|

7/ “““\\\ A ECO" SEARCH

% // RESEARCH IN AGRICULTURAL & APPLIED ECONOMICS

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the
globe due to the work of AgEcon Search.

Help ensure our sustainability.

Give to AgEcon Search

AgEcon Search
http://ageconsearch.umn.edu
aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only.
No other use, including posting to another Internet site, is permitted without permission from the copyright
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.


https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu

An Empirical Comparison
of Functional Forms
for Engel Relationships

By Larry Salathe*

INTRODUCTION

A variety of functional forms have
been suggested to represent Engel
relationships.! The most widely used
include the linear, quadratic, double
logarithmic, semi-logarithmic, in-
verse, and logarithmic-inverse. Be-
cause each functional form possesses
some desirable characteristics, no
single form has found general accept-
ance among economists (2, 8, 5, 9,
6).2

Few researchers have examined
the discrepancies in results obtained
by assuming different functional
forms for Engel relationships or the
ability of these different functional
forms to ‘“fit”’ the same data. Previ-
ous research indicates that the choice
of functional form can substantially
influence the (estimated) income
elasticity. Income (expenditure)
elasticity for a particular product can
vary by 50 percent or more at the
means because of differences in the
functional form (9).

Prais and Houthakker compared
the fit of the linear, double logarith-
mic, semi-logarithmic, inverse, and
logarithmic-inverse functional forms
using grouped data. They measured
goodness of fit by the correlation
between actual and predicted values
of the dependent variable.

*Larry Salathe is an agricultural
economist with the National Eco-
nomic Analysis Division, ESCS.

! An Engel relationship can be
defined as describing how expendi-
tures or consumption of a particular
commodity varies with household
income and size.

2 Jtalicized numbers in parentheses
refer to items in References at the
end of this article.
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The functional form used to represent
expenditures or consumption as a function
of income and household size (Engel rela-
tionship) dramatically affects estimates of
elasticities of these variables. This impact
also holds true when the elasticities are
computed at the mean of the sample used.
When per capita expenditures were
expressed as a function of per capita in-
come, the double-and semi-log functional
forms provided the best statistical fit. When
expenditures were expressed as a function
of household size and income, the quad-
ratic functional form provided the best
statistical fit.
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The interpretation of this measure
of goodness of fit varies, depending
on whether the dependent variable is
transformed before estimation. For
example, for the double logarithmic
functional form, the computed corre-
lation coefficient measures the corre-
lation between the natural logarithm
of observed expenditure (quantity)
and the predicted value for the
natural logarithm of expenditure
(quantity).

However, for the linear functional
form, the correlation coefficient
measures the correlation between
observed expenditure (quantity) and
predicted expenditure (quantity).
Thus, a more consistent measure of
goodness of fit would be to trans-
form the predicted values for the
double logarithmic functional form
to natural numbers before comput-
ing the correlation coefficient.

The quadratic functional form has
attracted only limited attention from

economists (7). This disinterest is
somewhat puzzling because the form
allows the marginal propensity to
consume (spend) and the income
elasticity to vary with the level of
income. Such flexibility is particular-
ly useful for analyzing expenditures
or consumption of commodities con-
sidered to be necessities.

OBJECTIVES

The objectives of this article are
(1) to examine differences in esti-
mated household size and income
elasticities generated by different
functional forms including quadratic
and (2) to compare the ability of
different functional forms to fit
ungrouped data. Results should
provide a better understanding of the
relationship between functional form
and estimated income and household
size elasticities. In addition, since one
criterion for selecting functional
forms is goodness of fit, the study
should indicate which forms are
most appropriate for estimating
Engel relationships.

RESULTS

The data used in the analysis
consist of 7,143 households in the
spring portion of the 1965 USDA
Household Food Consumption
Survey. The data on food expendi-
tures were grouped into seven
expenditure groups: dairy products
(excluding butter), fats and oils,
flour and cereals, beef and pork,
vegetables, fruits, and total food
consumed at home.
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The functional form used to represent
expenditures as a function of income and
household size (Engel relationship) dra-
matically affects estimates of elasticities
of these variables. This impact also holds
true when the elasticities are computed
at the mean of the sample used. When per
capita expenditures were expressed as a
function of per capita income, the double-
and semi-log functional forms provided
the best statistical fit. When they were
expressed as a function of household
size and income, the quadratic functional
form provided the best statistical fit.

Per Capita Specification

The first set of results was generated by specifying
six different functional relationships between per
capita and income. Table 1 contains the mathematical
form of the six functional forms and summarizes the
properties of each. According to economic theory, the
functional form used in estimating Engel relation-
ships should satisfy the adding up constraint. This
property implies that predicted expenditures for each
good add up to total expenditures. This is the only
property which economic theory gives us. Economists
have also suggested that the demand for certain goods, in
particular, food, may reach a satiety level as income
increases.

One disadvantage of the double-logarithmic and
logarithmic-inverse functional forms is that observa-
tions having zero expenditure cannot be used in the
analysis. Eliminating these observations will result in an
inflated estimate for the income (expenditure) elasticity.
One could assign a small number to the dependent vari-
able when its recorded value equals zero. Here, a value of

one cent was assigned as the level of expenditure when
the household recorded no expenditure for a particular
food group. Thus, the parameters in all the functional
forms were estimated from the same data set.

