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AN APPLICATION OF LDV MODELS TO HOUSEHOLD
EXPENDITURE ANALYSIS IN MEXICO*

Carlos M. JARQUE

Secretgria de Programacion v Presupuesto, Mexice

In this paper Mexican household survey data is used to estimate the Extended Linear Expenditure
System. The estimation is carried oul taking into account the non-negative nature of expenditures
through the use of Limited Dependent Variuble (LDV) models. Substantial differences are found in
estimated demand responses between OLS and MLE on the LDV models. If the latter estimation
procedure is taken as appropriate the findings show that commonly used OLS results may
significantly overestimate the marginal propensity to consume and may considerably underesti-
mate subsistence expenditures.

1. Introduction

In this paper we present a cross-sectional study of expenditure behaviour at
the household level. This type of study is one of the oldest exercises in applied
econometrics [Brown and Deaton (1972)]. However, we concentrate on Mexico
for which little work has been done in this area. Moreover, our econometric
methodology differs in some respects from traditional approaches. Firsily, we
apply multivariate clustering algorithms to form groups of households with
‘homogeneous’ expenditure behavior. Secondly, we take into consideration the
fact that expenditures are non-negative and therefore use Limited Dependent
Variable (LDV) models, carrying out a comprehensive statistical analysis of
disturbances, e.g., testing for the normality and homoscedasticity assumptions
of disturbances of the LDV models used.

The structure of the paper is as follows. In section 2 we present the model
considered and in section 3 the econometric methodology employed. In section
4 we describe the data used for estimation. The main numerical results are
presented in section 5. The paper ends with section 6, where we give a
summary of our principal findings and make some concluding remarks.

2. The extended linear expenditure system

The model we apply is the Extended Linear Expenditure System (ELES). A
feature of this system is its linearity, which may not be an appropriate
specification for many cases. Also, the utility function from which it is derived
is directly additive and, as shown in Deaton (1974, 1975), this is an extremely

*Financial support from a Fulbright Research Scholarship is acknowledged. The author is
grateful to the participants of the Harvard /MIT Econometrics Seminar for helpful comments.
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Statistics, Democracy and Development'
Carlos M. Jarque’

Abstract: Systematized information on the
physical environment and its inhabitants
helps to identify the needs of people and to
measure the potential of any society. This is
particularly relevant in the current global
context where we are witnessing immense
changes in the architecture of the world.
Countries of all latitudes and organizations
of all types have entered into processes of
transformation, leading to their moderniza-
tion. In Mexico, a wide-ranging reform gave
rise to new demands for statistical and geo-
graphical information. Measures were taken
to prepare the national information system
to face the traditional and the new challen-
ges. A modernization program for INEGI,
Mexico’s central statistical, geographical
and informatics office was designed and im-
plemented. This program comprises seven
areas: decentralization, infrastructure,
methodology, training, coordination, new
products, and actions to promote a broader

1. Introduction

In this paper, I will concentrate on several
aspects of Official Statistics and its contribu-
tions to democracy and socio-economic de-
velopment. The objective is to reflect on the
purpose of Official Statistics, the resources

! This paper is a modified version of 4 lecture given at
the plenasy session of the 49th 1SI mmh
Cairo, Egypl, in September 1991, The lecture was dedi-

cated Lo the of Dr. Prasanta Mahalanohis,
former President of the Indian Statistical Institute and
Honorary President of the ISI.

statistical culture among the population.
The contributions of INEGI's moderniza-
tion program to the accomplishment of the
national goals are briefly noted. A solid and
updated information system promotes the
extension of democratic participation and
practices, helps in the design of policies
aimed to promote economic development,
and to improve people’s living standards. It
is concluded that, although statistical ac-
tivities are technically and scientifically in-
teresting. its fullest nobility may be found in
helping nations provide justice and better
well-being to their inhabitants.

Key words: Official statistics; world transfor-
mation; institutional modernization; National
Information system; decentralization; infra-
structure; methodology; training; new pro-
ducts, statistical culture; democracy; de-
velopment; national goals.

allocated to it, and the benefits derived from
this investment.

