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AN APPLICATION OF LDV MODEIS TO HOUSEHOLD 
EXPENDITURE ANALYSIS IN MEXICO"' 

Carlos M. JARQUE 

SecretOfl l.l di! Programucio11 y Prt!suprresto, M exi<·o 

In this pap.:r Mc:\ican hou>ehold .urwy data i~ used to es ti mate the Extended Linear E.~penditure 
Syst~m ll1c ,.,tjmation ¡, carricd out taking into account thc non· ncgativc na tu~ of expcndilure~ 
through thc use of Limited Depemiem l 'urit~ble (LDV) models Substantial diffcrenccs are found in 
cstimated demand re,pon>CS bct-.cen OLS and MLE on thc LDV modcls. lf thc latter estimation 
proccdurc i> takcn a> approprialc the findings ;how that commonly uscd OLS re. ults may 
>ignificantl) overcstimate thc marginal propensity to con.~ume and may con<iderably undercsti­
mate ~ubsi>tcnce expenditures. 

1. lntroduction 

In this paper we present a cross-sectiona/ 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 sorne respects from traditional approaches. Firstly. 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 homoscedastícity assumption 
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 S. The paper ends with section 6, where we give a 
summary of our principal findings and make sorne concluding remarks. 

2. The extended linear expenditure system 

The model we apply is the Extended Linear Expetrditure System (ELES). A 
feature of this system is iLs linearity, which may not be an nppropriate 
specification for many caJ>es. Also, the utility function from which it is derived 
is directly additive and. a~ shown in Deaton (1974, 1975). this is an extremely 

•Financia! support rrom a Fulbrir,ht Re~ar.:h Scholarship i> admo\\ledged The author b 
gratdul to 1M partletpanb of thc: Hanard/ MlT Ecooometrics !kminar f<>r helpful .:ommc:nb. 

0304-4076/ 87/ $3.50 " 1987. Elsevier Scie~ Pubhsbers B.V. (North-Holland) 
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Statistics, Democracy and Development 1 

Carlus M. Jurqru/ 

Abstract: Systematized infonnation on the 
physical env1ronmcnt and its inhabitants 
hclps to identify the needs of peoplc 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 arehitccture of the world. 
Countries of all latitudes and organizations 
of all types have entered into processes of 
transfonnation, leading to their moderniza­
tion. In Mexico. a wide-ranging refonn gave 
rise to new demands for statistieal and geo­
graphical infonnation. Measures were takcn 
to prepare the national infonnation system 
to face the traditional and the new challen­
ges. A modemization program for INEGI, 
Mexico's central statistical, geographical 
and infonnatics office was designed and im­
plemented. This program comprises seven 
arcas: decentralization. infrastructure. 
methodology. training. coordination, new 
products, and actions to promote a broader 

J. latroducti011 

In this paper. 1 will concentrate on severa( 
aspects ofOfficial Statistics and its contribu­
tions to democracy and socio-economic de­
velopmc:nt. The objectivc is to refiect on thc 
purpose of Official Stalistics, the resourCC'l 

1 Th,. J"'p•:r ,. • modified •erSiun uf a ln:lurc g"cn al 
1he plena.> ~"n of lhe 49lh ISJ I'IICrtins held 10 
Cairo. fl}pl. in S.:ptcmber 19'11 .1llc k." 1un· .... d..-.!1· 
c.ued lo lhe llll"llll)l') uf lk Pt•••anl.t M•lwlannhl\, 
former J>re<idenl ofthe lnd!.an Si.di>ll(~lln•IIIUie ~nd 
Honora') PtC'Wdenl uf 1he ISI 
' Presídtnt. Nalional ln~tllulc ofSI&I I\tk'>. ÜCt'lf'aph) 
aad lnformalll:s, A~ua!ielbcn..,., Ap. Me'"'" 

statistical culture among thc population. 
The contributions of rNEGI's moderniza­
tion prograrn to the accompli hment of the 
national goals are briefly noted. A sohd and 
updaled informalion system promotes thc 
extension or democratic participalion and 
practices, helps in the design of policics 
aimed to promote cconomic development, 
and to improve people's living standards. lt 
is concluded that. although statistical ac­
tivities are technically and scientitically in­
teresting. its fullest nobilily may be found in 
helping nations provide justice and bctter 
well-being to their inhabitants. 