Even though all expenditure-income elasticities were
computed at the sample means, substantial differences
still exist in the elasticities (table 2). The inverse and
log-inverse functional forms generated expenditure-
income elasticities considerably lower than those from
the other four functional forms. Of those four forms,
the double logarithmic produced the highest expendi-
ture-income elasticity for dairy products, beef and pork,
vegetables, fruits, and total food; and the lowest income
elasticity for flour and cereals, and the fats and oils food
groups. Compared with the linear functional form, the
quadratic form provided expenditure-income elasticities
having a higher absolute value for all food groups except
vegetables, which was the only expenditure category in
which both per capita income and per capita income
squared were positive and significant.

To compare the ability of each functional form to fit
the data, correlation coefficients and mean squared error
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statistics were computed. In every case, the correlation
coefficients measure the correlation between observed
and predicted expenditures in natural numbers. To
provide greater detail on each functional form’s ability
to fit the data, mean squared error statistics were also
computed by converting observed and predicted expend-
iture values to natural numbers.

Only the mean error statistics appear (table 3)
because the two sets of statistics gave the same results.
Generally, the double- and semi-log functional forms
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have the lowest mean squared error while the inverse
functional form had the highest mean squared error.
However, for the flour and cereals group, the linear,
quadratic, semi-log, and inverse functional forms fit
the data better than the double log. Since the estimated
expenditure-income elasticity for the flour and cereals
subgroup was negative, the double logarithmic function-
al form appears to be a poor choice when estimating
Engel relationships for commodities with negative
income elasticities.




The double-logarithmic and semi-logarithmic
functional forms may be appropriate when
per capita expenditures are expressed as

a function of per capita income. However,
they may not be the most appropriate when
income and household size are treated as
separate independent regressors.

Household Size and Income
as Separate Regressors

In some recent studies, researchers have specified
household expenditures as a function of income and
household size rather than expressing expenditures and
income in per capita terms (6, 3). The double logarith-
mic and semi-logarithmic functional forms may be
appropriate when per capita expenditures are expressed
as a function of per capita income. However, they may
not be the most appropriate when income and house-
hold size are treated as separate independent regressors.

When expenditures and income are expressed in per
capita terms, multiplying income and household size by
the same constant does not alter per capita expendi-
tures. This implies that when per capita expenditures
are expressed as a function of per capita income, the

estimated income and household size elasticities are
restricted to sum to one. This restriction is relaxed
when income and household size are used as separate
regressors.

The estimated household size and income elasticities
for 15 alternative functional forms appear in table 4.
The relations expressing expenditures as a function of
the inverse of income provided the lowest expenditure-
income elasticities. The relations expressing the natural
logarithm of expenditures as a function of the natural
logarithm of income usually produced the highest
expenditure-income elasticities. The household size
elasticities also exhibited the same patterns, but their
relative differences are considerably smaller. After
excluding the functional forms expressing expenditures
as a function of the inverse of income, the estimated
expenditure-income elasticities continued to vary, by as
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much as 100 percent. For all functional forms, the esti-
mated household size elasticities varied by about 50
percent.

Comparing the estimated expenditure-income elas-
ticities for the per capita models with the functional
forms having income and household size as separate
regressors (tables 2 and 4) provided additional insights.
The expenditure-income elasticities obtained for the
quadratic, double-log, semi-log, inverse, and log-inverse
forms when expenditures and income were expressed in
per capita terms usually exceeded the elasticities for
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these same functional forms when household size and
income were treated as separate regressors. In addition,
the sum of the expenditure-income and household size
elasticities usually fell far below one.

Tables 5 and 6 present the rankings by functional
form for the mean square error (lowest to highest) and
correlation coefficients (highest to lowest), respectively.
By both criteria, functional form (1)—expenditures as
a function of income, income squared, household size,
and household size squared—performed the best
(produced the lowest mean squared error and highest



Engel relationships which express
expenditures and income in per capita
terms may be too restrictive, as they force
the sum of the income and household size
elasticities to equal one.

correlation coefficient). Functional form (3)—expen-
ditures as a function of income, income squared, and the
natural logarithm of household size—also provided an
above average fit to the data. Both of these functional
forms produced only moderately different expenditure-
income and household size elasticities at the sample
means. The mean squared error statistics were above
average for the linear logarithmic functional form for all
food groups except total food, and flour and cereals
(functional form 4, table 5).

CONCLUSIONS

The choice of the functional form dramatically
affects estimated income and household size elasticities.
Income elasticities derived from the inverse and log-
inverse functional forms should be interpreted with
caution, as, in this study, these forms provided very low
income elasticities and poor statistical fits to the data.
The double log usually provided the best statistical fit
and also the highest income elasticity for models
expressing per capita expenditure as a function of per
capita income. The double-log fit poorly the flour
and cereals expenditure data, which suggests that it is

a poor choice when estimating Engel relationships for
inferior commodities. The semi-log and quadratic func-
tional forms provided better statistical fits to the data
than the linear, inverse, or log-inverse functional forms.

When expenditures were expressed as a function of
household size and income, the quadratic form having
income, income squared, household size, and household
size squared as explanatory variables provided the best
statistical fit. For the 15 functional forms analyzed, the
linear logarithmic functional form’s fit to the data was
about average. Thus, the double-logarithmic functional
form seems appropriate when per capita expenditures
are expressed as a function of per capita income. The
linear logarithmic seems, however, to be a poor choice
when income and household size are used as separate
regressors in the Engel function. The estimated income
and household size elasticities generated from the differ-
ent models in which income and household size are
treated as separate regressors suggest that the sum of
these elasticities is usually different from one. Thus,
Engel relationships which express expenditures and
income in per capita terms may be too restrictive, as
they force the sum of the income and household size
elasticities to equal one.
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