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ABSTRACT

AN ECONOMETRIC ANALYSIS OF ENGEL CURVES:

BASED ON M.S.U. CONSUMER PANEL DATA

By

Phisit Setthawong

In the present study, the author made use of the
M.S.U. Consumer Panel data of 1958 to (1) analyze the Engel
curves, (2) modify the Engel curves, and {3) approximate
utility functions by means of the Engel curves. The com-
modities under studies were dairy products; fats and oils;
fruits; vegetables; and meat, poultry, fish, and eggs.

First, thirteen cross sectional studies on the
Engel curves were set out for the five composite foods.
Three mathematical forms were selected for the true func-
tional form of the Engel curves. They were linear,
semi-log, and double-log forms. The thirteen cross-
sectional studies showed that no functicnal form uniformly
gave a better "goodness of fit" to the observations. For
ecach composite food, the semi-log form did consistently

give the highest income elasticity estimates which were
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widely different from those based on the linear and double-
log forms. Surprisingly, the income elasticity estimates
for each composite food based on the linear and double-
log forms were very necarly cqual over all the thirteen
cross sectional studies. The mean of the income elasticity
estimates for dairy products based on the semi-log, linear,
and double-log forins werce .2604, .1009, and .0%38, respcc-
tively. As for fats and oils, the mean of the income
clasticity estimates based on the semi-log, linear, and
double-log forms were .5217, .2091, and .2209, respectively.
The mean of the income elasticity estimates for fruits
based on the semi-log, linear, and double-log forms were
.7052, .2889, and .3388, respectively. The figures .4768,
.1885, and .1988B were the mean of the income elasticity
estimates for vegetables based on the semi-log, linear, and
double-log forms, respectively. As for meat, etc., the
mean of the income eclasticity estimates based on the semi-
log, linear, and double-log forms were .5428, ,2259, and
.2353, respectively. Generally, the income elasticity
estimates for the five composite foods based on either func-
tional forms were predominantly inelastic: Engel's law of
consumption was confirmed. Elastic and negative income
elasticity estimates based on the nonlinear forms were
found, but they were relatively infrequent,

Secondly, the cross sectional and time series data

were pooled. The modified Engel curves were formulated for
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estimating both income and price elasticities for the five
composite foods. The linear form was selected as the first
order approximation for the true functional form of the
modified Engel curves. The M.S.U. price indices, based on
the panel reported food prices, were used to represent the
actual food price faced by the panel households. Based on
the first order autoregressive scheme of disturbances, the
autoregressive coefficients for the five composite foods
were estimated. They were highly positive, close to but
less than one: .8284 for dairy products; .6966 for fats
and oils; .7100 for fruits; .6629 for vegatables; and .5031
for meat, etc. After eliminating the autorcgressive effects,
the income elasticity estimates for dairy products; fats
and oils; fruits; vegetables; and meat, etc. were .0170,
.0928, .1808, .0533, and .1472, respectively. As for the
price elasticity estimates, they were -1.4543, ~-1.5712,
-.8158, ~-.7424, and -.3580 for dairy products; fats and
cils; fruits; vegetables; and meat, ctc., respectively.
Regarding the signs of the income and price elasticity esti-
mates, the results of these combined studies were highly
successful as they confirmed the demand theorem. The con-
sistency of the panel data was probably the main reason for
this success.

Lastly, based on Wald's theorem, some preliminary
evidence on the approximate determination of utility func-

tions by means of Engel curves was presented. Using the
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results of the thirteen cross sectional studies on the
Engel curves and the M.S.U. price indices, two numerical
illustrations were given. These illustrations, at least,
indicated that, under certain circumstances, the empiriral

utility functions could be approximated.
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INTRODUCTION

The functional relationship from disposable income
to expenditure on (or quantity purchased of) a particular
good 1s generally termed the Engel curve. Theoretically,
the tunctional relationship ot the Engel curve is derivable
from the loci of tangencies between indifference and
budget surfaces with fixed prices and variable income, pro-
vided the utility function is known. But, the utility
function being normally unknown, a direct search on the
functional relationship of the Engel curve from the observed
data 1s incvitable. Fitting the Engel curve, in certain
circumstances, the utility function might be approximately
determined.

Most previous studies on the Engel curves class-
ically used cross scectional data of a particular period of
time to estimate Engel or income eclasticities, A particu-
lar functional form was selected for the functional
relationship of the Engel curves.

In the present study, the author will make use of
the M.S.U. Consumer Panel data of 1958 to (1) analyze the
Engel curves, (2) modify the Engel curves, and (3) approxi-

mate utility functions by means of Engel curves.



In analyzing the Engel curves, thirteen cross
sectional sg;dies on the Engel curves are set ocut for five
composite foods. Three functional forms are selected for
the functional relationship of the Engel curves. In this
way, one can investiga4e if the income elasticity estimates
based on three alternative functional forms are ‘widely dif-
ferent. In addition, dne can investigate if a particular
functional form uniformly gives a better "goodness of fit"
to the observations.

In modifying the Engel curves, cross sectional and
time series data are pooled. Both income and price elas-
ticities for five composite foods are estimated.
Statistically, these income elasticity estimates are more
reliable than those obtained from individual cross sectional
studices, since more obsgervations are used in the estima-
tion procedure. 1In addition, the estimation of price
elasticities is possible because of the continuocus collec-
tion of the panel data.

Lastly, the prasent study attempts to show that
the cross sectional studies on the Engel curves arec not
limited on the estimation of income elasticities. 1In
certain circumstances, the fitted Engel curves might be

used to approximate utility functions.

As for the outlines of the present study, the fol-

lowing is the order of discussion.



In Chapter I, a general survey of the empirical
studies on the Fngel curves is set out. The M.S.U. Con-
sumer Panel Survey is briefly reviewed in Chapter II. 1In
Chapter 111, thirteen cross sectiocnal studies on the
Engel curves based on three alternative functional forms
are sct out for five composite foods. 1In Chapter 1V,
combined analyses of the modified Engel curves are set
out for five composite foods. Some preliminary findings
on approximating utility functions by mecans of Engel curves,

and some areas for future rescarch, are given in Chapter V.



CHAPTER I

REVIEW OF LITERATURE

1. Engel Curves

i1.1. Historical Review

The empirical study ot the functional relationships
between household income and household expenditure on goods
has a long history, certainly dating back as far as LePlay
and Enqel.l Perhaps the first and most famous study of
these relationships was made by Ernst Engel in 1857.2 The
study was based on Ducpetiax's data for 153 Belgian families,

which had been classified into three socio-economic groups:

families dependent upon public assistance; families just

lThe early studies of family budgets are considered
at length in C. C. Zimmerman, Consumption and Standard of
Living (New York: D. Van Nestrand, 1936).

2Ernst Engel (1821-96), Director of the Prussian
Burcau of Statistics, was an administrator who published
many prominent articles. For a list of his works, see
J. A. Schumpecter, History of Economic Analysis {(New York:
Oxford University Press, 1954), footnote 14, p. 961.

It is interesting to note that Engel's work was
mainly influenced by two of his contemporaries. One was
the French cengineer F. LePlay, who had collected budgets
from households all over Europe mostly, it seems, from
humanitarian interest. The other was the Belgian Statisti-
cian Que'telet, who was a firm propocnent of the idea that
human characteristics, at least on the average, were gov-
erned by laws as definite as those which govern physical
phenomena; see H. S. Houthakker, "An International Compari-
son of Expenditure Pattern, Commemorating the Centenary of
Engel's Law," Econometrica (October, 1957), p. 532.




able to live without such assistance; and families in
comfortable circumstances. On the basis of this study,
Engel proposed a law of consumption: "The poorer a family,
the greater the proportion of its total expenditure that
must be devoted to the provision of food.“3 In other words,

the law states that the proportion of expenditure devoted

to food decreases as the standard of living of the house-

hold increases.4

Neither Engel himself, though he published his law
originally in 1857, nor anyone else, seemed to have realized
its importance from the viewpoint of economic theory.5
Aside from Engel's works, the quantitative analysis of
family budgets did not attract much attention among profes-
sional economists. It was not until 1935 that interest
was revived by the work of Allen and Bowley.6 Since then,

cconomists have begun to understand the significance of the

resul%s obtained from the analysis of budget data.

3G. J. Stigler, "The History of Empirical Studies
of Consumer Behavior," Journal of Political Economy, Vol. 42
{April, 1954), p. 98.

Engel also assertced that the wealthier a nation,
the smaller the proportion of food to total expenditure.
Ibid., footnote 9.

45. J. Prais and H. S. Houthakker, The Analysis of
Family Budgets (Cambridge: University Press, 1971), p. 79.

5

Schumpeter, op. cit., p. 961.

SPhe study was done by R. G. D. Allen and A. L.
Bowley, Family Expenditure (London: Staple, 1935},




As time passed, Engel's law changed slightly. HNow
it is often stated as: ‘"percentage expenditure on food is
. . X 7
on the average a decreasing {function of income"; or:
"fcod expenditure increases with income, but at a lesser
rate, 1.e., that food demand is inelastic with respect to
. w8
income.
In the last 35 years, tremendous effort has been
devoted to the measurcement of the income elasticity of food

9 10 pas been tested and repeatedly

11

consumption. Engel's law

confirmed by numbers of studies, The following are a
few examples. The Wharton school survey, in 1950, indi-

cated that, in the U.S., houschold food expenditures took

7Schumpeter, op. ¢it., p. 961,

8J. S. Cramer, Empirical Econcmetrics (Amsterdam:
North Holland, 1969), p. 135.

9M. C. Burk, Influences of Economic and Social
Factors on U.S. Food Consumption (Minn.: Burgess, 1961),
p. 70.

Recent studies also show interest in other house-
hold items, such as housing, clothing, house furnishings,
and services. For a partial list of studies of these sub-
jucts, see R. Ferber, "Rescarch on Houscehold Behavior," in
Surveys of Econonic Theory, Vol. III, Survey XII (New York:
St. Martin's Press, 1966), footnote 3, p. 138B., These
studies yield low income elasticities for housing, elastici-
ties close to unity for clothing, and higher eclasticities
for various types of recreation, personal care, home opera-
tion, and other services; see Ferber, 1Ibid., p. 139.

lOSimilar laws have also been formulated for other
items of expenditure. For example: Schwabe's law states
that the per cent of income spent for housing declines as
income rises; see Ferber, Ibid.

Heor a list of studies, see the bibliography by
J. N. Morgan, "A Review of Recent Research on Consumer
Behavior," in Consumer Behavior: Research on Consumer
Reactions, ed. by L. H. Clark (New York: Harper & Bros.,
1358), pp. 93-219.




up about 30% of household disposable income when household
income was $5,000, but only 21% when household income was

0.12 Houthakker, based on regression analyses of

$10,00
about 40 surveys from about 30 countries, found that the
income elasticities for food in these countries were all
significantly less than one. They were similar, but not
equal; the highest figure was 0.731 for Poland and the

13 Recently, the

lowest 0.344 for Britain (middle class).
National Food Survey report for 1965 published the follow-
ing estimates of income elasticity of expenditure on food
in various years in Britain: 0.30 in 1955; 0.28 in 1958;
0.25 in 1960; 0.27 in 1962, 0.23 in 1965; and 0.23 in
1966, 14

In order to understand the empirical results of

Engel curves, it is necessary to review some techniques

and data that have been widely used.

1.2, Cross Section

The study of Engel curves frequently uses Cross

sectional data obtained from a sample of households for a

12The U.S. Bureau of Labor Statistics for the
Wharton School of Finance, University of Pennsylvania:
Study of Consumer Expenditures, Incomes and Savings,
Vol., 1-2 (University of Pennsylvania Press, 1956).

13“. S. Houthakker, "An International Comparison of
Expenditure Patters, Commemorating the Centenary of Engel's
Law," Econometrica, Vol. 25 (October, 1957), pp. 530-51,.

141he National Food Survey Committee, Domestic
Food Consumption and Expenditure (London: H.M.§5.0.,
1965), p. 136.
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particular period of time. The pericd may be a day, a

week, a month, a year, or any other convenient interval.16
The techniques of arc elasticity, single regression equa-
tion, and simultaneous system of eguations have been used
to estimate income elasticities.

Arc elasticity 1is the oldest technique.17 West,
using this technique, obtained the following income elas-
ticities for food in the Lansing area: 0.26 for households
receiving less than $4,000; 0.10 for those with incomes of
$4,000-56,000; and -0.20 for households receiving more
than $6,000.18

Single regression egquation is the most popular
technigue to investigate income-food relationships. 1In a
cross sectional study, the Enqgel curve 1s generally stated

; 19
as:

15 There are at least three possible methods of col-
lecting the data: perscnal interview, mail, and telephone.
For a discussion of relative merits of these methods, sece
R. Ferber and P. J. Verdoorn, Research Methods in Economics
and Business (New York: Macmillan, 19%62), p. 209-13.

16K. A. Fox, Intermediate Economic Statistics (New
York: John Wiley & Sons, 1968), p. 72.

Mror a discussion of this technique, see W. C.
Waite and H. C. Trelogdan, Agricultural Market Prices (2nd
ed.; New York: John Wiley & Sons, 1951), p. 41.

185, G, West, "Estimates of Income Elasticity of
Consumer Panel Data" (unpublished Ph.D. dissertation, Depart-
ment of Agricultural Economics, Michigan State University,
1958).

19In a cross sectional study, prices are held
reasonably constant. Expenditure on a particular good is
proportional to the physical quantity. Either gquantity or



o . th : th
whe re Yik 13 the 1= houschold expenditure on the k=2 good,
M, is the ith household income,
Uik 15 the stechastic error term representing both

the effects of variables that are not explicitly
introaduced into the e¢quation and crrors of
measurements in the dependent variable, and

fy 1s a spucific functional form of the Engel curve.

Regarding the function fk' it is appropriate on
the assumption that differcent households are homogeneous
except for the differences in variables in the equation and
the stochastic error term. The homogeneity assumption
implies that household A would, on the average, spend as

much on the kEﬂ good as houschold B does if A's income were

the same as B's.zo
It is interesting to point out that cross sectional
estimates of income elasticity for food in most studies fall

mainly in the neighborhood of 0.50. For example: Tobin

obtained 0.56 for the United States in 1941; Stone, et, al.,

expenditure may be used as the dependent variable. This

is the technique of scaling of variables. The regression
coefficients and their standard errors are different by
mere changes o! units., For a full discussion of this tech-
nique, see A, S. Goldberqger, Econometric Theory (New York:
John Wiley & Sons, 1964), pp. 185-86,

20L. R. Klein, Introduction to Econometrics (Engle-
wood Cliffs: Prentice Hall, 1962), p. 54.
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estimated 0.53 for the United Kingdom in 1938; Wold and
Jureen obtained 0¢.51-0.53 for Sweden in 1933; Clark, et al.,
estimated 0.40 tor the United States in 1948; Burk obtained
0.58 for the United States in 1950; Snyder obtained an
average income elasticity for food of 0.54 calculated from
over three hundred cross section family budgets studies in
the United States during 188B0-1950 (of individual cities,
at difterent dates).21
The single structural regression equation is appro-
priate upon the presupposition that household income is
purely exogenous. 1f houschold i1ncome i1s not purely
exogenous, the simultancous system of equations would be
more appropriate to estimate income celasticities. 1In prac-
tice, however, the simultaneous system of egquations has,

thus far, only rarely been usced in the analysis of Engel

21J. Tobin, "A Statistical Demand Function for
Food in the U.S.A.," Journal of the Royal Statistical
Society, Series A (19%0), p. 119; R. Stonc, ct al., The
Measurement of Consumer Expenditure and Behavior in the
United Kingdom, 1920-38 {Cambridge: University Press,
1954), p. 327; H. Wold and L. Jureen, PDemand Analysis
(New York: John Wiley & Sons, 1953), p. J03; F. ¥Iark,
et al., "Food Consumption of Urban Families in the United
States," Agricultural Information Bulletin No. 132
(Washington, D.C.: U.S. Department of Agriculture, 1954},
p. 39; M. C. Burk, "Income-Food Relationships from Cross
Section and Time Series Surveys," Proceedings of the
American Statistical Association (B.E.S.S., 1957), p. 103;
and E. M. Snyder, "Long-term Changes and Family Expendi-
ture,"” in Consumer Behavior: Rescarch on Consumer
Reactions, ed. by L. H. Clark (New York: Harper & Bros.,
18958), pp. 361-62.
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curves mainly because of the complexity of estimation and

specification of the structvral behavior equations.22

1.3. Time Series

bBesides cross sectional data, the aggregate time
series data have also been used i1in the analysis of Fngel
curves.  hata of this type arc normally ohtained by aaggre-
gating houschold expenditure and houschold income over
periods ot time. The Engel cumive based on time scrices

observations 1s generally stated as:

th £, My + Ukt
L . N . - _ th .
where th is the aggroegate expenditure on the k-=—- good at
th . .
the t-— period of time,
My it the aggregate income at the tth period of
time,
UPt is the stochastic error term, and
fk is a specific functional form.

