
and near-extreme values by the C17 final weights and final estimates of the sea-
sonal, trend-cycle, and irregular are derived.

Table number and title

Multiplicative and additive

Symbolic notation

Multiplicative

Additive

#%I1l. Original series
modified by final
weights and ad-
justed for trading-
day and prior
variation

D2. Trend-cycle

Same as Cl except that Cl7 weights and
Cl9 adjusted series are used.

Compute a centered 12-term moving average
of (D) as an estimate of the trend-cycle.

C 8 I[1.0+w(I’-1.0)]| [C+5+1’]-I’(1.0-w)
If

=C 8 IVv. C+S+IV,

Mg[C s I¥] = Cg.

M[C+8+I¥] = Cg.

15



Table number and title

Multiplicative and additive

Symbolic notation

Multiplicative

Additive

D3. Not used

Db, Modified S-I ratios
(differences)

DS. Seasonal factors

5. Seasonally adjusted
series

*%D7. Trend-cycle

#D8. Final unmodified
S-1 ratios
(differences)

#I9. Final replacement
values for extreme
S-I ratios
(differences)

*[L0. Final seasonal
factors

*D11. Final seasonally
adjusted series

Divide (D2) into (D) to obtain S-I ratios
(subtract (D2) from (Ol) to obtain S-I
differences).

Same as B5 except that D ratios
(differences) are used.

Divide (If) into (DL) (subtract (IF) from

(N)) to obtain a preliminary seasonally
adjusted series.

Same as B7 except that D5 is used.

Divide (D7) into (C19) (subtract (D7) from
(C19)) [or (Bl) if the trading-day option
is not used] to obtain final unmodified S-I
ratios (differences).

Perform an analysis of variance of the S-I
ratios (differences) to determine whether
the original series contains significant
stable seasonality. See appendix A for the
details of this test.

Divide (D7) into (IL) (subtract (D7) from
(m)) to obtain S-I ratios (differences
modified for extreme and near-extreme values.
Print out values not identical to the

corresponding entries in IB.

For each month, compute and print out the
average year-to-year percent change (di-
ference) in estimates of the irregular (I’)
and the seasonal (S’) and their ratio
(I75’=MSR = moving seasonality ratio), where
S is an unweighted 7-term average of the D8
and IP S-I ratios (differences) and I is
obtained by dividing S into the ratios (sub-
tracting S from the differences). -

The MSR may be used as an indicator of the
amount of moving seasonality present 