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234 GOVERNMENT PRICE STATISTICS

anticipated and introduced in the final months of the year constitute
a strong seasonal factor. It is only in the group of services that the
seasonal elements are generally weak, in contrast to the above com-
modity categories.

The timing of the seasonal peaks and troughs, expansions and con-
tractions, varies greatly among the component price series, however,
so that these movements offset each other to a large extent, leaving
only relatively small seasonal changes in the index as a whole.? Never-
the{;ss, seasonal influences may and at certain times did dominate the

short-run behavior of a comprehensive measure of average price
changes such as the Consumer Price Index. That is, they can tem-
porarily offset or even outweigh the influence of other, primarily
cyclical, changes in business conditions. (To be sure, at other times
seasonal factors may work in the same direction as cyclical factors,
thus reinforcing the effect of the latter.) One illustration is provided
by the 1929 developments when the CPI held firm, showing only the
normal seasonal changes in foods, while the cyclically sensitive eco-
nomic activities such as industrial production had already experienced
considerable declines.® .
It would seem that for some purposes, in particular for the analysis
of longer-term movements in prices, the solution of the seasonal
- problem lies in the elimination of seasonal price variation. Tech-
niques for such adjustments are well known and criteria are avail-
able according to which the quality of the results can be judged. But
even the best seasonal adjustment will not, of course, remedy the
shortcomings of the raw (unadjusted) time series to which it 1s ap-
plied. In the present case, the real problem is how to make the index
reflect properly the seasonal variation in prices, taking into account
the seasonal variation in consumption; it is not how to get the seasonal
element out again once it has been adequately measured. In short,
the important and difficult issue here is that of proper index measure-
ment, an analytical as well as a practical problem, not the logically
subordinate question of technical deseasonalization.

2. SEASONAL WEIGHTS, CHAIN INDEXES, AND THE PROPORTIONALITY
CRITERION

To isolate the seasonal problem in price index construction and to
simplify the analytical situation, let us assume that the “seasons”
can be represented by months of the calendar year and that all
change in consumption is seasonal only (no change in annual con-
sumption). Then there would be 12 monthly “market baskets” ap-
plicable, respectively, to the Januaries, Februaries, etc., of the suc-
cessive years. Thus the market baskets would not be constant in
the consecutive monthly periods, although they would be constant in
the same months or “seasons” of each year. To complete this sim-
plest type of seasonal model, let the price change, too, be of exclu-
sively seasonal nature and such that prices would vary only from
month to month but be equal in the same months of each year.

2 This applies to each of the price indexes reviewed. The overall sensitivity to seasonal
factors of the Wholesale Price Index seems to exceed somewhat that of the CPI, while the
Indexes of Prices Received and Paid by Farmers (especially the latter) appear to be less
rubject to such influences. (For a statistical documentation of these statements, see
Part III of this paper.)

Ewan Clague, ‘“The Consumer Price Index in the Business Cyclei;' Monthly Labor

Review, LXXXT, No. 8 (June 1958), 616-620. Among the “economic characteristics” of
the CPI emphasized by Clague, seasonal factors have indeed a prominent place.
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One point, at least, is clear under these hypothetical conditions.
namely, that the price index for the current month, 7;, should equaf
the index for the same month a year ago, Pi..,. This fol_’lows from the
so-called “proportionality” requirement, which underlies one of the
tests that Irving Fisher first proposed in The Purchasing Power of
Money (1911). That an index number of prices should agree with
each of the price relatives from which it is derived, if all of these
relatives agree with each other, is a criterion that is hardly in need of
much explanation or justification.* “Proportionality,” of course, in-
cludes “identity” as a special case. In the present example, identity
of prices at (¢—12) and ¢ has been postulated, but it is easy to specif
somewhat more relaxed assumptions (e.g., admit a steady trend in all
rices as well as stable seasonals) such as would result in price level
ut not in price structure changes from %ear to year.®

Now, to do justice to the seasonal problem, a series of index numbers
of price change should reflect as well as possible the seasonal variation
in consumption. Since 1887, when Marshall first advanced the chain
system and Edgeworth seconded it, many students of index numbers
have come to look upon the chain index as the standard statistical solu-
tion to changing weights. But careful consideration must be given
to the question of how well chain indexes can be anhed to the seasonal
weight changes with whose specific features they were surely not
designed to cope. o ‘ )

It is easy to demonstrate that a chain index with varying weights
does not fulfill the test of proportionality (or identity). Table I
illustrates this by means of a numerical example in which, for sim-
plicity and space economy, only two commodities and four quarterly
seasons are recognized.® These hypothetical data embody the as-
sumption that both " and p’’ (that 1s, “all prices”) doubled between
periods 0 and 2. Three fixed-base indexes emIl)loymg different weight
systems are shown to satisfy the proportionality test in that each of
them has the value of 200 (percent) in period 2 (period 0=100). Of
the three corresponding chain indexes with seasonal weights, none
passes the test. Again, Table I is based on the assumption that prices
and quantities are the same in the same “seasons” (here, quarters) of
each year. Thus, on the identity test, the indexes for the same seasons
should be equal, too, but they are so only for the fixed-base, not for
the chain, formulae.’

4 Fisher regarded this test as ‘really a definition of an average” (The Making of Index
Numbers, Cambridge, Mass., 3d ed., 1927, App. I, p. 420). Bortkicwicz pointed out that
the requirement is an “obvious consequence” of an even broader concept of a statistical
average than that used by Fisher (Ladislaus v. Bortkiewicz, “Zweck und Struktur einer
f‘ﬁish}ldexz&hl,” Nordigk Statistisk Tidskrift, I1I, 1924, p. élS; quoted in literal trans-
ation).

8 Then, given the relation p¥t=+ p*:..3 where ¥ is a constant proportionality factor and
p* is price of any k-th item, the condition to be satisfied by the price Index would be Pt—=r
Pi-1a (In the exclusively seasonal model introduced before, y=1).

¢ This example bears a general resemblance to a short numerical illustration given in
Bortkiewicz, op. cit.,, p. 218, but our model has been developed to emnphasize the seasonal
aspects which are here of primary interest.

7 The criterion of proportionality will not be satisfied, except under a speclal assumption,
even by the most sophisticated version of the chain index, the Divisia formula. This
agproach assumes that prices and quantities change over time by Infinitesimal steps, so
that the price and quantity indexes can be defined by differential equations and converted
into Divista’'s “chain indexes” by integration. Divisin's index in its general form can be
written as P”=dP/P=EadE/2qp. See Francois Divisia, “L‘indice monétaire et la théorie
de 1a monnaie,” Revue d’ Kconomie Politique, 39 and 30 (1925-26) ; also separately by
Librairie Sirey, Paris. That the Divisia Index satisfies the sald criterlon only if the
utility functions are homt:]gcneous was shown bdv J. Ville, “Sur les conditions d’existence

e

d’une ophélimité totale et d'un indice du niveau des prix,’” Annales de 1'Université de Lyon,
A 8, 1946 (Engl. translation, 1951, in the Review of Economio Studies, Vol. XIX).
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TasLe I.—Selecied Measures of Price Change Applied to a Simple Seasonal Model

Period NO - ccocammaaa oo 0 1 2 3 4 5 6
Year.. 1 1 1 1 2 2 ‘2
QuArter. .o oo I II isg v II I
A. ASSUMED DATA
1:
Prtoe ( ’) .................. 3 5 8 4 | Same as for periods o, 1,2, . . 1
(30 4 PR, 40 20 10 30 Dot
(’p/ .................. 1 4 2 3 - Dot
Quant Y (@) e oeeees 25 5 15 10 Dou
B. INDEX NUMBERS*
(a) Binary comparisons:
PEYTOS. < oo oo 100.0 206.9
100. 108.3
100.0 04.4
100.0 66.7
100.0 $206.9 ®
Paasche ... 100.0 184.6
100.0 81.8
100.0 75.0
100.0 61.7
100.0 $184.6 @
Fisher (“ideal”).....-. 100.0 195.4
100.0 04.1
100.0 84.2
100.0 64.1
100.0 | 3195.4 ®
(b) Fixed-base indexes (named
by corresponding binary
form! uln) .
100.0 208.9 200.0 162.1 100.0 2206.9 ?)
100.0 184.6 200.0 150.0 100.0-] *184.6 9
100.0 105.4 200.0 155.9 100.0 | 2195.4 )
100.0 206.9 224.1 211.7 141.1 §202.0 §316.3
100.0 184.6 151.0 113.3 69.9 $120.0 3106, 6
100.0 195. 4 184.0 164.9 9.3 $194.1 4.182.7

1 That is, we assume that ﬁ;s'f’ m, =g 4 P”t—ﬁ’ 4; and ¢”1=¢" 4 (using the subscript ¢ to denoté
eriods as numbered in the first line o the table and listing the variables in the order they appear in the
ur lines of Section A of the table).

3 This index for perlod 3 is eq l to the' ‘corresponding index for perlod 1.
3 The index for padod 6 (on hs.se eriod 5) is equal to the corresponding index for period 2 (on base perlod

1). The genersl relation Py= Py bold:

4 The index for period 6 (on base perlod 0) is equal to the corresponding index for period 2 (on samg base).

The general relation Py= P holds,
 These indexes for periods 6 and 8 are not equal to the corresponding indexes for periods 1 and 2, respec:

tively. The relation Py= Py does not hold.

*Formulse used {n Section B of the table:
(8) Binary comparisons:
Zpits,
Laspem Piib="—
Zgipd

Zpigy
Paagche PyP=
aasche Py S
Fisher (“ideal”) Pyf=+/PL.PP
(c) Fixed-base indexes (names indicate eorrespondenoe to method of binary comparisons):

Laspeyres Po;"=z—’;——i:::

Paasche Po;P= :g‘

Fisher By?=  Pyl- Py
(d) Chain indexes based on formulas by:
Laspayres Polm Pyl Pyl Pyut . . . Pyl .. . Pryud
Paasche PoP=PyP-PuP-PuP . .. PyP ... Pri
Fisher Puf=PuP-Py"-Po¥ . . . Paf . .. Prad?
wherei=0,1,3, . . . ; f=any ¢; and f=i+1,
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The major objection to the chain index encountered in the literature
is that it will not equal the result of & direct comparison between the
first and the last of the periods it covers, except in the trivial case
of constant weights. Our criticism of the chain index in the seasonal
context does not refer directly to this so-called circular test but is
founded on the proportionality criterion. To be sure, the latter
when applied to more than two periods can be viewed formally as
included in the broader circular criterion, yet the two are certainly
not the same. Moreover, the historical controversy about chain in-
dexes and the circular test was primarily concerned with long-term
comparisons based on annual data—a very differernit perspective from
our short-run, seasonal view. There is certainly much force in the
familiar argument against the circular test and 1n favor of¢hain in-
dexes as far as such longtime comparisons are concerned.® It is also
clear why writers who were thinking in terms of long developments in
annual values could and did disre%a,rd the proportionality test; eco-
nomic change over years is complex and relative ;I)ric_es vary con-
tinuously, without ever returning to their past constellations. But to
ignore the proportionality criterion in dealing explicitly with the
seasonal problem would just as surely be wrong, for it is the essence
of seasonal movements that they recur from one year to the next in
similar patterns which for the most part change only gradually over
& number of years. )

There are, however, important differences between the various
chain formulae with respect to the magnitude and character of the
divergencies of these indexes from the values expected under the
proportionality test. The Laspeyres chain typically exhibits a marked
zystematic upward “drift” over time; the Paasche chain, an analogous

ownward drift. These tendencies are vividly illustrated in Table 1.
With regard to recurrent seasonal fluctuations, such trends are seri-
ously disturbing.® Even when the exaggeration involved in this
highly simplified example is heavily discounted, it seems clear that
the drifts are too strong for the formulae that produce them to be
scceptable.’® It is true that these drifts are not inherent in the work-
ing of the formulae, that is, the latter will produce them under certain,

& Briefly restated, the argument is that direct comparisons limited to the price and
SHinges i Shoe o, duane yosp mist salala Jae eiors besane g ey, e
year) comparisons are the most accurate and as the distance in time increases the quality
of index measurement deteriorates; by making a chain index out of the annual links,
fnformation on prices and quantities in all intervening years is utflized most completely
aid the inevitable error of the long-distance comparison is minimized. On this view, then,
the circular test is not valid theoretically in that it implies the reverse of the above reason-

ing, namely that the direct comparison Po¢ (and even the backward direct comparison
Pet) is a more aecurate measure than the result of a complete, forward-oriented and

irreversible ae historical time itself, chain of annual links, Fys.

* There 18 reason to stress the specific and material nature of the argument behind the
above statement. As Ragnar Frisch pointed out, the mere fact of “drifting” does not
necessarily imply that the chain method is “wrong” (and the direct index “right”) : this
;&"3‘@ cl;m!;wt.be resolved by ‘“formeal considerations.” Cf. R. Frisch, Econome , Vol. IV,

1°A few statistical tests and experiments are available, which suggest that the drifts
of the chain indexes due to seasonal fluctuations may well be quite pronounced. Erland
von Hofsten, Price Inderes and Quality Changes, Stockholm, 1952 p. 14, refers to
Leo TOrnguist. “Finlands banks konsumtionspris index”, Nordisk Tidol?ﬂft Jor Teknisk
Okonoms, Kbenhavn, 1937, as having demonstrated that a week-to-week chain index for
food was after 8 years 20 percent higher than a direct comparison. The present author
had unfortunately no access to Térnquist’s study. Recentlly. considerable experimentation
with seasonally weighted chain indexes and other formulae has been performed at the
&u‘e&u of Labor Statigtics; its results are summarized in Doris P. Rothwell, “Use of

Zat el MG o B fabed COTISIen, doutal of, STl st
y , PR, . ere the 3-year divergence een the peyres
chain tugd direct thdexes was sm‘ﬂar but slightly larger (close to 28 percent). bey
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not all, circumstances. But it is precisely in the seasonal context that
the conditions assuring the occurrence of the drifts will be most often
fulfilled (see Section 3b below).

Chain indexes based on some compromise method of crossing
formulae or weights will miss the proportionality test much more nar-
rowly, following, as would be expected, an intermediate course be-
tween the Laspeyres and the Paasche chains. The Fisher chain in
Table I shows some downward drift and other more realistic test cal-
culations also indicate the presence of such slow drifts both in this
cross formula and in the Marshall-Edgeworth cross weight chain.**
But it is likely that under conditions pertinent to the practice of index
measurement—a sufficiently large number of component items in the
index, less violent period-to-period movements in these data—diver-
gencies such as those yielded by the Fisher chain will not prove seri-
ously disturbing, at least not over a period of a few years at the end
of which a revision of the index might be used to “rectify” matters.
One must also remember that the stringent seasonality assumptions
of the test will not often be closely approximated in practice. After
all, seasonal fluctuations are in reality overlaid by trends and cyclical
and erratic movements and they are not always well-defined or very
regular in themselves.

Thus, on the strength of the charge of “drifting” alone, a strong
case can be made against the Laspeyres and Paasche chain formulae,
but not against the Fisher chain. The main merit of a chain series,
which is that each of the links in the chain uses only those price and
quantity changes that belong to the same period and are directly
associated with each other, is of course pertinent in the seasonal con-
text as it is in other applications. Hence it is important to ask
whether a chain index faces still other difficulties that would tend to
offset its admittedly important theoretical advantage.

There is one basic difficulty here that becomes important in con-
nection with seasonal quantity changes, but this difficulty is shared
by the chain series with all other conventional price indexes. This
concerns the so-called “unique” commodities—items found only in
one.of the two commodity lists of a binary (two-period) comparison
but not in both. Chain indexes of the standard type, like other index
numbers computed by averaging price relatives, imply a given list
of commodities in two successive pricing periods; that 1s, they retain
in a binary comparison what for fixed-base indexes is true for a
number of comparisons (over longer periods of time), namely, that
the “market basket” is constant. But the main complication intro-
duced by the seasonal change is precisely that the market basket is
different in the consecutive months (seasons), not only in weights but
presumably often also in its very composition by commodities, This
1s a general and complex problem which will have to be dealt with
separately at later stages of our analysis,

Finally, turning to the very different matter of practical difficulties
associated with the application of the chain method to short-run data
with seasonal characteristics, two possibilities must be distinguished.

11 A 4 percent downward drift over a period of 10 years (in annual data) was found
experimentally for a Fisher chain by Warren M. Persons (“Fisher’s Formula for Index
Numbers,” Tie Review of Economic Statistics, March 1921, p. 110). Recent tests at the
Bureau of Labor Statistics reveal a similar drift from year to year in a monthly Marshall-
Edgeworth chain with seasonal weights. Cf. Doris P. Rothwell, op. cit., Fig. 77B.
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If the seasonal weight patterns are essentially stable from year to
year (Table I presents the extreme case where they are constant),
then the chain method, which does not take advantage of this stability
but rather faces a difficulty in it (the “drift” problem), is of question-
able efficiency. If, on the other hand, the intra-annual weight
distribution varies considerably over time, then it would seem over-
zealous to attempt to reflect in the index these numerous short-
run changes in weights, many of which are likely to be minor and un-
systematic, A monthly or even a quarterly chain index with current
weights poses maximum data requirements whose ¢ontinuous fulfill-
ment can hardly be realistically expected. To try to get reasonably
accurate seasonal quantity weights on a current basis would most likely
prove an exercise in futility.

3. IMPLICATION OF FPRICE-QUANTITY RELATIONSHIPS

a. Indexes of Price Change and of the Cost of Liwing—The theo-
retically ideal cost-of-living index may be defined in purely formal
terms as the ratio of two money expenditures V;=3p;q; and Vi=2p.g:
which are “equivalent” in the sense that the “typical” consumer in
the group to be covered by the index is just as weﬁ) off at j (spending
V;) as he was at ¢ (spending V;).* Clearly, such an index implies a
complete solution to the seasonal problem, as to any other “problem”
in cost-of-living measurement. By definition, V; and ¥, are house-
hold budget expenditures on equivalent market baskets which will be
as similar or as different as required to provide “equal real incomes
of utility” (Keynes) ; this takes care of seasonally motivated as well
as any other necessary adjustments in the basket. Given any indica-
tor of equal “well-being,” u or v (e.g., an indifference function), the
index V;(py . . .)/Vi(pw . . .) fulfills the proportionality test and
the circular criterion in general, identically in g or any other such
indicator.!®

The theory of cost-of-living measurement acknowledges that the
“true” index V;/V; is not known. It proceeds from an analysis of
the relationship between the two available basic measures of average
price change, the Laspeyres and the Paasche indexs (in our notation,

L P

respectively), in an effort to establish how these are related to the
true cost-o -llvm‘g indexes.

Assume two “cross combinations” of conditions for our group of
consumers: (a) their real income level is still as of period ¢ but they
face now a changed structure of prices, that of the next period j;
(b) they are confronted with relative prices of period ¢ but their
real incomes are those of period j. Let g; denote the quantities that
would have been purchased in the first, and g; those that would have

12 See A. A, Koniis, “The Problem of the True Index of the Cost of Living,” Econometrica,
Vol. 7, No. 1, January 1939, p. 10 (translation of a paper published in Russian in 192%¢).
Definitions which coincide with that given above are also employed in the writings of
Gottfried Haberler, Der Sinn der Indedzahlen, Tﬂblngen, 1927; A, L, BowleI, “Notes on
Index Numbers,” The Economic Journal, Vol. 38, 1928, pp. 216-237; J. M. Keynes, 4
T'reatise on Money, New York, 1930, Vol. I: R. G. D. Allen, “On the Marginal Utility of
Money and Its Apgllmtion," Hconomics, May 1933: Hane Staeble, International Com-
g]aﬁ.som of Cost of Living, International Labour OMce, Studies and Reports, sertes N,

0. 20, Geneva, 1934 ; and liagner Frisch, op. cit., pp. 10-18.
pL Fr'lsch, op.'clt.. p.' 18. !

64846—061——168
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been piirchased in the second of these hypothetical situativns. Then,
in‘accotdande with the definition given above, there would be two
“frie’ ost-of-living indexes for the real income levels of 4 and 4, re-
spectively, with formulae much like those of Laspeyres and Paasche
axoept for the crucidl substitution of the barred for the simiple ¢’s in
two instances;: These not directly measurable expressions are

: .Pf:=zp’-q—‘.&ndp" =200 -

. by Y 2pa,
‘Thero aze now also two inequalities:® .. | .
B e R

which are due entirély b6 ehd: in-the Price structure- and the re-
sponse. to’ them of conswtiers’ buying. - Implicit: in’ the Laspeyres
index is the assumption that. demand for any cdrnmodity is completely:
pricéinelastic. -Becauga it.thus neglects to: take linto acconht. the ad-
Justments:of consumption itv.faver of items thas have become rela-
tively: cheaper, the numerhbor. inv PF. iz too large amd: #* exceeds #*
which by definition is free from thit etror. -Ang dgain because:it im«
plies. inelastioity of demand, the deiominator:in: PF- is.too large. so
that PP-is: leds bhan, P’ which; tieo( 36 by. definition:erpoti-ffee.. .+
_:Defiming B, = (Pl PTy+ (P!~ PF). andoBy= R~ P%;. we obtdihi ad
their-.algebraio, sum!: the. total-diffevence - betivden - P& and ¥
Py==8y#D,.. If thére were rivxchange i real income betwetn periods
tand. 7, Dy wonld be zero and thei dift mnoei_betgjempé and P? would
eqiia){ £ nlone,:which meang:that it would he dependent only dn the
dffects of ‘clibnges-in; the relativa’ ,;teiﬁas.and,s@k; stich be strictly yosi<
tive: If there 1salse w:chinge in real income: nfiocting the, structure
of consumption, then 2, will be non-zero and D, will depénd 'on'tha
siffn and magnitude.of Py assmell: asion theisiselof-the posisiite £
< s Aisithple yet not: ineffective why toievaluata £, ﬁbnmtaéh‘thk’mgg
o]_:pse'-).kx)hvm_‘n‘f?:f: and R{»towdn[pang s reladive) ml agnitudes fan 3
ceofaitoapecified) conditions.-Fius; if 'the guowp . cofered, by tlesening
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Thus the divergence between P~ and P*, standardized in terms of P,
is found to depend on three factors: (1) the coefficient of correlation
between the price and quantity relatives, p;/p;, and 3/¢s, and (2, 3)
the coefficients of variation of these relatives (each of these coefficients
being weighted by means of w=p:¢:).

