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Why Seasonal Adjustment?
Many economic time series commonly are adjusted 
for seasonal fluctuations. Seasonal adjustment is 
designed to eliminate movements in a time series 
that result only from seasonal events, such as holiday 
shopping and regularly occurring weather changes. 
Variations in the money supply are influenced 
strongly by income-tax filing and Treasury disburse
ment patterns. Tax refunds are held temporarily 
in checking accounts, while those who owe taxes 
usually fund their accounts just before the payment 
date. Both actions increase the narrowly defined 
money supply. All seasonal-adjustment techniques 
are designed essentially to “ redistribute” the un
adjusted (raw) data throughout a year in a pattern 
that differs from actual observance. The resulting 
seasonally adjusted data follow a pattern that should 
no longer be influenced by seasonal events. With 
seasonality thus neutralized, the basic movement 
in the data becomes more readily apparent.

If policymakers were interested only in com
paring the current money-supply level with the 
level of the same season one year earlier, the raw 
figures frequently would be sufficient. Since policy
makers need to evaluate money-growth rates between 
dates of different seasons, they must estimate the 
seasonal influences and take them into account when 
assessing the changes in the actual money-supply 
figures. The convenience of employing seasonally 
adjusted data is not necessarily costless, however. 
Often, the seasonal influences cannot be accurately 
estimated, for a variety of reasons. As a practical 
matter, the correct adjustment process for each data

series can never be known with certainty in advance. 
An improper set of seasonal-adjustment factors 
introduces errors into the interpretation of the raw 
data, and the errors are likely to be inversely related 
to the length of the time interval being considered. 
For example, the seasonal component of weekly 
money-supply data is more difficult to ascertain than 
the seasonal component of quarterly money-supply 
data. In addition, the money supply is an aggregate of 
parts, such as currency and checking accounts, each 
of which has its own seasonal process. Failure to 
account adequately and separately for each process 
may introduce error.

If seasonal processes are considered to be 
basically stable, the seasonal pattern would be ex
tracted from a raw-data series by a technique that 
treats each year of the series with equal weight. 
But, if seasonal processes are expected to change 
frequently and along a trend, the seasonal pattern 
would be extracted by a technique that gives more 
weight to the most recent years in the data series. 
Some analysts argue that changes in seasonal processes 
cannot be determined until several years after the 
fact; these analysts would claim that stable seasonal
ity ought to be presumed when adjusting current 
data, unless overwhelming evidence to the contrary 
exists. Other analysts are confident that unequal 
weighting of the years in a data series can be jus
tified, based on information about changes in the 
underlying determinants of the seasonal process.

One’s interpretation of a raw-data series there
fore is conditioned by the “prescription of the 
eyeglasses” that one wears. The raw data will appear
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differently when viewed through different seasonal- 
adjustment lenses. The analyst’s problem stems 
from the fact that there is no single procedure known 
to be correct. Analysts who differ in the assumptions 
regarding the appropriate seasonal influences on the 
money supply consequently may differ in their in
terpretations of current money-supply growth. More
over, the differences introduced by seasonal-adjust- 
ment techniques can be sizable. An examination of 
the seasonal factors used to adjust M-1A for the 
1972-1979 period appears in table 1. The data 
indicate that the February-July factors have become 
more volatile over time, while the August-January 
factors have become less volatile. The intra-period 
means have been very stable, suggesting that changes 
in monthly factors within a period have been entirely 
offsetting. The consequence of these developments 
is that a constantly growing raw-money supply would 
appear, on a seasonally adjusted basis, to change first 
more sharply, then less sharply, in 1979 than in 1972.

