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Deflating Statistical Series: An Example
Using Aggregate U.S. Demand
for Textile End-Use Categories

By Thomas M. Bell, Joseph M. Roop, and Cleve E. Willis*

Analysts fraquently adjust price, income, or
other data to elimmate the influence of inflation
or differences in size The authors of this article
examine economic and statistical reasons for
deflating time-series and cross-sactional data prior
to astimating demand relations Signs and magni-
tudes of regression coefficients change when
aggregate demand equations for textilas arg este-
mated from tume-series data Questions of hetero
skedasticity, multicollhinoanty, and homogeneity
are addressed The demend equations are disag-
greated by end use category—apparel, household,
and industrial demand
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Analysts often deflate data on prices, income, and
other vanables to eliminate the effects of unflation or
household size 1n demand analyses In time-series analy-
ses, for example, they frequently deflate consumption by
population, and 1nvestment by volume of sales In cross-
sectional studies, household income 1s often deflated by
size of househoid and sales by size of firm

Our purpose here 1s to present some reasons for
deflating statistical series and to demonstrate the results
—namely, that signs and magnitudes of repression coeffi-
aents change—when we use aggregate demand equations
and time-series data for textiles

ECONOMIC REASONS FOR DEFLATING

Vanables that shift demand funetions must be used 1f
we are to isolate price-quantity relationshups (19) ' To
measure consumer demand from time-series data, Foote
divides shift variables into four classes {1} consumer
Income or other measures of the general level of demand
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with Evans Economics, Inc Both Bell and Roop were
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15 a professor in the Department of Food and Resource
Economics, University of Massachusetts

' Italicized numbers 1n parentheses refer to items 1n
References at the end of this article

on a national basts, (2) the-general price level {3) supples
or prices of competing products, and (4) population (8,
p 27)

Let us focus on Foote's second category, the general
price level Assume that demand is homogeneous of
degree zero for all pnices and income, as economic
theory suggests We impose this assumption by deflating
each price and income vaniable by the general leve] of
prices * We express demand for commodity v as

VeEbo+ 0 X, +5,X; tu (1)
where

X, '= own price

X, = consumer income

&, = unknown parameters, and

u = ermrror term

The use ol real income and relative pnces s the “Mar-
shalllan™ method, alternatively, we could use normalized
pnces (9) or a “mixed” demand curve specification (15)
Utility theory requires that competing- and comple
mentary-good prices be included We ignore them
here to simphfy the presentation However, this argu-
ment precedes the functional form

From economic theory, price of ¥ relative to other
commodity prices influences consumption of y, thus
X; should be the relative pnce of ¥ This is the verbal
statement of homogeneity 1n the multigood world

Operationally, we obtain a2 measure of the relative
price of y by deflating 1ts absolute price by an index
of other prices The relevant price becomes *X, =
X /K, and the relative income measure 1s *X, = X, /K
The onginal vanables are expressed in nominat terms
and K 1s an index of the general pnce level, such as the
consumer pnice index (CPI)

Deflating by an index that contains the price of the
dependent variable makes the resultant regression coef
ficients subject to bias Bias1s also introduced when the
index 1s included as a separaie vanable

?We assume that (a) the good is relatively unimpor-
tant tn the consumer’s budget or that (b) the price
movements of substitules correspond approximately
with the general price level
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Analysts frequently adjust price, income,
or other data to eliminate the influence of
inflation or differences in size

This has led some mvestigators to construct special
index numbers which eliminate the price(s) of the
good(s) included 1n the analysis and to use these to
deflate the price vanables included n the study Obw-
ously, the unadjusted measure of the general price level
should generally be used to deflate the income vaniables

Brennan suggests that 1t 1s often better to deflate by
some other index than that of all prices (2,p 379) In
the demand analysis for an agncultural commedity,
Brennan deflates the pnce in guestion by an index of
agnicultural prices only Further, if only one other
commeodity 15 a strong substitute for the good 1n ques-
tion, 1t may be desirable to deflate the own price by
the price of that substttute No unambiguous rule for
the choice of the appropriate index can be given This
choice 1s determuned by the mvestigator's judgment and
knowledge of the behavior of the subject being studied
and the economic theory involved