The ratio o,/@" applied to two seasons ¢ and j would measure the
extent to which the structure of consumption differs between these
periods for households with specified characteristics. The ratio a,/P*
would similarly measure the divergence between the i-th and the j-th
relative price systems. Either ratio could theoretically be zero (if ¢,
were proportional to gi, or p; to pi, for all commodities, i.e., 1f

4/qs=const. or p;/ps=const.). Actually, either can be expected to ©
positive, of course, but most likely less than one. The distribution
of consumption in periods ¢ and j would have to be very asymmetrical—
associated with a very large dispersion of the quantity relatives y—in
order for o, to reach values exceeding QF. The case of a,/PE>1 is
still less probable: that ratio would more likely than not be smaller
than o,/Q%, although the two may not be widely different. ~

Since both ¢./P% and o,/@Q* are positive, the sign of the total dif-
ference D;(=P“ PP) must be opposite to the sign of 7. Thus in
the case of a negative correlation between price and quantity relatives,
which is the assumption we have been making so far, D, will be posi-
tive. The analysis also suggests that D./P~, when i)ased on a large
number of common consumption items, should not be large: its value
is the product of three factors each of which is a proper fraction.
Still, its value might be quite reslpecta,ble as shown by the following,
perhaps not implausible, example: assuming 7y, ¢./P%, and a,/Q%*
are, respectively, —0.6, 0.3, and 0.4, the resulting D,/P* would be
0.072 or somewhat more than 7 percent.

A similar analysis may be used to explain the relation between
chain comparisons and the corresponding direct comparisons, say

Pty and PT,,. Restricting the chain to a single link of two indexes
without loss of generality and defining

P 0 _
T P Yy 9 and w;=¢p,

(¢, 7, and % denoting three successive periods), we have

L ’ Y 4
P{L"P,'b_l r 290 20 gy
PL )

Here 'y is the coefficient of correlation between a; and y;, ‘» and
o’y are the respective standard deviations of these variables, and a
and y; are their means, all of these expressions being weighted with
w2 It is evident that if 7., is positive, the left-hand expression will
% The above equation seems to convey the analytical situation and its implications
somewhat more directly than the original version given in Bortkiewlcz, Nordisk Statistisk
Tidskrift, 111, p. 211. In the present notation, the Bortkiewlcz relations reads

'sy0’e0’y Ply
Qi

That the two versions are equivalent is easily verified, once it is realized that

PLiPljpy~—PLiym

Zaw PLo/PLy and yi=QPy
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be larger than one, i.e., the chain Laspeyres (PZ%;-Ply) will give a
higher result than the direct Laspeyres (£%;;). By the same token, a
negative 7', would make PZLy>Pr;i;- Ply.

Now the former of these two eventualities has on occasion been
presented as an unqualified rule.* Actually, a sweeping generaliza-
tion to this effect cannot be made, since the outcome will depend on
the conditions of the case, for example on the length of the unit.
period of the comparisons.*> However, as far as short-run seasonal
elements of price and quantity movements are concerned, there are
some good reasons, as well as empirical evidence, to expect that
PLiyy<P5 Py, would indeed prove to be the dominant tendency
in practice. Two points must be made: (1) We can assume that
taking “the season” as a unit period, the correlation between price
and quantity relatives on a simultaneous basis 1s likely to be negative
for a large number of products. (2) Seasonal variations may be
conceived as deviations from an annual average, so that they imply
a “normal”: rises above and falls below that level will tend to succeed
each other in compensatory sequences over the year for both the
price and the quantity relatives. Now the combination of (1) and
(2) makes it probable that when these relatives are taken with a lag,
which is the case here where we consider ¢;/¢; and Py/P;, their cor-
relation, as measured by 7’.,, would be positive. This is the situation
represented in Table I which implies an association between the price
relatives and the quantity relatives that meets the above conditions.
It 1s because of this that the resulting index numbers show the
familiar “drifts.”

c. Unique Commodities—Can the analysis of the previous section
help us in dealing with the problem of “unique” commodities? It
has been observed that the sequence of seasons produces substantial
changes not only in the amounts of the same goods purchased at
different times of the year but often also in the variety of the goods
purchased. For many items the supply (or demand) 1s heavily con-
centrated in certain seasons; for some items it is entirely confined
to this or that part of the year. Is it possible, e.g., to have the
expression o,/@% cover two sets of commodities that include some
items encountered only in one but not the other of the compared
periods? And, if so,. what might be learned from such a measure?

For any item that appears in the i-th but not in the j-th basket, the
quantity relative ¢;/¢: is zero. The Laspeyres quantity index @* can
be computed for a situation in which some of the ¢; are zero, either
as a weighted average of quantity relatives, 2(¢;/¢:) ¢ipi/2¢;pi, or as a
ratio of aggregates, 3¢;p./3¢;p;. The two forms are here equivalent,
just as they are in the normal case of index-making practice where
only positive (reported or estimated) ¢; are used.

For any item that appears in the j-th but not in the -th basket, the
quantity relative ¢;/¢;, and consequently @* as a weighted average of
such relatives, cannot be computed. Where ¢; is zero there is no cor-
responding market price p;, so that the aggregative form 2¢;p;/ 3¢ip;
cannot be extended beyond the intersection of the two sets of commodi-
ties either (unless hypothetical instead of actual market prices are
Tliagnar Frisch, “Annual Survey of General Economic Theory: The Problem of

Index Numbers,” Econometrica, Vol. IV, 1936. p. 9.
2 This dependence was noted, without further elaboration, by Bortkiewicz, op, cit., p. 219.
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used for ;). But a Paasche quantity index can be obtained from
the formula @QP=3¢,ps/(q:/¢;) ¢:ps, Where some of the relatives ¢:/q;
are now zero; and the analysis of the difference D; can be worked out
in terms of the Paasche as well as the Laspeyres indexes.

The weighted relative variance of the quantity ratios is

_Zwly—@") Zwy’ 2
= w 0 (@)

where y=¢;/¢: and w=g;p;. The case of ¢;=0 is here again very
simple. Such an item contributes a zero y to Q"=§2u—$ in the

second part of the above expression and similarly a zero y? to the
first part of it. For ¢:=0, the “LasPeyres-type” variance ¢ can-
not be computed but the “Paasche-type” variance o2, (see footnote 23)
can. The latter can be written as Sw’(y’)?/3w’— (1/QF)? where
QP=3w’/3w'y’. For each item with ¢;=0 (¢;>0), ¥'=¢:/q; will
equal zero.

The situation with respect to price relatives and price indexes is
different. In our first case (¢:>0; ¢;=0), the price of the commodity
is positive at ¢, nonexistent at j. It is not possible simply to parallel
the treatment on the quantity side and include the price relative p;/p;
for this item at the value zero in the computation of the Laspeyres
index PZ. To do so would clearly involve a logical error (absence of
a market price is not identical with the existence of a zero price) as
well as a distorted measurement of the average price change (disap-
pearance of an item from the market does not per se lower the index
and should not be permitted to have this effect). The same considera-
tion applies mutatis mutandis to the case of p;>0 and p: nonexistent
(¢¢=0). Itisvalid for the Paasche as well as for the Laspeyres price
index. There is simply no escape from the truism that any compari-
son of two magnitudes such as p; and p; requires that both of them be
actually given. If either is not directly observable, then, under the
method of item-by-item comparisons, it must be estimated or else the
item concerned must be omitted from the index altogether, and not just
from that part of the index relating to the period for which p is not
available. Being true generally for the price relatives and their aver-

8 Define 2’ -%i» v -qg;', and @’ =p;9;. Then
1 2wz 1wy, al Iu'r'y’
P zw 0 2w 5T Zwy
5), wl(r3)
2w(z’ ) | _zw ' or)
Zw' 1Oy v
1 1
20 (#~p5) (v-35)
30y ZW
‘The equation for the relative D has now the form:
L}
1 1

We get o3, and

Tty

—D, PL” PP pr_pL
_1-’7:-—7—- i =gyt 0sray PPQP:

pPr
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ages, the conventional price indexes, this argument is of course also

: . . Sw(x— PL)?
applicable to variances of price relatives such as ag_-:____w(’;w )

(where 2=p;/p: and w=pig:). This expression, too, cannot be ex-
tended to cover heterogeneous aggregates, i.e., different through over-
lapping sets of commodities, except through the use of some hypo-
thetical prices. L

In view of the above, one must conclude that the Bortkiewicz anal-
ysis of D; cannot as a whole be consistently applied to commodity
sets that include unique goods. This imposes a considerable limita-
tion upon its value for the treatment of the seasonal problem. Of
those parts of the analysis that retain interest for the case of unique
commodities, the ratio a,/@F is the most important. This expression
can be regarded as a measure of the difference in the structure of
consumption between the two situations or periods computed. It may
be written as

blf ‘/y_(%;ﬁ&\/(@lz)’ [Ezig-- (QL)”]= \/ M@—l.

(Zg;p0)?

The value of this Laspeyres-weighted coefficient of variation is obvi-
ously an increasing function of the dispersion of the quantity relatives
q3/¢s from their weighted average @ But it is thus implicitly also
an 1ncreasing function of the importance of those commodities that
appear in the ¢-th but not in the j-th “market basket.” With each
replacement of a positive by a zero ¢;, Q% is lowered and o, raised.
On both counts, then, the value of the relative variance or standard
deviation of the quantity relatives is increased. The accompanying
tabulation provides a simple hypothetical example.?s

24

Data Rasults
. Items :
Varfable Model o QL s
[
1 2 3 4 5
P 3 2 1 5 4
1. 4 5 [} 2 1 I 1.014 1119 3
ar- 2 3 4 3 4
a1. 0 8 4 3 4 II! 1.118 0.976 1,148
o 0 0 4 3 4 gl 1.195 0.833 1.43¢

1 p; and g a8 in model I,
Where instances of ¢;=0 (¢;>0 occur,

W) 1YV
=25 ~(7)
is the expression to be evaluated (see footnote 23). This is the
weighted relative variance of the quantity relatives ¢;/¢;. The ratio

% For the definitions of the symbols used, see Part I, Sections 8b and 3c¢.

% Its results are, of course, again greutly exaggerated, for reasons analogous to those
noted before in connection with Table I (gsee Part I, Section 2a and footnote 17). In
reailistie easesmo't-lloﬁ w?c‘lmlln g;e;xpeeieduto ble ltmu:l:l lovt:fr ?lan otngl.m Theu prgseng of
unique commodities wou work strongly to raise the value o t ratio, but there
will be relatively few such {tems in representative market baskets, )
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corresponding to o,/Q" in the analysis of the Laspeyres terms is here
oy/(1QF). Where cases of ¢;=0 occur along with those of ¢;=0,
both the Laspeyres- and the Paasche-type measures would be needed.
The analysis, then, would consist of two parts, and for an appraisal
of the total change the results of the two should be combined. It
should also be instructive to have the above expressions computed in
two variants, one inclusive and the other exclusive of the unique
commodities. This would permit separate estimation of the influence
of the factors of dispersion and nonhomogeneity.

The analysis of differential consumption structures has been put to
some interesting empirical uses with little concern for the difficulties
discussed in these pages. Minimization of the difference between the
structures of consumption in two different price situations has been
proposed as a method of ascertaining “equivalent” income levels
whose ratio approximates the theoretical cost-of-living index.® ILet
a series of “incomes” in the base situation be distinguis%ed—values of
3¢:p; for various ¢,, baskets, and the corresponding prices—and let
each sucl value be compared with a series of incomes for the 4-th situa-
tion, or different combinations for 3¢;»;.  For each pair of these ag-
gregates, a value of o,/@QF (or A, see footnote 26) can be calculated.
Empirically, a tendency was found for each of such series of com-
parisons to yield a fairly well-defined minimum value for these meas-
ures of dissimilarity of the quantities consumed. The lowest of the
minima were used by Staehle in his international comparisons as
means of selecting pairs of incomes regarded as most nearly equivalent
in terms of living standards. Staehle’s results were found encourag-
ing, although further studies are needed to reach firmer conclusions
on the usefulness of hismethod. The possibility of applying the latter
in an approach to the task of constructing an index with seasonal
Weigh’)cs 1s contemplated later in this paper (see Part II, Section 9
below).

The existence of commodities that are marketed only at certain
times of the year (the “unique goods” in the seasonal context) dra-
matizes the index number problem posed by the seasonality of quan-
tities sold. No conventional price index formula can handle a situa-
tion in which the “market basket” varies between two consecutive
periods. This is the hard core of the seasonality problem. To make
real sense economically, the solution of this problem must seek an
approximation to constant-utility indexes through the use of seasonal
goods complexes that approach equivalence in the eyes of the rep-
resentative consumer or producer.

d. Seasonal Shifts in Demand and Seasonal Indifference Curves.*'—
Much of the preceding discussion was related to seasonalities whose

2 Hans Staehle, op. cit.; see also articles by the same author in Archiv fiir Sozigl-
wissenschaft, June 1932, Fconometrica, January 1934, and The Review of Lconomic
Studies, June 1935. Staehle uses as his measure of “‘dissimilarity’” between the quantity
complexes ¢« and ¢ the expression
_Zwly—Q4 1
T Zw @

He notes that A bears a close family relationship to the Bortkiewicz measure

Zwy—9042 1,
Zw QL

Staehle's A can vary between 0 aud 2 (and Frisch, op. ecit., af 30, observes that it will
etl;ual 2 only when none of the ¢s goods occur in gi). The values of A for our models I,
I1, and IIX are 0.652, 0.846, and 1.101, respectively.

2" The author is indebted to Professor Martin Balley (University of Chicago) for helpful
criticism and suggestions relating to this section.

A
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source lies on the supply side. This category is indeed particularly
important in practice. Thus, production of many foods undergoes
pronounced intra-annual fluctuations. The relation between the
monthly price and quantity ratios is negative because changes in sup-
ply cause movements along essentially stable demand functions.

In some cases, however, seasonal variation is due primarily to
demand rather than supply changes. For example, the demand for
gasoline increases considerably during the summer when cars are
used more extensively, but crude petroleum is produced and refined
continuously throughout the year with little seasonal change. In
this category there is no reason for an inverse association between
quantities and prices over the course of the seasons, but instead there
are the possibilities of (a) positive correlation or (b) no correlation.
If production does increase at the time of the seasonal rise in demand
and if this is accompanied by rising marginal costs, then the price
can be expected to go up in the demand season. This, then, is the
positive correlation case (a). But if the supply curves for the given
product(s) are highly elastic over the pertinent range of demand
variation or if the peak seasonal demand is met at no substantial
additional or specific costs from stock of output produced in, and
carried over from, the low-demand season, then the price need not
increase at all at the time when sales do. In these situations, the price-
quantity correlation over the seasons would be zero or close to it (b).

It is Kelieved that case (b) is more important in practice than case
(a), i.e., that there are relatively few examples of large positive cor-
relation between price and quantity seasonafly.“ Thus we expect the
following to be the dominant conditions: (1) negative correlation,
which may often be quite substantial; (2) absence of any significant,
or some low positive, correlation. The former, since it incorporates
a stable system of demand functions, can be handled by the familiar
constant-indifference-map method of index numbers analysis; the lat-
ter, since it presupposes shifts in the demand patterns, cannot. We
submit that one logical and plausible way of looking at some situa-
tions that are here involved is to assume a seasonal rotation of in-
difference curves or the existence of different sets of such curves
characteristic of the different seasons.

Figure 1 refers to a simple two-goods, two-seasons case. Suppose
the year is about evenly divided into a “warm” and a “cold” season,
W and €. Let X be an article used primarily in the W season, e.g.,
a light suit, and ¥ an article used primarily in the ¢ season, e.g., a
heavier suit, both items being sufficiently well defined and measurable
in some standardized units. ,

There are now two sets of indifference curves, one for the ¢ and
one for the W season. The (' curves start from the ¥ axis and decline
markedly at first but then flatten off sharply, indicating that a suffi-
ciently large quantity of the commodity ¥ can replace X entirely in
this season and that some quantity ofy Y will be purchased in any

% In some instances, the existence of positive correlation appears to make little sense,
but even there, of course, there 1s no point in ignoring its possibility. Thus discounts may
be offered in off-season months on goods providing seasonal consumption services, e.g., on
air-conditioners in the winter, and yet, despite the durability of the product, only a small
proportion of the annual air-conditioner sales may be made during the cool-weather part
of the year. In other instances, there may be more logical justification for a positive

rice-quantity correlation, as when some significant storage or inconvenience costs are
ncurred by the off-season buyer (e.g., coal purchases for domestic heating purposes in
the sprlng{ or a restrictlon exists on choice (e.g., swimming suit purchases in autumn).
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Analogously, the position of the C-season indifference curves is such
that, even with the relative prices of X and Y unchanged, little is
bought of the former and much of the latter product (cf. 0@z and
0 yec)e

Qlee other possibility is that of seasonal shifts in relative prices in
favor of the item experiencing the slack, off-season demand. Thus let
the price of X relative to the price of ¥ be lower in the € than in the
W season. The slope of the budget line, which is equal to the price
ratio pz/py, would then be less in the former in the latter season, as
illustrateg%y the lines £C* and DW* in Figure 1. Compared to the
constant price-ratio case (applied to the same pair of seasonal indiffer-
ence curves), the normal result here will be, of course, an increased

uantity demanded of the off-season item and a decreased quantity
gemamf;d of the in-season item. Comparisons in time between the
seasons will show a positive quantity-price correlation: more X is
demanded at a higher price in W than in ¢ (and conversely more ¥ is
demanded at a higher price in €' than in W).

In the case of a few sharply distinguished seasons, as in our two-
season model, annual indifference curves are apt to be mere average
constructs with little, if any, analytical significance. But if the in-
terseasonal shifts are more frequent and continuous, the seasonal

atterns may be conceived as superimposed upon a conventional in-
Sjﬁ'erence map representative of the consumer’s preference system in
longer time periods. Such a situation is illustrated in Figure 2
where the longer-term indifference curves are shown in broken, the
seasonal curves in solid, lines.

For comparability with the latter, the former curves are reduced
in scale, from “per annum” to “per season” units. Four seasons are
distinguished explicitly, but a similar picture for a larger number
of seasons with still less interseasonal discontinuity can be easily
imagined. The diagram simply follows the notion, which ought to
be often true, that the possibilities for substitution will be greater in
the longer time periods than in the very short run.

In Figures 1 and 2 we have assumed that X and ¥ are good sub-
stitues over broad quantity ranges in each season. But in some cases
the ststiti}}tabxht‘ range may be very narrow, e.g., as short as 4B
or 0D in Figure 3. In the extreme event of zero substitutability, X
only would be demanded in the W season and ¥ only in the ¢ season.
The m? wauld then consist of straight lines rising upward from, and
perpendicular to, the X-axis and running to tﬁe right from, and
pelg')e dicular to, the Y-axis (such as 44, 4’4’ ... and CC,
C¢’C’ . .. in Figure 3). Viewed from their intersection points up-
ward and rightward, these lines form a set of angular “indifference
curves” such as are known from the analysis of the relationship of

erfect complementarity (see 47C, A’I’C’, etc., in Figure 3). But
lere again caution is needed lest one concentrate on annual patterns
that may be spurious or misleading at the expense of seasonal pat-
terns that have real si&niﬁcance. gI’hus; whether the seasonal com-
onents of the “map” are of the initially curved sort (BZ4,

‘I'4’ . . .and DIC, D'I'C’ . .. ) or straight lines throughout
(474, A’I’'A’ . . . and CIC, C'I'C" . , the same angular pat-
térns—AIC, etc.—are obtained in either case in the annual, two-
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Fiecure 2

o
season view. But obviously the two cases are in fact quite different:
the former allows some substitutions similar to those shown in Figure
1 (see the budget lines in Figure 3), while the latter allows no sub-
stitutions whatsoever.