Key words: Official statistics: world tra nsfo r­
mation; institulional modemization: National 
lnformation system: decentralizalion: infra­
structure; methodology: tra ining; new pro­
ducts, statistical culture; democracy; dc­
velopment; national goals. 

allocated to it, and the benetits derhed from 
this investment. 

As it is known, the consisten! reduction of 
financia) resourees in sorne regions. both in 
Officiul Statistics and in arcas of stat istical 
rel>Can:h and teaching. has become a point 
of incrca~ing concern lo thc statislical pro­
fession. Hence. it is believed that, among 
other actions. the promolion of the role of 
Matisticians. highhghting the lbeful "'ork 
and po~iti\,e contrihutions to modcm soci­
ety '1\ill hc:lp lo mothate further interest in 
Matisti~ and stallslicians. Thc arguments 
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A TEST FOR HETEROSCEDASTICITY IN A 
LIMITED DEPENDENT VARIABLE MODEL1 

CARLOS M . JARQUE 

Department of Statistics, The Faculties, Australian National Urtiversiry 

Summary 

Limited Dependent Variable models arise, for example, when the 
dependent variable is necessarily non-negative. When these models are 
estimated under lhe 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. IDtroduc:don 

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 ovcr 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 
bomoscedasticity have been pointed out by various aulhors. For exam­
ple, Hurd (1979) showed (for a simple model) that lhe maximurn 
likelihood estimators of the parameters, computed under thc 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 (197 S) who l.'Onsidered the Tobit cstimator and noted this was 
not consistent when a specified form of he teroscedasticity was present. 
An additional finding is that of Warner (1976) who carried out a 
Monte Cario Experiment to study the sensitivity of three estimators of 

1 Manuscript re~i~ed July 14, 1980; revised ~ptember 10, 1980. 



1 

,_.- SMIIukallln~b (11117), 15, 2. PI> llll-172. Priol<d la Omt BntiÍII 
e LDicmatlaoalSiatltlbl hutriOl< 

A Test for Normality of Observations and 
Regression Residuals 
Carlos M. Juque1 and Anll K. Bera2 

1 Dirección General de Estadistica, Secretaria de Programacion y Presupuesto, Mexico 
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1 latrodac:tio• 

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 oineteenth 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 normalúy of observations. Interest in this arca is still very 
much alive, and recent contributions to the literature are the skewncss. kurtosis and 
omnibus tests proposed by D'Agostino & Pearson (1973), Bowman & Sheoton (1975) and 
Pearson, D'Agostino & Bowman (1977), the analysis of variance tests of Shapiro & Wilt 
(1965) and Shapiro & Francia (1972), and tbe coordinate-dependent and invariant 
procedures described by Cox & Small (1978). 

There has also bcen considerable recent ioterest in testing the normality of 
(unobserved) ngrusion disturbanus. This is noted below. but first we introduce 
necessary notation. We consider tbe linear regression model. y,= x;p +u., for i""' 
1, ... , N, wbere xi ia a 1 by K vector of observations on K fixed regressors, fJ is a K by 1 
vector of unknown parameters, and u, is the ith unobservable disturbance assumed to 
bave zero mean and to be homoscedastic, idenlicaUy distributed and serially independent. 
An additional UIUDlption frequently made in this model is that the probability density 
function of u, f(u,), is the normal probability density function. 

The consequences of violatlon of this normality assumption have beco studied by 
various authors . In estimation, for instance, the ordioary least-squares estimator 
b • (X'X)- 1X'y, whicb is known to be efficient uoder normality. may be very sensitive to 
tons-tailed distributions; for example, see Hogg (1979). Regarding infercntial proc:edures, 
Box &l Watson (1962) consider tbe lüUal t and F-tests, aod demonstrate that sensitivity to 
nonnormality is detennined by the numerical values of the regressors. They also show 
that, to obtain the desircd signific:ance level, sorne adjustment in the degrces of freedom 
of these tests may be rcquired. Similarly, Amold (1980) studies the distribution of 
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MODEL SPECIFICATION TESTS 

A Simultaneous Approach* 

Anil K. BERA 
Ausrralian Nationa/ Unir-trsit\•. Cm1rn•rru. AC T 16(1(1. Arwrt~lia 

