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Spectral study of the seasonal adjustment of the United Kingdom trade series
G. Jenkinson, Senior Assistant Statistician, 

Department o f Trade and Industry

This article presents the results of an exercise in which 
the technique of spectral analysis has been applied as a 
means of examining the processes employed in the 
method used to seasonally adjust the United Kingdom 
trade series. It provides some evidence on the eflective- 
ness of the seasonal adjustment programme as applied to 
United Kingdom exports and imports; the results show 
up no obvious deficiencies in the seasonal adjustment 
processes which have been used.

Apart from a very brief non-technica! description of 
spectral analysis in a following paragraph, the theory is 
not discussed but a new application of the technique is 
reported.

The mePhod of seasonal adjustment used for the United 
Kingdom trade figures was described fully in an article 
published in Trade and Industry on 17 February 1971. In 
essence, the procedure is to derive a weighted moving 
average of the recorded series and to calculate the ratio 
of the scries to this moving trend estimate. A weighted 
average of the ratios for each month is used as the 
measure of seasonality and an estimate of the seasonally 
adjusted scries is obtained by dividing the original series 
by this measure. (A fuller description of the seasonal 
adjustment process is given in a later paragraph.) In 
applying a seasonal adjustment procedure of this sort it is 
necessary to select, at various stages of the procedure, a 
particular method of averaging. DifTcrent combinations 
of the options available will provide a variety of seasonal 
adjustment procedures which, when applied to the basic 
data, will lead to a number of different final seasonally 
adjusted scries. Using the basic time scries and compar
ing the seasonally adjusted series produced by different 
seasonal adjustment procedures, it is very difficult to define 
a complete and adequate set of criteria for deciding 
whether any particular method of adjustment is better 
than any other. In particular it is probably impossible 
to define an optimum seasonal adjustment exactly. In the 
Department of Trade and Industry our comparisons 
have made use of a variety of statistical tests and practi
cal considerations. Spectral analysis provides an addi
tional method of assessing applied seasonal adjustments 
and has therefore also been applied to our adjustment 
processes to check whether they appear to be performing 
adequately.

Any time scries can be expressed as the sum of a large 
number of regular cycles in the form of sine waves, each 
with its own period and amplitude. The period of a w ave 
is the horizontal distance between consecutive peaks and 
the amplitude is half the vertical distance from trough to 
peak. It can be shown that it is always possible to decom
pose a time series in this manner, and for a monthly time 
series the shortest period of cycle in the set is one which 
completes one complete cycle or wave in two months. 
Each of these cycles has its own amplitude and a plot of a

function of the amplitude of each cycle against its period 
is known as the spectrum. The spectrum therefore 
demonstrates the relative importance of cycles of particu
lar periods; for example, for a scries with a strong 
component which repeated at yearly intervals the cycle of 
period twelve months would have a relatively large 
amplitude. Spectral analysis is basically the analysis of 
the spectrum but the term is also used to describe the 
methods used to estimate the spectrum. In practice there 
are difficulties associated with the estimation of the 
spcctrumC).

A seasonal pattern can be represented in a number of 
ways. The simplest case is the regular cycle of period 
twelve months as this clearly produces a pattern which is 
repealed annually. However a cycle of period six months 
which repeats twice a year also produces a pattern which 
is repeated annually. Similarly cycles which are repeated 
3, 4, 5 and 6 times a year that is, periods of 4, 3, 2-4 or 2 
months, will produce a pattern which is repeated annually. 
The general seasonal pattern would therefore be a sum 
of the cycles of the six periods 12,6.4,3,2-4 and 2 months. 
However it is not possible to identify cycles repeating 
more than six times a year from monthly data. The 
spectrum of unadjusted monthly series will thus be 
characterised by peaks at some or ail of these periods 
showing that these cycles have a greater amplitude than 
other cycles. In practice seasonality is not exactly the same 
in every year but tends to change over lime; this is refci red 
to as moving seasonality and the seasonality of the trade 
series is of this form. The result of moving seasonality 
on the spectrum is that the peaks spread a little more 
about the seasonal periods than would have occurred if 
fixed seasonality had been present. The seasonal periods 
have been marked and can be identified on the charts at 
the end of this article.

A process of seasonal adjustment is intended to elimi
nate the seasonal pattern from the time series and should 
therefore have the effect of removing the seasonal peaks 
from the spectrum of the series. It is possible to compare 
and assess different methods by means of the spectrum 
and in particular by studying how effectively the peaks 
have been removed.