A comment may be added here on the interpretation of the seasonal
indifference maps. They formalize different patterns of consumer
preferences but this t{pe of variation does not indicate any basic
changes in tastes and habits. The taste systems of individuals and
families reflect, among other things, the established seasonal pat-
terns of living, but they are not appreciably or systematically altered
by the short-run and periodic changes in the natural or social environ-
ment that constitute the complex “seasonal factor.” The role of the
latter is thus seen as static rather than dynamic. Seasonal variation
in quantities consumed merely represents a periodic variation in the
means whereby people satisfy the same wants over the course of the
year. The ends themselves can be viewed as definite, known, and
seasonally invariant. Basically, the seasonal problem does not in-



GOVERNMENT PRICE STATISTICS 251

F1GURE 3
"W" - season
/_\/\/_\
Y .
A A A"
Dl'
g :‘ b e o = c®

b [
> g
N IN .

volve either really “new” products or “new” wants. In short, the
concept of the “taste system” includes a provision for the regular
seasonal variation; the system itself is not regarded as changing
from one season to another. (Tastes do change over time, of course,
but as a rule gradually, under the influence of more enduring, long-
term factors.)

Turning from analysis to index measurement, it must be noted that
the model in which only quantities undergo seasonal change presents
no problems for the conventional price index formulae. Table IT
illustrates a case where the relative valuation of the component items-
remain unchanged over the seasons while the quantity relations vary,
so that prices and quantities are not correlated in their interseasonal
movements. As shown in this example, the formulae of Laspeyres
and Paas¢he (and thus also their “crossing,” as represented by the
Fisher index) give identical results here. Moreover, chaining the
binary comparisons results in this case in the same time series as that
obtained by the fixed-base approach. The series satisfies, among
others, the proportionality test. The two methods, then, are equiva-
lant here and either is, in terms of the traditional criteria, satisfactory.
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TasrE I1.—Selected Price Index Measures for a Model with Seasonal Change in
Quantities and Stable Relative Prices

Period MO 0 1 2 3 4 5 ]
Year and quarter (in paren-
theses) . _oceoenncocemccaaaaans (D) 1(IT) 1(1IT) 1av) 2(I) 2(I1) 211N
A. ASSUMED DATA
Item 1:
Price (P')-cccceccccanacace 3 3.6 4.8 6 | S8ame as for periods 0,1, 2...!
Quantity (0') - cecemecenmnns 40 10 10 40 Do.!
m 2:
Prl (€200 T 1 1.2 1.6 2 Do.?
Quantlty (40 VR, 25 60 50 25 Do.!
B. INDEX NUMBERS?
(a) Binary comparisons (Las- 100.0 120.0
peyres, Paasche, Fisher),? 100.0 133.3
100.0 125.0
100.0 50.0
. 100.0 4120.0 Q0
(b) Fixed-base indexess____..__ 100.0 120,0 160.0 200.0 100.0 4120.0 0
(c) Chaijnindexes?.___._...... 100.0 120.0 160.0 200.0 100.0 | 4120.0 8

1 That is, we assume, that p’¢=p'e; gem=q’ eis =" eq; 80d ¢’ =g’ 14 (using the subseript ¢ to denote
perfods as numbered in the first line of tho table),
3 The formulae used in this table are the same as those used in TableI. See footnotes to Table I for identi-
fication of the formulae.
3 The formulae of Las(!aeyres, Paasche, and Fisher all give the same results for this class of indexes.
¢ This index for period § is equal to the corresponding Index for period 1.
b .l d’l;he index for period 6 is equal to the corresponding index for period 2. The general relation Py Py
0]

On the other hand, difficulties of the same kind as those encountered
in dealing with the model in which prices and quantities are negatively
correlated (the basic situation illustrated in Table I) also attach to
the case of positive correlation between prices and quantities, as ex-
emplified in Table III. In both models systematic differences obtain
between the results of the formulae of Laspeyres and Paasche, but
the indexes reverse their roles in the two situations. In the familiar
case of Table I, the Laspeyres indexes exceed the corresponding
Paasche indexes throughout, and the Laspeyres chain has an upward,
and the Paasche chain a downward, drift. In Table ITI, the Paasche
indexes are larger than the Laspeyres indexes, and it is the Paasche
chain that shows an upward, and the Laspeyres chain that shows a
downward, drift.
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TaBLE I11.—Selected Price Indew Measures for a Model in Which Prices and
Quantities Are Positively Correlated Over the Seasons

Period né: ........... i parens 0 1 2 3 4 5 8
Y rter paren-
?.g;s:;l) . ..?‘.li ...... !.1 ......... 1M 1an 111 1av) 2(0) 21 2(I17)

A. ASSUMED DATA

Item 1:
5 2 3 5 { Same as for perlods0,1,2...1
40 10 20 40 Do.l
4 8 (] 4 Do.t
25 50 35 25 Do.?

B. INDEX NUMBERS?

(a) Binary comparisons.
2 (- DR, 100. 0 93.3
100.0 78.6
100.0 88.9
100.0 100.0 ®
P8as0he.eeaceencannenae 100.0 168.0
100.0 84.4
100.0 1.1
100.0 100.0 ®
Fisher (‘“4deal”’)........ 100.0 125.2
100.0 81.4
100.0 00.4
100.0 100.0 ®
(b) Fixed-base indexes:
“Laspeyres” .. 100.0 03.3 90.0 100.0 100.0 ®
‘“Paasche’ ____ 100.0 168.0 112.5 100.0 100.0 (‘;
“Fisher’”....cccaeammenn 100.0 125.0 100. 6 100.0 100.0 (¢
{0) Chain indexes:
Laspe; 100.0 93.3 73.3 65.2 65.2 460.8
Paasche.. 100.0 168.0 141.8 157.5 157.5 42064.6
er 100.0 125.2 102.0 101.3 101.3 4126.9

1 That is, we assume that 0/ i=p’t4s; ¢ smg’tas; P’/ i=D"14q; a0A ¢’ 1=¢" 144,
? The formulae used in this table are the same as those used and identified in Table I,
l] d’I:xe index for period 8 is equal to the corresponding index for period 1. The general relation PymP.e

0
4 These indexes for period 5 are not equal to the corresponding indexes for period 1. The relation Pi= Py
does not hold.

4. AN OVERALL VIEW OF THE PROBLEM AND THE NEXT STEPS

The elements of the index number problem posed by the seasonality
of consumption can now be collecw.{ A point-by-point account re-
veals an analytical and statistical dilemma on each of the few levels
on which some conventional solution to the problem may be sought.
1. In the United States as in other countries (with only very few
partial deviations from the common practice), price indexes employ
annual rather than seasonal weights. The individual component
series of such indexes are price series, each of which would ordi-
narily reflect the seasonal variation in the given item, except in in-
stances of seasonal discontinuity in pricing when estimates are used
instead of reported price quotations. But the weights that serve to
combine these series fail to reflect the seasonal variation in quan-
tities consumed or sold. If all intra-annual quantity movements were
exclusively seasonal, use of annual weights would be equivalent to
the use of seasonally adjusted monthly weights. This, of course, is
an extreme and very unrealistic assumption but it nevertheless helps
to show that the current price indexes employing annual weights come
much closer to being seasonally adjusted than unadjusted so far as
quantities are concerned. These indexes, therefore, are of a hybrid
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sort in this respect, since the price series of which they are composed
are definitely “unadjusted.” However, it can also be said that a
monthly price index using strictly and exclusively annual weights
cannot properly reflect the total seasonal element in the month-to-
month change of the average price level precisely because it cannot
take account of the existent seasonal fluctuations in quantities.

In the important case of negative price-quantity correlation over
the seasons, annual weights may cause some upward bias relative to
what would be obtained y application of the proper seasonal weights.
For if the price of a commodity is typically lower and its volume
traded larger in season than off season, then the average annual quan-
tity weight will understate the importance of price movements dur-
ing the season (when the price falls to its relatively low levels) and
overstate 1t during the rest of the year (when the price rises to its
annual peak levels). This might be regarded as a seasonal variant
of the familiar upward bias of Laspeyres indexes (holding true gen-
erally in the negative-correlation model). However, such error as
may be contributed by the use of annual weights is essentially re-
stricted to monthly within-the-year values and 1s not expected to dis-
tort the series of annual averages; in this, it is different from the
year-to-year constant-weight bias which is cumulative.?

2. The fixed-base, annual-weight indexes in current use assume a
constant “market basket” over a period of time comprehending many
seasons—several years. And all conventional price index formulae,
including the chain indexes, assume a constant market basket for at
least the binary comparison, such as a month-to-month or “inter-
seasonal” comparison, since they are designed to measure the change
in price of a given household budget supposed to represent a specific
level of living. Yet the market basket is not constant from month to
month and the existence of commodities that can be priced only in
certain parts of the year—the “unique” goods in the seasonal con-
text—makes this fact clear in a particularly forceful way.

3. The LaspeYres and the Paasche chain indexes also fail to satisfy
the proportionality criterion which acquires importance in short-term
serial comparisons precisely because of the existence of periodic sea-
sonal fluctuations (Section 2 above). Indeed, these basic chain for-
mulae exhibit certain systematic “drifts” over time. By using the
Fisher method of crossing the two formulae, it 1s possible to cope
rather effectively with this particular difficulty. But the exceedingly
high data requirements posed by all monthly chain indexes with cur-
rently changing weights represent a very serious practical handicap.

4. The alternative to the application of varying sets of seasonal
weights from year to year (the chain method) is to use a standard

2 Hence, assuming that the price-quantity relationships are similar in both contexts,
there is no doubt that the ‘‘type bias” is more serious in its year.to-year than in its tem-

orary, intra-annual form. ince the former error is generally tolerated in the prevailing

asgeyres-oriented practices of index making, it might seem incongruent to make an issue

f the latter, noncumulative error. But this is not a very convincing argument. In this

writer's view, the size of the error in either form can be only empirically determined.
The year-to-year bias, if serious, should not be ignored and neither should the seasonal bias
which, even though restricted in time, need not necessarily be negligibly small. Thus it is
possible that the negative price-quantity correlation is often more pronounced in the
seasonal than in the longer view where cyclical shifts in the demand functions become
more Important.

BEmpirical evidence bearing on the issue of the seasonal bias due to the use of annual
weights is largely lacking, but some support for the argument in the text above appears
in the experiments by Doris P. Rothwell, op. cit., Chart TTA, described on pp. 74-75. This
chart shows an index of retafl prices for fresh fruits and vegetables showing seasonal
movement only and computed by the standard formula with annual weights and by the
Rothwell formula with seasonal welghts (see Part II, Section 6d). The curve based on
the Rothwell formula runs at a_significant distance below the annual-weight series
during that part of the year when the price is declining and low.
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base-year set of seasonal weights over a number of years—as long as
the set seems sufficiently realistic. This is a sort of fixed-base ap-
proach to the problem of using seasonal weights in price index con-
struction. Sugx an index presents no insuperable data requirements.
Its usefulness, however, depends on how stable the seasonal weight
pattern is from year to year. If the intra-annual weight distribution
varies considerably over time, the use of a constant set of seasonal
weights will result in errors which could possibly offset much of the
advantage of having seasonal rather than annual weights.

On the theoretical level, criticism of the present approach centers on
the meaning of month-to-month movements in the resulting index
series. Since different sets of weights are assigned in this method to
each month of the calendar year, comparisons between indexes for
different months involve different quantities of the same commodities
and even ‘“unique” commodities which are found in one season but not
in the other. If a formula that can produce meaningful comparisons
of this kind can be devised, it would have an important advantage over
the traditional price index measures, including the chain series, which
cannot deal with quantitatively and qualitatively different market
baskets within a binary comparison. But can such a formula be de-
vised in an operationally as well as conceptually satisfactory way?
We shall seek an answer to this question in a comprehensive and sys-
tematic survey of methods which constitutes Part II of this study.
Meanwhile, let us note that the measurement of the month-to-month
change, just like the measurement of the year-to-year change for the
chain indexes with seasonal weights, represents the main difficulty
for the fixed-base seasonal indexes using a standard set of monthly
market baskets. It is already clear that the traditional price index
formulae cannot offer a full solution to the seasonal problem, that is,
they cannot accomplish simultaneously the following two things:
(1) use changing seasonal weights within a year to do justice to the
fact that market baskets vary between months (seasons), and (2)
provide satisfactory comparisons between the same months of suc-
cessive years when the market basket (assuming all change to be of the
stable-seasonal variety) is constant.

Nevertheless, it would be rash to conclude that the situation is a
complete impasse. A critical review of the various possible ap-
proaches to the seasonal problem, which is the task we assign ourselves
next, should help to identify the possibilities for partial improvements
in meeting the problem instead of insisting on a complete solution.
It may be anticipated that the familiar types of index formulac will
provide some room for such improvements. But in order to make
them do so, it will be necessary at certain points to build bridges be-
tween the price indexes of the  practice and the concepts of the
economic theory of cost-of-living indexes. No necessity is seen to
accept the contrary view—which seems distinctly unhelpful—that the
differences between these two categories are unbridgeable.?

% There is, of course, nothing new about this posftion which was often found to be the
only logical one to take by students of related index number problems. 'Thus M. J. Ulmer
(op, cit, p. 66) says, in connectlon with the problem of how to treat new and disappearing
goods, that “it 18 necessary to recall that the fixed budget priced under Laspeyres’ formuln
must be regarded as an approximation to a bundle of goods providing a fixed real income
of utility rather than a hill of zoods of physically identical commodities, Indced the very
problem of environmental change with which we are dealing testifles that the goal of a

hysically identlcal bundle of goods is literally Impossible as well as theoretically
ncorrect.”

64846—61-—-17
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The full treatment of the problem would require, .in additien to
these analytical parts, a quantitative estimation of (1) any errors
involved in the present procedures; (2) the prospestive size of any
achievable improvement; and (3) the cost of any improvement. This
is too large a program to be carried out with the data and résources
available, but Part III of this study will present a considerable
amount of materials bearing on some of these 1ssues, :

II. Pracrices AND MeTHODS 0F DEALING WITH HE SEASONAL
ProprEM -

1. A SURVEY OF THE PRINCIPAL APPROACHRS : o
Perusal of the literature, including descriptions of yarious .ptice
index statistics and suggestions of new procediires; reveals a vare;
of ways in which problems of seasonality are or ¢dfy-be approsc
However, it is possible to bring order into this variety and it will
prove heipful to do so. Table IV presents a classificatian of those
practices and methods available for dealing -with seasonal variaticm:
In consumption that can be refpre‘sented by, or used in connéction with,,
the conventional price index formulae®* The few more drastic depar-
tures from the “conventional” are 1ot included. in the table, but are
treated later in the text. However, the tabulation: doees include sotw
procedures that are known from other applications but- deserve atten-
tion for the possibility of being used in the present contexs; ¥ie, the
“substitution” methods (items L, 1 (¢), (d),and (¢} in Table IV), It
also contains two recent pro%osa.ls designed. specifically to gope with
the seasonal problem (items I, 1 (b) and (d). ichabf; vy -
For simplicity, Table IV includes no references to the seurde ofany
of the methods or, with respect to the methods, used. currently or in
the past, to the index statistics in which they aze or wereapplied, Al
this, as well as any other explanation that seemed necessary, is vels
egated to the text discussion. S N , ,
The procedures listed in Table IV fall naturally into two groups,
those usin%va,nn_ual.cﬂmntitles and those using seasonal quantities in
weights. ithin either group a distinction can bg-made between the
fixed-base and the chain indexes. Fized-base indexes employing #n-
nual quantity figures in their value weights are of cpurse severely
restricted in their ablhgfy {imake any allowaneces for the seasonality
of consumption. Yet if they include any items that sre “oyt-of-ses-
son,” i.e., that are not traded, during any part of the year;then they
must also involve some ways of dealing with.suah items. 'fheso ways
m.a{ be merely devices to circumvent the seasonality problem: bait:they.
will not avoid having some implications of their-own regarding the
behavior or the meaning of the index. It will be shown that these
implications vary considerably depending on the nature of the device
used. Of course, for a fuller recognition of seasonal variation,

- "Talble v fgll!esuog vlerdb;u geescrlpt!ggn {g:hgi’:ﬁ than on éo;mulae&?r twtg mms—.d o :- g-‘)
'ormulae wou 0 Indicate some 8 differences batwean ods, since the
latter may, vary o:ﬁy with re:%ect o thejr treatment of ouf %&smon,l %?sx.a mabtten often
considered “outside of the index formulation” (this applies, e.g., to ihe pr &ngmes of
the BLS). (2) Formulge differ according to the precise systgg;ot we!g‘gt g chosen (g,
Lasp res, Paasche, etc.) but these are features that need not be specified for the purposes
underlying Table IV. ‘

o ey
v oeiaonnd
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Tante IVs—Treatment of the Seasonulity Problem in Price Indéw Numbeu.
. . Conspeotus of Methods and Their Implications
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weights appropriate to the compared seasons must be used, and Part
II of the table 1dentifies a number of methods employing such weights.
The individual practices and methods summarized in Table IV will
now be discussed in a series of critical appraisals. We begin with two
procedures used in the principal U.S. price index series and repre-
sented by the first two entries in Table IV (items I,1(a) and (b)).

2. CURRENTLY PREVALENT PRACTICES

a. Holding Out-of-Season Items Constant.—Prior to January 1953
the procedure adopted by the Bureau of Labor Statistics with respect
to goods which are not sold in certain months of the year (or for which
prices are not available at certain seasons even though some trade in
them does take place) was to carry such items during these “off-sea-
son” periods at the same prices at which they have last been reported.
The price change during the off-season months was thus assumed to
be zero for any such item; the price was held constant until a new
quotation became available in the next season. At this first pricing of
a season, the full price change for the given item from the end of the
E‘revious season was reflected in the current month’s relative and index.

he basic nature of the BLS indexes (Laspeyres’ fixed base, in our
notation P%;=3p,q,/3p.q,) was not affected by the above procedure.
Since 1953, the BLS partially discontinued this practice in favor of
an imputation method which will be described in the next section (b)
of this review. But the procedure of holding out-of-season items con-
stant is still followed by the Agricultural Marketing Service (AMS)
in all instances of effective seasonal disappearances among the prices
received and paid by farmers. ,

The argument in favor of this procedure is that it does not pretend
to do anything that an index using annual quantity weights is not
designed to do. Such an index, it may be argued, cannot properly
take account of the effects of the seasonal variation in consumption,
Efforts to allow for such effects nevertheless, which must resort to
some technical devices that would let some of the seasonal elements
“glip in through the back door,” can at best have only partial success
and may be seriously miseuided. Hence the best way, if an annual-
weight index is used, is to make minimum assumptions in regard to
the out-of-season items (which must be dealt with' somehow) and to
avoid steps which would influence the behavior of the total index in
any major or systematic fashion.

ncidentally, the specific difficulty posed by the out-of-season com-
modities would, of course, be completely avoided if such items were
altogether omitted from the market basket; and indeed the practice
of excluding them was followed frequently by index makers in various
countries, particularly before World War I1.22 However, such omis-
sions obviously reduce the representativeness of an index to an
extent which varies for different index measurements but seems in
general large enough to be disturbing.

The strongest criticism that has been leveled against the “constant-
off-season-price” estimation procedure asserts that the method intro-
duces into the index fictitious prices. The price attributed to an item

3 ¢f, International Labour Office, ‘“Cost-of-Living Statistics, Methods and Techniques
for the Post-War Period,” report prepared for the Sixth International Conference of Labour
Statisticlans (Montreal, 4-12 Aug., 1947), ILO Studies and Reports, new serles, no. 7,
part 4, Geneva, 1947. )
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included in the index (but not actually traded) in, say, June (e.g.,
a winter overcoat or leather jacket) may in fact be a February or
March quotation.® :

The charge is harsh but it is only partially true. If the price in
June is nonexistent or unknown or entirely unrepresentative and thus
unusable, then, given the concept of an index which requires that some
price be used for each component of the (unchanged) market basket
there is no escape from estimation of some sort Wiich may be viewe
as containing elements of fictitiousness. But keeping its off-season
price constant serves to hold down to the minimum the contribution
of the given item to the change in the index as a whole. In fact,
the method makes this contribution nil in the off-season estimation
period and so the question here is really whether this does not over-
state temporarily &e stability of the ingex. The answer to this ques-
tion, however, depends on the prevalent direction of change in prices
of possible substitutes for the passive off-season items, which in turn
is likely to depend on the general price movement in the given period.

The 1ssue actually gave rise to a complaint about the practical im-
lication of the “constant off-season-price” method. In Congressional
earings conducted under the fresh impact of the strong inflationary

movement during the first year of the Korean War, a labor representa-
tive pointed out that “in periods of generally rising prices this prac-
tice introduces a downward bias into the index. e weight of the
seasonal items carried at constant prices exercises a dragging effect
on the index so that it does not adequately reflect the rise in prices
which is taking place on items being purchased. This downward bias
is accentuated by the fact that seasonal merchandise is frequentlr sold
at abnormally low prices at the end of the season. Consequently the
constant price at which such goods are carried in the index during
the off-season is unrepresentative of the price generally paid by work-
ers during the previous seasons.” 3¢ :

Seven years earlier, the Mitchell Committee report of 1944 ex-
ressed the belief that “the use of uniform weights for all seasons
as tended to cause a downward bias in the index%iuring the past few

years.” But it continued with the comment that “The introduction
of seasonal weights  might not be worth the trouble they would
involve..,.” % ’

Again, however, a warning is in order not to overestimate the im-
portance of this point. The just noted “bias” of the index due to the
practice of holding the off-season prices constant should be recognized
as (a) dependent on the general price movements (if the error is in a
downward direction during inflations, it is also in an upward direc-
"= For a_categorical criticlsm of this type, see Bruce D. Mudgett, “The Measurement of
Seasonal Movements in Price and Quantwy Indexes,” Journal of the American Statistical
Association, March 1955, p. 98. Mudgett also stresses the inappropriateness of annual
welights In the same connection. The argument that welghts Involving annual quantities
do not measure the importance of the index components in the successive sensons s of
course right, but we must remember that it apglies to annual indexes generally and not
specifically to the estimation method now under discussion.