The function fk 1s appropriate on the assumption
that different periods of time are homogcneous except for
differences in the explicit variables and for differences
in the stochastic error term.

Strictly speaking, in a time series study, expendi-

ture should be converted to gquantity since price varies

22”. S. Houthakker and L. D. Taylor, Consumer Demand
in the United States: Analyses and Projections (2nd ed.;
Harvard: University Press, 1970), p. 7.
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over periods of time. In the case of a composite commodity
such as food, the food price i1ndex may be used as a
deflator. That is, the guantity index is computed in the

following manner: Q¢ = (th/Pkt)*lOO; where Py, is the

price index of the kth food.

Time series income-food relationships, where vari-
ables are deflated for price movements, give substantially
lower values for income elasticity for food than cross

23 Nevertheless, time series estimates

sectional studies.
of income elasticity for fcod seem to confirm Engel's law,
although the law was 1nitially stated in terms of cross
section rather than time series data. For example: using
time series, Tobin got an cstimate of income clasticity for
food of 0.27 for the United States; Wold and Jureen, values
of 0.23 and 0.28 (depending on the period covered) for
Sweden; Burk obtained 0.21 and 0.23 (depending on the

period covered) for the United Statos.24

1.4. Consumer Pancl

Recently, a number of studies have made use of

25 X . .
consumer panel data. This type of data is obtained from

23For an explanation of this phenomenon, see p. 90,
footnote 17,

24'I‘obin, op. cit., p. 134; Wold and Jureen, op. cit.,
p. 303; Burk, "Income-Food Relationships," op. cit., p. 103.

25

A consumer panel is essentially a sample of people
who are interviewed repeatedly over a period of time.
Strictly speaking, a sample becomes a panel operation if its
members are interviewed in at least two different points in
time on the same general subject. If only two or three
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the same group of households over periods of time. The data
provide both cross sectional and time series information.
Ferber appraises the panel data by stating that

Time series aggregates have serious disadvantages
Lecause of Lhe frequently unstable estimates of
income elasticities. . . . On the other hand, cross
sectional data are essentially static . . . Hence, a
combination of the two types of data would seem to
offer a much morc powebgul technique for understand-
ing consumer behavior,

By keeping continuous records, a comprechensive pic-
ture can be obtained, not only of the factors influencing a
housechold's purchasing behavior, but also of the manner in
which decisions arc made.27

Marschak notes that combining time series and cross
sectional data increases the accuracy of the estimated

2 . . -
paramcters.‘8 However, the combined studies face some

"waves" ot Interviews arce involved, there is a tendency to
use the term "reinterview sample"” rather than "panel." Then
again, 1{ the same people are interviewed several times on
different aspects of the same subject, neither "panel" nor
"reinterview sample" may be used to describe the operation.
For more discussion of the consumer panel, see Ferber and
Verdoorn, op. cit., pp. 267-76; G. G. Quackenbush and J. D,
Shaffer, "Collecting Food Purchase Data by Consumer Panel,
1951-58," Technical Bulletin 279, M.S.U. Agricultural
Experiment Statilon (August, 1960).

26

Ferber, op. cig;, p. 141.

T 1pid., p. 145.

28J. Marschak, "Revicw of Schultz, Theory and
Measurement of Demand," Economic Journal, vol, 49 (1939),
p. 487.
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difficulty in interprectation and specification of the

function fk and the disturbance.zg
With the combined analysis, Sparks, using M.S.U.

Consumer Panel Data of 1955-58, found that the estimate of

30 Similarly,

income elasticity for feood was about 0.25.
Crockett, using the consumer panel data of the Market
Research Corporation of America for 1951-5%3, obtained an

estimated income elasticity for food of 0.23.31

1.5. Concepts of Variables

Besides using different techniques and data, dif-
ferent concepts of variables are also used in the single
regression analysis.  some studies use expenditure as the

32 As for the

dependent variable, others use guantity.
independent variable, some studies use income, others use
total expenditure. The use of observed or current income

a5 the independent variable has been widely accepted.

Nevertheless, several other concepts of income have been

29For a full discussion of this problem, see E. Kuh,
Capital Stock Growth: A Micro-Econometric Approach
{(Amsterdam: North Holland, 1963}, pp. 116-40 and pp. 158-
63; Also, J. Kmenta, Elements of Econometrics (New York:
Macmillan, 1%971), pp. 508-17.

3°w. R. Sparks, "Estimates of the Demand for Food
from Consumer Panel Data" {unpublished Ph.D. dissertation,
Department of Agricultural Economics, Michigan State Uni-~
versity, 1961}.

31J. Crockett, "A New Type of Estimate of the Income
Elasticity of the Demand for Food," Proceedings of the
American Statistical Assocation (B.E.S.S., 1957), pp. 117-22.

32

For a discussion of this problem, see p. 8 and
p. 11,
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proposed. Among them, the concepts of permanent income and
relative income have bheen well known.

Briefly, the relative income hypothesis states that
the iEE household expenditure on the REE commodity at the
pth period of time would depend not on its observed income,
but on the ratio between observed income and the mean income
of the qroup.;’3 As for the permanent income hypothesais,
the it household expenditure on the kkﬂ-commndity depends
on 1ts permanent income and not on its transitory income,
where the observed income equals the permanent income plus
the transitory income.34

The use nf total expenditure as the independent

variable can be justified on the grounds that the data on

income are unavailable, or that the available data of

33Thc relative income hypothesis seems to have been
first propounded by D. Brady and R. Friedman. Much addi-
tional theoretical and empirical support of this hypothesis
was provided by the work of Modigliani and of Duesenburry.
See D, 8. Brady and R. Friedman, "Savings and the Income
Distribution," N.B.LE.R., Studies in Income and Wealth,
Vol. 10 (New York, 1947), pp. 247-65; F. Modigliani, "“Fluc-
tuations in the Saving-Income Ratio: A Problem in Economic
Forecasting," N.B.E.R.,, Studies in Income and Wealth, Vol.
11 (New York, 1949), pp. 371-443; and J. Duesenburry, Incone,
Saving and the Theory of Consumelr Behavior (Cambridge:
Harvard Unlversity Press, 1952).

34M, Friedman has greatly claborated and tested the
permanent i1ncome hypothesis. M. Dunsing and M. G. Reid,
and M. Nerlove have explored the applications of this
hypothesis to foods. See M. Friedman, A Theory of the Con-

sumption Function (Princeton: National Bureau of Economic
Research, 1957); M. Dunsing and M. G. Reid, "Effect of Vary-
ing Degree of Transitory Income on Income Elasticity of
Expenditures," Journal of American Statistic Association,
Vol. 53 (June, 1958), pp. 357-59; M. Nerlove, "The Implica-
tions of Friedman's Permanent Income Hypothesis for Demand
Analysis," Agricultural Economic Research (January, 1958),.
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35 Nevertheless,

income are highly unreliable and distorted.
if total expenditure i1s used as the independent variable,
the elasticity refers, of course, to the total expenditure

36 The difference

clasticity, not income elasticity.
between the two is slight. For an empirical example,
Stone, et al., rcalized that the total expenditure elas-
ticities should be reduced by 10% in order to approximate

) . 7
income elasticities.

2. Prices and Non-Liconomic lFactors

Besides houschold income, other factors such as
prices and non-cconomic factors might have significant

influences on houschold expenaiture boechavicr.,

2.1, Prices

Prices vary over time. In a time series study on
Engel curves, prices should be introduced as an explicit

variable in the regression analysis. In a ¢ross sectional

35'I‘he use of income obscerved with error as the
independent variable will lead to systematic underestima-—
tion of income coecfficient by lecast squares estimates. For
a full discussion of this problem, sce Cramer, op. cit.,
p. 139.

The use of total expenditure as the independent
variable may lead to inconsistent estimates. For a full
discussion of this problem, see N. Liviatan, "Errors in
Variables and Engel Curve Analysis," Econometrica, Vol., 29
(1961), pp. 336-62; Cramer, op. cit., p. 140; and

R. Summers, "A Note on Least Square Bias in Household
Expenditure Analysis," Econometrica, 27 (January, 1959),
p. 121.

37

Stone, et _al,, op. cit., p. 312.
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study, prices are reasonably presumed to be conctant since
households are likely to face the same set of market prices
except, perhaps, for regional differentials or price

38 Principally, cross sectional studies

discrimination.
concentrate on the estimation cf income elasticities.
Among the households participating in a survey, there is
not enouagh price variaotion to permit the analysis of price
effects, particnuiarly since much of the apparent price

variation may be attributed to guality differences.39

.. _Hdon-heonomic Factors

Apart from incone and prices, there are many non-
cconomic .actours that atfect hoasehold consumption. The
first, and probably the most obvious cause of variations
is houschold size and household composition. By "house-
hold compesition” is meant age and sex of the members of
the houschold. Second, there are regional factors which
reflect external conditions and social habits of the mem-
bers of the household. And, third, social class and
occupation may also intluence household expenditure, as
well as religion and various psycholeogical characteristics

ol the membors of the household.40

38L. R. Klein, A Textbook of Econometrics (Evanston:
Row, Peterson & Co., 1953), p. 213; Stone, et al., op. cit.,
p. 312; Prais and Houthakker, op. cit., p. 110.

39

Houthakker and Taylor, op. cit., p. 254.

4O'I‘here have been numbers of studies of non-economic
factors, In order to limit the survey, this study will
concentrate on household size and household composition. For
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Of all the non-economic factors, household size and
housecehold composition have been studied most intensively.ql

Household size and household composition are
usually measured by adult equivalent scales, man values,
or unit consumers, This scale expresses the food expendi-
ture of each age-sex type as a proportion of some "standard"
type, say, the adult male. Thus, the scale is constructed
by regarding a child or an adult female as equivalent to

12 In fact, this scale was

some traction of an adult male.’
already used by Ernst Engel who labelled the unit a "quet";
where the quet was detined as the value of food that was
consumed by a child less than one year old, an adult female
3.1 guets, and an adult male 3.5.43

In a cross sectional study, the Engel curve that

includes houschold size and household composition may be

stated as:

more surveys and discussions of other non-economic factors,
see R, O. Hermann, "Household Socio-Economic and Demographic
Characteristics as Determinants of Food Expenditure
Behavior" (unpublished Ph.D. dissertation, Department of
Agricultural Economics, Michigan State University, 1964);
Burk, U.S. Food Consumption, op. cit., pp. 53-64; and

Ferber, op. cit., pp. 126-34.

411t should be pointed out that household size and
compesition vary from household to household, yet they vary
very little from year to year. Thus, these factors might
be omitted 1n a time series study. See Houthakker and

Taylor, op. cit., p. 275.
42

Prais and Houthakker, op. cit., p. 126.

43C. S. Bell, Consumer Choice in the American
Economy (New York: Random House, 1967), p. 104.
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= f .y LC . N.. + .
ij y (Ml ic‘k }j) Uiy
where Ni4 is the number of persons of the jEE age-sex type
3
in the i-"i-ti household,

C.y, is the expenditure scale value of the jsﬁ age-sex
type of person for the kEﬂ goed, and

b3 is the summation over 7.

In this formu.ation, o difterent zealce of equiva-
lent adult is distinguished for cach commodity, and the
scule fer the k“t"ll commodity may b tevnmed the kEE specific
sca10.44

The set of values Cjk may be the nutritional scale
(the scale that 1s based on the nutritional requircements
of varying age and sex), or the actual expenditure scale
that 1s constructed from the actual observed data.45 In

practice, a set of nutritional ccales for cach type of

erson and {for each crommodity is choscen.
1

44
Some rescarchers cxpect that the scales of

equivalent adults will be similar for all commodities, so
that it will not be necessary in practice to distinguish
a scale for each commedity.

4Sl’or a full discussion of computation and applica-
tion of age-sex eguivalent scales, sce D. W. Price,
"Age~-Sex Eguivalent Scales for United States Food Expendi-
tures--Their Computation and Application'" (unpublished
Ph.D. dissertation, Department of Agricultural Economics,
Michigan State University, 1965).
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Traditionally, most studies assume c_k = 1 for all
]
1, k.“b In most survey data. household size and household
income are highly positive corrclated.47 The simplest

hypothesis allowing for the effects of variations in
household size is to suppose that consumption per person
depends only on the level of income per person. The
Engel curve may be stated as:

Y M

(—=) + U,
i Ni 1k

46?hu asnsumpt o inpliles that there 1s no differ-
ence in the amount spent for any commodities consumed by
persons of differing age and sex. In general, many
differences exist in the amount spent for commodities
consume 'l by 1ndividuals of different age-sex composition.,
However, t.is5 assumption is acceptable when information
regarding age~sex composition of individual households
is unavailable.

47

1L should be noted that the positive correlation
15 not due o a direct causal link between the two vari-
ables but to {fortuitous characteristics of the existing
social structure, as may be illustrated by the two extreme
instances which largely determine the observed correla-
tion. At one end of the scale we have households of
one or twoe pcersons, which usually represent the very
youny--bachelors and young couples--or the old; both
categories tend to have substantially lower incomes than
the active adult population. At the other end of the
scale, very large families of ¢cight or more persons
often include more than one wage earner, either because
they are in fact composite houscholds, or because of
the natural age structure of families with six or more
children. See Cramer, op. cit., p. le2.
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This hypothesis obviously corresponds to the assump-
tion of constant returns to scale often made in the theory

of production.qb

3. Functional Forms of Engel (Curves

Perhaps the most difficult part of the analysis of

Prerrl ey cas g Ao ez cess Lhie funetaon {}( TnoAn appropriate

48:hu aasruption of constant returns to scale is
likely amproper since a large nhouschold may be able to
attain a higher level of per capita consumption than a
smaller houschold. Particularly with food, cconomies may
At e in purchasing, storage, and preparation ot food,
Several empirical studies have atteimpted to investigate
the degree of cconomies ot scale. For a classic example,
Prais sct up the following model:

Y M.
ik = 1 .
Ni_ fk (Nl) + gk(Nl) + Uik H

where fy and g, are undefinced functional forms.

In Prais's model, 1if there wore no economies of
scale:, g, 15 2ero. Hevertheless, the moacel faces two dif-
ficulties. They are: if f, is not specified correctly,
then part ot the variance properly ascribable to M;/N; is
15°0ribed to N, . and values of M and N;j tend to be
correlated so that the coetficients of the regression are
imprecise because the standard errors of the regression
coefficients become large. Prais used the semi-~log form;
with the British data of 1938, he found that the w@conomics
of scale appeared, but were very small. With a belief
that the disadvantages of small households may today be
not S50 great, the assumption of constant returns to scale
may be taken as substantially correct in the f{ormulation
of{ Engel curves. For a fuller discussion of this problem,
sec 5. J. Prais, "Non-Lincar Estimates of the Engel
Curve," Review of Economic Studies, Vol. 20 (1952-53).
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49

algebraic functional form. Theoretically speaking, if

housecholds were regarded as the fundamental consumer units,
all households approximately had the same preference func-
tion and were faced by the same prices, it would be possible
to derive tunctional forms of all Engel curves provided a

particular form of the preference function were given.

dqiln\ preblem of ¢t aniing the most appropriate {orm
ot kngel curves 1s an old one in econometrics. As yet, no
solution ayprcars to have tcund general acceptance, Genor-
ally speaking, it is probably true that the investigation
ot the torm of Engel curves has attracted less attention
than have methods of cstimating parameters for specified
cquations.  See C, E. V., Leser, "Forms of Engel Functions,”
Lconometrica, 31 (October, 1963), p. 694,

50penote ql, ..., g be a set of n goods purc?ased
by the represcntative consumer ot a period of time; p ', ...,
p" be the c?rresponding set of prices; m is the disposable
income; u{g’, ..., g7 the utility indicator. Given p's
and m at a prriod of time, the first condition for maximiz-
ing the utility subjected to the budget constraint is
fulfilled 1f the consumecr purchased the quantities such as

nu pu_, 2 - u
i—T/pl ) i_ﬁVl‘ T e = “‘H/p“ .
¢y g g

n

LoopRagk = om,
k=1

Solving the above equations, one gets the quanti-
ties purchased as functions of prices and incomes. In a
cross section with constant prices, gquantities purchased
will depend only on the income; that is,

ql = t](m), ..... , gt = 8% m) ,

or g*¥ = f¥(m) for k =1, 2, ..., n.

These are, in fact, the Engel curves.

