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ABSTRACT
A system of consumer expenditure functions is estimated from Norwegian
household budget data. Specific features o f our approach are: (i) Panel
data on individual households are used, which offer far richer

opportunities for identification, estimation and testing than usual cross section
data. (ii) Measurement errors are carefully modelled. Total consumption
expenditure is modelled as a latent variable, purchase expenditures on
different goods and two income measures are used as indicators of this
basic latent variable. (iii) The distribution of latent total expenditure
across households, and its evolution over time, is estimated and important
properties tested. (iv) Individual differences in preferences, represented
by individual, time invariant latent variables, are modelled, identified,
estimated, and tested. (v) We test the hypothesis that preferences are
uncorrelated with total consumption expenditure, which is basic to all
cross section estimation of consumer demand functions. (vi) The model can
be formalized as a special case of the LISREL model, and the maximum
likelihood algorithm of the computer program LISREL VI is applied.
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1. INTRODUCTION

Systems of consumer expenditure functions, or more specifically

Engel functions, estimated from individual data has been in the focus of a

substantial number of theoretical and empirical papers over the years. [See

Deaton (1986) and Blundell (1988) for recent surveys.] Such expenditure

systems 'are interesting for several purposes, including macro econometric

model building and analysis of distributional policies. Of particular

interest in this research are the Engel elasticities and the effect on

consumption of socioeconomic characteristics. The vast majority of the

empirical analyses of Engel functions have been based on cross section data

with an income variable considered as observed without error, and often no

distinction is made between income and total consumption expenditure.

In the present paper, the estimation of systems of consumer expen-

diture functions is reconsidered in a wider perspective. First, panel data

from household budget surveys, with two observations from each respondent

are used. It is well known that panel data in general offer a far richer

opportunity for analyzing individual effects and, in particular, for con-

trolling for individual 'nuisance' variables than conventional data types

[cf. Mundlak (1978), Hausman and Taylor (1981), and Griliches and Hausman

(1986)]. This is also the case for the data set used in the present study,

even if the number of replications is the smallest possible. Second, in

order to allow for imperfect measurement of income and consumption, they

are considered as latent variables. Third, the distribution of latent total

consumption expenditure across households, and its evolution over time, is

identified and estimated simultaneously with the demand system. Fourth,

individual differences in preferences, represented by individual time

invariant latent variables, are allowed for. An important purpose of the

investigation is to quantify these differences. Fifth, within this frame-

work, an attempt is made to go one step further by investigating the possi-

ble correlation between income and preferences. The availability of data

with more than one replication makes it possible to test for such correla-

tion. As remarked by Griliches and Hausman (1986, p. 94), "in the panel

data context, a variety of errors-in-variable models may be identifiable

and estimable without the use of external instruments" See also Aigner et

al. (1984, section 3.10).

The paper represents an extension of previous research by Biørn and

Jansen (1982) and Aasness (1983). In the former, individual differences in
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consumption are analyzed by means of a complete demand system (including

prices) with an error components specification of the disturbance vector,

although with errors of measurement in income and consumption disregarded.

The latter uses cross section data, thus neglecting the panel aspect, but

focuses on the errors of measurement and identifies and estimates a distri-

bution of latent total consumption expenditure across households simultane-

ously with a system of Engel functions. The present work integrates the two

approaches, and extends them by, inter aha, incorporating information on

observed incomes from tax records.

2. MODEL AND BASIC NOTATION

2.1 The Engel functions and the measurement equations

Let the consumption be divided into I commodity groups and assume

that data from H households observed over 1.2 years are available. The ex-

penditure on the i'th group is assumed to be a linear function of the total

expenditure which is considered as latent and M.2 observed demographic

variables,

(1) nith = ait 4. bigth + C il Z th + C i2 Z 2h + IÅih I
	 i =

t = 1„
h =

where a it , b i , and c i , are coefficients and

flith
	

true expenditure on commodity i of household h in year t
(latent),

g th
 = true total expenditure of household h in year t (latent),

Z ih , Z2h = demographic variables for household h (observed),

= a variable representing tastes, habits etc. attached to
commodity i, household h (latent).

This function is denoted as the Engel function of commodity i. The time

subscript on the constant term indicates that vertical shifts in the expen-

diture functions between the two years are allowed for. Since, by defini-

tion,

(2) E nith = g th
	 1,2, h = 1,.. •

we know that the coefficients are subject to the adding-up restrictions



I 	 I 	 I
(3) E a 1t = E cim = 0 , E b i . 1

	
t = 1,2, m = 1,2,

i=1 	 i=1 	 i=1

and that the taste variables add to zero,

(4) E 	 1.1ih =
	 i,.

'1=1

The latter restriction reflects the fact that the p.'s represent 'relative

preferences' with respect to the different commodities. In the aggregate,

these effects cancel against each other.

The observed expenditure on commodity i of household h in period t

i s

(5) Yith = nith 	 Vith 	 = 1,...,I,

t . 1,2,
h = 1,...,H,

where Vith is the measurement error. (The latter may also include a distur-

bance term in the expenditure function (1), which cannot be empirically

distinguished from the measurement error.) In surveys of household expendi-

tures, the observed expenditure (yith ) will typically be purchase expendi-

tures during a relatively short period. The true expenditures (ndth ) could

be defined precisely within a specific consumer theory, and for a durable

good it could for instance be the user cost of its service flow. The measu-

rement error (vith ) will then contain the difference between the purchase

expenditure during a short period and the true consumption expenditure.

Assume that K (observed) indicators of the latent total expenditure

(e.g. taxable income) exist, and let Wkth be the value of the k'th of these

indicators for household h in period t. Rather than considering the w's as

'extraneous' instruments, as is a common practice when using errors-in-

variables models for cross sectional data, we formalize - in the spirit of

the LISREL model - the correlation in the form of K linear relationships,

denoted as the measurement equations,

(6) wkth = dkt 	 ekgth 	 fklZ1hZ 	 Xkh + ekth2 2h + 	 k = 1,...,K,
t = 1,2,
h . 1,...,H,

where dkt , ek , and fkm are (unrestricted) coefficients and Ekth is an error

term. Since the relationships between these indicators and the total expen-

diture may also depend on socioeconomic variables and other individual cha-

racteristics, we include the z's as well as a latent variable X ic in the
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equations. Again, the time subscript on the constant term indicates that

the equations are allowed to shift between the two years.

Of course, the interpretation of the d's, the e's, and the f's and

of the X's depend on the specific definition of the w's. If a w is an

income variable recorded for tax purposes (there may be several, as is the

case in for instance Norway), eq. (6) may represent, on the one hand, the

savings behaviour of the household, on the other hand the definition of the

taxable income in the tax code and (possibly also) the 'tax payment behavi-

our' of the household. The X's may for instance represent both the thrifti-

ness of the household and its attitude to (legal and illegal) tax evasion.

Like the Ws, the X's will be denoted as 'preference variables' in the fol-

lowing. It is then difficult to give (6) the status as structural relation-

ships with a similar degree of autonomy as the expenditure functions (1).

Rather they represent the reduced or semi-reduced form of a (possibly com-

plex) model of the income distribution, the statutory tax system, and the

spending, saving, and tax paying activity of the individual household.

From (1) and (5) it follows that the Engel functions expressed in

terms of observed expenditures read

(7) Yith = a it 	 bigth + C il Z ih + C.-ic Z2h 	 Vith 	 = 1,...,1,
t = 1,2,
h = 1,.. ,H.

These equations are similar to (6), so that we can formally consider Wkth

and Yith as K+I indicators of the latent total expenditure E with indi-

vidual specific observed and latent background variables. Note that the

observed total expenditure,

(8) Xth = E Yith
	 t = 1,2, h = 1,..

i=1

will not be an independent indicator of the total expenditure in this

model, as it is in the Friedman (1957) model of the Permanent Income Hypo-

thesis, since (1)-(5Y imply

( 9 )
	

Xth = gth 	 V th
	 1,2, h 	 1,...,H

where

(10) 	 Vth = E Vith
	 t = 1,2, 	 • 

• 
•

i=1

represents the error of measurement in the total expenditure. Eq. (9) is
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of the form (6), with dkt = , 	 = 1, km =0 ( t=1,2, m=1,2).

2.2. The model in matrix notation. Stochastic specification

We assume that all observations relating to different households

are uncorrelated. Suppress then from now on the household subscript and let

Yt = (Yit 	 Y1
	

wt = ( w1t •

= (41 	 • P-I ) '
	

A = (X 1 	
•

	 x )' 	 (zi z2

vt = ( vtt ••• vit
	 et = ( e 1t 	 • •

a t = (a it •••
	

)'

	

dt = (dlt 	 •

b 	 (b .. 130' e 	 (e l 	.. e l( )

C 1 2 f1 1	 f12

C.

CI 11. c 12 fK1	 fK2

The system of Engel functions (7) and of measurement equations (6) can then

be written as

(11) yt 	 a t + bg t 	cz + L + V ,

(12) wt = d +e 	+ Fz +	 + e t

where l'a t =0, t'b=1, t'C.0 12 , i. being the Ix1 vector of ones and 0 12 being

the 1x2 vector of zeros.

The first and second order moments of the right hand side variables in

(11) and (12) are assumed to satisfy

E(v ) = E(12) = 0 ' , 	 E(e ) = E(X)

(13)

E(g t ) =
1 2

E(z) 	 0 	 0 0 )'
z z

t = 1,2,

E(Vtv) 	 8 s VV
E 	 = (aii )yy 	 yy

(14) E(e L') = 5 Et s 	 ts ce

E(y e') =
IK

E 	 = (a
kr

)
ce 	 CC

t,s 	 1,2,



E(44') = E44 = (a .L )

(15) E(XX') = E
XX 

= (a
kr

)XX '

E(p.X') = E 	= (a1 )

(16)

t 	 s 	 ts
Ei(g t-Og )(g s-cly] = agg

ENz-Oz )(z-Oz r] = Ezz = ((IT»

(t) 	ti t2,
E[(g t—lig )(z-4'z )1 = Egz = (agz agz ) 

E(gtile)=- E 	 -(ci= (a
tl 

--- a
tI

)
g4 	 g4

(t)
(c 	 •••... atK )E(g tx 1 ) = E

( 1 7)

t,s = 1,2,

t = 1,2,

t = 1,2,

t = 1,2,

mi
E(4). 1 	= E	 = (a )

z4

mk
E(zX') = E

zX 
= (a

zX
)
 •

where 6 t , are Kronecker deltas. Furthermore, (vt ,e t ) are assumed to be un-

correlated with (g t ,z,4,X), t=1,2. This specification implies (i) zero ex-

pectations of errors and disturbances, (ii) constant variances of measure-

ment errors and disturbances, (iii) measurement errors in expenditures un-

correlated with disturbances in measurement equations, and (iv) measurement

errors and disturbances uncorrelated with the true total expenditure, with

the socioeconomic variables, and with the preference variables. Allowance

is, however, made for (contemporaneous) cross-correlation between the er-

rors in the expenditures and between the disturbances in the measurement

equations. Moreover, the specification allows for (v) correlation between

the true total expenditure in the two years, (vi) correlation between the
individual specific 'preference variables', i.e. the Ws and the X's, and

(vii) correlation between these preference variables on the one hand and

the expenditure variables and socioeconomic variables on the other. This is

a flexible set of assumptions which can be restricted in various ways and



Regardless of the values of q o and q, the process determining latent total

expenditure thus has a coefficient of (auto)correlation, a /(a +a )
gg 	 gg uu

which is larger the smaller is the variance of its 'volatile component in

relation to the variance of its 'stable' component. If q 0 =0, its coeffi-

cient of variation is constant. If q 0 =0. =0, the latent total expenditure

increases with the same factor q for all households and if, in addition,

q=1, then the latent total expenditure is constant fot ' each household. In

any case, (18) opens up for a more parsimonious parametrization of the

covariances between the true total expenditure and the other variables,

since (21) implies that the covariances, like the standard deviation of g t

increase by a factor q from year 1 to year 2.

which open for testing of several interesting hypotheses. To ensure identi-

fication, some further restrictions on the second order moments may be

needed (cf. section 2.5).