% Consumers’ Price Index, Hearings before a Subcommittee of the Committee on Fduca-
tion and Ladbor, House of Representatives, 82nd Congress, 1st Session, Statements appended

to testimony bg Solomon Barkin on bebalf of the CIO, U.S. Government Printing Office,
Washington 1951, p. 261.

® Office of Economic Stabilization, Report t}/ the President’s Qommittee on the Cost of
Living, Appended Report IV (an appraisal of the BLS index of the cost of living by a
committee consisting of W. C. Mitchell, chalrman, §. Kuznets, and M. G. Reld, June 15
1944), U.8. Government Printing Office, 1945, p. 280. The statement quoted at the end
of the paragraph in text appears to refiect merely a general impression of the committee;
according to our information, no empirical study of the dimensions of the seasonal problem
has been undertaken for the 1944 Mitchell report. _
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tion during deflations) ; (b) transitory in either case, since the record
for any of the affected commodities will always be “rectified” at the
first pricing of the given item in its new season. Moreover, this is a
procedural effect attributable only to the “seasonal disappearances”
which are diffused and not so numerous. Hence any error due to it is
likely to be small and overshadowed by other larger and more sys-
tematic errors (including the intra-annual upward bias due to the
use of annual rather than seasonal quantity weights, which is inde-
gendent of the direction of the general price-level movement; cf.

art I, Section 4 a.bovve%). )

When the item that has vanished for its off-season period returns to
the market, the actual price quotation for it is introduced and the
series may undergo a sudden and abrupt shift upward or downward
(more likely upward, since in the first month of the new season many
items are still scarce and have high prices which then rapidly decline).
But this difficulty is shared by the present procedure with its alterna-
tive to be discussed next. .

b. Imputing Out-of-Season _Items to the Group.—The current
method used 1n the Consumer Price Index sinoca its revision in 1953 is
to assume that the price change for each out-of-season item in a com-
modity group is equal to the average monthly change in prices of the
in-geason ¢omponents of the groﬁl:%or, in some cases, of its year-round
wmmmts). For example, the price change for strawberries or
poaches from one winter month to another is taken to equal the aver-
nﬁe price change, in the same monthly interval, of all “fresh fruits”
then available. Thus the change of all priced items in the group
seives ds 4 basis for estimation of the prices of items out of season.
At the first reported pricing of the new season, however, the price
change for any item that has just prior to that been se estimated is
computed from the end of its previous pricing season. The weight ap-
plied to this price change is then also the corresponding end-of-sea-
son: vdilue. By this means a cortection of the previous (off-season)
months’ estimates is taken and reflected in the eurrent inonth’s index.

An index maker who aims at medsyring simply price changes in
‘constant market baskets will describe this procedure as just another
“practicgl solution”—a device to handle the problem of eut-of-season
commodities within the framework of an _index using constant annual
quantity weights.: Fhis way of viewisig. it is, of course, perfeetly le-
gitimate: Howeéver; it is possible to see behind this practical method
& principle which can:be given an interpretation that is less technical
and;more-economic, less formal and more-substantial. = -

Fo! explain, suppese. the rule is-adopted. that items which fall out
of season cease to enter into the calculations but that their (annual
quantity) Weight is ‘digtributed proportionately over the remaining
itéts withiiy'the group: It i¢ easy to show that: the reslts thus ob-
tained are the same as those of the imputation procedure described
Before® Thése then are two equivalaiit ifitetpretations of one and
the sante mathod. . But the sécond interpretation makes it particularly
clear ‘that, while the total weight carried by the group containing the
seagonal items remaijl?a constant (tihroughout -ttlihet g'ear, ﬂd':he numborhof
itea piriced Withih that-eroup and consequently their effective weights
&ﬁﬂ Eﬂ%%ﬁ%%uﬁoof intra-annusl variation. When an 1tem
m&*ﬁf’mmamma nnaviilgble dr o Mast very. Sl $ad

See footnote 86 on p. 261.
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expensive, other commodities; say all the. fresh fruits not in short
supply, are substituted for-it. If an intragroup substitution rela-
tionship of this kind were empirically established, this would provide
a strong rationalefor the method in'question.*” - o

Under the straightforward: interpretation of the. present procedure
as “imputation,” there .is not much that: ¢an:be said about.it in the
way of a-general critique. Fowever; if an out-ofiseason: commodity
does not disappear completely  from the market, yet its price 18 not
available, this should as » rule irdicate a:pronounced shortage of the
given item. The average price change for goods belonging to the
same group but available:in morma] supplies would resumably be
2. poor indicator of the price ¢hange for a'good in such short.sul iy
But then to inclide an 1tem at its very high off season price and its
average annual quantity wéi%hp :(rather thin at its much smailer off
geason weight) would probably amount to an even wotse distortion,
which we would certamly ‘wish to avoid. Adl of which, of course,
merely -illustrates: the; basic:inadequacy ‘of eonstant -annual woights
for combining price chahges at different seasons, T T

This method, too, will often result in large and abrupt price chan%?‘e
at the beginning of a new season, when @ transition is made from the
imputed price to. the actual guqﬁatxéji'fgr the “reappearing” item (see
Part IT1, Section 6a betow for soms humerical, lustrations). "To be
sure, difficultles ofi this poitit of transition afe unavoidable, sirice the
trie situation here involves ‘the ,‘gte#éﬁéeb\f,“‘@id@i&’, ’go_b,d'sj which, 2§
was shown before, cannot Bs handled by any of the’customary price
index techniques.” -~ 7 CraTeE A

If the interpretation of the method aa an intragroup ‘(‘i;ve

AL . the ight-trans-
fer” or .substitution is 'ﬁ»ﬂ?tédfand"the -assumption: oF ;g €0 o
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tewiporary dissppearanceof the out-of-sesson items js ma,dg“,\f?hent )
- ENNG. : DS . IS A A N AN SR LA
# Congider the taljowing fiLugtrative dath: T T
T NEE "'. RSN 135N ‘7.;; T 133V Ao are w21 SR e then .v:#';"ﬁ':a-'ﬁ :—-;—{

. 1. Annyal Priceg 1 perlog

e | | PSR PR
. \,.., .o . ‘ﬂ Walghﬁ MR Y " Tquzf,,"
TR T R B et
YoﬁmdndM; . - : LT : X

o ] b . I O
fhemllin 131 S sl + :

PR T Yy W 130 <3 te.
S .

.
BLoodiadoopgrscdsitoantioHaos

RSN 26" 8
y i3 t

freasongk ltexa:-

O { NN FRISEE

— - CH :“.,f_v*,,v LA EANIYE Ean a0 QI HA Ll i n I_Y.HI"ITHTY).
A o s pne JEREME0) s L o et s 0
Tthgi_m§exmr§adgais,ﬁ,;g, v §¢ B’fﬂ(ﬂ”x‘laﬁﬁl,‘és"i'i.. A
The price fndax for. 4, B, and S;pc@x‘dmggq "Z‘?di-sz.iht'erbrqtéﬁdﬁ",!sn: B
e . . o 78 - 26) i Bt Tolg b T
~.~:1.’i.w-.,--(;:(),;!$$“ SLIVGTIS T § VR
R e it B R AT A
(m_ Reperls I PY.a=, shin P dgmrinad )
According to the “second Interpretation,” § disappeara from the Ind 0d 12" shiop fth
ALy S el a7 i DS e L5 o o 4, 40 B e RPRGETE
0+ (g5 ) =wsna (g s | a
The index calelation s now: - . R :
-5%%1%40—;=P'1.3-P2.ual38;1

# To be sure, the method has not in fact been given any such basis. The index maker did not seek
this; moreover 'ithe did, he would have come up with som% other combination of substitutes clzlser to rs:ﬁg‘:

gince the simple intragroup relation implied is not really plausible
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analytical situation is in principle clearer. Ideally, one would want
to find one or more (i.e., a combination of) perfect substitutes for
any item that drops out and transfer to them the weight of the item,
taking proper account of the relative amounts of “utility” or service
provided per unit of the substitute commodities. It is obvious that
this is merely a conceptual standard of perfection which cannot even
be closely approximated in practice, let alone attained. Substitutes
are virtually always more or less imperfect, and the degree of sub-
stitutability eludes measurement. Even so, a careful, explicit attempt
to use selected plausible combinations of substitutes would not be
unlikely to lead to an appreciable improvement over an implicit sub-
stitution procedure via weight transfer within a single narrowly
defined group. Thus, the current BLS practice of imputation uses
only fresh fruits as, in effect, a group of substitutes for each of the
seasonal fruits such as grapes or watermelons (there are five such
items in the CPI). But there is no reason why canned and frozen
fruits should be excluded from the role of substitutes for seasonal
fresh fruits, where one would expect them to be, on the contrary, quite
important.®®

3. METHODS OF SEASONAL SUBSTITUTION

Seasonal changes in the composition by commodities of the market
basket can to some extent be handled explicitly even within the rigid
structure of a fixed-base index using annual quantity weights. Com-
mon to the methods that fall under this heading is the central idea of
seasonal substitution, which has already been introduced in the pre-
ceding section’s discussion of the weight-transfer procedure.*®

a. Direct Replacement of One Price Series by Another—In this
approach, which in Table IV is listed under the category I, 1 as item
(cf, the current month’s price of a new article B is directly comFared
with the previous month’s price of the article 4 that is being replaced.
The quantity allotted to B is the same as that previously allotted to 4.

3 For evidence supporting this expectation, see Part II, Section 4 below. The above
sugzgestion concerning canned fruits has a counterpart in the practice currently adopted
in Britain for the new Index of Retall Prices of the Ministry of Labour and National
Service, which replaced a postwar “Interim” index as from January 1956 (except that
there the substitntes are fresh and canned vegetables; the same role was (Proposed for
fruits, but presently the British index includes no fruits that are not priced throughout
the year). Cf. Great DBritain. Ministry of Labonv and National Service: (1) Cost of
Living Advisory. Committee, *“Report on the Working of the Interim Index of Retail
Prices,” Cmd, 8481 (March 1952), p. 31, § 7S: (2) *“Method of Construction and Cal-
culation of the Index of Retail Prices,” Studies in Official Statistics : No. 6, London, H. M.
Stationery Office, 1956, pp. 13-14,

It may he noted that otherwise the U.K. practice with respect to the out-of-season
commodities is In effect the same as that currentiy used in the U.S. Consumer Price Index.
While the U.S. method is interpreted as an “imputation,” the U.K. method 18 interpreted
as a “weight transfer,” hut as we have seen these are two readings of the same procedure.
The officfal description of the British procedurc (see ref. 2 above) is cast in technical terms
and does not rofer to any theoreticnl consideratfons regarding substitution between the
reasonal and the vear-round commodities. It does point out that some intra-annual varia-
tion in “effective weighty” results from the application of the method, but stresses that
the latter is designed as a practical device for “adhering as closely as possible” to the
conception of pricing a fixed market basket during periods of temporary unavallability
of same of the {tems included in the index. This position is analogous to that taken by
the U.S. Index makers.

% Substitutions are used in price index measurements primarily in connection with
changes in the quality of goods produced and consumed at different times, The methods
dlscussed in this section have all been so employed, in either some regularly published or
some proposed index series. Although the sensonal problem differs from the quality
rruhlem in several respects, the two do have certain features in common and it will be
nstructive to review these methods with reference to their applicability to the issue of
gensonal variation in the market basket.
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The two are simply treated as if they were one and the same item;
any differences between them in quality or “utility” are disregarded.
The ratio p,”/p,* measures the price development at the time of the
substitution assumed to occur between the periods 1 and 2.

The method is used by the BLS onli' for substitutions within nar-
rowly defined specification ranges. A less restricted form of employ-
ing it, with rather different implications, would consist in direct com-
parisons of the average prices of a number of varieties of a product;
this is a procedure designed to handle changes in the available assort-
ment of such varieties, which often reflect changes in the product’s
quality.*® But it is clear that, even in its most relaxed form, this
method is largely inadequate in the seasonal context, since the goods
substituted for each other because of seasonal changes in the demand
and/or supply conditions differ in various ways, and the differences
between them are as a rule too large to be neglected. We know of
only one instance in which a variant of this method is applied to &
seasonality problem, namely, the case of tobacco in the Index of Prices
Received by Farmers. There an average price is computed each month
for the types of tobacco that are actively being sold and the most
recent season average for types not currently sold.

b. Price Batios as Measures of Relative Utilities—In this approach,
price relatives, p,4/p;4 and ps®/p.®, are used as measures of price
change from period 1 to 2 and from 2 to 3, respectively, and their
product is the measure of the price development between the periods
1 and 3. This method presupposes that A and B are available for
sale and priced simultaneously at least during one unit period. The
technical consideration behind it is that the movement of the index
in either the 1-2 or the 2-3 interval will not reflect any differential
in price that is due to differences in quality between the two articles,
only the price change proper in either 4 or B. But this, while perti-
nent, is clearly not a sufficient argument in favor of the method. The
shift from 4 to B is not a mere technicality and it will hardly fail
to influence the behavior of the index.®* The really important
consideration, then, is what is used to replace what and when.

The method implies that at the time the substitution is made the
consumer spends the same sum of money on B that he or she used
to spend on A. The consumer may be presumed to derive equal
utility per dollar from either purchase. This means that the relation
between the qualities of the substitute goods is taken to be measured

4 The price development would here be measured by a ratio of the form ps/p,, where
the bars refer to the averaging operations and the superscripts to the combinations of the
varieties included. (For example, p’’s may be the average in geriod 2 of prices of 4, B,
C, and E; p’1 the average in perlod 1 of prices of 4, B, C, and D.) The procedure may
work well with regard to certain product categories for which optimum gpecification ranges
can be found. These should be broad enough to include all varieties of the product that
are close substitutes in terms of the pertinent quality standards. .If there are enough
such varieties, the number and quality of price quotations for them may be adequate to
vield stable and representative averages to be used in the calculation of the price relatives.

ut such favorable situations are probably not very tre’Buent even in the content of quality
changes for which the method has been considered. he specification ranges may be too
narrow to provide useful averages; or it may Erove impossible to restrict them properly
without application of more refined methods because of their multidimensional nature
(cf. Audrew T, Court, “Hedonic Price Indexes With Automotive Examples,” The Dynamics
of Automaodile Demand, General Motors Corporation, New York, 1939, pp. 108-105).

41 Suppose that A 1is still available for pricing in periods 8, 4, etc., tgen the index would
I)resumnhly move differently if it continued to carry the old article instead of the new
tem B ; and its behavior would be different again if the substitute were C rather than B.
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equal to one (Le., since pA=pyt and PB=ps?, Psd/p:A X psP/p#=1). Thus Hofsten (op.
cit, pp. 49 f.) treats this method as if it nlwayn gave an index equal to unity. In con-
neeuon with seasonality problems, however, it is well to remember that either or both
price relatives Involved may differ from one and 80 may, consequently, the result of this
substitution procedure.
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are not very numerous or complex, so that specific substitution
schemes to deal with the special problem of these disappearances might
prove practical. In fact, the imputation procedure currentlgoused by
the BLS (item I, 1(b) in Table IV discussed in Section 2b above) has
all the formal characteristics of the group substitution method just
referred to. It does, however, differ from that method in one material
respect : as was argued before, the BLS device is “‘substitution” more
by implication than by design. A full-scale attempt to apply the
present method explicitly would have to involve careful studies de-
signed to determine (1) in what areas of the index groups of related
items should be distinguished for purposes of seasonal substitution;
(2) what items should be included in any such group, so as to minimize
the intergroup dependence and substitution; and (3) what is the
optimal timing for any substitution to be made.*

¢. Independent Estimation of Relative Utilities.—It has been sug-
gested that criteria other than relative prices be applied to compari-
sons of the substitute goods. In this view, the previously introdll)xced
“quality ratio” g should be measured “objectively” on the basis of the
serviceability of the goods in question, leaving out of consideration
“factors which are not of real utility.” ¢ But it is clear that for many
products “quality” as a sum of objective properties of a given article,
as distinct from its subjective valuation, is not a very pertinent concept
so far as our problem is concerned. For example, caloric content
measures are available for foods, but any food item has properties
other than caloric content that are important to consumers and hence
cannot be disregarded. Quality itself is usually a composite, and so it
might be argued that the solution lies in taking proper account of all
of its essential elements rather than selecting arbitrarily one, such as,
for a food product, its caloric value. But the basic difficulty here is
not so much with the number of the relevant characteristics of a given
good as with their nature. 1t is likely that closer relationships will be
found between the prices and the objective (}uality characteristics for
certain complex items of machinery than for many simple food or
agparel products, simply because, 1n the evaluation of the former,
objective measurable properties play a decisive role while, in the
evaluation of the latter, individual subjective taste factors are particu-
larly important. Now for those products with close and stable price-
quality relations the problem ofp dealing “objectively” with quality
differences is, of course, in principle manageable, even though it may
be in practice highly complex because of its multidimensionality.s
But as it happens, few of the seasonal goods seem to belong to this
category and many to the other one that does-not favor the “objective”
approach. The usefulness of the latter in regard to seasonal substitu-
tions is therefore believed to be very limited.

4 Certaln slafle rules could be tentatively adopted in these empirical inquiries. For
example, dovetalling consumption scasonals might be taken as prima facée evidence of &
significant seasonal substitution. Months of extremely low consumption may be excluded
or at least avoided in the selection of the proper timing for the linking-in operations.

4 E, v. Hofsten, op. cit.,, p. 120. It may be noted that some of these arguments (Hof-
sten’s approach 1s a good example) seem to be based on questionable generalizations which
lack firm analytical support: views that the commodity world hag grown so complex
that consumers can have no adequate knowledge of “articles for sale,” that advertisin
often persuades the public to buy goods that will fall to give them the satisfaction whi
they expected, etc. If the consumer {8 not irrational or ignorant, then he iz the best
arbiter of the values to himself of the commodities or services acquired; if he is, then

how 18 anyone else to tell what the “true” values for him are? !
p“ QE ingenious approach to this problem wag puggested in-1939 by Andrew T. Court,
op.
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An interesting example of a “quality” adjustment that is being made
in the seasonal field is offered by the new British Index of Retail
Prices. In thisindex, the difference in price between new potatoes and
old potatoes (from the previous year's crop) is considered to reflect in
& certain degree a change to a higher-quality article. To allow for
this change, 5% lb. of new potatoes are taken as equivalent to 7 Ib. of
old potatoes in July. In mid-August the ratio used is 6: 7,and in mid-
September 614 : 7; thereafter no further adjustment is made.*® The
decline in the ratio apparently reflects the fact that as the season

rogresses the “newness” of the current year’s potatoes wears off : they
Eecome more plentiful and less expensive relative to the old crop which
they soon replace. Thus the adjustment is not based merely on ob-
jective quality differentials, which remain constant during the transi-
tion period, although the official description of the index stresses the
fact that new potatoes generally involve less wastage and possess a
higher nutritive value than old ones. Rather, the procedure has the
merit of taking into account, to some extent, the changing market
positions of the two items.

4, CHAIN INDEXES WITH ANNUAL BASE PERIOD QUANTITIES IN WEIGHTS

No conventional index formula employing basically annual weights
can be really satisfactory in dealing with the seasonal problem. This
applies also to the “chain method” insofar as the latter retains base
period weights (item I, 2 in Table IV). This is not a “true” chain
because it 1s based on fixed period weights rather than on changing
weights for the months being compared. It is, however, not identical
with the corresponding index series calculated by the fixed-base meth-
od because we conceive this chain as being confined to items common
to the two successive months being compared, so that the price change
for out-of-season items from the end of one pricing season to the
beginning of the next one would not be reflected in the index. But
1f seasonal disappearances occur, then this principle is sure to intro-
duce such differences between the successive links of the chain as to
make the chain series diverge from the corresponding fixed-base series.
In this case, our chain index will fail the proportionality test just as
any true chain index would, and, as shown in Part I, this is a serious
weakness as far as the seasonal problem is concerned ; and at the same
time we will not even have the advantage that a full-fledged chain in-
dex would give us, for we will not have utilized all the information on
the weights for the successive months or seasons. Hence no gain is
seen in this rather halfhearted use of the chain method.