By the technique of scaling of variables, the
Engel curves can be rewritten as:

yE % m)

¢
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Unfortunately, the functional form of the prefer-
snce function is unknown. Needless to say, economic theory
1lone conuld not provide appropriate knowledge of the mathe-
matical form of Engel curves. Both economic and statistical
~onsiderations influence the choice of the algebraic formu-
lation. As Goldberger mentions, "The choice of an
appropriate functional form, in practice, inveolves a
compromise, among . . . economic theory, goodness of fits,
and simp]icity.”5l

Some researchers believe that there is at least one
element from cconomic theory that can be taken over for

formulating the alaebraic functional form of Engel curves.52

where yk = pk . qk for Kk =1, 2, ..., n.

For a {ull discussionof this problem, see A. Wald,
"The Approximate Determination of Indifference Surfaces by
YMeans of Engel Curves," Mconometrica, Vol. B (1940),
pp. 144-46,

It is interesting to point out that, knowing the
shapes of Engel curves, the functional form of indifference
surfaces might be approximately determined.  See Wold and
Jureen, op. c¢it., pp. 130-31; Wald, op. cit., pp. 144-75;
and H., T. Davis, The Theory of FEconometrics (Bloomington,
Ind.: Principia Press, 1941), pp. 165-68.

1 .
Goldberger, op. cit., p. 217.

521f possible, therce is another element: the
saturation point or the point of zero marginal utility.
Theoretically, the saturation point is very unlikely to be
reached. 1In practice, however, most researchers believe
that if a commwodity is a specific item, for an individual
household, the saturation point is likely to occur at a
high level of income. On the other hand, if a number of
commodities are aggregated as a composite commodity, or
1f a group of households rather than an i1ndividual house-
hold is investigated, the satiety level is not likely to
be reached. See Prais and Houthakker, op. cit., pp. 16-17;
and Cramer, op. cit., p. 149, N |
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Assuming no saving, that element is the budget restriction

Wiy
or the Ldiing o ecritoer o 'Ylk i which 1mplices - dM.‘ = 1;
V. ¥ i

I
vhere ﬂVledMi is the s1rps ~nf the Fnael curve, on the
average for the kth coimnodl ty.

It the number of ¢ e 7ities in the Luldget restric-
ticn b o atlowed LG ovasy, dat icw incune consumplion 1s
roectricted to small numb.er commeditius. NS 1NCcone rises,
ncw commoditices enter. Thus, starting with the most ele-
mentary situation when income 1s very low, only one
commodity is bought, then the slope of the Engel curve for
that comneuirty 15 unity. 1f income rises, successively
additional commodities are bought, then, it is apparent
that the slope for the {irst commodity will yradually
diminish to make rcom, as 1t were, for new entrants. If
53

the commodities arce substitutes, 1t 1s valid to suppose

that the bkngel curves for all commodities become less
o . _ 54
steep as 1ncome 1ncredases.

As for statistical considerations (goodness of

fit and simplicity), some researchers believe that the

53But there 1s no necessary reason for all commodi-
ties to be substitutes. The introduction of a new
commodity into the budget restriction might cause the
slopes of its complements to rise. If severe, the succes-
sive new entrants might replace the alrcady present
commodities entirely, so that the shapes of Engel curves
might be kinked or discontinuous over certain ranges of
income.

54Prais and Houthakker, op. cit., pp. 15-17;
Cramer, op. cit., pp. 147-49.



functinnal form of Fnagel curves should broadly fit the
data and reoroduce anv marked curvature the observations
may possess. The form can be made lincar by a simple
transformation of the data, so that linecar regression can

be applied to the correspondingly transformed observa-

) 25
tions.

There are dozens o, algebraic rtunctional forms
. DO
that have been provosca tor Engel curves, 'he tollowang
are some mathematical forms that have been used 1n most
empirical studies of this subiyect, They are: linear,
semi=-log, double~log, and log-normal.
The +justificaticn ot the linecarity 15 that 1t is

a first order approximation to any function which is unde-

fined. The linecarity of Fnagel curves 1s acceptable when

35Cramer, cp. cit., p. 147;: Leser, op. cit., p. 694.
Uyt might be thought that the problem of searching
for the appropriate form of Engel curves 15 trivial, since
a polynemial of suificiently high degree can assume any
required shape.  However, the flexibility of a polynomial
is only an advantage 1f the degree of scatter of the
observations is small enouagh to allow a precise determina-
tiocn of the parameters of the polynomial. The data
provided by family budgets do not seenm to have sufficient
regqularity to make this advantage possible., It is there-
fore necessary to choose a form which substantially
represents the required form., See Prais and Houthakker,
op. <it., p. B6.

For some researchers, the choice of the appro-
priate form is ignored, Generally, they believe that 1t
will be more important to have relationships which are
convenlent for one or the other purpose. Sce C. FE. V.,
Leser, "Family Budget Data and Price Elasticities of
Demand," Review of Economic Studies, Vol. 9 (1941), p. 47.
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the observaticons of income are confined to a relatively

narrow interval where curvature matters little or not at

all.57

The curvature of Engel curves cannot be neglected

since survey data generally cover a considerable income

-
ranqe.JB Among several forms, Prais and Houthakker, using

the British data, found out that in the case of foods a

semi-log relationship was pref{erable to other alternative

59

functional forms, Similartly, Liviatan found that the

semi-log form of Engel curves gave the best "goodness of

fit" to his 1Isracli household budgets.6O

Ferber found that the functional form of Engel

curves used in most studies was essentially the same as

57

op. oit.

Cramer, op. cit., pp. 146-47; Allen and Bowley,

.
>8s5tuvel and James, in their study of houschold
expendl ture on food in Holland, showed that neither the

lineyr nor the exponential forms generally used in estima-
ting income clasticities were appropriate for the whole
range of budgets in that collcction. See G. Stuvel and
5. F. James, "Houschold Expenditure on Food in Holland,"

Journal of Royal Statistic Society, Series A, 113 (1950),
pP. 59.

59Prais and Houthakker, op, cit., p. 166,

60y, Liviatan, Consumption Patterns in Israel
{Jerusalem: Falk, 1964), pp. 29-30.

Besides 1ts simplicity, the semi-log function has
the following properties: the slope of the curve and the
income elasticity decline with the rise of the income level;
the curve has no satiety level; the curve does not pass
through its origin but intercepts a positive level of
income. See J. Johnston, Econometric Methods (New York:
McGraw-Hill, 1963}, p. 47; Goldberger, op. cit., p. 214.
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61

used by Ernst Engel, namely, the double-log form. The

maln reason tor the popularity of the double-log form, as

explained by Ezekiel and Fox, is that
Though the income elasticity for a commodity may
change ftrom one income level to another, it is often
more desirable to obtain an average elasticity over
sone specified range of incomes. In fact, this is
cquivalent to assume that the incomeGQlasticity is
constant over the ranac in question.

Another classic functicnal form of Engel curves is
the integral log-normal curve or a sigmoid response curve
propesed by Aitchison and Brown.63 This curve has an upper
asymptote and at the same time passes through the origin.
Nevertheless, this curve is not casy to fit, in that it

regquires 1terative methods, and nonconvergence is appar-

ently possible, as Jorgensen found in his analysis of

Duanish budgets.G4

6lFerbcr, op. cit,, p. 138. The double-log form
provides for a constant lncome elasticity. 1t passes
through the origin, and it has an upward rather than a
downward curvature when the elasticity is greater than one.

See Johnston, op. cit., p. 48; Goldberger, op. cit., p. 215.

62y, Fzekiel and K. A. Fox, Methods of Correlation
and Reqression Analysis (3rd ed.; New York: John Wiley &
Scns, 1959), p. 110.

63For a full discussion of this curve, see
J. Aitchison and J. A. C. Brown, The Log-Normal Distribution
(Cambridge: University Press, 1957).

64, Jorgensen, Income-Expenditure Relationships
of Danish Wage and Salary Earner (Copenhagen: Kobenhaven,
1965), p. 55.




CHAPTER 11
REVIEW OF M.S5.U. CONSUMER PANEL SURVEY

1. Gencrai Remarks

Since the wpresent study will make use of the M.S.U.
Consumer Panel data of 1958 in analyzina Engel curves, a
briet review of this survey will first be given.

The panel was composed of approximately 300 house-
holds selected as representative of about 25,000 to 30,000
households in Lansing, Michigan, a city of about 100,000
inhabitants. East Lansing was excluded.

The panel operation started in February, 1951, and
continued through a period ending in December, 1958. Each
houschold 1in the panel reported weekly on all food pur-
chased for home use, giving the quantity, price, and
expenditure for each item. There were about 500 food items
or 14 composite foods in each report. The following were
the fourteen food groups: dairy products; fats and oils;
fruits; vegetables; meat; poultry, fish, and eggs; jam,
etc.; prepared baby food; bakery and cereal products;

sugar, sweets, and candy; nuts and nut products; beverages;

vitamins and minerals; and cooking aids.

lror more discussion of this survey, see Quackenbush

and Shaffer, op. cCit,

28
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In addition, each household reported its income
after federal income tax, change in household composition,
number of meals served to guests, and expenditure for meals

away from home on a weekly basis.

2. Methods of Seclection

The samplinag procedure itnvolved periodic sample
cansnses of the City of Lansing. Sample censuses were
dJona 1n 1950, 1954, and 19564, The number of sampled house-
holds was 1,885, 1,775, and 2,103, respectively. Each
sampl¢ census was composed of a random sample of housecholds,
obtained by using every NED residential address in the
street and address section of the Lansing City Directory.
East Lansing was excluded. The original M.S$.U. panel sam-
ple of 323 was drawn from the 1,885 houscholds in the 1950
sample census. Size ot family, age of homemaker, educa-
tion of homemaker, and income of the family were used as
controls, All families were scrialized by use of punch
card sorting on the four controls, and then each nth family
was drawn from the listing as an original panel member.

Substitutes needed for replacements and refusals
were selected from families with characteristics similar

to those refusing or dropping out.

3. Ceollecting the Information

The panel survey was carried out through mailing
questionnaires to the panel households. All households in

the panel were asked to report each week by mailing in
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a fornd purchased diary which had been mailed to them the
previous week.

There was no assurance that the panel members
wouldn't forget, neglect, or refuse to enter some items in
a diary. An even greater problem was the collection of the
weekly current disposable income data. About half the
panel households were visited annually in order to verify
and check weekly reports against annual reports of income.
These visits were generally well received. This rapport
indicated a reasonably high accuracy in the data on observed

income.



CHAPTER 1711
CROSS SECTIONAL STUDIES

1. WVbjectives and Some General Remarks

Most previous studies on Engel curves used cross
secticonal data of a particular period of time to estimate
Engel or income elasticities.l A particular functional
form was selected for the true functional form of the
Engel curves.

In this chapter, thirteen successive Cross sec-
tional studies on the Engel curves are sct out for five
composite toods. Three alternative functional forms are
sclected for the true functional form of the Engel curves.
In this way, the income elasticity estimates for the five
composite foods, based on three alternative functional
forms, are obtained. Thus, one can investigate if the
income elasticity estimates based on three alternative

functional forms are widely different. 1In addition, one

lFor purc economic theory, an income elasticity has
long been used to indicate if a certain commodity is a
luxury, a necessity, or an inferior good. For business
firms, an income elasticity for a particular good may be
used as an index of demand, or market potential sale. For
economic policy, income elasticities might be used for
adopting various possible policies, See J. M. Slater,
"Regional Consumer Expenditure Studies Using National Food
Survey Data," Journal of Agricultural Economics (May, 1969),
p. 197; G. Tintner, Econometrics (New York: John Wiley &
Sons, 1952), pp. 57-62,

31
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can investigate if a particular functicnal form uniformly

gives a better "goodness of fit" to the given observations.

2. SLatisgﬁcal Cross Secctional Models

The data used are taken from the M.5.U. Consumer
Pancl data of 1958, Four weekly reports are grouped
to=zether and treated as a periocd of time. Since there were
thirteen periods of time in 1958, thirteen cross sectional
studies on the Engel curves arc able to be set out for five
composite foods. These composite foods are: dairy products;
fats and oils; fruits; vegetables; and meat, poultry, fish,
and eggs.2

In each cross sectional study belonging to each par-
ticular period of time, all households in the panel are
assumed to be homogeneous except for per capita expenditure,

per capita disposable income, and stochastic error.3

2Thcoretically, different varieties of goods can be
grouped as a single composite good if the relative prices
remain fixed, or they arc consumed in fixed proportions.
For a full discussion of this problem, see D. Patinkin,
Money, Interest, and Prices (2nd ed.; New York: Harper &
Row, 1965), pp. 411-16,

The exact composition of these grouped goods is
given in Appendices A, B, C, D, and E.

3In a cross sectional study, prices are held con-
stant. They are omitted from the formulation of Engel
curves, The per capita hypothesis is adopted to cope with
the influence of household size on household expenditure
behavior. The omission of household size in the formulation
of Engel curves will result in biased and inconsistent
estimates of income elasticity since household income and
household size, in most survey data, are highly positive
correlated. The per capita hypothesis may be taken as sub-
stantially correct in the formulation of Engel curves. See
pp. 17-21 and footnote 48, Chapter I,
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In other words, the Engel curve for the REE com-

posite food, in each cross sectional study, can be stated as:

' - S S O . + L.
Yin Uy x Hy /Ny ik
where Yik is the ifP houschold aggregate expenditure on the
HEE feod,
. . th , ; . L
M. is the i=- hcouschald arcdregate income after

federal incomce taxes,

M is the average number of persons in the ith
household,

Uik is the steochastic error term represcenting both
the cffects of cither rnon-cconomic factors
besides houschold size, and the error of meas-
urcment of the regressand, and

fk is the undefined functional form,

In this chapter, the functional forms selected for

f Aarc linear, semi-loa, and double-log fonms.4 Thus, the

th

Engel curve for the k— food 1s cxpressed as follows:
Lineal’: Ylk/Ni - lel + sz(btl/Nl) + Uik

Double-log: log (Yik/Ni) IVEN S I log (Mi/Ni) + Ujy

4These three functiocnal forms have been widely used
in the analysis of Engel curves; see pp. 26-27, Chapter 1,
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where o, 's and Bk's are the parameters, i.e., the constant

k
terms, and the income coefficients for the kﬁh food, based
on alternative functional forms.
Regarding the probability distribution of the dis-
turbance Uik' and the values of the explanatory variable,

the following assumptions are assumed:

(i} Normality: U,;, is normally distributed;

{i1) Zero mean: E(Uik) = G;

(iii) Homoskedasticity: E(Uf ) = Oi:

{(iv) No interdependence: E(UikUjk) = 0 for all i # 3:

(v} The exogenous variable, Ni/Ni, is measured without

error.

Considering the above assumptions, the assumptions
(i), (ii), and (iii) are assumed. Though the assumption
(iii) is not fulfilled, the existence of heteroskedasticity
does not affect the unbiased property of least sguares esti-
mates. The assumption (iv) is likely to be satisfied,
since the panel households were randomly selected. As for
the assumption (v), the present study, like many others,
simply assumes the measured incomes are accurate. Based on
the above assumptions, the ordinary least squares estima-

tors are BLUE.5

5The assumptions {ii) through (v) suffice to estab-
lish that the least squares estimates are BLUE. The
assumptions (ii) and (v) assure the unbiasedness of least
squares estimators. The assumption (i) serves to establish
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2.1 Prooedoatron Trocedare

The crdinary least. sguares methed is used to esti-
rate the reoression cocfficients over all the one hundred
uand ninety-five regressions.

Before analyzing the main results, one difficulty
of computation should be mentioned. It is the problem of
zero values of houschold expenditure on a composite food.
Since log 0 = -m, this creates a computational problem. 1In
this chapter, those pairs of observations for which the
values of houschold expenditure on that composite food are
Zero arce excluded.6 They give no information regarding the
coutcome of the experiment and should not be counted as

part of the sample.7

2.2. Results of Cross Sectional Studies

The estimates of the constant terms and the income
coefficients for the five composite foods, based on three

alternative functional forms, over thirteen cross sectional

an identity between least sguares and maximum likelihood
estimates and to justify strictly the usc of t, F, and =z
test procedures. For a full discussion of this problem,
see E. Malinvaud, Statistical Methods of Fconometrics (2nd
ed.; New York: American Elsevice, 1970), pp. 84-86; also
E. J. Kane, Economic Statistics & Econometrics (New York:
Harper & Row, 1968), pp. 355-57.

6Some studies assigped an arbitrarily low value for
zero observations of houscehould expenditure; see Prais and
Houthakker, op. cit., p. 50.