It is however not completely straightforward to give a 
criterion for optimal seasonal adjustment even in spectral 
terms. In general it is said that seasonal adjustment 
should completely remove the six seasonal peaks in the 
spectrum. In this case after seasonal adjustment the 
spectrum of the series should be approximately smooth

(*) S «  Spectral Analysis o f  Economic Time Series hy C. W.J. Granger 
in association with M. Hatanaka (Princetown University Press, 
1964) for a full description of the methods of estimation.
In this case a Parzen spectral window with a truncation point 
of 72 was used to compute the spectrum.
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around the seasonal periods and the effectiveness of a 
seasonal adjustment method could in theory be assessed 
by how nearly this criterion is met. Work undertaken in 
the literature in this field has however shown that a 
number of the available seasonal adjustment methods 
produced dips in the spectrum at the seasonal frequencies 
and this phenomenon is sometimes known as over-adjust
ment. Other writers on the subject have argued that the 
dips found in the spectrum would be expected as a result 
of an optimum seasonal adjustment. The arguments on all 
sides are complex and in some cases contradict each 
other. Interested readers can consult the articles listed 
in the bibliography.

Opinions are still divided on the significance of residual 
dips and humps which have been found to occur in the 
spectra of seasonally adjusted series. When considering 
the theoretical problems of optimum seasonal adjustment 
this may be important but when considering practical 
problems it is less important because one is primarily 
concerned with the effect on the calculated seasonally 
r.djusted series. Also, such dips and humps are unlikely 
to be statistically significant compared with the variability 
of the estimated spectrum. In the discussion of the results 
below an attempt has been made to assess the results from 
the spectral analysis in terms of the problems of over and 
under-adjustment.

The data used for the analysis were taken from seasonal 
adjustment runs through the seasonal adjustment pro
gramme on the department’s Leo III computer with data 
from January 1956 to December 1970. The seasonal 
adjustment work was transferred from the Leo III com
puter to the ICL 1906A computer at the Business 
Statistics Office, Newport on 1 January 1973 but the new 
programme for use at Newport is almost identical to the 
former programme so that the analysis should be equally 
relevant to the new programme. One run of total exports 
and one of total imports were selected and series were 
analysed from various stages of each run so that the 
effects of the adjustments for strikes, the adjustments for 
the length of working months and the adjustments for 
effects due to the seasons could all be analysed.

The seasonal adjustment process was set out in detail 
in the statistical note to the article on 17 February 1971 
but the basic steps are listed below:

The basic data are recorded, monthly trade figures 
adjusted over time for comparability. This is known 
as the original series.
‘Prior adjustments’ to allow for major disturbances 
(usually strikes) that.affect the series are made to the 
original series to produce the ‘primary values’.
The primary values are then multiplied by length of 
month factors to adjust these to a month of standard 
length; these are the ‘standard month values.’
The adjustment for the seasonal pattern is then made 
to the series of standard month values by the ratio 
to moving average method fully described in the 
previous article. The resulting series after adjusting 
the months of each year to add correctly to the annual 
totals is known as the final seasonally adjusted 
series.

130

The last step in the process is to remove the prior 
adjustments from this series. This series is the one 
that is published: it correctly shows the major 
distortions in the seasonally adjusted series, but the 
process of taking them out of the series for the 
seasonal analysis and replacing them afterwards 
prevents them from causing serious biases in the 
estimates of the seasonal factors and also prevents 
the distortions themselves being modified in the 
seasonal adjustment procedure.

From each run the original series, primary values, 
standard month values, final seasonally adjusted series 
and final seasonally adjusted series with readjustments 
were submitted for analysis. This enabled the effect of
each stage of the adjustment process to be analysed, that 
is, the effect of:

the use of the prior adjustments for strikes, etc.; 
the adjustment for length of month; 
the adjustment for seasonality; 
the removal of the prior adjustments.

Charts showing the spectra of all the series analysed 
are shown. They have been drawn against a logarithmic 
vertical scale since this shows up the detail throughout 
the whole of the series. All the spectra show the common 
feature of relatively large amplitude for cycles with large 
periods. This reflects the strong trend component present 
in all the series analysed. A strict linear trend on its own 
can be considered as a cycle with infinite period. In the 
series analysed here the trend is not strictly linear so that 
it can be thought of as a sum of cycles all with long 
periods. For most of the series this appears to affect the 
spectrum for periods greater than twelve months. It can 
be shown that the variability of the spectral estimates 
given here is large, that is that they are rather unreliable 
estimates. The reason for this is that the series are too 
short for better estimates to be produced. This high 
variability limits the use of this study to draw firm 
conclusions about the effectiveness of the seasonal 
adjustment method used and rather it should be thought 
of as a critical observation of the effect of the process 
on the series analysed.