6. FIXED-BASE INDEXES WITH SEASONAL QUANTITIES USED IN WEIGHTS

It is natural to seek a more complete and satisfactory solution to
the seasonal problem by devising methods involving seasonal weights
and working out their implications. There is of course no difficulty
in measuring the average price change between the same months of
successive years, if a month is our unit “season,” and if a constant sea-
sonal market basket can be used, for traditional methods of price index
construction can be applied in such comparisons. For each month
of the year, a list of commodities representative of consumption in
the given month would have to be made up, specifying the quantities

4 detall, . —
footnote 35 ¢ see pp. 12-13 1n the Ministry of Labour 1956 pamphlet cited in
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urchased of each item. The resulting 12 seasonal market baskets

or the Januaries (J), Februaries (¥), etc., may be represented by
as many column vectors of quantities {@};, {@}r, ... @p. The
current dollar value of, say, {@}, in the “first” year (to be denoted by
the subscript 1 would be tP n{@), where [P],, is a row vector of
appropriately dated prices of items included in the January market
basket. The expression for the year-to-year change (say, between
the Januaries of years “1” and “2”) can now be written in two equiv-
alent forms, first using the simpler vector notation and then using
the traditional notation, to read

[Pl{@}, ZprQr__ E@pnq.r
[Pln{@Q}, and Epnq:_-%—--
Pnqs

This is in itself a satisfactory formula for a “binary comparison”
on a seasonal basis, judging by standards of the classical or orthodox
grloe index theory, which are widely accepted in index making. The

asis for the seasonal quantities could be changed, if it were so de-
sired, to satisfy a Paasche-type or some other formula. While all this
is.simple enough, the real difficulty that must now be faced is how to
construct an index on the base period which would (a) be consistent
.with the above form for year-to-year comparisons and (b) imply also
an acceptable measure of the average price change from month to
month, It will be shown that these requirements cannot be easily or
completely satisfied.

8. Comparisons with Same Month o{ the Base Year—The pro-
cedure that suggests itself most readily is to compare the prices
for a given month with those for the same month of the base year,
usirrxlg ({uantities for the latter period in weights (see item II, 1(a)
in Table IV). Let us use the subscript j to denote a given month
of the year and the subscripts 1,2, . . . to denote the years 1,2. . . .
Using 0 to identify the base year, the index on the base period for
the month j of, say, year 2 is then

(Pla{ Q)0 o ZPel0_) tputin
)
[Plo{Q}p P 1050 P

This formula differs from that given previously for the year-to-
year comparison only in that the price vector in the denominator
refers now, not to the same-month year-ago period, but to the same-
month-of-the-base-year period. (The subscripts of the quantity terms
are here j0 because theli)a.se period and the weight period are taken
to coincide; they would also apply to the previous formula under
the same construction.)

By dividing the above index number into that for the next month,
the measure of the month-to-month change implicit in the present
formula is shown to be

[Plys13{ @} s .OA[P]J?{Q}ID_[P]gH 2{Q} s L [P]1+1.o{0}1+1.o.

Plis1of Qtssrn ~ [Plo{@n [Pla{Qls [Plp{Q} 0




268 GOVERNMENT PRICE STATISTICS

This result, especially in its second form, has a meaning that can be
verbalized. But this meaning is not simple; the formula does not
represent a direct measure of the avera%e price change between the
two months, and translating it into words cannot, of course, change
this fact. What the formula offers is really a comparison of two
cost ratios: (1) the ratio of the cost of the market basket assigned
to month (j+1) at current prices to the cost of the market basket
assigned to month j at last month’s prices, and (2) the ratio of the
expenditures in month (j+1) of the base year to expenditures in
month j of that year (i.e., the original cost ratio for the two baskets).

b. A Cumulative Within-the-Year Indeo*” In his 1955 article in
the J.A.S.A. (see reference in footnote 33) B. D. Mudgett proposed
an index using seasonal weights which would differ from the formula
just discussed essentially in that it would employ a process of intra-
annual cumulation of the monthly value aggregates, In Mudgett’s
notation, the index on the base period (year 0) for, say, February
of some given yesr i reads

2 Ny

2 Zpug
J=1 =

2 Ny

2 Zpyy

where j (months)=1,2, ... 12; ¢t (commodities)=1,2, . . . N;
Nsy=number of commodities in list for month j of the weight
year a; P,=base year average price of commodity §.

This index, unlike the previous one, uses in its denominator the aver-
age annual prices, rather than the seasonal prices, of the base year.

ing again, for simplicity, that the weights of the base year are
used (2=0), the only other difference between the two indexes results
from Mud%:att’s use of the cumulation device, which is a specific
feature of his formula. Thus, from February of any year on, the
formula refers, not to a single month, but to periods of 2, 3, ... 12
months. The cumulated values are the products of our P and @
vectors for the successive months within each year.

It is easily seen that in Mudgett’s formula the December index
for any year, as an end result of the intra-annual cumulation Erocess,
is identical with the given year’s index. The yearly index is the basic
index and is of the conventional sort; in the expository formulae of
Mudgett’s paper it is presented as a fixed-weight aggregative but, as
noted by the author, it could be easily rewritten to give the formula
of Laspeyres or Paasche, etc. Neither would the question of whether
to use a fixed-base index or a chain of annual indexes be prejudged

Mudgett’s method of dealing with the monthly changes.

Mudgett claims that his monthly within-the-year indexes “can give
an accurate measure of the cumulative influences of price change. . .
throughout the months of the year, compared to the corresponding
months of the year chosen as base; and this is done with the complete
realism that is associated with the disappearance of some commodities

® Ligted as item II, 1(b) in Table IV.

Po-n=
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at some seasons and their reappearance at others.” 4 But his method
has neither a better nor a worse claim of this sort than has the simpler
method described in the preceding subsection (a), except that here
the word “cumulative” is in order and there it is not. Actually
neither method provides us with a monthly price index proper. it
anything, the meaning of the monthly change in Mudgett’s index
(evaluated as usual in terms of the ratio of two adjoining index num-
bers, Py.4,5- Po.1,5-1) seems to be less clear than the meaning of the cor-
responding measure for the other index. Thig is due to the cumula-
tion procedure adopted by Mudgett, which does anything but help in
the already difficult task of interpreting monthly changes in an index
with monthly varying market baskets and weights. It is true that
this procedure has its own rationale in that it establishes a link be-
tween the monthly index numbers, which are treated as subsidiary,
and the annual index, which is regarded as being of central impor-
tance. But while some link between the monthly and the annual in-
dexes is certainly necessary, it is not at all obvious that it must have
this particular form, i.e., that cumulation cannot be avoided and a
more regular time series of monthly price indexes with seasonal
weights cannot be constructed. And since monthly measures of aver-
age price change, if reasonably satisfactory, can be really useful and
are undoubtedly an object of public demand, a proposal that does
not provide for such measures is definitely at a disadvantage vis-a-vis
others that would improve them,

c. An Indew of Seasonal Variation in Empenditure. The Canadian
Consumer Price Index, 1949 to date, which was introduced in 1952
to replace the old Cost-of-Living Index, uses a particular formula
with seasonal weights for a subgroup of food items (item I1,1(c) in
TableIV).® Let Pj; be the seasonal food index for month j of year 3;
year O be the base and weight period, and /¥ be the number of com-
modities () on the list for the period indicated by a subscript. Then
the formula is

N,
z 1 P10

__ti=
Pv=113 w,

122 2 pulso
1=1t=1

The numerator of this expression is equivalent to that of the first index
reviewed in the present section, which can be seen directly by re-
writing it as EP ##{@};0. The denominator is the sum of the value
aggregates [ P];o{@};, over the twelve months of the base year, divided
by 12." This summation and averaging account for the entire differ-
ence between the two indexes. (It will be recalled that in our first .
seasonal index the denominator was the aggregate [P];,{@};, for the
apprc;griate month.)

If the index Py; is divided into the next month’s index Py, the
denominators of the two, which are equal, cancel each other and the

48 Bruce D. Mudgett, op. cit., p. 98.

% Government of Canada, Dominion Bureau of Statistics, Department of Trade and
Commerce, The Consumer Price Index, January 1949-August 1952 (including an explana-
tory statement), Ottawa, 1952, pp. 14-15. '?‘19 group of seasonal foods is composed of

fresh and canned fruits and vegetables, fats, eggs, and meats, and poultry. It accounts
for 61 percent of all foods.
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resulting ratio, a measure of the monthly change implicit in the present
formula, may be written as

N
L
Eze.m.i‘hﬂ.o or [P ]gx.t%oim,ﬂ
it
N . PL5(Ql ’

This is again the ratio of the cost of the market basket appropriate
for month (j+1) at current prices to the cost of the market basket
appropriate for month j at that month’s prices. As such it is iden-
tical with the first half of the corresponding measure for our first
seasonal index (see text and formula in Section 5a above). In that
measure the current cost ratio was taken in relation to the ratio of
market basket expenditures for the corresponding months of the base
year; here it stands by itself. These two formuliae, then, are rather
similar, but the explicit reference to the “base season” in the first of
our seasonal indexes can be regarded as a point in its favor.®

It may be added that seasonal weights are applied only within a
single group of foods in the Canadian index, and that this group as
a whole, like all the other groups in the index, is assigned a constant
annual weight. In this case, then, an internal distribution of weights
is being varied from month to month during the year in such a way
that seasonal declines in the importance of some items are always
exactly balanced off by seasonal increases in the importance of other
items, with the combined weight of both categories remaining con-
stant. This can be regarded as a group substitution similar in prin-
ciple but, to be sure, much more complex in practice than the substitu-
tion with proportional weight redistributions discussed earlier in
Section 3 of this survey.®

d. Value Ratio Deflated by a Seasonal Quantity Index.—Recently
a new seasonal index method (listed as item II, 1(d) in Table IV)
was developed by Doris P. Rothwell in her article in the March
1958 issue of the J.4.S.4. to which we have already referred. Roth-
well’s index on the base period, in the conventional and vector nota-
tion, respectively, is appealingly simple:

EBI!Q( and ['E]H{Q}]
2pogy [PL{Q},

Here again j is a given month of the year, ¢ is a given year, and 0 is
the base year (if base and weight periods coincide, the subscripts
of the quantity terms are j0).

%D, P, Rothwell, op. cit, p. 69, describes the Canadian index as “actually a ratio of
exrendltures. in_which the numerator i{s the product of monthly quantities and monthly
prices and the denominator fs 1j2 the annual value weight (or 1j2 the sum of monthly
expenditures) in the base year.” This is partly incorrect as the quantities in the numer-
ator of the Canadian index refer to the j-th month of the base, not of the current year
(cf. the formulne given in the Canadian source identifled in footnote 49 above and in
the Rothwell article). Nevertheless, Rothwell is right in saying that “some of the month-
to-month fluctuation i{s due to differences in physical quantities’”” but only provided that
}hg dlt’Ycrgnce&i referred to are thosc between the monthly market baskets on which the
ndex is based.

8 The Technical Committee appointed in 109356 to make recommendations for the new
British Index of Retnil Prices considered the desirabjlity of internal weight distributions
for the fruit and vegetables sections of that index but concluded that these varlations
in weighting would huve little effect and did not advise the use of such a method. Instead
they did advise the simpler substitution procedure to which reference was made in Part II,
Section 2b (for source see footnote 88).
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The value p, is the annual average price in the base year, obtairfd
by weighting the monthly prices by seasonal quantity weights. [/Jo

is the vector of these p, values. )

The formula has the merit of yielding the logical measures of prics
change between the same months of successive years (the measure
presented early in this section). But all of our seasonal-weight in-
dexes have this advantage; any index of this type will have 1t, pro-
vided that for a given month its base period calculated denominator
is the same in any year. )

The Rothwell index also shares with the other indexes some other
points that have been advanced in its favor, such as the ability to use
the proper seasonal weights and changing commodity lists. Its fur-
ther advantage is that a weighted average of its monthly values for
any given year yields a proper annual index for that year, but again
this 1s not a unique feature of this index.*? )

Decisive for the evaluation of this as well as other seasonal-weight,
fixed-base indexes is how they measure the month-to-month change
in prices, for this is where the main difficulty for these indexes lies.
The ratio of base period indexes for two consecutive months in terms
of the Rothwell formula provides an expression for the monthly
change that has a particular meaning. We can write it in our two
notations as -

2Ps1a@s EZ_g!Im or [Plys1,d Q) st - [PJg{Q}1+|'
2Psds ZPogy [Pl {@Q}4 [Plo{ @},

Rothwell says that “In this form, the price index is an expenditure
ratio divided by the quantity index calculated for the base year, or
adjusted for the difference in quantities in the two periods.” ®
ince the ¢-terms refer, not to the actual quantities marketed in the
given months of the given year, but to fixed quantities used as weights,
the first of the two expressions used in the division is not really an
observable “expenditure ratio” but rather a ratio of costs, in the given
and the previous month, of certain predetermined baskets of goods.
The second expression is a true seasonal index of quantities with aver-
age base year prices used as fixed weights. There will be as many such
“seasonal adjustment factors” as there are “seasons” distinguished,
e.2., 12 in the case of an index with monthly seasonal weights. Thus
it 1s believed that the notion of an adjustment for the seasonal change
in quantities fits Rothwell’s measure better than her other notion, that
of a ratio of an expenditure index to a quantity index. This is better
than if the reverse were true, because a division of a value ratio proper
by a quantity index need not in all cases yield an acceptable price
%2 The weights that will give thg_ desired result for the Rothwell index are quantity
indexes of seasonal consumption Z¢;po/Sgeps. The annual index obtained can be written as
12 Ny Np_

Z I pitil Z_podo.
J=1t=1 t=1p
(The value go in these expressions is the annual base quantity weight or the sum of the
monthly seasonal weights. By applying to the monthly values of our first seasonal index
the ratios between the base perlod calculated seasonal and annual values, Zg;pi/SqoPo,
the same annual index can be computed.
5 Rothwell, op. cit., p. 72.
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index. But then what is being accomplished by the Rothwell adjust-
ment method is itself open to question, too. It may be argued that,
while seasonal weighting is used in the formula, the effect of it is
largely canceled a%ain by the adjustment, so that the measure we get
does not really reflect the influence of the consumption seasonals or
does so only to some unknown but presumably small extent. This
indeed may explain why the results of an experimental application of
the Rothwell formula differed but relatively little from the results
obtained by applying, to the same body of test data, conventional
annual-weight methods such as those now and previously used to deal
with the seasonal problem at the Bureau of Labor Statistics.®®

6., CHAIN INDEXES WITH SEASONAL BASE PERIOD QUANTITIES USED IN
‘WEIGHTS

These indexes (item II, 2 in Table IV) have been given sufficient
attention in Part I of our study. It will be recalled that the major
objection to these formulae is that they tend to produce errors in
the range of the year-to-year comparisons.

7. INDEX NUMBERS BUILT FROM SEASONALLY ADJUSTED PRICES AND
QUANTITIES

The methods discussed so far did not use any explicit adjustments
for the seasonal variation in prices or quantities but aimed at the

construction of improved unadjusted index numbers. (The resulting
series could, of course, be subjected to some seasonal correction pro-
cedure.) A treatment of seasonal commodities which would require
estimation of the seasonal variation in prices has recently been sug-
gested by Richard Stone.*

The method involves the assumption that normal seasonal patterns
in prices appropriate to the base year exist and can be expressed by
sets of seasonal multipliers, one set for each commodity. A multi-
plier for the j-th season, say s;, would thus satisfy the relation
py=3;p*;, where p, is the actual price of the given item in the j-th
season and p%; is its corresponding adjusted price. The adjustments
must, of course, cancel out over the entire seasonal cycle, i.e., normally
over a year; if there are 7 seasons, then

m m m m
Z_s,/m:l and Z_m=2_38m*:=2p*:-
J J J J

8 Rothwell (ibid., pp, 71-72) states that the “basic idea [of deriving a price index
by dividing a value index by a qgvanﬂty index] 1is inherent in the formula proposed by
the German mathematician, M. W. Drobisch, 1in 1871 for measurement of changes in

exchange values:
h_zom 2o,
L Zgp Zgs

This, however, contains the unrealistic conditlon that the quantities must be expressed in
the same units so as to be additive.”

The Drobisch formula is indeed a poor precedent, especially as far as the requirements
of the seasonality Eroblem are concerned, and not jku:t because of the additivity issue.
As noted in Bortklewicz, Nordisk Statistick Tidskrift, I1I, 1924, pp. 510-512, the
Drobisch formula does not satisfy the groportlonauty and identity tests. It is at least
questionable whether it should be regarded as a price index proper. Let us add that the
unweighted quantity index, Zq,Z/qs, can be replaced as the divisor in the above
formula by a Weighted quantity index, e.g., Z¢1P0/ZqoPo 0r Z¢:1p1/Zqop1. In these cases,
the results are simply a Paasche or a Lasgeyres index, respectively.

% See D. P. Rothwell, op. cit., pp. 74-75, and Chart 77B on p. 77 (also the statistical
tahles in the appendix available upon uest to the anthor).

® R. Stone, Quantity and Price Indexes in National Accounts, Organization for
Ruropean Economic Cooperation, Paris, 1956, Chapter VI, particularly pp. 74-77.
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Stone then suggests that the adjusted quantity measure in terms of
which different seasons can be compared is ¢*;=s,g;. For any given

ood, then, the seasonal multiplier for quantity is the reciprocal of
the corresponding seasonal multiplier for price. This can be viewed
as an implicit assumption of unitary elasticity of demand in the
seasonal context: if in an off-season month the price is, say, 10 percent
higher than it is on the average during the year, the quantity con-
sumed is presumed to be 10 percent less than its mean annual per-
month rate. Alternatively, one may regard this treatment as a
substitution for the physical quantity units of a system of measurement
in what may be termed the “equivalent-seasonal-value” units. For
example, one may decide that “a product quantity of the December
variety should be reckoned as equivalent to twice as much of the June
variety.” ¥ In confbrast,b})h%sical units such as pounds or barrels are
said to be not comparable between the seasons because they do not
take into account the “seasonal quality differences.” 58

In these terms, Stone’s formulation of an annual Laspeyres quan-
tity ilndex for a single commodity with several “‘seasonal varieties” is
Simply

m . . m . . m m
ZQ:IPJOIZQ;OM:%;%PN/ZQMM,
J J J

where the subscripts 0 and 1 denote, respectively, the base and the
current year. The equivalence of the two expressions reflects the fact
that price and quantity adjustments are in this approach designed
to cancel out for each season, leaving the vaj)ues unchanged
(p¢,=p!q). The formula '

m m
220nP0/ 220D 50

could also be obtained by treating the supplies of a product that are
available in different seasons as different commodities and averagin
the quantity changes between the base and the current year for eacl%
season separately, using as weights the proper seasonal expenditures.*®

By defining the mean adjusted price and the mean adjusted quan-
tity in the base year, respectively, as

—_ m * m * L * ’
P5=ZP;0410/2,910 and ﬁ=ZQ:c/m,
J J J
Stone derives another formula for an annual base-weighted quantity
index, viz.,

_ m m
@GP/ TP =239n/2 ¢
i3

He accepts this index, in effect an unweighted quantity ratio, as ade-
quate, too, on the ground that “in adjusted units the quantities of
different seasons are directly comparable.” ® Accordingly, the use
of these units is seen by Stone as also permitting comparisons involv-
ing individual seasons; for example, a quantity index for the j-th
mop. cit,, p. 117.

& Tbid., p. 75.
See footnote 59 on p. 274.
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season of the current (“lIst”) year on the base of year “0” as a whole
would read

21Do/%0Po= 1[0 -

Price indexes analogous to Stone’s quantity indexes are easily
identified. The annual Laspeyres formula applied to a single sea-
sonal commodity gives

m . . m L . m m
Zpixq:o/ E,Pio%o"—‘zpjﬂfo/ ZP!OQIO-
J J J J

Given our previous definition of the weighted averages

pi(i=01...),

the result would be identical had the formula
EEB/?B@B(=§1§0/§0%)

been used instead. For the current-season-to-base-year comparison,
the corresponding expression is simply

Palo/Podo="DPn/Po.*°

To see how Stone’s single item formulae can be applied to groups of
commodities, let us write out the season-to-year price index for n items
(¢=1,2 . . . n), omitting for simplicity the ¢-subscripts which would
have to be attached to all the p’s and ¢’s. The index, which will be
recognized as a weighted average of the p,;/p,* terms, reads

It would be possible to use various formulae within this framework,
for example, to substitute the seasonal for the mean annual ¢’s in the
weights. The formulae thus obtained would resemble the seasonal-

% Ibid., p. 76. It may be noted that substitution of the weighted average
L] .
ZgioPio/ZPio
) H
for the unweighted one

LI ] .« o

. . e s
(}?afo/m) glves ¢i1po/goPo= ’Eqnmolzqmmo==2}qnmltjanm-

Thig result, obtained by using annual mean tigures, is tdentical with the result obtained
in the previous paragraph by using the detalled price and quantity information for each
season.