Table 1 Means and Standard Deviations 
in M-1A Seasonals: 1972-1979

February-July August-January

Mean
Standard
deviation Mean

Standard
deviation

1979 99.39 1.16 100.76 1.55
1978 99.38 1.07 100.80 1.64
1977 99.44 0.86 100.72 1.74
1976 99.43 0.85 100.71 1.75
1975 99.34 0.77 100.71 1.72
1974 99.35 0.79 100.70 1.71
1973 99.26 0.75 100.74 1.75
1972 99.23 0.73 100.78 1.84

Seasonal-adjustment Techniques
When approaching the problem of seasonality, 

the analyst should have some knowledge of the mech
anism generating the data. This prior knowledge 
suggests the appropriate technique for adjustment. In 
some cases, it may not pay to attempt seasonal 
adjustment—for example, when seasonal variation is 
dwarfed by irregular movements or for a new series 
offering little or no historical experience. Economic 
theory may suggest reasons for relating changes in the 
seasonality of the money supply to readily measured 
variables, such as the timing of concentrated volumes

of tax receipts or refunds. In principle, a regression 
model could be used to estimate these relationships 
to forecast changes in seasonality. Unfortunately, the 
science of economics has yet to produce a model that 
explains enough about seasonality to be useful at 
this level. In the absence of a more complete theo
retical structure, most seasonal-adjustment techniques 
estimate and remove seasonal variations in the data 
by a weighted-average smoothing process that is based 
on the past history of the variable being adjusted. The 
most widely used technique is the X -ll seasonal- 
adjustment program of the Bureau of the Census. 
Because the X -ll program does not use infor
mation exogenous to the data series being adjusted, it 
is not likely to anticipate and capture abrupt changes 
in seasonality.1

The X -ll is the method employed in seasonally 
adjusting the money supply. It is applied to each of 
the basic aggregate components, such as currency and 
demand deposits in M-1A. The X -ll is an iterative 
procedure involving two fundamental steps designed 
to separate any monthly time series into three dis
tinct series, identified as the trend-cycle, seasonal, 
and irregular components. The first step seeks to iso
late the trend-cycle component from the seasonal 
and irregular components by dividing the original 
series by an estimate of the trend-cycle component. 
The second step is designed to separate the seasonal 
and irregular components. The X -ll procedure is 
iterative in two senses: (1) it repeats the second step, 
using a revised seasonal component in which extreme 
irregular values are eliminated or replaced with damp

1. In recent years, a considerable amount of research has pro
vided several alternatives to, and improvements in, X -ll. 
A review of this material is found in David A. Pierce, “A 
Survey of Recent Developments in Seasonal Adjustment,” 
American Statistician, vol. 34 (August 1980), pp. 125-34.

For further information on the X -ll method, see 
Julius Shishkin, Allan H. Young, and John C. Musgrave, 
The X - l l  Variant o f  the Census Method II Seasonal Adjust
ment Program, Technical Paper No. 15 (U.S. Department 
of Commerce, February \961),X-11: Information for the 
User, Papers prepared for the Seminar on Seasonal Adjust
ments of the National Association of Business Economists, 
March 10, 1969 (U.S. Department of Commerce); and 
Thomas A. Lawler, “Seasonal Adjustment of the Money 
Stock: Problems and Policy Implications,” Federal Re
serve Bank o f  Richmond Economic Review, vol. 63 (No
vember/December 1977), pp. 19-27.
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ened ones; (2) it repeats both steps by reestimating 
the trend-cycle component, using alternative averaging 
methods employed on a preliminary seasonally ad
justed series obtained in subsequent rounds.

Although the technique is considered me
chanical, it permits the use of judgment to the 
extent that some parameters of the X-l 1 program can 
be varied. Until recently, however, the staff of the 
Board of Governors of the Federal Reserve System 
made additional judgmental modifications to the final 
estimates of the seasonal-adjustment factors obtained 
from the X-l 1 procedures and used in the forthcoming 
year. For example, the X-l 1 is not designed to handle 
abrupt changes in seasonal patterns that may result 
from a change in a tax-filing date or from the im
plementation of new tax-processing methods. Given 
prior knowledge, such events can be anticipated by 
modifying the seasonal factors estimated by the X-l 1. 
Although this practice is often necessary, it is difficult 
to perform consistently over time. In recent years, 
the Board staff has limited itself to making adjust
ments that are permitted within the structure of 
the X -ll procedure. The adjusted series that con
forms most closely to prior expectations based 
on all available information is selected and used.

