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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. W,lhs* 

Analvsts frequently adjust Price, mcome, or 
other data to ellmmate the Influence of ,"flatlon 
or differences In size The authors of this article 
examine economic and natlstrcal reasons for 
deflatmg time-series and cross-sectional data pnor 
to estimating demand relations Signs and magni­
tUdes of regreSSion coeffiCients change when 
aggregate demand equations for textllas era est,­
mated from tlme-serl81 data QuestIons of heterD 
skadestlclty, multicollinearity, end homogeneity 
ara addressed The demand equations ara dlsag­
greeted by and use category-apparel, household, 
and Industnal demand 
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Analysts often deflate data on pnces, Income, and 
other vanables to elmunate the effects of,mflatlOn or 
household Size In demand analyses In tIme-series analy­
ses, for example, they frequently deflate consumptIOn b} 
poIXllatlOn, and Investment by volume of sales In cross­
sectIOnal studies, hou'iehold Inoome is often deflated by 
Size of household and sales by sIZe of firm 

Our purpose here IS to present some reasons for 
deflatIng statistu::ai senes and to demonstrate the results 
-namely, that SignS and magnItudes of regression coeffi­
Cients change-when we use aggregate demand equatIOns 
and tlme-senes data for textiles 

ECONOMIC REASONS FOR DEFLATING 

Vanables that shIft demand functIOns must be used If 
we are to Isolate pnce.quantlty relatIOnshIps (I9) , 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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Merrill Lynch, and Joseph M Roop IS senior economist 
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wlth,ESCS when thiS article was prepared Cleve E Willis 
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on a natIOnal baSIS, (2) thICgeneral pnce level (3) supplies 
6r pnces of competing products, and (4) populatIOn (6, 
p 27) 

Let us focus on Foote's second category, the general 
pnce level Assume that demand IS homogeneous of 
degree zero for all prices and Income, as economic 
theory suggests We Impose thiS assumption b~ deflating 
each pnce and Income vanable by the general level of 
pnces 1 We express demand for commodity yas 

y "" bo +b I X 1 +b 2 X 2 +U (1 ) 

where 

XI own price 
X, consumer lflcom~ 
b, unknown parameters, and 
u error term 

The use of real Income and relatIve pnces IS the "Mar­
shalhan" method, alternatively, we could use normalized 
pnces (9) or a "mixed" demand curve speCificatIOn (J 5) 
Utility theory requires that competmg· and comple 
mentary-good pnces be Included We Ignore them 
here to Simplify the presentat;on However, thiS argu­
ment precedes the functIOnal fonn 

From economic theory, pnce of y relative to other 
commodity pnces Innuences consumptIOn of y, thus 
XI should be the relative pnce of y ThiS IS the verbal 
statement of homogeneity In the multlgood world 

OperatIOnally, we obtatn a measure of the relative 
pnce of y by deflatmg Its absolute pnce by an Index 
of other prtces The relevant pnce becomes *X I = 

XI JR, RQd the relative Income measure IS *X1 = X2 JK 
The onglOal vanables are expressed III nommal terms 
and K IS an mdex of the general pnce level, such as the 
consumer pnce Index (CPI) 

Denatlng by an Index that contains the pnce of the 
dependent variable 1)1akes the !esultant regressIOn coef 
ficlents subject to bias Bl8s IS also mtroduced when the 
mdex IS Included as a separate variable 

J We assume that (a) the good IS relatively unimpor­
tant In the consumer's budget or that (b) the price 
movements of substitutes correspond approXimately 
With the general price level 
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Analysts frequently adjust price, Income, 
or other data to el.mlnate the mfluence of 

mflatlon or dIfferences In s~e 

ThiS has led some Investigators to construct special 
mdex numbers whIch elmllnate the pnce(s) of the 
good(s) meluded m the analySIs and to use these to 
denate the pnce vanables Included m the study ObVI­
ously, the unadjusted measure of the general price level 
should generally be used to denate the mcome vanables 