The effects of the various steps in the seasonal adjust
ment process can be followed through in Charts 1 to 5 
for imports and Charts 6 to 10 for exports. The effect of 
the adjustment for the seasonal pattern Itself can be seen 
by comparing the spectra of the series of standard month 
values and the series of the final seasonally adjusted 
values. The spectra of the former show distinct peaks at 
all seasonal periods and the spectra of the latter show 
that the peaks have been removed with the possible 
exception of that relating to a period of 2*4 months in the 
case of imports. On the other hand there is no sign of dips 
in the spectrum at any of the seasonal periods which 
would suggest the possibility of over-adjustment.

The seasonal peak at a period of 2-4 months was 
removed for exports but not completely for imports. It 
seems likely that the residual hump is not significant 
since with estimates of the spectrum having a high vari
ance it is unlikely that the spectrum will be exactly 
smooth at all the points relating to seasonal periods. But
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that this is the only hump is reassuring. Initial examina
tion therefore appears to show that the seasonal adjust
ment programme has adjusted the total import and total 
export series satisfactorily with neither over nor undcr- 
adjustment.

The effects of the other steps that is, additive prior 
adjustments and length of month adjustments, can also 
be seen from the charts. In the chart of the spectrum of 
the original series the seasonal peaks do not stand out 
particularly prominently although peaks arc observable 
at some of the seasonal periods. The making of the 
additive prior adjustments makes the spectrum of the 
primary values more like that of the standard month 
values by removing some of the fluctuations at non- 
seasonal periods with the result that the seasonal p^ks 
become more pronounced. This is to be expected since 
the adjustments attempt to eliminate from the series the 
effect of strikes, etc., which probably cause some peaks 
in the spectrum at a number of periods.

On application of the length of month adjustments 
almost all of the peaks at other than seasonal periods 
are removed with the result that the peaks at the six 
seasonal frequencies stand out prominently (Charts 3 and 
8). The fact that this change takes place in the spectrum 
shows that the length of month adjustments remove 
fluctuations in the series with other than seasonal 
periods thus confirming that the use of length of month 
adjustments is worthwhile and that the adjustment would 
be inferior if they were abolished and included with the 
seasonal adjustment itself.

Thus by studying the spectra of the original scries, 
primary values and standard month values it seems 
reasonable to use the prior adjustment and length of 
month processes as means of eliminating the explainable 
fluctuations from the series thus revealing the basic 
seasonal pattern in order that it can be identified and 
eliminated. After each of the tw o steps the seasonal peaks 
in the spectrum can be observed more clearly than before.

As might be expected removal of the prior adjustments 
after the seasonal adjustment process makes the spectrum 
more bumpy once again, illustrated by Charts 5 and 10.

Most of the above remarks relate to both the import 
and export scries although for exports the application of 
the length of month adjustments did not clarify the 
spectrum as much as for imports and it also reduced 
some of the seasonal peaks present in the primary values. 
This reflects the fact that the export lengths of month arc 
more constant from year to year than the import ones 
since they remove power from the spectrum at seasonal 
periods and in general are probably a less important 
part of the adjustment process although they can be seen 
to have beneficial effects on some parts of the spectrum.

Another batch of data was analysed which consisted of 
both the final seasonally adjust^  series with readjust
ments already analysed each split into two halves and 
submitted as separate series. This was to lest whether the 
seasonal adjustment programme was suflicicntly adaptive 
to change. If it adapted too slowly residual seasonality 
might be clearly delectable in each half of the series 
which cancelled out when the spectrum of the whole 
scries was calculated. Because these scries were shorter 
the variability of the estimated spectra was high. No 
residual seasonality could be detected. It was noted that 
neither half of the import scries had a peak in its spectrum 
for a period of 2-4 months. This supports the view taken 
earlier that the hump in the spectrum of the import scries 
for a period 2*4 months was not significant.

Conclusion
This study has used spectral techniques to observe the 
operation of the seasonal adjustment processes. Each step 
of the process has been monitored and in addition the 
series have been analysed in two halves to check that the 
programme is sufficiently adaptive to changes in the 
seasonal pattern. Because of the high variability of the 
estimates of the spectra, any conclusions about the 
effeclivcncss of the seasonal adjustment method must 
necessarily be tentative. Nevertheless the analysis suggests 
that:

The present system of making prior and length of 
month adjustments is good and necessary.
No evidence of under or over-adjustment was found 
for either scries.
There was no evidence that the seasonal adjustment 
factors adapted too slowly to change.
For the period examined therefore, the results show 
up no obvious deficiencies in the seasonal adjustment 
processes which have been used.
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