STATISTICAL
OR ECONOMETRIC REASONS
FOR DEFLATING

Some econometnc considerations affect the choice
of a deftator Karl Pearson’s early work on ratios having
a common denominator showed that correlations
between ratios can reflect spuriously high estimates of
the relationship between the numerators (13) Kuh and
Meyer showed that correlation among deflated senes
may also be spuniously low (12) The question of spunous
correlation does not anse, of course, 1f the maintained
hypothesis 15 1n ratios Kuh and Meyer further demon-
strated two necessary and sufficient conditions for the
correlation of ratios to yield correct estimates of the
undeflated partial correlations These are that (1) the
coefficient of vanation (the ratio of the standard devia-
tion to the mean) of the deflating vanable 1s small, and
(2) the vanables deflated are linear homogeneous func-
tions of the deflator (12, p 405) The degree of bias
depends on the relative size of r(X,Y) compared to
r(X,2) and r(Y,Z), where Z 1s the deflator and r( )1s
the correlation operator Hence, when cross-sectional
data are deflated because of size, economic relation-

ships will probably approximate the homogeneity
requirement, so the ratio estimates generally should not
be senously hased

Another focus of attention 1s the spherical attnbutes
of the residuals If the usual homoskedasticity 1s
assumed for the undeflated series, deflating leads to
heteroskedasticity because deflation of the included
vanables transforms the error term The assumption of
homoskedasticity 1s seldom appropnate for undeflated
cross-sectional data

Small observations are typically associated with small
vanances and large observations with large vanances
Dawid and Neyman demonstrated that least squares
produce efficient unbiased estimates only if the residual
sum of squares to be mmmuzed 15 appropnately
weighted (4) That 15, we assume the usual Markov
assumptions are met and the vanance of the conditional
distnibution of the dependent vanable 15 a weighted
average of the unknown population vanance (with
weights w) Then, the most efficient unbiased estimate
of the regression parameters (b,) are produced by mim-
mzing (w(y - Xp))(w(y - Xp)) The matnx w s
diagonal with elements w,-'%, in the homoskedastic
case, W is an 1dentity matrix This denvation of & 15 an
Aitken generalized least squares estimator (10, p 214)

Suppose the simple deflation 15 such that w, = D}*
(D, the deflator) Deflating yields efficient, unbased
estimators when the undeflated residuals are hetero-
skedastic At worst, deflation will usually be supernor
to assuming falsely that a constant umtary weight is
appropnate (see 12, p 407, 3, 11) A further advantage
1s that extreme observations will have less effect on the
estimation

Deflating statistical senes o achieve a favorable
specification of an econometne model may be appro
pnate for both theoretical and empirical reasons
Deflating an otherwise spherieal relationship may
induce heteroskedasticity although cross-sectional data
frequently need to be deflated Multicollinearity 15 also
affected—most of the consequences are wellknown (10,
p 160, 14, pp 46-52, and I8, pp 127-128) The actual
size and compansons of r,( ) determine the magnitude
of the bias of partial correlation introduced when defla-
fion 15 used
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AN EXAMPLE ®

We now apply the deflating method by considering
demand for three categories of textiles by end uses
(apparel, household, and industnal) Each end use
includes four fiber types (noncellulosic, cellulosie,
cotton, and wool), with estimates of fiber content of
purchases expressed in cotton equivalent pounds Main
explanatory vanables of these categones are nominal
disposable \ncome, the end-use price index, an mmplicit
deflator for all goods except the end use in question, and

> This exampie does not illustrate the heteroskedastic-
ity arguments For a summary of tests for homoskedas-

population (Fiber types and classifications appear 1n
appendix table 1, data are 1n appendix table 2 Problems
of quality changes and aggregation are ignored )

In functional form, the demand for each end-use
category 1s expressed as

wy- Y
Q, = f(CPl,, PD,, INCN, POP),

1= A, H, I, end-use category) (2)