2.3. Restrictions on the second order moments

Two kinds of restrictions on the second order moments to obtain a

more easily interpretable and a more parsimonious parametrization of the

covariance structure (15)-(17) are presented below.

A. Restrictions on the distribution of latent total expenditure

We assume that the latent total expenditure is generated by

(18) 	 gi = g 	 11 1
	

g2 = go 	 Cl(g 	 u2)

where (g,u 1 ,u 2 ) are mutually uncorrelated, with expectations (04 ,0,0) and

variances (a ,a
uu ,auu ), (u ,u 2

 ) are uncorrelated with (g4.1.,X,z,vt ,e t ) and
gg 

q is a positive constant. Here g may be interpreted as a permanent compo-

nent of consumption, i.e. common to both years, (10 and q as its growth

coefficients, and u l and u 2 as 'volatile' components, representing indi-

vidual mobility in the distribution of consumption. From (13), (16)-(18)

it follows that

	• (19)	 012
g 	 g = go + gcDg 3

(20)
11 	 12 	 22 2 (a

agg = agg 4. auu ' 	 agg = clagg 	 a 	
q

gg 	 gg

(21) = q E 
(1) 

, 	 E (2) = qE (1) , 	 E 	 = qE 	 .(2) 	 (1)
gz 	 gz 	 gp. 	 gti 	 gx 	 gx

) 	 ,uu



B. Restrictions on the preference variables. A LES interpretation

So far, no restrictions, apart from the adding-up restriction (4)

and the zero expectation assumption (13), have been imposed on the vector

of preference variables. The former implies that E is singular, with rank
1-41

at most I-1. Assume now that the system of Engel functions (1) is derived

from an underlying Linear Expenditure System (LES)

Tit = Yt 	p( gt - t'y)
	

t = 1,2,

where yt is the Ix1 vector containing the 'necessity consumption' in year t

in value terms, (3 is the Ix1 vector of marginal propensities to consume and

1. is the Ix1 vector of ones. Let yt be parametrized as

(22) Yt = et( + C*z + a
	

t = 1,2,

where C* is a 1x2 matrix representing the effect of the (observed) demogra-

phic variables on necessity consumption, a is a stochastic Ix1 vector with

zero mean, representing (unobserved) individual components in necessity

consumption, and a is a (year specific) Ix1 vector of constants (repre-

senting, inter aha, the effect of the price terms in the LES model). This

implies

Tit = a t + b 	+ cz +	 , 	t= 1,2,

where

(23) at = (I-pt )a 	,	 b = p , 	 C = 	 , 	 4 = 	 , 	 t=1,2 .

This is the LES parametrization of the Engel functions (1), and since

1'13=1, (2)-(4) will be satisfied automatically, regardless of the values of

aZ, C*, and a. The parameters at' and C* are not identifiable, since a t and

and C are invariant to replacing .at,C* by .a-1-43,C*+43 where k is an

arbitrary scalar. The covariance matrix E is singular regardless of the
411

distribution of a. From (23) we obtain

(24) 	 E 	 = 	 E
aa 

(I-tb') .
PPPP

In the following, we assume that E
aa 

is diagonal, which changes the number

of covariances in the preference structure from I(I-1)/2 to I. This is an

effective reduction as long as 1>3. Then, we have

..
ij

= 0. .a 	 b.ai - b.a 	 + b.b. E a')44 	 13 aa 	 aa 	 j aa 	 3 j=1 aa
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	where a
ii is the i'th (diagonal) element of E and 5 	 is the Kronecker
aa 	 aa' 	 i

delta.

2.4. The model in incremental form

When panel data are available, one can control for individual

specific effects - observable as well as unobservable - by measuring all

variables from their individual 	. In our context, with two replica-

tions only, this is equivalent to measuring all variables in terms of

changes from the first to the second report. Or stated in the terminology

the analysis of variance, all attention is given to the within household

variation while neglecting the between household variation. Measuring the

variables in this way, we do not need to be concerned with the possible

bias in the estimated coefficients in the rest of the model caused by

erroneous specification of its individual effects, in the present model

represented by the observed z's and the unobserved I.L's and X's. From the

point of view of robustness of the results, this must be considered an

advantage, to the extent that the individual effects are not of interest

per se. We do not, for instance, have to be bothered by the harmful effects

on the estimation of the marginal budget shares caused by failing to pro-

perly account for correlation between the latent total expenditure and the

latent preference variables. This data transformation, however, has its

price. First, as already remarked, no parameter characterizing individual

effects can be identified from within household variation. Second, the

number of effective observations is reduced to one half, which, of course,

entails a substantial loss of degrees of freedom. Third, the relative

importance of the errors of measurement is considerably magnified when data

are transformed from levels to first differences. Hence, no a priori

verdict can be given about the relative merits of the two models.

Some attention will be given to the version of the model expressed

in first difference form, denoted as its incremental version. Letting A

denote the increase in any variable from the first to the second report,

(11)-(17) imply the following incremental version of the Engel functions

and the measurement equations

(25) Ay Aa + bAg + Av ,

(26) Aw Ad + eAg + Ae

where



1 0

(a) E(Av) = I ' 	

E(Ae) = 0 K

(b) ENAv)(Av)'] = 2Evv , 	 E[(Ae)(Ae)' 	 = 2E
CC

(27)

(c) E[(Av)(Ac)'] = ° IK

2 	 11 	 12 	 22(d) E(Ag) = o - o 	 var(Ag) = aAgAg = agg - 2agg + agg .
g 	 g

When the process generating latent total expenditure is parametrized as in

(18)-(20), we get in particular

E ( Ag) 	 q
	

(q-1)0

= q-(1)a2 + ( 2+1)a

2.5. 	

.a
Ageg 	 gg 	 uu

2.5. Remarks on identification

The conditions for identification of linear interdependent models

with latent variables are in general complicated. A necessary and suffi-

cient condition for local identification of the parameters of such a model

under the the assumption of normality are given in Aigner et al. (1984, p.

1366). See also Geraci (1976). Briefly stated, the condition is that a

certain Jacobian matrix of the parameters in the model is of full rank. As

remarked in the introduction, the conditions under which a latent variable

model is identifiable are weaker in a panel data context than if only one

observation from each individual is available, but they depend on the

precise form of the model.

We confine ourselves to three brief remarks, summarizing our con-

clusions (For details, see Aasness and Bjorn (1988).)

(i) Without further restrictions on the distribution of

the complete model is not identifiable.

(ii) If the distribution of total expenditure is not restricted to

be the same in the two years (i.e. if q 1 01, a00), then full identifica-

tion may be ensured if t and X are uncorrelated with z, i.e. if Ezi1=0 2I'
EzX=0 	 Th is assumption will be made as a maintained hypothesis in the

rest of the paper. If the distribution of total expenditure is the same in

the two years (i.e. if q=1, a=0), then p. and X must be uncorrelated

not only with z but also with g, i.e. E (t)
=0 , E

(t)
=0 , for identifica-gp. 	11	 gx 	 1K
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tion to be possible.

(iii) If the income process is different in the two years, we can,

by using data in incremental form, almost always identify b, e, a6,411_, Evv'
and E 	 regardless of the assumptions made about the distribution of prefe-ce
rences.

In general, these conditions for identification are not restric-

tive, and are satisfied in all the model variants in the empirical part of

the paper.

3. DATA AND ESTIMATION

Data are taken from the Norwegian Surveys of Consumer Expenditures

in the period 1975-77. Detailed information is given in Appendix B. Our

sample consists of 408 households with two replicated observations on ex-

penditures and incomes. We have chosen a five commodity group classifica-

tion (I=5), comprising the whole budget. The only "measurement variables"

(w's) in this paper are two income variables (K=2), which we will comment

upon in some detail.

The income variables are taken from the "tax file" which contains

information from the individual tax returns for all the personal tax payers

in Norway. Income is aggregated across all the individual tax payers in the

household to get household income. The two income measures used are:

- Income measure 1 (w 1 ): Taxable income for the central government tax as-

sessment minus taxes paid (i .e. net income).

- Income measure 2 (w2 ): Income base for imposing social security premiums

and pension rights in the public social security

system. This includes wages and net entrepreneuri-

al income, but excludes capital income (positive

and negative, e.g. interests received and paid)

and pensions.

From a formal point of view these two income measures can be looked upon as

two different linear combinations of all the different items on the indi-

vidual tax returns. Errors of measurement and individual effects connected

to one item will in general be reflected in both of these two linear aggre-

gates. Thus we will expect the errors of measurement and individual effects

to be positively correlated for these two income variables, and we will
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take account of this in the specification of E 	 and E .
ce 	 XX

The covariance matrix of all the observed variables is given in

table Bl in Appendix B. This is all the data input we use for our economet-

ric analysis.

Let S symbolize the sample covariance matrix of our observed variab-

les, with realized values given in table Bl. Let E(e) symbolize the theo-

retical covariance matrix of the observed variables (E) as a function of

the unknown parameters (e) in our model, as described in Appendix A and

further specified in section 4. The estimates of 0 are the values that

minimize the function

(28) F 1n1E(0)1 + tr(SE(8) -1 ) - lnISI - (2(I+K)+M) .

Minimization of F is equivalent to maximization of the likelihood function

when assuming that all the observed variables (i.e. the y's, the w's and

the z's) are multinormally distributed. This, however, is subject to the

qualification that there is no information in the first order moments that

could be used to estimate parameters e appearing in the second order mom-
ents. This is true in our ca'se since our 2(I+K)+M first order moments have

to be used to estimate the 2(I+K)+M independent parameters (a l ,a 2 ,d i ,d2 ,0z ,

0 ,qo ) of which neither are contained in the covariance matrix E(0). Theg 
estimation of these "first order parameters" can be done "recursively",

i.e. as a second step after the estimation of 0. (If, however, we introduce

restrictions on these "first order parameters", e.g. q 0 .0, then the prin-

ciple of maximum likelihood and the normality assumption strictly demands

simultaneous estimation of all parameters from the first and second order

sample moments).