Brennan suggests that It IS often better to deflate by 
some other Index than that of all pnces (2, p 379) In 
the demand analysIs for an agncultural commodity, 
Brennan deflates the pnce In question by an mdex of 
agrIcultural pnces only Further, If only one other 
commoruty IS a strong substItute for the good m ques· 
tlOn, It may be demable to deflate the own pnce by 
the pnce of that substItute No unamb,guous rule for 
the chOice of the appropnate mdex: can be given This 
chOIce IS determmed by the investigator's Judgment and 
knowledge of the behavIor of the subject bemg studIed 
and the economic theory Involved 

STATISTICAL 

OR ECONOMETRIC REASONS 


FOR DEFLATING 


Some econometnc considerations affect the chOice 
of a deflator Karl Pearson's early work on ratIOs having 
a common denominator showed that correlations 
between ratios can reflect spunously high estimates of 
the relatIOnshIp between the numerators (I3) Kuh and 
Meyer showed that correlatlOn among deflated senes 
may also be spunously low (J 2) The question ofspunous 
correlation does not anse, of course, If the maIn tamed 
hypothesIs IS In ratios Kuh and Meyer further demon­
strated two necessary and sufficient condltJOns for the 
correlation of ratios to Yield correct estimates of the 
undeflated partIal correlatIOns These are that (1) the 
coefficIent of vanatlOn (the rallo of the standard devla· 
tlOn to the mean) of the deflatmg vanable IS small, and 
(2) the variables deflated are linear homogeneous func· 
tlons of the deflator (I2, p 405) The degree of bIas 
depends on the relative SIZe of r(X, Y) compared to 
r(X,Z) and r(Y,Z), where Z IS the denator and r( ) IS 
the correlatlOn operator Hence, when cross-sectional 
data are denated because of Size, economic relatlon­

shIps WIll probably apprOl"mate the homogeneIty 
requirement, so the ratIo estnnates generally should not 
be senously biased 

Another focus of attention IS the spherical attributes 
of the reSiduals If the usual homoskedastlclty IS 
assumed for the undenated series, denatmg leads to 
heteroskedastlclty because deflatIOn of the Included 
vanables transfonns the error term The assumption of 
homoskedastlclty IS seldom appropnate for undeflated 
cross-sectIOnal data 

Small observatIOns are typu:ally asSOCIated WIth small 
vanances and large observatIons With large vanances 
DaVId and Neyman demonstrated that least squares 
produce effiCient unbiased estimates only If the reS1duai 
sum of squares to be mmlnuzed IS appropnately 
weIghted (4) That IS, we assume the usual Markov 
assumptions are met and the vanance of the condItional 
dlstnbullon of the dependent vanable IS a weIghted 
average of the unknown populatIOn variance (With 
weights w) Then. the most effiCIent unbiased estImate 
of the regressIOn parameters (b,) are produced by m,DI' 
""zmg (w(y - Xb))t(W(Y - Xb)) The matrix W IS 
diagonal With elements w,-'h, ID the homoskedasttc 
case, W IS an IdentIty matrix This derivation of b IS an 
AItken generalized least squares estimator (10, p 214) 

Suppose the Simple deflation IS such that w, = D/ 
(D, the deflator) Deflating YIelds effiOlent, unbIased 
estImators when the undeflated reSiduals are hetero­
skedast,c At worst, deflatIOn WIll usually be supenor 
to assummg falsely that a constant uDltary weIght IS 
appropnate (see 12, p 407,3,11) A further advantage 
15 that extreme observatIOns Will have less effect on the 
estimation 