tieily, see (10, pp 214-221) where
Table 1—Correlation matnix
Variable QA QH Ql CPI1A CPIM WP PDA PDH PD} INCN
QA 100 097 060 083 073 067 081 0B2 0B84 087
QH 97 100 50 a2 a3 79 89 89 91 93
Qi 60 50 100 24 12 10 ) 22 25 23
CPiA 83 92 24 100 97 94 a9 a9 99 99
CPIH 73 83 12 97 100 .98 ]3] 99 98 97
WPII 67 79 10 94 a8 100 96 96 95 94
PDA a1 Bg 21 99 99 96 100 100 100 99
PDH 82 89 22 99 99 95 100 t 00 100 99
PDI 84 91 25 99 a8 85 100 100 100 100
INCN 87 93 29 99 97 94 99 99 100 100
POP 95 94 48 88 80 74 88 88 90 9N
QAPC 99 94 66 76 64 59 74 74 76 80
QirPc -4 - 48 q4 - 64 - 867 - 82 - 68 -67 - 66 - 64
QHPC 97 100 52 o1 81 77 87 88 85 92
INCNPC 86 93 28 a5 7 95 99 100 100 100
INCRA 96 99 46 94 87 82 92 a3 94 g6
INCRH 96 99 46 94 87 82 93 a3 94 96
INCRI 94 a8 41 96 20 86 95 95 95 97
CPiAR - 76 -~ 75 -23 -B80 ~ 83 - 80 - B8 - 88 -~ 88 -B87
CPIHR ~ 94 - 94 ~ 45 -88 -80 - 78 ~ 89 -89 - 91 ~ 91
WPIIR -g2 - 88 -~ a7 -79 - - B1 - 80 - B0 -83 - 83
cv 2t 46 07 17 15 14 23 23 22 48

* Variable defimitions in addition 10 those in table 2 are

INCNPC=INCN/POP
INCRA=INCNPC/PDA
INCRH=INCNPC/PDH
INCRI=INCNPC/PDI

QAPC=QA/POP
QIPC=Q1/POP
QHPC=QH/POP
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Q, = quantity onsumed of the ith end-use cate-
gory of total fibers (mullions of pounds),

CPI, = consumer prce index for the th end-use
category (1967=100), WPI used for indus-
tnal category,

PD, = impheit deflator for all except the ith good
in question,

INCN = nomnal disposable income (bilhon
dollars),

POP = US population (mullions)

The population impact can be removed by deflating
the quantity and income varables by population, and
the real income and relative prnce impacts can be arrived
at by deflation of own price and per capita income by

and coafficients of variability *

the appropnate deflators *+ We consider first the impact
of converting to per capita measures The simple corre-
lation coefficients appear in table 1

We first compare simple correlation coefficients be
tween raw and deflated series, and then compare simple
correlation coefficients of deflated seres with parbial
correlation coefficients of raw sertes to determune the
extent and magnitude of the bias among these measures *

* Approximate because the impheit deflator does not
contamn all prices

5The relationship between partial correlation coe{[-
cents and regression coeffieients 1s discussed in (10,
pp 61-65, 132-135,and 18, pp 131-138) See also (5,
pp 192-197)

POFP QAPC QIPC aHpC INCNPC | INCRA INCAH INCRI CPIAR CPIHR WPIIR
095 099 -041 097 0 B6 096 036 094 ~0 76 -0 94 ~092
54 94 - 48 100 93 99 99 98 -75 - 94 -88
48 66 44 52 28 46 46 41 -23 - 45 - 47
88 76 - 64 91 99 94 24 96 - 80 - 88 -79
80 64 - 67 81 a7 87 87 90 - 83 - 80 -n
74 59 - 62 77 95 82 B2 86 - 80 -5 - 61
es 74 - 68 87 99 92 93 a5 -8s8 -89 - 80
88 74 - 67 88 100 a3 93 95 - 88 -89 - 80
90 76 - 66 89 100 94 94 95 - 88 -, - 83
91 80 - 64 92 100 96 96 97 - 87 -9 - 83
100 80 - B8 93 9N 96 96 a5 -87 - 99 -97
80 100 - 30 95 79 92 92 89 -~ 68 -89 -87
~58 -30 100 - 450 -64 - 54 ~—-54 -57 67 59 56
93 a5 - 45 100 92 a8 98 a7 -72 -93 -B7
91 79 - 64 92 100 96 96 97 - 86 - -82
96 92 -54 98 96 100 100 100 -80 -85 -390
96 92 - 54 g8 96 100 100 100 - 81 -95 -90
95 B9 - 57 97 97 100 100 100 - 81 -94 - B7
-.87 - 68 67 -72 - 86 -80 - 81 -3 100 88 g2
-39 -89 59 -93 -9 -95 -95 -94 a8 100 96
- 97 - 87 56 - 87 -82 -80 -90 - 87 82 96 100
08 14 o8 40 40
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Our example demonstrates that both the
magnitude and signs of regression coefficients
may change because of deflating

