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Abstract
An Engel curve describes how a consumer’s purchases of a good like
food varies as the consumer’s total resources such as income or total expenditures vary. Engel curves may also depend on demographic variables
and other consumer characteristics. A good’s Engel curve determines its income elasticity, and hence whether the good is an inferior, normal, or luxury
good. Empirical Engel curves are close to linear for some goods, and highly
nonlinear for others. Engel curves are used for equivalence scale calculations and related welfare comparisons, and determine properties of demand
systems such as aggregability and rank.

An Engel curve is the function describing how a consumer’s expenditures on
some good or service relates to the consumer’s total resources holding prices fixed,
so qi = gi (y, z), where qi is the quantity consumed of good i, y is income, wealth,
or total expenditures on goods and services, and z is a vector of other characteristics of the consumer, such as age and household composition. Usually y is
taken to be total expenditures, to separate the problem of allocating total consumption to various goods from the decision of how much to save or dissave out
of current income. Engel curves are frequently expressed in the budget share form
wi = h i [log(y), z] where wi is the fraction of y that is spent buying good i. The
goods are typically aggregate commodities such as total food, clothing, or transportation, consumed over some weeks or months, rather than discrete purchases.
Engel curves can be defined as Marshallian demand functions holding the prices
of all goods fixed.
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The term Engel curve is also used to describe the empirical dependence of
qi on y, z in a population of consumers sampled in one time and place. This
empirical or statistical Engel curve coincides with the above theoretical Engel
curve definition if the law of one price holds (all sampled consumers paying the
same prices for all goods), and if all consumers have the same preferences after
conditioning on z and possibly on some well behaved error terms. Since these
conditions rarely hold, it is important in practice to distinguish between these two
definitions.
Using data from Belgian surveys of working class families, Ernst Engel (1857,
1895) studied how households expenditures on food vary with income. He found
that food expenditures are an increasing function of income and of family size,
but that food budget shares decrease with income. This relationship of food consumption to income, known as Engel’s law, has since been found to hold in most
economies and time periods, often with the function h i for food i close to linear
in log(y).
Engel curves can be used to calculate a good’s income elasticity, which is
roughly the percent change in qi that results from a one percent change in y,
or formally ∂ log gi (y, z)/∂ log(y). Goods with income elasticities below zero,
between zero and one, and above one are called inferior goods, necessities, and
luxuries respectively, so by these definitions what Engel found is that food is a
necessity. Elasticities can themselves vary with income, so e.g. a good that is a
necessity for the rich can be a luxury for the poor.
Some empirical studies followed Engel (1895), such as Ogburn (1919), but
Allen and Bowley (1935) firmly connected their work to utility theory. They estimated linear Engel curves qi = ai +bi y on data sets from a range of countries, and
found that the resulting errors in these models were quite large, which they interpreted as indicating considerable heterogeneity in tastes across consumers. Working (1943) proposed the linear budget share specification wi = ai + bi log(y),
which is known as the Working-Leser model, since Leser (1963) found that this
functional form fit better than some alternatives. However, Leser obtained still
better fits with what would now be called a rank three model, namely, wi =
ai + bi log(y) + ci y −1 , and in a similar, earlier, comparative statistical analysis
Prais and Houthakker (1955) found qi = ai + bi log(y) fit best. More recent
work documents sometimes considerable nonlinearity in Engel curves. Motivated
by this nonlinearity, one of the earlier empirical applications of nonparametric
regression methods in econometrics was kernel estimation of Engel curves. Examples include Bierens and Pott-Buter (1990), Lewbel (1991), and Hardle and
Jerison (1991). More recent studies that control for complications like measure2