The discretion allowed by the X -ll program is 
best exemplified by the user’s options for choosing 
both the length of the period and the weighting 
structure of the moving average. The moving average 
options are available when estimating both the trend- 
cycle and seasonal components of the series. Although 
the X -ll automatically selects default values for 
these options, the user has available alternatives 
that permit variations in the degrees of smoothing.2 
When estimating the final trend cycle, the degree 
of smoothing (length of moving average) desired 
would depend on the relative importance (average 
percent change) of the irregular variations to the 
trend-cycle movements. The greater the irregular 
movements relative to the trend cycle, the longer the 
moving average needed to smooth out the short-term

2. Experience has shown that the seasonal component of 
many economic time series can be adequately estimated 
by the same choices of X -ll options. Consequently, the 
X-l 1 program is preset to these default options, which can 
be changed as circumstances warrant.

movements and reveal the trend. Conversely, if 
cyclical movements dominate, then a short moving 
average would better reveal the systematic move
ments of the series.

Similarly, when estimating the seasonal com
ponents, the degree of smoothing desired would 
depend on the relative importance of the regular 
variation. If a seasonal for a given month is believed 
to be stationary, then all the movement in the seasonal- 
irregular component for the month must result 
from irregular variation. Thus, the user would choose 
to average as many years of that month as possible 
in order to average out the noise. For this reason, the 
X -ll has an option that averages seasonal-irregular 
(S-I) values of the same month for all prior years 
available, giving equal weight to each year.

On the other hand, if the seasonal factor is 
believed to be changing, then movements in the S-I 
component reflect movements of both individual 
components, and the default option may be de
sirable. This option takes a five-year moving average 
that weights most heavily the S-I component in 
the year being estimated. The two years before and 
the two years after are weighted with lesser weights 
(declining away from the year). When the seasonal 
being estimated is for the most recently available 
year, only the two prior years are included. Although 
a short moving average may fail to average out irreg
ular noise, it enhances the probability that a seasonal 
factor would correctly incorporate movements 
reflecting fundamental changes in the determinants 
of seasonality. It also enhances the probability 
of removing irregular variations under the guise of 
seasonal variations. The trade-off is clear. If a priori 
evidence exists that movements in the seasonal are 
large relative to irregular variation, then a short 
averaging period is desired.

Finally, if  seasonal factors are believed to be 
changing, and the character and extent of the changes 
are thought to be known, then it may be desirable to 
estimate this change and project it into the forthcom
ing year. An option of the X -ll adds one-half the 
change from the previous year to the seasonals of the 
last available year to obtain the seasonals for the up
coming year. While such a formula may be rigid, it 
may be preferable to using the last available seasonals 
when there is strong evidence that seasonals in fact 
are changing.
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Impact of the Tax-filing Season on Money
The difficulties in estimating the seasonal 

factors during the personal tax-filing season (pri
marily February-May) perhaps best exemplify one of 
the shortcomings of the X -ll method. While it is 
quite predictable that the nonseasonally adjusted 
money supply increases greatly around the tax-filing 
deadline of April 15, a number of variables affect the 
exact time pattern of this phenomenon. If these 
factors all changed regularly along trends, then the 
X -ll probably would adequately capture the move
ment in the seasonal factors. Unfortunately, some 
clearly identifiable determinants of the timing of tax 
flows have been behaving in an unpredictable manner, 
causing abrupt changes in the time pattern of tax 
payments and refunds. Because the X -ll ignores 
economic structure, it offers no mechanism for 
prompt incorporation of such changes into the 
seasonal factors.

Table 2 Federal Income-tax Refunds 
of Individuals
As a percent of nonseasonally adjusted 
demand deposits of previous month

1975 1976 1977 1978 1979 1980

February 2.0 1.9 1.8 1.3 1.1 1.9
March 4.0 4.1 4.3 5.0 4.5 4.6
April 3.1 3.5 3.4 3.3 3.4 4.1
May 6.1a 2.4 2.4 2.9 3.0 4.2

a. Includes income-tax rebate.