If one is not willing to assume normality, which in the present

context is a rather restrictive assumption, then the estimators derived

from minimizing F above can be labeled quasi maximum likelihood estimators.

Many of the properties of these estimators are robust w.r.t. important

departures from normality, see e.g. Anderson, Fang and Hsu (1986), Shapiro

and Brown (1987) and especially Anderson and Amemiya (1988).

Our model can be formalized as a special case of the LISREL model

(cf. e.g. Jöreskog (1977)), and the computer program LISREL VI (cf. Jöre-

skog and Sörbom (1984)) is used to solve the numerical calculations. The

only restriction we could not handle directly by applying LISREL VI, is the

restriction that the b's which occur additively in (11) also enter multi-

plicatively in (24). This could, however, be handled by applying LISREL VI
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in a stepwise manner, where in each step we treat the b's in (11) as free

parameters and the b's in (24) as fixed parameters with values taken from

the estimates in the preceeding step, and continue until the b's in (11)

and (24) converge to the same values. In this paper, we have not followed

up this idea. However, for each model version using restriction (24) there

exists, in our hierarchy of models (cf. section 4.1), a more general model

without restriction (24) and equal in all other respects. The ML-estimator

of b in this more general model will also be a consistent estimator of b in

the more restictive model. We have used this estimate of b as a given para-

meter in (24) when estimating the other parameters of the restrictive

model, including the estimation of b in (11). It turns out that these two

estimates of b are quite close to each other, cf. table 8, and a more el-

aborate estimation procedure, imposing convergence, would probably not give

substantially different results.

The LISREL program uses an algorithm based on the Davidon-Fletcher-

Powell method. We got exactly the same estimates using different starting

values and different LISREL formulations of the same econometric model.

Furthermore, we have estimated 13 different models, cf. section 4, whose

results are reasonable not only for each model separately but also when

compared with the results of the other models. This has made us quite sure

that we have reached a global minimum for each model.

LISREL VI minimizes the function F without imposing any constraints

on the admissible values of the parameter vector e. Thus the LISREL esti-

mate of a parameter which we interpret as a variance may well turn out to

be negative. This may be regarded as an important drawback of this computer

program. However, if our model and its interpretation is correct the LISREL

estimates should turn out to have the expected sign, apart from the samp-

ling errors. Thus, if for a given model all the estimated variances are

positive, and all the estimated covariance matrices are positive semide-

finite, we will take this as a confirmation that the model has passed an

important test. If we obtain negative estimates of variances, or negative

definite "covariance matrices", this may be interpreted either that the

model is misspecified or that the sampling errors in its estimates are sub-

stantial.

At the minimum of F, the information matrix is computed and used

to estimate asymptotic standard errors and t-values.

We test a specific model 0 (the null hypothesis) against a more

general model 1 (the maintained hypothesis) by a likelihood ratio test. Let
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F o and F 1 be the minimum of F under model 0 - and model 1, respectively, and

let s be the difference in the number of parameters. It can be shown that

minus twice the logarithm of the likelihood ratio is equal to H(F 0 -F 1 ),

where H is the number of households. This statistic is thus, according to

standard theory, approximately x 2 distributed with s degrees of freedom.

The x 2 value given for each model given in table 2, is defined as HF 0 ,

which can be interpreted as the test statistic above when the alternative

hypothesis is an exactly identified model, giving a perfect fit to the

sample covariance matrix and accordingly F 1 =0. The test statistic W 0 -F 1 )

for an arbitrary pair of models can thus be computed by simply subtracting

the corresponding pair of x 2 values (given in table 2). The significance

probability corresponding to the value of a test statistic, i.e. the prob-

ability of getting a x 2 value larger than the value actually obtained given

that the null hypothesis is true, is reported in table 3.

A standard measure of the goodness of fit of the entire model in

LISREL is

(29) 	 GFI = 1 - tr(E-1 S - I) 2 /tr(E- 1 S) 2

As a concept of goodness of fit of each equation (variable), we use, as ex-

emplified by the variable yi,

ii
(30a)

i 	aii
/a

nn YY

i.e. the ratio between the variance of the latent 'structural component of

the equation and the variance of its observed left hand variable. This is

analogous to the squared coefficient of multiple correlation in classical

linear regression analysis. We consider this as a population parameter. It

gives a measure of the signal/noise ratio for our observed variables, which

all can be considered as indicators of latent total expenditure. In our

model we have,

ii 	 ii 	 ii
a 	 =ci 	+ a
YY 	 nn 	 vy

since, by assumption, the y's are uncorrelated with all the elements of the

n's. Thus Qi can also be written as,

(30b) 	 Qi = 	 - aii Iciyy yy

i.e. one minus the ratio of the variance of the measurement error and the

variance of the observed variable.



15

We assume that the variance of the measurement error, a i
'

i is con-vv
stant over time (cf. (14). If the variance of expenditure, a i 	increases

YY'
(decreases) over time, it follows from (30b) that the squared coefficient

of multiple correlation decreases (increases) over time.

The parameters Qi, like all other population parameters, are esti-

mated by the maximum likelihood method. (This contrast with the LISREL

program which automatically produces a "squared multiple correlation",

which can be looked upon as a "bastard" estimator of our parameter Qi

using formula (30b) with the ML-estimator of aii and the sample variance of
ii 	

vv
a 	 .)
YY

4. EMPIRICAL RESULTS

4.1. Hierarchy of models

A lot of variants of the general model in section 2 can be estimat-

ed and tested with our data. We concentrate on some issues which we find

particularly important. The classifications of the models is shown in table

1. Three "dimensions" of assumptions are selected, and for each dimension

we have picked out 2 or 3 alternative assumptions of particular interest.

The E dimension relates to the development of the distribution of latent

total expenditure over time, the P dimension concerns the covariance struc-

ture of the preference variables (1,X), and the C dimension concerns the

covariation between preference variables and latent total expenditure. Com-

bining our assumptions in all possible ways, we obtain 3x3x2.18 models, of

which 2 are unidentified and 3 are equivalent to other models, leaving us

with 13 specific models, as shown in table 2. Likelihood ratio test statis-

tics of some important hypotheses are given in table 3, based on all pos-

sible pairwise combinations of the models involving these hypotheses. A

complete record of the estimated parameters in all the models is given in

tables 4 through 11. This makes it possible to examine systematically the

robustness of the test and estimation results.

In all other respects, our 13 models have equal assumptions, and

these are made as simple as possible, i.e. zero correlation if not other-

wise explicitly stated. Note that we have assumed that the measurement

errors of the different commodity groups are uncorrelated (i.e. Evv 
is di-

agonal), since we have no specific a priori reason to believe they are cor-
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related and we are not focusing on this aspect in this paper, while we

allow the measurement errors of the income variables to be correlated (i.e.

E
CC 

is non-diagonal), since we have strong a priori reasons to believe that

they are positively correlated, cf. section 3. As already remarked, the

preference variables p. and X are assumed to be uncorrelated with the demo-

graphic variables.

4.2. Likelihood ratio tests

Table 2 gives the likelihood ratio chi square test statistic for

each model against a model with no restrictions on the covariance matrix.

From these statistics we can easily perform the likelihood ratio chi square

test for each model against an arbitrary more general model, cf. section

3. In this way, we can test a lot of different combinations of assumptions

in different settings.

Table 3 gives the significance probabilities when testing each of

the simple hypotheses in table 1 against the hypothesis one level higher in

the hierarchy (e.g. El against E2), in all possible settings, i.e. for each

combination of assumptions in the other dimensions. Choosing a significant

level of 0.01, we can conclude that hypothesis El is rejected against hypo-

thesis E2, E2 is rejected against E3, P1 is rejected against P2, P2 is not

rejected against P3, and Cl is rejected against C2. These test results are

the same in all settings, the only exception is that E2 is not rejected

against E3 when assuming Pl. However, P1 itself is clearly rejected in all

settings. Thus we can safely conclude that E2 is rejected against E3 given

our data and approach. Further implications of these test results will be

- discussed in the following subsections.

4.3. Distribution of latent total expenditure

The parameter estimates of the distribution of the latent total

expenditure are given in table 4. All estimates but one have the expected

positive sign, and they have a reasonable magnitude. The exception is the

negative estimate of a„ in model E3P1C1, indicating a misspecified model,

which is consistent with the fact that this model was strongly rejected by

the likelihood ratio tests. The estimates of the covariances between latent

total expenditure and the demographic variables are almost the same in all

13 models. The estimates of the other parameters vary somewhat, but are

very robust within subclasses of the models.
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The hypotheses El and E2 can be tested by Wald tests based on the

standard deviations of q and a 	 respectively in table 4. The results areuu $

the same as for the likelihood ratio tests in table 3. We conclude that

both El and E2 are too simple, there has both been a general growth in

latent total expenditure (q>1) and a change in the ranking of the house-

holds by total expenditure (a>0) in Norway in 1975-77. This fact enables

us to identify and estimate the covariance between preferences and total

expenditure from our data, cf. section 2.5. Note, however, that a

small compared to a. Thus the coefficient of autocorrelation in tht44
process determining latent total expenditure is high (the estimate is

larger than 0.9 in all models), cf. section 2.3.A.

Although it seems very safe to conclude that El and E2 are defi-

nitely wrong in Norway in 1975-77, it is interesting to note that many of

the results from models based on these assumptions are quite robust, cf.

tables 2 through 12.

The sample variance of observed total expenditure (x) is 507.29 i

period 1 and 665.59 in period 2, which is considerably higher than the

estimated variances of latent total expenditure in the corresponding

periods (which can be calculated from table 4, using (20)). Thus the

parameters of the expenditure functions can be heavily biased if observed

total expenditure is used as the explanatory variable (cf. Aasness (1983)

for an explicit analysis of these biases in a similar but simpler model).

The coefficient of variation of latent total expenditure, which can be

calculated from table 4 and the first order moments given in Appendix B,

varied around 0.5. The hypothesis that the coefficient of variation is

constant over time (i.e. q 0 =0, cf. section 2.3.A) could not be rejected.

4.4. Distribution of preferences

The distribution of preferences across the population of consumers

is, in one interpretation of our model, equivalent to the distribution of

the individual effects in the Engel functions (0 and in the income mea-

sdrement equations (X). The variances and covariances of these preference-

variables are given in table 5 for the P3 models, and in table 6 for the P2

models. (Table 6 reports the variances of the independent a variables from

which the whole covariance matrix of the dependent tåt variables can be com-

puted, cf. (24)).

Note that:



18

•

i) All the estimated variances of the preference variables are posi-

tive, and the estimated covariance matrices of any combinations of

preference variables are positive semidefinite, which was not

imposed as constraints on the estimation procedure.

ii) We cannot find any parameter estimate of unreasonable size.

iii) The hypothesis of no variation in preferences (P1) is strongly re-

jected, cf. tables 2 and 3.

iv) The results are clearly robust with respect to model specification.