Deflating statist,cal senes to achIeve a favorable 
speCification of an econometnc model may be appro 
pnate for both theoretical and empmcal reasons 
Deflating an otherwIse spherical relatIOnshIp may 
Induce heteroskedastlclty although cross·sectlOnal data 
frequently need to be deflated MultIcollinearity IS also 
affected-most of the consequenres are well known (10, 
p 160,14, pp 46·52, and 18, pp 127·128) The actual 

size and comparisons of r,( ) determme the magmtude 
of the bIas of partIal correlatIOn Introduced when defla· 
tIon IS used 
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AN EXAMPLE 3 populatIOn (FIber types and classIficatIOns appear In 

appendIx table 1, data are In appendIx table 2 Problems 
We now apply the deflatIng method by consIderIng of qualIty changes and aggregatIOn are Ignored) 

demand for three categones of textiles by end uses In functIOnal form, the demand for each end-use 
(apparel, household, and Industnal) Each end use category IS expressed as
Includes four fiber types (noncelluloslc, cellulosIC, 
cotton, and wool), with estimates of fiber content of 
purchases expressed In cotton equivalent pounds Mam 
explanatory vanables of these categones are nominal 
disposable Income, the end-use pnce mdex, an ImpiJclt 

Q, - ((CPI" PD" INCN, POP), 
denator for all goods except the end use m question, and 

I ~ A. H, I, end-use category) (2)
3 This example does not Illustrate the heteroskedasllC­

Ityarguments For a summary of tests for homoskedas­
tlClty, see (10, pp 214-221) where 

Table l-CorrelatLon matrix 

Vanable OA INCN 

OA 100 097 060 083 073 067 081 082 084 087 
OH 97 100 50 92 83 79 89 89 91 93 
01 60 50 100 2' 12 10 21 22 25 29 
CPIA 83 92 24 100 97 9' 99 99 99 99 
CPIH 73 83 12 97 100 -98 99 99 98 97 
WPII 67 79 10 94 98 100 96 96 95 9' 
PDA 81 89 21 99 99 96 100 100 100 99 
PDH 82 89 22 99 99 96 100 100 100 99 
POI 84 91 25 99 98 95 100 100 100 100 
INCN 87 93 29 99 97 9' 99 99 100 100 
pap 95 9' 48 88 80 74 88 88 90 91 
OAPC 99 94 66 76 64 59 74 7' 76 80 
OIPC - 41 - 48 4' - 64 - 67 -62 - 68 - 67 - 66 -64 
OHPC 97 100 52 91 81 77 87 88 89 92 
INCNPC 86 93 28 99 97 95 99 100 100 100 
INCRA 96 99 46 94 87 82 92 93 94 96 
INCRH 96 99 46 9' 87 82 93 93 94 96 
INCRI 94 98 41 96 90 86 95 95 95 97 
CPIAR - 76 - 75 - 23 -80 -83 - 80 -88 -88 -88 - 87 
CPIHR - 94 - 94 - 45 - 88 -.80 - 75 - 89 - 89 - 91 - 91 
WPIIR -92 - 88 - 47 - 79 - 71 - 61 -80 - 80 -83 - 83 

CV 21 46 07 17 15 l' 23 23 22 48 

.. Vanable definitions In addition to those In table 2 are 

OAPC'OA/POP INCNPC'INCN/POP CPIAR"CPIA/PDA 

OIPC=OI/POP INCRA=INCNPC/PDA CPIHR=CPIH/PDH 

OHPC=OH/POP INCRH=INCNPC/POH WPIIR=WPII/PDI 


INCRI=JNCNPC/PDI 
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Q, 	 quantity consumed of the lth end-use cate- the appropnate deflators 4 We consider first the Impact co 

gory of total fibers (mtlhons of pounds), of convertmg to per capita measures The simple corre­
CPI, ... 	 consumer pnce mdex for the Ith end-use lallon coeffiCients appear In table 1 

category (1967-100), WPI used for Indus· We first compare simple correlation coefficients be 
tnal category , tween raw and deflated senes, and then compare simple 

PO, = Imphclt deflator for all except the lth good correlatIOn coeffiCIents of deflated senes With partial 