Table 2—Regressions for retad demand {or textile fibers, 1956 76

Independent variable Equation statistics i
Equation Dependent
variable Lre Ln {CPI/PD} La ({INCN/POP)/PD) R® ' Dw l SEE !
Al LalQ 4 /POR) -0 37 044 095 087 108 005 |
'{-022] (135) (7 88)
H1 La{Qy/POm -5 26 092 295 0597 115 007
(—1.44}) {1 39) (8 18}
B} LniQ,/POP) 157 023 -014 033 173 007
{0 85! {0 68} -0 67}
Lne Ln CPI La {INCN/ Ln PD
POP])
A2 Ln{QA/POP) 365 -057 156 -174 085 182 0 Q37
{2 60) {~189) (10 39} {-583)
H2 Ln{QH/POP) =307 035 339 -4 31 098 151 Q057
(-1 00} {0 60} {10 31) {-5 0B)
12 L.2(Q)/POP) 127 010 083 -125% 052 236 0086
{0 80) {0 36) {1 76} {-201)
A3 Ln{Ca/POP} 255 -0 34 156 -190
{1817} {-5 19} {10 36) (-8 89)
H3 LalQy/POP) 043 -0 30 309 -3 39
12 07} {-3 38} {15 42) {—11 88}
13 La(Q/POP) 3 46 -0 27 024 -0 51
{12 80} (-2 48} {1 10} (-1 569)
c CPi INCN/POP I FD !
Ad Qa/POP 45568 -0 19 59 60 14 99 092 181 076 |
(9 15) {-2 79} (7 53) (-8 76 |
H4 Qu/POP 45 87 -0 27 2176 -75 06 099 174 0RB2
(13 63) (-3 35) (10 91} {-4 70}
Lic  |Lntaapor) [Latincnpor]  LaPD | 3
A5 La(CPIg) 4625 -0 10 035 025 099 108 0 01 078
{35 30) (-1 74) {2 50} {1 24)
c Ln{Qa/POP) | LafINCN/
FOP/PD4}
AG La(CP15A/PDa) 480 020 -0 46 067 033 004
(16 87) (1 33) (-3 52)
A7 Ln(CPI4/PDA} 437 -001 016 093 050 002 096
{15 35) {-0 25) {0 71) |
L't statistic 1
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which differs from the unrestneted estimator by a hnear
function of g - RB (For a summary of this restricted
estimation procedure, see 17 and 7 ) One restnction was
imposed on each equation so that, after \gnonng the
intercept, the absolute value of the pnice and income
coefficients would equal the absolute value of the
implicit deflator coeffiaent ® The resuiting price elasti
cities were -0 34, -0 30, and -0 27 for apparel, house-
hold, and industnal use, respectively Corresponding
income elasticities were 1 56, 309, and 0 24 The real
income and relative prnice impacts appear to be more
reasonable and the {-statistics are larger Although there
1s no guarantee, it appears likely this restriction will
assure the “correct” signs, because of the dominance of
the income and pnce deflator coefficients relative to the
prnice coefficient Two categones of textile demand,
househotd and 1ndustrial use, exhibited positive signs on
price when equation set 2 was used Note, however, that
the restrictions reversed the signs It might be necessary
to use 1nequality restricted least squares to achieve the
desired results

If a homogeneous degree-zero demand function 1s
desired, with the functional form exhibited by equation
set 2, then R = (0 1 1 1), and equation set 1 results,

m(QAPC)=—- 037 +044 In(CPIA)

® This restriction does not imply homogeneity

+0 995 in (INCNPC)

-1 39 in(PDA) {7)

which 15 1dentical to equation Al except for the f-statis
ties which are adjusted for degrees of freedom

CONCLUSIONS

We developed our argument for partial correlation
coefficients, but 1t can be used for regression coeffi-
cients Deflatig, for whatever reason, may have substan-
tial impacts whether one deflates to maintain fidehity
with the hypothesis formulated, as a preference for a
particutar functional form, to remove heteroskedastiaity,
or to 1mprove what otherwise might be a severe multi-
collineanty problem