® As noted by Stone (op. cit., p. 76), these indexeg satisfy the Fisher factor “reversal”
test : the product of the matching formulae, ps*1/po®* times ¢s*1/go®*, equals the ratio of the
current season’s value to the base year value. This, however, 18 trivial in the present

case of unweighted price and quantity ratlos restricted to the seasonal varieties of a
single good.
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weight indexes discussed previously in Section II, 5 of this study, and
in several cases would actually be equivalent to them. Thus note that

n n n n

?Pﬁﬂé ;leéljo thi*lq;“é ?Pﬂ%o

n n and 1 m n =1 m n

;mm ?Pm@bo 1522 %)p:'aq?a ﬁZ%)pmq:o
J 2

The first of these equations relates to simple same-month-year-ago
or same-month-of-the-base-year comparisons (see Section 5a). The
second relates to the seasonal index now used in Canada (see Section
52). In these formulae, then, unadjusted prices and quantities can
be replaced by the corresponding adjusted figures without affecting
the results. On the other hand, conversion from unadjusted into
adjusted units would not leave unchanged Rothwell’s formula

ijl anf 2 Do

(see Section 5d), since the denominator of this index would not in
general equal

SBtdh

Stone illustrates his argument in favor of measurements in the
adjusted unit by comparing the simple quantity indexes

m m m m
2204/220% and 2 3¢,/3 g%
i3 i

He assumes that in the base period the commodity in question was
available in large quantities and at nonexorbitant prices only during
a small part of the year, while in the current year the progress in
refrigeration, development of alternative supply sources, etc., elimi-
nated the wide seasonal differences in the supp})y of the product, making
the latter available throughout the year at more or less similar prices.
The adjusted quantity ratio will be higher than the unadjusted one,
reflecting the fact that the out-of-season varieties of the commodity,
which were highly valued in the base year, are now available in larger
amounts. : :

This is an important argument supported by a realistic example
but it is not sufficient to resolve some serious doubts about this ap-
proach to the problem of seasonal commodities. The assumption of a
negative correlation between the seasonal changes in price and quantity
has repeatedly been made on these pages and is no doubt valid for
many products (see, however, Part i gection 3d above). But here,
unlike in the other cases, it is built into the method by the device of
the inverse relation between the seasonal adjustment factors for prices
and quantities. It is possible to question this approach on the ground

% R. Stone, op. cit., p. 77.
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that it in effect prejudges an issue which had better be left open in
the assumptions stage of the analysis.

A secondary practical consideration is that the Stone method would
presumably require separate seasonal adjustments for each component
item of theindex. This is a large although by no means overwhelming
task in the case of a comprehensive price index, but the main difficulty
here would likely be qualitative rather than quantitative: substantial
shifts in the seasonal patterns of some series in the base period and the
neighboring years, and the like.®
8. SOME RELEVANT ASPECTS OF THE SAMPLING PROBLEM IN INDEX SERIES

CONSTRUCTION &

In a recent article on the Iirobability sampling approach to the
making of price indexes, the claim is made that this method, in con-
trast to the present “use of an arbitrary fixed sample,” would “permit
changes in products and product quality to be incorporated smoothly
into a continuing index.” ® This apparently implies that the sug-
gested sampling procedure will result in an index series for which
seasona] changes (along with such other important factors as the
nonseasonal weight and quality changes) would not present any major
difficulty in principle.

This claim, if so interpreted, is believed to be excessive and poten-
tially mislea.éing. The matter deserves some attention, although. it
is difficult to discuss it without digressing somewhat from our main
line of discourse. But first it must be emphasized that what follows
is not at all intended to question the objective sampling per se or its
advantages over the currently used judgment sampFing.“ The appli-
cation of probability sampling to price index construction is an im-
portant task to which Adelman ® and, before her, Banerjee ¢* have
made valuable contributions.

The proper use of sampling in this connection is within strata or
“composite commodities,” i.e., groups of items with common patterns

® Stone himself devotes most of his chapter on ‘“‘Seasonal Variations” (op. cit., pp.

77-88), not to the treatment of seasonal commodities, but rather to the task of developing
a satisfactory method of seasonal adjustments. His basic treatment of the subject as a
Pl‘OI])lelln in the analysis of variance is admirable, as are the further refinements of his
analysis,

s The author is grateful to Professor Philip J. McCarthy of Cornell University for a
lvaluable‘critlclsm of an earlier version of this section and suggestions that helped to
mprove it.

Irma Adelman, “A New Approach to the Construction of Index Numbers,” The Review
o( Bconomiocs and Statistics, Vol. XL, No, 8, August 1958, pp. 240-249 (the quotations in
the text are from pp. 240 and 247, respectively).

& On the contrary, these advantages are seen ag very substantial. If worked out satis-
factorily, the objective samfllng rocedures would provide estimates of standard errors,
which are not presently available for our major price indexes, and thus also the possibility
of 'Lugjnivlng the sg’mp ng precision of these indexes.

elman, op. cit.

o See “A domr;nent on the Sampling Aspects in the Construction of Index Numbers,” The
Review of Hoonomics and Statistics, Vol. XLII, No. 2, May 1960, pp. 217-218, and the
1ist of the pertinent writings by K. S. Banerjee, 1bid., footnote 2.
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of price change (relative to the general price level movements which
are taken to affect all such groups). It is not among the strata whose
relative prices follow distinctly different courses over time.®® Hence
the appropriate form of samplmi presupposes a satisfactory solution
of an 1mportant and difficult task—the grouping of the index items
into strata. The components of a stratum must meet the criterion of
a reasonably close similarity of relative price change, so that they
would presumably belong to a rather narrow cluster of good substitutes
produced under generally similar supply conditions. One would hope
that a stratification based on this criterion would not have to be revised
too often over time, but the degree of stability achievable in this respect
for an economy as dynamic as that of the United States might prove
considerably less than the practical index maker would wish.

In the absence of any changes in the availability or quality of the
goods that make up the universe to be covered by the price index, the
probability sampling approach as proposed by Banerjee and Adelman
would face no major theoretical difficulties. If we assume a stable
division of the universe into a (presumably large) number of proper
strata, an intrastratum sampling scheme consistent with the currently
dominant fixed-weight type of index numbers could be adopted. In-

& Implied in the statistical sampling procedures is the assumption that the price change
of each item can be decomposed into three independent additive parts: (1) that common
to all items in the universe; (2) that common only to the items within thc relevant
strata; and (3) a random component, The weighted average of the elements (2) 1is
zero for the economy as a whole, the weighted average of the elements (3) is zero for each
gtratum. (See Adelman, “Reply,” The Review of Hconomics and Statistics, May 1960,
p. 219.) As a working arrangement this Is presumably acceptable, even though the real
world, in which prices are interdependent and changes in their structure may affect their
level (as well as vice versa), is undoubtedly very different from the above model of inde-

endent price changes (1) and (2). But the construction seems to us just strong enough
0 permit sampling within carefully selected groups of related items; it will not bear
e%thg sampling of the items directly in disregard of such strata or sampling among the
strata.

Ideas which seem to suggest sampling beyond the range of the ‘“‘composite commodities”
go back to Edgeworth (1887) and are shared also in similar form by W. S. Jevons (1909)
and Bowley (1928). This is the conception that any change in the general price level or
in the value of money ‘in itself” should manifest itself in a proportional change of all
prices. Monetary factors are supposed to act upon each price alike and deviations from
proportionality are viewed as due to other causes; but if this is so, then such deviations
can be treated as if they were errors of observations as far as the measurement of price
level changes is concerned. If a sufficiently large number of observations of any individual
prices is taken, their relative movements will cancel out in accordance with the law of
error and the residual movement of the price level will be satisfactorily measured by the
average, subject to the ordinary sampling errors, etc. The loglc of this approach does not
call for weighting of the price relatives sampled according to the economic importance of
the goods concerned. Rather, if weights are applied they should vary with the degree of
preclsion of the individual observations.

The principal objection to this “‘stochastic npproach" (Frisch) is that it implies that
individual prices show divergencies from the ‘‘true’” average price level that are inde-
pendent from each other and that their fluctuations around that (moving) level are of a
random character. Monetary as well as nonmonetary factors may exert different amounts
of influence on prices of different goods. “Economic” weighting of the index items is
essential to lmpart to the price level concept a definite meaning. Extensive criticism of
the “stochastic’” approach along the above lines is found in J, M. Keynes, A Treatise an
Momney, Vol. I, é)p. 7988 (1st ed., 1830). Similar arguments have also been made b
:Veligt (19204) ini (1924), Divisia (1925), and Frisch (1936 ; see his article in footnote

or references).
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deed, schemes of this sort are provided in the Banerjee-Adelman
proposals.®® . )

In reality, commodity universes change continually over time, and,
here as elsewhere, it is this change that creates the major problems.
Variation in the assortment of goods available to or desired by the
buyers will in the course of time invalidate even the most carefully
implemented, detailed stratification schemes. Some of this variation
can be predicted to a considerable extent, the stable elements in the
seasonal change being here of particular importance. Such changes
should be taken into account in the stratification design as extensively
as possible, in order to make that design better and more durable.
But that part of the variation which is nonrecurrent and largely un-
predictable—most of the changes in quality and many of those in
weights—cannot be given such an advance treatment with fair chances
of success. o )

Apart from the stratification problem (or assuming, boldly, an
enduring satisfactory solution to it), the question arises as to how fre-
quently new samples of products should be drawn and priced in the
process of producing the index series. Strict sampling considerations
suggest drawing a completely new sample of items for each pricing
period (month, 1n the major U.S. indexes), but other reasons militate
against this extreme course. The operation Would.presumablf.be
very costly. Moreover, it would be necessary to chain the resulting
monthly links into a continuous series, a procedure which, as we
know, gives rise to errors of its own.” To have a practical chance of
being adopted and proving workable, the probability sampling method
woulgd probably have to be considerably attenuated to permit some
compromise with the constant-market basket (fixed-commodity sam-
ple) principle of the price index maker.

9. BASIC CONCLUSIONS AND SUGGESTIONS

None of the various approaches that we have systematically ex-
plored is free from deficiencies, but some of these are much more

@ Adelman sug;ivests that each of the m items in a sample from a glven stratum be
assigned a probability of selection which is proportional to its weight (104¢) In the stratum;
then a simple (unweighted) mean of the selected price relatives (p:), that is

n

1
; izlp"

will provide an unbiased estimate of the weighted average of the price relative for the
entire stratum,

¥
a0
5=1p ¢

(where ¥ =—total number of items in the stratum). To meet the consistency requirement
posed in the text, let w¢ be the normalized base year expenditure weights.

It may be noted, however, that with respect to weights Adelman’s position shows some
affinity with the ‘‘stochastic approach,” a critical summary of which was given in footnote
8. 1though Adelman did use expenditure weighting in her pilot study index, she feels
that this was an ‘“arbitrary” assignment and that “just about any a priori weighting
scheme would permit a reasonable evaluation of the whole procedure.” Again, while
following the procedure of making the number of items drawn from each stratum roughly
proportional to the stratum's (expenditure) weight, she observes that this is a mere
expedient : optimally, “the sampling percentage in each group ought to vary directly with
the standard deviation of that group” (Adelman, op. cit., pp. 244-245). But then it
should also be mentioned that these points are probably of rather marginal concern to
Adelman who 1s well aware that her proposal “would not solve the problem of appropriate
welghtini" (p. 240).

0°See Adelman (op. cit, p. 244) for an interesting variance ratio formula derived by
R. Dorfman which shows that sampling errors will tend to be larger for the chained than
for the fixed-base index.
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serious than others. Thus it is possible tp eliminate certain methods
and discriminate among the remaining ones.

Two objectives may %e distinguished, one limited and one compre-
hensive. The first is that of identifying a preferable method of deal-
ing with “part-year” items or the effective seasonal disappearances
(technically the most troublesome aspect of the seasonal problem).
The second is that of finding the most satisfactory way of coping
with the seasonal problem as a whole, including the issue of seasonally
disappearing or unique goods.

(1) The procedure of imputing out-of-season items to their groups
yields results whose quality will depend upon what precisely is im-
puted to what ; a general unconditional prediction of how this method
will work is not possible. The method can be viewed as an intragroup
expenditure-weight transfer or a substitution of “year-round” or in-
season commodities for “part-year” or “out-of-season” commodities.
Seasonal substitutions are real and often important phenomena, but
their incidence does not necessarily conform to the groupings adopted
in subeclassifying the price index in question. A group imputation
may therefore ignore or cut across the real seasonal substitution rela-
tionships. If so, it may give poor or-even perverse results, which
could conceivably be inferior to those obtained by the other method
applied to the problem of seasonal disapperances—the practice of
holding the prices of out-of-season items constant. However, errors
of apphication aside, the method of seasonal substitution 1s the logically
preferable of the two, as it enables an annual weight index to give
some—very limited but pertinent and opportune—recognition to the
seasonal variation in consumption. But the proper application of
this method presupposes a comprehensive and detailed study of the
substitution relations involving seasonal commodities.

(2) If seasonal (say, monthly) quantities are used in weights,
instead of annual quantities, two basic approaches are available.
One is to use a standard (base year) set of seasonal weights over a
number of years, as long as the set seems sufficiently realistic. The
other is to use varying sets of seasonal weights from year to year to
meet the changing exigenciés of the particular year. This is the
familiar dichotomy between the “fixed-base” and the “chain” indexes
applied to the seasonal-weight measures.

Where seasonal fluctuations are pronounced and relatively stable,
chain indexes, which fail to meet the proportionality test, will tend to
produce errors in the year-to-year (same season) comparisons. Over
a period of years, chain methods could not be properly applied with-
out corrections for the “drifts” which would then tend to develop.
Under these conditions, the use of a base year set of seasonal weights
is preferable.™ But, again, we know that this approach faces the
critical difficulty with the month-to-month comparisons, and its more
or less conventional variants (surveyed in Section II, 5 above) all
failbin one way or another to provide an adequate solution to the

roblem.
P Suppose, however, that one succeeded in ascertaining seasonal mar-
ket baskets of such a composition as would give the “average con-
sumer” approximately equal utility or satisfaction in each month of

7 In terins of practicability and cost, this “fixed-base’” approach has, of course, always

a big advantage over the chain methods which presuppose a coutinuous collection of current
geasonul weight data.
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the year. (The Bortkiewicz formulae and the Staehle method of
analyzing differential consumption structures, which have been re-
viewed in Section I, 3c above, might be profitably used in this con-
nection.) Provided that—and as long as—the seasonal pattern of
consumption remains sufficiently stable, such a set of market baskets
would have to be selected only for the base year.”? An index of this
type would solve the basic difliculty of month-to-month measurements
in the seasonal context; the same-month-year-ago comparisons, for
which a constant market basket is assumed, have of course presented
no problem to begin with and retain their conventional form.
iven the proper monthly market baskets, the simplest method of
seasonal index construction can then be used, viz, comparisons of
prices for a given month with those for the same month of the base
ear, using quantities for the latter period in weights. There would
no need to employ any of the more complicated formulae used or
roposed as solutions to the seasonal problem; indeed, each of these
ormulae has one or another disadvantage which argues against its
acceptance.

To be sure, this approach requires some departure from the strict
concept of a price index in the direction of a cost-of-living index;
but then some relaxation of the former concept will always be neces-
sary if one wants to really come to grips with the seasonal problem.
It is also clear that the empirical application of the method would be
a task of major proportions and %robably of considerable difficulty.
But good results (even if obtainable only for some portions of an in-
dex which show large and sufficiently stable seasonalities) would here
presum}z:,bly pay off considerable investment in data collection and
research.

III. Some STATISTICAL EXPLORATIONS OF SEASONALITIES IN
QUANTITIES AND PRICES

Knowledge of seasonal changes in each of the individual price series
used in the computation of a co:nprehensive price index is not in itself
sufficient to provide knowledge of the “true” seasonal variation in
that index as a whole. This, of course, is an implication of the
“seasonal weight problem” that has been given much attention in
the present study. Nevertheless, measures of seasonal movements in
prices of individual commodities or product classes are clearly of
great interest, assuming their quality is adequate. 'When available for
a large number of items, including those of major relative importance,
such measures convey valuable insight into the dimensions of seasonal
influences upon the movements of prices. How large is the propor-
tion of the price series that show substantial seasonal fluctuations?
How large and persistent are these fluctuations? What is the degree
of confluence of the seasonal patterns among the various price series?
. These questions, whose pertinence will har(ﬁy be doubted, lend them-
selves to an empirical investigation, and the recently computed sea-
sonal adjustment factors for the BLS price index series provide data
that promise some progress in this direction.

" But the method 18, of course, perfectly compatible with basic welght revisions every
few years or 8O.



GOVERNMENT PRICE STATISTICS 281

TasLe V.—Range of Average Seasonal Indewes for Belected Groups, Bubgroups,
Product Olasses, and Items of the Consumer Price Indeo, 1957-58

Range of
average
seasonal
Line Group or item index ¢ Rank 3
¢)) @)
A. GROUPS AND SURGROUPS$
1| ALRtemS . . oo e 0.7 34.5
2 | All items, less food .6 36
3 | All commodities¢.... 1.1 30
4 | All commodities less food ¢ . - 1.1 30
5 | Durable commodities ¢ 15 23.5
6 | Nondurable commodities less food 4 1.0 33
7| Food.... 2.4 14
8 | Food at home 2.7 17
9 | Meats, poultry, and fish - 6.1 8
10 eats. .. ...... 7.6 7
11 | Dairy products.._.. . 3.4 14
12 | Fresh fruits and v D168 o caenn 16.3 5
13 ?{)p&rﬁl _______ 1.2 26.5
14 ousefurnishings 11 30
18| AppUANEeS . .. .... .o e eeeecececcccenenaaececcanae 1.3 25
16 | Private transportation L6 23.5
R. PRODUCT CLASSEB AND ITEM88 7
17 | Tomatoes®. .. - 60.3 1
18 | POtBLORS oo e eeeee i ceccccccccccacaaan 25.5 2
19 | Oranges. 24.2 3
20 | Eggs 23.1 4
21 | Pork 12.4 6
22 | Poultry. 5.8 9
23 | Beef and veal. 5.2 10
24 | New cars? 4.8 11
26 | Milk, fresh (grocery) 4.7 12
26 | Used cars®. -- R 4.5 13
27 | Bolid fuel—fuel oil__. 3.3 16
28 | Bituminous coal 3.2 16
29 | Fish e mcccmeeecamccc—mm—cm e 2.6 18
30 | Fats and olls. 2.3 20
31 | Women’s and girls’ apparel 2.2 21
32 | R erators, aelectric ¢ 1.6 22
33 | Television 1°_ 1.2 26.5
34 | Textile housefurnishings 1. _ . ccoc_. .. - 1.1 30
35 | Gasoline 11 1.1 30
36 | Men's and boys’ apparel 7 34.5
87 | FOOMWEAT . o ocee e oo ccmcccaccccacccemec e meecmmammmmmne .5 37
38 | Furnitured.. - .4 38

! Derived from avemt;ﬁ monthly seasonal indexes for 1947-68, except when a footnote to tho contrary is
attached to the title of the series.
3 Based on the entries In col. 1, from the largest (rank 1) to the smallest (rank 38).
Includes overall aggregates and groups containing any of the items listed in Part B below.
Based on quarterly data, 1947-55; monthly date, 1056-68.
’ Based on the average quarterly seasonal index, 1947-58,
§ Listed according to their ranks in col. (2).
7 Includes some groups for whose components no separate price seasonals are available (see note 3).
’ Based on the average monthly seasonal index, 1953-68.
¢ Based on quarterly data, 1947-52; monthly data, 1953-58.
19 Based on the average quarterly seasonal index, 1951-58.
1t Based on quarterly data, 1947-56; monthly data, 195758,

- -

1. SEASONAL MOVEMENTS IN PRICES OF CONSUMER GOODS

The most outstanding single feature of these movements is their
extraordinary diversification. The amplitudes of the average sea-
sonal indexes for a sizable sample of the U.S. Consumer Price Index

CPI) series covering the period 1947-58 range from about 60 to less
an 0.5 percent (Table V). Fresh fruits and vegetables and then
eggs lead the list with amplitudes exceeding 20 percent of the cor-
responding average annual Iiex*els. In the 5 to 12 percent range there
are meats; in the 3 to 5 percent range, milk, new and used cars, and
fuels. The remaining ten items (out of the 22 listed in Part B of
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Table V) have amplitudes of less than 3 percent. The figure for
women’s and girls’ apparel, for example, is only 2.2 percent.’

The average seasonal indexes for the CPI components vary not
only in their amplitudes but also in their patterns or the timing,
within the year, of their upward and downward movements. Some
prices rise seasonally early and decline late in the {'ear, others behave
in the opposite fashion. Chart 1 gives several illustrations: prices
of meats Increase seasonally from February to September, those of
fish from June to November (Chart 1, Fig. 2) ; prices of fresh fruits
and vegetables rise from October to June, those of fresh milk from

Onarr 1
Average Seasonal Indaxes for Selected Groups and Items of the Consumer Price Index
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It should be noted, however, that these measures relate to certaln product classes;
the seasonals for specific items within these categories would often show larger fluctuations.
Also, each of these measures is based on a set of averages of the seasonal factors for
Januaries, Februaries, etc., of all the years covered by the seasonal index in question (the
data used in Table V all refer to the 12-year period beginning in 1947, except for two
shorter serles). This averaging over time is likely to produce amplitudes that are some-
what dampened in comparison with the amplitudes of the indexes for the individual years.
This effect, however, should as a rule be weak because the averaged figures are “moving”
seagonal factors which vary but slightly from year to year, reflecting the notion that,
t;rlcally. seasonal movements are falrly stable and changes in them are mostly gradual.
(The seasonal factors were all uniformly obtained by the same method of seasonal
adjustment: the electronic computer program of the Bureau of the Census based on a
rather elaborate version of the ratio-to-the-moving-average approach. For a description
of this program, see Julius Shiskin, Electronic Computers and Business Indicators,
Occasional Paper 57, National Bureau of Economic Research, New York, 1957.)
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June to November (Chart 1, Fig. 3). The tomatoes-eggs contrast
(Chart 1, Fig. 6) is particularly sharp. To be sure, these examples
of almost inverse patterns are somewhat on the extreme side. In
many instances, comparison of the seasonals reveals shorter timin
differences and a larger number of months with the same direction o
movement. Thus the divergent seasonal movements of new and used
car prices are concentrated mainly in the April-July interval (Chart
1, Fig. 5). Small amplitude differences alone distinguish the price
seasonals for the two categories of apparel in Fig. 4 (Chart 1) as
timing differences between them are very slight.