Thus our econometric interpretation of the statistical model makes sense,

and confirms that this model represents a fruitful approach to consumer

econometrics.

Since the Ws add to zero they will tend to be negatively correla-

ted. Indeed, there are no significantly positively correlated pairs of 4's

in table 5. There are three pairs of goods for which the Ws are signifi-

cantly negatively correlated: Food, beverages and tobacco vs. Travel and

recreation, Clothing and footwear vs. Housing, fuel and furniture, and

Housing, fuel and furniture vs. Travel and recreation. However, the esti-

mated covariance matrices of 4 based on the estimated variances of a in

table 6, using (24), show a similar pattern (not tabulated). This, and the

result that the P2 models are not rejected against the P3 models, cf.

section 4.2, make us conclude that the P2 hypothesis gives a reasonably

good • approximation to the covariance structure of the preference variables

in our model with five broad commodity groups. This result may prove very

useful if the model is extended to a more detailed commodity grouping where

an unrestricted E 	 will be very demandina in terms of degrees of freedom,
411

while a block diagonal Eaa could be appropriate.

Observe that the individual effects of the two income measures are

significantly positively correlated, and the covariance is of a large mag-

nitude, in accordance with our a priori considerations in section 3.

4.5. Covariation of preferences and latent total expenditure

A maintained hypothesis in most empirical work of consumer behavior

is independence of preferences and income (or total expenditure). Our panel

data with two replications makes it possible to subject this to formal

tests. The likelihood ratio tests in table 2 reject the hypothesis (CI

against C2). From table 7 we see that preference variable for Food, bevera-

ges and tobacco is significantly positively correlated with latent total



expenditure, while the opposite is true for Travel and recreation. Further-

more, the X-variables are significantly positively correlated with latent

total expenditure, for both income measures. One possible interpretation of

this result is that the preferences for savings are positively correlated

with total expenditure and income. However, this correlation could also be

explained by a progressive tax system, or by a negative correlation between

the degree of tax evasion activities and income, cf. section 2.1.

4.6. Engel elasticities

The marginal budget shares (b) are presented in table 8, and the

corresponding Engel elasticities 'are given in table 9. The estimates are

rather robust with respect to model specification, although they vary some-

what between the three main groups of models and within the most "sophisti-

cated" group, but are very robust within the two simplest groups of models.

The estimated Engel elasticity for Food, beverages and tobacco is

larger than zero and significantly less than one for all models, confirming

once again Engel's law, now in a framework with errors in variables and

with preferences allowed to be correlated with total expenditure. The Engel

elasticity for Clothing and footwear, and for Housing, fuel and furniture,

are rather close to one in all models. While Travel and recreation, and

Other goods and services, are classified as luxuries by all the models.

These results are in broad agreement with much of the earlier empirical

results on Engel elasticities.

Note that the estimates of the Engel elasticity for Food, beverages

and tobacco, are lower in the C2 models than in the Cl models. This is in

agreement with the result that the preference variable for this commodity

group is positively correlated with total expenditure in C2 models, which

accounts for some of the covariance between the consumption for Food, beve-

rages and tobacco and latent total expenditure. Correspondingly, the pre-

ference variable for Travel and recreation is estimated to be negatively

correlated with total expenditure, and thus the estimated Engel elasticity

should be expected to be larger in the C2 models than in the Cl models,

which is in fact the case.

Estimates of e l and e 2 , which are reduced form parameters reflect-

ing saving behavior and other effects, cf. section 2.1, are also presented

in table 8. All the estimates of e l and e 2 are significantly positive, con-

firming our hypothesis that both income measures are good indicators of
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latent total expenditure. Viewed as measures of "true income", both these

income measures contain not only random, but dlso systematic measurement

errors, making it difficult to give clear interpretations about saving

behavior from the sizes of the parameters. The estimates of ek vary consi-

derably between the three main groups of models, the largest estimates are

obtained in the P1 models (with no preference variables) and the smallest

estimates are obtained in the C2 models (with preference variables that can

be correlated with latent total expenditure).

4.7. Demographic effects

The estimated effects on consumption of household size and composi-

tion are given in table 10. Again, the results are quite robust, although

the estimates vary somewhat between the main groups of the models.

The effect on food consumption of an additional child or of an ad-

ditional adult, given the level of latent total expenditure, is signifi-

cantly positive in all models, in agreement with Engel's law. The estimated

effects on Clothing and footwear are also positive in all models, both for

children and adults, but these effects are small in magnitude and not sig-

nificantly different from zero. The effect of the demographic variables on

the expenditure on Housing, fuel and furniture is negative in all models,

and significantly so for adults. An additional child significantly decreas-

es the consumption of Travel and recreation, given total expenditure, ac-

cording to all models. The estimated effects on the consumption of Travel

and recreation of an additional adult, vary between the models, but are not

significantly different from zero according to C2 models. The number of

adults and children affect expenditure on Other goods and services nega-

tively in all models, but not significantly, and the magnitudes are small.

4.8. Measurement errors

Table 11 gives the estimates of the covariance matrices of measure-

ment errors, i.e. E 	 which is assumed to be diagonal and E
ee 

which is a
yy

full 2x2 matrix. The estimates of the variances and the covariance are much

larger in the models which do not permit individual differences in prefer-

ences (P1) than in the models that allow for this (P2 and P3). A plausible

explanation is that with no allowance for differences in preferences, the

estimated variances (and covariance) of measurement errors also pick up

variation (and covariation) which is due to preference differences. Within
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these two classes of models the estimates are very robust with respect to

the model specification.

For all our models we obtain significantly positive estimates of

the variances of the measurement errors, which again confirms our economet-

ric interpretation of the statistical models (cf. section 3). The covari-

ance between the measurement errors attached to the two different income
2measures (a l ) is also significantly positive in all our models, which is

EC

congruent with our a priori considerations (cf. section 3).

Table 12 presents the estimates of the squared coefficient of

multiple correlation, as defined in (30a). This is one type of measure of

the relative variance of the measurement error, cf. (30b). The squared co-

efficient of multiple correlation are much lower in P1 models than in the

these population parameters are very robust to the model specification.

A ranking of the observed consumption and income variables accord-

ing to the squared coefficient of multiple correlation is informative since

this can be considered as a measure of the quality of these variables as

indicators of latent total expenditure. Income measure 2 (income base for

imposing social security premiums) is number 1, Income measure 1 (net

income after tax) is number 2, and expenditure on Food, beverages and

tobacco is number 3, according to this ranking criterion irrespective of

model specification. Within the class of the P2 and P3 models, Housing,

fuel and furniture is number 4, Other goods and services is number 5, while

Clothing and footwear and Travel and recreation are number 6 or 7.

The squared coefficient of multiple correlation always increases

from the first to the second report, since our estimates of the variances

of the observed variables increases, cf. (30b).

4.9. The incremental form of the model

The estimation results for the incremental form are reported in

Tables 13, 14 and 15. For the purpose of comparison, corresponding esti-

mates from some of the level models are also given. The parameters of the

matrices ENAv)(Av)1, E[(Ac)(Ae) . ] and the scalar parameter var(Ag) (cf.

equation (27)) can be estimated from the level versions. The estimates are

not directly obtainable from the LISREL output, but can easily be deduced

from the estimates reported above for the level specifications. It is of

great interest to compare the estimates from the level specifications with
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those from the incremental version. Large discrepancies in parameter esti-

mates between these two estimation procedures may indicate misspecification

and may indicate in what part of the model the misspecification occurs.

From Table 13 it appears that there are important differences in

estimated marginal budget shares. The marginal budget share for Housing,

fuel and furniture is very low in the incremental version compared with the

estimates from the level formulations, while the opposite is the case for

Travel and recreation. This is somewhat disturbing and indicates a need for,

further researcft. Below we attempt an explanation which can give guidelines

for such studies.

One possible explanation of the conflicting evidence may be that

the IM model, depending solely on the time series information in the data,

give a negatively biased estimator for the marginal budget share for Hous-

ing, fuel and furniture and a positively biased estimator for the marginal

budget share for Transport and recreation, due to the design of the survey

and the method of registration. The survey does not pick up households who

change dwelling from the first to the second period, thus underestimating

the response from total expenditure on this part of expenditure on Housing,

fuel and furniture. The survey represents consumption expenditure on cars

by the purchase expenditures, thus the measurement errors of expenditure on

cars reflects the difference between the purchase (stock) and consumption

(service flow) during the year of observation. This may create no bias in

the cross section part since we model the errors in variables, but in the

time series part we may expect a positive correlation between the change in

the latent total expenditure and the measurement errors for cars, since

those households which have experienced a high increase in latent total ex-

penditure also will have a tendency to invest in a new car and thus get a

high positive measurement error in expenditure on cars.

We may get some information on the izes of these possible biases

by reestimating our models with a more detailed commodity grouping. More

satisfactory measurement methods and a more explicit modeling of consumer

durables seems to be an important area for future research with these types

of models.

Table 14 reveals a close correspondence between the incremental

form and the level estimates as far as the variances and covariance of the

measurement errors is concerned. The only important difference occurs for

Travel and recreation where the estimated variance is somewhat lower in the

incremental form. This may be due to the no autocorrelation assumption of
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the measurement errors and the assumption that the variance of the measure-

ment error in the level form is equal for both periods, which may be inap-

propriate for this commodity group.

The estimated variance of the increase in total expenditure from

the incremental form and from the level formulations are reported in Table

15. The former is higher than the latter. The difference is most pronounced

when the incremental specification is compared to those level versions in

which correlation between preference variables and total expenditure is

disregarded.

5. CONCLUSIONS

In this paper, a new econometric model with a system of consumer

expenditures for each household in the population, has been presented and

applied successfully on Norwegian panel data from 1975-77. Thirteen system-

atically selected specifications of the model have been estimated and

tested, and the results are compared across models. Many of the substantial

results are robust with respect to model specification.

The estimated variances of all the latent variables (total expendi-

ture, preference variables, measurement errors) are positive in all our

models (with one unimportant exeption), which was not used as constraints

in the estimation procedure. Thus our econometric interpretation of the

statistical models of the observed consumption and income variables has

passed an important test. The estimated parameters are of reasonable magni-

tude, the results make sense, and confirm our view that this is a fruitful

approach to consumer econometrics.

The variance of the latent total expenditure is substantially lower

than the variance of its observed counterpart. An implication of this is

that the parameters of expenditure functions can be seriously biased if

observed total expenditure is used as the explanatory variable. There has

been a general growth in latent total expenditure in Norway 1975-77. The

coefficient of autocorrelation of this variable is high, but there has been

a significant change in the ranking of the households by latent total

expenditure. We found no significant change in the inequality of latent

total expenditure measured by its coefficient of variation, in the period

under investigation.

There is a substantial variation in preferences across households,
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conditional on latent total expenditure and the demographic variables. Our

model can be interpreted as relating to a population of households, each

having a Stone-Geary utility function. An assumption of independently

distributed "necessity quantities" places strong restrictions on the

covariance structure of the "preference variables" in our econometric

model, but these restrictions are not rejected. This independence assump-

tion thus seems to be a good approximation in our setting with five broad

commodity aggregates.