Carlos M. JARQUE 

In cconomctrics, specification tests bave bc:en constructed to \Crtf) the \ a lidrt} of o ne 
spccilication at a time. lt is argued that most of thesc tests are not. in general, robu't in the 
prescncc of other misspccilications. so their appli~-ation may result in misleading conclu>JOO>. 
Using thc Lagrange Multiplier principie we dcvclop cffictent test procedures that are car able of 
tc:sting a num~r of specifications simultaneously. Thc:.e te>ts will 'c11nfirm' the \ :thdn~ (or 
invalidity) of a general model requiring the estima tes of the restrictcd model o nl). Thro ugh an 
extensive M onte Cario experiment we stud y thc performance of these tests and sorne commonl~ 
used onc-directional tests. We also suggest a Multiple Comparison Proccdurc, 10 tdentif} 
difTercnt sourccs of erron.. This, we hope . .,.;u lead lo a b.:ller specificati on of cconomctric 
modcls. 

l. lntroduction 

Al th~ III<>IIIP/11, r/oc St'l o( SfWdficarimo amr lt'>IS i~ a raf(/1«¡¡ ,,, 
mi<ulluneous pr~wt•dur.''· Tltr cho<f Jiflkult) onur. ~;,¡, rlot 
prcsrll<"<' t!f morr rloctn 1111<' errnr cuul \l'ir/o tlol' rt'.\u/ti11g probkm 
<!/ IooM' ro iso/atr unJ idenri/) tiiC ~CP<rrtllt' cffcrt.\. 
Kmcnta and Ram~) (1980. p. 111 

Onc of tbe most importan! components of economctric model-building is 
tests for specification errors. A model can be misspccificd in a number of 
ways. Two nwjor sources are incorrect functional form and im a lid 
assumptions on the distribution of thc disturbance tcrm. Regarding the 
functional form, linearity is often as~umcd for simplicity when a nonlinear 
function would be more appropriate, ami lhis ma} be accompanicd b} 

"Tbc authon wlih lo 1hank D.nld 8rm•nc. R.1~ 8)r'-'n. Mtchdd \kAI«r. Adnan P.1san. 
Kím Saw-ycr, Dcanc Tcrrcll aod R•> T n:,.m f11r hclpful •'1)ftlmcnl• ''" an carhcr drafi of th1, 
paper. We aro lf&lcful lo Ln Godfrc) r,, hclp(ul CllU\ Cf>AIUIP\ .. holc prepanng \he final dral\. 
Critica! ancl darif)lnl cOQlmeoli b) an an,>n)mo>u; refctec are al"' ttralcfull) ad.no\\ledged_ 
Erron. of c:our~r. rcma1n our ~<>k rapun;obllll) 

0165-7410 82 0000-.0000 S02.75 t 1982 North-Holland 
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The procedure of Jarque and Sera (1980a, b). consisting of the application of the Lagrange 
Multiplier ( LM) test to the Pearson Family of distributions. is used lo deri"e efficíent 
normalíty andj or hornoscedasticity tests for limited dependen! variable ( LDVl model;. 

l. lntroduc:tion 

LDV models arise when the dependen! variable is restricted in sorne 
way (e.g., to non-negative values - like supply of and demand for given 
goods). These models are now being increasingly used in econornic 
modelling. and methods for their efficient estimation - given a set of 
assumptions - are presently available (e.g., see the Fall 1976 issue of thc 
Annals of Economic and Social Measurement ). In comparison. few results 
exist regarding inferential problems. In previous papees we have sug­
gested the use of the LM test on a general Farnily of distributions - the 
Pearson Farnily 1 

- to derive simple diagnostic tests which have maxi­
mum asymptotic local power and are tberefore efficient [see Jarque and 
Bera (1980a, b) and Bera and Jarque (1981)). In this paper. using the 
same approach, we derive tests for residual speciCication in LDV models. 
Here the presentation is made for the Tobit model (section 2) and the 
Truncated model (section 3), but our approach has more general appl.ica­
bility. 

1 We have abo uo.ed other famih.-. such a. Gram-Chnrher llYI"' Al. and obtntn<'<i the .:>.nte 
te>t st~ust!C> &> with the Pear.on Panuly Tlu• malr.h our test> mor.- nppealing. 

0165-1765f 82j 0000- 0000j $02.75 '' 1982 North-Holland 
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