Because the seasonal movements of its component price series offset
each other to a large extent, average seasonal changes in the CPI as
a whole, in its present form, are of a very small order of magnitude
(Chart 1, Fig. 1). The amplitude of the averaﬁe seasonal pattern for
the major group of foods is much larger, but still small compared with
that of any of the patterns for the individual food items covered by
our measures (Table V). The other major groups combined have an
average seasonal index that moves in the opposite direction to the
food index in most months but is much flatter. As shown in Chart 1,
Fig. 1, the overall index for the CPI resembles more the food seasonal
in the direction, and more the “other items” (nonfood) seasonal in the
size, of movements. (In terms of value weights developed from the
1950 consumer expenditures survey adjusted to December 1952 prices,
foods accounted for 30 percent of the total CPI.) .

While the monthly change in the seasonal index for all items of
the CPI combined was on the average only -=0.13 percent in 1947-58,
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it is nevertheless true, as observed in the introduction to this study,
that “seasonal influences may and at certain times did dominate the
short-run behavior of . . . the Consumer Price Index.” It should be
noted that the total CPI is a sluggish series; under more or less “nor-
mal” peacetime conditions, e.g., during most of the recent post-Korean
period, the index would not often vary from month to month by more
than 0.1 or 0.2 of an index point (which in percentage terms amounts
to still smaller changes). Moreover, among the components of the
CPI that are particularly stable in the short run, those that show
little seasonal sensitivity appear to have the greatest importance.
Thus changes in prices of the seasonal items will frequently be al-
lowed to exert a relatively strong influence upon the month-to-month
behavior of the total index.

2. SEASONAL MOVEMENTS IN PRIMARY-MARKET PRICES

The evidence on seasonal fluctuations in the components of the
U.S. Wholesale Price Index (WPI) is presented in this section in the
'same way as was the evidence for the CPI items in the preceding
section. This will save description space and facilitate comparisons.
Again, the dominating impression is that of diversity. Among the
average seasonal amplitudes for prices paid in the primary markets, a
number exceed the largest of such amplitudes for prices paid by con-
sumers, so that the range of the former measures is still considerably
wider than that of the latter (cf. Parts B of Table V and VI). Inthese
terms, then, wholesale prices are found to be on the whole more
sensitive seasonally than the consumer price indexes.” A comparison
of the measures for the comprehensive series (in Parts A of the two
tables) also provides some evidence of the same relation, although
these amplitudes are small for both the CPI and the WPI for the
already familiar reason, the offsetting seasonals ini the component
price indexes.

Again, several kinds of vegetables and fruits lead the list with the
largest seasonal amplitudes—in excess of 30 percent for eight items.
Meats, poultry, livestock, hides, eggs, and milk are found in the mid-
dle range. Other items—about half of the total collection—show
amplitudes of less than 5 percent. They include predominantly dura-
bles, both producer and consumer goods, but also fuels and apparel
(see the rankings in Table VI).

Chart 2 parallels to a certain extent Chart 1 and shows that the
seasonals for the WPI items, too, vary greatly in their patterns. For
example, the index for fresh fruits contrasts sharply with that for
fluid milk (Chart 2, Fig. 3). Florida and California oranges have
quite different seasonals (Chart 2, Fig. 10). Prices of two types of
lumber show almost entirely inverse (but small) seasonal fluctua-
tions (Chart 2, Fig. 7). Other diagrams (e.g., Chart 2, Figs. 2 and 6)
illustrate smaller timing differences and partial overlaps. Some com-
parisons show relationships that are very similar to those found for
the corresponding consumer price series (cf. Figs. 8 and 10 in Chart 2
with Figs. 6 and 7 in Chart 1). '

The indexes for “farm products” and “all commodities less farm
and food” (Chart 2, Fig. 1) are broadly similar in direction of move-

7 It will be recalled that over the cycle, too, wholesale prices have historically tended to
fluctuate more widely than retail prices.
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TasLe VI.—Range of Average SBeasonal Indexes for Selected Groups, Bubgroups,
Product Classes, and Items of the Wholesale Price Index, 1947-58

Range of
average Rank ?
Ling Group or item seasonal
index!
m (6]
A. GROUPS AND SUBGROUPS?

1| All commodities. .. o e cceaaes 0.8 41.6

2 | All commodities less farm and food _ 11 36

3| Farm products.. ceeeecemeccnnanns 2.8 28

4 | Fresh fruits o e 14.0 17

5 | Fresh and dried vegetables : ——- . 3L0 9

8 | Processed 1008 o .o eaes 2.1 30

71 MeatS. e cncmeeeeeeaeaees -—- 8.9 22

8 | Textile products and apparel 1.2 32.5

9 | Hides and skins.. . .. oo aeas 9.1 21
10 | Lumber and wood products 0.7 44
11 { Lumber_....._.___. 0.8 41.5
12 | Snap beans_ 93.8 1
13 | Cabbage. 72.0 2
14 | T 008 o em o e 63.4 3
16 | Oranges, Florida. 60.1 4
16 | Carrots 41.2 5
17 | Potatoes, white, Chicago 40.6 6
18 | Omion..._..._. [ 38.2 7
19 | Lettuce. oeeee__._. 34.2 8
20 | Pork loins, fresh___ 29.2 10
21 | Celery @ . ... eieomamaceemnacaeoan 26.0 11
22 | Barrows and gilts, 200-240 pounds.........__... 22.0 12
23 | Oranges, California_. 18.9 13
24 | Lemons._._...._.... Cvecmssenec—eediecce—amceceennn 17.0 14
25 | Cattle hides. __ 16. 4 15
26 | Live poultry... - 16.7 16
27 { Eggs ... 11.0 18
28 | Beef, choice....__ e ——————— 9.9 19
29 | Livestock. 9.8 20
80 | Fluld milRe. oo e e oo e 7.9 23
31 | Steers, ChoiCe. ¢ o e e e cimc e cemcaeeen 5.0 24
32 | Coal. .- 3.5 25
33 | Douglas fir lumber. 3.2 26
34 | Leather 3.1 27
35 | Southern pine lumber. 2.3 29
36 | Agricultural machinery. 1.3 31
37 { Gasoline__._._ 1.2 32.5
38 | Construction machinery. L1 36
39 | Household furniture_...__ . 1.1 36
40 | Commercisl furniture . —ac_oa . _._._..... . 1.1 36
41 | Structural clay produets. .. e 1.1 36
42 | Apparel e emmemmea 1.0 39
43 | House appli —accenan- dammm - 0.8 41.5
44 | Concrete ingredients. 0.8 41.5

1 Basad on average monthly seasonal indexes for 1947-58 (except line 21).

1 Based on ontries in column 1, from the largest (rank 1) to the smallest (rank 44).

3 Includes overall aggregates and groups containing any of the items listed in Part B below.

4 Listed according to their ranks in column 2,

§ Includes some groups for whose components no separate price sessonals are available (see note 3).
¢ Based on the average monthly seasonal index, 1950-58.

ment to the indexes for the CPI groups “food” and “all items less
food” (Chart 1, Fig. 1), but are somewhat larger in amplitude. The
seasonal pattern of the total WPI (“all commodities”) resembles
rather closely that of commodities other than farm products and
processed foods. The CPI seasonal, on the other hand, 1s apparently
influenced relatively more by food and less by other items.”™

™ The relative importance within the WPI of farm products and processed foods com-
bined {s about 30 per cent—much Iike the relative {mportance of foods within the CPI.
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Aversgs Scesomsl Indexes for Selscted Groups and Items of the Wholesale Price Index
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Crarr 2—Concluded
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3. SEASONAL MOVEMENTS IN PRICES RECEIVED BY FARMERS

Many component items of the Index of Prices Received by Farmers
fluctuate widely over the seasons. Index numbers of seasonal varia-
tion have been computed by the Agricultural Marketing Service,
U.S.D.A., and published for all those price series that have significant
and not excessively erratic seasonal patterns based on sufficiently long
and comparable historic data. The average amplitudes of these in-
dexes are listed in Table VII.

Not surprisingly, the commodities with the largest seasonal ampli-
tudes are here again fresh vegetables and fruits. These, together with
potatoes, account, for the entire first half of the list (lines and ranks
1-22 in Table VII).” Few generalizations can be made about the
other commodity groups which include prices with intermediate or
small seasonals, but the relatively high ranks of wholesale milk and

1 Among the items with the very largest amplitudes are some that have short marketin,

gseagons and can be priced directly only in certaln months of the year (cf. Table Vlf
Hnes 1-8, 7 and 11).
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TABLE VIIL.—Range of Average Seasonal Indexes for Selected Items of the Index
of Prices Received by Farmers®

Range of
Line Commodity 3 Group avesige
seasonal
index
1| ASparagus?® .. ..o eaaaaal Commereial vegetables for fresh market....._... 142
2 | Watermelons 3. do 141
3 | Cantaloupes $. do — 123
4 | Cucumbers do 109
5 | Peppers, green do 18
6 | Corn, sweet ie--cdo 85
7 | Tangerines 3. ..o ceeooaomomaoaaaa] Fruits........ 84
8| T toes. Commercial vegetables for fresh market. ... 77
9 | Grapefruit Fruits... 73
10 | Spinach. Commercial vegetables for fresh market........ 69
11 | Strawberriesd.... Fruits.. €2
12 | Onlons......_... Commercial vegotables for fresh market._........ 57
13 | Carrots.. eeeeedo 56
14 | Beans, snap —e---do 51
15 | Cabbage U I do 46
16 | Sweet potatoes. Potatoes, etc 89
17 | Oranges excluding tangerines...... Fruits 37.
18 | Celery. Commercial vegetables for fresh market. 30
19 | Lemons .| Fruits.._. 29
20 | Lettuce.. Commercial vegetables for fresh market. 28
21 | Caulifiower do.. - 25
22 | Potatoes. Potatoes, etc. 4
23 | Milk, wholesale.-..ocoecmeocmamaaas Dairy products 2
24 | Soybeans. oo caaae Oil-bearing crops 20
25 | Hogs..-... Meat animals 18
26 | Eges... Poultry and eggs e emmmemceemcmameoman 18
27 | Sheep.... Meat animals. 17
28 | Corn._.... Feed grains and hay. - 17
29 | Turkeys. Poultry and eggs_.__.. 18
30 | Apples Fruit.. 16
31 | Flaxseed Oll-bearing crops - 18
32 | Oats Feed grains and bhay. ... 16
33 | Grainsorghums. ...ocoen oo caeee [ (SO 14
34 | Broceoli. .. Commercial vegetables for fresh market......... 13
36 | Cottonseed. ....ccommoaammaaaaaaaae Qil-bearing crops. 12
36 | Rice. Food grains 12
37 | Chickens. Poultry and eggs__ SU— 10
38 | Beef cattle. Meat animals 10
39 | Lambs —eeo.do 10
40 | CalVeS.cuaeneeccicenccceceeacafaaenn do 9
41 | Hay, baled. v oo oo Feed gralns and bay.... 9
i | Rye S Food e H
ye._- 00! ns.

44 | Wheat OO RRRN A. do..... 7
45 | American upland Cotton R 7

1 The seasonal indexes are based on ratlos to centered 12-month moving averages for the following periods
of years: Meat animals (iines 25, 27, and 38-40): 1921-53 (excl. 1842-46); corn, barley, rye, wheat and cotton
(lines 28 and 42-45): 1023-52; potatoes, oats, rice, and chickens (lines 22, 32, 36, and 3%): 1933-52; turkeys and
grain sorghums (lines 29 and 33): 1934-52; hay (line 41): 1925-52; oil-bearing crops (lines 24, 31, and 35): 1947
51; sweet potatoes (line 16): July 1940-June 1954; eﬁs (line 26): 1954-58; lemons (line 19): 1938-58; apples (line
305: 1944-58; all other fruits, all commercial vegetables, and milk (ine 1-18, 20-21, 23, and 34): 194558.

3 Listed according to the seasonal range, from largest to smallest,

3 Pricing season is less than a year.

Source: U.8. Department of Agriculture, Agricultural Marketing Service Crop Reporting Branch.

eggs and the position at the bottom of the list of food grains and cotton
may be noted.
he large variety of seasonal patterns found among prices received
by farmers is demonstrated in Cphart 3. Some striking contrasts will
be noted there between indexes for items belonging to the same com-
modity groups. For the All Farm Products Index of Prices Received
by Farmers, no index of seasonal variation is computed since.the
atterns of the various component price series are virtually offsetting.
E‘or some commodity groups, however, index numbers of prices re-
cf',eived are published both in the seasonally unadjusted and adjusted
orm.”

' These groups are: (a) fruit; (b) commercial vegetables for fresh market; (e
potatoes, lwgeet %ota.toes, (uzd dry edible beans; (4) durgy products; and (e) poultry u\&
eggs.
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OHART 3
Aversge Seasonal Indexes for Prices Received by Farmers, Selected Commodities
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4, SEASONAL MOVEMENTS IN QUANTITIES

Data on short-run changes in quantities consumed, and in particular
on their seasonal variation, are very scanty. For large groups of
products and on a national basis, this information is not available
at all at the dpresent time. In fact, lack of quantity data of adequate
coverage and in suitable form is & major stumbling block that would
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have to be laboriously removed should an attempt be made to use
seasonal weights in the construction of the principal U.S. i)rioe indexes.

Foods is the only major commodity group for which a large amount
of material on seasonaj variation in quantities consumed is available.
The U.S. Bureau of Labor Statistics prepared a detailed tabulation
on the “Estimated Relative Change in Quantities of Selected Foods
Purchased per Month” and kindly gave us permission to make re-
stricted use of these materials for the purpose of this study. The
Bureau describes these data as “derived from various sources and
selected as appropriate for use with average weekly expenditures for
food items reported by households in Chicago, Ill., in Spring 1951.”
Table VIII presents a summary of these data f»y what is regarded as
their single most significant characteristic, namely the size of the

TasLE VIII.—Indezes of Seasonal Change in Quantities of Food Items Purchased
per Month, Distribution by Group and Amplitude Range

Indexes of seasonal change {n quantities

purchased Num-
ber
Num- of
Line Group ber Number within specified {tems
of amplitude range with
items ! | Total no
num- sea-
ber | Less | 50 to | 100 tof 150 to| 200 to| sonal
than| 99 | 140 | 199 | 250
50 | per- | per- | per- | per-
per- | cent | cent | cent | cent
cent
(¢}] @ (@ |@]®» |6 |O]®
1 | Milk, cream, ice cream, cheese.. 1 5 [ 2
2| Fatsandofls______..._.__.__. 12 9 [ 1 PN IR PO N S
3 | Eggs, meat, poultry, fish.... 81 19 15 4 .
4 | Potatoes, peas, beans, and nuts - 12 9 2 3 1 E: I TR N,
6 | Fresh fruits. - 8 6 1 1 2 |acaeen 2
6 | Fresh vegetables. o o. oo cauccamccaanas . 15 1 2 2 2 5 3 1
7 | Canned, frozen, and dried fruits_ ... ____ 19 16 1 [ 3 PO ) U RN
8 | Canned, {rozen, and dried vegetables..__ 23 12 10 2
9 | Sugars and sweets 12 4 ) W PRI, BRI M 1
10 | Grain produets___.______.___.__. a1 18 13 < 7 PR ESRNGN PO, 4
11 | Miscellaneous and unspecified *._________ 17 8 7 b O FRPSRNY RO A, 3
12 Total (groups 1-11) ... 211 19 79 21 5 9 5 12

1 A number of these items form groups of two or more which have the same seasonal patterns. Hence
the total number of items (211) exceeds considerably the total number of the various seasonal indexes
((astimar.eg) (119; see col. 2). A few items, too, have been found to show no significant seasonal variation
see col. 8).

1 Mainly beverage and accessories, and also baby foods.

Source: Bpecial tabulation made available by courtesy of the U.S. Bureau of Labor Statistics. Derived
from varlous sources and selected as appropriate for use with average weekly expenditures for food items
reported by housebolds in Chicago, Illinols, Spring 1851,

seasonal movement. The classification by food categories employed
in this table is such that items in different groups do not, while items
in the same group often do, have common seasonal patterns.

The table shows that the seasonal indexes for food consumption reach
into the ranges of extremely large amplitudes. Nineteen, or about
one-sixth, of them show amplitudes in excess of 100 percent; fourteen,
or more than one-eighth, exceed 150 percent; and a few even exceed
the 200 percent mark (Table VIII, cols. 5-7). In contrast, the four
most pronouncedly seasonal of the consumer prices listed in Table V
(lines 17-20) show amplitudes of only 23-26 and (in one case) 60
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in Table VI (lines 12-15) fall between 60 and 94 percent. While the
samples of the price and of the quantity seasonals leave much to be
desired in regard to comparability, the above observations refer to
prices and quantities of similar if not identical commodities. The
comparisons could be extended further with analogous results. Hence
the inference seems warranted that seasonal movements tend to be
larger in quantities purchased than in prices, at least for many food
products.

The commodities with seasonal consumption amplitudes of 100
percent or more all belong to the fruits and vegetables categories (15
1tems, all but one fresh products) and to the group of potatoes, peas,
beans, and nuts (4 items). These highly seasonal commodities ac-
count for the bulk of items in these three product groups (Table
VIII, lines 4-6). Of the twenty-nine items in these groups, only
five have amplitudes of less than 50 percent. As will be recalled
from Tables V and VI, the same groups also show the largest sea-
sonal amplitudes of price movements, This, of course, is due to the
conditions of supply of these commodities, which account for the
seasonality of both their consumption and their prices.

Chart 4 illustrates the great diversity of seasonal patterns in quan-
tities purchased of the various food products. Again, as in the
diagrams for price seasonals (Charts 1-3), these comparisons bring
out the approximately inverse behavior of the seasonal components
of some of the items (e.g., Chart 4, Figs. 4, 8, and 11), the timi
differences between some other patterns (e.g., Chart 4, Figs. 8 an
5;, and the amplitude dominating still other situations ( Chart 4, Fig.
1). In comparisons between the figures, which may also be instruc-
tive, differences of the amplitude scales ought to be noted.™

Of particular interest is the relationship between fresh and canned
varieties of the same or similar products, as suggested by Chart 4.
The most striking example of an almost perﬁctfhvem relation
found among the materials at our disposal is given in Fig. 8 (Chart
4), where canned apgles and applesauce are contrasted with fresh
apples. Substantial elements of inverse behavior, however, will also
be noted in the comparisons of fresh and canned fish (Chart 4, Fig.
3), fresh and canned tomatoes (Chart 4, Fig. 6), and fresh oran
and concentrated orange juice (Chart 4, Fig. 9).” These examples
provide strong support for the a priori plausible notion of seasonal
substitution between fresh and canned varieties of the same food
products or product classes.

The findings based on the special BLS tabulation are confirmed by
independent evidence. Surveys of family food budgets conducted
in 194849 for the Department of Agriculture provide valuable data
on various characteristics of food consumption, including seasonal

™ Because of the larger seasonal movements in consumption, larger scales
used in most of the figures of Chart 3 than were used in Charts lrag:d 2. had to be
M An inverse relation is also present in the case of grapefruit (Chart 4, Fig. 7), but
here it is_the contrast between the amplitudes of the two indexes that is the dominant
feature of the comparison. (Grapefruit consumption declines to miminal amounts in
July-8eptember, and actually this is one of the ‘seasonal fruits” that are not priced
:l;gugho%tl th‘:eh yt:’ulr bt’i thefBIﬁs') Cairthlllle:lh ju‘lce;sh shov; smaller amplitudes and more
ement in the direction of change w e fre roducts than do
varieties (ef. Figs. 6 and 9, Chart 4). » the other canned

percent, and the four 131(‘5251 seasona] amplitudes for wholesale prices
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CHART 4
. Betimated Seasomal Change in Quantities of Selected Foods Purchased per Month
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variation.®® Salient features of the four-season indexes derived from
these surveys are presented in Table IX. Again, fresh fruits and
vegetables are found to be far more sensitive seasonally than any
other foods. They reach their seasonal peaks in summer and troughs
in winter (except for citrus fruits), which is the opposite of the pat-
terns prevalent among other foods, where summer is the season of
the lowest standings. Fresh and processed products have inverse
seasonal movements. Also, among the fresh flz)*uits, citrus fruit con-
sumption was seasonally high when the consumption of other fruits
was seasonaII% low, and vice versa. Meat and poultry consumption
(low and high in the summer, respectively) interacted in a similar
way. For most groups of foods, however, seasonal differences in con-
sumption appear to be relatively small, owing in a large measure to
offsetting variations in their individual components.