A fundamental assumption in all cross-section estimation of demand

functions is that preferences and total expenditure are uncorrelated across

households. This hypothesis is tested and clearly rejected. The preference

variable for Food, beverages and tobacco is positively correlated with

latent total expenditure, implying a positive bias in the estimator of the

Engel elastisicity when assuming zero correlation. The preference variable

for Travel and recreation is negatively correlated with total expenditure,

implying a negative bias in the estimator of the Engel elasticity when

assuming zero correlation. These results should not be taken too far, but

they indicate a fruitful area for future research.



Parameter restrictions

Label aBIE 	 q 	 0
1111

E3 	 free 	 free 	 free

E2 	 free 	 free 	 0

El 	 free 	 1 	 0

Interpretation

No restrictions

Equal growth rate (q) for all consumers

Constant latent total expenditure over
time for each consumer

Parameter restrictions

Label

P3 	 freel

P2

Pi

E:kk 	 Interpretation

free 	 No restrictions on covariances between
preference variables (4) 1

0 	 No individual differences in preferences

rum = free 2 	 free 	 LES interpretation with independently
distributed necessity quantities

1 Except for the restrictions from the adding-up condition

2 rw = (I - ht') rta (1 - tb , ), ;cc = diagonal
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Table 1

Classification of models

A spesific model is labeled EiPjCk, which means that the model is based on assumption Ei
w.r.t. the distribution of latent total expenditure (g), assumption Pj w.r.t. the distribution
of preference variables ci0o and assumption Ck w.r.t. the covariation between latent total
expenditure and preference variables.

Assumptions w.r.t. the distribution of latent total expenditure (

Assumptions w.r.t. the distribution of preference variables 1.0.)

Assumptions w.r.t. covariation between latent total expenditure and preference variables   

Parameter restrictions    

Label

C2

Cl  

Interpretation    

free
	

free

0

Preference variables (pO) are correlated
with latent total expenditure g)

Preference variables (pO) are uncorre-
lated with latent total expenditure (g)                
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Table 2

Overview of fitted models' )

Covariation
between
preferences Total
and total 	 expenditure
expenditures distribution

Preference distribution 

P3 	 P2 P1

E3P3C2
X 2=147.99
df=83

GFI=0.957

E2P3C2
X 2=167.71
df=84

GFI=0.951

E3P2C2
x 2=159.19
df=88
GFI=0.954

E2P2C2
X 2 =179 • 09
df=89

GFI=0.947

E3P1C2
c)

E2P1C2
c)

E3P3C1
X 2=175 • 17
df=89

GFI=0.950

E2P3C1
X 2=190.53
df=9°

GFI=0.945

E3P2C1
X 2=183.52
df=94

GFI=0.947

E2P2C1
X 2=199.19
df=95

GFI=0.943

E3P1C1
2f=1.00r.84

GFI=0.740

E2P1C1
X 2 =1007.83
df=103
GFI=0.737

E3

C2

E2

E3

Cl E2

El

ElP3C1
x 2=207.14
df=91

GFI=0.939

ElP2C1
X 2=215.69
df=96
GFI=0.936

ElP1C1
x 2=1021.52
df=104
GFI=0.734

The models are generated from all possible combinations of assumptions
in dimension E, P and C, see table 1 for definitions. However, models
E1PjC2, j=2,3, are not identifiable and are thus not fitted

b) Chi square statistics (x 2 ), degrees of freedom (df) and Goodness of fit
index (GFI) in comparison to a model with no restrictions on the co-
variance matrix, of section 3

c) Model EiP1C2 is equivalent to model EiP1C1 for i=1,2,3
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Table 3

Significance probabilities in likelihood ratio testsa )

I. Tests of E-hypotheses

Null and alternative hypotheses
Maintained
assumptions El against E2 	 E2 against E3

P3, C2
P2, C2
P3, Cl
P2, Cl
Pl, Cl

b)
b)

0.000046
0.000049
0.000216

0.000009
0.000008
0.000089
0.000075
0.158341

II. Tests of P-hypotheses

Null and alternative hypotheses
Maintained*
assumptions	 P1 against P2 	 P2 against P3

E3, C2
E2, C2
E3, Cl
E2, Cl
El, Cl

0.000000
0.000000
0.000000
0.000000
0.000000

0 . 047556
o . 044335
0.137972
0.123419
0.128416

III. Tests of C-hypotheses

Null and alternative hypotheses
Maintained
assumptions Cl against C2

	E3, P3
	

0.000134
	. .E2, P3
	

0.000859

	

E3, P2
	

0.000454

	

E2, P2
	

0.002658

See table 1 and 2 for detailed definitions of hypotheses and models

Since models E1P2C2 and E1P3C2 are not identified the tet can not be
performed



agg
341.96 346.76 359.41 '358.84
(34.19) (34.42) (34.19) (33.97)

380.02 380.26 381.12 381.45 420.96 421.12 	 266.98 262.14 275.98
(33.68) (33.70) (33.16) (33.17) (34.93) (34.92) 	 (25.05) (24.70) (25.72)

1.106 	 1b)

(0.027)
lb )1.168 	 1.160 	 1.152 	 1.159

(0.048) (0.048) (0.044) (0.044)
1.051 	 1b)

(0.014)
1.104 	 1.104 	 1.106
(0.030) (0.030) (0.027;

1.052
(0.014)

Ob ) Ob )a
uu

35.20
(9.63)

15.15
(4.60)

34.81
(9.61)

15.25
(4.61)

Ob)	 Ob) Ob ) 	Ob)Ob ) 	Ob)	 -3.30
(2.01)

8.52
(1.36)

9.70
(1.07)

8.55
(1.37)

9.74
( 1 . 07 )

8.64
(1.37)

9.77
(1.07)

8.59
(1.37)

9.74
(1.07)

8.80
(1.40)

10.00
(1.09)

8.80
(1.40)

10.01
(1.09)

8.82
(1.40)

9.99
(1.09)

8.82
(1.40)

9.99
(1.09)

9.19
(1.46)

9.19
(1.46)

9.07
(1.27)

9.06
(1.27)

10.23
(1.00)

9.19
(1.30)

10.52
(1.02)

a4 z

10.52 	 10.52 	 10.23
(1.13) 	 (1.13) 	 (1.00)

Table 4

Distribution of latent total expenditurea ) .

MODEL

Preference variables corre-
lated with total expenditure

Parameter 	 E3P3C2 E3P2C2 E2P3C2 E2P2C2

Preference variables uncorrelated with total
expenditure

No individual differ-
ences in preferences

E3P3C1 E3P2C1 E2P3C1 E2P2C1 E1P3C1 E1P2C1 	 E3P1C1 E2P1C1 E1P1C1

a) See table 1 and 2 for model descriptions. Standard deviations in parenthesis

b) A priori restrictions



Preference variables
correlated with
total expenditure

Preference variables uncorre- •

lated with total expenditure
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Table 5

Variances and covariances of preference variables in P3 models

MODEL

E3P3C2 E2P3C2 E3P3C1 E2P3C1 E1P3C1

7.90 9.57 6.23 6.00 5.96
(1.41) (3.42) (0.84) (0.84) (0.84)

3.20 3.36 3.01 2.82 2.77
(0.76) (1.14) (0.73) (0.74) (0.74)

8.20 7.00 7.74 7.27 7.19
(1.52) (1.47) (1.46) (1.46) (1.46)

15.75 15.82 10.32 9.24 8.98
(4.26) (8.13) (2.57) (2.60) (2.62)

1.43 1.25 1.32 1.19 1.20
(0.34 ) (0.37) (0.33) (0.33) (0.33)

0.06 1.15 -0.20 -0.18 -0.17
(0.73) (1.54) (0.51) (0.51) (0.51)

-0.12 -1.10 -0.80 -0.83 -0.88
(1.07) (1.50) (0.76) (0.76) (0.76)

-7.85 -9.71 -4.94 -4.70 -4.61
(2.08) (4.95) (1.11) (1.12) (1.12)

0.01 0.09 -0.29 -0.29 -0.30
(0.50) (0.79) (0.35) (0.35) (0.35)

-2.11 -2.32 -2.19 -2.19 -2.18
(0.72) ( 0.87) (0.69) (0.69) (0.69)

-1.33 -2.46 -0.76 -0.60 -0.58
(1.31) (2.50) (0.93) (0.93) (0.94)

0.18 0.27 0.14 0.15 0.16
(0.33) (0.43) (0.31) (0.31) (0.31)

-5.46 -2.81 -4.10 -3.57 -3.43
(2.05) (2.38) (1.52) (1.53) (1.54)

-0.51 -0.77 -0.65 -0.68 -0.70
(0.49) (0.48) (0.46) (0.46) (0.46)

-1.11 -0.84 -0.52 -0.37 -0.36
(0.90) (1.26) (0.63) (0.64) (0.64)

202.38 196.49 192.57 190.29 189.54
(19.88) (22.52) (16.68) (16.78) (16.77)

799.31 749.35 721.53 708.11 701.91
(76.39) (91.96) (58.80) (59.19) (59.18)

304.33 287.19 276.53 271.08 268.92
(35.60) (42.37) (27.72) (27.91) (27.90)

Commodity/
Income measure 	 Parameter

Food, beverages
and tobacco

041

Clothing and 	 0.22

footwear

Travel and
recreation

Housing, fuel
and furniture

033
P41

044
141

Other goods
and services

055

Food etc. vs.
Clothing etc.

012

141

Food etc. vs.
Housing etc.

al 3

Food etc. vs.
Travel etc.

044

Food etc. vs.
Others

045
141

Clothing etc. 	 0'23

vs. Housing etc.

Clothing etc.
vs. Travel etc.