As it is known, the consistent reduction of
financial resources in some regions. both in
Official Statistics and in areas of statistical
rescarch and teaching, has become a point
of increasing concern to the statistical pro-
fession. Hence, it is believed that, among
other actions, the promotion of the role of
statisticians, highlighting the useful work
and positive contributions to modern soci-
ety will help Lo motivate further interest in
statistics and statisticians. The arguments
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A TEST FOR HETEROSCEDASTICITY IN A
LIMITED DEPENDENT VARIABLE MODEL'

CARLOS M. JARQUE
Department of Statistics, The Faculties, Australian National University

Summary

Limited Dependent Variable models arise, for example, when the
dependent variable is necessarily non-negative. When these models are
estimated under the incorrect assumption of homoscedasticity, serious
consequences have been found. It is therefore important to test for its
existence. In this paper, we make use of the Lagrange multiplier
procedure to derive a test for heteroscedasticity in the Tobit model.

1. Introduction

The Tobit model was originated by Tobin (1958) in the study of
household durable expenditure. After being in, as noted by Dhrymes
(1979), “(nearly) splendid isolation for over a decade” it has recently
been applied in many other areas of socioeconomic research (e.g. see
Fair, 1978). This current popularity extends to other models in which
the dependent variable is restricted to lie in a particular interval or to
take a finite number of values (e.g. see the Fall 1976 issue of the
Annals of Economic and Social Measurement). Models of this sort
have come to be known as Limited Dependent Variable (LDV)
models.

In the various applications of LDV models, constant error var-
iance has been specified. The consequences of incorrectly assuming
homoscedasticity have been pointed out by various authors. For exam-
ple, Hurd (1979) showed (for a simple model) that the maximum
likelihood estimators of the parameters, computed under the incorrect
assumption of homoscedasticity, were not consistent. He also found
that the size of the asymptotic bias could be substantial and concluded
that “heteroscedasticity may be a serious empirical problem in trun-
cated sample models”. A similar result was obtained by Maddala &
Nelson (1975) who considered the Tobit estimator and noted this was
not consistent when a specified form of heteroscedasticity was present.
An additional finding is that of Warner (1976) who carried out a
Monte Carlo Experiment to study the sensitivity of three estimators of

1 Manuscript received July 14, 1980; revised September 10, 1980,
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A Test for Normality of Observations and
Regression Residuals

Carlos M. Jarque' and Anil K. Bera’

! Direccién General de Estadistica, Secretaria de Programacion y Presupuesto, Mexico
D.F. ? Department of Economics, University of linois, Urbana-Champaign,
Hlinois 61820, USA

Summary

Using the Lagrange multiplier procedure or score test on the Pearson family of distributions we
obtain tests for normality of observations and regression disturbances. The tests suggested have

optimum asymptotic power properties and good finite sample performance. Due to their simplicity
they should prove to be usefal tools in statistical analysis.

Key words: Lagrange multiplier test; Normality test; Regression model; Score test.

1 Introduction

Statisticians’ interest in fitting curves to data goes a long way back. As noted by Ord
(1972, p. 1), although towards the end of the nineteenth century ‘not all were convinced
of the need for curves other than the normal’ (K. Pearson, 1905), ‘by the turn of the
century most informed opinion had accepted that populations might be non-normal’;
some historical accounts are given by E. S. Pearson (1965). This naturally led to the
development of tests for the normality of ebservations. Interest in this area is still very
much alive, and recent contributions to the literature are the skewness, kurtosis and
omnibus tests proposed by D’Agostino & Pearson (1973), Bowman & Shenton (1975) and
Pearson, D'Agostino & Bowman (1977), the analysis of variance tests of Shapiro & Wilk
(1965) and Shapiro & Francia (1972), and the coordinate-dependent and invariant
procedures described by Cox & Small (1978).

There has also been comsiderable recent interest in testing the normality of
(unobserved) regression disturbances. This is noted below, but first we introduce
necessary notation. We consider the linear regression model, y, =x/f +u, for i=
1,..., N, where x/ is a 1 by K vector of observations on K fixed regressors, fisa K by 1
vector of unknown parameters, and u, is the ith unobservable disturbance assumed to
have zero mean and to be homoscedastic, identically distributed and serially independent.
An additional assumption frequently made in this model is that the probability density
function of w,, f(u,), is the normal probability density function.

The consequences of violation of this normality assumption have been studied by
various authors. In estimation, for instance, the ordinary least-squares estimator
b=(X'X)"'X'y, which is known to be efficient under normality, may be very sensitive to
long-tailed distributions; for example, see Hogg (1979). Regarding inferential procedures,
Box & Watson (1962) consider the usual ¢ and F-tests, and demonstrate that sensitivity to
nonnormality is determined by the numerical values of the regressors. They also show
that, to obtain the desired significance level, some adjustment in the degrees of freedom
of these tests may be required. Similarly, Arnold (1980) studies the distribution of
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