TABLE IX.—Measures of Seasonal Variation in Quantities Purchased of Selected
Food Items, 1948

Beasonal index (year’s av.=100) | Change in the seasonal index

Line Food item Highest Lowest Ampli- |Winter-| Spring- | Summer-
standing t standing! | tude? | spring | summer fall
[¢)) )] ® 4 (5) ®

1 | Milk, cream, ice cream, cheese.| 105.5 $W)--- 94, 10.8 | -6.7 -4.1 +2.5

2 | Bakery products_.-ocaeeoaeo-. 104.8 (F).._.| 95.! 80| —4.2 -0.8 +8.9

3| BggS e eeeeeaee 106.4 (Sp}_-. 91, 14.9] +43.5 -14.9 +3.9

4 cats 104.8 (W) .| 90. 13.0 -4.8 —-9.1 +10.0

5| Poultry. .. ...oeeeeeecaeeaaan 112.3 (Sng_-_ 96. 16.2 | +43.7 +12.0 +16.2

6 | Fresh fruits._.. 177.1 (Su)-..| 80. 9.2 H0.5 +95.7 +84.3

7 Citrus....... 124.9 (W). .| 66. 58.9f —~6.8 —44.0 -8.1

8 Other... ..oeaena. 248.7 (Su)-..| 51. 194.3 | -+5.4| 41889 -135.1

9 | Canned and frozen fruits. 140.7 (W)...| 59. 81.0 | —27.8 -53.2 +0.2

10 | Fresh vogetables..._.... --| 122.9 (Su)...| 80. 4.3 +8.4 +33.9 -1.2

11 | Canned and frozen vegetables.| 139.7 (W)...| 4. 95.6 | —29.7 ~-65.9 130. ]

12 | Canned and frozen Julces. ... 103.8 (F)..__{ 9. 10.6 { —4.1 —~4.8 10.6

! The seasons corresponding to the figures in these columns are {dentified in brackets, as follows: W—Win-

ter g)oc.—Mur.); 8p—S8pring (Apr.-June); Su—S8ummer (July-Aug.) and F—Fall (S8ept.-Nov.).
3 Equals the difterence between the corresponding figures in cols. 1 and 2.

Nortz: This table refers to ‘‘urban housekeeping families of 2 or more persons in the United States.”

Bource: Based on Table &2 (p. 102) of the Agriculture Information Bulletin No. 132 (1954). See reference
in footnote 80.

Regrettably, information on seasonal changes in consumption of

roducts other than foods is exceedingly scanty and inadequate;
indeed, what little of it is available to us does not seem to merit pres-
entation. Considerable information on seasonal varieties exists for
series on outputs and some for series on inputs and shipments of a
variety of products, mostly manufactures. These materials, then,
relate to stages preceding consum;}:tion or to goods destined for pro-
ducers rather than consumers. They do throw some light upon the
nature of seasonal changes in quantities sold in primary markets by

® Food Consumption of Urban Families in the United States, by Faith Clark, J. Mur-
ray, A. 8. Welss and B. Grossman, Agriculture Information Bulletin No. 132, Home Eco-
nomics Research Branch, U.S. Department of Agriculture, Washington, D.C., October
1054. This study presents seasonal indexes based on data gathered in the winter, spring,
and fall of 1948 and in the spring and summer of 1949. The 1949 data were collected
in Birmingham, Ala., and Minneapolis-St, Paul, Minn,; the 1948 data, In the same two
citles and also In Buffalo, N.Y., and San Francisco, Calif. In these surveys approximately
4,500 schedules were furnished by households on their weekly food consumption and on
certain family characteristics. areful procedures were followed in combining data for
individual food items from the four cities into a single set of weighted seasonal indexes
which was described as being fairly representative of U.B. urban consumption. (For the
detalls of the method of constructing these indexes, see the above-cited bulletin, pp. 51-53.)
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industrial producers and farmers, although most of the data are for
outputs rather than shipments or sales.

A few more general and pronounced characteristics of these output
seasonals are E ught out in a summary and selective fashion in
Table X. Thereis clearly a considerable degree of similarity between
the indexes for several industries. Inspection of the seasonal dia-

TasLe X.—Highest and Lowest Standings of Seasonal Factors for Selected
Components of Federal Reserve Production Indewes

{Seasonal Index (year's av.=100)}
Isthight | Midyear | 2d highs
Industry low3
¢V} ) @3)
Primary metals 105 88 101
Fabricated metal 101 95

Nonelectrical m: 104 95 101
{ 102 85 112
104 85 105

110 85 1
110 88 101
108 82 108
104 89 106
102 26 102
115 7% 121

1st low Midyear 2d low
high

Food manufactures 401 117 697
Beverages. ———- I 180 8119 484

[Seasonal Index (year’s av.==100)]

Isthigh?® | Midyear | 2d high u

Consumer durables low 10
(6] @) 3)
Autos 1 115 56 121
Household furniture. - mmmmmeemsemmeaceceeenemaan 100 95 106
Floor coverlngs ——- 109 76 108
eration appliances. .. - a.—— 127 73 06
Laundry ap, T, i SR 114 7 13
sots 4. 105 56 139
Televislon sets 13 106 59 135
Miscellaneous home and personal g00dS.c oo avvomme oo 100 93 108
1st low Midyear 2d low

high

Aato parts and tires. 495 1109 097

1 Standings in March (6), February (3), January (l), and Apri} (1).
3 All July standings except for one August (nonelectrical machinery).
:g& dings in October (9), November (1), and December (1).
arch
L4 September
¢ December.
? January.

$ July.
J Smndlngs in February (4), March (3), and April (1).
10 Standings in July (6), August (1), and September (1).
1 Standings fn October (1), September (2), and November (2).
13 1957 indexes used (1955 and 1956 indexes slightly different).

Note.—The indexes are those for 1955-57 or 1056-57, except as indicated in note (12).

Source: Division of Research and Statistics, Board of Governors of the Foderal Reserve Syste:
Adjustment Factors, 1047 to 1957, Federal Resarve Production Indexes (May 1959 mimeo.). ystem Seasonal
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for the major components of the Federal Reserve production
indexes shows that common to most of them is a broad “double-peak”
mtern of fluctuation. A peak or high standing of the seasonal in the
quarter of the year is followed by a descent to a summer vacation
trough, mostly in July, which is often conspicuously low. Then there
is a rise to a second peak in the last quarter. Otherwise the patterns
vary greatly; for example in some the first peak is higher, in others
the second. Outputs of major consumer durables show particularly
large movements of this type, except for automobiles, where the nadir
occurs at the model-changeover time, now early in the fall. Products
grocessed from agricultural raw materials show less but still relatively
igh seasonal sensitivity. Some of them, such as vegetable and animal
oils, conform to the double-peak model. But food manufactures and
beverages have entirely different patterns, with single peaks in Sep-
tember and June, respectively.

5. PRICE-QUANTITY INTERACTIONS OBSERVED IN SEASONAL PATTERNS

The seasonal indexes that we were able to collect for this study offer
few possibilities of even roughly matching the data on prices and
quantities l}y roduct and transactor characteristics. A few ex-
amples for oog products are shown in Chart 5. The price data are
seasonal factors for selected CPI components; the indexes for quan-
:ibt(i)es ;:onsumed came from the special BLS tabulation (see Section 4

ve).

As illustrated by Chart 5, the evidence for food products confirms
what would be expected on theoretical %rounds, viz, that seasonal
movements in the prices and quantities of many goods are inversely
correlated. The negative relationships are very pronounced indeed
for such highly seasonal commodities as eggs, tomatoes, and oranges.
The evidence for some food groups—dairy products, meats, and
fish—is somewhat mixed, but here too elements of negative associa-
tion seem to prevail and are sometimes very strong (as in the case of
pork shown in the chart). In some instances, however, relations that
are on the whole positive rather than negative are found. The best
example for this that we could establish is given in the diagram for
poultry in Chart 5. This also is in accord with theoretical considera-
tions. As noted before, where seasonal changes in prices and quan-
tities are due to shifts in demand rather than in supply curves one
would expect the seasonal price-quantity relationship to be positive,
not negative.
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CHaAERT 5
Seasonal Movements in Quantities Purchased and Prices for Selected Food Products
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8. COMMODITIES NOT PRICED OR NOT AVAILABLE IN CERTAIN SEASONS

Some items of extreme seasonal sensitivity are not directly priced
throughout the year in the process of compiling the price index series.
The treatment of such “part-year” commodities in the major U.S.
price indexes has been broadly discussed in Part II, Section 2; in
what follows these items and their (Principa.l characteristics will be
identified for each of the indexes under review.
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TasLe XI.—Items With Pricing Seasons of Less Than a Year in the U.S.

Consumer Price Indew

Line Group Commodity Specifica- Pricing season
tion no.
F-423 November-May.
F-425 July-September,
F-426 April, May, and June.
F-427 July-November.
F-428 June, July, and August.
A-407 September-January.
A-410 Do.
..... L+ | . A-415 Do.
Dress, all new wool____. A—490 Do.
Coat, all new wool, girls’ A-600 Do.
Skirt, all new wool, girls’ A-620 Do.
Sweater, Orlon, girls’ A-632 Do.
Suit, all new wool A-431.1 | September-April.
.| Suit, rayon acetate A-441 Do.
-| Dress, cotton, street. A—495 March-J.-ulK.
Coat, sport,light _____. .| A-420 February-April,
Sweater, all new wool..._... A-141 September-January.
Jacket, Gabardine rayon | A-150 Do.
acetate. Ser.
19 {.c... L U T Jacket, rayon, boys’......... A-340 Do.
ser.
Topcoat, all new wool....... A-101 September-March.t
Suit, all new wool, boys’____| A-310 Do.
Shirt, sport, long-leeve, | A-213.1 Do.
men's.
Shbl.rt, sport, long-sleeve, | A-371 September-February. !
oys’,
Suit, tropical, worsted_..._..| A-118 March-July.
Suit, rayon tropieal.........| A-120 Do.
Shirt, sport, short-slesve, | A-212 April-August.?
men's.
Shgrt. , sport, shortsleeve, | A-370A | March~August, !
0ys’.

I Approximately.
Source: Bureau of Labor Statistics, U.8. Department of Labor.

a. Consumer Price Index.—Until 1953 the group of “part-year”
commodities in this index consisted only of certain apparel items;
since that time, a few food items—all fresh fruits—have been added.
The list now includes five fruits, eleven items of women’s and girls’
apparel, and eleven items of men’s and boys’ apparel. These com-
modities and their respective pricing seasons are identified in
Table XI.

The present procedure 1s for the seasonally disappearing apparel
items to be estimated during their off-season periods by the move-
ment of the year-round apparel products.®? The method used for the
food items is somewhat different. Here those commodities that can-
not be priced directly in a given month have their price movements
estimated by the change in price of total fresh fruits, including not
only the year-round items but also those “part-year” fruits for which
direct prices are available in the months concerned. The food
method utilizes more information than the apparel method but it thus
strengthens the influence of the highly seasonal “part-year” fruit
items which are extremely variable and at times volatile. As a result,
very large price relatives for fresh fruits are reflected in the index
at the beginning of the season for such commodities as peaches,
grapes, and watermelons, i.e., in the months of June and July when
these fruits are still expensive. For this reason, we are informed,
the BLS is considering the advisability of applying the procedure
now used for apparel to the seasonal fruits as well.

8 Before 1953 these prices were assumed to undergo no change off-season.
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Large price declines usually occur between the first and second
month of pricing a seasonal item such as any of the fruits listed in
lines 1-5 of Table XI. The other fresh fruits do not show such
declines at these times (see the accompanying tabulation).

Retail Price Relatives, Chicago

Btrawberries Peaches ‘Watermelons Qrapes
- (April-May) (July-August) (June-July) (July-August)
‘ear

Actual | Year-round | Actual| Year-round | Actual | Year-round | Actual| Year-round

fresh fruits fresh fruits fresh fruits fresh fruits
8.3 081 029 82.1 106.0 | 657 0.3
7L 94.2 79.7 86.4 86.9 100.7 60.2 86.4
78.9 100. 5 89.4 81.9 71.1 105.3 75. 4 81.9
70.3 102.2 79.9 100.6 69.5 97.56 | 67.8 100.6

Taken at their face value, these comparisons would seem to suggest
that the errors involved in the imputation procedure as applied to
the above items are very substantial. Mowever, it is important to
note that this is surely an extreme test of the possible imputation
errors, since it is restricted in each case to a single month-to-month in-
terval which, in the present context, has very special characteristics.??

Chart 6 presents monthly retail price relatives (Chicago, 1955-58)
for all “part-year” items in the fresh fruits group and about half of
those in the apparel group.®* The chart shows very large up and
down movements of fruit items during their pricing seasons and sug-
gests that these movements often influence strongly the behavior of
the total fresh fruits index. The apparel items, on the other hand,
are very stable, their price relatives being frequently equal to 100, or
approximately so, for several months.®* (Prices of women’s and %wls’
apparel are appreciably less stable than those of men’s and boys’
apparel). It should make little difference whether the off-season
Erlces of these items are varied with the apparel group index or are

eld constant at their end-of-season levels.

A limited objective that the index maker may wish to pursue is
to avoid sudden “breaks” in the series at the time a commodity re-
appears after its off-season period. This can be achieved retroactively
through periodic revisions in which estimates for the seasonally dis-
appearing items that are based on interpolation between the initial
and the terminal dates of their respective off-season periods would be
substituted for the original estimates based on extrapolation from the
former dates. Another practical consideration is that the imputation
procedure can be expected to present less difficulty when it is applied

@ Another qualification, believed to be minor, is that the tabulation in the text lists
the relatives for the year-round fruits only. whereas In the actual BLS procedure the
relative used to estimate items during the off-season 18 based on a combination of year-
round items and any of the “part-year” goods priced in the current month, (If one
assumes that this procedure is extended to the first two months of pricing a seasonal item,
then the price of the latter should, strictly speaking, be omitted from the estimatin,
relative for these months.) We are indebted to Mr. Sidney A, Jaffe of the BLS for bot
the figures used in the tabulation above and the critical remarks on the significance of
these comparisons.

571t should be noted that the price relatives in the first month of the pricing season
are composed differently for fruits and for apparel. Those for fruits represent the change
from the previous month’s implicit price, which is the estimated price obtained by con-
tinuous application over the off-season period of the price relatives for all priced fresh
fruits., Those for apparel represent the change from the end of the previous pricing season.

8 The items included in art 8 are in this respect representative of those that have
been omitted.
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to seasonally adjusted price series than when unadjusted data are
used. This is because the month-to-month changes are smaller in
the former series and because elimination of their different seasonal
components is likely to reduce the dissimilarity between the series

used in the imputation procedures.®

b. Wholesa
year” items evenly divided between a
fresh foods) and a group of apparel an
and their pricing seasons are 1dentified in Table XII.

£o

textiles,

Price Indexs—This index includes twenty-four “part-
oup of farm products (all
These commodities

TABLE XII.—Items with Pricing Seasons of Less Than a Year in the U.8.

Wholesale Price Index

Tine QGroup and subgroup Commodity Code Pricing season !
1 | Farm products; Fresh fruits..| Apples, Deliclous 01-11-01 | October-May.
2 | Farm products; Fresh fruits..] Apples, Winesap 01-11-02 | March-August.
3 | Farm products; Fresh fruits..| Grapefruit, Florl 01-11-21 | October-June,
4 | Farm products; Fresh fruits_.| Oranges, Florida. .. 01-11-26 | October-July.
5 | Farm products; Fresh fruits..| Grapes....cooceceeeeoecceccaca 01-11-31 | July-March.
6 | Farm products; Fresh fruits..| Peaches 01-11-38 | July-September.
7 | Farm products; Fresh frults..| Pears_ ... ..o oo oo oo .. 01-11-41 | July-May.
8 | Farm products; Fresh fruits_.| Strawberrles. - 01-11-51 | Apr.~Aug., Nov.~-Jan.
9 | Farm products; Fresh and | Cantaloupes_____..__.___________ 01-13-21 | April-October.
dried vegetables.
10 | Farm products; Live poultry.) Turkeys, hens. ....occccocoanaas 01-32-80 | June-January.
11 { Farm products; Live poultry_{ Turkeys, toms 01-32-85 | June-January.
12 | Farm products; Oflseeds.....| Cott: d «--| 01-73-21 | July-March.
13 Appcxrel; Women’s and | Women’s coat, trlmmed......... 03-51-12 | July-October.
misses’, .
14 Appl:rel: Women’s and | Women’s coat, untrimmed...... 03-51-14 | May-December.
misses’.
15 Apple:rel; Women's and | Women’sskirt. .. ... 03-51-62 | January-May.
misses’,
168 Appl:rel; Women’s and | Women'sskirt_______.__________. 03-51-66 | May-December.
misses’.
17 | Apparel; Infants’ and child. _{ Girls’ coat.. May-December.
18 | Apparel; Men's and boys’__..| Men’s suit. . September-April.
19 | Apparel; Men's and hoys’ Men'’s suit.. October-May.
20 | Apparel; Men's and boys’ Men’s topcoa! July-October,
21 | Apparel; Men's and boys’....| Men’s sport shirt - 52-36 | January-April.
22 | Apparel; Men's and boys’....| Boys’ cotton broadeloth shirt. .| 03-52-41 | December-April.
23 | Apparel; Knit underwear._..| Boys’ poloshirt. ... ........ 03-56-15 | November-February.
24 | Textile pro gs ucts; Broad | Tropieal blend fabrics........... June-March.
woven goods.

1 Pricing seasons for food items are somewhat flexible, depending upon supply. Pricing seasons for
apparel {tems are approximate, varying slightly for individual firms.

SOURCE: Bureau of Labor Statistics, U.S8. Department of Labor.

Until April 1959, prices of these items during off-season months
were held constant. After that date, the practice regarding farm
products was changed; their off-season prices are now imputed to
the movement of the product class in which they fall. The constant
off-season price method, however, is still used in the WPI for the
apparel items.

c. Prices Received by Farmers—Among farm products priced for
this index are some that have short marketing seasons. For these
commodities—the tobaccos, cottonseed, and seven fruit and vegetable
crops—current prices are not available on a year-round basis.

In the case of tobacco, average prices for the most recent season are
used for those types not currently sold. These are included along
with the actual current prices of the actively marketed types in the
average price of tobacco as a whole. The weights used in the compu-
tation of this U.S. average price are in all months the annual produc-

® The observations made in this paragraph of the text apply to the imputation method

generally. They are thus equally pertinent to the problem of seasonal disappearances in
the WP; (to be discussed presently) as they are to the same problem in the CPL
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tion estimates for the various tobacco types. As explained in a state-
ment received from the Agricultural Marketing Service, use of the
average price of current sales as the index price would result in drastic
month-to-month changes due to shifts in the types being sold during
different seasons.

In the case of cottonseed and the fruit and vegetable crops with
short marketing periods (varying from 4 to 11 months), the price
of the last month of the season 1s used in the index until the next
crop starts to be marketed. The AMS statement notes that the use of
the season average in the off-months of marketing (as in the case of
tobacco) would here result in rather sharp shifts in price from the
last price of the season toward that average and then again from the
latter toward the first price of the new season. The practice of using
the price of last month of marketing apparently causes fewer shifts
and is thus considered preferable.

7. POSSIBLE IMPROVEMENTS AND FURTHER RESEARCII

It is clear that pronounced seasonal movements are characteristic
of many price series and that they should not be ignored.®® As a
minimum, the series should be prepared and published in the seasonally
adjusted as well as unadjusted form. True, given the present systems
of fixed annual weights, the aggregate price indexes at our disposal
are not truly ‘“unadjusted” an(% mere application to such group or
overall indexes of some standard statistical “deseasonalization” meth-
ods cannot assure us of the precise meaning and quality of the result-
ing “seasonally adjusted” series. But by adjusting the individual
series and combining them with annual weights, aggregative indexes
can be produced that may in practice be quite satisfactory as measures
of the nonseasonal price change. There is obvious need for such meas-
ures and their regular calculation would, in this writer’s view, be very
desirable.

Beyond this, any possible improvement on a larger scale would
involve the use of seasonal weights and be far more di%ecult and costly
to achieve. But we do not face an “all or nothing” alternative in this
area. The advance can be partial and yet significant, and the studies
needed for a detailed decision of what can and should be done would be
of great interest in themselves.

We need to know more about how stable the seasonal patterns of
change in prices and quantities are over time. It is possible and
rather likely that sufficiently stable and pronounced patterns exist
for some part of the commodity universe but not for the rest of it. To
identify these two parts would then be an essential prerequisite for
a practical program of constructing a seasonal price index. For the
portion of the index with large and stable seasonalities, a fixed-bass,
seasonal-weight formula would be appropriate. For the portion with
small or variable seasonalities, annual weights would probably have
to be retained, since chain indexes with seasonal weights are not likely
to offer a practical solution. Periodic corrections of the results, per-
haps with the aid of independently determined annual averages, are
compatible with the seasonal procedures suggested and would pre-

& The problem of seasonally vanishing goods, in particular, cannot be avoided. Having
given it much attention before, we need not return to it in these concluding remarks,
except to say that the treatment of these commodities must be a compromise but as such
should be made as loglcal and consistent as possible.



304 GOVERNMENT PRICE STATISTICS

sumably be needed. Indeed, a separation between monthly estimates
and annual series may prove necessary if the requirements on a
monthly series could not be met.

The most ambitious undertaking that might be considered in this
area is an attempt to identify a basic set of seasonal market baskets
of equivalent utility contents. To prepare the way for it, all available
information bearing on seasonalities In quantities and prices would
need to be brought together and appropriately systematized by groups
with different degrees of substitutability. Existing studies of de-
mand elasticities, etc., should be utilized. At the least, this work
would indicate the dimension of gaps in our present knowledge that
future effort should be directed to close. At the most, probably, the
study would yield encouraging indications that the }I:roject can be
accomplished within a reasonaﬁ)le period of time rather than being
only of remote feasibility.