0,24

Clothing etc. 	 025
vs. Others

Housing etc. 	 004

vs. Travel etc. 	 PP'

Housing etc. 	 e
vs. Others 	 rr

Travel etc.
vs. Others 	 rr`

22

Income measure 1

Income measure 2

Income measure i
vs. Income measure

a) See table 1 and 2 for model descriptions. Standard deviations in parenthesis
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Table 6

Variances and covariances of preference variables in P2 models a)

MODEL

Preference variables
correlated with
	

Preference variables uncorre-
total expenditure
	

lated with total expenditure
Commodity/
income measure 	 Parameter

Food, beverages 	 0412
OCand tobacco

Clothing and 	 C1
Oa
22

footwear

033Housing, fuel aaand furniture

Travel and 	 044
0101recreation

Other goods 	 0
and services 	 CD

Income measure 1

22Income measure 2 	ci

Income measure 1
vs. income measure 2

a)

E3P2C2 E2P2C2 E3P2C1 E2P2C1 E1P2C1

7.86 7.91 7.19 6.93 6.90
(1.23) (1.69) (1.11) (1.12) (1.12)

3.45 3.16 3.24 3.04 2.98
(0.91) (0.87) (0.92) (0.92) (0.93)

11.57 11.71 11.22 10.90 10.87
(2.56) (2.95) (2.55) (2.58) (2.59)

16.34 5.25 17.72 15.25 14.74
(9.91) (9.79) (5.87) (5.72) (5.73)

1.13 1.12 1.04 1.04
(0.40) (0.41) (0.41) (0.41) (0.41)

210.08 209.09 193.33 191.14 190.45
(21.92) (25.45) (16.71) (16.82) (16.81)

851.86 842.05 725.02 712.14 706.29
(85.36) (111.48) (58.96) (59.37) (59.36)

324.22 321.22 278.16 272.94 270.93
(40.12) (49.78) (27.79) (27.99) (27.98)

See table 1 and 2 for model descriptions. Standard deviations in parenthesis

Table 7

Covariances between preference variables and latent total expenditure a)

Commodity/
income measure Parameter

MODEL

E3P3C2 E3P2C2 E2P3C2 E2P2C2

Food, beverages 20.78 15.83 28.73 19.64
and tobacco (5.95) (4.78) (12.16) (6.91)

Clothing and 4.73 2.26 11.35 2.75
footwear (4.88) (3.83) (7.51) (3.65)

Housing, fuel 6.60 -1.08 -0.36 -6.96
and furniture (7.00) (5.40) (9.20) (5.63)

Travel and -36.38 -19.10 -44.00 -16.48
recreation (10.20) (8.95) (19.07) (9.69)

Other goods 4.27 2.09 4.28 1.05
and services (3.31) (2.44) (4.41) (2.42)

Income measure 1 67.07 77.74 60.79 74.06
(19.84) (22.59) (25.86) (27.60) 

Income measure 2 O 163.97
(36.89)

ix 200.14
(39.43)

138.07
(54.08)

188.67 
(54.72)

a) See table 1 and 2 for model descriptions. Standard deviations in parenthesis



Table 8

Marginal budget shares and savings parameters a

MODEL

Commodity/
income measure

Preference variables correlated 	 Preference variables uncorrelated with total expen-
with total expenditure 	 diture

No individual differences
in preferences

Parameter 	 E3P3C2 	 E3P2C2 	 E2P3C2 	 E2P2C2 	 E3P3C1 E3P2C1 E2P3C1 E2P2C1 ElP3C1 ElP2C1 E3P1C1 E2P1C1 E1P1C1

Food, beverages b 1 	 0.082 	 0.108 	 0.047 	 0.091 	 0.162 0.165 0.164 0.168 0.166 0.169 0.124 0.120 0.121
and tobacco (0.025) 	 (0.020) 	 (0.052) 	 (0.030) 	 (0.012) (0.012) (0.012) (0.012) (0.012) (0.012) (0.016) (0.016) (0.016)

Clothing and 0.106 	 0.117 	 0.076 	 0.113 	 0.122 0.121 0.122 0.121 0.121 0.120 0.102 0.101 0.101
footwear (0.021) 	 (0.016) 	 (0.033) 	 (0.016) 	 (0.011) (0.011) (0.011) (0.011) (0.011) (0.011) (0.015) (0.015) (0.015)

Housing, fuel b3 	 0.237 	 0.269 	 0.279 	 0.305 	 0.268 0.267 0.276 0.275 0.279 0.277 0.301 0.297 0.297
and furniture (0.031) 	 (0.024) 	 (0.040) 	 (0.026) 	 (0.016) (0.016) (0.016) (0.016) (0.016) (0.016) (0.022) (0.022) (0.022)

Travel and b4 	 0.487 	 0.408 	 0.507 	 0.386 	 0.343 0.341 0.331 0.330 0.328 0.327 0.373 0.384 0.382
recreation (0.044) 	 (0.031) 	 (0.082) 	 (0.032) 	 (0.021) (0.021) (0.022) (0.022) (0.022) (0.022) (0.027) (0.027) (0.027)

Other goods b5 	 0.088 	 0.098 	 0.091 	 0.105 	 0.105 0.106 0.107 0.106 0.106 0.107 0.100 0.098 0.099
and services (0.015) 	 (0.011) 	 (0.019) 	 (0.011) 	 (0.007) (0.007) (0.007) (0.007) (0.008) (0.007) (0.013) (0.011) (0.011)

Income measure 1 0.275 	 0.228 	 0.307 	 0.234 	 0.514 0.510 0.527 0.523 0.522 0.518 1.172 1.207 1.190
(0.080) 	 (0.086) 	 (0.118) 	 (0.120) 	 (0.053) (0.053) (0.055) (0.055) (0.055) (0.055) (0.077) (0.079) (0.079)

Income measure 2 0.524 	 0.393 	 0.660 	 0.419 	 1.110 1.103 1.163 1.156 1.188 1.180 3.142 3.232 3.213
(0.136) 	 (0.135) 	 (0.239) 	 (0.227) 	 (0.100) (0.100) (0.103) (0.103) (0.105) (0.105) (0.169) (0.173) (0.173)

a 	 See table 1 and 2 for model descriptions. Standard deviations in parenthesis



Table 9

Engel elasticities a)

Commodity Parameter

MODEL

Preference variables correlated
with total expenditure

Preference variables uncorrelated with total
diture

expen- No individual differences
in preferences

E3P3C2 E3P2C2 E2P3C2 E2P2C2 E3P3C1 E3P2C1 E2P3C1 E2P2C1 E1P3C1 E1P2C1 E3P1C1 E2P1C1 E1P1C1

Food, beverages
and tobacco

E 1 0.32 0.42 0.18 0.35 0.63 0.64 0.64 0.65 0.65 0.66 0.48 0.47 0.47

Clothing and
footwear

E 2 0.99 1.09 0.71 1.06 1.14 1.13 1.14 1.13 1.13 1.12 0.95 0.94 0.94

Houbing,	 fuel
and furniture

0.95 1.08 1.12 1.23 1.08 1.07 1.11 1.11 1.12 1.11 1.21 1.20 1.20

Travel and
recreation

E4 1.56 1.31 1.63 1.24 1.10 1.09 1.06 1.06 1.05 1.05 1.20 1.23 1.22

Other goods
and services

E5 1.16 1.29 1,20 1.38 1.38 1.39 1.41 1.39 1.39 1.41 1.32 1.29 1.30

a) See table 1 and 2 for model descriptions



Table 10

Demographic effects4)

MODEL

Preference variables correlated	 Preference variables uncorrelated with total expen- No individual differences
with total expenditure 	 diture 	 in preferences

Commodity/
income measure	 Parameter 	 E3P3C2 E3P2C2 E2P3C2 E2P2C2 	 E3P3C1 E3P2C1 E2P3C1 E2P2C1 E1P3C1 ElP2C1 	 E3P1C1 E2P1C1 E1P1C1

No. of
children

Food, beverages 1.328 	 1.193 	 1.513 	 1.280 	 0.906C11 0.888 0.895 0.875 0.891 0.872 1.108 1.129 1.126
and tobacco (0.191) 	 (0.171) 	 (0.315) 	 (0.209) 	 (0.148) (0.146) (0.149) (0.146) (0.149) (0.146) (0.149) (0.149) (0.149)

Clothing and c21 	 0.194 	 0.141 	 0.355 	 0.161 	 0.109 0.115 0.113 0.117 0.121 0.124 0.216 0.221 0.222
footwear (0.163) 	 (0.145) 	 (0.213) 	 (0.147) 	 (0.132) (0.131) (0.132) (0.132) (0.132) (0.132) (0.140) (0.141) (0.140)

Housing, fuel c 31 	-0.167	 -0.336 	 -0.394 	 -0.527 	 -0.330 -0.327 -0.373 -0.368 -0.382 -0.376 -0.503 -0.482 -0.480
and furniture (0.237) 	 (0.216) 	 (0.274) 	 (0.223) 	 (0.192) (0.193) (0.193) (0.194) (0.193) (0.194) (0.204) (0.205) (0.204)

Travel and c41 	 -1.253 	 -0.841 	 -1.356 	 -0.721 	 -0.492 -0.487 -0.429 -0.423 -0.430 -0.425 -0.650 -0.709 , -0.713
recreation (0.324) 	 (0.271) 	 (0.494) 	 (0.276) 	 (0.253) (0.253) (0.256) (0.255) (0.256) (0.256) (0.257) (0.256)- (0.255)

Other goods c51 	-0.102	 -0.157 	 -0.118 	 -0.193 	 -0.193 -0.189 -0.206 -0.201 -0.200 -0.195 -0.171 -0.159 -0.155
and services (0.111) 	 (0.099) 	 (0.130) 	 (0.100) 	 (0.090) (0.090) (0.090) (0.091) (0.090) (0.090) (0.118) (0.101) (0.101)

Income measure i f ii 	-0.126	 0.119 	 -0.302 	 0.087 	 -1.384 -1.367 -1.461 -1.442 -1.401 -1.381 -4.877 -5.052 -4.883
(0.739) 	 (0.765) 	 (0.867) 	 (0.882) 	 (0.673) (0.673) (0.679) (0.679) (0.679) (0.680) (0.727) (0.739) (0.735)

Income measure 2 f 21 	 2.963 	 3.651 	 2.333 	 3.506 	 -0.122 -0.087 -0.416 -0.377 -0.471 -0.430 -10.885 -11.345 -11.022
(1.366) 	 (1.390) 	 (1.704) 	 (1.690) 	 (1.270) (1.271) (1.283) (1.285) (1.286) (1.288) (1.583) (1.615) (1.611)

No. 	 of
adults

Food, beverages c12 	 1.551 	 1.235 	 1.981 	 1.441 	 0.569 0.526 0.545 0.500 0.523 0.477 1.037 1.084 1.073
and tobacco (0.360) 	 (0.309) 	 (0.674) 	 (0.412) 	 (0.236) (0.232) (0.238) (0.234) (0.239) (0.235) (0.256) (0.259) (0.259)

Clothing and c22 	 0.245 	 0.121 	 0.618 	 0.170 	 0.048 0.060 0.057 0.067 0.072 0.080 0.297 0.308 0.308
footwear (0.308) 	 (0.255) 	 (0.437) 	 (0.259) 	 (0.210) (0.209) (0.212) (0.211) (0.212) (0.211) (0.242) (0.244) (0.244)

Housing, fuel c32 	 -1.145 	 -1.540 	 -1.666 	 -1.978 	 -1.526 -1.518 -1.621 -1.609 -1.658 -1.643 -1.924 -1.876 -1.886
and furniture (0.446) 	 (0.383) 	 (0.546) 	 (0.398) 	 (0.307) (0.309) (0.310) (0.311) (0.311) (0.313) (0.352) (0.354) (0.355)

Travel and c42 	 -0.649 	 0.312 	 -0.899 	 0.580 	 1.122 1.135 1.258 1.271 1.301 1.314 0.747 0.613 0.636
recreation (0.620) 	 (0.483) 	 (1.057) 	 (0.495) 	 (0.409) (0.408) (0.414) (0.414) (0.417) (0.417) (0.443) (0.442) (0.444)

Other goods C 52 	-0.002	 -0.128 	 -0.034 	 -0.213 	 -0.213 -0.203 -0.239 -0.229 -0.238 -0.228 -0.157 -0.129 -0.131
and services (0.209) 	 (0.173) 	 (0.262) 	 (0.177) 	 (0.143) (0.142) (0.145) (0.144) (0.145) (0.146) (0.206) (0.174) (0.175)

Income measure 1 f 12 	 12.402 	 12.967	 12.010 	 12.903 	 9.474 9.512 9.314 9.356 9.372 9.418 1.459 1.044 1.192
(1.288) 	 (1.357) 	 (1.663) 	 (1.692) 	 (1.066) (1.067) (1.081) (1.081) (1.087) (1.088) (1.257) (1.282) (1.282)

Income measure 2 f22 	 18.291 	 19.883 	 16.633 	 19.565 	 11.111 11.191 10 471 10.559 10.157 10.254 -13.630 -14.718 -14.627
(2.315) 	 (2.335) 	 (3.323) 	 (3.227) 	 (2.011) (2.012) (2.042) (2.044) (2.060) (2.062) (2.737) (2.797) (2.806)

a) See table i and 2 for model descriptions. Standard deviations in parenthesis



Food, beverages
and tobacco

9.77.
(0.71)

9.57
(0.71)

10.15
(0.71)

10.10
(0.71)

9.82
(0.72)

9.82
(0.72)

10.31
(0.72)

10.34
(0.72)

10.32
(0.72)

10.34
(0.72)

21.58
(1.07)

21.70
(1.08)

21.68
(1.08)

VV
(11 1

Table 11 .