Our example demonstrates that both the magnitude
and signs of regression coefficients may change because
of deflating We simply call attention to these conse-
quences as a remunder to those working with numbers
The crude restrictions used to obtain “reasonable’ esti-
mates of the parameters suggest 1t may be appropnate
to use some form of restricted estimation 1n conjunction
with deflated series, if nothing more than as a check on
the results
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Apparel Household Industrial Fiber classificatlons
Blouses Bedspreads Abrasive products Cotton
Coats Blankets Artist canvas Wool
Diapers Curtains Automotive upholstery Cellulosic
Dresses Draperies Awrnings Staple {rayon)
Jackets Matiresses and pads Bags Yarn (acetate}
Jeans Pillowcases Bookbindings MNoncetlulosic
Pajamas Pillow ticking Electrical insulation Swaple
Ramnwear Quilts Flags and banners Polyester
Robes Sheets Industrial hose Nylon
Shirts Tablecloths and napking Life jackets Otefin
Sport clothes Thread Luggage and handbags Acrylic
Sunts Towels and washclpths Machinery belts Yarn
Sweaters Upholstery Rope, cordage, and twing Polyester
Work clothes Sleeping bags Nylon
Tents Qlefin
Umbrellas Glass

Wall covering fabric
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Appendix table 2—Data for demand analysis

Year| Qp ay Q CPla | CPly | weyy POP INCN POy | POl | POy
-- Million pounds - - - f1967=100) Mullron Brifran 1972=1) {1972=1 0}
dallars

1965 | 248326 170765 232668 889 319 987 165093 273 41 064 063 063
1956 [2,47138 158373 232450 898 9356 987 16890 201 25 G5 64 64
1957 | 2,364 43 1,47777 2,18951 90 6 94 4 988 17198 306 92 67 67 66
1958 | 2,316 00 1,491 36 2,046 97 904 929 970 17488 31713 69 68 68
1959 [ 2,70823 1,75725 242559 a0 5 932 684 17783 33612 70 70 69
1960 | 2,67522 1,71082 221284 915 945 995 18087 349 37 72 Fal 70
1961 | 2,67569 172887 2,184 19 920 950 977 18369 36290 72 72 rA|
1962 (291879 195551 236110 921 849 986 18654 iB3 88 74 73 72
1963 [ 2,94274 204874 245849 930 a5 0 985 18924 402 76 75 74 73
1964 | 3,091 70 231081 256580 938 953 992 19189 43703 76 75 74
1965 [ 358338 290544 231555 945 96 0 998 19430 47216 77 76 76
1966 | 3,75254 3,i5555% 2,67750 a6 2 973 1001 196 56 510 40 79 79 78
1967 | 2,686 21 3,30067 241673 100 0 1000 1000 19871 844 85 81 81 a0
1968 (387647 3,74245 270116 1057 1037 1037 2007 588 14 B4 84 84
1969 | 3,78034 389259 264324 1119 106 9 1060 20268 63043 ga B8 88
1970 | 3,78605 392815 243606 116 3 109 2 1072 20488 685 94 92 92 92
1971 (4,144 49 4,76900 2,447 27 1189 1116 1086 20705 742 81 96 96 96
1972 (442774 518008 251604 1223 1136 1136 20885 801 30 100 100 100
1973 | 447898 5,76064 2,705 51 1265 1162 1238 21041 901 70 106 106 106
1974 | 401512 4,82867 233463 1367 1315 1391 21180 984 60 118 118 118
1975 (394060 4 73089 215434 1406 1414 1379 21356 1,084 40 127 127 128
1976 | 431790 5,28550 247947 144 9 148 3 1480 21514 1,185 8D 134 134 1356
Q. QH.Q) = Quantity demanded by category (million POP = Total US population {million] U § Bureau

pounds] End use percentages calculated from of tha Census

Hational Cotton Council of Amenica data and INCN = Naominal personal disposahle income {billion

applied to total domestic consumpuon figures dollars), U § Department of Commerce

from the Econoemics, Statisties, and Coopera PDa = Price deflator of services durables, food, gaso

twves Service line and oil and other nondurables, U'S Depart
CP1a CPIW. ment of Commerce

WPt = Consumer Price tndex of Apparel minus foot POy = Price deflator of services nondurables, auto and

wear, Consumer Price Index of Texule House-
furmishings and Producer Price Index of Textile
Products and Apparel respectively Bureau of
Labor Statistics U § Department of Labor

PDy

parts of other durable goods, U § Department
of Commerce

Price deflator of nondurables and services U S
Department of Commaerce
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