7Kmenta, op. cit., p. 337,
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studices are presented in Table 1 through Table 5. The

fiqure in parentheses is the standard error of the esti-
mated income coefficient. The mark @ indicates that the
corresponding income coefficient is not significantly dif-
foerent from zero at 5% level of significance. In an
economic sense, it has been well known that the income
coefficient based on the linear form is the marginal pro-
pensity to consume (MPC); whereas the income coecfficient
hased on the double-log form is the income elasticity.

At this point, some conclusions might be drawn from

Table 1 through Table 5.8
(1) For dairy products, the mean of the estimates
0! MPC based on the linear form is .0024; the mcan of the

income clasticity estimates based on the double-log form
15 .0938.

(2) For fats and oils, the mean of the estimates
of MPC based on the linear form is .0014; the mean of the
incrme elasticity estimates based on the double-log form
1s .2209.

(3) For fruits, the mean of the estimates of MPC
hased on the linecar form is .0042; the mean of the income
celasticity estimates based on the double-log form is .3388.

(4) For vegetables, the mean of the estimates of
MPC based on the linear is .0026; the mean of the 1lncome

elasticity estimates based on the double-log form is .1988.

8It should be noted that these results, from Table 1
through Table 5, provide the information needed to approxi-
mate utility functions by Wald's method. Some preliminary
evidence on this subject is given in Chapter V.
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TARLFE 1.--Fstimates of Renression Coefficients for Dairy

—— gy PERT STt T= S Sa TR

'rrcducts Bansed on Alternative Functional Forms

= e Ty T o —— T T =— e

Estimates of Income Coefficients

iam e e

Period Turitates of Constant Terms
af Rarrd on Prrrd on
T T.inecar Semi-Log Doubkle-Log l.incar Cemi-l.og Double-log
1 1.678 1.976 .407 .0011¢@ .8887 .06574a
{.000R) (.4017) 1.0423)
LTn 2.203 . 372 . 00054 .7584 .079440
{.N00S%Y {.3769) (.na>m
n RIS 1,70 . 537 .0N25 .nn3an LO007A
{.n00") (.00 {.0000)
B! 3.248n L7102 . 104 L0033 1.455n0 L1576
(.0011) (.4471) (.0542)
5 3.443 l1.082 . 257 L0025 1.3082 .1325
(.0010) {(.4107) {.0495)
G 20114 -.541 105 L.0na8 2.0RR0 L2041
{.0012) (.4618) (.0513)
7 3,430 1.57% 06 olak AL .9a47 .Q6a1n
{.00113 {.4234) (.0517)
2] 3.125 .A57 .199 .0034 1.5176 .1451
{(.0012) (.4528) {.0561)
0 2.N5° .GR4 .201 .00292 1.34586 .1323
(.0011) (.3045) (.0569)
10 3.157 729 L1482 .00230 1.3760 .1538
{.0010) {.3820) {.0494)
1 X, 1365 1.889 . 349 .0020 .8589 . 080134
{.0010) (.3448) (.0422)
12 3,350 3.763 .522 .0026 ~-.00020 -.0001@A
{.0011) (.0044) (.0005)
11 3.355% 3.611 .5006 .0015a .0024" L0001
(.0009) {.0060) {.0007)
Mean .0024 .9cRAB .0938

Remarks:

The mark @ indicates that the income ceoefficient is not sig-
nificantly different from zero at 5t level of significance,

. . . 3 th ;
The tth period of time implices the t— cross sectional
study, since a cross sectional study belongs to a particulary

period of time,
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TABLE 2.~--Estimates of Recgression Cocfficients for Fats and

0O1ls Based on Alternative Functional Forms

Estimates of Inccme Coofficients

Peracd Tctimates of Constant Terms
of Rased on nared on
Time Lincar Semi-log Doulkle-Loyg  Lincar Scmi- 107 Double-Log
1 .901 -.210 -.545 . 0009 .50953 2279
{.0004) (.1297) {(.0%92)
2 lj.ozo -.67) -, 012 Meleloks LR L210n
(.0002) {.1R07) (.0FR 3,
2 .apA 1.027 -.07> Neleleiras. -.,.n020" -, 000n7nA
(.0004%) (.CO27) {.CC0OR)
3 627 -1.034 A AL .oco2n L0900 L1qan
(.000%) {(.1925) (.0027}
5 . 855 -.704 ~.6R82 L0017 8GR . 3039
(.0004q) (.19G2) {(.0652)
L R -.70C -.a87 .or20 .P174 . 362A
{.0005%) (.2032) {.0734)
7 L8230 . 004 ~.A/492 . Q007 . 4490 .1739
{.0004) {.1854) {.0750)
8 .773 -.509 ~-. 756 L0017 .7334 .3202
(.0005) (.1885%) {.0733)
9 .719 -.305 -.851 L0016 LE037 . 3441
(.0004) (.1709) {(.0730)
10 .B35 -.025 - .48 L0011 L4900 .1R99
(.0004) (.17046) (.0617)
11 . 750 -.028 -.€90 L0015 L5728 L2812
{.0004) (.1542) {.05691)
12 . 760 1.052 -.078 .0018 .0o211 .0011AQ
{.00043) {.0020) {(.0007)
13 .B852 1.037 -.0RD .0010 -.004110 -.00140
{.000) (.0028) {.0009)
Mean L0014 .Han? L2209

Remarks:

The mark @ indicates

nificantly different

The t—.
study,

that the income cocfficient is not sig-
from zero at 5% level of significance.

periocd of time implies the t ¢ross sectional

since a cross sectional study belongs to a particular
period of time,
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TABLE 3.--Estimates of Regression Coefficients for Fruits
Based on Alternative Functional Forms

C -

—— —- == = Lr o ey e oot T

Period Estimates of Constant Terms Estimates of Income Coefficients
of Based on Based on
Time Linear Semi-log Double~-Log  linear Semi-Log Double-Log
1 1.459 -1.649 -.016 0029 1.6923 .3718
(.0007) {.3326) (.0737)
2 1.867 -2.117 -.531 L0021 2.0468 L2605
(.0005) (.3724) {(.0750)
3 1.794 2.119 229 L0020 .0057a .0o0186
(.0007) {.0044) (.0010)
4 1.362 -1.800 -.609 0046 1.8399 . 3887
{.0008) {.3542}) {(.0753)
5 1.517 -2.533 -.917 .0051 2.2980 .5514
(.0009) {(.36]11) (.0774)
6 1.593 -2.251 -.703 .0050 2.1390 .4594
{.0010) (.3902) {.0779)
7 1.958 ~2.313 -.680 0054 2.4292 .4775
{.0012) {.4546) (.0814)
8 1.402 -3.776 -.896 .0075 2,9988 . 5580
{.0011) (.4403) (.0807)
9 1.513] ~-2.420 -.817 . 0058 2.3043 .5058
(.0010) (.3863) (.08B58)
10 1.548 -1.221 -.506 .0048 1.6702 . 3594
{.0009) (.4520) (.0737)
1] 1,389 -1.127 -.552 .0049 1.5710 .3675
{.0009) (.3218) (.0737)
12 1.752 2.156 . 230 .0025 .00230 L0017
{.0009) (.0037) (.0007)
13 1.694 2.279 .244 .0034 -.00180 -.000G
(.0009) {.0061) {.0010)
Mean .0043 1.6151 . 3388

Remarks: The mark 8 indicates that the income coefficient is not sig-
nificantly different from zero at 5% level of significance.

th . . . . :
The t— period of time implies the tLﬂ cross sectional
study, since a cross sectional study helongs to a particular
period of time.
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TABLE 4.-—-Estimates of Regression Coefficients for Vegetables

Based on Alternative Functional Forms

Periodt-'gzii;htes of Constant Terms Estimates of Income Coefficients
of Based on Based on
Time Linear Semi~Log Double-l.g Linear Semi-Log Double-log
1 1.779 -.392 -.211 .0024 1.2070 .2257
{.00086) {.3058) {(.0562)
2 1.980 -.506 -.227 L0013 1.2793 .2371
(.0004) {.3061) (.0551)
3 1.864 2.164 . 260 .0019 .0024@ .00030@
{.0006) (.0045) (.0009)
49 1.599 -1.243 -.313 L0042 1.65%580 . 2805
(.0008) (.3454) (.0604)
5 2.069 ~1.236 -.289 .0036 1.8400 .3034
(.0009) (.3594) (.0578)
6 1.959 -.176 -,162 .0028 1.2149 L2277
(.0008) (.3252) {.0560)
7 1.864 ~.549 -. 277 .0029 1.3650 . 2699
(.0010} (.3545) (.06013)
8 1.579 -1.328 -.416 .0039 1.6651 3213
{.0008) (.3067) (.0638)
9 1.432 -.629 -.354 .0027 1.1850 . 2552
(.0007} {(.2615) {.0651)
10 1.548 -.049 -.232 .0021 9197 .1982
(.0007) {.26607) (.0664)
11 1.476 -.521 -.351 . 0028 1.1742 .26139
{.0007} (.2289) (.0569)
12 1.628 2.023 . 224 .0024 .00492@ L00120
(.0007} {.0030) {.0006)
13 1.640 1.850 .180 0012 .0019@ .000204
{.00006) {(.0042) {.0009)
Mean .0026 1.0397 .1988
Remarks: The mark @ indicates that the income coefficient is not sig-

nificantly different from zero at 5% level of significance.

th . . . . th .
The t— period of time implies the t— cross sectional
since a cross sectional study belongs to a particular

study,
period of time.
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TABLE 5.--Estimates of Regression Coefficients for Meat, Etc.

Based on Alternative Functional Forms

FEr:od Estimates of Constant Terms Estimates of Income Coefficients
of Based on Based on
Time Linear Semi-Log Double-lLog Linear Semi-Log Double-Log
1 5.993 -5.586 -.134 L0112 6.3161 . 3285
{.0022) (1.0157) {.0503)
2 5.984 -15%,359 .13z .0125 11.0688R L3232
{.0036) {2.5591) {.0566)
3 h.167 7.382 .RO6 L0077 .0032@ ~.0000@
{.0018) (.0124) {.0008B)
4 5.792 -4.034 .148 .0125 5.5704 . 3202
(.0023) (.9136) {.0585)
5 5.621 -6.806 .050 L0157 7.0562 .3723
(.0026) {1.0665) {.0568})
6 f,.748 - . 295 .30AR8 .0075 3.6459 .2403
{.0022) (.8532) (.0563)
7 5,011 -7.032 .142 .0173 1.9938 .3127
{.00135) (1.3370) {.0614)
8 5.371 ~-3.654 .070 .0129 5.2173 . 3446
{.0023) (.8841}) (.0628)
9 5.447 -2.720 . 149 ,0109 4.6R53 . 3021
{.0021) {.7671) {.0612)
10 6.179 -.440C . 330 . 0095 3.844R . 2345
{.0023) (.8519} {.053])
11 5.499 -2.293 L2135 .0138 4.7586 .2783
(.0022) (.7477) {.0490)
12 6.79213 B.128 .B45 .0083 .0213 L0019
(.0024) {.0099) {.0006)
13 6,781 7.799 .B827 . 0060 -.0009R -, 0002a@
{.0022) (.0145) {.0008)
Mean L0112 4.1678 . 2353
Remarks: The mark @ indicates that the income coefficient is not sig-

nificantly different from zero at 5% level of significance.

th ) . . . th )
The t— period of time implies the t—— cross sectional
study, since a cross sectional study belongs to a particular
period of time.



42

{5) For meat, etc., the mean cof the estimates of
MPC based on the linear is .0112; the mean of the income

clasticity estimates based on the double-log form is .2353.

2.3. Income Elasticity Estimatcs

From Table 1 through Table 5, the income elasticity
c¢stimates for the five composite foods, based on three
alternative functional forms, can easily be derived. Refer-
ring to the estimates of incomec coefficients (8 's), the
income elasticity estimates at mean values, based on these

alternative functional forms, are computed as follows:9

+

Linecar: Bkl(M/Yk)
Semi-log: ékz/?k

Double~loqg: ék3

where M is the sample mean of the houschold per capita
disposable income at a period of time,
?k 1s the sample mean of the houschold per capita

expenditure on the kEE food at a pericd of time,

and
ﬁk's are the estimates of income coefficients for the

kEﬂ food, based on alternative functional forms.

For each composite food, the income elasticity esti-

mates at mean values, based on three alternative functional

%the values of _k, M, and ﬁ/?k are set out in

Appendix F.
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10 The semi-log form consis-

forms, are widely different.
tently gives the highest income elasticity estimates which
are very different from those based on the linear and
double-log forms. The income elasticity estimates based

on the linear form are fairly stable over different cross
sectional studies. In some cross sectional studies, the
signs ot the 1ncome elasticity estimates based on three
alternative tunctional forms are different.

To clarify the analysis, the income elasticity
estimates at mecan values for cach composite food, based on
three alternative functional forms, are scparately set out
in Table 6 through Table 10. These income elasticity esti-

mates are also graphically presented in Figure 1 through

Fiqure 5.

2.3.1. Dairy Products.--The values and a graphical

presentation of the income elasticity estimates for dairy
products, based on three alternative functional forms, are
given in Table & and Figure 1.
The first point to notice is that the semi-log form
consistently gives the highest income elasticity estimates
rd th

for cach period of time except for the 3—, 12£E, and 13—

periods. The values based on the semi-log form widely

10The differences between the income elasticity
estimates are greater when estimated at any point away from
the mean, since each functional form makes different
assumptions as to the way in which the elasticity varies.
For a numerical illustration of this problem, see Prais
and Houthakker, op. cit., p. 94.
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TABLE 6.--Income Elasticity Estimates for Dairy

Products Based on Alternative Functional
Forms {at Mean Values)

Period
of Linear Semi-Log Double-Log
Time
1 .0459¢@ .2302 .06574
2 .0215a .1995 .07947
3 .1048 .00104 .00034
4 .1335 . 3828 .1576
5 .09913 . 3417 .1325
6 .1881 .5415 .2041
7 .06100 . 2725 .06910
8 .1430 L4146 .1451
9 .1251 .3844 ,1323
10 .1305 .3822 .1538
11 .0793 .2353 .0803a@
12 .1097 -,000008 -,.0001@
13 .0702@ .0006 .0001@
Mean .1009 .2604 .09138
S.Dh, .0015 .0265 .0035
Remarks: The mark @ indicates that the income elas-

ticity (or the corresponding income
coefficient) 1s not significantly different
from zero at 5% level of significance.

S.D. = Standard Deviation

The til—h period of time implies the th cross
sectional study, since a cross sectional
study belongs to a particular period of time.
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Figure 1l.--A Graphic Presentation of Income Elasticity Esti-

mates for Dairy Products Based on Alternative
Functional Forms {at Mean Values)
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fluctuate and are very different from those based on the
other two forms. The mean of the income elasticity esti-
mates based on the semi-log is .2604 and the standard
deviation is .0265.

Secondly, the estimates based on the semi-log and
double-log forms at the 12£E period are negative, whereas
the estimate based on the linecar form is positive.

Thirdly, except for the BEQ, 1252, and 1332 periods,
the double-log and linear forms give the estimates that are
very nearly equal over periods c¢f time.

Fourthly, the income elasticity estimates based on
the linear form are reasconably the same over different

periods of time. The mean of the estimates based on the

linear form is .,1009 and the standard deviation is .00165.

2.3.2. Fats and 0Oils.--The valuces and a graphical

presentation of income clasticity estimates for fats and
ol1ls, based on alternative functional forms at mean
values, are shown in Table 7 and Figure 2.

It will be noticed that, except for the 359, 1252,
and 13th periods, the semi-log form consistently gives
the highest income elasticity estimates. The values
based on the semi-log form widely fluctuate and are very
different from those based on the other two forms. The
values based on the semi-log and double-log forms at the
3rd ang 12th periods are negative, whereas the estimates

based on the linear form are positive. The linear and
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TABLE 7.--Income Elasticity Estimates for Fats and Oils

Based on Alternative Functional Forms {at
Mean Values)

Period T - - o

of Linear Semi-Loy Double-Log

Time
1 .1365 .5724 . 2279
2 .0997 .7669 .3169
3 .10794 ~-.00190 -.0009@
4 .4033 . 94437 . 3485
5 L2311 .7822 .3039
6 .2936 .B8093 .3628
7 .1113@ .4776 .1739
8 . 2528 .7120 .3202
9 .2502 .6354 3441
10 .1725 .4900 .1899
11 .2223 .5844 .2812
12 .2733 .0020¢@ .0011@
13 .1638 ~.0039¢0 -.00140

Mean .2091 5217 .2209

S.D .0065 .0997 .0169%

Remarks:

The mark @ indicates that the income
elasticity {(or the corresponding income
coefficient) is not significantly different
from zero at 5% level of significance.

