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CHAPTER VII

DesirasLe Craracreristics oF IForauvras vorR Grapu-
Aarive Movrary Tiasre Sertes.

A number of methods of mathematical smooth-
ing have now been described and discussed. Most
of these methods were found upon exammation to
be unsuited to describe such cvelical data as
monthly Call Money Rates. However, two meth-
ods of graduating were found to give relatively
excellent results when apphied to such data. One
of these methods 15 to use an approximately fifth-
degree parabolic summation formula having simple
computation weights. Three examples of such
fifth-degree formulas were given—a 39-term for-
mula whose computation weights are 10 and 13.
a 43-term tormula whose computation weights are
7 and 10, and a 33-term tormula whose computa-
tion weights are 58 and 100." The other method 15
to use the Whittaker-Henderson graduation out-
lined immedately above. For our purposes n
would be taken in the Whittaker-IHenderson grad-

! Third-degree or approximately third-degree parabolie formmlas
were suggested as desirable if the data series was very short or if
the investigator wished to reduce the computation to a minipum,
The 27-term formula deseribed on page 28 was presented as the

last word mn ease of camputation.
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THE SMOOTHING OF TIME SERIES 101

nation as equal to 5. Considerable preference was
expressed for the first of these methods. We dud
not seriously consider using the Whattaker-Hen-
derson method in spite of the mathematical elegan-
cies inherent in that method. T'wo drawbacks to the
use of the method were emphasized. It does not
sufficiently climinate seasonal fluctuations unless
n be taken so Large as to smooth the series more
than we desired. The computation is not only la-
borious but its nature is such that mistakes are
easily made.

In choosing a method of graduating the monthly
series in the interest rate and security price study,
rwo considerations were primary. First, the gradu-
ation must be good. that is. the graduated curve
must not only be smooth but give a good fit to the
data. Second. the computation must be easy, that
is. it must not only be simple to understand but
take Jittle time to perform. It may be interesting
to outline some characteristics which seemed most
desirable in any formula to be used for graduating
our particular time series.

1. The graduation must be wninfluenced, or
only neyligibly influcnced by distant observa-
feons:

This requirement excluded any such procedure
1s harmonic analysis. unless such analysis be ap-
plied to successive portions of the curve in some
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sort of a moving manner. However, no such scheme
was considered, as the resulting weight diagrams
are not smooth and the computation is extremely
laborious.

None of the graduarions discussed in this book
(with the possible exception of the Rhodes curve)
are appreciably influenced by distant observations.
Aside from Dr. Rhodes” graduation and the Whit-
taker-Henderson graduation. no point on any
graduation in this ook is in the slightest degree
influenced by any observation further distant than
22 months.’

2. The graduation must be easy to rompute:

We chose the summation type of computation
with only the simplest multiplications. This type
of computation is not only easy to perform but
easy to understand. It is also extremely easy to
check as the work proceeds. The entire elimina-
tion of multiplications is not of prime importance
when the multiplications are so extremely simple
as in the 30-term approximately fifth-degree para-
bolic formula described on page 71, the 43-term
tormula described on page 73, or the 33-term for-
mula described on page 68.

! This is true even of graduations of darty from which seasonal
fluctuations have first been eliminated, if we do not consider the

elimination of the scasonal fluctuation as a part of the graduation.

See Appendix 1.
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3. The weight deagram must be as smooth as
possible:

As the graduation was to be computed by means
of a summation formula, it could be represented
by a “weight diagram.” This weight diagram
should be as smooth as possible.’ l

4. The graduation should eliminate r2-months
seasonal fluctuations:

As a summation formula was decided upon, the
elimination of monthly seasonal fluctuations was
obtained by having, as a possible first computing
operation, the taking of a 12-months moving total
of the data. All further operations are then to be
performed on this 12-months moving total. All
the formulas in this book which exactly climinate
12-months seasonal fluctuations may be so calcu-
lated.

Of course a 12-months seasonal fluctuation may
sometimes be of such a type that a graduation con-
taining a G6-months or even a 3-months moving
average will eliminate most of 1t. For example,
the total dividend payments of American corpora-

'In spite of the above statement, the reader must not over-
emphasize the element of smoothness in the weight diagram. The
weight diagram does not need to be superlatively smooth. He must
remember that the increase in the smoothness of the graduation
which resalts from using a superlatively smooth weight diagram

instead of a merely ordinarily smooth one is negligible. Compare

Note 1, page 50.
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tions show a pronounced quarterly seusonal. A
3-months moving average will therefore remove 3
large percentage of the 12-months seasonal.