ment error and other covariates z, including Hausman, Newey, and Powell (1995)
and Banks, Blundell, and Lewbel (1997), find Engel curves for some goods are
close to Working-Leser, while others display considerable curvature, including
quadratics or S shapes. Even Allen and Bowley (1935, p. 123) noted "there is a
good fit, allowance being made for observation and sampling errors,..., to a linear
expenditure relation and occasionally to a parabolic relation."
Other variables z also help explain cross section variation in demand. Commonly used covariates include the number, ages, and gender of family members,
location measures, race and ethnicity, seasonal effects, and labor market status.
Variables indicating ownership of a home, a car, or other large durables can also
have considerable explanatory power, though these are themselves consumption
decisions.
Engel’s original work showed the relevance of family size, and later studies
confirm that larger families typically have larger budget shares of necessities than
smaller families at the same income level. Adult equivalence scales model the
dependence of utility functions on family size and use this dependence to compare
welfare across households, assuming that a large family with a high income is as
well off as a smaller family with a lower income if both families have demands that
are similar in some way, such as equal food budget shares or equal expenditures on
adult goods such as alcohol. The ratio of total expenditures needed to equate food
budget shares across households are known as Engel equivalence scales, while the
ratio that equates expenditures on adult goods are called Rothbarth (1943) scales.
Shape invariance assumes that budget share Engel curves for one type of consumer, such as a household with children, is a linear transformation of the budget
share Engel curves for other types of consumers, such as households without children. Shape invariance is necessary for constructing what are known as Exact or
Independent of Base equivalence scales, and has been found to at least approximately hold in some data sets. See Lewbel (1989), Blackorby and Donaldson
(1991), Gozalo (1997), Pendakur (1999), and Blundell, Browning and Crawford
(2003).
The level of aggregation across goods affects Engel curve estimates. Demand
for a narrowly defined good like apples varies erratically across consumers and
over time, while Engel curves based on broad aggregates like food are affected
by variation in the mix of goods purchased. The aggregate necessity food could
include inferior goods like cabbage and luxuries like caviar, which may have very
different Engel curve shapes.
Other empirical Engel curve complications include unobserved variations in
the quality of goods purchased, and violations of the law of one price. When price
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or quality variation is unobserved, their effects may correlate with, and so be
erroneously attributed to, y or z. Examples of such correlations could include the
wealthy systematically favoring higher quality goods, and the poor facing higher
prices than other consumers because they cannot afford to travel to discount stores.
Assume a consumer (household) h determines demands qhi facing prices pi
for each good i by maximizing a well behaved utility3
function over goods (which
could depend on z h ), subject to a budget constraint i pi qhi ≤ yh . This yields
Marshallian demand functions qhi = G hi ( p, yh , z h ), with Engel curves given by
these functions holding the price vector p fixed. Utility functions that yield Engel
curves of the form qhi = bi (z)yh are called homothetic, and qhi = ai (z) + bi (z)yh
are quasihomothetic. Many theoretical results regarding two stage budgeting and
aggregation across goods require homotheticity or quasihomotheticity, most notably Gorman (1953).
The shape of Engel curves plays an important role in the determination of
macroeconomic demand relationships. For example, ignoring z for now, suppose individual consumers h each have Engel curves of the quasihomothetic form
qhi = ahi + bi yh . Then, letting Q i and Y be aggregate per capita quantities
and total expenditures in the population, we get Q i = Ai + bi Y by averaging
qhi across consumers h. This is a representative consumer model, in the sense
that the distribution of y only affects aggregate demand Q i through its mean
E(y) = Y . Gorman (1953) showed that only linear Engel curves have this property, though linear Engel curve aggregation dates back at least to Antonelli (1886).
Gorman’s linearity requirement, which does not usually hold empirically, can be
relaxed given restrictions on the distribution of y, e.g., Lewbel (1991) shows that
E(y log y)/Y − log(Y ) is very close to constant in United States data, and if it is
constant then Working-Leser household Engel curves yield Working-Leser aggregate, representative consumer demands.
3
Exactly aggregable demands are defined by qi = Jj=1 A ji ( p)c j (y, z), and so
3
have Engel curves qi = Jj=1 a ji c j (y, z) that are linear in the functions c j (y, z).
These models have the property that appregate demands Q i depend only on the
means of c j (y, z). Utility theory imposes constraints on the functional forms of
c j (y, z). Properties of exactly aggregable demands and associated Engel curves
are derived in Muellbauer (1975), Jorgenson, Lau, and Stoker (1982), and Lewbel
(1990), but primarily by Gorman (1981), who proved the surprising result that
utility maximization forces the matrix of Engel curve coefficients a ji to have rank
three or less.
Lewbel (1991) extends Gorman’s rank idea to arbitrary demands, not just those
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in the exactly aggregable class, by defining the rank of a demand system as the
dimension of the space spanned by its Engel curves. Engel curve rank can be
nonparametrically tested, and has implications for utility function separability,
welfare comparisons, and for aggregation across goods and across consumers.
Many empirical studies find demands have rank three.
One area of current research concerns the observable implications of collective models, that is, households that determine expenditures based on bargaining
among members. For example, the Engel curves of such households could violate
Gorman’s rank theorem, even if each member had exactly aggregable preferences.
Another topic attracting current attention is the role of errors in demand models, particularly their interpretation as unobserved preference heterogeneity, random utility model parameters. This matters in part because another of Allen and
Bowley’s (1935) findings remains true today, namely, Engel curve and demand
function models still fail to explain most of the observed variation in individual
consumption behavior.
Allen, R.G.D. and A. L. Bowley, (1935), Family Expenditure. A Study of its
Variation. London: P.S. King and Son.
Antonelli, G. B. (1886) "Sulla Teoria Metematica della Economia Politica,"
Pisa: Nella Tipografia del Fochetto, translated as chapter 16, "On the Mathematical Theory of Political Economy", in J. S. Chipman, L. Hurwicz, M. K. Richter,
and H. F. Sonnenschein, editors, Preferences, Utility and Demand. New York:
Harcourt Brace Jovanovich, 1971.
Banks, J., R. Blundell, and A. Lewbel (1997), "Quadratic Engel Curves and
Consumer Demand," Review of Economics and Statistics, 79, 527-539.
Bierens, H. and H. A. Pott-Buter (1990), "Specification of Household Expenditure Functions and Equivalence Scales by Nonparametric Regression," Econometric Reviews, 9, 123-210.
Blackorby, C. and D. Donaldson. (1991), “Adult-Equivalence Scales, Interpersonal Comparisons of Well-Being, and Applied Welfare Economics,” in Interpersonal Comparisons of Well-Being, ed. J. Elster and J. Roemer, Cambridge:
Cambridge University Press.
Blundell, R., M. Browning and I. Crawford (2003), Nonparametric engel curves
and revealed preference," Econometrica, 71, 205-240.
5