In question, correlatIOn coeffiCients of raw series to determine the 

INeN - nominal dISposable Income (btlhon extent and magnitude of the bias among these measures' 
dollars), 

POP = 	 U S populatIOn (mtlhons) • ApprOXimate because the Imphclt deflator does not 
conta In all pncesThe populatIOn Impact can be removed by deflatmg 

5 The relationship between partial correlatiOn coefr,­
the quanllty and Income var..bles by populatIOn, and clents and regressIOn coeffiCients IS discussed In (10,
the real Income and relatIVe pnce Impacts can be arrived pp 61-65,132·135, and 18, pp 131-138) See also (5, 
at by deflation of own pnce and per capita Income by pp 192-197) 

and coeffiCients of variability . 
pOP 	 WPIIR 

095 099 -041 097 086 096 096 094 -076 -0 94 -0 92 

94 94 - 48 100 93 99 99 98 - 75 -94 -B8 

4S 66 44 52 28 46 46 41 - 23 -45 - 47 

SS 76 -64 91 99 94 94 96 - 80 - 88 - 79 

80 64 - 67 81 97 87 87 90 -83 - 80 - 71 

74 59 -62 77 95 82 82 86 - 80 - 75 - 61 

8S 74 -6S 87 99 92 93 95 -S8 - 89 -80 

88 74 - 67 88 100 93 93 95 - 88 - 89 - 80 

90 76 - 66 89 100 94 94 95 - 8S - 91 - S3 

91 80 - 64 92 100 96 96 97 -87 - 91 - 83 


100 90 - 58 93 91 96 96 95 - 87 - 99 - 97 

90 100 - 30 95 79 92 92 89 - 68 - 89 - 87 


- 58 - 30 100 - 45 - 64 - 54 . - 54 - 57 67 59 56 

93 95 - 45 100 92 98 98 97 -72 - 93 - 87 

91 79 -64 92 100 96 96 97 - 86 - 91 - 82 

96 92 - 54 9B 96 100 100 100 -80 - 95 -90 

96 92 - 54 98 96 100 100 100 -81 - 95 - 90 

95 .89 - 57 97 97 100 100 100 -81 - 94 -87 


-.87 - 68 67 -72 - 86 - 80 - 81 - 81 100 88 82 

-99 -89 59 - 93 -91 -95 -95 -94 BB 100 96 

- 97 -87 56 - 87 - 82 -90 -90 - 87 82 96 100 


08 	 14 08 40 40 

25 



Our example demonstrates that both the 
magnitude and signs of regressIOn coefficients 
may change because of deflatmg 

Table 2-Regresslons for retail demand for te)(uJe fibers. 1955 76 

Independent variable Equation statistics 
Equation Dependent 

variable Lnc ILn (CPI/PDI I Ln IIINCN/PDPI/PDI R' I DW I SEE 

Al Ln(QA/POPI -037 044 095 087 105 005 
'(-0221 (1 351 17881 

Hl Ln(QH/POPI -525 
1-1.441 

092 
(1 391 

295 
18181 

097 1 15 007 

11 Ln(QI/POPI 157 023 -014 033 1 73 007 
10851 to 68) (-067) 

Lnc Ln CPI Ln IINCN/ Ln PD 
POPI 

A2 Ln(OA/POP) 365 -057 156 -1 74 095 182 0037 
12601 1-1891 110391 1-5831 

H2 LnIOH/POPI -307 035 339 -431 098 1 51 0057 
1-1001 10601 110311 1-5061 

12 LnIOI/POPI 1 27 
10801 

010 
(0361 

053 
11 761 

-125 
(-2011 

052 236 006 

A3 Ln(CA/POPI 255 -034 156 -190 
118171 (-5 191 110361 1-8891 

H3 LnIQH/POPI 043 -030 309 -339 
12071 (-3381 115421 1-11 88) 