S.D. = Standard Deviation

The tiR period of time implies the ¢ £h Cross
sectional study, since a cross sectional
study belongs to a particular period of time.
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Figure 2.--A Graphic Presentation of Income Elasticity Esti-
mates for Fats and 0Oils Based on Alternative
Functional Forms {(at Mean Values)
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double-1loa forms give income elasticity estimates that

are very nearly equal except for the 3£9q 1232, and 1352
periods. The mean of the estimates based on the semi-log,
linear, and double-loag forms are .5217, .2091, and .2209,
respectively. The standard deviation of income elasticity
estimates based on the semi-log, linear, and double-log
forms are .0997, .0065, and .0169, respectively. One
would c¢laim that the income elasticity estimates based

on the linear form are almost the same over different

periods of time.

2.3.3, Fruits.--The values and a graphical pres-

entation of income elasticity estimates for fruits, based
on alternative functional forms at mean values, are set
out in Table 8 and Figure 3.

One can see that the semi-~log form consistently
gives the highest income elasticity estimates at cach
period of time except for the 359, 1255, and l3£§ periods,
The values based on the semi-log form widely fluctuate
and are quite different from those based on the other two
forms. Both non-linear forms give negative estimates at
the 13Ell period. Except for the 359, 1252, and IBEH
periods, the estimated income elasticities based on the
double-log and linear forms are very close to each other.

In addition, at the SEE and BEE periods, the semi-

log form gives income elasticity estimates that are

higher than unity. The mean of the income elasticity
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TABLE B.--Income Elasticity Estimates for Fruits Based

on Alternative Functional Forms ({(at Mean
Values)

Period
of Linear Semi-Log Double~-Log
Time
1 .2396 .B768 .3718
2 .1554 .9261 . 3605
3 .1499 .00260 .oolsge
4 . 3389 .8845 .3887
5 .3384 1.1003 .5518
6 . 3208 .9063 .4594
7 . 2899 .8801 4775
8 .4526 1.1668 .5586
9 . 3665 .9561 .5058
10 . 3287 .7230 .3594
11 . 3381 . 7445 .3675
12 .1856 .0010¢@ .0017
13 .2525 -.0007@ -.0006¢8
Mean .2889 .7052 .3388
S.Dh. .0041 .1753 .0376

Remarks:

The mark @ indicates that the income
elasticity (or the corresponding income
coefficient) is not significantly different
from zero at 5% level of significance.

S.D. = Standard Deviation
th , . , . th
The t7 period of time implies the t— cross

sectional study, since a cross sectional
study belongs to a particular period of time.
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estimates based on the semi-log, linear, and double-log
forms are 00,7052, 0.2889%, and 0.338B8, respectively. The
standard deviation of income elasticity estimates based
on the semi-log, linear, and double-log forms are .1753,
.0041, and .0376, respectively. The results indicate
that the income elasticity estimates based on the linear

form arce fairly stable over periods of time.

2.3.4. Vegetables.-~-The values and a graphical

presentation of income elasticity estimates for vegeta-
bles, based on alternative functional forms at mean
values, are given in Table 9 and Figure 4.

The first point to notice is that the semi-log
form consistently gives the highest estimates at ecach
period of time except for the BEQ, 1232, and 133& periods,.
The estimates based on the semi-log form widely fluctuate
and are considerably different from those based on the
other two forms.

Secondly, except for the 3£§' 1252, and IBEE
periods, the double-log and linecar forms give estimates
that are very nearly equal,.

Thirdly, the mean of income elasticity estimates
based on the semi-log, linear, and double-log forms are
0.4768, 0.1885, and 0.1988, respectively.

Lastly, the standard deviation of income elastic-

1ty estimates based on the semi-log, linear, and double-log

forms are .1064, .0003, and .0l118B, respectively. One
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TABLE 9.--Income Elasticity Estimates for Vegetables
Based on Alternative Functional Forms
{at Mean Values)

Period
of Linear Semi-Log Double-Log
Time
1 .1765 .5587 .2257
2 .0968 .584) .2371
3 .1391 .0011A .00034
4 .2870 . 7368 .2805
5 .2083 .6996 .3034
6 1774 .5104 .2277
7 .1847 .5934 .2699
8 L2753 . 7638 .3213
9 .2198 .6405 .2552
10 .1740 .4866 .1982
11 .2145 .6212 .2639
12 .1885 .00200 .0012¢@
13 .1087 .0010@ .0002a
Mean .1885 .4768 .1988
sS.D, .0003 .1064 .0118
Remarks: The mark @ indicates that the income

elasticity (or the corresponding income
coefficient) is not significantly different
from zero at 5% level of significance.

S.D. = Standard Deviation
th . . . .
The t— period of time implies the tE-11 Cross

sectional study, since a cross sectional
study belongs to a particular period of time.
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would notice that the income elasticity estimates based
on the linear forms are highly stable over different

periods of time.

2.3.5. Meat, Poultry, Fish, and Eggs.--The

values and a graphical presentation of income elasticity
estimates for meat, etc., bascd on alternative functional
forms at mean values, are set out in Table 10 and

Figure 5.

One would notice that the semi log form consis-
tently gives the highest income clasticity estimates except
for the BLQ, 12£E, and 13—t—E periods. The income elasticity
estimates based on the semi-log form widely fluctuate
and are very different from those based on the other twn
forms. At the 259 and IBEE periods, the semi-log form
gives estimates that are greater than unity and negative,
respectively. At the 359 and 13EE periods, the double-
log form gives estimates that are negative. Except for
the 3£g, 1252, and 13EE periods, the linear form gives
income clasticity estimates that are very close to those
based on the double-log form. The mean of the income
clasticity estimates based on the semi-log, linear, and
double-log forms are .5428, ,2259, and .2353, respec-
tively. The standard deviation of income elasticity
estimates based on the semi-log, linear, and double-log

forms are .1385, ,0011], and .0178, respectively. The

results indicate that the income elasticity estimates
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TABLE l0.--Income Elasticity Estimates for Meat, Etc.

Based on Alternative Functional Forms
{at Mean Values)

Period
of Linear Semi-Log Double-Log
Time
1 .2299 .8097 . 3285
2 .2526 1.3801 .3232
3 1647 .0004@ -.0000¢@
4 .2478 .7224 .3203
5 .2978 .8798 .3723
6 .1532 .4940 .2403
7 . 3382 .2630 . 3127
8 .2694 .7079 .3446
9 .2321 .6608 .3021
10 .1938 .5012 .2345
11 .2663 .6353 .2783
12 .1620 .0026 .0019
13 .1293 -.0001@ -.0002@
Mean .2259 .5428 .2353
S5.D. .00112 .1385 .0178

Remarks:

The mark @ indicates that the income
eluarvicity (or the corresponding income
coer! cient) is not significantly different
from zero at 5% level of significance.

S.D. = Standard Deviation
The tEE period of time implies the tEE Cross

sectional study, since a cross sectional
study belongs to a particular period of time.
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based on the linear form are nearly egual over different
periods of time.

Before proceeding, one might ask why the income
elasticity estimates for the five composite foods are con-
siderably lower at the 3£§, IZEE, and 13th periods.

Perhaps one possible answer is that households' expenditures
on foods are 1nfluenced by the holidays of the year. From
Table 1), below, one can scc that the 359, 1232, and 1355
periods are the pre-Easter, Thanksgiving, and Christmas
holidays.

TABLE 11.--The Actual Days and Holidays Included in the Four
Weeks of each Period for the Year of 1958

Year Period Month and Date Holidays
1958 1 1-1 to 1-29 New Years

2 1-30 to 2-26

3 2-27 to 3-26

4 3-27 to 4-23 Easter

5 4-24 to 5-21

6 5-22 to 6-18 Memorial Day

7 6-19 to 7-16 Fourth of July

8 7-17 to 8-13

9 B-14 to 9-10 L.abor Day

10 9-11 to 10-8

11 10-9 to 11-5

12 11-6 to 12-3 Thanksgiving

13 12-4 to 12-31 Christmas
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2.4. Distributions of Income

Elasticity Estimates

From Table 6 through Table 10, one can derive fre-

guency distributions of income clasticity estimates for

foods as a whole,

such distributions are set out in Table 12.

based on alternative functional forms.

TABLE lZ2.--bistributions of Income Elasticity Estimates for
toods Based on Alternative Functional Forms

Income Elasticity Estimates

Range of Elasticities Lincar Semi-Log Double-Log
~1 to O 5 6
0 to .10 8 10 13
.10 to .20 27 1 8
.20 to .30 21 9 13
.30 to .40 7 4 20
.40 to .50 2 5 2
.50 to .60 B8 3
.60 to .70 6
.70 to .80 10
.BO0 to .90 5
.90 to 1.00 4
1.00 to 2.00 3
65 65 65

Onae would notice that the semi-log form gives five

income elasticity estimates that are negative,

are greater than one,

three that

and the rest in the range 0 to 1.00,

Of the sixty-five income elasticity estimates for foods

based on the double-log form,

lie in the range 0 to 0.60.

six are negative and the rest

All income elasticity estimates
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based on the linear form arc positive and concentrate in
the range 0 to 0.50.

In summary, the income elasticity estimates for
foods based on either functional form are predominantly
inelastic: Engel's law of consumption is confirmed.
Elastic and negative income elasticity estimates based on

the nonlinear forms are found, but they are comparatively

infrequent.

2.5. A Comparison of "Goodness
of Fit"

Up to this point, an attempt will be made to inves-
tigate if the semi-log or the double-log form uniformly
gives a better '"goodness of fit" to the observations. The
values of Ez, the corrected cocfficient of determination,
based on alternative functional forms are used for such
dctermination.ll Table 13 shows the valucs of RZ.

I will be noticeable that all the values of ﬁz are

2

smaall and close to zero. The values of R° based on alterna-

tive functional forms differ only slightly except for the
59, 1235, and 13th periods, where the lincar form obviously

gives a better '"goodness of fit" to the observations.

l1lohe corrected coefficient of determination R® is
used to describe how well the sample regressionline fits
the obscrved data. This mecasure takes into account the num-
ber of explanatory variables in relation to the Eumber of
observations. Needless to say, the purpose of R is to
facilitate comparisons of the '"goodness of fit" of several
regression equations that vary with respect to the number
of explanatory variables and the number of observations.
For a full discussion of this problem, see Kmenta, op. cit.,
pPp. 229-35 and p. 365.
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TARLED 13, --Values of ﬁz {(the ChHhrrected Cocfficient of Deter-
mination) and n (the Number of Observations)

Period Composite 2 Based on n
of Food Linear Semi~-Log Double~-Log
Time
1 Dairy Prod. .002 .014 .005 275
Fats & Oils .011 .028 .048 269
Fruits . 051 .084 .083 270
Vegetables .039 .050 .052 273
Meat, etc. .078 .120 . 131 275
2 Dairy Prod. .000 .011 .009 272
Fats & Oils .024 .076 .096 267
Fruits .052 .097 .074 270
Vegetables .030 057 .060 271
Meat, ctc. . 040 .061 .105 270
3 Dairy Prod. . 026 . 000 .000 268
Fats & Oils .008 .000 .000 263
Fruits .025 .001 .008 265
Vegetables .024 .000 .000 268
Meat, etc. . 056 .000 .000 265
4 Dairy Prod. .028 . 034 .026 272
Fats & Oils .103 .087 .100 267
Fruits .091 .a88 .087 268
Vegetables .079 .075 .070 272
Meat, etc. . 095 .119 .097 268
5 Dairy Prod. .018 .032 .022 269
Fats & Oils .041 .066 .073 263
Fruits .103 .129 .157 267
Vegetables .054 .085 .090 269
Meat, etc. 112 .139 . 136 266
6 Dairy Prod. .052 .067 .048 271
Fats & Olils .044 .054 .081 264
Fruits .076 .095 112 268
Vegetables .034 .045 .054 271
Meat, etc. .036 .060 .060 268
7 Dairy Prod. .003 .0l6 .003 264
Fats & Oils .005 .019 .017 248
Fruits .066 .096 .113 261
Vegetables .029 .050 .068 260

Meat, etc. .080 .092 .087 259



62

sectional study,

since a cross sectional study
belongs to a particular period of time.

TABLE 13 ““Continued)
Per;od Composite R2 Based on n
° Food Linear Semi-Log Double-Log
Time
8 Dairy Prod. 027 .037 .021 265
Fats & Oils . 041 .052 .066 255
Fruits . 135 .149 .153 259
Vegetables 077 . 097 .084 265
Meat, ctc. .100 .114 .100 262
9 Dairy Prod. .023 . 039 .016 262
Fats & Oils .036 .043 076 256
Fruits .098 .119 .116 257
Vegetables .048 .069 .052 261
Meat, etc. .0B4 .123 .0B3 259
10 Dairy Prod. .026 .042 .032 259
Fats & Oils 017 .027 .032 256
Fruits . 090 .078 .082 253
Vegetables .030 .040 .029 259
Meat, etc. .058 .070 .067 256
11 Dairy Prod. .010C .019 .010 257
Fats & Oils .042 .050 .080 247
Fruits .092 .083 .114 251
Vegetables .059 .090 .074 255
Meat, etc. .125 .135 .109 254
12 Dairy Prod. .017 .000 .000 261
Fats & Oils .046 .000 .006 258
Fruits .024 . 000 .017 255
Vegetables .037 .003 .008 261
Meat, etc. .038 .014 .035 257
13 Dairy Prod. . 006 .000 .000 260
Fats & Oils .019 .004 .004 250
Fruits . 047 .Q00 .000 255
Vegetables .010 .000 .000 258
Meat, etc. .024 .000 .0a0 256
R ) th . . . . th
emark: The t-— period of time implies the t— cross
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2.5.1. Distributions of Corrected Coefficient of
Determination.--Before drawing any conclusions about a
"goodness of fit," frequency distributions of ﬁz, based on

alternative functional forms, will be derived from Table 13.
Such distributions are given in Table 14,

From Table 14, one would notice that the values of
f° pbased on alternative functional forms lie in the range
0 to .20. These distributions indicate that no functional
torm unitormly gives the highest values of R, Obviously,
one cannot claim that the nonlinear form, either the semi-
log or the double-log form, unitormly gives a better
"goodness of fit" to the observations.

TABLE 14.--Distributi9ns of Corrected Coefficient of Deter-
mination (Rz) Basced on Alternative Functional

Forms
N =2 Values of R
Range of R Linear Semi-log Double-log
0 tc .02 13 20 20
.02 to .04 19 7 7
.04 to .06 15 10 7
.06 to .08 5 8 8
.08 to .10 7 11 12
.10 to .20 6 9 11

65 65 65




APPENDIX A

DAIRY PRODUCTS

Fresh Milk
Homogenized--Vit. D.
Multiple Vitamin Milk
Homogenized--Plain
Regular Pasteurized
Jersey or Guernscey
Buttermilk
Chocolate
Skim Milk
Sour Milk
Egg Nog, ctc.

Other Milk

Cream
Cofee Cream
Whipping Cream
Sour Cream

Canned (Liquid)
Evaporated--Unswectened
Condensed--5Sweetened
Canned--Baby Formulas

Dried
Powdered--Skim Milk
Powdered--Whole Milk
Powdered~-Baby Formulas
Ice Cream Mix
Sherbet Mix
Malted Milk Powder

Ice Cream
Hand Packed Ice Cream
Pre-Packaged Ice Cream
Other Tce Cream
Sherbets and Ices
Dairy Queen, Frostie, ctc.