Engel, E. (1857), "Die Productions- und Consumptionsverhaeltnisse des Koenigsreichs Sachsen," Zeitschrift des Statistischen Bureaus des Koniglich Sachsischen
Ministeriums des Inneren, No. 8 und 9. Reprinted in the Appendix of Engel
(1895).
Engel, E. (1895), "Die Lebenskosten Belgischer Arbeiter-Familien Fruher and
jetzt," International Statistical Institute Bulletin, vol. 9, pp. 1-74.
Gorman, W. M. (1953) “Community Preference Fields.” Econometrica 21, 6380.
Gorman, W. M. (1981), "Some Engel Curves," in Essays in the Theory and
Measurement of Consumer Behaviour in Honor of Sir Richard Stone, ed. by
Angus Deaton, Cambridge: Cambridge University Press.
Gozalo, P. L. (1997), "Nonparametric Bootstrap Analysis With Applications
to Demographic Effects in Demand Functions," Journal of Econometrics, 81, 357393.
Härdle, W. and M. Jerison (1991), "Cross Section Engel Curves Over Time,"
Recherches Economiques de Louvain, 57, 391-431.
Hausman, J.A., W. K. Newey, and J. L. Powell (1995), "Nonlinear Errors in
Variables: Estimation of Some Engel Curves," Journal of Econometrics, 65, 205253.
Jorgenson, D. W., L. J. Lau, and T. M. Stoker (1982), "The Transcendental
Logarithmic Model of Aggregate Consumer Behavior," in: Advances in Econometrics, R. Basman and G. Rhodes, Eds., Greenwich: JAI Press.
Leser, C. E. V. (1963), "Forms of Engel Functions," Econometrica, 31, 694703.
Lewbel, A. (1989), "Household Equivalence Scales and Welfare Comparisons,"
Journal of Public Economics, 39, 377-391.
Lewbel, A. (1990), "Full Rank Demand Systems," International Economic
Review, vol. 31, pp. 289-300.
Lewbel, A. (1991), "The Rank of Demand Systems: Theory and Nonparametric Estimation," Econometrica, 59, 711-730.
6

Muellbauer, J. (1975), "Aggregation, Income Distribution, and Consumer Demand," Review of Economic Studies, 62, 269-283.
Ogburn, W. F., (1919), "Analysis of the Standard of Living in the District of
Columbia in 1916," Journal of the American Statistical Association,. 16, 374-389.
Pendakur, K. (1999). "Estimates and Tests of Base-Independent Equivalence
Scales", Journal of Econometrics 88, 1-40.
Prais, S. J. and H. S. Houthakker (1955), The Analysis of Family Budgets,
Cambridge: Cambridge University Press (2nd edition 1971).
Rothbarth, E. (1943), "Note on a Method of Determining Equivalent Income
for Families of Different Composition," in War-time Pattern of Saving and Spending, Charles Madge, Ed., Cambridge: Cambridge University press, Appendix 4,
123-130.
Working, H. (1943), "Statistical Laws of Family Expenditures," Journal of the
American Statistical Association, 38, 43-56.

7