Variances and covariances of measurement errors a)

MODEL

Preference variables correlated 	 Preference variables uncorrelated with total expen- No individual differences
with total expenditure
	

diture 	 in preferences
Commodity/
income measure      Parameter 	 E3P3C2 E3P2C2 E2P3C2 E2P2C2	 E3P3C1	 E3P2C1 E2P3C1	 E2P2C1	 E1P3C1 E1P2C1	 E3P1C1	 E2P1C1	 E1P1C1

Clothing and
footwear

022	 12.81
VV

(0.93)
12.73
(0.93)

13.49
(0.95)

13.48
(0.94)

13.15
(0.93)

13.15
(0.93)

13.57
(0.95)

13.57
(0.95)

13.70
(0.95)

13.70
(0.95)

19.01
(0.94)

19.05
(0.95)

19.05
(0.95)

Housing, fuel
and furniture

Travel and
recreation

033
VV	

26.54	 26.18	 28.00	 28.18	 26.92	 26.90	 27.66	 27.65	 27.65	 27.62	 44.55	 44.95	 44.90
(2.05)	 (2.07)	 (1.96)	 (1.97)	 (1.96)	 (1.96)	 (1.92)	 (1.92)	 (1.92)	 (1.92)	 (2.23)	 (2.25)	 (2.25)	 Co

87.51	 90.24	 98.59	 97.97	 89.02	 88.63	 93.32	 92.88	 94.29	 93.88	 114.29	 113.75	 113.86
(6.78)	 (6.70)	 (6.88)	 (6.83)	 (6.16)	 (6.14)	 (6.24)	 (6.22)	 (6.30)	 (6.29)	 (5.70)	 (5.67)	 (5.68)

044
'VV

Other goods
and services

o55
'VV

5.19
(0.39)

5.11
(0.39)

5.48
(0.38)

5.46
(0.38)

5.32
(0.39)

5.31
(0.38)

5.47
(0.38)

5.47
(0.38)

5.51
(0.39)

5.51
(0.39)

8.48
(0.42)

8.55
(0.43)

8.55
(0.43)

'Income measure 1 	 011 	 58.83	 60.04	 62.05	 62.25	 57.44	 57.47	 61.85	 61.86	 63.27	 63.27	 181.03	 175.45	 178.58CE
(4.49)	 (4.47)	 (4.35)	 (4.37)	 (4.44)	 (4.44)	 (4.34)	 (4.34)	 (4.44)	 (4.44)	 (9.77)	 (9.31)	 (9.47)

Income measure 2	 022 101.09	 106.15	 111.84	 112.48	 92.82	 92.96	 111.71	 111.74	 114.64	 114.64	 167.81	 128.98	 135.55EE
(8.72)	 (8.33)	 (7.85)	 (7.89)	 (9.13)	 (9.10)	 (7.85)	 (7.86)	 (8.04)	 (8.04)	 (22.79)	 (8.90)	 (9.33)

Income measure 1 	 042 57.14	 59.68	 62.96	 63.41	 53.57	 53.64	 62.70	 62.71	 64.92	 64.92	 114.61	 99.89	 105.32CCvs. income measure 2	 (5.54)	 (5.42)	 (5.18)	 (5.21)	 (5.59)	 (5.58)	 (5.17)	 (5.17)	 (5.31)	 (5.31)	 (11.41)	 (8.27)	 (8.57)

a) See table 1 and 2 for model descriptions. Standard deviations in parenthesis



Table 12

Squared coefficient of multiple correlation

MODEL 1

Preference variables correlated with
total expenditure Preference variables uncorrelated with total expenditure

No individual differences in
preferences

E3P3C2
Period

E3P2C2
Period

E3P3C2
Period

E2P2C2
Period

E3P3C1
Period

E3P2C1
Period

E2P3C1
Period

E2P2C1
Period

ElP3C1
Period

ElP2C1
Period

E3P1C1
Period

E2P1C1
Period

ElP1C1
Period

1 2 1 2	 , 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2

0.70 0.72 0.71 0.73 0.70 0.71 0.69 0.71 0.70 0.72 0.70 0.72 0.68 0.71 0.68 0.71 0.70 0.70 0.70 0.70 , 0.36 0.37 0.36 0.37 0.36 0.36

0.42 0.47 0.43 0.47 0.40 0.43 0.39 0.44 0.41 0.45 0.41 0.45 0.40 0.43 0.40 0.43 0.41 0.41 0.41 0.41 0.17 0.18 0.17 0.18 0.18 0.18

0.51 0.57 0.52 0.58 0.49 0.55 0.48 0.55 0.51 0.56 0.52 0.56 0.50 0.55 0.51 0.55 0.53 0.53 0.53 0.53 0.22 0.25 0.22 0.24 0.23 0.23

0.39 0.48 0.38 0.45 0.32 0.40 0.33 0.40 0.41 0.45 0.41 0.45 0.38 0.42 0.39 0.42 0.40 0.40 0.40 0.40 0.25 0.27 0.26 0.28 0.27 0.27

0.49 0.54 0.50 0.55 0.46 0.51 0.46 0.52 0.48 0.52 0.48 0.52 0.47 0.51 0.47 0.51 0.49 0.49 0.49 0.49 0.20 0.22 0.19 0.21 0.20 0.20

0.89 0.89 0.89 0.89 0.88 0.89 0.88 0.89 0.89 0.89 0.89 0.89 0.88 0.89 0.88 0.89 0.88 0.88 0.88 0.88 0.65 0.67 0.66 0.68 0.66 0.66

0.94 0.94 0.94 0.94 0.93 0.94 0.93 0.94 0.94 0.95 0.94 0.95 0.93 0.94 0.93 0.94 0.93 0.93 0.93 0.93 0.90 0.91 0.92 0.93 0.92 0.92

Commodity/
income measure

Food, beverages
and tobacco

.Clothing
and footwear

Housing. fuel
and furniture

Travel and
recreation

Other goods
and services

- Income
measure 1

Income
measure 2

a) See table 1 and 2 for model descriptions. See section 3 for definition of the squared coefficient of multiple correlation
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Table 13	 •■■

Marginal budget shares and saving parameters a)

Commodity/
Income measure Parameter

MODEL

IMb) E3P3C2	 E3P2C2 E3P3C1 E3P2C1

Food, beverages b 1 0.101 0.082	 0.108 0.162 0.165
and tobacco (0.035) (0.025) 	 (0.020) (0.012) (0.012)

Clothing and b2 0.147 0.106	 0.117 0.122 0.121
footwear (0.043) (0.021)	 (0.016) (0.011) (0.011)

Housing, fuel b3 0.039 0.237	 0.269 0.268 0.267
and furniture (0.052) (0.031) 	 (0.024) (0.016) (0.016)

Travel and b4 0.657 0.487	 0.408 0.343 0.341
recreation (0.077) (0.044)	 (0.031) (0.021) (0.021)

Other goods b5 0.056 0.088	 0.098 0.105 0.106
and services (0.025) (0.015)	 (0.011) (0.007) (0.007)

Income measure 1 e 1 0.329 0.275	 0.228 0.514 0.516
(0.112) (0.080)	 (0.086) (0.053) (0.053)

Income measure 2 e 2 0.510 0.524 	 0.393 1.110 1.103
(0.160) (0.136)	 (0.135) (0.100) (0.100)

a) See table 1 and 2 for model descriptions. Standard deviations in parenthesis

b) IM is the incremental model

Table 14

Variances and covariances of measurement errors in the incremental forma)

Commodity/
Income measure Parameter

MODEL

IM E3P2C2 E3P3C1 E3P2C1

Food, beverages
CrgAV

19.09	 19.54 19.14 19.64 19.64
and tobacco (1.48)	 (1.42) (1.42) (1.44) (1.44)

Clothing and 22
CIANAV

24.57 	 25.62 25.46 26.30 26.30
footwear (2.05)	 (1.86) (1.86) (1.86) (1.86)

Housing, fuel 033
AVIV

55.96	 53.08 52.36 53.84 53.80
and furniture (3.94)(4.10) (4.14) (3.92) (3.92)

Travel and
CTAV 150.26	 175.02 180.48 178.04 177.26

recreation (21.46)	 (13.56) (13.40) (12.32) (12.28)

Other'goods CAV 10.64	 10.38 10.22 10.64 10.62
and services (0.79)	 (0.78) (0.78) (0.78) (0.76)

Income measure 1 °ALE 113.88	 117.66 120.08 114.88 114.94
(9.85)	 (8.98) (8.94) (8.88) (8.88)

Income measure 2 22
atker 198.86	 202.18 212.30 185.64 185.92

(18.57)	 (17.44) (16.66) (18.26) (18.20)

Income measure 1 110.22	 114.28 119.36 107.14 107.28
vs. income measure 2 (12.21)	 (11.08) (10.84) (11.18) (11.16)

a) See table 1 and 2 for model descriptions. Standard errors in parenthesis

b) IM is the incremental model

Table 15

Variance of total expenditure in the incremental forma)

Parameter 	 IMb)
	

E3P3C2
	

E3P2C2
	

E3P3C1
	

E2P3C1

agg 116.93
(33.08)

92.87
(23.09)

90.52
(22.92)

37.72
(10.45)

37.95
(10.48)

a) See table 1 and 2 for model descriptions. Standard deviations in parenthesis

b) IM is the incremental model
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APPENDIX A: RELATIONSHIPS BETWEEN FIRST AND SECOND ORDER MOMENTS OF

OBSERVED AND LATENT VARIABLES

In this appendix, we give the explicit expressions for the first

and second order moments of the observed variables in the level and

incremental versions of the Engel function model.

a. Level version 

From (11)-(13) it follows that the expected values of the observed

vectors y t and w are given by

(A.1)

E(yt ) = iZ
t 

= a + bO
t 

+ CO
z ,y 	 t

E(w
t
) = t = dt + e0, + FOz

t = 1,2,

t = 1,2,

Since l'a t =0, 1'1)=1, CC=0 12 , we know that the expected total expenditure

is [cf. (3), (8)-(10)]

(A.2) E(x
t E(1.'yt ) =

t 	
= 1,2.