Cheese
Natural American (Cheddar, etc.)
Processed American (Velveeta, cotc.)
Swiss Cheese
Cheese Spread
Cream Cheese (Philadelphia, etc.)
Cottaye Cheese
Other Cheese
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APPENDIX B

FATS AND OILS

Fats
Buttey
Oleomargarine
Lard
Swiftninqg
Vegetable Shortening {(Crisco, Spry, ctc.)
Other Fats
Cils
Cooking Oils
Mayonnaise
Salad Dressing
Rogquefort Dressing
Salad Cils, etc.
French Dressing, ctc.
Sandwich Spread, Tartar Sauce
Whips
Other 0ils



APPENDIX C

FRUITS

Herries
Rlueberries
Cranborries
Currants
Dewberries and Rlarkberries
Raspberries
Strawberries
Berry Juice
Other BRerrics
Citrus
Grapefruit
L.emons
Lemonade
Lemon Juice
Grapefruit Juice
l.imes
Lime Juice
Limeade
Oranges
Orange .Juice
Orange Drink (Hi-C, etc.)
Tangerines
Tangerine Juicce
Mixed Citrus Fruits
Mixed Citrus Juice
Other Citrus
Other Citrus Juice
Other Fruits
Apples
Applesauce and Apple Butter
Apple Cider
Apple Juice
Apricots
Apricot Nectar
Avocados
Bananas
Cherries--Maraschino
Cherries~--Sour
Cherries--Sweet
Dates
Figs
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Other Fruits (Continued)
RENTEN 5
Grape Juilice
Cantaloupe and Muskmelon
Watermelon
Nectarines
Olives
Persimmons
Peoaches
Pears
Pineapple
lLineapple Juice
Plums
Prunes
Prune Juice
Raisins
Rhubarb
Hawaiian Punch Basc
Mixed Fruits
Fruit Cocktail
Fruit Pie Mix
Mixed Fruit Juice
Fruit Gelatin Salad--Preparecd
Powdered Juice
Candied Fruit
Fruit Pickles
Other Fruits
Other Fruit Juice



APPENDIX D

VEGETABLES

Green lLeafy Veartables

Brussel Sprouts

Cabbage

Cabbage Salad

Sauerkraut

Celery Cabbage

Endive, Chicory, Escarole
Greens--Beet, Mustard, etc.
I.ettuce-~Head

Lettuce--Leaf

Lettuce--Bib

Parsley, Swiss Chard, Water
Spinach

Mixed Leafy Vegectables
Other Leafy Vegetables

and Yellow Vegetables

Artichokes
Asparagus
Beans--Lima
Beans--5Snap
Bean Sprouts
Broccoli
carrots
corn--Sweet
Peas

Peppers
Pumpkin
Squash

Soy Steak and Choplets

Cress

Mixed Green and Yellow Vegetables

Others

All Other Vegetables

Beans~--Navy, Baked, White
Pork and Beans
Beans--Kidney

Beets

Cauliflower

Cucumbers

Cucumber Pickles

Relish

Egg Plant

Garlic
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11 othar Yeaget 1o {0 ntinued)
Horseradish
Mushrooms
Onions--Mature
Onions--Green
Parsnips
Pimentoes
Michigan Potatoes
Maine Potatoes
Idaho Potatoes
California Potatces
Other Potatoes
Potatoes--French lries
Potato Chips
Potato Sticks
Potato Salad
Mashed Potatoes or Patties
Sweet Potatoes and Yams
Radishes
Tomatoes
Tomato Catsup
Tomato Juice
Turnips and Rutabagas
Prepared Vegetable Gelatin Salad
Mixed Vegetables
Chop Sucy, Chow Mein, without Meat
Mixed Vegetable Juice
Other Vegetables



APPENDIX E

MEAT, POULTRY, FISH, AND EGGS

Beef
Canned Beef
Corned Beef
Chipped Beef
Ground Beef, Hamburger
Ground Round Steak, Lean Ground Beef
Beef Liver and Baby Beef Liver
Heart, Tongue, other Organ Parts
Chuck Roast (Pot Roast)
Rib Roast
Other Roast
Round and Swiss Steak
Sirloin Steak
Porterhouse and T-Bone Stecak
Other Steak
Stewing Beef (Boneless)
Boiling Beef or Short Ribs
All Other Beef
Pork

Bacon

Canadian Bacon

Canned Pork

Chops

Steaks

Ham--Center Slice

Ham-~-Whole or Half

Ham--Canned

Ham--0Other

Picnhic Ham, Cured Butts

Pork Liver

Heart, Tongue, other Organ Parts

Roast--Fresh

Sausage--Link

Sausage

Spareribs

Side or Salt Pork

Other Pork
Lamb—-Mutton

Chops, Steaks

Reocast (l.eg, etc.)

Other Lamb--Mutton
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Veal
Cutlete, Thons, Gtecaks
Ground Veal
Calf Liver
City Chicken
Roast
Stewing, Soup Veal
Other Veal

Other Meat and Meat Mixtures
Wieners and Franks, etc.
Bologna--Ring or Large Round
Other Cold Cuts
Prem, Spam, Treet, ctc.
Rabbit, bDomestic
Venison and Other Game Animals
Chop Suey Meat and Kabobs
Bouillon Cubes
Beef Stew
Chile Con Carne
Hash
Mincemeat
Meat Balls and Spaghetti
Ravioli and Tamales
Chop Suey, Chow Meln with Meat
Potted Meat
Meat Spreads
Pork and Beans

Others
Chicken
Broilers or Fryers
Roasters
Stewing
Barbecued Chicken
Turkey
DaK

Other Poultry
Game Birds
Mixtures--Chiefly Chicken
Chicken Noodle Dinner
Chicken a la King
Chicken Chop Suey, etc.
Others
I'ish and Sea Food
Tuna
Salmon
Fish Sticks
Other Fish
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Fish and Sea Food {(Continued)

Eggs

Lobhster, Iobstertail
Oysters

Cyster Stew

Scallops

Shrimps

Tuna Pie or Casserole
Sardines in 0Oil
Sardines in Sauce
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VALUES OF Y,, M, AND ﬁ/?k
Per iod - — —
M
__oi Tine "k L M/ ¥y
Parry Procucts
1 3.86 loi.09 41.73
2 3.80 163.74 43.08
3 3.77 158.17 41.95
4 3.80 153.79 40.47
5 3.83 152.24 39.74
6 3.85 150.89 39.19
7 3.65 148.63 40.72
8 3.66 153.95 42.06
9 3.50 151.10 43.17
10 3.60 156.63 43.50
11 31.65 144.80 39.67
12 3.76 158.70 42.20
13 3.61 168.99 46.81
Fats and ()i_l_ﬁ
1 1.04 157.81 151.74
2 1.13 161.06 142.53
3 1.02 157.31 154.22
4 1.05 151.25 144.04
5 1.11 150.95 135.99
6 1.01 148.29 146.82
7 .94 149.50 159,04
8 1.03 153.23 148.76
9 .95 148.59 156.41
10 1.00 156.82 156.82
11 .98 145. 30 148.26
12 1.05 159.47 151.87
13 1.03 168.81 163.89
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Period o o T

Y M M/Y

of Time k / k

Fruits

1 1.93 159,49 82.63

z 2.21 163,623 74.04

3 2.12 158.94 74.97

4 2.08 153,29 73.69

5 2.29 151,52 66.16

6 2.36 151.44 64.16

7 2.76 148,19 53.69

8 2.57 155.11 60. 35

9 2.4 152,33 63.20

10 2.31 158,20 68.48

11 2.11 145.65 69.02

12 2.15 159.64 74 .25

13 2.27 168,64 74.29
Vegetables

1 2.160 158.94 73.58

2 2.19 163.24 74 .52

3 2.16 158.17 73.22

4 2.25 153.79 68. 35

5 2.63 152.24 57.88

6 2.38 150.89 63.39

7 2.30 146.53 63.70

8 2.18 153.95 70.061

9 1.85 150,61 B1.41

10 1.89 156.63 82.87

11 1.89 144.83 76.62

12 2.02 158.70 78.56

13 1.85 167.62 90.60
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Period T i TV
M M/
of Time Yk "
Mecat, etc.
1 7.80 161.09 20.53
2 8.02 162.12 20.21
3 7.38 158.00 21.40
4 7.71 152.96 19.83
5 8.02 152.16 18.97
6 7.38 150.80 20.43
7 7.58 148.23 19.55
8 7.37 154.00 20.89
9 7.09 151.03 21.30
10 7.67 156.59 20.41
11 7.49 144.56 19.30
12 8.12 158.62 19.53
13 7.79 167.90 21.55
Remark: The tEE period of time implies the tgh Cross
sectional study, since a cross scectional study

belongs to a particular period of time.



CHAPTER 1V
COMBINED STUBIES

1. Objectives and bsome General Remarks

There are many reasons for studying Engel curves
by combining cross sectional and time series data. As
earlicr mentioned, the combined regression will give more
reliable income elasticity estimates than any individual
cross sectional regression, since more observations are
uscd 1n the estimation procedure.l Morcover, the combined
model with several successive cross sections, or with dif-
ferent sets of prices, may be used to estimate price
elasticities. As Prais and Houthakker mention:

The derivation of price elasticities . . . has
become possible following the collection of family
budgets on a continuous basis for a length period.
The analysis . . . 1s not different from that
classically applied to time series, but the results
recently achieved using family budget records
appear more successful., The consistency of the
data is probably the main reason for greater suc-
cess, in that both prices and quantities are
collected simultaneously, using precisely the same
commodity-definitions and Qethods of observation,
and over a lengthy period.

1See p. 13, Chapter 1.

2Prais and Houthakker, op. cit., p. xxvi. The deri-
vation of price elasticity estimates from the family budget
records 1s also mentioned in Klein, Introduction to Econo-
metrics, op. cit., p. 62, footnote 24.
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Theoretically, the estimation of price elasticities
is essential for explaining how household expenditure
behavior changes according to variations in the price of a
commodity. When the price elasticity estimate for a particu-
lar commodity is equal to unity in absolute value, the demand
is neither elastic nor inelastic. That is, the same amount
of money will be spent regardless of price changes. When
the price elasticity estimate is numerically greater than
unity, the demand is elastic, and the lower the price, the
greater the total expenditures on the good. When it is
less than unity, the demand is inelastic, and the lower the
price, the smaller the total expenditures.3

The price clasticity estimates may also be inter-~
esting to ecconomists who engage in economic policy. Assume,
for instance, that the U.S. government decides to raise
food prices. This may be done hy price fixing. If the

estimates of price parameters are reliable, the quantity

A mm A e s — — ———— ———

3'I‘he above statement can be proved as follows:
the total amount spent for a commodity is given by PQ;
where P is the price, and Q is the quantity purchased of
the good. Thus,

dlPQ) - g1 + n);

~dp
where n is the price elasticity = %% g .

This expression is negative for values of n between
-0 and -1, zero for n equal to -1, and positive for values
of bectween -1 and zeroc. That is, the total amount spent
increases, remains constant, or decreascs when price
decreases; accordingly, the price elasticity of demand is
numerically greater than, equal to, or less than, unity.
See J. M. Henderson and R. E. Quandt, Microeconomic Theory
{2nd ¢d.; New York: McGraw-Hill, 1971), p. 27.
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of the products demanded can be expected. The results may
be considerecd desirable or not depending on the social ends
which are pursued in economic policy. Under certain circum-
stances, the decline in consumpticn of foodstuffs is
negligible, compared with the benefit accruing to producers
from the increase in prices. Various social ends pursued
in cconomic policy may be in contlict. Yet, Tintner men-
tions:

Econometrics can contribute nothing as far as the

choice of a concrete policy based upon the social

ends is concerned. But cconometrics can perhaps

contribute something in giving cconomists numerical

cstimate; ot the'rgsulss ot the adoption of vari-

ous possible policies.

For the reasons mentioned,5 in this chapter, cross
sectional and time series data will be pocled. The Engel
curves will be modified for estimating both income and
price parameters for the five composite foods. The data
used are taken from the M.S.U. Consumer Pancl data of 1958.
As in the previous chapter, four weeckly reports are grouped
together and treated as a period of time. Those households
that stayed and returned the panel reports all thirteen

periocds of time are selected tor the sample of observations.,

There are 212* 13 = 2756 observationsforcachcompositefood.6

4Tintner, op. cit., p. 12.

.
o estimate price elasticities and to obtain more

reliable estimates of income elasticities for the five
composite foods.

6Two hundred twelve is the number of households
that stayed and reported their expenditures over all thir-
teen periods of time in 1958,
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2. Statistical Combined Models

By pooling cross sectional and time series data,
the price of the food concerned becomes an important vari-
able in determining household expenditure behavior.
Different cross sections belcong to different sets of
prices. The M.S.U. retail food price indices constructed
by Wang will be used in this chapter to represent the food
prices tacea by the pancl housuholds.7 These price indices
of the tive composite toods are set out in Table 15,

In a cross sectioconal study, where prices are
reasonably constant, houschold cxpenditure 1s usually used
as a dependent variable in a cross sectional regression
analysis. However, for the combined analyses, prices vary;
expenditure must be converted to quantity purchascd. The
gquanhtity purchased is simply computed by deflating expendi-
ture by the proper price index.

The iEE household guantity purchased on the REE

foed at the tEﬂ perioca cf time 1is computed as follows:

- *
Qipy = Yiex * 100)/Pyy
. , . .th .
whore Xitk is the i— household aggregate expenditure on
the kXD food at the tEﬂ period of time, and
Pix 1is the price index of the kP food at the tiR
period of time.,
7 . A
H. F. Wang, "Retail Food Price Index Based on

M.S.U. Consumer Panel" {(unpublished Ph.D. dissertation,
Michigan State University, 1960),
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THhL b 10 0 -Price Indicecs of Five Comrposti:ts Forls Based on
M.S.U. Consumer Panel Data of 1958
(1955-57 = 100)

R R e o & = = = =TT —— - -

Period

Dairy Fats & . Vege- Mecat,

TS;e Prod. Oils Fruits tables etc.
1 100.9 101.3 93.4 115.9 105.0
2 og.8 98.3 105.8 117.5 107.4
3 100.2 95.9 100.5 129.1 106.4
1 ag.fq 100.0 115.4 136.6 110.2
5 98 .1 100.7 112.5 130,19 111.4
6 97.4 100.1 119.8 119.6 113.7
7 97.9 98.8 114.5 112.2 114.7
8 97.6 97.4 91.1 92.2 113.2
o 9a. 2 97.13 B2.5 73.5 111.7
10 98.2 96.4 76.1 71.2 111.¢
11 98 .2 97.46 B5.2 79.5 109.6
12 97.7 35.0 83.1 93.8 111.6
13 96.1 96.4 B2.3 101.0 110.0

Source: H. . Wang, "Retail Focd Price Index BRased on
M.5.0. Consumer Panel" (unpublished Ph.D. disserta-
tion, Michigan State University, 1960), Table 10,
pp. 146-47.

Ti; this manner, cone can notice that the identity of

price multiplied by quantity equaling expenditure is preserved.

Based on the ceteris paribus assumption, the modified
8

Fngel curve for the kth food can be stated as:

8rhis modified Engel curve 1is similar to the
Marshallian demand function where only the price of the kth
food and per capita disposable income are allowed to vary and
all other prices are held fixed. Under certain assumptions,
Marshall deduced the so-called "law of demand," in which he
stated that the slope of his demand curve with respect to
price is always negative. For a full discussion of Marshall's
law of demand, see D. W, Katzner, Static Demand Theory (New
York: Macmillan, 1970), pp. 58-59.
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Oirr Mi¢ .
Y Lo Par) Y Uy
it Nit ‘ ;
wheroe Qitk/nit is the itP household per capilta consumption
on the kb food at the tﬂh period ot time,
Mit/Nit is the itD household per capita disposable
income at the Lzh period of time,
vy 15 the disturbance, and

t. is the undefinea functional form.

This modified Engel curve is consistent with the
Engel curve defined in the previous chapter. As long as
prices are held constant, the modified Engel curve is the
Engel curve.

Regarding the functional form of the medified Engel
curve, since neither the semi-log nor the double-log form
gives a better "goodness of fit" to the observations based on
the thirteen cross sectional studies in the previous chapter,
the lincar {form is adopted in this chapter as the first order

approximation.

Yrhe adoption of lincar relationships is a proper
procedure. As applied to the mcasurement of demand of food
qx 1n terms of price Py and income m, this involves the
Taylor's series approximation around any given point

() 0
Uy P :ng) or
3q, O ag, O
0 k C k 0 .
= + (— - + (e - .
qx a, (am ) (m-m~) (Bp ) (pk p ) + remainder

As long as the price and income changes were small,
the remainder error term can be neglected. See P. A. Samuel-
son, "Some Implications of 'Linearity,'" The Review of
Econumic Studies, 1947-48, reprinted in The Collected Sci-
entiflic Papers of P. A. Samuelson, ed. by J. E. Stiglitz
(M.1.T. Press, 1966}, p. 61.
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Thus, the modified Enael curve for the kEﬂ food is

expressed as follows:

0. M.
itk 1t
= QO + B + v. P + U.
. . tk 1t
Nlt k k Hi¢ k k itk
where 1y BP' and Yy are parameters, i.e., constant term,

) D . . h
income coefficient, and price coefficient, for the kE— food.

2.1. Estiymation Procedure

Regarding the probability distribution of the dis-
turbance UJLP' when various surcessive cross sections are

10 The existence

pooled, autocorrelation obviously can arise.
of autoregression implies that the disturbance occurring at
one period of time is correlated with other disturbances at
other periods of time. The common belief in the autocorrela-
tion relies largely on the interpretation of the disturbance
as a summary of a large number of random and independent
factors that enter into the relationship under study, but
which are not measurable.ll Then one would suspect that the
cffect of thesc factors operating in one period would, in
part, carry over to the following periods. As Professor
Kmenta mentions:

Autoregression of the disturbances can be compared

with the sound effect of tapping a musical string:
while the sound is loudest at the time of impact, it

lOKuh, op. cit., p. 98.