Table 3 Non-withheld Income-tax Receipts 
of Individuals
As a percent of nonseasonally adjusted 
demand deposits of previous month

1975 1976 1977 1978 1979 1980

February 0.5 0.4 0.5 0.4 0.4 0.5
March 1.3 1.2 1.2 1.1 1.3 1.2
April 6.2 6.0 6.5 5.7 7.3 9.3
May 0.4 0.3 0.9 2.7 2.2 0.8

Tax processing affects the money supply in two 
particular ways. The typical tax refund (averaging 
roughly $250) is frequently deposited in checking 
accounts, if only temporarily. Refunds in the past 
two years totaled $31 billion, or 8 percent of M-1A. 
Almost 90 percent of this amount is paid out in the

period of March to May. Thus, refunds can produce a 
sizable bulge in the money supply during this period. 
Second, and quite aside from refunds, persons owing 
taxes fund their checking accounts on or before the 
date the tax is paid. The time required for mail 
service and actual processing of the tax payments 
tends to increase the money supply until the Treasury 
cashes the checks. The monthly patterns of tax 
refunds and payments relative to the level of demand 
deposits for recent years are given in tables 2 and 3.

Variables that affect the timing of the tax-related 
impact on the money supply include the timing of 
tax filing, taxes and tax-withholding rates, the effi
ciency of the tax-processing equipment, the number 
of people employed to process returns, and the mail 
service. In the past two years, for example, individuals 
filed returns later than in previous years. As the April 
15 deadline approached, the Treasury faced a larger 
than usual bottleneck in tax processing.

Chart 1 M-1A Monthly Growth Rates: 1980

Percent (saar)
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Although new equipment was in operation, the 
Treasury’s budget did not permit the overtime required 
to process the tax returns (particularly those with tax 
payments) at the rate achieved in the previous years. 
As a result, a greater percentage of the tax payments 
were not actually collected until May.

This series of events may explain some of the 
extraordinary M-1A growth in April of 1978 and 1979 
(see table 4). Furthermore, because the X -ll often is 
used in a manner that weights the experience of recent 
years more heavily, the current year’s seasonal factors 
probably overstate the tax-processing impact in April 
1980. This seems all the more probable since a greater 
dollar volume of taxes was processed in April 1980 
than in April 1978 and 1979. One consequence of in
creased processing could be that the seasonal adjust
ments in April are stronger than they should be, 
contributing to the negative growth of M-1A last 
April. In effect, tax-processing delays in 1978 and 
1979 may have operated through the seasonal-adjust
ment procedure to contribute to the sharp drop in 
the money supply in April. Without a well-estimated 
model, however, a quantitative assessment of this 
impact is extremely hazardous.

Table 4 April Growth Rates for M-l A
Seasonally adjusted annual rates

1980
seasonal
factors

Stable
seasonals

M-l A growth 
for year ending 

in April

1975 -3.0 -3.2 3.4
1976 6.6 9.4 6.2
1977 9.2 15.1 6.9
1978 12.6 20.7 7.3
1979 14.7 23.7 5.8
1980 -18.5 -9.6 3.7

While it is conceivable that the relationships 
between seasonal events and the money supply could 
be modeled and well estimated as a practical matter, 
the problems involved are enormous. The seasonal 
factors used to adjust current data are calculated at 
the beginning of the year. Consequently, optimal 
adjustment of the data would be required to forecast 
the exact time pattern of each seasonal event for 
the entire year ahead. It is not likely that any of these 
events could be forecast with the desired degree of 
accuracy. Thus, it may be of little consequence that 
the X-l 1 ignores this information.

Recent M-l A Growth
By looking at the raw data through somewhat 

different sets of eyeglasses, one can obtain a rough 
idea of the extent to which the 1978-1979 tax- 
processing problems may have contributed to the 
steep drop in M-l A this past April. As noted earlier, 
the official 1980 seasonal factors were constructed 
using the default option, in which greater weight was 
given to the data of the two most recent years. This 
method is consistent with the assumption that the 
M-l A seasonals are changing. Alternatively, how
ever, one can assume that the seasonals are relatively 
stable and use a longer averaging process in which 
each year receives equal weight.