From (11), (12), (14)-(17), and the assumption of zero correlation

between (yt ,e t ) and (g t ,z,p.,X) it follows that the second order moments of

the observed variables (the subscripts and the superscripts indicating the

variables and the periods, respectively) are given by

( s ) . 	 (t) Ets = bats b' + CE C' + E 	 4- bE
(t) C' + CE 	 b' + E 	 + E

YY 	 gg 	 zz 	 14.1. 	 g z 	 gz 	 gp. 	 gil

CE 	 + E' C' 	 6 E
zp. 	 z4 	 tsvv

ts 	 tsE
ww = 

ea e + FE F'
gg 	 zz

+ FE + EzX' F' 	 5zX 

(A.3) 	 Ets = ba e' +ts
Yw 	 gg 	 CEzz

+ CE 	 + E' F'

(s)(t) 	 (s)
+ eE

(t)
F' 	 FE 	 'e' + eE 	 + E 	 'e

	gz 	 gz 	 gX

s ce

E 	 + bE (t) F' + CE (s) le' + bE
(t) 

+ E (s) te'
	1LA gz 	 gz 	 gA 	 gti

E
t 

= bE
(t) 

+ CE 	 + E'
yz 	 gz 	 zz 	 zp.

(t)E z = eEgz + FE + E'w 	 zz 	 zX
t,s = 1,2.

The overall covariance matrix of the observed variables is the (2I+2K+m)x

(2I+2K+M) matrix
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E12
wy 	 zy

E21
YY

E22
YY

E21
wy

E22
wy

	E21	 E22	 Ee,

	

yw 	 yw

Ei 	 E2
yz 	 yz E 1 	E2 	 Ezz

where Est=Ets' E
zy
t =E

zy
t • E

zw -

t -Et
z •wy yw 	 w •

b. Incremental version 

From (25)-(27) it follows that the changes in the observed endogen-

ous vectors y and w from period 1 to period 2 have expectations given by

E(Ay) = Aa + b0 
Ag

(A.5)

E(w) = Ad + e0
Ag

where 0 =02-01
=E(g). Furthermore,

Ag g g

(A.6) E(Ax) = E(L'Ay) = Ag .

The covariance matrix of the observed endogenous variables reads

(A.7)

where

[ E

AyAy 
E
Alt/Ay 1

E
AyAw E åw

(a) EAsuly = baAgAg b' + 2Evy

(A.8) (b) EAwAw = eaAgeg e' + 2ECC

(c)= ba 	 e' = 	 'EAyAw 	 AgAg 	 E AwAy

11 	 12 22
with a

AgAg 
= a -2a +a 	 = var(Ag).

gg gg gg

(A.4) 	 E
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APPENDIX B: DATA

The Norwegian Surveys of Consumer Expenditures comprise the data
base for this study. These sample surveys have been performed continuously
since January 1, 1973 and give data in the incomplete cross-section/time

series format. The sampling method is a three-stage stratified design,
giving a selfweighted random sample of all the private households in
Norway. The rate of nonresponse averages about 30%. It is lower for house-
holds asked to give their second report than for those asked the first
time. We have taken data from the data base described in Bjorn and Jansen
(1980), and have used data on 408 households for which two reports exist in
the years 1975-1977, one half observed in 1975 and 1976 and the other half
in 1976 and 1977. This is the same data set as used in Biørn and Jansen
(1982), with a few modifications as noted below, and with the addition of
income data taken from tax files.

Purchase expenditures on consumption goods are recorded by a combi-
nation of of bookkeeping and interviews. Each household is asked to keep

detailed accounts of its expenses over a period of two weeks. For commodi-

ties with a low purchase frequency, expenses during the last 12 months are
registered in a concluding interview at the end of the accounting period.
Housing expenses are measured by rent (including maintenance and repairs),
whereas other durable goods are represented by the value of last year's
total purchases.

The expenditure data are collected evenly throughout the year, 1/26
of the households participating in a particular year are observed beetween
ist and 14th of January, another 1/26 between 15th and 28th of January, and
so on. We have deflated the expenditures by price indexes constructed from
the basic data used in calculating the official Norwegian Consumer Price
Index. Each series of monthly Laspeyres indexes is smoothed to a periodi-
city of 14 days to make the periodicity coincide with the length of the
accounting period for consumption expenses, see Bjorn and Jansen (1980) for
details. Thus consumption are measured at constant prices, and effects of
the gradual changes in relative prices and unobserved individual differen-
ces in prices (due e.g. to geographical price variations) are captured
partly by the period specific constant term, partly by the individual
latent variables and partly by the residuals. (An explicit modelling of
relative price effects in our latent variable framework. would be feasible,
but is quite complicated and might be the topic for a separate research
project.) The households who report twice do so with an interval of exactly
one year. By constructing annual aggregates, we get two annual reports from

H.408 households, which we formally treat as if it were a two period balan-
ced panel, although the two time periods are not exactly the same for all
households.

. The income variables are defined and commented on in section 3. The
demographic variables used to characterize the size and composition of the
household are:
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- the number of children (zi ), i.e. persons with age 	 15 years,

- the number of adults (z 2 ), 	 i.e. persons with age,>_ 16 years.

We have used the observations on these variables from the first period and
analyze the data as if they were the same in both periods, i.e. individual

specific. (The effects of one year ageing of each household member will

then be captured by the period specific constant term.) For ten households.
the number of household members (z 1 +z 2 ) changed by more than one beetween
the two periods. These where deleted from our sample, since they could

hardly be considered as the same household in both periods and might also
dominate the results to an undesired degree when transforming the model to

its incremental form. (This was not done by Bjorn and Jansen (1982) which
explains why they used 418 households versus our 408 households.)

The covariance matrix of all the observed variables are given in

table Bl. This is all the data input we use for our econometric analysis.
We have used the same five commodity group classification, aggregated from
a more detailed grouping with 28 groups, as described in detail in Biørn

and Jansen (1980).

The covariance matrix did not look like the one in table Bl at the

initial stages of our calculations. An inspection showed that the covarian-
ces, especially those for the incremental variables, were extremely sensi-
tive to a few extreme observations. Some sort of robust procedure was
needed, cf. Huber (1981) or Hampel et al. (1986). We found the idea of

winsorizing the observations, i.e. to replacg all observations of expendi-
ture and incomes larger (lower) than an upper (lower) bound with this

bound, particularly promising in our setting. We chose to winsorize mode-

rately, by setting the maximum value of each variable equal to the 9th
largest observation (i.e. an estimate of the 0.98 quantile) in the original

sample. (It was not necessary to introduce a minimum bound on the variables
since zero was such a lower limit in the original data.) This procedure was

followed for all the basic expenditure and income variables in our data

file, for each of the two periods, while all the derived variables were de-
fined, as before, as functions of the basic variables. Thus our expenditure

data was winsorized by applying the above rule routinely on each of the
commodities in the most detailed grouping (28 groups) in each period. Then

we aggregated over groups and calculated first differences etc. Our econo-

metric analysis in this paper is based on the distribution of these modi-

fied observations.

The first order sample moments of our observed variables are,
y 1 : (10.5581,4.3886,9.8937,11.9299,2.9802), 	 y2. (10.5655,4.4365,10.5787,

13.8448,3.3036), 	 w1: (38.0961,55.1871), 	 w2: (41.9946,58.5761),

z: (0.7672,2.2377).
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Table 81
Covariance matrix of the observed variables

Food, beverages 	 Clothing and 	 Housing, fuel and 	 Travel and 	 Other goods and
and tobacco 	 footwear 	 furniture 	 recreation 	 services

Y 11 	 Y12 	 Y21 	Y22 	 Y31 	 Y32 	 Y41 	 Y42 	Si 	Y52

33.866399
23.931881 34.277795

9.771840 9.894488 22.692229
10.362220 12.385392 9.556499 23.523477

16.573568 17.280461 7.069731 11.628316 54.839144
17.656239 19.497959 6.757210 13.738555 30.243543 61.781544

21.432868 21.064339 14.633581 14.944365 24.033823 22.290424 131.351104
26.029033 32.328722 15.823002 26.467252 34.579921 31.770744 55.026045 179.365061

6.995257 6.929788 5.202998 5.008590 7.746768 8.136831 14.012352 14.429180 9.590906
7.414759 9.006666 4.324339 6.445988 9.069422 10.505322 11.609091 15.243447 5.218842 11.862711

51.588551 48.147343 32.549316 31.866398 59.113226 60.929099 127.655839 116.312647 29.988223 28.188578
57.612568 58.135318 35.658711 40.761958 63.376137 64.759473 133.288826 149.462801 32.373895 30.914929

107.289966 97.009444 64.431758 67.096449 140.906382 133.627689 238.857808 234.022386 57.959994 50.511329
113.944568 108.692940 69.767003 78.773507 141.262465 136.863114 235.569617 278.668461 62.880572 55.233889

2.912353 3.029978 1.318979 1.289102 1.469587 2.181751 1.699158 3.172564 0.540539 0.760104

2.197420 2.294813 1.334488 1.339847 1.310812 1.752556 4.525261 4.460283 0.836724 0.995516

a) Measurement unit: 1000 Norwegian 1974 kroner

Table 81 (cont.)
Covariance matrix of the observed variables

Income measure 1 Income measure 2
Number of
children

Number of
adults

w11 w12 1----I.-211 w22 zi z2

487.977561
467.259940

766.034038
752.773693

2.281886

12.660054

573.080053

774.003609
890.587960

4.351582

13.595467

1626.371358
1624.143500

9.495276

20 -.156360

1851.203952

12.433148

21.558213

1.579200

0.078527 0.826605

Table 82
Covariance matrix of the observed variables for the incremental versiona)

w1 1
w12

w21
w22

2 1

22

Food, beve-
rages and
tobacco

Clothing
and
footwear

Housing,
fuel and
furniture

Travel and
recreation

Other
goods and
services

Income
measure i

Incqme
measure 2

41 42 43 44 tsv i 41. 2

20.280431-

1.900523

1.134827

6.668212

1.657375

5.963958

5.028894

27.102707

2.422760

10.333467

2.316057

5.786165

6.341813

56.133601

-1.065778

1.045836

-0.432537

2.879342

200.664076

3.217528

27.517167

47.934266

11.015934

0.340679

-0.198018

126.537734

129.844696 229.288310

41

42
4,3

44

4,5

tav i,

4142

a) Measurement unit: 1000 Norwegian 1974 kroner
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