11For a full discussion of autocorrelation, see
Johnston, op. cit., pp. 177-99.
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does not stop immediately but lingers on for a time

uttii 1t finally dies off. This may also be the
characteristic of the disturbance, since its effect
may linger for some time after its occurrence. But

while the effect of one disturbance lingers on,
othrr disturbances take place, as if the musical
string were tapped over and over, sometimes harder
than 4t other times. The shorter the time between
the tappings, the greater the likelihood that the
preceding sound can still be heard. Similarly, the
shorter the periods of individual observations, the
dqreater the likelihood of c~nrountering auvtoreareos-
sive disturbances.l?

In recent years, a substantial body of literature on
how to cope with the autocorrelation has been accumulated.
Most of the proposed corrections depend upon exact knowledge
of the variance~covariance matrix of the disturbance which
. . 13
will seldom be known.

This study, like many others, assumes that the
autocorrelation has the first order autoregressive scheome.

The disturbance Uitk and the values of the exogenous vari-

ables will be characterized as follows:

{i) Normality: U is normally distributed;

itk
(11) Zero mean: E(Uitk) = 0;
c . . 2 _ .2,
(iii) Homoskedasticity: E(Uitk) ehi

g
1

(iv) No interdependence:E(Ui u 0 for 1 # 3;

tk Jtk

2 ,
Kmenta, op. cit., p. 270,
l3Kuh, op. cit., p. 99. For a recent survey of
literature on the specirfication of autoregressive scheme,
see G, Tintner and J. K. Sengupta, Stochastic Economics
(New York: Academic Press, 1972), pp. 12-21.
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) irst der autoregression: u, . = U. .+ V., :
C ¥ orade a itk Or i1k itk

e ]
whetre Vitk ~n N(O, mkv)

E(U. Y = 0 for all i, 3j;

v
it-1k jtk

(vi) The exogenocus variablecs are measured without error.

T1f there is serial correlation (”k #£ 0), the con-
vont tonrl least sauares estimates are unbiosed and
consistent, yet they are not efficient nor asymptotaically
efficient. And, the variances of the lcast squares csti-
mates are hiased.14

In order to obtain the estimates that, at lcast,
have the desirable asymptotical properties (i.e., consis-
tent, asymptotically efficient, and asymptotically normal),
the two-stage estimation method suggested by Cochrane and
Orcutt will be used.15

The procedure consists of the following two stages:
(1} Ayply the ordinary least squares method to the modi-
fied Engel curve for the k& food. The resulting estimates
of the regression coefficients are unbiased and consistent,

and can be used to calculate the regression residuals Uitk'

From these residuals, one can obtain the estimate of py by

14For the proofs, sec Kmenta, op. cit., p. 269-97,

155ee D. Cochrane and G. H. Orcutt, "Application
of Least Squares Regressions to Relationships Containing
Autocorrelated Error Terms," Journal of the American Sta-
tistical Association, Vol. 44 (March, 1949), pp. 32-61;
Kmenta, op. cit., pp. 287-88 and pp. 509-12.
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U, , .
_iml g=p MHRiL-IK
Py T 2172 13 ” ;
) nUe
-1k
21 =g 1t71

where 212 is the number of households, and 13 is the number

of periods.

Obviously, p, is a consistent estimator ot o, .

(2 'eirng the bk to trancsform the observations:
* = " ) M*® * * .
ek oo PeMie o YRPEx t Ulex
"re L = ) . - 0 .
where ©%ux = Qiek™iv T Pk Qi1 Miea
* =M, /N. - p. M, ]
Mlt Mlt/hlt pk 1t-1/N1t-l

-~

a — -
P Pik Pr Pyoak

"k - H — .
Ufex ® Yiexk ~ “x Yit-1x

The disturbance U; is asymptotically nonauto-

tk
regressive.  Applying the ordinary least squares method
again, the estimators of aﬁ, Bk' and Yk have the desirable

asymptotic properties; i.e., consistent asymptotically

cfficient, and asymptotically normal.
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At the first stage of computation,

86

Results of Combined Studies

the least squares

estimates of regression coecfficients are obtained as

follows:

Dairy Products:

4.0498 + ,0017 m, - .0058 P

q R =
1t (.0003) Y (o217 b
R = ,0112
S = 1.8161
Fats and Oils: Ay = 1.4148 +{:8géi)mit -(:gggZ)Pt
R¢ =  .0207
S = ,8609
Fruits: q,, = 3.8473 + .0039 m, - .0215 P,
1t (.0002) (.0023)
R® = .0854
S = 1.8020
Vegetables: Q;, = 3.1244 + ,0023 Miy ~ .0133 P,
(.0002) (.0011)
R? = .0787
S = 1.3354
Meat, ectc.: q,, = 12.2750 + .0089 m, .0621 Py
it (.0006) *t (.0262)
R? = .0699
S = 3.7902
where di¢ = Qit/Nit :
Mie = Mje/Nyy d

R

is the corrected ceoefficient of determination;

1s the standard crror of estimate.

without elimina-

and
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Using the resulting estimates of regression coeffi-
cicnts, the estimates of autocorrelated coefficients for
the five composite focds are calculated. These estimates
are presented in Table 16. They are all positive, close
to but less than one, The figures .8284, .6966, .7100,
.6629, and .503]1 are the estimates of autocorrelated coeffi-
cirnts for dairy products; fats and oils; fruits; vegetables;
and meat, etc., respectively. The highest estimate is
.B8284 for dairy voroducts, and the lowest is .5031 for
meat, ote.

TABLE 15, Estimates of Autocorrelated Cocfficients for
Five Composite Foods

r sy —— S

Foods Estimates of Autocorrelated Coefficients
Dairy Products . 8284
Fats and Oils .6966
Fruits .7100
Veget ablaes 6629
Meat, ctc. .5031

Statistically, the positive estimate of autocorrela-
ted coefficient for a particular food indicates that the
disturbances for that food are positively correlated. The
figure which is close toc one indicates that the degree of

the relationship between the disturbances is fairly high.
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At the final stage of computation, the autore-
gressive effects are eliminated. The least squares
estimates of regression coefficients for the five composite
foods arc obtained and shown in Table 17.

TABLE 17.--Estimates of Regression Coefficients for Five

Composite Foods after Eliminating the Autore-
gressive Fffects

- = B = . S FT S ST YOERS . TT_EG Y T W L mESyYS T YT ooR - R AT WTT X LE— TR T T omur g WL W

Constant Income Price =2
Fonds Term Coet £, Coeff, R s
Dairy Products 1.5011 .0004 -.0553 .0038 1.0029
(.0002) (.0200}
Fats and 0QOils .7698 .0006 -.0165 .0104 .5589
(.0001) {.0066)
Fruits 1.1656 .0027 -.0200 .0494 1.2784
(.0003) (.0025)
Vegetakles 1.1680 .0007 -.0147 .0318 .9872
(.0002) (.0016)
Meat, ctc. 4.0680 .0063 -.0221¢@ .0262 3.1263
(.0007) (.0395)
Rewarks+  The mark @ indicates that the regression coeffi-
cient is nol significantly different from zero at
5% level of significance.
W% is the corrected cocfficient of determination.

S is the standard error of estimate.

From Table 17, one would notice that all the esti-
mates of income coefficients for the five composite foods
are positive and significantly different from zero at 5%
level of significance. Needless to say, these estimates of

income coefficients are more reliable than those estimated
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from individual cross sectional studies, since more observa-
tions are used in the estimation procedure.

As for the estimates of price coefficients for the
five composite foods, they are all negative. Except for
meat, etc., the estimates of price coefficients are signifi-

cantly different from zerc at 5% level of significance.

Z2.2,1. Tncome and Price Llasticity bBstimates,--

When thoe egtimates of income and price conefficients are

ohtained as shown in Table 17, the income and price elas-

tirity estimates for the five composite foods can be easily
th

derived. At the mean values,16 for the k— food, the

income and price elasticity estimates are calculated as

follows:

the income elasticity estimate = ék (ﬁ/ﬁk) ,
the price elasticity estimate = §k (Ek/ak} :

where E} is the average value of houscholds' per capita

cuantity purchased on the kEE food,

Py is the average value of price indices for the

REH food,

m 1is the average value of households' per capita
disposable income, and

Bk and ;k are the estimated income and price coeffi-

cients for the k&R food, respectively.

'®1he values of Ay ﬁk, m, and m/qQ), are given in
Appendix G.
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The income and price elasticity estimates at mean

values lor the five composite foods are shown in Table 18,

below.l7

TABLLE 1¥.--ITncome and Price Elasticity Istimates for Five
Composite Foods after Eliminating the Autocorrela-
ted Effects

'ooas lncomc: Llasticity Price Flasticity

Dairy PFiroducts L0170 ~1.4543

Fats and 0Oils .0928 -1.5712

Fruits .1808 ~-.B8158

Vegectables .0533 -.7424

Meat, etc, .1472 -.3580

177hese combined studies give substantially lower
values of i1ncome elasticities than cross sectional studies
in the previous chapter. One possibility to explain this
phonomenon 1s the implications of Friedman's permancent
incerme hypothesis. Fraicdman hias demonstrated that the clas-
ticity of consumption with respect to measurced income
separates into two elasticities: the elasticity of con-
sumption with respect to permanent income and the clasticity
of permanent income with respect to measured income. Given
the assumptions of the permanent income hypothesis, Friedman
demonstrates the equivalence of the elasticity of permanent
income with respect to measured income and the elasticity
of consumption on measured income. Thus, it would seem
that the income elasticity estimated from cross sectional
data is a reascnable approximation of the elasticity of the
permanent income. As more time series data are introduced,
the permanent income component of the measured income is
reduced. This results in lower values of income elastici-
ties derived from the combined studies. For more
discussion of this problem, see Friedman, op. cit., Sec-
tion 2, Chapter VIII, p. 206.
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From Table 18, one would notice that the income
elasticity estimates for the five composite foods are all
inelastic. They confirm Engel's law. The income elas-
ticity estimates are .0170, .0928, .1808, .0533, and
.1808. The highest income elasticity estimate is ,1472
for fruits, etc.,and the lowest is .0170 for dairy precducts.
Theoretically, these figures imply that, other things
beinag egual, if household per capita disposable income in
the Lansing area rises by 1 per cent, on the average, the
household per capita quantity purchased on dairy products;
fats and oils; fruits; vegetables; and meat, etc. would
increase by about .0170, .0928, .1808, .0533, and .1472
per cent, respectively.

As for the price elasticity estimates for the five
compostite foods, they are widely different. The fiqures
are -1.4543, -1.5712, -.8158, -.,7424, and -.3580 for dairy
products: tats and o0ils; fruits; vegetables; and meat, etc.,
respectively., The price elasticity estimates for dairy
products, and fats and oils are highly elastic. In an
cconomic sense, an increase of 1 per cent in the price of
dairy products or fats and oils, other things being equal,
a decrease in demand for that product would be greater than
l per cent. Alternatively, the price elasticity estimates
for fruits, vegetables, and meat, etc. are inelastic. An
increase of 1 per cent in the price of fruits or vegetables
or mcat, etc., other things being equal, a decreasc in

demand for that food would be less than 1 per ceaent.
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In summary, regardinag the signs of the estimates

of

income and price elasticities for the five composite
foods, the results of these combined studies on the modi-
fied Engel curves are highly successful as they confirm

the demand theorem. The consistency of the panel data is

probably the main rcason for this success.



APPENDIX G

VALUES OF a'k, Py, ™, m/qy ., AND py/qy

Foods Ek Eﬁ m m/qy. Py /9y
Dairy Products 3.74 98.39 159.40 42.62 26,30
Fats and 0ils 1.03 92.09 159.40 154.75 95.23
Fruits 2.38 97.09 159.40 66.97 40.79
Vegetables 2.09 105.57 159.40 76.26 50.51
Meat, etc. 6.82 110.51 159.40 23.37 16.20
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CHAPTER V

SOME PRELIMINARY EVIDENCE ON APPROXIMATING
EMPIRICAL UTILITY FUNCTIONS

1. Obrectives
In this chapter, some preliminary evidence on
approximating empirical utilaity functions by means of
Engel curves, based on Wald's theorem, will be given.l

In addition, some areas that were omitted trom the present

study will be proposed for future rescarch.

2. Utility Functions aad Engel Curves

In this section, some preliminary evidence c©n

approximating cmpirical utility functions by means of Engel

1l-'or a full discussion of Wald's theorem, see
A. Wald, op. cit., pp. 144-55. This theorem is also men-
tioneud 1in Z. Hellwig, Linear Regression and Its Application
to Economics (New York: Macmillan, 1963), pp. 62-63;
Tintner, Econometrics, op. cit., pp. 60-61; G. Tintner,
Methodology of Mathematical Economics and Econometrics
{Chicago: Univcrsity Press, 1968), pp. 21-23; and H. T.
Davis, op. cit., p. 1l68.

More research in this ficld of determining empiri-
cal utility functions and conditions of integrability are
being undertaken at Michigan State University under
Professor A. Y. C. Koo's leadership. For some of Professor
Roo's works, see A. Y. C. Koo, "An Empirical Test of
Revealed Preference Theory," Lconometrica, 31 (October,
1963), pp. 646-64; A, Y. C. Koo, "Revealed Preference: A
Structural Analysis,'" Econometrica, 39 (January, 1971),
pp. 89-97; and A. Y. C. Koo and G. Hasenkamp, "Structure
of Revealed Preference: Some Preliminary Evidence,"
Journal of Political Economy, Vol. 80 (July/August, 1972),
pp. 724-44.
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curves will we presented. Needless to say, it is of great
theot clicwl and pracuvicul liportance Lo know the empirical
utility functions. One of the most important problems
which can be solved if one knows the utility function is
the determination ¢f the demand functions for consumers'
goods. Also, the determination of the utility function

o bloz Zie o calcoculate the index of cost of living.2

1t should be noted that the results of the thirteen
cross sectional studics on the Lnagel curves as shown in
Chapter 111, and the given M.S.U., price indices as shown
in Chapter IV, will provide all the information needed to
approximate the utility functions by Wald's method.3

Before presenting Wald's theorem, some notations
will ke given first.

Denote q = (ql, .oy qn) be a set of n goods pur-
chased by a representative consumer at a period of time;
o (pl, v ey pn) be the corrcesponding scet of prices; m be
the dispccable income or the total expenditure;
u(ql, o qn) be an indicator of a well-defined total

utility function. Given p and m at a perieod of time, the

‘For more discussion of the applications of the
utility functions, sec Wald, op. cit., p. 171-75; and
G. J. Stigler, The Theory of Prices (3rd. ed.; New York:
Macmillan, 1966), pp. 71-83.

3For a critical evaluation of the problem connected
with the empirical derivatives of indifference surfaces,
see W. A. Wallis and M. Friedman, "The Empirical Deriva-
tion of Indifference Functions," in Studies in Mathematical
Economics and Econometrics, ed. by O. Lange, et al.
(Chicago: University Press, 1942), pp. 175-89.
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firaet+ or necese:rv condition for maximizing the utility
subjected to the budget constraint is fulfilled if the

consumer purchases the guantities such as:

ju 1 Ju n
-—1-/{) = . . . = n/l)
nd a4
O
. | S m
k=1
Solvina the ecquations,. o~ne aets the auantities

purchased as functions of prices and income. For a given
reriod o3 time with constant prices, the quantities pur-

chased will depend only on the income; that is,

ql=f1(m),...q = £ (m)

These functions arce kEngel curves and represcent a
loci in the n~dimensional quantity spacc which is called
the consumption expansion path (C). 7To cach system of
prices belecngs a cortair. set of Engel curves.

Assuming all consumers have the same preference
function, thus, the Engel curves can be determined empiri-
cally 1n each period of time by observing the consumption
of consumers belonging to different income levels, as
shown in Chapter III.

Considering the consumption expansion paths

C CT belonging to the periods ty, - . . tg or,

l' L L] LI J
more gencrally, to the different price situations. If all
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Ingel curves are linear, each consumption expansion path

Uy (¢t =1, . . ., T) can be determined by two of its

points; say,

=3

oy |
rr

Ge = (3., - « ., Gg) and ¢ = (@g, .« . .,

For the sake of sinmplitication, 1t 1s advantagcous

o Tevrey il a C g Y . S £
to denate aqg by Dy _n and q, Ly q2t—1 For the set of

pricoes p,o= pey the symbols of Poro2 and Psyy.] 9rC also
used.

considerina the vector Ve o= dpdy with the initial
point q0 and terminal point qq (¢t =1, 2, . . ., 27T-1).
Wald's Theorem: If there exists an indicator u(ql, . o g

qn) which is a polynomial of the second degree in g over
the (27T-1) dimensional lincar space determined by the

associated with the consumption

vectors vl, . e e VQT-]
expansion paths C]' -+« -+ Cp, then this indicator is

uniauely determined in S by the said consumption cxpansion
paths, apart from an arbitrary proporticnality factor and
an arbitrary additive constant.