13 LnIOI/POPI 346 -027 024 -051 
112801 1-2481 (1 10) 1-1 591 

C CPI INGN/POP PD 

A4 OA/POP 4558 -019 5960 1499 092 1 51 076 
19151 1-2791 17531 (-876 

H4 OH/POP 4587 -027 21 76 -7506 099 1 74 082 
('3631 (-3351 (109' I (-470) 

lnG I LnIOA/POPI ILnIlNCN/POPII LnPD P 

A5 LnICPIAI 4625 -010 035 025 099 108 001 078 
(35301 

G 

1-1 741

ILnIOA/POPI 

12501 

LnIlNCN/ 
POP/PDAI 

11 24) 

A6 Ln(CPIA/PDA) 480 020 -046 067 033 004 
('6871 (1 331 (-3521 

A7 LnICPIA/PDAI 437 -00' 016 093 050 002 096 
(15351 (-0251 (0711 

I t statistic 
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which differs from the unrestncted estm13tor by a linear + 0 995 In (INCNPC) 
function of g - RB (For a summary of this restTicted 
estimation procedure, se~ 17 and 7) One restrictIOn was 

- 1 39 In (PDA) (7 ) Imposed on each equation so that, after Ignormg the 
Intercept, the absolute value of the pnce and Income 
coeffic!ents would equal the absolute value of the 

which IS Identical to equatIOn Ai except for the t-statJsImplIcit deflator coeffl(lent e The resulting pnce elastl 
tiCS which are adjusted for degrees of freedomcIties were -034, -030, and -027 for apparel, house­


hold, and mdustnal use, respeclIvely Correspondmg 

!ncome elasticities were 1 56, 309, and 0 24 The real 

I~ 	 CONCLUSIONSIncome and relatIve pnce Impacts appear to be more 

reasonable ard the I-statIstics are larger Although there 


We developed our argument for partial correlatIOn 
IS no guarantee, It appears likely this restnctwn will 

coeffiCients, but It can be used (or regresSion coeffi­assure the "correct" signs, because of the donunance of 
Cients Deflatmg, for whatever reason, may have substan­the Income and pnce denator coefficients rell},tlve to the 
tial Impacts whether one denates to mamtam fidelitypnce coefficient Two categones of textile demand, 
With the hYJX>thesls formulated, as a preference for 8household and mdustrlaJ use, exhibited posItive signs on 
particular functIOnal form, to remove heteroskedastlclty, pnce when equation set 2 was used Note, however, that 
or to Improve what otherwise nught be a severe multi­the restrictions reversed the SignS It might be necessary 
coilineanty problem to use mequahty restricted least squares to achieve the 

Our example demonstrates that both the magnitudedesIred results 
and signs of regressIOn coeffiCients may change because If a homogeneous degree-zero demand functIOn IS 
of deflatmg We Simply caJl attention to these conse­deSIred, With the functional form exhibited by equation 
quences as a renunder to those workIng With numbersset 2, then R ~ (0 1 1 1), and equatIOn set 1 results, 
The crude restnctlons used to obtaIn "reasonable" esti­
mates of the parameters suggest It may be appropnateIn (QAPC) = - 0 37 + 0 44 In (CPIA) 
to Use some form of restncted estnnation In conjunctIon 
With deflated senes, If nothmg more than as a check on 

e This restrictIOn does nol Imply homogeneity the results 
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AppendiX table 1-End use categones and fiber claSSifications 

Apparel Household Industrial Fiber claSSIfications 

Blouses Bedspreads AbraSive products Cotton 
Coats Blankets Artist canvas Wool 
Diapers Curtains Automotive upholstery CellulOSIC 
Dresses Draperies Awnmgs Staple (rayon) 
Jackets Mattresses and pads Bags Yarn (acetate) 
Jeans Pillowcases Bookbindings Nonceiluloslc 
Pajamas Pillow tlckmg Electrical insulation Staple 
Ramwear QUilts Flags and banners Polyester 
Robes Sheets Industnal hose Nylon 
Shirts Tablecloths and napkln6 Life ,ackets Olefm 
SPOrt clothes Thread Luggage and handbags Acrylic 
SUits Towels and washCloths Mach mery belts Yarn 
Sweaters Upholstery Rope, cordage, and IWlne Polyester 
Work clothes Sleepmg bags Nylon 