Charts 1 through 3 illustrate how this alternate 
weighing process can influence one’s perception of 
money growth, not only for April but for the first 
six months of the year as well. When using the con
stant seasonals, M-l A still shows a considerable decline

Chart 2 Official M-l A Series
Billions of dollars (sa)
390

Billions of dollars (sa)
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in April but at only about half the rate obtained using 
the official factors. Thus, the April drop appears some
what less alarming.

At the same time, however, by redistributing 
money growth somewhat differently throughout the 
entire tax-filing period, the equal-weight factors ap
pear to signal some cause for concern about money 
growth earlier in the year. As charts 2 and 3 show, 
money growth, officially adjusted, was close to or 
above the midpoint of its long-run growth range 
throughout the first quarter. In February, M-1A 
actually moved above the top of its growth range, con
tributing to the adoption of more restrictive money 
and credit policies. By contrast, the February bulge in 
the stable seasonal money series merely carried M-1A 
to within the lower half of its long-run growth range. 
Otherwise, the equal-weight series has been below 
path throughout the period. This growth pattern 
would have been consistent with a less restrictive 
policy in the first quarter.

The two different policy prescriptions indicated 
by applying alternate sets of seasonal factors to the 

same raw data highlight the problem faced by policy
makers in trying to separate seasonal from trend-cycle 
movements. Moreover, it is quite probable that neither 
of the two sets of seasonal factors used here is entirely 
correct. The equal-weight factors do not capture 
known changes in the determinants of the seasonal 
process. The official factors, which are influenced 
heavily by the extraordinary events of 1978 and 1979, 
may fail to average out enough of the irregular com
ponent of the data.

April Growth and Moving-average Options
The different growth patterns of M-1A implied 

by alternative smoothing assumptions are illustrated 
in table 4. In the years 1976 through 1979, seasonally 
adjusted growth rates for April (both official and those 
assuming stable seasonals) were greater than growth 
rates for the year ending in that month. Furthermore, 
the disparity increased over that period. In the absence 
of any explicit information, it seems unlikely that 
solely nonseasonal determinants could account for 
the four straight years of increasing disparity. It 
appears as if the seasonal relationship is changing. By 
comparison, it is evident that the official seasonals for 
March and April embody some change over time,

which is verified in table 5. The trends that decrease 
the seasonal factors in March and increase them in 
April tend to dampen the growth of seasonally ad
justed demand deposits in April. Thus, based on 
strictly empirical grounds, the official seasonal factors 
appear closer to the true seasonals than those that 
assume stability for this period.

Table 5 Seasonal Factors
for Demand Deposits

March April

Actual3
Stable
option Actual3

Stable
option

1975 0.985 0.984 1.009 1.010
1976 0.982 0.984 1.011 1.010
1977 0.981 0.984 1.013 1.010
1978 0.979 0.984 1.013 1.010
1979 0.978 0.984 1.014 1.010
1980b 0.978 0.984 1.014 1.010

a. Estimated in 1980.
b. The 1980 seasonal.

In 1980, however, the April growth trend was 
reversed, suggesting an abrupt change in seasonality. 
However, a number of cyclical factors (such as the 
declines in industrial production and business loans) 
also could have accounted for much of the sharp drop 
in M-1A in April. In the absence of a well-estimated 
model of seasonality, it is difficult to defend how 
much of this change, if any, should be embodied in 
the 1981 seasonals.

As noted earlier, some analysts would argue that 
the Treasury’s expeditious performance in tax process
ing during 1980 explains a significant portion of the 
M-1A decline in April. If the Treasury continues to 
perform in such a manner consistently over the next 
few years, perhaps the true April seasonal would sta
bilize around a particular value. However, the April 
seasonal is probably related to other determinants that 
are changing both randomly and systematically. In 
either case, it could be argued that the five-year 
weighted-moving-average option is likely to be appro
priate most of the time. In terms of time-series analy
sis, seasonality is not likely to be stationary, whereas 
the stable option assumes it is. Anyone who has 
applied time-series methods to economic variables 
appreciates the rare occurrence of stationarity in the 
original series.
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