If ) are the vector coordinates of

l' » . . A2T—l

the points considered, and A is an arbitrary constant, the

following formula is the indicater as a function of the

; 4
vector coordinates Al' e e e A2T—l'

4For the proof, see Wald, op. cit., pp. 146-53.
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. ! -
. ' = - . . W) + ? 3 s + A
0 = ? kvk = ? k( k_ k)
too by Tt's gy Dt'dsT90
fOI' t = 0' l' . . .y 2T-1: 5 = lp . - . g 2T—1c
°9,270,3%°2,3(%0,17%0,27772,1773,210,17"0,3’ 73,1
03,200y 3/03,1) - 0y 3oy 2/05 )
- + for ¢t = 2, ..., 2T7-1
“MiP1e T f0,e T P01 P
= wt”t,s - 00, for t,s = 1, 2, , 2T7-1
= = +
5 (ut's ﬂS,t)

the marginal utility of money at the point = under

the system of prices pt (t = 0, 1, ..., 2T-1).

Practically, one wants to have the indicator of the

1 2

utility function as a function of quantities g, g, ...,

The +ranstormation of f (A

U(qlr

‘)' l N L] - + A l = l

1¢ A2T-1) into the form

..+, ") can be made as follows:

2T7-1Y2Tr-1

- - . - - - . ] - L] L] - . . . - - .

RTINS, \ n _
1Vy YAVt - o o Aop)Vopo T Q@ T qQp

1{ the determinant of these eguations is not eqgual
1 2

. n
to zero, one obtailns A = gt(q e 9+ <.+, ) for

t

q

n
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t =1, 2, ..., 2T7-1. Substituting these lt into
f(A]. ey AZT—I)’ one obtains u(ql. e se s qn), the indi-
cator of the utility function as a function of ql, .., qn.

To present Wald's method of approximating utility
functions by means of Engel curves, Figure 6 roughly shows

such methodology for the case of three-dimensional commodity

space and two consumption expansion paths C1 and Cz
5

beiony.ing to two pericds of time.

Figure 6.=--A Diagram Showing Wald's Method, with Three-
Dimensional Commodity Space and Two Consumption
Expansion Paths

For a numerical illustration, consider the three

commodities, no. 1 = dairy products, no. 2 = fats and oils,

SFor numerical illustrations of Wald's method of
approximating utility functions by means of Engel curves,
see Wald, op. cit., pp. 153-55; and Tintner, Econometrics,

op. cit., pp. 60-61.
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no. 3 = fruits, and the two periods of time, t1 = period 1,
t2 = periocd 2.
The price indices of these three commodities in

the two periods are given as follows:®

1 2 _ 3,
p; = 1. p] =1, pj = 1;
ploo 979, pl - L970, p3 - 1.132;

where pt 15 the price index of the kﬁﬁ good at the tEﬁ

period of time.
At period 1, the consumption expansion path Cl is

given by the tollowing set uf Engel curves:

gl = 2.678 + .0011 m;

.901 + .0009 my

£L
Il

Ko
[H

1.459 + .0029 my

And at period 2, the consumption expansion path Cp

18 given by the following set of Engel curves:

gt = 3.798 + .0005 m,

q? =+ 1.051 + .0007 m,

1.649 + .0018 m, ;

Kol
n

6F0r the price indices, see Table 15, p. B0. Assume
that period 1 is the based period.

7For the Engel curves, see Table 1 through Table 5,
pp. 37-41. In order to obtain the guantities purchased g
as a function of m, the estimates of the regression coeffi-
cients are deflated by the proper price indices.



where qk is the per capita

good, and
m, is the per capita
To approximate the

method, two points on each
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guantity purchased of the kEE

disposakble income at period t.

utility function by Wald's

Ct(t = 1,2) have to be chosen.

on Cy, the points g5 and q, corresponding to the disposable

income $150 and 5160, and on c, the points g, and q5 corre-

spending to the disposablo

Hence, one obtains

intome 5160 and $170 are chosen.

Py = Py = (1, 1, 1)
Py = p3 = (,979, .970, 1.132)
qg = {3.8430, 1.6360, 1.8940)
a; (2.8540, 1.0450, 1.9230}
g, -~ (3.8797, 1.1665, 1.9448)
q, = (3.8849, 1.1738, 1.9633)
The followina fiqgures are the values of pt ‘s
) S
tos 1 2 3
0 .0490 .2181 .2490
! .0490 .2181 .2490
2 .0524 .2202 .2532
3 .0524 . 2202 .2532

8'I‘hese levels of income are around the mean of the
observed per capita disposable income; see Appendix F,

pp. 73-75.
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As for the values of w,, the marginal utility of
moriey at the point g, under thc system of prices Py, ONe

obtains:

wl = 1.0065

Wy = .9213

wa = .9193
Thie roalowlny ftigures are the values of (g g S
Lt s 1 2 3
1 -.0002 -.0008 -.0009
? -.0008 -.0152 -.0157
3 -.0009 -.0157 -.0162
One would notice that ut's = 0g ¢ for all t,s =

. , — _ 1 _
1,2,3. Thus, the values of ﬁt,s = 37 (rr . + “s,t) = "L,s

Hence, one can obtain the indicator of the utility

funectien as a fuanction of Al, 12, }3 as follows:

2 2 2
) ) = - - - -
f(ll,uz,h3) .5(-.0002 Al .0152 AZ .0162 A3 .0008 l]lz
- .0009 llla - .0008 AZA] - .0157 Aok,
- .0009 A3A] - .0157 A312) + .0430 X,

+ .2181 A, + .2490 X3 + A

In order to obtain the indicator of the utility

function as a function of guantities purchased ql, q2, q3,

the following transformation is made:
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L0110 >, + .0367 X, + .0419 >, = gl ~ 3.8430
L0GSL ») 4 L1305 hy + L1378 3y = g% - 1.0360
L0290 X, + .0508 A, + .0693 )y = g2 ~ 1.8940

Since the determinant of these equations is not

cqual toe zero, the values of )l' kz, and AJ are calculated

i3

A, = 287.2330 ql - 58.9996 g2 - 56.1575 g> - 661.292
A, = 471.4688 ql - 63.0785 g - 159.2569 q° - 212.207
Ay = -465.5462 g1 + 70.B890 q? + 154.5865 q> + 454.696

Substituting in f(Al, Ao, AB) for A], Az, A3, one

gets the indicator of the utility function as a function

of ql, 42, q3.

With an electronic computer, the utility functions
can be approximated by extending the number of commodities
and periods of time to n-dimensional commodity space and
T-periods of time.

As for another numerical illustration, five commodi-

M

ties, no, 1 = dairy products, no. 2 fats and oils, 0. 3

1

= fruits, no. 4 = vegetables, no. 5 meat, etc., and
three periods of time, t; = period 1, ty, = period 2, tg =

period 3, are considered.
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The price indices of these five commodities in the

three periods of time are given as follows: pi = 1, pf =1,
3 AL 5 _ . 1 _ 2 _ 3 _

Py = Ty p; = 1, p7 = 1; P, = .979, P, = .970, p2 = 1.132,
4 _ 5 - . ol - 2 _ 3 .

Py = 1.013, pP3 = 1.022; p3 .993, Py = .946, Py = 1.076,

= 1.113, pg

]

P 1.013; where pt is the price index of the

9
3
kkﬁ.qood at period t.

At period 1, the consurption expansion path C, is

given by the following set of Engel curves:

g = 3.678 + .0011 my, g2 = .901 + .0009 m, q° = 1.459

+.0029 m;, g9 = 1.779 + .0024 my, g> = 5.993 + .0112 m.

l.f

The C2 at period 2 is given by the set of Engel curves:

g’ = 3.798 +.0005m,, q = 1.051 + .0007 m,, g> = 1.649

+ .0018 my, q? = 1.954 + .0012 m,, g = 5.855 + .0122 m,.

And the C, 1s given by the following set of Engel curves:

3
1 _ 2 _ 3 _
q' = 3.389 + .0025 m,, g° = .955 + .0007 my, q> = 1.667
+ .0018 my , g4 = 1.674 + .0017 my, q° = 6.087 + .0076 m;

where qk is the per capita quantity purchased on the kth
good, and m,. is the per capita disposable income at
period t.

On Cl, the points 9q and q, corresponding to the

disposable income $150 and 5160; on C2, the points g5 and
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q4 corresponding to the disposable income $160 and $170;
and on Cqo the points q4 and qg corresponding to the
disposable income $§170 and $180, are chosen.

Hence, one obtains

Py = Py = (1, 1, 1, 1, 1)
P, ~:, - (979, 970, 1.1, 1.011, 1.022)
P, = Pg = (.993, .946, 1.076, 1.113, 1.013)

dq (2.8430, 1.0360, 11,8940, 2.,139C0, 7.6730)
q; = (3.8540, 1.0450, 1.9230, 2.1630, 7.78B50)
- (3.8797, 1.1665, 1.9448, 2.1582, 7.8056)
qy = (3.8849, 1.1738, 1.9633, 2.1710, 7.9278)
. = (3.8175, 1.0B06, 1.9832, 1.9634, 7.3776)

9g = (3.8427, 1.08B0, 2.001B8, 1.9804, 7.4536)

The following figures are the values of o, -
s

t s 1 2 3 4 5

o .1850 .3699 .Hh358 -.3627 -,.2185
1 .1850 .3699 .5358 -.3627 -,2185
z .1912 .3753 .54613 -.3608 -.2129
3 .1912 .3753 .5463 -,3608 ~.2129
4 .1909 . 3705 .5405 -.3820 -.2340
5 .1909 .3705 .5405 -.3820 -.2340

As for the values of W the marginal utility of
money at the point q, under the system of prices p,, one

obtains:



106

w] = 1.0911
w2 = 1.1435
w3 = 1.2225
w4 = .7962
We = .8650

These tigures tend to 1ndicate that the marginal
uti1lity of money declines as the per capita dasposable
income incredses.

The values of “t S's are as follows:

t s 1 2 3 4 5

1 .0168 .0337 .0488 -.0330 -.0199
2 .0337 .0593 .0889 -.0499 -.0250
3 .0488 .0889 1321 -.0784 -.0418
4 -.0330 -.0749 -.1055 .0585 .0321]
5 -.0199 -.0495 -.0683 .0322 .0160

The following figures are the values of :t S's:

t s 1 2 3 4 5

1 .0168 .0337 .0488 -.0330 -.0199
2 .0337 .05913 .0889 -.0624 -.0372
3 .0488 .088B9 . 1321 -.0919 -.0550
4 -.0330 -.0624 -.0919 .0585 .0322
5 -.0199 -.0372 -.055%0 L0322 .0160

Thus, one can obtain the indicator of the utility

function as a function of Al’ ) R A3, 14, AS as follows:
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F(}y, 5,%2,22,%e) = .5(.0168 nf + .0597 xg +.1321)3

2 2
. 1
+ .DSBSl4 + ,0160 ‘e + ,0337 Allz

- ) Ao
+ .0488 Alla .0330 ll 4 0199 1 s

.0337 ) + .0889 ;_»_ - .0624
+ A2)1 )2)3 lzlq

- 9 4 4
20372 A5 -0488% 42 -0889 32,

- .0919% Yoty 0550 bytg T 0.230 LU
- .0624 lal? - .0919 A4A3 + ,0322 l4l5
- .0199 ASAI - .0372 ASAZ - .0550 lsla

+ .0322 Xghyg) +.1850 2, + .3699 Ao

+

.5358 A3 - .3627 >, - .2185 A, + A

In ordrer to obtain thce indicator of the utility

functicon as a function of guantities purchasced ql, q2, qa,

-
qq, and g2, the following transformation is made:

.0110 x, + .0367 )

1 o * .0419 A3 - .0255 3, - .0003 ig =

4

ql - 3.8430

L0090 A, + .1305 x, + .21375 )

1 2 + .044¢6 Ad + .0520 ks

3

g% - 1.0360



.0290

.0240

.1120

equal

lated
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l] + .0508 X, + .0693 13 + .0892 kd + .1078 g =

2

q> - 1.8940

Al + .0192 X, + .0320 13 - .17586 14 - .1586 AS

g% - 2.1390
M o+ 21326 Ay + 2548 X5 - .2954 ), - .2194 XA =

q” - 7.6730

Since the determinant of these equations is not
to zero, the values of ll' Az, A A4, AS are calcu-

as:

-36.7916 gl - 6.0435 g° + 52.9775 g3 + 49.8635 g
- 11.3748 q° - 27.9322

~.9020 ql + 8.2268 g% + 27.9770 g3 + 46.2554 q°

- 17.7284 q° + 20.9552

0177 g + .7735 g2 - 30.7245 g3 - 44.8605 g2

+ 17.5045 g° - 18.9673

~57.0921 gl + 10.666 g% + 12.8541 g3 + 14.7763 g?

- 1.7445 g2 - 165.7879

1 3 4

57.5593 g~ - 11.5761 g% - 9.0355 q° - 18.5843 q

5

+ 1.5990 g° + 164.6116
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Substituting in f{ A1, Ao, 13, 14, AS) for ll' Az,
TR e, one gets the indicator of the utility function
as a function of ql, qz, q3, qq, qs. 0Of course, this
utility function is more complicated than the previous one.

The above numerical illustrations indicate, at
lcast, that the approximate determination of the utility
functions by means of Engel curves could be made, if Wald's
theorem is adopted. More research on this field of empiri-
cal utility functions is needed to be undertaken. The
conditons of integrability, and the sufficient condition
of equilibrium are neceded for further empirical test before

. . , 9
any cconomirc policy recommendation can be drawn.

3. Areas for Future Research

Besides some arcas mentioned earlicer, an arca will
be proposed in this section for future research.10 This
area, in particular, could be undertaken and lead directly
to supplement the present study. It is the use of the

Box-Cox model to test the linearity of Engel curves.

Yphe fulfillment of the sufficient condition of
equilibrium implies that the equilibrium position is the
maximum onc. The fulfillment of the integrability condi-
tions means that there exists one and only one indicator of
utility such that along the given consumption expansion
paths the necessary conditions for the equilibrium position
are fulfilled. For the empirical tests of these areas, see

Wald, op. cit.

10gther possible arcas of research are the simultanc-
ous cguations, the dynamic models, the projections of
houscholds' expenditure behavior, the estimation of coeffi-
cients of economies of scale, etc. For more specific areas
of research, see Quackenbush and Shaffer, op. cit., pp. 46-51.
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Consider the following function:

)
yik -1 m. - 1
—S— = e H Bk (———?—-) + Uik
where Yix 18 the izh.household per capita cxpenditure on
the kEE food at a period of time,
n 15 the iEﬁ houschold per capita disposable

income at a period of time,

e and ) are parameters, and

U:; iz’the stochastic error term.
For » = 1, one obtains
(yik - 1) = ' + r?k(mi - 1) + Uik
or Yik 7 o P B™ * Uik
wheroe u; e Bk - Bk + 1

which 5 a simple linecar regression model.

For » = 0, one obtains
log Yik & "k + oy log m; + Uy

which 1s a double-log regression model.
I1n general, different values of 2 lead to dif-

ferent tunctional specification of the regression equation.
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This allows one to test the linear hypothesis against the

11

alternative hypothesis. Formally,

HO: D) 1
Hy: > # 1

To carry out the test, one needs an estimate of )
and¢ its stondard error. Obviously, ) can be estimated

alonag with the other parameters by the maximum likelihood

methocl.

The likelihood function for Yikr = - -r Ypk 18
A
1 Yik~1l
L = (-1)% log yyy - 7 log 2N - § logo? - — 5 ©[(—5—)
i 20 1
m, -1 2
4 - 4 1
- ‘l( Lk( Y )] .

. . . "y
The maximizing valucs of ), (ay o Py s and ¢ can bLe
found with an electronic computer, and the respective
standard errors can be estimated by reference to the

appropriate information matrix.

llFor more discussion of this problem, see G. E. P.
Box and D, R, Cox, "An Analysis of Transformations,"
Journal of the Royal Statistical Society, Series B, Vol. 26
{1964}, pp. 211-43; also, Kmenta, op. cit., pp. 467-68,
It should be noted that the maintained hypothesis

could be the double-log form, or Hy: A = 0 against Hy: A # 0.
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