Tents Olefin 
Umbrellas Glass 
WaH covenng fabrtc 
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Appendix table 2-0ata for demand analysIs 

Year 	 POI°A 

MIllion pounds· - - (1967=100) Million 	 BIllIOn (l972~11 (1972~1 0) 

dollars 

'955 248326 , 70765 2.32658 889 9'9 987 '6593 2734' 064 063 063 
'956 2.47' 38 1.583 n 2.32450 898 935 987 '6890 29' 25 65 64 64 
'957 2.36443 1.477 77 2.'895' 906 944 988 17' 98 30692 67 67 66 
'958 2.3'600 , ,49' 36 2.04697 904 929 970 17488 3'7 13 69 58 68 
'959 2.70823 , .75725 2,42559 905 932 984 '7783 336 '2 70 70 69 

7'1960 2.67522 1.7'0.82 2.21284 915 945 995 18067 34937 72 70 
'96' 2.67569 1 72887 2.'8419 920 950 977 18369 36290 72 72 71 
1962 2.91879 1 95551 2.36' 10 921 949 986 18654 38388 74 73 72 
1963 2.94274 2.048 74 2,45849 930 950 985 18924 40276 75 74 73 
1964 3.09' 70 2.3'081 2,56580 938 953 992 19189 43703 76 75 74 
1965 3,58338 2.90544 2,31555 945 960 998 19430 472 '6 77 76 76 
'966 3,75254 3,'5555 2.577 50 962 973 100 1 19656 51040 79 79 78 
1967 3.6862' 3,30067 2,41673 1000 1000 1000 19871 544 55 81 81 80 
1968 3,87647 3.74245 2,701 , 6 1057 1037 1037 20071 58814 84 84 84 
'969 3.78934 3.89259 2.64324 111 9 1069 106 0 20268 63043 88 88 88 
1970 J.78605 3.92815 243606 1163 '092 ,072 20488 58594 92 92 92 
'971 4.14449 4.76900 2,44' 27 1199 111 6 '086 20705 74281 96 96 96 
1972 4.42774 518008 25'604 1223 1136 1136 20885 80130 100 , 00 100 
1973 447898 5.76064 2,70551 1265 1162 1238 21041 90' 70 106 106 106 
1974 4.01512 4.82867 233463 '357 131 5 '39 1 211 90 98460 1 '8 1 18 1 18 
1975 394060 4 73089 2.15434 1406 141 4 1379 21356 1.08440 1 27 127 128 
1976 4.31790 5.28550 247947 '44 9 1483 '480 215 14 1.18580 1 34 134 135 

OA.QH.QI Quantity demanded by category (million POP Total US population (million) US Bureau 
pounds) End use percentages calculated from of the Census 

I'-Iatlonal Cotton CounCil of Amenca data and 
 INCN Nommal personal disposable Income (bIllion 
spphed to total domestiC consumption figures dollars). U 5 Department of Commerce 
from the Economics, Statistics. and Coopers PDA Prtce deflator or services durables, food. 9aso 
lives Service lme and all and other nondurables, U 5 Depart

CPIA,CPIH. men[ of Commerce 
WPII Consumer Pnce Index of Apparel minus foot PDH Price deflator of services nondurables, auto and 

wear, Consumer Pnce Index of Textile House­ parts of other durable goods. U S Department 
furnishings and Producer Pnce Index of TeKtlle of Commerce 
Products and Apparel respectively Bureau of PO, Price deflator of nondurables and serVices US 
Labor StatIstics U S Department of Labor Department of Commerce 
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