5. If applicd to successive poents on a sime curve
whose period is apprecaably greater than the period
of the scasonal fluctuation (inour rase, 12 points”
or months), the graduation should fall as close as
possible to the poents on the sine curve:

The exact fitting to sine curves of many periods
cannot. ot course, be rigidiy fulfilled m practice.
No formula, which would nigidly fulhll such a
requirement, would, when appled to actual non-
mathematical data. give a smooth curve. The ele-
ment of compromise s introduced by the require-
ment of smoothness.

It any symmetrical set ot weights be applied to
an indefinitely extended sine curve, the resulting
curve will 1tself be a sine curve. though not neces-
sarily the same sine curve as the sine curve to
which the weights have been applied. In certain
limiting cases the resulting graduation may be a
straight line. FFor example. the J3-term approxi-
mately fitth-degree parabolic summation formula.’
if fitted to a sine curve whose period 1s 2. 3. 4, 3.
0, 8 or 12 months. or such a sine curve on which
any straight line has been superposed. will neces-
sarily give a straight line.

! See page 713.
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For the graduation of most time series, it 1s
much more important that the formula be capable
of adequately describing various sine curves than
capable of adequately describing any particular
degree ot parabola, even it such parabola be of as
low a degree as the second. The msistence upon an
absolute fit to any particular order of parabola s a
statistical obsession. The 43-term approximately
fitth-degree parabolic formula was designed pri-
marily for fitting cyclical and not parabohic data,
though it also gives an extremely close approxima-
tion to any parabola of a lower degree than the
sixth.

Appendix VII, which is entitled “The Results
of Applying Nineteen Different Graduation For-
mulas to Equidistant Points on Indefinitely Iox-
tended Sine Series,” contains a table showing the
percentage of the amplitudes of sine curves of
various periods which are preserved by various
graduation formulas. This table merits carcful
study, though the reader must remember that abil-
ity to fit sine curves of various periods is not the
only characteristic which might be desired 1n a
formula.

The first row in each column of the table in Ap-
pendix VII gives the goodness of fit to a 12-months
sine curve. If the elimination of seasonal fluctua-
tions is desired the entry in this column should be
sero or close to zero. For this particular length of
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cycle, goodness of fit is nof desired. For example,
Spencer’s 21-terin formula which eliminates Jesg
than 4§ per cent of a 12-months sine curve is dis-
tinctly not a formula to be used if seasonal elimj-
nation is desired.’

Smoothness of the resulting graduation is not
considered in Appendix VII. Attention has already
been drawn to smoothness of the weight diagram
as an important factor leading to smoothness in
the graduation. Another factor is the number of
terms in the formula. Though the 43-term ap-
proximately fifth-degree parabolic formula * gives
a distinctly closer fit to sine enrves of different pe-
riods than does the 2g-term non-parabolic formula.*
it also gives a distinctly smoother graduation.

After the reader has studied Appendix VII
showing the effects of applying various graduation
formulas to sine curves, he should examine Ap-
pendix VIIL That Appendix gives the results of
applying 14 different graduation formulas to the
logarithms of 97 consecutive months of Cal] Money
Rates on the New York Stock Exchange. The fig-
ures in Appendix VIIT would well merit an ade-
quate chart if it could be easily prepared. How-
ever, the various curves interweavye so much that

! Unless the seasonal fluctuation be e
See Appendix 1.

* Column 24 of table in Appendix VII.

“Column 14 of table in Appendix VI

liminated before graduation.
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it would be almost impossible to draw them all on
one chart in such a manner as to show their respec-
tive characteristics unless the chart were made
much larger than could be reproduced in this book.
It the reader is sufficiently interested in the mat-
ter he may have a chart drawn showing the data
and the various curves in colored inks. Such a
chart, however, must be on an extremely large
scale. One lying before me at the time I am writ-
ing is 20 inches wide and 39 inches long, and yet
it is not on a scale large enough to carry all the
14 graduations withont muddling the picture. A
chart of about this size might be constructed on
which the reader could examine any particular half
dozen curves in which he is interested.

Chart IV shows the Call Money data, a 12-
months moving average, and the 43-term approxi-
mately fifth-degree parabolic graduation.” Chart
VI shows the data and two Whittaker-Henderson
graduations, one with n = 3, the other withn = §.
Chart VITI shows the data with a Spencer 21-term
graduation and a Kenchington 27-term gradua-
tion. The reader should remember that the Whit-
taker-Henderson graduation with n = 3 eliminates
less than 69 per cent of a 12-months sine curve
seasonal and the Spencer 21-term graduation elimi-
nates less than 4§ per cent of such a seasonal. The

1 The relation of Chart V to Chart IV is explained and discussed
on page 25.
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Kenchington 27-term graduation eliminates over
00 per cent of a 12-months sine curve seasonal and
the Whittaker-Henderson graduation, with n - 5.
over Q5 per cent of such a seasonal.






